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A-Level Cambridge PHYSICS -P4 CH1 - PHYSICAL QUANTITIES & UNITS

1 = (9702/41_Summer_2023_Q1) = Physical Quantities & Units

(a) (i) Define gravitational field.

(iii) State one similarity and one difference between the gravitational potential due to a point
mass and the electric potential due to a point charge.

SIMIlatys cisssnemnmmmnnansmuananETsTmERETETRETGTTTEBE TGRS

(2]
(b) An isolated uniform conducting sphere has mass M and charge Q.
The gravitational field strength at the surface of the sphere is g.
The electric field strength at the surface of the sphere is E.
(i) Show that
B=al
where « is a constant.
[3]
(ii) Show that the numerical value of «is 1.35 x 102°kg?C2.
(1]
'

Yo
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A-Level Cambridge PHYSICS -P4 CH1 - PHYSICAL QUANTITIES & UNITS

(€) Assume that the Earth is a uniform conducting sphere of mass 5.98 x 10%4kg.
The surface of the Earth carries a charge of —4.80 x 105C that is evenly distributed.

{i) Use the information in (b) to determine the electric field strength at the surface of the
Earth. Give a unit with your answer.

electric field strength = ... unit ..ooeeeeeenes [2]

(ii) State how the direction of the electric field at the surface of the Earth compares with the
direction of the gravitational field.

2017 -2023 2
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A-Level Cambridge PHYSICS -P4 CH1 - PHYSICAL QUANTITIES & UNITS

2 = (9702/42_Summer_2023_Q1) - Physical Quantities & Units, Dynamics

(a) State Newton’s law of gravitation.

(b) A satellite is in a circular orbit around a planet. The radius of the orbit is R and the period of
the orbit is T. The planet is a uniform sphere.

Use Newton's law of gravitation to show that R and T are related by
4n°R3 = GMT?

where M is the mass of the planet and G is the gravitational constant.

(2]

(c) The Earth may be considered to be a uniform sphere of mass 5.98 x 10%*kg and radius
6.37 x 10°m.

A geostationary satellite is in orbit around the Earth.

Use the expression in {b) to determine the height of the satellite above the Earth’s surface.

2017 -2023 3
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A-Level Cambridge PHYSICS -P4 CH1 - PHYSICAL QUANTITIES & UNITS

(d) Another satellite is in a circular orbit around the Earth with the same orbital radius and period
as the satellite in (c).

(i) Calculate the angular speed of the satellite in this orbit. Give a unit with your answer.

angular speed = .......cciiiniiiii e unit e, [2]
(ii) Despite having the same orbital period, the orbit of this satellite is not geostationary.

Suggest two ways in which the orbit of this satellite could be different from the orbit of
the satellite in (c).

2017 -2023 4
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A-Level Cambridge PHYSICS -P4

CH4 - DYNAMICS

1 = (9702/41_Summer_2023_Q2) - Dynamics

A steel sphere of mass 0.29kg is suspended in equilibrium from a vertical spring. The centre of
the sphere is 8.5cm from the top of the spring, as shown in Fig. 2.1.

£ 7

spring

8.5cm

steel sphere,
mass 0.29kg

Fig. 2.1

The sphere is now set in motion so that it is moving in a horizontal circle at constant speed, as
shown in Fig. 2.2.

10.8cm
path of sphere

Fig. 2.2
The distance from the centre of the sphere to the top of the spring is now 10.8 cm.

(a) Explain, with reference to the forces acting on the sphere, why the length of the spring in
Fig. 2.2 is greater than in Fig. 2.1.

2017 -2023 5
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A-Level Cambridge PHYSICS -P4

(b) The angle between the linear axis of the spring and the vertical is 27°.

(i) Show that the radius r of the circle is 4.9cm.

(1]
(ii) Show that the tension in the spring is 3.2N.
[2]
(iii) The spring obeys Hooke's law.
Calculate the spring constant, in Necm™', of the spring.
SPriNg CONSEANE = ..vvvvvireeeeeeieee e Nem™ [2]
(c) (i) Use the information in (b) to determine the centripetal acceleration of the sphere.
centripetal acceleration = ........ccccccceieiiiinnennearioessscesnannns ms2 [2]
(ii) Calculate the period of the circular motion of the sphere.
PO = i e s [2]
[
-
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A-lLevel Cambridge PHYSICS -P4 CH4 - DYNAMICS

2 = (9702/42_Summer_2023_Q1) - Physical Quantities & Units, Dynamics

(a) State Newton’s law of gravitation.

(b) A satellite is in a circular orbit around a planet. The radius of the orbit is R and the period of
the orbit is T. The planet is a uniform sphere.

Use Newton's law of gravitation to show that R and T are related by
4n°R3 = GMT?

where M is the mass of the planet and G is the gravitational constant.

(2]

(c) The Earth may be considered to be a uniform sphere of mass 5.98 x 10%*kg and radius
6.37 x 10°m.

A geostationary satellite is in orbit around the Earth.

Use the expression in {b) to determine the height of the satellite above the Earth’s surface.

2017 -2023 7
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A-Level Cambridge PHYSICS -P4

CH4 - DYNAMICS

(d) Another satellite is in a circular orbit around the Earth with the same orbital radius and period
as the satellite in (c).

(i) Calculate the angular speed of the satellite in this orbit. Give a unit with your answer.

angular speed = .......cciiiniiiii e unit e, [2]
(ii) Despite having the same orbital period, the orbit of this satellite is not geostationary.

Suggest two ways in which the orbit of this satellite could be different from the orbit of
the satellite in (c).

2017 -2023 8
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A-Level Cambridge PHYSICS -P4 CH5 - FORCES, DENSITY & PRESSURE

1 - (9702/41_Summer_2023_Q3) - Forces, Density & Pressure, Temperature

(a) State the reason why two objects that are at the same temperature are described as being in
thermal equilibrium.

(b) Fig. 3.1 shows the variations with temperature of the densities of mercury and of water
between 0°C and 100°C.

A A
density density
x water
0 100 0 100
temperature/°C temperature/°C
Fig. 3.1

Temperature may be measured using the variation with temperature of the density of a liquid.
Suggest why, for measuring temperature over this temperature range:

() mercury is a suitable liquid

(c) Abeaker contains a liquid of mass 120g. The liquid is supplied with thermal energy at a rate
of 810W. The beaker has a mass of 42g and a specific heat capacity of 0.84Jg 'K~1. The

beaker and the liquid are in thermal equilibrium with each other at all times and are insulated
from the surroundings.

Fig. 3.2 shows the variation with time t of the temperature of the liquid.

A
< 0
gy
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A-Level Cambridge PHYSICS -P4 CH5 - FORCES, DENSITY & PRESSURE

100
temperature/°C
7540 HA
// I
7|
P
.
4"
50 4
I /’
/
/
T e
0
0 10 20 30 40 50 60
t/s
Fig. 3.2
{i) State the boiling temperature, in °C, of the liquid.
temperature = ... °C [1]
(ii) Determine the specific heat capacity, in Jg~'K™", of the liquid.
specific heat capacity = ........cccoccvoeeveeveceeeceee Jg KT [4]

(d) The experiment in {c) is repeated using water instead of the liquid in {€). The mass of liquid
used, the power supplied, and the initial temperature are all unchanged.
The specific heat capacity of water is approximately twice that of the liquid in (c).
The boiling temperature of water is 100°C.

On Fig. 3.2, sketch the variation with time t of the temperature of the water between t = 0 and
t = 60s. Numerical calculations are not required. [2]

T
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A-lLevel Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

1 = (9702/41_Summer_2017_Q1) - Motion In A Circle, Gravitational Fields

(a) Explain how a satellite may be in a circular orbit around a planet.

(b) The Earth and the Moon may be considered to be uniform spheres that are isolated in space.
The Earth has radius R and mean density p. The Moon, mass m, is in a circular orbit about
the Earth with radius nAR, as illustrated in Fig. 1.1.

Moon

Fig. 1.1

The Moon makes one complete orbit of the Earth in time T.
Show that the mean density p of the Earth is given by the expression

_ 3an®
P=Gr2:

(4]
A
< 0
’
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A-lLevel Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

(¢} The radius R of the Earth is 6.38 x 106°km and the distance between the centre of the Earth
and the centre of the Moon is 3.84 x 10%km.

The period T of the orbit of the Moon about the Earth is 27.3 days.
Use the expression in {b) fo calculate p.

2017 -2023
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A-lLevel Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

2 = (9702/42_Summer_2017_Q1) - Motion In A Circle, Gravitational Fields

(a) Define gravitational field strength.

(b} The mass of a spherical comet of radius 3.6km is approximately 1.0x 10"3kg.

{i}y Assuming thal the cometl has constant density, calculate the gravitational field strength
on the surface of the comet.

field SHENG = oo Nkg™ 2]

(ily Aprobe having a weight of 360N on Earth lands on the comet.
Using your answer in (i), determine the weight of the probe on the surface of the comet.

2017 -2023 13
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A-lLevel Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

{c) Asecond comet has a length of approximately 4.5km and a width of approximately 2.6 km. Its
outline is illustrated in Fig. 1.1.

Fig. 1.1

Suggest one similarity and one difference between the gravitational fields at the surface of
this comet and at the surface of the comet in (b).

o011 = T TRPPRIIN

A
) o)
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A-lLevel Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

3 = (9702/42_Winter_2017_Q1) - Motion In A Circle, Gravitational Fields

(a) State Newton's law of gravitation.

{(b) The planet Jupiter and one of its moons, Io, may be considered to be uniform spheres that
are isolated in space.

Jupiter has radius R and mean density p.
Io has mass mand is in a circular orbit about Jupiter with radius nR, as illustrated in Fig. 1.1.

Jupiter
radius R
density o

Fig. 1.1

The time for Io to complete one orbit of Jupiter is T.

Show that the time T is related to the mean density p of Jupiter by the expression

3nn®
pTE = T 5
where G is the gravitational constant.

[4]
25
—
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A-Level Cambridge PHYSICS -P4

CH7 - MOTION IN A CIRCLE

{c) () The radius B of Jupiter is 7.15x 10%km and the distance between the centres of Jupiter

and lo is 4.32x10°km.
The period T of the orhit of Io is 42.5 hours.

Calculate the mean density p of Jupiter.

(i) The Earth has a mean density of 5.5x10°kgm™. It is said to be a planet made of rock.
By reference o your answer in {i}, comment on the possible composition of Jupiter.

2017 -2023
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A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

4 - (9702/41_Summer_2019_Q1) - Motion In A Circle, Gravitational Fields
(a) Two point masses are isolated in space and are separated by a distance x.

State an expression relating the gravitational force F between the two masses to the
magnitudes M and m of the masses. State the name of any other symbol used.

(b) A spacecraft is to be put into a circular orbit about a spherical planet.

The planet may be considered to be isolated in space. The mass of the planet, assumed to
be concentrated at its centre, is 7.5 x 102°kg. The radius of the planet is 3.4 x 10°m.

(i) The spacecraft is to orbit the planet at a height of 2.4 x 10°m above the surface of the
planet. At this altitude, there is no atmosphere.

Show that the speed of the spacecraft in its orbit is 3.7 x 10°ms~".

(2]

9
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A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

(ii) One possible path of the spacecraft as it approaches the planet is shown in Fig. 1.1.

planet
mass 7.5 x 102%kg

Fig. 1.1 (not to scale)

The spacecraft enters the orbit at point A with speed 3.7 x 10°ms™.

At point B, a distance of 5.00 x 10" m from the centre of the planet, the spacecraft has a
speed of 4.1 x 10°ms~'. The mass of the spacecraft is 650 kg.

For the spacecraft moving from point B to point A, show that the change in gravitational
potential energy of the spacecraft is 8.3 x 10°J.

(3]
(c) By considering changes in gravitational potential energy and in kinetic energy of the

spacecraft, determine whether the total energy of the spacecraft increases or decreases in
moving from point B to point A. A numerical answer is not required.

2017 -2023 18
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A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

5 = (9702/41_Winter_2019_Q1) - Gravitational Fields, Motion In A Circle

(a) State Newton's law of gravitation.

(b) A geostationary satellite orbits the Earth. The orbit of the satellite is circular and the period of
the orbit is 24 hours.

(i) State two other features of this orbit.

s S R A S R RS e s s e R S s s e s
R e T D s S o s S s S B o s
(2]
(i) The radius of the orbit of the satellite is 4.23 x 10*km.
Determine a value for the mass of the Earth. Explain your working.
MASS = 1ooirieeireeeeerisrienreeeesenaereeeessranssneeees kg [4]
[
~—
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A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

6 - (9702/42_Winter_2019_Q1) - Motion In A Circle, Gravitational Fields

(a) State Newton's law of gravitation.

(b) The astronomer Johannes Kepler showed that the period T of rotation of a planet about the
Sun is related to its mean distance R from the centre of the Sun by the expression

3

where k is a constant.

Use Newton’s law to show that, for planets in circular orbits about the Sun of mass M, the
constant k is given by

k= GM
4n?

where G is the gravitational constant. Explain your working.

[4]
(c) Asatellite is in a circular orbit about Mars.
The radius of the orbit of the satellite is 4.38 x 109m. The orbital period is 2.44 hours.
Use the expressions in (b) to calculate a value for the mass of Mars.
MASS = 1cvverereeesiiissssnnsreeasersnsssanesseansrnans kg [2]
[

2017 -2023 20



https://www.thrivingscholars.com/free-study-resources

A-Level Cambridge

PHYSICS -P4

CH7 - MOTION IN A CIRCLE

7 = (9702/41_Summer_2020_Q1) - Motion In A Circle, Gravitational Fields

(a) State what is meant by a gravitational force.

(b) Abinary star system consists of two stars S, and S,, each in a circular orbit.

The orbit of each star in the system has a period of rotation T.

Observations of the binary star from Earth are represented in Fig. 1.1.

S1©\

~ s

t=0

NOs;

t=T

Fig. 1.1 (not to scale)

................................................................. 1]
£ s,
S )
/
-3
/I
S1@' """""" @Sz
/
=
=
e N |
P
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A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

Observed from Earth, the angular separation of the centres of S, and S, is 1.2 x 10~°rad.
The distance of the binary star system from Earth is 1.5 x 10" m.

Show that the separation d of the centres of S, and S, is 1.8 x 10"2m.

(1

(c) The stars S, and S, rotate with the same angular velocity « about a point P, as illustrated in
Fig. 1.2.

|
; X

_--_-_? 'U
lks/
Ncn

Fig. 1.2 (not to scale)

Point P is at a distance x from the centre of star S,.
The period of rotation of the stars is 44.2 years.

(i) Calculate the angular velocity .

9
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A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

(ii) By considering the forces acting on the two stars, show that the ratio of the masses of
the stars is given by

mass of S, _d-x
massof S, = x °

[2]

(iii) The mass M, of star S, is given by the expression
GM1 = dz(d— X) ®?
where G is the gravitational constant.
The ratio in (ii) is found to be 1.5.

Use data from (b) and your answer in (c)(i) to determine the mass M,.

9
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A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

8 = (9702/41_Winter_2021_Q1) - Motion In A Circle

(a) With reference to velocity and acceleration, describe uniform circular motion.

(b) Two cars are moving around a horizontal circular track. One car follows path X and the other
follows path Y, as shown in Fig. 1.1.

start and finish line——m

Fig. 1.1 (not to scale)

The radius of path X is 318m. Path Y is parallel to, and 27 m outside, path X. Both cars have

mass 790kg. The maximum lateral (sideways) friction force F that the cars can experience
without sliding is the same for both cars.

(i) The maximum speed at which the car on path X can move around the track without
sliding is 94 ms™".

Calculate F.

-~
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A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

(ii) Both cars move around the track. Each car has the maximum speed at which it can
move without sliding.

Complete Table 1.1, by placing one tick in each row, to indicate how the quantities
indicated for the car on path Y compare with the car on path X.

Table 1.1

Y less than X Y same as X | Y greater than X

| centripetal
| acceleration

maximum speed

time taken for one lap
| of the track

[3]

9
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A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

Q - (9702/42_Winter_2021_Q1) - Motion In A Circle

(a) State what is meant by centripetal acceleration.

(b) An unpowered toy car moves freely along a smooth track that is initially horizontal. The track
contains a vertical circular loop around which the car travels, as shown in Fig. 1.1.

62cm

Y

loop

toy car
mass 230g

Fig. 1.1

The mass of the car is 230 g and the diameter of the loop is 62cm. Assume that the resistive
forces acting on the car are negligible.

(i) State what happens to the magnitude of the centripetal acceleration of the car as it
moves around the loop from X to Y.

{(ii) Explain, if the car remains in contact with the track, why the centripetal acceleration of
the car at point Y must be greater than 9.8ms 2,

9
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A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

(c) The initial speed at which the car in (b) moves along the track is 3.8ms™".

Determine whether the car is in contact with the track at point Y. Show your working.

[3]

(d) Suggest, with a reason but without calculation, whether your conclusion in (c) would be
different for a car of mass 460 g moving with the same initial speed.

9
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A-Level Cambridge

PHYSICS -P4

CH7 - MOTION IN A CIRCLE
10 = (9702/41_Winter_2023_Q4) - Oscillations, Motion In A Circle

A heavy metal sphere of mass 0.81kg is suspended from a string. The sphere is undergoing small
oscillations from side to side, as shown in Fig. 4.1.

string

heavy sphere,

-
-
-
-
-
-
-
won®
-
-
-
-
-
-

B o o o o -

mass 0.81kg (o
s " S
S v ]
“s ol' N."’l
b SNSRI
oscillations

Fig. 4.1
The oscillations of the sphere may be considered to be simple harmonic with amplitude 0.036m
and period 3.0s.

(a) State what is meant by simple harmonic motion

{b) Calculate:

(i)

the angular frequency of the oscillations

angular frequency =

==
v o
2017 -2023
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A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

(ii) the total energy of the oscillations.

total. energy = s S SR J [2]

(c) The suspended sphere is now lowered into water. The sphere is given a sideways
displacement of +0.036 m from its equilibrium position and is then released at time f = 0.
The water causes the motion of the sphere to be critically damped.

On Fig. 4.2, sketch the variation of the displacement x of the sphere from its equilibrium
position with tfromt=0to t=6.0s.

0.04y— T T TTT17 1
' W A
xim | RS PR ‘
0.024— e -
“ N T ‘; |
> o P H
0 2 : HY
—0.02-FHE - t
-0.04
Fig. 4.2
(3]
gy
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A-lLevel Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

11 = (9702/42_Winter_2023_Q1) - Motion In A Circle

(a) Define the radian.

(b) The minute hand of a clock revolves at constant angular speed around the face of the clock,
completing one revolution every hour. A small piece of modelling clay is attached to the hand
with its centre of gravity at a distance L from the fixed end of the hand, as shown in Fig. 1.1.

direction of revolution of minute hand

/'_-___\

modelling clay

free end ,
minute hand
fixed end

face of clock

Fig. 1.1
Calculate the angular speed w of the minute hand.
(0= oo rads™ [2]

(c) During a time interval of 1400 s, the centre of gravity of the piece of modelling clay in Fig. 1.1
moves through a total distance of 0.44 m.

(i) Calculate the angle through which the minute hand moves in this time interval.

2017 -2023 30
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A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

(ii) Determine distance L.

(iii) Calculate the magnitude of the centripetal acceleration of the piece of modelling clay.

centripetal acceleration = ........ccococeiiiiiiiiiiniee e ms2 [2]
(d) Use your answer in (c)(iii) to explain why the variation with time of the magnitude of the force

exerted by the minute hand on the piece of modelling clay is negligible as the minute hand
undergoes one full revolution.

9
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A-Level Cambridge PHYSICS -P4 CH8 - GRAVITATIONAL FIELDS

1 = (9702/41_Summer_2017_Q1) - Motion In A Circle, Gravitational Fields

(a) Explain how a satellite may be in a circular orbit around a planet.

(b) The Earth and the Moon may be considered to be uniform spheres that are isolated in space.
The Earth has radius R and mean density p. The Moon, mass m, is in a circular orbit about
the Earth with radius nAR, as illustrated in Fig. 1.1.

Moon

Fig. 1.1

The Moon makes one complete orbit of the Earth in time T.
Show that the mean density p of the Earth is given by the expression

_ 3an®
P=Gr2:

(4]
A
< 0
’
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A-Level Cambridge PHYSICS -P4 CH8 - GRAVITATIONAL FIELDS

(¢} The radius R of the Earth is 6.38 x 106°km and the distance between the centre of the Earth
and the centre of the Moon is 3.84 x 10%km.

The period T of the orbit of the Moon about the Earth is 27.3 days.
Use the expression in {b) fo calculate p.

2017 -2023
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A-Level Cambridge PHYSICS -P4 CH8 - GRAVITATIONAL FIELDS

2 = (9702/42_Summer_2017_Q1) - Motion In A Circle, Gravitational Fields

(a) Define gravitational field strength.

(b} The mass of a spherical comet of radius 3.6km is approximately 1.0x 10"3kg.

{i}y Assuming thal the cometl has constant density, calculate the gravitational field strength
on the surface of the comet.

field SHENG = oo Nkg™ 2]

(ily Aprobe having a weight of 360N on Earth lands on the comet.
Using your answer in (i), determine the weight of the probe on the surface of the comet.

2017 -2023 34
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A-Level Cambridge PHYSICS -P4 CH8 - GRAVITATIONAL FIELDS

{c) Asecond comet has a length of approximately 4.5km and a width of approximately 2.6 km. Its
outline is illustrated in Fig. 1.1.

Fig. 1.1

Suggest one similarity and one difference between the gravitational fields at the surface of
this comet and at the surface of the comet in (b).

o011 = T TRPPRIIN

A
) o)
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3 = (9702/42_Winter_2017_Q1) - Motion In A Circle, Gravitational Fields

(a) State Newton's law of gravitation.

{(b) The planet Jupiter and one of its moons, Io, may be considered to be uniform spheres that
are isolated in space.

Jupiter has radius R and mean density p.
Io has mass mand is in a circular orbit about Jupiter with radius nR, as illustrated in Fig. 1.1.

Jupiter
radius R
density o

Fig. 1.1

The time for Io to complete one orbit of Jupiter is T.

Show that the time T is related to the mean density p of Jupiter by the expression

3nn®
pTE = T 5
where G is the gravitational constant.

[4]
25
—
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{c) () The radius B of Jupiter is 7.15x 10%km and the distance between the centres of Jupiter

and lo is 4.32x10°km.
The period T of the orhit of Io is 42.5 hours.

Calculate the mean density p of Jupiter.

(i) The Earth has a mean density of 5.5x10°kgm™. It is said to be a planet made of rock.
By reference o your answer in {i}, comment on the possible composition of Jupiter.

2017 -2023
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4 - (9702/41_Winter_2017_Q3) - Gravitational Fields

{a) Define gravitational field strength.

{b}y Explain why, for changes in vertical position of a point mass near the Earth’s surface, the
gravitational field strength may be considerad to be constant.

.............................................................................................................................................. 2]
{c) The orbit of the Earth about the Sun is approximately circular with a radius of 1.5x 10%km.
The time period of the orbit is 365 days.
Determine a value for the mass M of the Sun. Explain your working.
Mo kg [5]
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5 = (9702/41_Summer_2018_Q1) - Gravitational Fields

{a) State Newton's law of gravitation.

{b} A distant star is orbited by several planets. Each planet has a circutar orbit with a different
radius.

{iy Each planef orbifs at constant speed.
Explain whether the planets are in equilibrium.

(iily The radius of the orbit of a planet is A and the orbital period is 7.

Data for some of the planets are given in Fig. 1.1,

planet R/m T2/g2
c 9.6 x 1010 2.5 x 101
e 4.0 x 101 1.8 x 10149
g 2.1 x 1012 2.6 x 1013
Fig. 1.1

The relationship between R and Tis given by the expression

3= kT2

A
) o)
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1.  Show that the constant k is given by the expression

GM
k=%
42

where G is the gravitational constant and M is the mass of the sfar.

(3]

2. Use data from Fig. 1.1 for the three planets and the expression for kto calculate the
mass M of the slar.
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6 - (9702/42_Summer_2018 Q1) - Gravitational Fields

(&) (I Agravitational field may be represented by lines of gravitational force.
State what is meant by a fine of gravitational force.

{iiy By reference to lines of gravitafional force near {o the surface of the Earth, explain why
the gravitational Tield strength g close {o the Earth’s surface is approximately constant.

{b) The Moon may be considered to be a uniform sphere of diameter 3.4 x 16%km and mass
7.4 x 10°%kg. The Moon has no atmosphere.

During a collision of the Moon with a meteorite, a rock is thrown vertically up from the surface
of the Moon with a speed of 2.8kms™!.

Assuming that the Moon is isolated in space, determine whether the rock will travel out into
distant space or return to the Moon’s surface.

A _
< 0
P
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7 = (9702/41_Winter_2018_Q1) - Gravitational Fields

{a} (i) State whatis meant by gravitational potential at a point.

{iii Suggest why, for small changes in height near the Earth’s surface, gravitational potential
is approximately constant.

(b)Y The Moon may be considerad to be a uniform sphere with a diameter of 3.5 x 10°km and a
mass of 7.4 x 1022kg.

A meteor sirikes the Moon and, during the collision, a rock is sent off from the surface of the
Moon with an inilial speed v.

Assuming that the Moon is isolated in space, determine the minimum speed of the rock such
that it does not return to the Moon's surface. Explain your working.

MINIMUM SPEEU = oo ms! [3]
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8 - (9702/42_Winter_2018_Q1) - Gravitational Fields

{a) (I State what is meant by gravitational field strength.

(ify Explain why, af the surface of a planet, gravitational field strength is numerically equal to
the acceleration of free fall.

{b) An isolated uniform spherical planef has radius A
The acceleration of free fali at the surface of the planet is g.

On Fig. 1.1, sketch a graph to show the variation of the acceleration of free fall with distance
x from the centre of the planet for values of xinthe range x = Rto x=4R.

1.00g

acceleration
of freefall 075g

0.50g

0.25g

Fig. 1.1

A _
< 0
P
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(¢} The planet in (b) has radius A equal to 3.4 x 103km and mean density 4.0 x10%kgm=3.

Calculate the acceleration of free fall at a height A above its surface.

accelerationof freefall = ... ms= [3]
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9 - (9702/41_Summer_2019_Q1) - Motion In A Circle, Gravitational Fields
(a) Two point masses are isolated in space and are separated by a distance x.

State an expression relating the gravitational force F between the two masses to the
magnitudes M and m of the masses. State the name of any other symbol used.

(b) A spacecraft is to be put into a circular orbit about a spherical planet.

The planet may be considered to be isolated in space. The mass of the planet, assumed to
be concentrated at its centre, is 7.5 x 102°kg. The radius of the planet is 3.4 x 10°m.

(i) The spacecraft is to orbit the planet at a height of 2.4 x 10°m above the surface of the
planet. At this altitude, there is no atmosphere.

Show that the speed of the spacecraft in its orbit is 3.7 x 10°ms~".

(2]

9
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(ii) One possible path of the spacecraft as it approaches the planet is shown in Fig. 1.1.

planet
mass 7.5 x 102%kg

Fig. 1.1 (not to scale)

The spacecraft enters the orbit at point A with speed 3.7 x 10°ms™.

At point B, a distance of 5.00 x 10" m from the centre of the planet, the spacecraft has a
speed of 4.1 x 10°ms~'. The mass of the spacecraft is 650 kg.

For the spacecraft moving from point B to point A, show that the change in gravitational
potential energy of the spacecraft is 8.3 x 10°J.

(3]
(c) By considering changes in gravitational potential energy and in kinetic energy of the

spacecraft, determine whether the total energy of the spacecraft increases or decreases in
moving from point B to point A. A numerical answer is not required.
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10 = (9702/42_Summer_2019_Q1) - Gravitational Fields
(a) Two point masses are separated by a distance x in a vacuum.

State an expression for the force F between the two masses M and m.
State the name of any other symbol used.

(b) Asmall sphere S is attached to one end of a rod, as shown in Fig. 1.1.

thread \

rod
small sphere S

8.0cm

view from side

Fig. 1.1 (not to scale)

The rod hangs from a vertical thread and is horizontal.
The distance from the centre of sphere S to the thread is 8.0cm.

A large sphere L is placed near to sphere S, as shown in Fig. 1.2.

large sphere L

initial position
ofrod s

N 6.0cm

final position
of rod

\ small sphere S
thread : /

view from above

Fig. 1.2 (not to scale)

T
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There is a force of attraction between spheres S and L, causing sphere S to move through a
distance of 1.2mm.
The line joining the centres of S and L is normal to the rod.

i) Show that the angle € through which the rod rotates is 1.5 x 10 ?rad.
( g g

(1]

(i) The rotation of the rod causes the thread to twist.
The torque T (in Nm) required to twist the thread through an angle £ (in rad) is given by

T=93x10"""xg.

Calculate the torque in the thread when sphere L is positioned as shown in Fig. 1.2.

(c) The distance between the centres of spheres S and L is 6.0cm.
The mass of sphere S is 7.5g and the mass of sphere L is 1.3kg.

(i) By equating the torque in (b)(ii) to the moment about the thread produced by gravitational
attraction between the spheres, calculate a value for the gravitational constant.

gravitational constant =
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(i) Suggest why the total force between the spheres may not be equal to the force calculated
using Newton’s law of gravitation.

A
< 0
’
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11 = (9702/41_Winter_2019_Q1) - Gravitational Fields, Motion In A Circle

(a) State Newton's law of gravitation.

(b) A geostationary satellite orbits the Earth. The orbit of the satellite is circular and the period of
the orbit is 24 hours.

(i) State two other features of this orbit.

s S R A S R RS e s s e R S s s e s
R e T D s S o s S s S B o s
(2]
(i) The radius of the orbit of the satellite is 4.23 x 10*km.
Determine a value for the mass of the Earth. Explain your working.
MASS = 1ooirieeireeeeerisrienreeeesenaereeeessranssneeees kg [4]
[
~—
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12 = (9702/42_Winter_2019_Q1) - Motion In A Circle, Gravitational Fields

(a) State Newton's law of gravitation.

(b) The astronomer Johannes Kepler showed that the period T of rotation of a planet about the
Sun is related to its mean distance R from the centre of the Sun by the expression

3

where k is a constant.

Use Newton’s law to show that, for planets in circular orbits about the Sun of mass M, the
constant k is given by

k= GM
4n?

where G is the gravitational constant. Explain your working.

[4]
(c) Asatellite is in a circular orbit about Mars.
The radius of the orbit of the satellite is 4.38 x 109m. The orbital period is 2.44 hours.
Use the expressions in (b) to calculate a value for the mass of Mars.
MASS = 1cvverereeesiiissssnnsreeasersnsssanesseansrnans kg [2]
[
-
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13 - (9702/41_Summer_2020_Q1) - Motion In A Circle, Gravitational Fields

(a) State what is meant by a gravitational force.

(b) Abinary star system consists of two stars S, and S,, each in a circular orbit.

The orbit of each star in the system has a period of rotation T.

Observations of the binary star from Earth are represented in Fig. 1.1.

S1©\

~ s

t=0

NOs;

t=T

Fig. 1.1 (not to scale)

................................................................ 1]
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Observed from Earth, the angular separation of the centres of S, and S, is 1.2 x 10~°rad.
The distance of the binary star system from Earth is 1.5 x 10" m.

Show that the separation d of the centres of S, and S, is 1.8 x 10"2m.

(1

(c) The stars S, and S, rotate with the same angular velocity « about a point P, as illustrated in
Fig. 1.2.

|
; X

_--_-_? 'U
lks/
Ncn

Fig. 1.2 (not to scale)

Point P is at a distance x from the centre of star S,.
The period of rotation of the stars is 44.2 years.

(i) Calculate the angular velocity .

9
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(ii) By considering the forces acting on the two stars, show that the ratio of the masses of
the stars is given by

mass of S, _d-x
massof S, = x °

[2]

(iii) The mass M, of star S, is given by the expression
GM1 = dz(d— X) ®?
where G is the gravitational constant.
The ratio in (ii) is found to be 1.5.

Use data from (b) and your answer in (c)(i) to determine the mass M,.

9
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14 - (9702/42_Summer_2020_Q1) - Gravitational Fields

(a) Define gravitational potential at a point.

(b) An isolated solid sphere of radius r may be assumed to have its mass M concentrated at its
centre. The magnitude of the gravitational potential at the surface of the sphere is ¢.

On Fig. 1.1, show the variation of the gravitational potential with distance d from the centre of

the sphere for values of d from d = rto d = 4r.

+1.0¢ T T
gravitational : :
potential T

+05¢ . ‘L ‘

0 I
0 r —H-2r 3r 4r
-05¢ -
I
-1.0¢
Fig. 1.1
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(c) The sphere in (b) is a planet with radius r of 6.4 x 10°m and mass M of 6.0 x 10%4kg. The
planet has no atmosphere.

A rock of mass 3.4 x 10°kg moves directly towards the planet. Its distance from the centre of
the planet changes from 4rto 3r.

(i) Calculate the change in gravitational potential energy of the rock.

9
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15 = (9702/41_Winter_2020_Q1) - Gravitational Fields

(a) (i) State whatis meant by a field of force.

(b) An isolated planet may be assumed to be a uniform sphere of radius 3.39 x 10m with its
mass of 6.42 x 1023kg concentrated at its centre.

Calculate the gravitational field strength at the surface of the planet.

field Strength = ....cccvveeeeireereceeee e Nkg™' [3]

(c) Calculate the height above the surface of the planet in (b) at which the gravitational field
strength is 1.0% less than its value at the surface of the planet.

[Total: 9]
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16 = (9702/42_Winter_2020_Q1) - Gravitational Fields

(a) Define gravitational potential at a point.

(b) The Earth may be considered to be a uniform sphere of radius 6.4 x 10°m with its mass of
6.0 x 10%*kg concentrated at its centre.

A satellite of mass 2.4 x 10%kg is launched from the Equator. It is placed in an equatorial orbit
at a height of 5.6 x 10°m above the Earth’s surface.

(i) Calcuilate the change AE; in gravitational potential energy of the satellite for its movement
from the surface of the Earth to its position in the equatorial orbit.

(ii) Determine the speed of the satellite when in orbit.

9
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{c) Before the satellite in (b) is launched, its speed at the Equator due to the Earth's rotation is
470ms~.

Suggest why the energy required to launch the satellite depends on whether the satellite, in
its orbit, is travelling from west to east or from east to west.

[Total: 9]

9
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17 = (9702/41_Summer_2021_Q1) - Gravitational Fields

The Earth may be assumed to be an isolated uniform sphere with its mass of 6.0 x 10?*kg
concentrated at its centre.

A satellite of mass 1200kg is in a circular orbit about the Earth in the Earth’s gravitational field.
The period of the orbit is 94 minutes.

(a) Define gravitational field strength.

(b) Calculate the radius of the orbit of the satellite.

TAIUS = i m [3]

(c) Rockets on the satellite are fired so that the satellite enters a different circular orbit that has

a period of 150 minutes. The change in the mass of the satellite may be assumed to be
negligible.

(i) Show that the radius of the new orbit is 9.4 x 106 m.

(2]

(ii) State, with a reason, whether the gravitational potential energy of the satellite increases
or decreases.
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(iii) Determine the magnitude of the change in the gravitational potential energy of the

satellite.

change in potential energy =

2017 -2023
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18 = (9702/42_Summer_2021_Q1) - Gravitational Fields

(a) Define gravitational field strength.

(b) An isolated planet is a uniform sphere of radius 3.39 x 10%m. Its mass of 6.42 x 1022kg may

be considered to be a point mass concentrated at its centre. The planet rotates about its axis
with a period of 24.6 hours.

For an object resting on the surface of the planet at the equator, calculate, to three significant
figures:

(i) the gravitational field strength

fleld strength = ainaismininsbmaninisgs Nkg™' (2]
(ii) the centripetal acceleration
accelerallon =i s ms2 [2]
(iii) the force per unit mass exerted on the object by the surface of the planet.
TOrCe PRGN MNA8S = i iiiiinsisasabssnsnsoiadiosisasons Nkg™' [1]
==
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19 - (9702/41_Winter_2021_Q2) - Gravitational Fields

(a) Define gravitational potential.

{b) The Earth E and the Moon M can both be considered as isolated point masses at their
centres. The mass of the Earth is 5.98 x 10%*kg and the mass of the Moon is 7.35 x 10%%kg.
The Earth and the Moon are separated by a distance of 3.84 x 108m, as shown in Fig. 2.1.

3.84 x 108m i
X ; E
------------------------------------
P
Earth E Moon M
mass 5.98 x 1024kg mass 7.35 x 10%2kg

Fig. 2.1 (not to scale)

P is a point, on the line joining the centres of E and M, where the resultant gravitational field
strength is zero. Point P is at a distance x from the centre of the Earth.

(i) Explain how it is possible for the gravitational field strength to be zero despite the
presence of two large masses nearby.

(i) Show that x is approximately 3.5 x 108m.
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(iii) Calculate the gravitational potential ¢ at point P.

y 5
< 0
’
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20 = (9702/42_Winter_2021_Q2) - Gravitational Fields

(a) State the relationship between gravitational potential and gravitational field strength.

...................................................................................................................................................

(b) A moon of mass M and radius R orbits a planet of mass 3M and radius 2R. At a particular
time, the distance between their centres is D, as shown in Fig. 2.1.

6.

planet moon
mass 3M mass M
radius 2R radius R
Fig. 2.1

Point P is a point along the line between the centres of the planet and the moon, at a variable
distance x from the centre of the planet.

The variation with x of the gravitational potential ¢ at point P, for points between the planet
and the moon, is shown in Fig. 2.2.

¢P | - | | | | NI
0 . 4+ = t : 1 >X
0 2R | T i D-R
s ts +—1-1 fts
| |
| |
‘ i
EEEEREEEy AEEEEENEEEIREESINEEAANESNEEEEEEENSEESEESEEAYARSE
B B B 4 6 1 1~ 111 1 =11t ! | |
7 Im — | T
— | f4 by ? 4 [ 1% IR =14t~ l-‘tf
I / e e e e e e e e ‘
LIVANES SEEESSEEN .A.j‘.. ;l, ‘. ENENSEEEESmEE
— T ‘T ‘
HHH H
11

Fig. 2.2
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(i) Explain why ¢ is negative throughout the entire range x =2Rtox=D-R.

..................................................................................................................................... [3]
(ii) One of the features of Fig. 2.2 is that ¢ is negative throughout.
Describe two other features of Fig. 2.2.
e L B M O N O L ) - il A
0 I s ey sl V. o e S o el e T A el g e
(2]

(iii) On Fig. 2.3, skefch the variation with x of the gravitational field strength g at point P
between x=2Rand x=D-R.

| | - |4 } | 4
HH A i
g 11 4t |
; 1 +t
1 1 1
—— 4 4 144
L N A N RS AN AN AR
IEE
g !
IHNESEN 1
(Y mmann mam, L x
01 2R D-R11
| [ |
Y111 I
| H HH
1 1
N [
T u! mE3 m m
5 NHE S E SRR i=Es 11 EE NS T weE
I [
1 -4 | |

Fig. 2.3
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21 - (9702/41_Summer_2022_Q1) - Gravitational Fields

(a) (i) State Newton’s law of gravitation.

(i) Use Newton's law of gravitation to show that the gravitational field strength g at a
distance r away from a point mass M is given by

GM
9=z

(2]
(b) The Earth has a mass of 5.98 x 10%#kg and a radius of 6.37 x 105m.
The Moon has a mass of 7.35 x 10%?kg and a radius of 1.74 x 10°m.
The Earth and the Moon can both be considered as point masses at their centres. Their
centres are a distance of 3.84 x 108m apart.

{i) Show that the gravitational field strength at the surface of the Moon due to the mass of
the Moon is 1.62Nkg™".

(1]

(ii) Explain why there is a point X on the line between the centres of the Earth and the Moon
where the resultant gravitational field strength due to the Earth and the Moon is zero.
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(iii) Calculate the distance x of point X from the centre of the Moon.

[Total: 10]

y 5
< 0
’
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22 = (9702/42_Summer_2022_Q1) - Gravitational Fields

(a) (i) Define gravitational potential at a point.

(ii) Starting from the equation for the gravitational potential due to a point mass, show that
the gravitational potential energy E, of a point mass m at a distance r from another point
mass M is given by

GMm
I &

EF’=_

where G is the gravitational constant.

(1

(b) Fig. 1.1 shows the path of a comet of mass 2.20 x 10'%kg as it passes around a star of mass
1.99 x 10%0kg.

X_ 34.1kms™!

star
mass 1.99 x 103%kg

comet
mass 2.20 x 10'%kg

path of comet

Fig. 1.1 (not to scale)

At point X, the comet is 8.44 x 10" m from the centre of the star and is moving at a speed of
34.1kms™,

At point Y, the comet passes its point of closest approach to the star. At this point, the comet
is a distance of 6.38 x 10'°m from the centre of the star.

T
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Both the comet and the star can be considered as point masses at their centres.

(i) Calculate the magnitude of the change in the gravitational potential energy AE, of the
comet as it moves from position X to position Y.

(ii) State, with a reason, whether the change in gravitational potential energy in (b){i) is an
increase or a decrease.

(ili) Use your answer in (b)(i) to determine the speed, in kms™, of the comet at point Y.

{c) Asecond comet passes point X with the same speed as the comet in (b) and travelling in the
same direction. This comet is gradually losing mass. The mass of this comet when it passes
point X is the same as the mass of the comet in {b).

Suggest, with a reason, how the path of the second comet compares with the path shown in
Fig. 1.1.
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23 = (9702/41_Winter_2022_Q1) - Gravitational Fields

(a) State the equation for the gravitational force F between two point masses m, and m, that are
separated by a distance r. State the meaning of any other symbols you use.

(2]
(b) Asatellite is in a circular orbit of radius R around a planet of mass M.
Show that the period T of the orbit is given by
T2 = kR®

where k is a constant that depends on the value of M. Explain your reasoning.

(3]

(c) Asatellite is in a circular orbit around the Earth with a period of 24 hours.
The mass of the Earth is 6.0 x 10%*kg.

(i) Calculate the radius of the orbit.
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(ii) State the two other conditions that must be met for the orbit to be geostationary.

A
< 0
’
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24 = (9702/42_Winter_2022_Q1) - Gravitational Fields

(a) Define gravitational field.

{b) A spherical planet can be considered as a point mass at its centre.

(i) OnFig. 1.1, draw gravitational field lines outside the planet to represent the gravitational
field due to the planet.

Fig. 1.1
(2]

(i) Asatellite is in a circular orbit around the planet.

Explain, with reference to your answer in {b)(i), why the path of the satellite is circular.
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(c) An object rests on the surface of the Earth at the Equator.
The radius of the Earth is 6.4 x 10m.

(i) Determine the centripetal acceleration of the object.

centripetal acceleration = .......cccoevvveveecriirerinrneneeeeeninnes ms2 (3]

(i) Describe how the two forces acting on the object give rise to this centripetal acceleration.
You may draw a diagram if you wish.

9
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25 = (9702/41_Winter_2023_Q1) - Gravitational Fields

(a) (i) State what is indicated by the direction of the gravitational field line at a point in a
gravitational field.

(if) Explain, with reference to gravitational field lines, why the gravitational field near the
surface of the Earth is approximately constant for small changes in height.

(b) Alarge isolated uniform sphere has mass M and radius R.

Point P lies on a straight line passing through the centre of the sphere, at a variable
displacement x from the centre, as shown in Fig. 1.1.

uniform sphere,
mass M

Fig. 1.1

9
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Fig. 1.2 shows the variation with x of the gravitational field g at point P due to the sphere for
the values of x for which P is inside the sphere.

Fig. 1.2
The magnitude of the gravitational field at the surface of the sphere is Y.

(i) Determine an expression for Y in terms of M and R. Identify any other symbols that you
use.

(2]
(ii) Explain why, at the surface of the sphere, g always has the opposite sign to x.

(iii) Complete Fig. 1.2 to show the variation of g with x for values of x, up to +3R, for which
point P is outside the sphere. [3]

-
o

v
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26 = (9702/42_Winter_2023_Q2) - Gravitational Fields

(a) (i) Define gravitational potential at a point.

...........................................................................................................................................

...........................................................................................................................................

(i) The Moon may be considered to be an isolated uniform sphere of mass 7.3 x 10%?kg
and radius 1.7 x 108m.

Calculate the gravitational potential at the surface of the Moon. Give a unit with your
answer.

gravitational potential = .........ccccviviiiiennnen. UM i [2]

(b) An isolated uniform spherical planet has gravitational potential ¢ at its surface.
A particle of mass m is projected vertically upwards from the surface. The particle is given just
enough kinetic energy to travel to an infinite distance away from the planet, escaping from the

gravitational pull of the planet, without any additional work being done on it.

(i) Determine an expression, in terms of m and ¢, for the gravitational potential energy E of
the particle at the surface of the planet.

(i) Show that the speed v at which the particle is projected upwards from the surface of the
planet is given by

v = /-2¢.

(2]

9
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{c) A particle is moving upwards at the surface of the Moon.

Use your answer in (a)(ii) and the expression in (b)(ii) to determine the minimum speed of
this particle that will result in it escaping from the gravitational pull of the Moon.

(d) Hydrogen may be assumed to be an ideal gas.
The mass of a hydrogen molecule is 3.34 x 10-27kg.

Calculate the root-mean-square (r.m.s.) speed of a hydrogen molecule in hydrogen gas that
is at a temperature of 400K.

BRSPS oo ms~' [3]
(e) The surface of the Moon reaches temperatures of approximately 400K when in direct sunlight.

Use your answers in (c) and (d) to suggest a reason why the Moon does not have an
atmosphere consisting of hydrogen.

9
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{(a) The

pressure p and volume V of an ideal gas are related to the density p of the gas by the

expression

(ii)

b)

1
= 30{c?).
State what is meant by the symbol {c?).

Use the expression to show that the mean Kinetic energy £, of a gas molecule is given
by

3
Eq = 5 kT

where kis the Boltzmann constant and T is the thermodynamic temperature.

(3]

An ideal gas containing 1.0 mol of molecules is heated at constant volume.
Use the expression in (a)(ii) to show that the thermal energy required to raise the

temperature of the gas by 1.0K has a value of gFt‘, where R is the molar gas constant.

2

(3]

A
< 0
P
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(i) Nitrogen may be assumed to be an ideal gas. The molar mass of nitrogen gas is 28gmol.
Use the answer in () to calculate a value for the specific heat capacity, in Jkg 1K, at
constant volume for nitrogen.

specific heat capacty = ..o JkgT K112

y 9
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{a) Describe the motion of molecules in a gas, according to the Kinetic theory of gases.

(b} Describe what is observed when viewing Brownian motion that provides evidence for your
answer in (a).

(¢} At a pressure of 1.05x10°Pa and a temperature of 27°C, 1.00mol of helium gas has a
valume of 0.0240m°,
The mass of 1.00mol of helium gas, assumed to be an ideal gas, is 4.00¢.

{y Calculate the root-mean-square (r.m.s.) speed of an atom of helium gas for a temperature
of 27°C.

IS, SPEEA = it ms™1 [3]

(i} Using vour answer in {B), calculate the r.m.s. speed of the atoms at 177 °C.

r.m.s. speed =
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{a) Use one of the assumptions of the kinetic theory of gases 1o explain why the potential energy
of the molecules of an ideal gas is zero.

(b} The average franslational kinetic energy £, of a molecule of an ideal gas is given by the
axpression

where m is the mass of 8 molecule and k is the Bolizmann constant.

State the meaning of the symbol

i {c?),

M T

{c) A cylinder of constant volume 4.7 x 10%cm® contains an ideal gas at pressure 2.6 x 10°Pa
and temperature 173°C.

The gas is heated. The thermal energy transferred 1o the gas is 2800 .J. The final temperature
and pressure of the gas are Tand p, as illusirated in Fig. 2.1.

4.7 x 10%cm3 2900. 4.7 x 10%cm?
2.6 x 10°Pa o p
173°C T
Fig. 2.1

(i) Calculate

1. the number N of molecules in the cylinder,
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2. the increase in average kinetic energy of a molecule during the heating process.

INCIBASE = e J11]

{ii) Use vour answer in (i} part 2 to determine the final temperature T, in kelvin, of the gas in
the cylinder.
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{a) (i} State whatis meant by the internal energy of a system.

{iiy Explain why, for an ideal gas, the change in internal energy is directly proportional to the
change in thermodynamic temperature ¢f the gas.

(b} A cylinder of volume 1.8 x 10%cm® contains helium gas at pressure 6.4 x 10°Pa and
temperature 25°C.
Helium gas may be considerad to be an ideal gas consisting of single atoms.

Calculate the number of helium atoms in the cylinder.

MUIMDEE = e [3]
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{a) Stafe what is meant by the internal energy oF a system.

{b) An ideal gas undergoes a cycle of changes as shown in Fig. 2.1.

3.00
2.80 QR 372K
pressure
/10°Pa AN
2.60
2.40 QY'OJ! b
\
Ny
2.20
o,
o1 280K ’ ™ iGE
332 Kt
2.00 SESL
g00 Q50 1000 1050 1100 1150
volume /om?®

Fig. 2.1
Al point P, the gas has volume 950cm?®, pressure 2.10 x 10°Pa and temperature 280K.

The gas is healed at constant volume and §7.0J of thermal energy is transferred o the gas.
Its pressure and temperature change so that the gas is af point Q on Fig. 2.1.

The gas then undergoes the change from point Q to peint B and then from point B back to
point P, as shown on Fig. 2.1.

A _
< 0
P
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Some energy changes that take place during the cycle PQRP are shown in Fig. 2.2.

(i} State the total change in internal energy of the gas during the complete cycle PQRP.

Explain your answer.

{il OnFig. 2.2, complete the energy changes for the gas during

1. the change P — (),
2. the change G — R,

3. the change B — P.

change P — Q | changeQ — R | change B — P
thermal energy transferred to gas/J +87.0 0
work doneongas/d | ~42.5 +37.0
increase ininfermalenergy of gas/J | o i |
Fig. 2.2
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{a) State what is meant by an ideal gas.

{b) An ideal gas comprised of single atoms is contained in a cylinder and has a volume of
1.84:1072m? at a pressure of 2.12x 10 Pa.

The mass of gas in the cylinder is 3.20kg.

() Determineg, to three significant figures, the root-mean-sguare (rm.s.) speed of the aloms
of the gas.

FITLS. SPEEA = oo ms™ [3]
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{iily The temperature of the gas in the cylinder is 22°C.
Determine, to three significant figures,

1. the amount, in mol, of the gas,

amouni= . e mol [2]

2. the mass of one afom of the gas.

{e) Use your answer in (b)(i1) part 2 to determing the nucleon number A of an atom of the gas.
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A fixed mass of an ideal gas has volume 210cm? at pressure 3.0 x 10°Pa and temperature 270K.

The volume of the gas is reduced at constant pressure to

140cm?®, as shown in Fig. 2.1.

210cm? 140cm?
3.0 x 10°Pa > 3.0 x 10°Pa
270K T
Fig. 2.1
The final temperature of the gas is T.
(a) Determine:
(i) the amount of gas
AMOUNti= s mol [3]
(ii) the final temperature T of the gas
AN e e Ol e e K [2]
(iii) the external work done on the gas.
WOIKAOIEE= «.cvooriancecusmmuaomcs A
[
~—
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(b) For this change in volume and temperature of the gas, the thermal energy transferred is 53 J.

Determine AU, the change in internal energy of the gas.
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(a) The first law of thermodynamics may be expressed in the form
AU=qg+ w.

(i) State, for a system, what is meant by:
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(b) An ideal gas, sealed in a container, undergoes the cycle of changes shown in Fig. 2.1,

70T =m
TR 8.7 x 10~4m?3 ] = H
i 6.6 x 10°Pa =2,
450K ;
6.0 ‘
pressure I ;
/10°Pa !
1 1
5.0 i
_ ; ]
! 1
.':V. «Ai. - : -
4. :
0 - v ™ T : 5 E ™ o T
HHHHH 2.4x10°%m? H
L : H 1.6x10°Pa H
8.7 x10%m3 ;\ 300K |
1.6 x 10°Pa g |
| \
20 110K : |
I - f | .
- - B
mag o) t H t AT
3 EEEEE N W
0.75 1.00 1.25 1.50 1.75 2.00 225 2.50
volume/10~°m?
Fig. 2.1

At point A, the gas has volume 2.4 x 10~2m?, pressure 1.6 x 10°Pa and temperature 300K.
The gas is compressed suddenly so that no thermal energy enters or leaves the gas during
the compression. The amount of work done is 480J so that, at point B, the gas has volume
8.7 x 10~*m?, pressure 6.6 x 10°Pa and temperature 450K.

The gas is now cooled at constant volume so that, between points B and C, 1100J of thermal
energy is transferred. At point C, the gas has pressure 1.6 x 10°Pa and temperature 110K.

Finally, the gas is returned to point A.
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(i) State and explain the total change in internal energy of the gas for one complete

cycle ABCA.
....................................................................................................................................... 2]
(ii) Calculate the external work done on the gas during the expansion from point C to
point A.
) TLe L, S0 [0 1 K RN RSN SRR oS J [2]
(iii) Complete Fig. 2.2 for the changes from:
1. point A to point B
2. point B to point C
3. point C to point A.
change +q/J +w/J AU/
A=>»B | sasscasees | seasmasass | sesaesisos
BYC |  sosgcesvems || wsevsamesss ||| susremsvsssmsme
C=2A | soamwmmsss | swmssmsss | cenmema
Fig. 2.2
(4]
[
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Q - (9702/41_Winter_2019_Q2) - Ideal Gases

(a) The kinetic theory of gases is based on a number of assumptions about the molecules of a
gas.

State the assumption that is related to the volume of the molecules of the gas.

(b) An ideal gas occupies a volume of 2.40 x 102m? at a pressure of 4.60 x 10°Pa and a
temperature of 23 °C.

(i) Calculate the number of molecules in the gas.

UMD O B osicnssymmssssimns R R S SRR B PO [3]
(ii) Each molecule has a diameter of approximately 3 x 107'9m.

Estimate the total volume of the gas molecules.

VOIUIME = oo m? [3]

(c) By reference to your answer in (b)(ii), suggest why the assumption in (a) is justified.
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(a) Smoke particles are suspended in still air. Brownian motion of the smoke particles is seen
through a microscope.

Describe:

(i) what is seen through the microscope

..................................................................................................................................... 1]

(i) how Brownian motion provides evidence for the nature of the movement of gas
molecules.
..................................................................................................................................... [2]

(b) A fixed mass of an ideal gas has volume 2.40 x 103cm?® at pressure 3.51 x 10°Pa and
temperature 290K. The gas is heated at constant volume until the temperature is 310K at
pressure 3.75 x 10°Pa, as illustrated in Fig. 2.1.

2.40 x 10°cm?® 2.40 x 103cm?
3.51 x 10°Pa > 3.75 x 10°Pa
290K 310K
Fig. 2.1

The quantity of thermal energy required to raise the temperature of 1.00mol of the gas by
1.00K at constant volume is 12.5J.

Calculate, to three significant figures:

(i) the amount, in mol, of the gas

=111 01 ] 1] 5 J——— I m— mol [3]

T
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(ii) the thermal energy transfer during the change.

ONEIGY WANSTON = ivicskisvnstinis v v i iaH s mass s isnses J [2]
(c) For the change in the gas in (b), state:
(i) the quantity of external work done on the gas
WOTK O s s s B T S e J (1]

(ii) the change in internal energy, with the direction of this change.

O A O s s T B S B s AR J
(21 [(=011 (o] NP SO
[2]

st
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(a) State what is meant by the internal energy of a system.

(b) By reference to intermolecular forces, explain why the change in internal energy of an ideal
gas is equal to the change in total kinetic energy of its molecules.

(c) State and explain the change, if any, in the internal energy of a solid metal ball as it falls
under gravity in a vacuum.

9
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(a) A square box of volume V contains N molecules of an ideal gas. Each molecule has mass m.
Using the kinetic theory of ideal gases, it can be shown that, if all the molecules are moving
with speed v at right angles to one face of the box, the pressure p exerted on the face of the
box is given by the expression

pV = Nmv2. (equation 1)
This expression leads to the formula

p= %p(cz) (equation 2)

for the pressure p of an ideal gas, where pis the density of the gas and (c?) is the mean-square
speed of the molecules.

Explain how each of the following terms in equation 2 is derived from equation 1:

(b) An ideal gas has volume, pressure and temperature as shown in Fig. 2.1.

volume 6.0 x 103m?3
pressure 3.0 x 10°Pa
temperature 17 °C

Fig. 2.1
The mass of the gas is 20.7 g.

Calculate the mass of one molecule of the gas.
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13 = (9702/41_Winter_2020_Q2) - ldeal Gases, Temperature

(a) The first law of thermodynamics may be expressed as

(b)

4.0

VI10-3m3 =

36

3.2

2.8

2.4

2.0

where AU is the increase in internal energy of the system.

State the meaning of:

AU = (+q) + (+w)

The variation with pressure p of the volume V of a fixed mass of an ideal gas is shown in

Fig. 2.1.

22

The gas undergoes a cycle of changes Ato B to C to A.

p/10°Pa

During the change A to B, the volume of the gas increases from 2.3 x 10 *m*t0 3.8 x 10 °m?,

T

2017 -2023

99



https://www.thrivingscholars.com/free-study-resources

A-Level Cambridge

PHYSICS -P4

CH10 - IDEAL GASES

(i) Show that the magnitude of the work done during the change A to B is 390 J.

(1]

(ii) State and explain the total change, if any, in the internal energy of the gas during one

complete cycle.

(c) During the change Ato B, 1370J of thermal energy is transferred to the gas.

During the change B to C, no thermal energy enters or leaves the gas. The work done on the
gas during this change is 550J.

Use these data and the information in (b) to complete Table 2.1.

Table 2.1
e i Wi AUI
AtoB
e |
CtoA
2017 -2023 _
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14 - (9702/42_Winter_2020_Q2) - Ideal Gases, Temperature

(a) State whatis meant by the infernal energy of a system.

(b) The atoms of an ideal gas occupy a container of volume 2.30 x 10°m?® at pressure
2.60 x 10°Pa and temperature 180K, as illustrated in Fig. 2.1.

2.30x103m?3 3.80x103m?
2.60x10°Pa > > 2.60x10°Pa
180K T
980J
Fig. 2.1

The gas is heated at constant pressure so that its volume becomes 3.80 x 10°m? at a
temperature T.

For the fixed mass of gas, calculate:

(i) the amount of substance, in mol

amount =

(i) the temperature T, in K.
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(c) During the change in (b), the thermal energy supplied to the gas is 980 J.

(i) Determine the work done on the gas during this change. Explain your working.

WOTK dONE = oot J [3]

(ii) Determine the change AU in internal energy of the gas.

[Total: 10]

A
< 0
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An ideal gas is contained in a cylinder by means of a movable frictionless piston, as illustrated in
Fig. 2.1.

: cylinder
movement /
B EEEEEEEEE—

of piston

<

piston / \\
gas

molecule

Fig. 2.1

Initially, the gas has a volume of 1.8 x 107°m? at a pressure of 3.3 x 10°Pa and a temperature of
310K.

(a) Show that the number of gas molecules in the cylinder is 1.4 x 1025,

(2]

(b) Use kinetic theory to explain why, when the piston is moved so that the gas expands, this
causes a decrease in the temperature of the gas.
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(c) The gas expands so that its volume increases to 2.4 x 1073m? at a pressure of 2.3 x 10°Pa
and a temperature of 288K, as shown in Fig. 2.2.

1.8x103m3 2.4 x 1073m?3
3.3x 105Pa > 2.3x 10°Pa
310K 288K

Fig. 2.2

(i) The average translational kinetic energy E, of a molecule of an ideal gas is given by
_3
Ey=5kT
where k is the Boltzmann constant and T is the thermodynamic temperature.

Calculate the increase in internal energy AU of the gas during the expansion.

(ii) The work done by the gas during the expansion is 76 J.

Use your answer in (i) to explain whether thermal energy is transferred to or from the gas
during the expansion.
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16 = (9702/42_Summer_2021_Q2) - Ideal Gases, Temperature

An ideal gas has a volume of 3.1 x 10®*m?® at a pressure of 8.5 x 10°Pa and a temperature of
290K, as shown in Fig. 2.1.

volume 3.1 x 1073m?3 volume 6.3 x 102m?3

pressure 2.7 x 10°Pa

Y

pressure 8.5 x 10°Pa

temperature 290K temperature T

Fig. 2.1

The gas suddenly expands to a volume of 6.3 x 10~>m?®. During the expansion, no thermal energy
is transferred. The final pressure of the gas is 2.7 x 105 Pa at temperature T, as shown in Fig. 2.1.

(a) Show that the number of gas molecules is 6.6 x 1022,

(b) (i) Show that the final temperature T of the gas is 190K.

9
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(ii) The average translational kinetic energy E, of a molecule of an ideal gas is given by

3
E(= 5 KT
where T is the thermodynamic temperature and k is the Boltzmann constant.

Calculate the increase in internal energy AU of the gas.

{c) Use the first law of thermodynamics to explain why the external work w done on the gas
during the expansion is equal to the increase in internal energy in (b)(ii).
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17 = (9702/42_Winter_2021_Q3) - ldeal Gases

(a) One of the assumptions of the kinetic theory of gases is that all collisions involving molecules
of the gas are elastic.

(i) State what is meant by an elastic collision.

..................................................................................................................................... [1]

(ii) State two other assumptions of the kinetic theory of gases.
L L e e ettt et eeeeeeeeeeneeeeeeeeeseeeeseeeseseeesssesasseesasesesseesssseieseeisseeiesseeessssessseesassesaseeeanseaans
R E e AR S e R R e e e e aE e e e e e e e n e e e n e s
(2]

(b) A molecule of an ideal gas has mass m and is contained in a cubic box of side length L. The
molecule is moving with velocity u towards the face of the box that is shaded in Fig. 3.1.
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Fig. 3.1

The molecule collides elastically with the shaded face and the face opposite to it alternately.
Deduce expressions, in terms of m, v and L, for:

{i) the magnitude of the change in momentum of the molecule on colliding with a face

change in MomMeNtUM = ... [1]

(ii) the time between consecutive collisions of the molecule with the shaded face
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(iii) the average force exerted by the molecule on the shaded face

{iv) the pressure on the shaded face if the force in (iii) is exerted over the whole area of the
face.
PrOSBUNO S i s A R SR s R [1]

(c) When the model described in (b) is extended to three dimensions, and to a gas containing N
molecules, each of mass m, travelling with mean-square speed (c?), it can be shown that

pV= %Nm( o
where p is the pressure exerted by the gas and V is the volume of the gas.

Use this expression, together with the equation of state of an ideal gas, to show that the
average translational kinetic energy E, of a molecule of an ideal gas is given by

oy
E, = 3kT

where T is the thermodynamic temperature of the gas and k is the Boltzmann constant.

(2]
(d) The mass of a hydrogen molecule is 3.34 x 1027 kg.

Use the expression for E; in (c) to determine the root-mean-square (r.m.s.) speed of a
molecule of hydrogen gas at 25°C.

NS P00 = s R ms™! [2]
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18 = (9702/41_Summer_2022_Q3) - Ideal Gases

A fixed mass of an ideal gas is initially at a temperature of 17 °C.
The gas has a volume of 0.24m? and a pressure of 1.2 x 10%Pa.

{a) (i) State whatis meant by an ideal gas.

(ii) Calculate the amount n of gas.

{b) The gas undergoes three successive changes, as shown in Fig. 3.1.

4.0 i
C
pressure/10°Pa \\
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1.0 B ' f
0
0.04 0.08 0.12 0.16 0.20 0.24 0.28
volume/m3

Fig. 3.1

The initial state is represented by point A. The gas is cooled at constant pressure to point B
by the removal of 48.0kJ of thermal energy.

The gas is then heated at constant volume to point C.

Finally, the gas expands at constant temperature back to its original pressure a at
point A. During this expansion, the gas does 31.6kJ of work.

T

’
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(i) Show that the magnitude of the work done during the change AB is 19.2kJ.

(2]

(ii) Complete Table 3.1 to show the work done on the gas, the thermal energy supplied to
the gas and the increase in internal energy of the gas, for each of the changes AB, BC

and CA.
Table 3.1
change work done thermal energy increase in internal
9 on gas/kJ supplied to gas/kJ energy of gas/kd
AB —-48.0
BC
CA -31.6

[5]

[Total: 11]

A
< 0
gy
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19 - (9702/42_Winter_2022_Q3) - Ideal Gases
(a) The equation of state for an ideal gas can be written as
pV = NKT.

State the meaning of each of the symbols in this equation.

(b) Use the equation in (a) to show that the average translational kinetic energy E, of a molecule
of an ideal gas is given by

_3
Eq = SKT.

(2]

(c) The mass of an oxygen molecule is 5.31 x 10726kg. Assume that oxygen behaves as an ideal
gas.

(i) Use the equation in (b) to determine the root-mean-square (r.m.s.) speed v of an oxygen
molecule at 23°C.
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(ii) A fixed mass of oxygen gas at initial pressure P is sealed in a cylindrical container by a
movable piston at one end, as shown in Fig. 3.1.

oxygen

X =

i |

Fig. 3.1
The temperature of the gas is 23 °C.

The piston is slowly moved into the cylinder so that the oxygen gas is compressed. At all
times, the gas and the container remain in thermal equilibrium with the surroundings.

On Fig. 3.2, sketch the variation with pressure of the r.m.s. speed of the oxygen
molecules as the pressure increases.

r.m.s. speed
u -
0 =
P pressure
Fig. 3.2

(2]

9
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20 = (9702/41_Summer_2023_Q4) - Ideal Gases, Temperature, Thermal Properties Of Materials

(a) State two of the basic assumptions of the kinetic theory of gases.

{b) An ideal gas has amount of substance n.
The gas is initially in state X, with pressure 2p and volume V.
The gas is cooled at constant volume to state Y, with pressure p.
The gas is then heated at constant pressure to state Z, with volume 2V.
Finally, the gas returns at constant temperature to state X.

(i) Determine an expression for the temperature T of the gas in state X, in terms of n, p

and V.
Identify any other symbols that you use.

(2]

(ii) OnFig. 4.1, sketch the variation with volume of pressure for the gas as the gas undergoes
the three changes. The state X is labelled. Label states Y and Z.

2p Xe
pressure
p -
O T L
0 Vv 2V
volume
Fig. 4.1

[3]

A
< 0
gy
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(iii) During the change of state from Y to Z, the increase in internal energy of the gas is U.
During the change of state from Z to X, the work done on the gas is W.

Table 4.1
increase in internal thermal energy
change work done on gas
energy of gas transferred to gas
XtoY
YtoZ +U
ZtoX +W

2017 -2023

114

Complete Table 4.1 to indicate, for each of the three changes of state, the increase in
internal energy of the gas, the thermal energy transferred to the gas and the work done

on the gas, in terms of p, V, U and W.

[5]

A
< 0
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21 - (9702/42_Summer_2023_Q2) - Ideal Gases

(a) (i) State whatis meant by an ideal gas.

..................................................................................................................................... [2]
(if) State the temperature, in degrees Celsius, of absolute zero.
temperature = ... °C [1]
(b) A sealed vessel contains a mass of 0.0424 kg of an ideal gas at 227 °C.
The pressure of the gas is 1.37 x 10°Pa and the volume of the gas is 0.640m?.
Calculate:
(i) the number of molecules of the gas in the vessel
number of molecules = ... [3]
(ii) the mass of one molecule of the gas
MESS T eeeriiire i s kg [1]

(ifi) the root-mean-square (r.m.s.) speed v of the molecules of the gas.
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(c) The gas in (b) is now cooled gradually to absolute zero.

On Fig. 2.1, sketch the variation with thermodynamic temperature T of the r.m.s. speed of the
molecules of the gas.

r.m.s. speed

0 500
TIK

Fig. 2.1
(2]

y 5
< 0
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22 = (9702/42_Summer_2023_Q3) - Ideal Gases, Temperature

(a) State the first law of thermodynamics. Identify the meaning of any symbols that you use.

(b) The state of an ideal gas is continuously changed according to the cycle ABCDA shown in

Fig. 3.1.

A S o
pressure
\ Y
< A
.
volume
Fig. 3.1
(i) Complete Table 3.1 for the changes A to B and B to C by placing two ticks (v') in each
row.
Table 3.1
change in internal energy work done on gas
change
decrease | nochange | increase | negative zero positive
Ato B
BtoC

(4]

(ii) Use the first law of thermodynamics to describe and explain the energy transfers

associated with one complete cycle ABCDA.
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23 = (9702/41_Winter_2023_Q2) - Ideal Gases
{a) Define specific heat capacity.

(b) An ideal gas of mass 0.35kg is heated at a constant pressure of 2.0 x 10°Pa so that its
internal energy increases by 7600J. During this process, the volume of the gas increases
from 0.038 m? to 0.063m? and the temperature increases by 56 °C.

(i) Show that the magnitude of the work done on the gas is 5000 J.

(1
(if) Explain whether the work done on the gas is positive or negative.
..................................................................................................................................... (2]
(iii) Determine the magnitude of the thermal energy g transferred to the gas.
7S svineinsssisnsg RGeS RS YA s iy J [2]

(iv) Calculate the specific heat capacity of the gas for this process. Give a unit with your
answer.

specific heat capacity = .......ccccoceeiiiiiiiiiniiiieiiiecas ¥ ]| QATRAnt e ey [2]

2017 -2023 118



https://www.thrivingscholars.com/free-study-resources

A-lLevel Cambridge PHYSICS -P4 CH10 - IDEAL GASES

(c) The gas in (b) is now heated at constant volume rather than at constant pressure.
The increase in internal energy of the gas is the same as in (b).

Use the first law of thermodynamics to explain whether the specific heat capacity of the gas
for this process is less than, the same as, or greater than the answer in (b)(iv).

9
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24 - (9702/41_ Winter_2023_Q3) - Ideal Gases, Astronomy & Cosmology
(a) The product pV for an ideal gas is given by
pV= % Nm{c?)
where p is the pressure of the gas and V is the volume of the gas.

(i) State the meaning of the symbols N, m and (c?) in this equation.

(ii) Use the equation of state for an ideal gas to show that the average translational kinetic
energy E, of a molecule of the gas at thermodynamic temperature T is given by

=3
Ey = SKT.

(2]

(b) The surface of a star consists mainly of a gas that may be assumed to be ideal. The molecules
of the gas have a root-mean-square (r.m.s.) speed of 9300ms™".

The mass of a molecule of the gas is 3.34 x 1077 kg.

Determine, to three significant figures, the temperature of the surface of the star.

OMPEratlire’= ..oisiumismassissonssssssasssdsnsissns K [2]

9
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(c) The radiant flux intensity of the radiation from the star in (b) is 2.52 x 10°8Wm2 when
observed at a distance of 4.16 x 10'%m from the star.

(i) Calculate the luminosity of the star. Give a unit with your answer.

UINBSIY = cvavissmisesnionivancmmiionin 15| | A ra— 2]

(ii) Determine the radius of the star.

(d) The gas at the surface of a star has a very high pressure.

Use the basic assumptions of the kinetic theory to suggest why, in practice, a gas at the
surface of a star is unlikely to behave as an ideal gas.

9
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25 = (9702/42_Winter_2023_Q3) - ldeal Gases

{a) State what is meant by the internal energy of a system.

............................................................................................................................................. [2]
{b) Use the first law of thermodynamics to explain what happens to the internal energy:
(i) of a spring when it is stretched at constant temperature within its elastic limit
..................................................................................................................................... [3]
(i) of a sample of water when it evaporates from a rain puddle on a hot day.
..................................................................................................................................... [3]
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1 = (9702/42_Summer_2017_Q2) - Ideal Gases, Temperature, Thermal Properties Of Materials

(a) The pressure p and volume V of an ideal gas are related to the density p of the gas by the
expression

1
= 30{c?).
(i) State what is meant by the symbol {c?).

....................................................................................................................................... 1]
(i) Use the expression to show that the mean kinetic energy E, of a gas molecule is given
by
3
Ey = 5 kT

where kis the Boltzmann constant and T is the thermodynamic temperature.

(3]

{(b) () Anideal gas containing 1.0mol of molecules is heated at constant volume.
Use the expression in (a)(ii) to show that the thermal energy required to raise the

temperature of the gas by 1.0K has a value of %Fi, where R is the molar gas constant.

(3]

A
< 0
P
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(i) Nitrogen may be assumed to be an ideal gas. The molar mass of nitrogen gas is 28gmol.
Use the answer in () to calculate a value for the specific heat capacity, in Jkg 1K, at
constant volume for nitrogen.

specific heat capacty = ..o JkgT K112

y 9
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2 = (9702/41_Winter_2017_Q1) - Temperature, Thermal Properties Of Materials

{a) Siale

(i) what may be deduced from the difference in the lemperatures of two objects,

(it} the basic principle by which temperature is measured.

{b} By reference to your answer in (a){ii}, explain why two thermometers may not give the same
temperature reading for an object.

{c} Ablock of aluminium of mass 670¢ is heated at a constant rate of 95W for 8.0 minufes.
The specific heat capacity of aluminium is 810Jkg~" K.
The initial temperature of the block is 24 °C.

{l) Assuming that no thermal energy s lost to the surroundings, show that the final
temperalure of the block is 80°C.

A
< 0
’
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(it} In practice, there are energy losses to the surroundings.
The actual variation with time { of the temperature 8 of the block is shown in Fig. 1.1.

100

80

8/°C

&0 =

20

0 1 2 3 4 5 6
t/minuies

Fig. 1.1

1. Use the information in {i) to draw, on Fig. 1.1, a line to represent the temperature of
the block, assuming no energy losses {o the surroundings. [1]

2.  Using Fig. 1.1, calculate the total energy loss to the surroundings during the heating
process.

ENergy l0SS = .o J 2]
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3 = (9702/42_Summer_2018_Q3) - Temperature, Thermal Properties Of Materials

(a) During melting, a solid becomes liquid with little or no change in volume.

Use kinetic theory to explain why, during the melting process, thermal energy is required
although there is no change in temperature.

{b) An aluminium can of mass 160g contains a mass of 330¢g of warm water at a temperature of

38°C, as illustrated in Fig. 3.1.

ice \

aluminium can

— |

Fig. 3.1

warm water

A mass of 48g of ice at —18°C is taken from a freezer and put in to the water. The ice melts
and the final temperature of the can and its contents is 23 °C.

Data for the specific heat capacity ¢ of aluminium, ice and water are given in Fig. 3.2.

A
< 0
’

c/JgTK!
aluminium 0.910
ice 210
water 418
Fig. 3.2
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Assuming no exchange of thermal energy with the surroundings,

(i) show that the loss in thermal energy of the can and the warm water is 2.3 x 1044,

(2

(i) use the information in (i} to calculate a value L for the specific latent heat of fusion of ice.
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{a) State what is meant by an ideal gas.

{b) An ideal gas comprised of single atoms is contained in a cylinder and has a volume of
1.84:1072m? at a pressure of 2.12x 10 Pa.

The mass of gas in the cylinder is 3.20kg.

() Determineg, to three significant figures, the root-mean-sguare (rm.s.) speed of the aloms
of the gas.

FITLS. SPEEA = oo ms™ [3]
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{iily The temperature of the gas in the cylinder is 22°C.
Determine, to three significant figures,

1. the amount, in mol, of the gas,

amouni= . e mol [2]

2. the mass of one afom of the gas.

{e) Use your answer in (b)(i1) part 2 to determing the nucleon number A of an atom of the gas.
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A fixed mass of an ideal gas has volume 210cm? at pressure 3.0 x 10°Pa and temperature 270K.

The volume of the gas is reduced at constant pressure to 140cm?, as shown in Fig. 2.1.

210cm? 140cm?
3.0 x 10°Pa > 3.0 x 10°Pa
270K T
Fig. 2.1
The final temperature of the gas is T.
(a) Determine:
(i) the amount of gas
AMOUNti= s mol [3]

(ii) the final temperature T of the gas

(iii) the external work done on the gas.

WOTK dONE = ..o
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(b) For this change in volume and temperature of the gas, the thermal energy transferred is 53 J.

Determine AU, the change in internal energy of the gas.
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6 - (9702/41_Winter_2019_Q3) - Temperature, Thermal Properties Of Materials

(a) State what is meant by specific latent heat.

(b) A student determines the specific latent heat of vaporisation of a liquid using the apparatus
illustrated in Fig. 3.1.

/ pan of balance

Fig. 3.1

The heater is switched on. When the liquid is boiling at a constant rate, the balance reading is
noted at 2.0 minute intervals.

After 10 minutes, the current in the heater is reduced and the balance readings are taken for
a further 12 minutes.

9
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The readings of the ammeter and of the voltmeter are given in Fig. 3.2.

ammeter reading | voltmeter reading
| /A v
' from time 0 to time 10 minutes 1.2 230
} after time 10 minutes 1.0 190
Fig. 3.2
The variation with time of the balance reading is shown in Fig. 3.3.
500 ;
g ?
480 I
.- »\‘ ‘- -+ - - e
balance reading/g 1
460
\
4401 ,‘\ A
420
400
3800 8 12 16 20 24
time /minutes
Fig. 3.3
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(i) From time 0 to time 10.0 minutes, the mass of liquid evaporated is 56 g.
Use Fig. 3.3 to determine the mass of liquid evaporated from time 12.0 minutes to time
22.0 minutes.
DIVEISS 7 oo msies s SRS F R P S A R B G g [1]
(ii) Explain why, although the power of the heater is changed, the rate of loss of thermal
energy to the surroundings may be assumed to be constant.
..................................................................................................................................... [1]
(iii) Determine a value for the specific latent heat of vaporisation L of the liquid.
LB o meerrsasnarsnsnnsssssnannresssnaarsransstessss Jg™' [4]
(iv) Calculate the rate at which thermal energy is transferred to the surroundings.
L e e W [2]
[
-
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7 = (9702/41_Winter_2020_Q2) - Ideal Gases, Temperature

(a) The first law of thermodynamics may be expressed as
AU=(+g) + (+w)
where AU is the increase in internal energy of the system.

State the meaning of:

(b) The variation with pressure p of the volume V of a fixed mass of an ideal gas is shown in
Fig. 2.1.

4.0

V103 m3 |/

36 I S :. -t e o o B S B e o o S e B e 114

3.2

2.8

2.4

2.0
22

p/10°Pa

Fig. 2.1
The gas undergoes a cycle of changes Ato B to C to A.

During the change A to B, the volume of the gas increases from 2.3 x 10 *m*t0 3.8 x 10 °m?,

T
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(i) Show that the magnitude of the work done during the change A to B is 390 J.

(1]

(ii) State and explain the total change, if any, in the internal energy of the gas during one
complete cycle.

(c) During the change Ato B, 1370J of thermal energy is transferred to the gas.

During the change B to C, no thermal energy enters or leaves the gas. The work done on the
gas during this change is 550J.

Use these data and the information in (b) to complete Table 2.1.

Table 2.1

change qld wid AU

AtoB

BtoC

CtoA

[4]

[Total: 9]
[
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8 = (9702/42_Winter_2020_Q2) - ldeal Gases, Temperature

(a) State whatis meant by the infernal energy of a system.

(b) The atoms of an ideal gas occupy a container of volume 2.30 x 10°m?® at pressure
2.60 x 10°Pa and temperature 180K, as illustrated in Fig. 2.1.

2.30x103m?3 3.80x103m?
2.60x10°Pa > > 2.60x10°Pa
180K T
980J
Fig. 2.1

The gas is heated at constant pressure so that its volume becomes 3.80 x 10°m? at a
temperature T.

For the fixed mass of gas, calculate:

(i) the amount of substance, in mol

amount =

(i) the temperature T, in K.

2017 -2023
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(c) During the change in (b), the thermal energy supplied to the gas is 980 J.

(i) Determine the work done on the gas during this change. Explain your working.

WOTK dONE = oot J [3]

(ii) Determine the change AU in internal energy of the gas.

[Total: 10]

A
< 0
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9 - (9702/42_Summer_2021_Q2) - Ideal Gases, Temperature

An ideal gas has a volume of 3.1 x 10®*m?® at a pressure of 8.5 x 10°Pa and a temperature of
290K, as shown in Fig. 2.1.

volume 3.1 x 1073m?3 volume 6.3 x 102m?3

pressure 2.7 x 10°Pa

Y

pressure 8.5 x 10°Pa

temperature 290K temperature T

Fig. 2.1

The gas suddenly expands to a volume of 6.3 x 10~>m?®. During the expansion, no thermal energy
is transferred. The final pressure of the gas is 2.7 x 105 Pa at temperature T, as shown in Fig. 2.1.

(a) Show that the number of gas molecules is 6.6 x 1022,

(b) (i) Show that the final temperature T of the gas is 190K.

9
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(ii) The average translational kinetic energy E, of a molecule of an ideal gas is given by

3
E(= 5 KT
where T is the thermodynamic temperature and k is the Boltzmann constant.

Calculate the increase in internal energy AU of the gas.

{c) Use the first law of thermodynamics to explain why the external work w done on the gas
during the expansion is equal to the increase in internal energy in (b)(ii).
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10 = (9702/42_Summer_2022_Q3) - Temperature

(a) Define specific latent heat of vaporisation.

(b) The specific latent heat of vaporisation of water at atmospheric pressure of 1.0 x 10° Pa is
2.3 x 108Jkg~1. Amass of 0.37 kg of liquid water at 100 °C is provided with the thermal energy
needed to vaporise all of the water at atmospheric pressure.

(i) Calculate the thermal energy g supplied to the water.

(i) The mass of 1.0mol of water is 18g. Assume that water vapour can be considered to
behave as an ideal gas.

Show that the volume of water vapour produced is 0.64 m®.

(3]

(iii) Assume that the initial volume of the liquid water is negligible compared with the volume
of water vapour produced.

Determine the magnitude of the work done by the water in expanding against the
atmosphere when it vaporises.

work done =
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(iv) Use your answers in {b)(i) and (b)(iii) to determine the increase in internal energy of the
water when it vaporises at 100°C. Explain your reasoning.

increase ininternal @Nergy = . ..o e J [2]
(c) Use the first law of thermodynamics to suggest, with a reason, how the specific latent heat

of vaporisation of water at a pressure greater than atmospheric pressure compares with its
value at atmospheric pressure.

[Total: 12]

A
< 0
’
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Fig. 2.1 shows a laboratory thermometer that is calibrated to measure temperature in degrees
Celsius.

bulb glass tube

—_\y

30 40 50

mercury capillary

Fig. 2.1
The thermometer makes use of the fact that the density of mercury varies with temperature.

(a) State two other physical properties of materials, apart from the density of a liquid, that can be
used for measuring temperature.

(b) The thermometer is initially at 23.0°C, as shown in Fig. 2.1. It is used to measure the
temperature of an insulated beaker of water that is at 37.4°C. The bulb of the thermometer is
inserted into the water, and the water is stirred until the reading on the thermometer becomes
steady.

The mass of water in the beaker is 18.7 g.

The mass of mercury in the thermometer is 6.94 g.

The specific heat capacity of water is 4.18J g~ 'K".

The specific heat capacity of mercury is 0.140Jg~ K",

The glass of the thermometer and the beaker containing the water can be considered to have
negligible heat capacity.

(i) Calculate, to three significant figures, the final steady temperature indicated by the
thermometer in the water.

temperature = ... °C_[4]

5
v
~
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(ii) Suggest one change that could be made to the design of the thermometer that would
enable it to give a more accurate measurement of temperature.

(¢) (i) Explain why the thermometer in Fig. 2.1 does not provide a direct measurement of
thermodynamic temperature.

(ii) Thermodynamic temperature 7 may be determined by the behaviour of a type of
substance for which T is proportional to the product of pressure and volume.

State the name of this type of substance.

9
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(c)

density density

12 - (9702/41_Summer_2023_Q3) - Forces, Density & Pressure, Temperature

(a) State the reason why two objects that are at the same temperature are described as being in

thermal equilibrium.

(b) Fig. 3.1 shows the variations with temperature of the densities of mercury and of water

between 0°C and 100 °C.
A A

temperature/°C temperature/°C
Fig. 3.1
Temperature may be measured using the variation with temperature of the density of a liquid.
Suggest why, for measuring temperature over this temperature range:

() mercury is a suitable liquid

A beaker contains a liquid of mass 120g. The liquid is supplied with thermal energy at a rate
of 810W. The beaker has a mass of 42g and a specific heat capacity of 0.84Jg 'K~1. The

beaker and the liquid are in thermal equilibrium with each other at all times and are insulated
from the surroundings.

Fig. 3.2 shows the variation with time t of the temperature of the liquid.

A
< 0
gy
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100
temperature/°C
7540 HA
// I
7|
P
.
4"
50 4
I /’
/
/
T e
0
0 10 20 30 40 50 60
t/s
Fig. 3.2
{i) State the boiling temperature, in °C, of the liquid.
temperature = ... °C [1]
(ii) Determine the specific heat capacity, in Jg~'K™", of the liquid.
specific heat capacity = ........cccoccvoeeveeveceeeceee Jg KT [4]

(d) The experiment in {c) is repeated using water instead of the liquid in {€). The mass of liquid
used, the power supplied, and the initial temperature are all unchanged.
The specific heat capacity of water is approximately twice that of the liquid in (c).
The boiling temperature of water is 100°C.

On Fig. 3.2, sketch the variation with time t of the temperature of the water between t = 0 and
t = 60s. Numerical calculations are not required. [2]

-
o

v
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(a) State two of the basic assumptions of the kinetic theory of gases.

{b) An ideal gas has amount of substance n.
The gas is initially in state X, with pressure 2p and volume V.
The gas is cooled at constant volume to state Y, with pressure p.
The gas is then heated at constant pressure to state Z, with volume 2V.
Finally, the gas returns at constant temperature to state X.

(i) Determine an expression for the temperature T of the gas in state X, in terms of n, p

and V.
Identify any other symbols that you use.

(2]

(ii) OnFig. 4.1, sketch the variation with volume of pressure for the gas as the gas undergoes
the three changes. The state X is labelled. Label states Y and Z.

2p Xe
pressure
p -
O T L
0 Vv 2V
volume
Fig. 4.1

[3]

A
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Table 4.1
increase in internal thermal energy
change work done on gas
energy of gas transferred to gas
XtoY
YtoZ +U
ZtoX +W

2017 -2023
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(iii) During the change of state from Y to Z, the increase in internal energy of the gas is U.
During the change of state from Z to X, the work done on the gas is W.

Complete Table 4.1 to indicate, for each of the three changes of state, the increase in
internal energy of the gas, the thermal energy transferred to the gas and the work done

on the gas, in terms of p, V, U and W.

[5]




A-Level Cambridge PHYSICS -P4 CH11 - TEMPERATURE

14 = (9702/42_Summer_2023_Q3) - ldeal Gases, Temperature
(a) State the first law of thermodynamics. Identify the meaning of any symbols that you use.

............................................................................................................................................. [2]
(b) The state of an ideal gas is continuously changed according to the cycle ABCDA shown in
Fig. 3.1.
4 C > D
pressure
N Y
B < A
.
volume
Fig. 3.1
(i) Complete Table 3.1 for the changes A to B and B to C by placing two ticks (v') in each
row.
Table 3.1
change in internal energy work done on gas
change
decrease | nochange | increase | negative zero positive
Ato B
BtoC

(4]

(ii) Use the first law of thermodynamics to describe and explain the energy transfers
associated with one complete cycle ABCDA.
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{(a) The

pressure p and volume V of an ideal gas are related to the density p of the gas by the

expression

(ii)

b)

1
= 30{c?).
State what is meant by the symbol {c?).

Use the expression to show that the mean Kinetic energy £, of a gas molecule is given
by

3
Eq = 5 kT

where kis the Boltzmann constant and T is the thermodynamic temperature.

(3]

An ideal gas containing 1.0 mol of molecules is heated at constant volume.
Use the expression in (a)(ii) to show that the thermal energy required to raise the

temperature of the gas by 1.0K has a value of gFt‘, where R is the molar gas constant.

2

(3]

A
< 0
’
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(i) Nitrogen may be assumed to be an ideal gas. The molar mass of nitrogen gas is 28gmol.
Use the answer in () to calculate a value for the specific heat capacity, in Jkg 1K, at
constant volume for nitrogen.

specific heat capacty = ..o JkgT K112

y 9
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{a) Siale
(i) what may be deduced from the difference in the lemperatures of two objects,

(it} the basic principle by which temperature is measured.

{b} By reference to your answer in (a){ii}, explain why two thermometers may not give the same
temperature reading for an object.

{c} Ablock of aluminium of mass 670¢ is heated at a constant rate of 95W for 8.0 minufes.
The specific heat capacity of aluminium is 810Jkg~" K.
The initial temperature of the block is 24 °C.

{l) Assuming that no thermal energy s lost to the surroundings, show that the final
temperalure of the block is 80°C.

A
< 0
’
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(it} In practice, there are energy losses to the surroundings.
The actual variation with time { of the temperature 8 of the block is shown in Fig. 1.1.

100

80

8/°C

&0 =

20

0 1 2 3 4 5 6
t/minuies

Fig. 1.1

1. Use the information in {i) to draw, on Fig. 1.1, a line to represent the temperature of
the block, assuming no energy losses {o the surroundings. [1]

2.  Using Fig. 1.1, calculate the total energy loss to the surroundings during the heating
process.

ENergy l0SS = .o J 2]
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(a) State what is meant by specific latent heat.

(b} A beaker of boiling water is placed on the pan of a balance, as illustrated in Fig. 2.1.

{A)
A N
d.c. supply
heater
balance pan \ boiling
T water
Fig. 2.1

The water is maintained at its boiling point by means of a heater.

The change M in the balance reading in 300s is determined for two different input powers to
the heater.

The results are shown in Fig. 2.2.

voltmeter reading | ammeter reading Mig
v /A
11.5 5.2 5.0
14.2 6.4 9.1
Fig. 2.2

(i) Energy is supplied continuously by the heater.
State where, in this experiment,

1. external work is done,
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(iy Use dala in Fig. 2.2 to determine the specific latent heat of vaporisation of water.

specific fatent heat = ..o oo Jg~ 3]
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{a) Use one of the assumptions of the kinetic theory of gases 1o explain why the potential energy
of the molecules of an ideal gas is zero.

(b} The average franslational kinetic energy £, of a molecule of an ideal gas is given by the
axpression

where m is the mass of 8 molecule and k is the Bolizmann constant.

State the meaning of the symbol

i {c?),

M T

{c) A cylinder of constant volume 4.7 x 10%cm® contains an ideal gas at pressure 2.6 x 10°Pa
and temperature 173°C.

The gas is heated. The thermal energy transferred 1o the gas is 2800 .J. The final temperature
and pressure of the gas are Tand p, as illusirated in Fig. 2.1.

4.7 x 10%cm3 2900. 4.7 x 10%cm?
2.6 x 10°Pa o p
173°C T
Fig. 2.1

(i) Calculate

1. the number N of molecules in the cylinder,
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2. the increase in average kinetic energy of a molecule during the heating process.

INCIBASE = e J11]

{ii) Use vour answer in (i} part 2 to determine the final temperature T, in kelvin, of the gas in
the cylinder.
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(a) During melting, a solid becomes liquid with little or no change in volume.

Use kinetic theory to explain why, during the melting process, thermal energy is required
although there is no change in temperature.

{b) An aluminium can of mass 160g contains a mass of 330¢g of warm water at a temperature of

38°C, as illustrated in Fig. 3.1.

ice \

aluminium can

— |

Fig. 3.1

warm water

A mass of 48g of ice at —18°C is taken from a freezer and put in to the water. The ice melts
and the final temperature of the can and its contents is 23 °C.

Data for the specific heat capacity ¢ of aluminium, ice and water are given in Fig. 3.2.

A
< 0
’

c/JgTK!
aluminium 0.910
ice 210
water 418
Fig. 3.2
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Assuming no exchange of thermal energy with the surroundings,

(i) show that the loss in thermal energy of the can and the warm water is 2.3 x 1044,

(2

(i) use the information in (i} to calculate a value L for the specific latent heat of fusion of ice.
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{a) Stafe what is meant by the internal energy oF a system.

{b) An ideal gas undergoes a cycle of changes as shown in Fig. 2.1.

3.00
2.80 QR 372K
pressure
/10°Pa AN
2.60
2.40 QY'OJ! b
\
Ny
2.20
o,
o1 280K ’ ™ iGE
332 Kt
2.00 SESL
g00 Q50 1000 1050 1100 1150
volume /om?®

Fig. 2.1
Al point P, the gas has volume 950cm?®, pressure 2.10 x 10°Pa and temperature 280K.

The gas is healed at constant volume and §7.0J of thermal energy is transferred o the gas.
Its pressure and temperature change so that the gas is af point Q on Fig. 2.1.

The gas then undergoes the change from point Q to peint B and then from point B back to
point P, as shown on Fig. 2.1.

A _
< 0
P
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Some energy changes that take place during the cycle PQRP are shown in Fig. 2.2.

(i} State the total change in internal energy of the gas during the complete cycle PQRP.

Explain your answer.

{il OnFig. 2.2, complete the energy changes for the gas during

1. the change P — (),
2. the change G — R,

3. the change B — P.

change P — Q | changeQ — R | change B — P
thermal energy transferred to gas/J +87.0 0
work doneongas/d | ~42.5 +37.0
increase ininfermalenergy of gas/J | o i |
Fig. 2.2

2017 -2023

162

MATERIALS




A-Level Cambridge PHYSICS -P4 CH12 - THERMAL PROPERTIES OF

MATERIALS

7 = (9702/42_Winter_2018_Q2) - Ideal Gases, Temperature, Thermal Properties Of Materials

{a) State what is meant by an ideal gas.

{b) An ideal gas comprised of single atoms is contained in a cylinder and has a volume of
1.84:1072m? at a pressure of 2.12x 10 Pa.

The mass of gas in the cylinder is 3.20kg.

() Determineg, to three significant figures, the root-mean-sguare (rm.s.) speed of the aloms
of the gas.

FITLS. SPEEA = oo ms™ [3]
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{iily The temperature of the gas in the cylinder is 22°C.
Determine, to three significant figures,

1. the amount, in mol, of the gas,

amouni= . e mol [2]

2. the mass of one afom of the gas.

{e) Use your answer in (b)(i1) part 2 to determing the nucleon number A of an atom of the gas.
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(a) Define specific latent heat of fusion.

{(b) Astudent sets up the apparatus shown in Fig. 3.1 in order to investigate the melting of ice.
—(R)
™~

pure melting ®
ice \
/heater

beaker
\ .

water

/

Fig. 3.1

The heater is switched on.
When the pure ice is melting at a constant rate, the data shown in Fig. 3.2 are collected.

. ; initial mass of | final mass of | .. .
voltmeter reading | ammeter reading time of collection
beaker beaker .
A" 1A /minutes
plus water/g | plus water/g
12.8 4.60 121.5 185.0 5.00
Fig. 3.2

The specific latent heat of fusion of ice is 332Jg~".

(i) State what is observed by the student that shows that the ice is melting at a constant
rate.

2017 -2023 165




A-Level Cambridge PHYSICS -P4

CH12 - THERMAL PROPERTIES OF
MATERIALS

{il} Use the dala in Fig. 3.2 lo determine the rate at which

1. thermal energy is translerred {o the melling ice,

2. thermal energy is gained from the surroundings.
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A fixed mass of an ideal gas has volume 210cm? at pressure 3.0 x 10°Pa and temperature 270K.

The volume of the gas is reduced at constant pressure to 140cm?, as shown in Fig. 2.1.

210cm?® 140cm?®
3.0 x 10°Pa > 3.0 x 10°Pa
270K T
Fig. 2.1

The final temperature of the gas is T.
(a) Determine:

(i) the amount of gas

AMOUNti= s mol [3]
(ii) the final temperature T of the gas
AN e e Ol e e K [2]
(iii) the external work done on the gas.
WOIKAOIEE= «.cvooriancecusmmuaomcs : A
[

P
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(b) For this change in volume and temperature of the gas, the thermal energy transferred is 53 J.

Determine AU, the change in internal energy of the gas.
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(a) The first law of thermodynamics may be expressed in the form
AU=qg+ w.

(i) State, for a system, what is meant by:
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(b) An ideal gas, sealed in a container, undergoes the cycle of changes shown in Fig. 2.1,

70T =m
TR 8.7 x 10~4m?3 ] = H
i 6.6 x 10°Pa =2,
450K ;
6.0 ‘
pressure I ;
/10°Pa !
1 1
5.0 i
_ ; ]
! 1
.':V. «Ai. - : -
4. :
0 - v ™ T : 5 E ™ o T
HHHHH 2.4x10°%m? H
L : H 1.6x10°Pa H
8.7 x10%m3 ;\ 300K |
1.6 x 10°Pa g |
| \
20 110K : |
I - f | .
- - B
mag o) t H t AT
3 EEEEE N W
0.75 1.00 1.25 1.50 1.75 2.00 225 2.50
volume/10~°m?
Fig. 2.1

At point A, the gas has volume 2.4 x 10~2m?, pressure 1.6 x 10°Pa and temperature 300K.
The gas is compressed suddenly so that no thermal energy enters or leaves the gas during
the compression. The amount of work done is 480J so that, at point B, the gas has volume
8.7 x 10~*m?, pressure 6.6 x 10°Pa and temperature 450K.

The gas is now cooled at constant volume so that, between points B and C, 1100J of thermal
energy is transferred. At point C, the gas has pressure 1.6 x 10°Pa and temperature 110K.

Finally, the gas is returned to point A.
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(i) State and explain the total change in internal energy of the gas for one complete

cycle ABCA.
....................................................................................................................................... 2]
(ii) Calculate the external work done on the gas during the expansion from point C to
point A.
WK OTYe i s T S T i J [2]
(iii) Complete Fig. 2.2 for the changes from:
1. point A to point B
2. point B to point C
3. point C to point A.
change +q/J +w/J AU/
A=>»B | sasscasees | seasmasass | sesaesisos
BYC |  sosgcesvems || wsevsamesss ||| susremsvsssmsme
C=2A | soamwmmsss | swmssmsss | cenmema
Fig. 2.2
(4]
[
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(a) Smoke particles are suspended in still air. Brownian motion of the smoke particles is seen
through a microscope.

Describe:

(i) what is seen through the microscope

..................................................................................................................................... 1]

(i) how Brownian motion provides evidence for the nature of the movement of gas
molecules.
..................................................................................................................................... [2]

(b) A fixed mass of an ideal gas has volume 2.40 x 103cm?® at pressure 3.51 x 10°Pa and
temperature 290K. The gas is heated at constant volume until the temperature is 310K at
pressure 3.75 x 10°Pa, as illustrated in Fig. 2.1.

2.40 x 10°cm?® 2.40 x 103cm?
3.51 x 10°Pa > 3.75 x 10°Pa
290K 310K
Fig. 2.1

The quantity of thermal energy required to raise the temperature of 1.00mol of the gas by
1.00K at constant volume is 12.5J.

Calculate, to three significant figures:

(i) the amount, in mol, of the gas

=111 01 ] 1] 5 J——— I m— mol [3]

T
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(ii) the thermal energy transfer during the change.

ONEIGY WANSTON = ivicskisvnstinis v v i iaH s mass s isnses J [2]
(c) Forthe change in the gas in (b), state:
(i) the quantity of external work done on the gas
WO O s e A T s J [1]

(ii) the change in internal energy, with the direction of this change.
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(a) State what is meant by specific latent heat.

(b) A student determines the specific latent heat of vaporisation of a liquid using the apparatus
illustrated in Fig. 3.1.

/ pan of balance

Fig. 3.1

The heater is switched on. When the liquid is boiling at a constant rate, the balance reading is
noted at 2.0 minute intervals.

After 10 minutes, the current in the heater is reduced and the balance readings are taken for
a further 12 minutes.

9
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The readings of the ammeter and of the voltmeter are given in Fig. 3.2.

ammeter reading | voltmeter reading
| /A v
' from time 0 to time 10 minutes 1.2 230
} after time 10 minutes 1.0 190
Fig. 3.2
The variation with time of the balance reading is shown in Fig. 3.3.
500 ;
g ?
480 I
.- »\‘ ‘- -+ - - e
balance reading/g 1
460
\
4401 ,‘\ A
420
400
3800 8 12 16 20 24
time /minutes
Fig. 3.3
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(i) From time 0 to time 10.0 minutes, the mass of liquid evaporated is 56 g.

Use Fig. 3.3 to determine the mass of liquid evaporated from time 12.0 minutes to time
22.0 minutes.

(ii) Explain why, although the power of the heater is changed, the rate of loss of thermal
energy to the surroundings may be assumed to be constant.

..................................................................................................................................... [1]
(iii) Determine a value for the specific latent heat of vaporisation L of the liquid.
LoE o everenrnansnenesssassasnassannenmnsnssasssns Jg™' [4]
(iv) Calculate the rate at which thermal energy is transferred to the surroundings.
L e e W [2]
[
-
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(a) State what is meant by specific latent heat.

(b) A student uses the apparatus illustrated in Fig. 3.1 to determine a value for the specific latent
heat of fusion of ice.

— @R
2/ ‘L
+
ice —
heater
beaker
melted ice
panof |
balance \ = |

Fig. 3.1

The balance reading measures the mass of the beaker and the melted ice (water) in the
beaker.

The heater is switched on and pieces of ice at 0°C are added continuously to the funnel so
that the heater is always surrounded by ice.

When water drips out of the funnel at a constant rate, the balance reading is noted at
2.0 minute intervals. After 10 minutes, the current in the heater is increased and the balance
readings are taken for a further 12 minutes.

9
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The variation with time of the balance reading is shown in Fig. 3.2.

300

250t /’ HH
[EEEE NS NN NN NN NN P

200

mass/g

0 4 8 12 16 20 24
time /minutes

Fig. 3.2

The readings of the ammeter and of the voltmeter are shown in Fig. 3.3.

ammeter reading = voltmeter reading
/A A

from time 0 to time 10 minutes 1.8 7.3
after time 10 minutes 3.6 151

9
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(i) From time O to time 10.0 minutes, 659 of ice is melted.

Use Fig. 3.2 to determine the mass of ice melted from time 12.0 minutes to time
22.0 minutes.

(ii) Explain why, although the power of the heater is changed, the rate at which thermal
energy is transferred from the surroundings to the ice is constant.

(iii) Determine a value for the specific latent heat of fusion L of ice.

T . Jg~' [4]

(iv) Calculate the rate at which thermal energy is transferred from the surroundings to the
ice.

FAIE = oo iieeccr e W [2]

9
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14 - (9702/41_Summer_2020_Q2) - Ideal Gases, Thermal Properties Of Materials
(a) State what is meant by the internal energy of a system.

(b) By reference to intermolecular forces, explain why the change in internal energy of an ideal
gas is equal to the change in total kinetic energy of its molecules.

(c) State and explain the change, if any, in the internal energy of a solid metal ball as it falls
under gravity in a vacuum.

9
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15 = (9702/42_Summer_2020_Q3) - Thermal Properties Of Materials

By reference to the first law of thermodynamics, state and explain the change, if any, in the internal
energy of:

(a) alump of solid lead as it melts at constant temperature

............................................................................................................................................. [3]

(b) some gas in a toy balloon when the balloon bursts and no thermal energy enters or leaves
the gas.

............................................................................................................................................. (3]

==

2017 -2023 181




A-Level Cambridge PHYSICS -P4 CH12 - THERMAL PROPERTIES OF

MATERIALS

16 = (9702/41_Winter_2021_Q3) - Thermal Properties Of Materials
(a) Define specific heat capacity.

(b) A sealed container of fixed volume V contains N molecules, each of mass m, of an ideal gas
at pressure p.

(i) State an expression, in terms of V, N, p and the Boltzmann constant k, for the
thermodynamic temperature T of the gas.

..................................................................................................................................... [1]
(ii) Show that the mean translational kinetic energy E, of a molecule of the gas is given by
.3
E = EkT‘
(2]

(iii) Explain why the internal energy of the gas is equal to the total kinetic energy of the
molecules.

(c) The gasin (b) is supplied with thermal energy Q.

(i) Explain, with reference to the first law of thermodynamics, why the increase in internal
energy of the gas is Q.
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(ii) Use the expression in (b)(ii) and the information in {(c)(i) to show that the specific heat
capacity c of the gas is given by

3k

i

(2]

(d) The container in {(b) is now replaced with one that does not have a fixed volume. Instead, the

gas is able to expand, so that the pressure of the gas remains constant as thermal energy is
supplied.

Suggest, with a reason, how the specific heat capacity of the gas would now compare with
the value in {c)(ii).

...................................................................................................................................................

9

2017 -2023 183



https://www.thrivingscholars.com/free-study-resources

A-Level Cambridge PHYSICS -P4 CH12 - THERMAL PROPERTIES OF

MATERIALS

17 = (9702/41_Winter_2022_Q2) - Thermal Properties Of Materials

Fig. 2.1 shows a laboratory thermometer that is calibrated to measure temperature in degrees
Celsius.

bulb glass tube

\
|
n - =L
T + v

30 40 50

mercury capillary

Fig. 2.1
The thermometer makes use of the fact that the density of mercury varies with temperature.

(a) State two other physical properties of materials, apart from the density of a liquid, that can be
used for measuring temperature.

{b) The thermometer is initially at 23.0°C, as shown in Fig. 2.1. It is used to measure the
temperature of an insulated beaker of water that is at 37.4 °C. The bulb of the thermometer is
inserted into the water, and the water is stirred until the reading on the thermometer becomes
steady.

The mass of water in the beaker is 18.7 g.

The mass of mercury in the thermometer is 6.94 g.

The specific heat capacity of water is 4.18J g7 K.

The specific heat capacity of mercury is 0.140Jg 'K,

The glass of the thermometer and the beaker containing the water can be considered to have
negligible heat capacity.

(i) Calculate, to three significant figures, the final steady temperature indicated by the
thermometer in the water.

TOMPBRALUING: S o o cnisvinssinnsisnmesysssnrossnssiasss snrspasesss °C [4]
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(i)

(c) ()

(i)

Suggest one change that could be made to the design of the thermometer that would
enable it to give a more accurate measurement of temperature.

Explain why the thermometer in Fig. 2.1 does not provide a direct measurement of
thermodynamic temperature.

Thermodynamic temperature T may be determined by the behaviour of a type of
substance for which T is proportional to the product of pressure and volume.

State the name of this type of substance.

9
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18 = (9702/42_Winter_2022_Q2) - Thermal Properties Of Materials

(a) Define specific heat capacity.

...................................................................................................................................................

(b) Afixed mass of water in a beaker is at atmospheric pressure.
(i) The initial temperature of the water is 0°C.

The water is supplied with thermal energy E, so that its temperature increases to 8°C.
There is no net change in the volume of the water.

Use the first law of thermodynamics to complete Table 2.1 for this process.

Table 2.1
thermal energy increase in internal
warkdonie o walee supplied to water energy of water
E

(2]

(ii) The water is now heated so that its temperature increases by a further 8°C to a final
temperature of 16°C. This process causes the volume of the water to increase so that
work Wis done.

Assume that the change in internal energy is the same as in (b)(i).

Use the first law of thermodynamics to complete Table 2.2 for this process.

Table 2.2
thermal energy increase in internal
work done on water :
supplied to water energy of water

(2]

{c) Use the information in (b) to suggest, with a reason, how the average specific heat capacity
of water between 8°C and 16 °C compares with its average value between 0°C and 8°C.
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19 - (9702/41_Summer_2023_Q4) - ldeal Gases, Temperature, Thermal Properties Of Materials

(a) State two of the basic assumptions of the kinetic theory of gases.

{b) An ideal gas has amount of substance n.
The gas is initially in state X, with pressure 2p and volume V.
The gas is cooled at constant volume to state Y, with pressure p.
The gas is then heated at constant pressure to state Z, with volume 2V.
Finally, the gas returns at constant temperature to state X.

(i) Determine an expression for the temperature T of the gas in state X, in terms of n, p

and V.
Identify any other symbols that you use.

(2]

(ii) OnFig. 4.1, sketch the variation with volume of pressure for the gas as the gas undergoes
the three changes. The state X is labelled. Label states Y and Z.

2p Xe
pressure
p -
O T L
0 Vv 2V
volume
Fig. 4.1

[3]

A
< 0
gy
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(iii) During the change of state from Y to Z, the increase in internal energy of the gas is U.
During the change of state from Z to X, the work done on the gas is W.

Complete Table 4.1 to indicate, for each of the three changes of state, the increase in
internal energy of the gas, the thermal energy transferred to the gas and the work done

on the gas, in terms of p, V, U and W.

Table 4.1
increase in internal thermal energy
change work done on gas
energy of gas transferred to gas
XtoY
YtoZ +U
ZtoX +W

[5]
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1 = (9702/41_Summer_2017_Q2) - Oscillations

A bar magnet of mass 180d is suspended from the free end of a spring, as illustrated in Fig. 2.1.

7

spring

magnet\

coil 3 P

7

Fig. 2.1
The magnet hangs so that one pole is near the centre of a coil of wire.
The coil is connected in series with a resistor and a switch. The switch is open.

The magnet is displaced vertically and then allowed to oscillate with one pole remaining inside the
coil. The other pole remains outside the coil.

At time t = 0, the magnet is oscillating freely as it passes through its equilibrium position. At time
t = 3.0s, the switch in the circuit is closed.

The variation with time t of the vertical displacement y of the magnet is shown in Fig. 2.2.

2.0

1.5
y/cm A

1.0

e
——

-
—
~
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w

Fig. 2.2 I
\ =
v
5=
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(a} Determine, to two significant figures, the frequency of osciliation of the magnet.

FreqUENCY = .. Hz [2]

(b} Stale whether the closing of the switch gives rise to light, heavy or critical damping.

(¢} Calculate the change in the energy AE of oscillation of the magnet between time = 2.7s and
fime = 7.5s. Explain your working.
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2 = (9702/42_Summer_2017_Q3) - Oscillations, Electromagnetic Induction

A bar magnet of mass 2509 is suspended from the free end of a spring, as illustrated in Fig. 3.1.

v

spring

magnet \

coil d p o~
D
g
D
D
p: P —
| S |
Fig. 3.1

The magnet hangs so that one pole is near the centre of a coil of wire.
The coil is connected in series with a resistor and a switch. The switch is open.

The magnet is displaced vertically and then allowed to oscillate with one pole remaining inside the
coil. The other pole remains outside the coil.

At time t = 0, the magnet is oscillating freely as it passes through its equilibrium position. At time
t=6.0s, the switch in the circuit is closed.

A
< 0
’
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The variation with time t of the vertical displacement y of the magnet is shown in Fig. 3.2.

2.0

1.5

y/cm
1.0

e
o
i
ot

s

|
“
o

i

——
i T P—

Fig. 3.2
{a) Forthe oscillating magnet, use data from Fig. 3.2 to calculate, to two significant figures,

{(hh the frequency f,

(ity the energy of the osciliations during the time = 0 {o lime { = 6.0s.

BNEITY = oo e J[3]
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{b) () Slate Faraday’s law of electromagnetic induction.

{iy Use Faraday’s law and energy conservation to explain why the amplifude of the
oscillations of the magnet reduces after time t= 6.0s.
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3 = (9702/41_Winter_2017_Q2) - Oscillations

(a) State, by reference to simple harmonic motion, what is meant by angular frequency.

(b) Athin metal strip is clamped at one end so that it is horizontal.
Aload of mass M is attached to its free end. The load causes a displacement s of the end of
the strip, as shown in Fig. 2.1.

clamp

il

Fig. 2.1

The load is displaced vertically and then released. The load oscillates.
The variation with the acceleration a of the displacement s of the load is shown in Fig. 2.2.

o

¥ .|

N

9

o
w3

o

Fi

-1.0 0.8 06 04 -0.2 GO 02 04 06 08 1.0

alims=2

Fig. 2.2

A
< 0
’
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{iy UseFig. 2.2 to determine
1. the displacement of the load hefore it is made to oscillate,
diSpAceMEnt = ... cm
2. the amplitude of the osciliations of the load.

amplitude = .. cm

(it} Show that the foad is undergoing simple harmaonic motion.

{iiiy Calculate the frequency of oscillation of the load.

TrEQUETNICY = i e Hz [3]
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4 - (9702/42_Winter_2017_Q3) - Oscillations

(a) (i) Define the radian.

(b) A thin metal strip, clamped horizontally at one end, has a load of mass M attached to its free
end, as shown in Fig. 3.1.

clamp !

_________

nnnnn T

~-—aln ! ] -
i x oscillation
_____ of load

metal strip

Fig. 3.1
The metal strip bends, as shown in Fig. 3.1.
When the free end of the strip is displaced vertically and then released, the mass oscillates in

a vertical plane.

Theory predicts that the variation of the acceleration a of the oscillating load with the
displacement x from its equilibrium position is given by

C
a=—-[—=)x
(i)
where L is the effective length of the metal strip and ¢ is a positive constant.

(i) Explain how the expression shows that the load is undergoing simple harmonic motion.
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{ih For a metal strip of length L = 85¢cm and a load of mass M = 240¢, the frequency of
oscillation is 3.2Hz.
Calculate the constant ¢
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5 = (9702/41_Summer_2018_Q2) - Oscillations
A metal plate is made to vibrate vertically by means of an oscillator, as shown in Fig. 2.1.

sand

direction of ’__—_-41/ plate

oscillations

| oscillator

Fig. 2.1
Some sand is sprinkled on to the plate.

The variation with displacement y of the acceleration a of the sand on the plate is shown in
Fig. 2.2.
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Fig. 2.2

(a) (i) UseFig. 2.2to show how it can be deduced that the sand is undergoing simple harmonic
motion.
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(ify Calculate the frequency of osciltation of the sand.

TFEQUENCY = e e Hz [2]

{b} The amplitude of oscillation of the plate is gradually increased bevond 8 mm. The frequency
is constant.

At one amplitude, the sand is seen to lose contact with the plate.
For the plate when the sand first loses contact with the plate,

{i} slate the position of the plate,

(it} calculate the amplitude of oscillation.

amplitude = . mm [3]
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6 = (9702/42_Summer_2018_Q4) - Oscillations

(a)} State two conditions necessary for a mass to be undergoing simple harmonic motion.

(b) Atrolley of mass 950g is held on a horizontal surface by means of two springs attached to
fixed points P and Q, as shown in Fig. 4.1.

trolley

mass 950 ¢ spring

Fig. 4.1
The springs, each having a spring constant k of 230N m~", are always extended.

The trolley is displaced along the line of the springs and then released.
The variation with time ¢ of the displacement x of the trolley is shown in Fig. 4.2.

A

Y
7

N
o

i~

Fig. 4.2 I P,
e
o~
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(i) 1. State and explain whether the oscillations of the trolley are heavily damped, critically
damped or lightly damped.

2. Suggest the cause of the damping.

(i) The acceleration a of the trolley of mass m may be assumed to be given by the expression

-

1. Calculate the angular frequency w of the oscillations of the trolley.

2. Determine the time #, shown on Fig. 4.2.
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7 = (9702/41_Winter_2018_Q3) - Oscillations

A U-tube contains liquid, as shown in Fig. 3.1.

Jl
liquid ,,,T, ”””” ’}f fffffffffff I N ,,,,P(

| 3 " _liquid
|

i °

| |

! |

Fig. 3.1 Fig. 3.2

The total length of the column of liquid in the tube is L.

The column of liquid is displaced so that the change in height of the liquid in each arm of the
U-tube is x;, as shown in Fig. 3.2.

The liquid in the U-tube then oscillates with simple harmonic motion such that the acceleration a of
the column is given by the expression
29

(a) Calculate the period T of oscillation of the liquid column for a column length L of 19.0cm.

where gis the acceleration of free fall.
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{b) The variation with time t of the displacement xis shown in Fig. 3.3.
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Fig. 3.3

The period of oscillation of the liquid column of mass 18.0gis T,
The oscillations are damped.

{iy Suggest one cause of the damping.

(iiy Calculate the loss in total energy of the oscillations during the first 2.5 periods of the
oscillations.

ENergy loSs = .., J[3]
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8 - (9702/42_Winter_2018_Q4) - Oscillations

A U-tube contains liquid, as shown in Fig. 4.1.

1
1
i
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I
1
1
1
1
1
1
1
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1
1
-

~

““““““

Fig. 4.1 Fig. 4.2
The total length of the liquid column is L.

The column of liquid is displaced so that the change in height of the liquid level from the equilibrium
position in each arm of the U-tube is x, as shown in Fig. 4.2.

The liquid in the U-tube then oscillates such that its acceleration a is given by the expression

29
where gis the acceleration of free fall.

(a) Show that the liquid column undergoes simple harmonic motion.

A
< 0
’
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{b) The variation with time t of the displacement xis shown in Fig. 4.3.
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i
3
-1.0 f
| i
ri
y
-2.0
Fig. 4.3
Use data from Fig. 4.3 {0 determine the length L of the liquid column.
L e m 3]
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{c} The oscillations shown in Fig. 4.3 are damped.

(i} Suggest one cause of this damping.

....................................................................................................................................... [1]
{iiy Calculate the ratio
total energy of oscillations after 1.5 complete oscillations
total initial energy of oscillations
Fatio = o [2]
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Q9 - (9702/41_Summer_2019_Q3) - Oscillations

A hollow tube, sealed at one end, has a cross-sectional area A of 24cm?,
The tube contains sand so that the total mass M of the tube and sand is 0.23kg.

The tube floats upright in a liquid of density p, as illustrated in Fig. 3.1.

" ~  tube, area

of cross-section A

sand

The depth of the bottom of the tube below the liquid surface is h.

The tube is displaced vertically and then released. The variation with time t of the depth his shown

in Fig. 3.2.

8

hlicm

(a) Determine:

0.6 0.8 1.0 1.2 1.4
t/s

Fig. 3.2

(i) the amplitude, in metres, of the oscillations

AMPIUAGIS, ioscwsisvsmssmemmpansvicvsss
v o

P
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(ii) the frequency of oscillation of the tube in the liquid

IO OGS i ive v rar s Vi s e R NS T s RO ST R AR Hz [2]

(iii) the acceleration of the tube when his a maximum.

acCeleration = .........cccoeeeveeeiieeeeeeeiereeereaenns ms2 [2]

(b) The frequency f of oscillation of the tube is given by the expression

=1 [f(Arg
{= 2n ( M )
where g is the acceleration of free fall.

Calculate the density p of the liquid in which the tube is floating.

D i N RO S kgm= [2]

(c) The oscillations illustrated in Fig. 3.2 are undamped. In practice, the liquid does cause light
damping.

On Fig. 3.2, draw a line to show light damping of the oscillations for time t=0 to time t=1.4s.
(3]

T
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10 = (9702/42_Summer_2019_Q3) - Oscillations

A spring is hung vertically from a fixed point. A mass M is hung from the other end of the spring, as
illustrated in Fig. 3.1.

FL Y i M BN ) S

spring

maSSM\ =)

Fig. 3.1

The mass is displaced downwards and then released. The subsequent motion of the mass is
simple harmonic.

The variation with time t of the length L of the spring is shown in Fig. 3.2.
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t/'s
Fig. 3.2
(a) State:
(i) one time at which the mass is moving with maximum speed
I8 = i isss s v sisotssessgasan s [1]

(ii) one time at which the spring has maximum elastic potential energy.

1 (11 (- X1 .

’
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(b) Use data from Fig. 3.2 to determine, for the motion of the mass:

(i) the angular frequency w

O s R s S P rads™ [2]
(ii) the maximum speed
MBXIMOM SPeBH =ittt ms~! [2]
(iii) the magnitude of the maximum acceleration.
maximum acceleration = ........c.ccocciviieiriiiiiiiree e ms2 [2]
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(c) The mass M is now suspended from two springs, each identical to that in Fig. 3.1, as shown
in Fig. 3.3.

VA Sl P T L7 A LD P A D A

1

Fig. 3.3

mass M |

—

Suggest and explain the change, if any, in the period of oscillation of the mass. A numerical
answer is not required.

9
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11 - (9702/41_Winter_2019_Q4) - Oscillations

A mass is suspended vertically from a fixed point by means of a spring, as illustrated in Fig. 4.1.

spring

Fig. 4.1

The mass is oscillating vertically. The variation with displacement x of the acceleration a of the
mass is shown in Fig. 4.2.

i
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15
Fig. 4.2

(a) (i) State whatis meant by the displacement of the mass on the spring.
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(i) Suggest how Fig. 4.2 shows that the mass is not performing simple harmonic motion.

..................................................................................................................................... [1]
(b) (i) The amplitude of oscillation of the mass may be changed.
State the maximum amplitude x; for which the oscillations are simple harmonic.
A UG T NINSURESN NV PTES cm (1]

(ii) For the simple harmonic oscillations of the mass, use Fig. 4.2 to determine the frequency
of the oscillations.

freqUenCY. = J.isnmiiniisiaiGanig Hz [3]

(c) The maximum speed of the mass when oscillating with simple harmonic motion of amplitude
X, IS V.
0> Yo

On Fig. 4.3, show the variation with displacement x of the velocity v of the mass for
displacements from +Xx; to —x;,

-
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12 = (9702/42_Winter_2019_Q4) - Oscillations

A ball of mass M is held on a horizontal surface by two identical extended springs, as illustrated in
Fig. 4.1.

ball
mass M oscillator

fixed /

point /

%

/
A
A
4/// S S S S S S S S

Fig. 4.1
One spring is attached to a fixed point. The other spring is attached to an oscillator.

The oscillator is switched off. The ball is displaced sideways along the axis of the springs and is
then released. The variation with time t of the displacement x of the ball is shown in Fig. 4.2.

1.5

/ IEEE NN NN NN NN INNE NN NN NN NN
x/icm AN

0.5

fht/sr

Fig. 4.2

(a) State:
(i) whatis meant by damping

(ii) the evidence provided by Fig. 4.2 that the motion of the ball is damped.
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(b) The acceleration a and the displacement x of the ball are related by the expression
=_(2k
=% )%
where k is the spring constant of one of the springs.
The mass M of the ball is 1.2kg.

(i) Use data from Fig. 4.2 to determine the angular frequency o of the oscillations of the
ball.

QS i R R e R rads™ [2]

(ii) Use your answer in (i) to determine the value of k.

9
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(c) The oscillator is switched on. The amplitude of oscillation of the oscillator is constant.

The angular frequency of the oscillations is gradually increased from 0.7m to 1.3m, where wis
the angular frequency calculated in (b)(i).

(i) On the axes of Fig. 4.3, show the variation with angular frequency of the amplitude A of
oscillation of the ball.

A
A
0 T T -
0.7w 1.0w 1.3w
angular frequency
Fig. 4.3

(2]

(ii) Some sand is now sprinkled on the horizontal surface.
The angular frequency of the oscillations is again gradually increased from 0.7w to 1.3m.

State two changes that occur to the line you have drawn on Fig. 4.3.

9
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13 - (9702/41_Summer_2020_Q3) - Oscillations

The piston in the cylinder of a car engine moves in the cylinder with simple harmonic motion.
The piston moves between a position of maximum height in the cylinder to a position of minimum
height, as illustrated in Fig. 3.1.

cylinder cylinder

piston

piston

maximum height minimum height

Fig. 3.1
The distance moved by the piston between the positions shown in Fig. 3.1 is 9.8cm.
The mass of the piston is 640g.
At one particular speed of the engine, the piston completes 2700 oscillations in 1.0 minute.
(a) For the oscillations of the piston in the cylinder, determine:

(i) the amplitude

amplitude =:oasmninnsnaassssaiss cm [1]
(ii) the frequency
TOQUEeNEY S s s e Hz [1]
(iii) the maximum speed
maximum Speed = ........cccceeeeiiiieieeiinnns - M
[
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(iv) the speed when the top of the piston is 2.3cm below its maximum height.

(b) The acceleration of the piston varies.

Determine the resultant force on the piston that gives rise to its maximum acceleration.
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14 - (9702/42_Summer_2020_Q4) - Oscillations
A dish is made from a section of a hollow glass sphere.

The dish, fixed to a horizontal table, contains a small solid ball of mass 45g, as shown in Fig. 4.1.

surface
of dish

ball
mass 459

Cc

Fig. 4.1
The horizontal displacement of the ball from the centre C of the dish is x.
Initially, the ball is held at rest with distance x = 3.0cm.

The ball is then released. The variation with time t of the horizontal displacement x of the ball from
point C is shown in Fig. 4.2.
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LAt

Fig. 4.2
The motion of the ball in the dish is simple harmonic with its acceleration a given by the expression
=_{g
a=—(g)x

where g is the acceleration of free fall and R is a constant that depends on the dimensions of the
dish and the ball.

-
o

v
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(a) Use Fig. 4.2 to show that the angular frequency  of oscillation of the ball in the dish is
2.9rads™".

(1]
(b) Use the information in (a) to:

(i) determine R

(ii) calculate the speed of the ball as it passes over the centre C of the dish.

(c) Some moisture collects on the surface of the dish so that the motion of the ball becomes

lightly damped.

On the axes of Fig. 4.2, draw a line to show the lightly damped motion of the ball for the first

5.0s after the release of the ball. [3]
[
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A pendulum consists of a metal sphere P suspended from a fixed point by means of a thread, as

ilustrated in Fig. 3.1.

Ll
\\‘ thread
\
1 \\
1 A
1 A
L H N
‘\
metal sphere P \ \\
. ~
L)

Fig. 3.1

The centre of gravity of sphere P is a distance L from the fixed point.

The sphere is pulled to one side and then released so that it oscillates. The sphere may be
assumed to oscillate with simple harmonic motion.

(a) State what is meant by simple harmonic motion.

(b) The variation of the velocity v of sphere P with the displacement x from its mean position is

shown in Fig. 3.2.

vims™
R0 I
H 02
i
: ‘ -,,::;ff:::,;G:: SEEEEEEE : R TN T
=10 b8 H-—6H -4 -2F O H2H HAH 6 H 810
aum : “1']-'-0.'1"' HH T AT x/em
1 H'_‘o_‘s' i t
Fig. 3.2

9
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Use Fig. 3.2 to determine the frequency f of the oscillations of sphere P.

(c) The period T of the oscillations of sphere P is given by the expression

T=ZN\/(T§)

where g is the acceleration of free fall.

Use your answer in (b) to determine the length L.

A —— m [2]

(d) Another pendulum consists of a sphere Q suspended by a thread. Spheres P and Q are
identical. The thread attached to sphere Q is longer than the thread attached to sphere P.

Sphere Q is displaced and then released. The oscillations of sphere Q have the same
amplitude as the oscillations of sphere P.

On Fig. 3.2, sketch the variation of the velocity v with displacement x for sphere Q. [2]

[Total: 9]

9
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16 = (9702/42_Winter_2020_Q3) - Oscillations

A simple pendulum consists of a metal sphere suspended from a fixed point by means of a thread,
as illustrated in Fig. 3.1.

L
i thread
L ; sphere
5 mass 94.0g
20 L. . 0.90cm
' 12.7cm ¢

Fig. 3.1 (not to scale)

The sphere of mass 94.0g is displaced to one side through a horizontal distance of 12.7cm. The
centre of gravity of the sphere rises vertically by 0.90cm.

The sphere is released so that it oscillates. The sphere may be assumed to oscillate with simple
harmonic motion.

{a) State what is meant by simple harmonic motion.

{b) (i) State the kinetic energy of the sphere when the sphere returns to the displaced position
shown in Fig. 3.1.

KINEH O NN =S i ciiisiiionsansssnsnsonsiosonnsasasissiisnssssonay J [1]

(if) Calculate the total energy E- of the oscillations.
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(iii) Use your answer in (ii) to show that the angular frequency o of the oscillations of the
pendulum is 3.3rads™".

(2]

(c) The period T of oscillation of the pendulum is given by the expression

T= ZnJ@

where g is the acceleration of free fall and L is the length of the pendulum.

Use data from (b) to determine L.

[Total: 10]

9
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17 = (9702/41_Summer_2021_Q3) - Oscillations

(a) State what is meant by simple harmonic motion.

{b) A trolley of mass m is held on a horizontal surface by means of two springs. One spring is
attached to a fixed point P. The other spring is connected to an oscillator, as shown in Fig. 3.1.

spring trolley spring oscillator

P /

—(O—C)-
v S S
Fig. 3.1
The springs, each having spring constant k of 130Nm™', are always extended.

The oscillator is switched off. The trolley is displaced along the line of the springs and then
released. The resulting oscillations of the trolley are simple harmonic.

The acceleration a of the trolley is given by the expression
a= (%)x
m
where x is the displacement of the trolley from its equilibrium position.
The mass of the trolley is 8404g.

Calculate the frequency f of oscillation of the trolley.
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{c) The oscillator in (b) is switched on. The frequency of oscillation of the oscillator is varied,
keeping its amplitude of oscillation constant.

The amplitude of oscillation of the trolley is seen to vary. The amplitude is a maximum at the
frequency calculated in (b).

(i) State the name of the effect giving rise to this maximum.

(ii) Atany given frequency, the amplitude of oscillation of the trolley is constant.

Explain how this indicates that there are resistive forces opposing the motion of the
trolley.
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18 = (9702/42_Summer_2021_Q3) - Oscillations

A U-shaped tube contains some liquid. The liquid column in each half of the tube has length L, as
shown in Fig. 3.1.

S | .
VIR

Fig. 3.1 Fig. 3.2

The liquid columns are displaced vertically. The liquid then oscillates in the tube. The liquid levels
are displaced from the equilibrium positions as shown in Fig. 3.2.

The acceleration a of the liquid in the tube is related to the displacement x by the expression

where g is the acceleration of free fall.

{a) Explain how the expression shows that the liquid in the tube is undergoing simple harmonic
motion.

{b) The length L of each liquid column is 18cm.

Determine the period T of the oscillations.
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(c) The oscillations of the liquid in the tube are damped.
In any one complete cycle of the oscillations, the amplitude decreases by 6.0% of its value at

the beginning of the oscillation.
Determine the ratio

energy of oscillations after 3 cycles
initial energy of oscillations

9
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19 - (9702/41_Winter_2021_Q4) - Oscillations
A trolley on a track is attached by springs to fixed blocks X and Y, as shown in Fig. 4.1. The track
contains many small holes through which air is blown vertically upwards. This results in the trolley
resting on a cushion of air rather than being in direct contact with the track.

springs

0 L
trolley
' V4
; /
X (U Y
e "
fixed block holes track fixed block

Fig. 4.1
The trolley is pulled to one side of its equilibrium position and then released so that it oscillates
initially with simple harmonic motion. After a short time, the air blower is switched off. The variation
with time ¢ of the distance L of the trolley from block X is shown in Fig. 4.2.

30

.........

L/cm

t/'s

Fig. 4.2
(a) Use Fig. 4.2 to determine:

(i) theinitial amplitude of the oscillations

amplitude =
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(ii) the angular frequency w of the oscillations

(b) Apart from the quantities in (a), describe what may be deduced from Fig. 4.2 about the motion
of the trolley between time t = 0 and time t = 24 s. No calculations are required.

..................................................................................................................................................

............................................................................................................................................. [3]
(c) On Fig. 4.3, sketch the variation with L of the velocity v of the trolley for its first complete
oscillation.
10 11 11 |
viems™ [ 7 T ] :
s+ -
Y
O-H T TTT
0 (5 1110 H-15
-5 H |
WL m
Fig. 4.3
[3]
[
U ami
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20 = (9702/42_Winter_2021_Q4) - Oscillations
A trolley on a smooth surface is attached by springs to fixed blocks as shown in Fig. 4.1.

springs

trolley

LARARARARARNA)
(AUERLELK

LR

—

y
|

fixed block smooth surface fixed block

Fig. 4.1

The trolley oscillates horizontally about its equilibrium position with an amplitude of 12cm. Fig. 4.2
shows the variation of the acceleration a of the trolley with displacement x from its equilibrium
position. Friction between the trolley and the surface can be assumed to be negligible.

‘]08. {
EENNH A al ms 2 E A R
B B N E NSNS RN REE R BN EEEamEEE EEEE
s 0. 4-HHHHHHH e
i e O e
T \ .........
7Q-.4,‘i ......
....... \
: -0.8—— :
Fig. 4.2

(a) Describe the features of the line in Fig. 4.2 that demonstrate that the motion of the trolley is
simple harmonic.

...................................................................................................................................................
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(b) Use Fig. 4.2 to determine the period T of the oscillations of the trolley.

(c) (i) On the line of the graph of Fig. 4.2, label with the letter P one point where the kinetic
energy of the trolley is zero. (1]

(i) On the line of the graph of Fig. 4.2, label with the letter Q an approximate position of one
point where the kinetic energy of the trolley is equal to the potential energy stored in the
springs. 1]

9
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21 - (9702/41_Summer_2022_Q4) - Oscillations

A pendulum consists of a bob (small metal sphere) attached to the end of a piece of string. The

other end of the string is attached to a fixed point. The bob oscillates with small oscillations about
its equilibrium position, as shown in Fig. 4.1.

string

equilibrium
position bob

-

ll \ SN
""""""""""""" N N

oscillations

Fig. 4.1 (not to scale)
The length L of the pendulum, measured from the fixed point to the centre of the bob, is 1.24m.

The acceleration a of the bob varies with its displacement x from the equilibrium position as shown
in Fig. 4.2.

| NN \04
N [
S I B
a/ms™=
™~
\_\ 0.2
.‘\\
.~
—0.06 -0.04 -0.02 ORL 0.02 0.04 0.06
. x/m_
™~
-0.2 a
~
~0.4 A
Fig. 4.2

9
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(a) State how Fig. 4.2 shows that the motion of the pendulum is simple harmonic.

............................................................................................................................................. [2]
{b) (i) Use Fig. 4.2 to determine the angular frequency « of the oscillations.
(0T toeeceeeeseee et e st s s eae e rads™! [2]
(if) The angular frequency wis related to the length L of the pendulum by
w= %
L
where k is a constant.
Use your answer in (b)(i) to determine k. Give a unit with your answer.
R unit oo, [2]

{c) While the pendulum is oscillating, the length of the string is increased in such a way that the
total energy of the oscillations remains constant.

Suggest and explain the qualitative effect of this change on the amplitude of the oscillations.

[Total: 8]

A
< 0
gy
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22 = (9702/42_Summer_2022_Q4) - Oscillations

(a) State whatis meant by resonance.

(b) Fig. 4.1 shows a heavy pendulum and a light pendulum, both suspended from the same
piece of string. This string is secured at each end to fixed points.

fixed points 7

string

heavy pendulum light pendulum

Fig. 4.1

Both pendulums have the same natural frequency.
The heavy pendulum is set oscillating perpendicular to the plane of the diagram. As it
oscillates, it causes the light pendulum to oscillate.

Fig. 4.2 shows the variation with time t of the displacements of the two pendulums for three
oscillations.

- ' e heavy
displacement/cm . i h | I I AN | I I
A ) A ) L) T
r L) L L) L]
1 1 LY I i1
4 T
) [
y AN 1 y ARNEERY 1 1 1
AREE A n AREE | ] N ] [N | il )
0 : light
0 ¥ N 1 N7 / vi/s PN /
L 1
\ 1 1 l} I '
\ L L'l i A r
1
A I A Y I A 1
3\ ra 3 I L Y f
A r '-\ I’.' A) r
L4
Fig. 4.2
==
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The variation with ¢ of the displacement x of the light pendulum is given by
x = 0.25sin5.07t
where x is in centimetres and t is in seconds.

(i) Calculate the period T of the oscillations.

(ii) On Fig. 4.2, label both of the axes with the correct scales. Use the space below for any
additional working that you need.

(2]

(iii) Determine the magnitude of the phase difference ¢ between the oscillations of the light
and heavy pendulums. Give a unit with your answer.

9
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23 = (9702/41_Winter_2022_Q3) - Oscillations

An object is suspended from a spring that is attached to a fixed point as shown in Fig. 3.1.

fixed point

spring

oscillations

~ —{— — — equilibrium position

Fig. 3.1
The object oscillates vertically with simple harmonic motion about its equilibrium position.

(a) State the defining equation for simple harmonic motion. Identify the meaning of each of the
symbols used to represent physical quantities.

(b) The variation with displacement x from the equilibrium position of the velocity v of the object
is shown in Fig. 3.2.

e vime e P
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The variation with x of the potential energy E, of the oscillations of the object is shown in
Fig. 3.3.

- OOSQ

R R R T e e e B e ey e

e ) O

EEEE SN A \Mo/ EENE ENAE AR
-0.12 -0.08 —-0.04 0 0.04 008 ,,n012

Fig. 3.3
Use Fig. 3.2 and Fig. 3.3 to:

(i) determine the amplitude x,, of the oscillations

(ii) show that the angular frequency of the oscillations is 1.7rads™’

(2]

(iii) determine the mass M of the object.

9
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(c) The oscillations of the object are now lightly damped.

(i) State what is meant by damping.

(ii) Assume that the damping does not change the angular frequency of the oscillations.

On Fig. 3.2, sketch the variation with x of v when the amplitude of the oscillations
is 0.060 m. [2]

9
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24 - (9702/42_Winter_2022_Q4) - Oscillations

Fig. 4.1 shows the variation with time t of the height h above the ground of an object of mass 36 kg
that is undergoing vertical simple harmonic motion.

18 ] L !
h/cm
{[V) Smuns yamas amay smExn summs vms sxmay amam
o N ‘
0 2 4 6 8
t/'s
Fig. 4.1
(a) For the oscillations of the object:
(i) determine the amplitude x, in cm
T I ——— cm [1]
(ii) show that the angular frequency wis 1.6rads™"
(2]
(ili) determine the total energy E.
i i a5 AR R PH SRR VSRR SRR o A5 J [3]
[
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(b) On Fig. 4.2, sketch the variation with h of the kinetic energy E, of the object.

0.4
EclJ
0.3
0.2+ HH
0.1 =H
ok 4
0 5 10 15 20
h/cm
Fig. 4.2
(4]
=
-
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25 = (9702/42_Summer_2023_Q4) - Oscillations

A small steel sphere is oscillating vertically on the end of a spring, as shown in Fig. 4.1.

spring

steel sphere
oscillations

Fig. 4.1

The velocity v of the sphere varies with displacement x from its equilibrium position according to
v=+9.7(11.6 — x?)
where vis in cms™' and xis in cm.

(a) (i) Calculate the frequency of the oscillations.

1013 - g Lo R R T R A A PO S A Hz (2]

(ii) Show that the amplitude of the oscillations is 3.4 cm.

(1]

(iii) Calculate the maximum acceleration a, of the sphere.
R ms~2 [2]
==
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(b) On Fig. 4.2, sketch the variation with x of the acceleration a of the sphere.

I2 ag
|
|
a +
4o
-4 e ) 2 xiem i1}
—2a,
Fig. 4.2
(3]

(c) Describe, without calculation, the interchange between the potential energy and the kinetic
energy of the oscillations.

9
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A heavy metal sphere of mass 0.81kg is suspended from a string. The sphere is undergoing small
oscillations from side to side, as shown in Fig. 4.1.

string

heavy sphere,

-
-
-
-
-
-
-
won®
-
-
-
-
-
-

B o o o o -

mass 0.81kg (o
s " S
S v ]
“s ol' N."’l
b SNSRI
oscillations

Fig. 4.1
The oscillations of the sphere may be considered to be simple harmonic with amplitude 0.036m
and period 3.0s.

(a) State what is meant by simple harmonic motion

{b) Calculate:

(i)

the angular frequency of the oscillations

angular frequency =

==
v o
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(ii) the total energy of the oscillations.

total. energy = s S SR J [2]

(c) The suspended sphere is now lowered into water. The sphere is given a sideways
displacement of +0.036 m from its equilibrium position and is then released at time f = 0.
The water causes the motion of the sphere to be critically damped.

On Fig. 4.2, sketch the variation of the displacement x of the sphere from its equilibrium
position with tfromt=0to t=6.0s.

004 ...... IlEEE NN S IS SN A SN TR T NEEEEEE
X/m 4 e 4 - i 44 -
e
T
0+ :
0 -6
~0.02-FFHFHH - —
4 ! {1 44 I
-0.04 '
Fig. 4.2
[3]
==
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{a) Explain the main principles behind the use of ultrasound to obtain diagnostic information
about internal body structures.
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(b) A parallel beam of ultrasound has intensity I, as it enters a muscle of thickness 4.6cm, as
illustrated in Fig. 4.1.

4.6cm
n " _muscle
| /
|
—-..
I I
beam of 0 T
ultrasound
———
Fig. 4.1

The intensity of the beam just before it leaves the muscle is I
The ratio I,/I; is found to be 2.9.

Calculate the linear attenuation (absorption) coefficient ¢ of the ultrasound in the layer of
muscle.
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2 = (9702/42_Winter_2017_Q4) - Waves

{a) Explain the principles behind the generation of ullrasound waves for diagnosis in medicine.

{by Ultrasound frequencies as high as 10MHz are used in medical diagnosis.
Suggest one advantage of the use of high-frequency ultrasound rather than lower-frequency
ultrasound.
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3 - (9702/41_Summer_2018_Q4) - Waves

Piezo-electric transducers are used for the generation of ulfrasonic waves.

{a8) State one other use, apart from in ultrasound, of piezo-electric transducers.

{b} Explain the main principles behind the use of ultrasound to obtain diagnostic information
about internal body structures.
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4 - (9702/41_Summer_2018 Q12) - Waves

An X-ray beam is used to produce an image of a model of a thumb.
A parallel beam of X-ray radiation of intensity I, is incident on the model, as illustrated in Fig. 12.1.

b soft tissue
one
4 a
incident beam 1.3¢cm emergent beam
. . _—m _—m
intensity I,
2.8cm

\. J

Fig. 12.1

Data for the attenuation (absorption) coefficient «in bone and in soft tissue are shown in Fig. 12.2.

wlem™
bone 3.0
soft tissue 0.90

Fig. 12.2

(a) Calculate, in terms of the incident intensity I, of the X-ray beam, the intensity of the beam
after passing through

(i) athickness of 2.8.cm of soft tissue,

INTeNSItY = oo, I, [2]
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{iiy the bone and soft tissue, as shown in Fig. 12.1.

intensity = ...

(b} (i) State whatis meant by the conirast of an X-ray image.

(iiy By reference to your answers in (&), suggest whether the X-ray image of the model has

good contrast.
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{a) Explain the main principles behind the use of ultrascund 1o oblain diagnostic information
about internal body structures.

{ii}y The fraction of the incident intensity of an ultrasound beam that is reflected at a boundary
between two media depends on the specific acoustic impedances Z, and Z, of the
media.

Discuss qualitatively how the relative magnitudes of the two specific acoustic impedances
affect the reflected infensity.
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(a) Table 8.1 shows some data relating to the properties of air, gel and body tissue. The data are
given to three significant figures.

Table 8.1
; : 3 78 specific acoustic
material density/kgm speed of sound/ms impedance/kgm-2s-1
air 340 440
gel 1200 1400
tissue 1090 1.68 x 108

(i) Show that the specific acoustic impedance of gel is 1.68 x 109kgm—2s~".

(]

(ii) Complete Table 8.1 by calculating the missing values to three significant figures. Use the
space below for any working that you need.

(2]
(b) Use the information in (a) to calculate the intensity reflection coefficient for:

(i) an air-tissue boundary

intensity reflection coefficient = ........ccccceiiiiiiriiii e, [2]

(ii) a gel-tissue boundary.

intensity reflection coefficient =
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{c) Use your answers in {b) to explain why gel is applied to the skin during ultrasound scanning.

y 5
< 0
’
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1 - (9702/41_Summer_2017_Q3) - Communication

The digital transmission of speech may be illustrated using the block diagram of Fig. 3.1.

serial-{o-
O |> - e —t paraliel -—-‘I >—-—-—‘HE
ADC X optic fibre anverter Y

Fig. 3.1

(a) (I) State what is meant by a digital sighal.

....................................................................................................................................... [1]
(i) State the names of the components labelled X and Y on Fig. 3.1.
B e e et er e et e r e
e e et e h ettt e £ R et eh et e et e n et e et re e
2]
(iify Describe the function of the ADC.
....................................................................................................................................... 2]

{b) The optic fibre has length 84 km and the attenuation per unit length in the fibre is 0.19 dBkm™".

The input power to the oplic fibre is 8.7 mW. At the output from the optic fibre, the signal-to-
noise ratio is 28dB.

Calculate

() ndB, theralio

input power to optic fibre
noise power at output of optic fibre’
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{ii} the noise power at the output of the optic fibre.

noise power = ..................
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2 = (9702/42_Summer_2017_Q5) - Communication

{a) Stlate two advantages of the transmission of data in digital form rather than in analogue form.

(b} An analogue signal S; is converted into a digital signal D using an analogue-to-digital
converter (ADC). After transmission of the digital signal, it is converted back to an analogue
signal 3. using a digital-to-analogue converter (DAC), as illustrated in Fig. 5.1.

analogue signal digital signal analogue signal
e ADC F == === >-4 DAC o
s, D S
Fig. 5.1

(I} Outline the process by which the ADC converts the analogue signal 3, info the digital
signal D.

(i, The ADC and the DAC operate with the same sampling rate and the same number of
bits in each digital number.

State the effect on the transmitted analogue signal S when, for the ADC and the DAC,

1. the sampling rate is increased,

2. the number of bits in each digital number is increased.
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3 - (9702/41_Winter_2017_Q4) - Communication

A coaxial cable is frequently used to connect an aerial to a television receiver. Such a cable is
ilustrated in Fig. 4.1.

plastic

~ “covering
\\

copper-——~———____, B — //

core

xnsuiator\\

copper”
braid

Fig. 4.1

{a) Suggest two functions of the copper braid.

{b} Suggest two reasons why a wire pair is not usually used to connect the aerial {o the receiver.

{c} The coaxial cable connecting an aerial to a receiver has length 14m.
The cable has an attenuation per unit length of 190dBkm™".

Calcuiate the fractional loss in sighal power during transmission of the signal along the cabile.

fractional loss =

2017 -2023 258




A-lLevel Cambridge PHYSICS -P4 CH16 - COMMUNICATION

4 - (9702/42_Winter_2017_Q5) - Communication

The analogue signal from a microphone is to be fransmitted in digital Torm.
The variation with time ¢ of part of the signal from the microphone is shown in Fig. 5.1.

16

14 ™

microphone
autput/mV \
12

I

10

I W

AN

Y

Fig. 5.1

The microphone output is sampled af a frequency of 5.0kHz by an analogue-to-digital converter
{(ADC).

The output from the ADC is a series of 4-bit numbers. The smallest bit represents 1.0mV.

The first sample is taken at time t= 0.

{a) Use Fig. 5.1 to complete Fig. 5.2.

time t/ms microphone output/mV ADC oulput
4 PR RSP
08 T RSP
Fig. 5.2 [2]
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{b} After transmission of the digital signal, # is converted back to an analogue signal using a
digital-to-analogue converter (DAC).
Using data from Fig. 5.1, draw, on the axes of Fig. 5.3, the output level from the DAC for the
transmitted signal fromtime t=0to time t=1.2ms.

16

14

output
level

10

Fig. 5.3

{¢) His usual in modern telecommunication systems for the ADC and the DAC 1o have more than
four bits in each sample.
State and explain the effect on the transmitted analogue signal of such an increase.
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5 = (9702/41_Summer_2018_Q5) = Communication
A geostationary satellite orbits the Earth with a period of 24 hours.
{a}) State

(i} the direction of the orbit about the Earth,

....................................................................................................................................... [1]
(i) the position of the satellite relafive 1o the Earth’s surface,
....................................................................................................................................... (1]
{iiiy a typical frequency for communication between the satellite and Earth.
FLE=To 11 =T o Hz [1]
{b} Asignal transmitted from Earth to a satellite has an initial power of 3.0kW.
The signal power received by the satellite is attenuated by 185dB.
(iy Calculate the signal power received by the salellite.
PBOWET = oo W 3]

{iiy By reference 1o your answer in (i), explain why different frequencies are used for the
up-link and the down-link in communication with the satellite.
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6 = (9702/42_Summer_2018_Q5) - Communication

(a)

{b)

In radio communication, the bandwidih of an FM transmission is greater than the bandwidth
of an AM transmission.

State

{iy what is meant by bandwidih,

....................................................................................................................................... 1]
(i one advantage and one disadvantage of a greater bandwidih.
e u Y E 1T = SO
Lo 12T T Y T = T 1 OO TSP SURURURUR
(2]

A carrier wave has a frequency of 650 kHz and is measured to have an amplitude of 5.0V

The carrier wave is frequency modulated by a signal of frequency 10kHz and ampiitude 3.0V,
The frequency deviation of the carrier wave is 8.0kHz V™.

Determineg, for the frequency modulated carrier wave,

{Iy the measured amplitude,

amplitude = .. V1]

(iy the maximum and the minimum frequencies,

MAaxXimum freQUENCTY = e kHz
MirmUmM freQUENCY = oo kHz
(2]
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(iii} the minimum {ime between a maximum and a minimum transmitted frequency.

A
< 0
’
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7 = (9702/41_Winter_2018_Q5) - Communication

{a) State two advantages of the transmission of data in digital form, compared with the
transmission in analogue form.

(b} The digital numbers shown in Fig. 5.1 are transmitted at a sampling rate of 500Hz.

o1 1011 1001 0100 1110 0101 Qo10

end of & start of
tfransmission fransmission

M

Fig. 5.1

The digital numbers are received, after transmission, by a digital-to-analogue converler
(DAC).

On Fig. 5.2, complete the graph to show the variafion with time ¢ of the signal level from the
DAC.

16

14

12

signal
level

10

t/ms

Fig. 5.2
(4]

A _
< 0
P
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{c) Siate the effect on the transmilted analogue signal when

{iy the sampling rate of the analogue-to-digital converter (ADC) and of the DAC is increased,

A
< 0
’
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8 - (9702/42_Winter_2018_Q5) - Communication

{a) in radio communication, the radio wave is usually modulated.

State what is meant by ampiitude moduiation (AM).

{b)y A sinusoidal radio carrier wave has a frequency of 900kHz and an unmodulated ampflitude
measured to be 4.0V

The carrier wave is ampiitude modulated by a signal of frequency 5.0kHz.
For the amplitude modulated wave,

(iy determine the wavelength,

wavelength = ... m [1]
(if} describe the amplitude variation,
....................................................................................................................................... 2]
(iiy state the bandwidth.
bandwidth = ... Hz [1]

{¢y Communication is sometimes made using satellites in geostationary orbits that have a period
of rotation about the Earth of 24 hours.

{i} State two other features, apart from the period, of a geostationary orbit,
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(i} Suggest why
1. Trequencles of the order of gigahertz are used for satellife communication,

2. the uplink frequency to the satellite is different from the downlink frequency.

2017 -2023 267



A-lLevel Cambridge PHYSICS -P4 CH16 - COMMUNICATION

9 - (9702/41_Summer_2019_Q4) - Communication
(a) During the transmission of a signal, attenuation occurs and noise is picked up.
State what is meant by:

(i) attenuation

(b) By reference to (a)(ii), explain the advantage of the transmission of the signal in digital form
rather than in analogue form.

(c) Part of an analogue signal is shown in Fig. 4.1.

10

signal
voltage
/mV

0 1 2 3 4 5 6 7
time t/ms

Fig. 4.1
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The signal is to be transmitted in digital form.

The analogue signal is sampled at a frequency of 1.0 x 10®Hz using an analogue-to-digital
converter (ADC). The ADC produces 4-bit numbers.

The times t at which the analogue signal is sampled are shown in Fig. 4.2.

time
t/ms 0 1.0 2.0 3.0 4.0 5.0 6.0
digital
number 0010 0110 0100 OIOL: | | | o || s
Fig. 4.2
On Fig. 4.2:
(i) for the digital number at time t = 3.0 ms, underline the least significant bit (LSB) [1]

(ii) state the digital numbers corresponding to the sampling times between time t = 4.0ms
and time t=6.0ms. [2]

(d) The transmitted digital signal is converted back to an analogue signal using a digital-to-
analogue converter (DAC).

On Fig. 4.3, show the variation with time t of the output levels of the DAC for time t = 0 to
time = 4.0ms. Assume that there is negligible time delay in the transmission line.

gl :
output |
evel  FEEEHE R P
6
41
2
0 1 2 3 4

time t/ms

Fig. 4.3
[3]

9
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10 = (9702/42_Summer_2019_Q4) - Communication

(a) State what is meant by the specific acoustic impedance of a medium.

(b) A parallel beam of ultrasound of intensity I, is incident on the boundary between two media
A and B, as illustrated in Fig. 4.1.

medium A medium B
specific acoustic impedance Z,  specific acoustic impedance Zg
> —_—)—
incident transmitted
intensity I, - intensity I
> ——
Fig. 4.1

The two media A and B have specific acoustic impedances Z, and Z respectively.
The intensity of the beam transmitted through the boundary is I

State how the ratio

intensity I of transmitted beam
intensity I, of incident beam

depends on the relative magnitudes of Z, and Zg.

(c) The linear absorption (attenuation) coefficient u of medium B is 23m™'.

Calculate the thickness of medium B required to reduce the intensity of the ultrasound beam
to 34% of its initial intensity in medium B.

thickness = ......coovvveeeeeeeciinnnns, 3]
&=
v o

’
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11 = (9702/42_Summer_2019_Q5) - Communication, Electronics
(a) For a signal transmitted along an optic fibre, state what is meant by:

(i) attenuation

(b) The initial section of the transmission line for a signal from a telephone exchange is illustrated
in Fig. 5.1.

52km

exchange amplifier
gain 115dB

Fig. 5.1
At the exchange, the input signal to the transmission line has a power of 2.5 x 1072 W.

After the signal has travelled a distance of 52km along the transmission line, the power of the
signal is 7.8 x 107" W. The signal is then amplified.

(i) Calculate the attenuation per unit length, in dBkm™', in the transmission line.

attenuation per unitlength = .............cccccovevvuevennnes i [3]

g

P
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(ii) The gain of the amplifier is 115dB.

Calculate the power of the signal at the output of the amplifier.
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12 - (9702/41_Winter_2019_Q5) - Communication

(a) A section of a coaxial cable is shown in Fig. 5.1.

copper braid
insulation
copper

wire
plastic covering

Fig. 5.1

(i) Suggest two functions of the copper braid.

s crnrensseressntonesanins (1R Ee YA RSN AR SRR AR SRS AR SRS SRR SR AR AR A S RS IR AR AP RO E RS AP RS
B eeeennssesnseessnsssasesssasasapsesasnesnasessessasantsannsassnsessnsessasessansesanessansassnsesasnessassssnasessnts naTassasessates
(2]
(ii) Suggest one application of a coaxial cable for the transmission of electrical signals.
..................................................................................................................................... 1]

(b) (i) The constant noise power in a transmission cable is 7.6 uW. The minimum acceptable
signal-to-noise ratio is 32dB.

Calculate the minimum acceptable signal power P,,,, in the cable.

A I A e e R R s W [2]

9
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(i) The input power of the signal to the transmission cable is 2.6 W. The attenuation per unit
length of the cable is 6.3dBkm™".

Use your answer in (i) to determine the maximum uninterrupted length L of cable along
which the signal may be transmitted.

b S e i R AT O SRR K km [2]
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13 - (9702/42_Winter_2019_Q5) - Communication

(a) (i) State whatis meant by the specific acoustic impedance of a medium.

(i) The density of a sample of bone is 1.8gcm™ and the speed of ultrasound in the bone is
41x10°ms™.

Calculate the specific acoustic impedance Z; of the sample of bone.

i R S e Tl kgm=2s™' [1]

9
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(b) A parallel beam of ultrasound passes normally through a layer of fat and of muscle, as
illustrated in Fig. 5.1.

fat muscle
- —_—
beam transmitted beam
of ultrasound of ultrasound
> —_—
- S
| | |
i 0.45cm : 21cm :

Fig. 5.1 (not to scale)
The fat has thickness 0.45cm and the muscle has thickness 2.1 cm.

Data for fat and for muscle are given in Fig. 5.2.

specific acoustic impedance | linear attenuation (absorption)
Z/105kgm—2s™! coefficient u/cm™
fat 1.3 0.24
muscle 1.7 0.23
Fig. 5.2

The intensity reflection coefficient « at a boundary between two media of specific acoustic
impedances Z, and Z, is given by the expression

a_(22—21)2
T (Z,+2Z)*

Calculate the fraction of the intensity of the ultrasound that is transmitted through the
boundary between the fat and the muscle.

fraction transmitted =
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(c) (i) State whatis meant by attenuation of an ultrasound wave.

(ii) Data for linear attenuation coefficients are given in Fig. 5.2,

Determine the ratio

intensity of ultrasound transmitted through the medium
intensity of ultrasound entering the medium

for:

1. the layer of fat of thickness 0.45cm

2. the layer of muscle of thickness 2.1 cm.

(d) Use your answers in (b) and (c)(ii) to determine the fraction of the intensity entering the layer
of fat that is transmitted through the layer of muscle.

fracHOM aNSMIIBN:S: «.ouw:ssssmisamssaisamssmrsesspssasmisssssgmsovaessnns [1]

-
o

v
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14 - (9702/42_Winter_2019_Q6) - Communication

The variation with time of the displacement of an amplitude-modulated (AM) wave is shown in

Fig. 6.1.
signal n ” ﬂ ”
displacement n ﬁ ﬂ
0 1 T 1 1
0 10 20 30 40 50 60 70 80 90 100
time/us
Fig. 6.1
The sinusoidal information signal has frequency 10kHz.
(a) Determine the frequency of the carrier wave.
HOQUENCY = s v R Hz [1]
(b) On the axes of Fig. 6.2, sketch the frequency spectrum of the modulated wave.
)
signal
intensity
frequency /kHz
Fig. 6.2
(3]
[
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15 = (9702/41_Summer_2020_Q4) - Communication

(a) (i) Byreferencetoan ultrasound wave, explain whatis meant by specific acoustic impedance.

(ii) An ultrasound wave is incident normally on the boundary between two media. The media
have specific acoustic impedances Z, and Z,,.

State how the ratio

intensity of ultrasound reflected from boundary
intensity of ultrasound incident on boundary

depends on the relative magnitudes of Z, and Z,,.

(b) (i) State whatis meant by the attenuation of an ultrasound wave.

(ii) A parallel beam of ultrasound is passing through a medium.
The incident intensity I, is reduced to 0.351, on passing through a thickness of 0.046m
of the medium.

Calculate the linear attenuation coefficient « of the ultrasound beam in the medium.
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16 = (9702/42_Summer_2020_Q5) - Communication

(a) Explain the principles of the detection of ultrasound waves for medical diagnosis.

(b) By reference to specific acoustic impedance, explain why there is very little transmission of
ultrasound waves from air into skin.

9
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17 = (9702/41_Summer_2020_Q6) - Communication

(a)

(b)

(c)

The transmission of signals using optic fibres has, to a great extent, replaced the use of
coaxial cables.

Advantages of optic fibres include greater bandwidth and very little crosslinking.

(i) Suggest an advantage of greater bandwidth.

In telecommunications, a signal power of 1.0mW is used as a reference power.
Signal powers relative to this reference power and expressed in dB are said to be measured
in ‘dBm'.

Show that a signal power of 13dBm is equivalent to 20 m\W.

(2]

A signal of input power 20mW is transmitted along an optic fibre for an uninterrupted distance
of 45km.

The optic fibre has an attenuation per unit length of 0.18dBkm".

Calculate the output power P from the optic fibre.
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18 = (9702/42_Summer_2020_Q6) - Communication

(@)

(b)

Telephone signals may be transmitted either by means of an optic fibre or by means of a wire
pair.

State three advantages of the use of an optic fibre rather than a wire pair.

It is proposed to transmit a signal over a distance of 4.5 x 108km by means of an optic fibre.
The input signal has a power of 9.8 mW.

The minimum signal that can be detected at the output has a power of 6.3 x 10~ W. For this
signal power, the signal-to-noise ratio is 21dB.

Calculate:

(i) the power of the background noise

(ii) the maximum attenuation per unit length of the optic fibre that allows for uninterrupted
transmission of the signal.

attenuation per unit length =

2017
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19 - (9702/41_Winter_2020_Q4) - Communication

(a) Explain the principles of the generation of ultrasound waves for use in medical diagnosis.

............................................................................................................................................. [4]
(b) The linear attenuation (absorption) coefficient for a parallel beam of ultrasound waves in air is
1.2cm™.
The parallel beam passes through a layer of air of thickness 3.5cm.
Calculate the ratio, in dB,
intensity of beam after passing through the layer of air
intensity of beam entering the layer of air
1 |1 [0 T dB [4]
[Total: 8]
[
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20 = (9702/42_Winter_2020_Q4) - Communication

(a) State two advantages of the transmission of data in digital, rather than analogue, form.

s R B R R e N S
R R S R G G T S S R BR S e FE S G R RS SR R
(2]
(b) An analogue signal is to be transmitted in digital form.
The transmission system may be represented in block form as in Fig. 4.1.
| analogue-to- d:gltlal-to- |
ansoge >— digital converter y et LUTI LTI > Snalogue > anaogue
signal converter signal
ADC DAC

Fig. 4.1

The variation with time t of part of the input analogue signal is shown in Fig. 4.2.

6+ tH i
input 5
analogue
signal 4
/mV -
3
2 + !
11 - -
5 3 T i HE B
0 0.1 0.2 0.3 0.4 05

Fig. 4.2

The analogue signal is sampled at time intervals of 0.10 ms. The first sample is taken at time
t=0.

Some values of the sampled analogue signal and the corresponding digital signals are shown
in Table 4.1.

Each digitised number contains four bits.

T
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Table 4.1
time t/ms 0 0.10 0.20 0.30 0.40 0.50
analogue signal
/mv 0 5.7 6 2 ---------------------------------------------------
digital signal 0000 0101 0110

(i) In Table 4.1, underline the least significant bit (LSB) in the digital signal for the time of
0.20ms. (1

(i) Complete Table 4.1. [3]

(c) A single bit from the output of the digital-to-analogue converter corresponds to an output
analogue signal of 1.0mV.

Assume that the conversion and transmission do not introduce a time delay.

On the axes of Fig. 4.3, show the variation with time t of the output from the digital-to-analogue

converter.
=== +
output = EREEEEEENSAmEEEEEEEEEEER —TTTT
analogue !
signal  4-HHHHHH o A
fmV A
sHEHE HHH
24— ,
1 FHEFHEH
G -l —3 1L 11 1] 11 = {
0 0.1 0.2 0.3 0.4 0.5
t/ms
Fig. 4.3
[3]
[Total: 9]
[
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21 - (9702/42_Winter_2020_Q7) - Communication
Electrons in a beam are travelling at high speed in a vacuum. The electrons are incident on a
metal target, causing X-ray radiation to be emitted.

The variation with wavelength A of the intensity I of the emitted X-ray radiation is shown in Fig. 7.1.

A

Fig. 7.1

Explain why:
(a) there is a continuous distribution of wavelengths
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22 = (9702/42_Summer_2021_Q4) - Communication

(a) A sinusoidal carrier wave has a constant amplitude and a frequency of 1.2MHz. The carrier

wave is modulated by a signal wave such that a 1.0V displacement of the signal wave causes
a change in frequency of 25kHz.

The signal wave has frequency 8.0kHz and amplitude 2.0V.

(i) State the name of this type of modulation of the carrier wave.

..................................................................................................................................... (1]
(ii) For this modulated carrier wave, determine the variation, if any, in:
1. its amplitude
2. its frequency.
3]
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(b) An audio signal is transmitted by means of a modulated radio wave.

The variation with frequency of the amplitude of the radio wave is shown in Fig. 4.1.

A

amplitude

: | |

225 240 255

frequency/kHz
Fig. 4.1
For this transmission, determine:
(i) the wavelength, in km, of the carrier wave
WaVBIENOMY 5w iinasmissnrtasammmiissgimme i km [2]
(ii) the bandwidth
bandwidth = uciinnsannmmssamnines kHz [1]
(iii) the frequency of the audio signal.
TOqQUeNCY = s ndneinsas kHz [1]

9
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23 = (9702/41_Summer_2021_Q5) - Communication

(a) State what is meant by the amplitude modulation (AM) of a radio wave.

{b) Aradio wave is modulated by an audio signal.

The variation with frequency f of the amplitude of the modulated wave is shown in Fig. 5.1.

A

amplitude

O A

292 300 308

flkHz

Fig. 5.1
Determine:

(i) the wavelength of the carrier wave

wavelength = ... m [1]
(ii) the bandwidth of the modulated wave
bandwidth = ... kHz [1]
(ifi) the maximum frequency of the audio signal.

maximum freqUenCY = ..o kHz [1]
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(c) The power of a radio signal at a transmitter is Pr.
At a receiver, the received power P is given by the expression

0.082P;
R™ X2
where x is the distance, in metres, between the transmitter and the receiver.
For the transmission of this signal, the attenuation is 73 dB.

Determine the distance x.

9
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24 - (9702/41_Winter_2021_Q5) - Communication

An analogue signal is to be transmitted to a receiver. Before transmission, the signal passes
through an analogue-to-digital converter (ADC). After transmission it passes through a
digital-to-analogue converter (DAC) before finally reaching the receiver, as shown in Fig. 5.1.

. transmission line
mput ADC DAC receiver
signal — = |}—----- ——

Fig. 5.1

(a) State two advantages of converting the signal into digital form for transmission.

. A S NN SN RS
pd/mv B EEENENEES EEEENEEEE ‘ |
HHEH R T N
maEs N
T AT TN 2N
{ Y 1i:;\::: . i ‘
p I HHHH \ H
8
2+ ,
0 2 4 6 8 10 12
time/ms

Fig. 5.2
The ADC has a sampling frequency of 250Hz and uses 4-bit sampling, with the least
significant bit corresponding to 1mV. The signal is first sampled at time 0, when the sampled
bits are 0001.
(i) State the sampled bits at time 4ms and time 8ms.

S i i R 11 [ R R P S AR Ao S
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(ii) Part of the signal received by the receiver, after the sampled signal has passed through

the DAC, is shown in Fig. 5.3.

8

p.d./mV

Fig. 5.3

10 12
time/ms

On Fig. 5.3, complete the line to show the received signal for time O to time 12ms. (2]

9
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(c) The ADC in (b) is replaced with one that has a sampling frequency of 500 Hz and uses 3-bit
sampling, with the least significant bit corresponding to 2mV.

On Fig. 5.4, sketch the signal that is now received, after passing through the DAC, from
time O to time 12ms.

8 T
p.d./mV T - +
8 ﬁ ﬁ :
4 . i
IIIIIII 3 4 3 X i L 3 1 Vi’l
2 =
c — ™! ek RS -l I - - ,., — S - 11 - 11 —— —7' —p—— -— 1T f’
0 2 4 6 8 10 12
time/ms
Fig. 5.4
[3]
=
P

2017 -2023 293



https://www.thrivingscholars.com/free-study-resources

A-lLevel Cambridge PHYSICS -P4 CH16 - COMMUNICATION

25 = (9702/42_Winter_2021_Q5) - Communication

(a) (i) When audio signals are transmitted over long distances, modulation of radio waves is
used.

Suggest a reason why modulation is used.

(ii) State a technical advantage and a technical disadvantage of using frequency modulation
rather than amplitude modulation.

BOVANMIAG: s v iR sy s S SR ST A s A e e S A SRS PR SR RS sk e

(b) An audio signal of amplitude 2.0 uV and frequency 4.2kHz is to be transmitted using a carrier
wave of amplitude 10.0mV and frequency 100kHz.

Either amplitude modulation or frequency modulation may be used.

The amplitude modulation is at a rate of 1mVuV-".
The frequency modulation is at a rate of 5kHzuV-".

Complete Table 5.1 to show the maximum and minimum values of the amplitude and of the
frequency of the modulated wave for each type of modulation.

Table 5.1
amplitude/mV frequency/kHz
‘ minimum maximum minimum maximum

amplitude modulation

frequency modulation |

(4]

(c) For the amplitude modulated wave in (b), determine the bandwidth.

bandiidih= s saaieesg kHz [1]
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1 = (9702/42_Summer_2017_Q6) - Electric Fields, Current Of Electricity

{a) Slate Coulomb’s law.

{by Two charged metal spheres A and B are situated in a vacuum, as illustrated in Fig. 6.1.

6.0cm .
A "
sphere A | o | sphere B
|
| |
\ X 1
Fig. 6.1

The shortest distance between the surfaces of the spheres is 6.0cm.

A movable poird P lies along the line joining the centres of the two spheres, a distance x from
the surface of sphere A

The variation with distance x of the electric field strength £ at point P is shown in Fig. 6.2.

10
EMo*vm
\\
5 ‘\‘
0 A -
O 1 2 3 nCNE 5 6
o xicm o
-5 5,
kY
10 i}
1
4
-15

Fig. 6.2 l
\ ==
v o
S
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{iy Use Fig. 6.2 1o explain whether the two spheres have charges of the same, or opposife,
sign.

....................................................................................................................................... 2]
(i Aprotonis at point P where x = 5.0cm.
Use dafa from Fig. 6.2 to determine the acceleration of the proton.
ACCBIERAtION = .o.oovvoeeee e ms<[3]

{¢) Use data from Fig. 6.2 fo state the value of x at which the rate of change of electric potential
is maximum. Give the reason for the value you have chosen.
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2 = (9702/41_Winter_2017_Q5) = Electric Fields, Electromagnetic Induction

{a) (i) State Coulomb’s law for the force between two point charges.

{i) Two point charges are situated In a vacuum and separated by a distance R. The force
between the charges is F.

On Fig. 5.1, skelch a graph to show the variation of the force F between the charges with
separation x for values of xfrom x= Rto x=4A.

1.0F,

0.8 Fp

0.6 Fo

0.4 F

0.2 Fg

Fig. 5.1
{b} Two coils C and D are placed close to one another, as shown in Fig. 5.2.

coil C coll D

AT AW WA AWA AWANAW AW AW A WAL AW

Fig. 5.2 l
\ =
v o
’
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The variation with time t of the current Tin coil C is shown in Fig. 5.3.

On Fig. 5.4, show the variation with time tof the e.m.f. Einducedincoll D fortime =0 to
time t=1,
5

)
{
I i
g
§
%
g
i
!
0 : oo
0 HV b Y ty 1
1}
i
LY H
L}
Fig. 5.3
A
E
0 oo
0 PR ) LT, £ 1
Fig. 5.4
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3 - (9702/42_Winter_2017_Q6) - Electric Fields

{a) Forany point outside a spherical conductor, the charge on the sphere may be considered 1o
act as a point charge at its centre. By reference to electric field lines, explain this.

sphere,
charge q_

Fig. 6.1
Point P is a movable point that, at any one time, is a distance x from the centre of the sphere.

The variation with distance x of the eleclric potential V at point P due to the charge on the
sphere is shown in Fig. 6.2,

14

12
ViItol

10 3

.

8 Ay

&

x/icm

Fig. 6.2

A _
< 0
P
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Use Fig. 6.2 to determine

{iy the electric field strength £ at point P where x = 6.0cm,

{ily the radius R of the sphere. Explain your answer.
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4 - (9702/41_Summer_2018 Q6) - Electric Fields

{a) State what is meant by electric field strength.

............................................................................................................................................... (1]
{bY An isclaled metal sphere A of radius 26cm is positively charged. Sphere A is shown in
Fig. 6.1.
charged
sphereA\~

\.

Fig. 6.1

Electrical breakdown (a spark) occurs when the electric field strength at the surface of the
sphere exceeds 2.0 x 10*vm™.

Calculate the maximum charge (that can be stored on the sphere.

{c} Asecond isolated metal sphere B, also with charge +@Q, has a radius of 52cm.

Calculate the additional charge, in terms of Q that may be sltored on this sphere before
electrical breakdown occurs.

additional charge =
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5 = (9702/41_Winter_2018_Q6) - Electric Fields

{ay (i) Define electric polential at a point.

{by Two paraliel metal plates A and B are situated a distance 1.2cm apart in a vacuum, as shown
in Fig. 6.1.

~-75V
_-plate B
-
g | ___] _____
helium nucleus
e
\\-\\ 1.2cm
B R o
X
é - L 2. = 5
oV "— “plate A

Fig. 6.1
Plate A is earthed and plate B is at a potential of -75V.
A helium nucleus is situated between the plates, a distance x from plate A.
Initially, the helium nucleus is at rest on plate A where x= 0,
{Iy The helium nucleus is free to move belween the plales. By considering energy changes

of the helium nucleus, explain why the speed at which it reaches plate B is independent
of the separation of the plates.
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{ii) As the helium nucleus (gHe) moves from plate A towards plale B, its distance x from

plate Alincreases.

Calculate the speed of the nucleus after it has moved a distance x = 0.40cm from plate A

2017 -2023
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6 = (9702/42_Winter_2018_Q6) - Electric Fields

{a} Stale
(iy whalis meant by the eleclric potential at a point,

{il the relationship between electric potential at a point and electric field strength at the
point.

{by Two similar solid metal spheres A and B, each of radiug B, are situated in a vacuum such that
the separation of their centres is [, as shown in Fig. 86.1.

D
X ‘
P
sphere A “Rm " ‘ ! sphere B
charge +Q ‘ 1 ‘ ’ charge +g
Fig. 6.1

The charge +(2 on sphere Ais larger than the charge +g on sphere B.

A movable point P is located on the line joining the centres of the two spheres.
The point P is a distance x from the centre of sphere A

A _
< 0
P
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On Fig. 8.2, sketch a graph to show the variation with x of the electric potential V between the
centres of the two spheres.

4

Fig. 6.2

A _
< 0
P
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7 = (9702/41_Summer_2019_Q5) - Electric Fields

(a) State what is meant by electric field strength.

(b) Two point charges A and B are situated a distance 15cm apart in a vacuum, as illustrated in

Fig. 5.1.
A P B
PRt e kS b
——1 |
5 15cm i
Fig. 5.1

Point P lies on the line joining the charges and is a distance x from charge A.

The variation with distance x of the electric field strength E at point P is shown in Fig. 5.2.

10

8

E/103NC

Fig. 5.2

9
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(i) By reference to the direction of the electric field, state and explain whether the charges
A and B have the same, or opposite, signs.

(ii) State why, although charge A is a point charge, the electric field strength between
x=3cm and x = 7cm does not obey an inverse-square law.

..................................................................................................................................... [1]
(iii) Use Fig. 5.2 to determine the ratio
magnitude of charge A
magnitude of charge B
TaH0.S s s s [3]
[
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8 = (9702/42_Summer_2019_Q6) - Electric Fields

(a) State what is meant by electric potential at a point.

(b) Two parallel metal plates A and B are held a distance d apart in a vacuum, as illustrated
in Fig. 6.1.

Fig. 6.1
Plate A is earthed and plate B is at a potential of +V,,.

Point P is situated in the centre region between the plates at a distance x from plate B.
The potential at point P is V.

On Fig. 6.2, show the variation with x of the potential V for values of x from x = 0 to
x=d.

+V,

potential .
v 4 . 4 4

0 d

distance x

Fig. 6.2
(3]

9
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(c) Two isolated solid metal spheres M and N, each of radius R, are situated in a vacuum. Their
centres are a distance D apart, as illustrated in Fig. 6.3.

sphere M
charge +Q

Each sphere has charge +Q.

i D |
| |
| |
' ! sphere N
charge +Q
R R B e

|

|

|
| |
! |
| |
| |
| |
| |

Fig. 6.3

Point P lies on the line joining the centres of the two spheres, and is a distance y from the
centre of sphere M.

On Fig. 6.4, show the variation with distance y of the electric potential at point P, for values of

yfromy=0toy=

potential

D.

-

5
-
o

Fig. 6.4

(4]
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Q - (9702/41_Winter_2019_Q6) - Electric Fields
(a) State an expression for the electric field strength E at a distance r from a point charge Qin a

vacuum.
State the name of any other symbol used.

............................................................................................................................................. [2]
(b) Two point charges A and B are situated a distance 10.0cm apart in a vacuum, as illustrated in
Fig. 6.1.
charge A charge B
P
............. ormmemmmmmmemceeeeaeaa-
X
10.0cm
Fig. 6.1

A point P lies on the line joining the charges A and B. Point P is a distance x from A.

The variation with distance x of the electric field strength E at point P is shown in Fig. 6.2.

1 1 ‘
2.5
E/10°NC™ A -+
1 1 /
\ J
2.0 O ¥ 7 i
X 7
1.5 B f
1.0+ ’
00 2 4 6 8 10
x/cm
Fig. 6.2

9
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State and explain whether the charges A and B:

(i) have the same, or opposite, signs

(c) An electron is situated at point P.

Without calculation, state and explain the variation in the magnitude of the acceleration of the
electron as it moves from the position where x = 3cm to the position where x = 7cm.

9

2017 -2023 311




A-Level Cambridge PHYSICS -P4 CH17 - ELECTRIC FIELDS

10 = (9702/42_Winter_2019_Q9) - Electric Fields

(a) Define what is meant by electric potential at a point.

(b) In an a-particle scattering experiment, a-particles are directed towards a thin film of gold, as
illustrated in Fig. 9.1.

gold film

beam of
a-particles

Y

Fig. 9.1
The apparatus is in a vacuum.
The gold-197 ('95Au) nuclei in the film may be considered to be fixed point charges.
The a-particles emitted from the source each have an energy of 4.8 MeV.
Calculate:

(i) the initial kinetic energy E,, in J, of an a-particle emitted from the source

= TN J 1]

9
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(ii) the distance d of closest approach of an a-particle to a gold nucleus.
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11 = (9702/41_Summer_2020_Q5) - Electric Fields

(a) State one similarity and one difference between the fields of force produced by an isolated
point charge and by an isolated point mass.

SIMIIARIEY C2 oot s s e i e SR e v R SR A T S5 e s e T e o S S P s A e s RS SR o ek

(b) Anisolated solid metal sphere A of radius R has charge +Q, as illustrated in Fig. 5.1.

=N

sphere A
charge +Q

Fig. 5.1

A point P is distance 2R from the surface of the sphere.

Determine an expression that includes the terms R and Q for the electric field strength E at
point P.

9
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(c) A second identical solid metal sphere B is now placed near sphere A. The centres of the
spheres are separated by a distance 6R, as shown in Fig. 5.2.

P
L
sphere A : : sphere B
charge +Q : 6R 5 charge -Q
Fig. 5.2

Point P lies midway between spheres A and B.
Sphere B has charge —-Q.
Explain why:

(i) the magnitude of the electric field strength at P is given by the sum of the magnitudes of
the field strengths due to each sphere

(ii) the electric field strength at point P due to the charged metal spheres is not, in practice,
equal to 2E, where E is the electric field strength determined in (b).

9

2017 -2023 315




A-Level Cambridge PHYSICS -P4 CH17 - ELECTRIC FIELDS

12 = (9702/42_Summer_2020_Q7) - Electric Fields
A metal sphere of radius R is isolated in space.

Point P is a distance x from the centre of the sphere, as illustrated in Fig. 7.1.

Fig. 7.1

The variation with distance x of the electric field strength £ due to the charge on the sphere is
shown in Fig. 7.2.

20 ‘ 3
TT I T
15
E/105Vm™!
\
104+- N ]
4. .\Né‘~ 4
5
0
0 2 4 6 8 10 12
x/fcm
Fig. 7.2

(a) State what is meant by electric field strength.
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(b) (i) Use Fig. 7.2 to determine the radius R of the sphere. Explain your working.

(ii) Use Fig. 7.2 to determine the charge Q on the sphere.

(c) An a-particle is situated a distance 8.0 cm from the centre of the sphere.

Calculate the acceleration of the a-particle.

acteleralion = i RS
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13 = (9702/41_Winter_2020_Q5) - Electric Fields

(a) Define electric potential at a point.

(b) Two point charges A and B are separated by a distance of 12.0cm in a vacuum, as illustrated
in Fig. 5.1.

charge A P charge B

- -—-"--- -
¢

1.

The charge of Ais +2.0 x 107C.
A point P lies on the line joining charges A and B. Its distance from charge A is x.

The variation with distance x of the electric potential V at point P is shown in Fig. 5.2.

20T T T 0
V/10%V T EEEEEEE
10N R
0 +H+ :rif.\"i B! “ | 1
O H 2L AL e
~104HHH R B \ e A
20t H Sassihvaisssd
~30 . P g izt
| HH :
-40 ‘ ‘
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Use Fig. 5.2 to determine:

(i) thecharge of B

(ii) the change in electric potential when point P moves from the position where x = 8.0cm to
the paosition where x = 3.0cm.

(c) An a-particle moves along the line joining point charges A and B in Fig. 5.1.

The a-particle moves from the position where x = 9.0cm and just reaches the position where
x=3.0cm.

Use your answer in (b)(ii) to calculate the speed v of the a-particle at the position where
x=9.0cm.
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14 - (9702/42_Winter_2020_Q5) - Electric Fields

(a) (i) State whatis meant by a field of force.

(ii) State one similarity and one difference between the electric field due to a point charge
and the gravitational field due to a point mass.

T ———

(b) An isolated solid metal sphere of radius 0.15m is situated in a vacuum, as illustrated in
Fig. 5.1.

P
_______________ R e
1 X '

Fig. 5.1
The electric field strength at the surface of the sphere is 84V m™'.

Determine:

(i) the charge Q on the sphere
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(ii) the electric field strength at point P, a distance x = 0.45m from the centre of the sphere.

electric field strength = .........cccoviivencenerenesiree e vm' [2]

(c) Use information from (b) to show, on the axes of Fig. 5.2, the variation of the electric field
strength E with distance x from the centre of the sphere for values of x from x=0to x = 0.45m.

100 T T T T T T T T T T T T
HH FHE
804+ T
E/Vm-' HEH HHH
60~ e
| 4:. { LALLLLLL :f ;‘
40 | + + .é 4+
44 :jA s: AA L ! k!ﬂﬂav’7~.§77 -
HH { ",; H = - 13 E
20 —
c 1 71 l‘n\ Tdr<7 | | T -‘ AN RS E D 5 i 2
0 0.1 0.2 0.3 0.4 0.5
x/m

Fig. 5.2
(3]

[Total: 11]

9
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15 = (9702/43_Winter_2020_Q5) - Electric Fields

(a) Define electric potential at a point.

...................................................................................................................................................

(b) Two point charges A and B are separated by a distance of 12.0c¢m in a vacuum, as illustrated
in Fig. 5.1.

charge A P charge B

- --?-- -
.

-1

The charge of Ais +2.0 x 10°C,
A point P lies on the line joining charges A and B. Its distance from charge A is x.

The variation with distance x of the electric potential V at point P is shown in Fig. 5.2.

20 T e um T T
vy b S EEEsEEmmEEEmEE aNmREmEEaR anmanAnEs An
EEEE B EEEEaREEEEEssamEEs
104— \ e T
0

-10 :
IRRENETE NRERRNARERIRY HHH
R EERumna =
-20 i = 1 . i
R A T t
Py Eususauey nsen unnt 10Rs Sonn) panes puses pesss pense suee |psees
HEHH A T
EEEENEEE IRERE EEENEENE SN NS AN

-40

Fig. 5.2
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Use Fig. 5.2 to determine:

(i) the charge of B

(ii) the change in electric potential when point P moves from the position where x = 9.0cm to
the position where x = 3.0cm.

(c) An a-particle moves along the line joining point charges A and B in Fig. 5.1.

The a-particle moves from the position where x = 9.0cm and just reaches the position where
x=3.0cm.

Use your answer in (b)(ii) to calculate the speed v of the «-particle at the position where
x=9.0cm.

[Total: 9]

9
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16 = (9702/42_Summer_2021_Q5) - Electric Fields

(a) An isolated metal sphere of radius r is charged so that the electric potential at its surface is
V.
0

On Fig. 5.1, sketch the variation with distance x from the centre of the sphere of the electric
potential. Your graph should extend from x = 0 to x = 3r.

1.0V,

electric
potential

0.5V,

Fig. 5.1
(3]

(b) Photons having wavelength A are incident on a metal surface.
The maximum wavelength for which there is emission of electrons is 4.

A
For photons of wavelength 70 the maximum kinetic energy of the emitted electrons is E,,, .

On Fig. 5.2, sketch the variation with wavelength 4 of the maximum kinetic energy for values

A
of wavelength between 4 = TO and A= 4,.
3 Epyax
energy
2Eax
Envax
0
0 Ag Aq Ay
32 A
Fig. 5.2
(3]
[
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(c) A pure sample of a radioactive isotope contains N, nuclei. The half-life of the isotope is T7:.
The product of the radioactive decay is stable.

The variation with time t of the number N of nuclei of the radicactive isotope is shown in
Fig. 5.3.

No

number

f\i, N
2

time t

Fig. 5.3
On Fig. 5.3:
e label, on the time axis, the time t = 1.07; and the time t = 2.0T;

e sketch the variation with time ¢ of the number of nuclei of the decay product for time t = 0
totime t=T.

(3]

9
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17 = (9702/41_Summer_2021_Q6) - Electric Fields, Quantum Physics, Particle & Nuclear Physics

(a) An isolated metal sphere of radius ris charged so that the electric field strength at its surface
is Ep-

On Fig. 6.1, sketch the variation of the electric field strength E with distance x from the centre
of the sphere. Your sketch should extend from x =0 to x = 3r.

Eo

field
strength £

0 r 2r 3r
distance x

Fig. 6.1
(3]

(b) The de Broglie wavelength of a particle is A, when its momentum is p,.

On Fig. 6.2, sketch the variation with momentum p of the de Broglie wavelength A of the

particle for values of momentum from % to py,.

24,
wavelength A

Ao

0

0 Po Pq
momentum p
Fig. 6.2
==
~—
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{c) Aradioactive isotope decays with a half-life of 15s to form a stable product.

A fresh sample of the radioactive isotope at time ¢ = O contains N, nuclei and no nuclei of the
stable product.

On Fig. 6.3, sketch the variation with f of the number n of nuclei of the stable product for time
t=0totime{=45s.

Ny
numbern
0.5N,
0
0 15 30 45

time t/s

Fig. 6.3

9
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18 = (9702/41_Summer_2022_Q2) - Electric Fields

A sphere of mass 1.6 x 10-'%kg has a charge of +0.27 nC. The sphere is in a uniform electric field
that acts vertically upwards, as shown in the side view in Fig. 2.1.

SIDE VIEW

electric field lines

-------- 4 -\--O—f\-—-------'i-----—--’--\——---—--- plane in which
sphere moves

Fig. 2.1

The force exerted on the sphere by the electric field causes the sphere to remain at a fixed vertical
height in a horizontal plane.

There is a uniform magnetic field in the region of the electric field. The sphere moves at a speed of

0.78ms"" in the horizontal plane. The magnetic field causes the sphere to move in a circular path
of radius 3.4m, as shown in the view from above in Fig. 2.2.

VIEW FROM ABOVE

e —— &
- -~
P ~
p % K

J N electric field lines
/ 34m \\ out of the page
© / © ®@ \ @
! \
Y i
\‘ l’
A\ /
® \ ® ®© / ©
\\ 7
Y _// \path of sphere
® ® ® ®
sphere
Fig. 2.2

9
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(a) (i) Determine the direction of the uniform magnetic field.

..................................................................................................................................... [1]
(ii) Explain why the motion of the sphere in the horizontal plane is circular.
..................................................................................................................................... [2]
(b) Calculate the strength of the uniform electric field.
electric field strength = ......c.coeviieeieceeee e NC [2]

{c) By considering the magnetic force on the sphere, show that the flux density of the uniform
magnetic field is 0.14T.

(3]

[Total: 8]

A
< 0
’
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19 = (9702/42_Summer_2022_Q2) - Electric Fields

(a) State Coulomb's law.

(b) Positronium is a system in which an electron and a positron orbit, with the same period,
around their common centre of mass, as shown in Fig. 2.1.

centre of mass

electron \ ' positron

- -

Fig. 2.1 (not to scale)
The radius r of the orbit of both particles is 1.59 x 10-"%m.

(i) Explain how the electric force between the electron and the positron causes the path of
the moving particles to be circular.

(ii) Show that the magnitude of the electric force between the electron and the positron is
2.28 x 10°°N.
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(ifi) Use the information in (b)(ii) to determine the period of the circular orbit of the two
particles.

(¢) Positronium is highly unstable, and after a very short period of time it becomes gamma
radiation.

(i) Describe how gamma radiation is formed from the two particles in positronium.

[Total: 13]

A
< 0
’
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20 = (9702/42_Summer_2022_Q5) - Electric Fields

(a) Define the capacitance of a parallel plate capacitor.

(b) Two capacitors, of capacitances C, and C,, are connected in parallel to a power supply of
electromotive force (e.m.f.} E, as shown in Fig. 5.1.

E

[

C,

Fig. 5.1
Show that the combined capacitance C; of the two capacitors is given by
C=C,+C,.

Explain your reasoning. You may draw on Fig. 5.1 if you wish.
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(c) Two capacitors of capacitances 22uF and 47 uF, and a resistor of resistance 2.7MQ, are
connected into the circuit of Fig. 5.2.

12V
X
2
\_
2.7MQ v
L *
22uF 47 uF
| |
I I
Fig. 5.2

The battery has an e.m.f. of 12V.

(i) Show that the combined capacitance of the two capacitors is 15uF.

(1]
(ii) The two-way switch S is initially at position X, so that the capacitors are fully charged.

Use the information in (c)(i) to calculate the total energy stored in the two capacitors.

total BNEergy = ...

(iii) The two-way switch is now moved to position Y.

Determine the time taken for the potential difference (p.d.) across the 22 uF capacitor to
become 6.0 V.
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21 - (9702/41_Winter_2022_Q4) - Electric Fields

(a) State what is indicated by the direction of an electric field line.

(b) Fig. 4.1 shows a pair of parallel metal plates with a potential difference (p.d.) of 2400V
between them.

+2400V

metal plates

4.6cm

g E

ov

Fig. 4.1
The plates are separated by a distance of 4.6 cm. The plates are in a vacuum.

(i) On Fig. 4.1, draw five lines to represent the electric field in the region between the plates.

(3]

(if) Calculate the strength of the electric field between the plates.

electric field strength = ........ccoooieieeeceeee e NC' [2]
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{c) A moving proton enters the region between the plates from the left, as shown in Fig. 4.2.

+2400V
region of
electric field
*r—>
proton
ov
Fig. 4.2

(i) The proton is deflected by the electric field.

On Fig. 4.2, draw a line to show the path of the proton as it moves through and out of the
region of the electric field. [2]

(ii) A helium nucleus (;He) now enters the region of the electric field along the same initial
path as the proton and travelling at the same initial speed.

State and explain how the final speed of the helium nucleus compares with the final
speed of the proton after leaving the region of the electric field.
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22 = (9702/42_Winter_2022_Q5) - Electric Fields

(a) Define electric potential at a point.

...................................................................................................................................................

(b) An isolated conducting sphere is charged. Fig. 5.1 shows the variation of the potential V due
to the sphere with displacement x from its centre.

asEmEq, ) pans sand,)

Use Fig. 5.1 to determine:

(i) the radius of the sphere

(ii) the charge on the sphere.

radius =
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(c) Two spheres are identical to the sphere in (b). Each sphere has the same charge as the
sphere in (b).

The spheres are held in a vacuum so that their centres are separated by a distance of 0.46m.
Assume that the charge on each sphere is a point charge at the centre of the sphere.

(i) Calculate the electric potential energy E of the two spheres.

(ii) The two spheres are now released simultaneously so that they are free to move.

Describe and explain the subsequent motion of the spheres.

9
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23 = (9702/41_Winter_2023_Q5) - Electric Fields

(a) Define electric potential at a point.

...................................................................................................................................................

(b) Two isolated charged metal spheres X and Y are situated near to each other in a vacuum with
their centres a distance of 24 m apart. Point P is at a variable distance x from the centre of
sphere X on the line joining the centres of the spheres.

Fig. 5.1 shows the variation with x of the electric potential V due to the spheres at point P.

A
| W SN AN
4 | BusamEE SREE,
c:i B8 GRmER===ai 08, HHH
0 4 8L 12 FE16 200 24
u| E - 5 S X m
| | ll. AE
Fig. 5.1

State three conclusions that can be drawn about the spheres from Fig. 5.1. The conclusions
may be qualitative or quantitative.

L e e e R 55 A S TSR AN ST S AT U oA A SR A R RS e
i S S S SRR SRS S G A A e S S AR RS e SR S e S SRR
TS L S
o=

v o
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(c) A positively charged particle is placed at point P in {b), such that x = 12m.
The particle is released.

Describe and explain the subsequent motion of the particle.
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24 - (9702/42_Winter_2023_Q5) - Electric Fields

(a) State Coulomb’s law.

{b) Two identical oil droplets are in a vacuum. The centres of the droplets are a distance of

3.8 x 107%m apart. The droplets have equal charge and exert an electric force on each other
of magnitude 6.3 x 10~"7N.

Determine the magnitude of the charge on each droplet.

{c) One of the oil droplets in (b) is now placed between two horizontal metal plates, as shown in
Fig. 5.1.

+1200V

oil droplet

L

metal plates

5.2cm

ov

Fig. 5.1 (not to scale)

A potential difference (p.d.) of 1200V is applied between the plates, with the top plate at the
higher potential. The oil droplet is stationary and in equilibrium.

y 5
< 0
’
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(i) State the sign of the charge on the oil droplet.

..................................................................................................................................... [1]
(ii) On Fig. 5.1, draw four lines to represent the electric field between the plates. [3]
(iii) The distance between the plates is 5.2cm.
Determine the mass of the oil droplet.
MIASSET (ot AR A A TR i kg [3]
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1 = (9702/42_Summer_2017_Q7) - Capacitance

A capacitor consists of two parallel metal plates, separated by an insulator, as shown in Fig. 7.1.

insulator

metal /

plates

Fig. 7.1

{a) Suggest why, when the capacitor is connected across the terminals of a battery, the capacitor
stores energy, not charge.

(c) The capacitor is charged so that the potential difference between its plates is V,,
The capacitor is then connected across a resistor for a short time. It is then disconnected.

The energy stored in the capacitor is reduced to % of its initial value.

Determine, in terms of V,,, the potential difference across the capacitor.

potential difference = ... [2]
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2 = (9702/41_Winter_2017_Q6) - Capacitance

Two capacitors P and Q, each of capacitance C, are connecied in series with a batlery of em.f.
9.0V, as shown in Fig. 6.1,

T switch §
9.0V I
S— oY

Fig. 6.1

Aswitch S is used to connect either a third capacitor T, also of capacitance C, or a resistor R, in
parallel with capacitor P.

{a} Switch S is in position X.
Calculate

{i} the combined capacitance, in terms of £, of the three capacitors,

CAPACIHANGE = ... s [?]

(ify the potential difference across capacitor Q. Explain your working.

potential difference = ... V 2]
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{b} Switch S is now moved to position Y.

State what happens to the potential difference across capacitor P and across capacitor Q.

Lo 10T Lo (0 RSP UPRR PR
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3 - (9702/42_Summer_2018_Q6) - Capacitance

{a) Explain what is meant by the capacitance of a parallel plate capacitor.

(b} Three paralle! plate capacitors each have a capacitance of 6.0uF.

Draw circuit diagrams, one in each case, {0 show how the capacitors may be connected
together to give a combined capacitance of

i 9.0uF

(i) 4.0uF

(1]

{c} Two capacitors of capacitances 3.0uF and 2.0uF are connected in series with a battery of
eleciromolive force (e.m.f.} 8.0V, as shown in Fig. 6.1.

3.0uF 2.0uF
|| |
H H
8.0V

B
< 0
s
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(I} Calculate the combined capacitance of the capacitors.

capacitance = uf 1]
(i} Use your answer in (i) fo determineg, for the capacitor of capacitance 3.0uF,

1. the charge on one plate of the capacitor,

CHAITE = o e e uc

2. the energy stored in the capacitor,

EIBIOY T ooiiiiiiieii e et e e J

2017 -2023 346



A-Level Cambridge PHYSICS -P4 CH18 - CAPACITANCE

4 - (9702/41_Summer_2018_Q7) - Capacitance

{a) Explain what is meant by the capacitance of a parallel plate capacitor.

T —
Fig. 7.1

When switch S is at position X, the battery of electromotive force 120V and negligible internal
resistance is connected to capacitor C.
When switch S is at position Y, the capacitor C is discharged through the sensitive ammeter.

The switch vibrates so that if is first in position X, then moves to position Y and then back fo
posifion X fifty times each second.

The current recorded on the ammeter is 4.5pA.
Determine

{I} the charge, in coulomb, passing through the ammeter in 1.0s,
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{if}y the charge on one plate of the capacitor, each time that it is charged,

{iii} the capacitance of capacitor C.

CAPACIHANGE = .t F 2]

{¢} A second capacitor, having a capacitance equal to that of capacitor C, is now placed in series
with C.

Suggest and explain the effect on the current recorded on the ammeter.

2017 -2023 348



A-lLevel Cambridge PHYSICS -P4 CH18 - CAPACITANCE

5 = (9702/41_Summer_2019_Q6) - Capacitance

(a) State two different functions of capacitors in electrical circuits.

(b) Three uncharged capacitors of capacitances C,, C, and C, are connected in series with a
battery of electromotive force (e.m.f.) E and a switch, as shown in Fig. 6.1.

—

plate P
charge +q

Fig. 6.1
When the switch is closed, there is a charge +q on plate P of the capacitor of capacitance C,.

Show that the combined capacitance C of the three capacitors is given by the expression

TN
C™0; C 5

(3]

9
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(c) A student has available four capacitors, each of capacitance 20 uF.

Draw circuit diagrams, one in each case, to show how the student may connect some or all of
the capacitors to produce a combined capacitance of:

(i) 60uF

(1]
(ii) 15uF

(1]

y 5
< 0
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6 = (9702/41_Winter_2020_Q6) - Capacitance

(a) (i) Define the capacitance of a parallel plate capacitor.

..................................................................................................................................... [2]
(ii) State three functions of capacitors in electrical circuits.
B T R A R o G L R O o R e B R e TSNS
2 ettt teeeenta—eeseataeeesaaneeehasaeeeaheneiasteee e sateesananneeeeanteeenseneehaeaneeahenan e bat e e ne e nnees
B ot A A SR R Y R S S e T R e S PR
(3]
{b) A student has available four capacitors, each of capacitance 24 uF.
The capacitors are connected as shown in Fig. 6.1.
| I 24 uF
24 uF 24 uF
| | 24 uF
Fig. 6.1
Calculate the combined capacitance between the terminals X and Y.
capachance s icridnsannTsnsiessnginss ufF [2]
[Total: 7]
[
~—
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7 = (9702/42_Winter_2020_Q6) - Capacitance

(a) (i) Define the capacitance of a parallel plate capacitor.

..................................................................................................................................... [2]
(ii) State three functions of capacitors in electrical circuits.

R G R R S R o A s ot

T

R R G B s s B s B R S B Y R s s

[3]

(b) A student has available three capacitors, each of capacitance 12 uF.

Draw diagrams, one in each case, to show how the student connects the capacitors to give a
combined capacitance between the terminals of:

(i) 18uF

(1]
(i) 8uF.

(1

[Total: 7]

T
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8 = (9702/42_Summer_2021_Q6) - Capacitance

(a) Two flat metal plates are held a small distance apart by means of insulating pads, as shown

in Fig. 6.1.
metal plate
insulating
metal plate pad
Fig. 6.1
Explain how the plates could act as a capacitor.
............................................................................................................................................. [2]
(b) The arrangement in Fig. 6.1 has capacitance C.
The arrangement is connected into the circuit of Fig. 6.2.
A B
'o} o————
Q sensitive
. ammeter
v ! @
N N
-IT- ______cC
el
Fig. 6.2

When the two-way switch is moved to position A, the capacitor is charged so that the potential

difference across it is V. When the switch moves to position B, the capacitor fully discharges
through the sensitive ammeter.

The switch moves repeatedly between A and B so that the capacitor charges and then
discharges with frequency f.

A
< 0
gy
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(i) Show that the average current I in the ammeter is given by

I=CVFf.

(2]

(ii) For a potential difference V of 180V and a frequency f of switching of 50Hz, the average
current I in the ammeter is 2.5 uA.

Calculate the capacitance, in pF, of the parallel plates.

CapACItANCE = ..ot pF [2]

(c¢) Asecond capacitor is connected into the circuit of Fig. 6.2.
The two capacitors are connected in parallel.

State and explain the change, if any, in the average current in the ammeter.
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9 - (9702/41_Summer_2021_Q7) - Capacitance

(a) State what is meant by the capacitance of a parallel plate capacitor.

(b) A capacitor of capacitance C is connected into the circuit shown in Fig. 7.1.

A
—©

..................................................................................... [2]
B
[ e ———
sensitive
ammeter
(A
C
Fig. 7.1

When the two-way switch is in position A, the capacitor is charged so that the potential

difference across it is V.

The switch moves to position B and the capacitor fully discharges through the sensitive

ammeter.

The switch moves repeatedly between A and B so that the capacitor charges and then

discharges with frequency f.

(i) Show that the average current I in the ammeter is given by the expression

I=1fCV.

9
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(ii) For a potential difference V of 150V and a frequency f of 60Hz, the average current in
the ammeter is 4.8 uA.

Calculate the capacitance, in pF, of the capacitor.

capacitance =

(c) A second capacitor, having the same capacitance as the capacitor in {b), is connected into
the circuit of Fig. 7.1. The two capacitors are connected in series.

State and explain the new reading on the ammeter.

NEW readiNg = oo e e uA
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10 = (9702/41_Winter_2021_Q6) - Capacitance

(a) A capacitor consists of two parallel metal plates, separated by air, at a variable distance x
apart, as shown in Fig. 6.1. The capacitance C is inversely proportional to x.

S metal plates

Fig. 6.1

The capacitor is charged by a supply so that there is a potential difference (p.d.) V between
the plates.

State expressions, in terms of C and V, for the charge Q on one of the plates and for the
energy E stored in the capacitor.

Q= snssmswsisusssimssssen B/ xciiinsissaimensnnvmninasssssqessnsvsesins [1]
(b) The charged capacitor in (a) is now disconnected from the supply. The plates of the capacitor

are initially separated by distance L. They are then moved closer together by a distance D, as
shown in Fig. 6.2.

Y » I new position
original position \E ;
Pt
i T ‘
Fig. 6.2

State expressions, in terms of C, V, L and D, for:

(i) the new capacitance C
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(i) the new charge Q on one of the plates

(iii) the new p.d. V, between the plates.

{c) Explain whether reducing the separation of the plates in (b) results in an increase or decrease
in the energy stored in the capacitor.

9
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11 - (9702/42_Winter_2021_Q6) - Capacitance

(a) Define electric potential.

{b) An isolated conducting sphere in a vacuum has radius r and is initially uncharged. It is then
charged by friction so that it carries a final charge Q. This charge can be considered to be
acting at the centre of the sphere.

By considering the electric potential at its surface, show that the capacitance C of the sphere
is given by

C = dneyr

where ¢ is the permittivity of free space.

(2]

(c) The dome of an electrostatic generator is a spherical conductor of radius 13cm. It is initially
charged so that the electric potential at the surface is 4.5kV.

A smaller isolated sphere of radius 5.2cm, initially uncharged, is brought near to the dome.
Sparking causes a current between the two spheres until they reach the same potential.
Assume that any charge on a sphere may be considered to act as a point charge at its centre.

Calculate the charge that is transferred between the two spheres.

2017 -2023 359




A-lLevel Cambridge PHYSICS -P4 CH18 - CAPACITANCE

12 - (9702/41_Winter_2022_Q5) - Capacitance

A capacitor of capacitance 470uF is connected to a battery of electromotive force (e.m.f.) 24V in
the circuit of Fig. 5.1.

2 X
1
s
%3 20
Y — T 4704F <V>
P Q
5.6kQ 5.6kQ
! [ —
Fig. 5.1

The two-way switch S is initially at position X.

P and Q are identical long straight wires, each with a resistance of 5.6kQ2. These wires are placed
near to, and parallel to, each other. Wire Q is connected to a voltmeter.

Attime t = 0, switch S is moved to position Y so that the capacitor discharges through wire P.

(a) (i) Calculate the charge Q, on the capacitor at time t = 0.

(ii) Calculate the current I in wire P at time t = 0.
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(iii) Calculate the time constant 7 of the discharge circuit.

(iv) On Fig. 5.2, sketch a line to show the variation with t of the current I in wire P as the
capacitor discharges.

I, 7

Fig. 5.2
[2]

(b) (i) Explain why there is an induced e.m.f. across wire Q during the discharge of the
capacitor.

(ii)) On Fig. 5.3, sketch a line to suggest the variation with t of the voltmeter reading V.

A

Fig. 5.3

[

9
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13 - (9702/42_Winter_2022_Q6) - Capacitance

A capacitor of capacitance C and a resistor of resistance R are connected as shown in Fig. 6.1.

C
|
I

e
| ——

R

Fig. 6.1
Initially, the capacitor is charged and the switch is open.

The switch is closed at time t = 0.

Fig. 6.2 and Fig. 6.3 show, respectively, the variations with ¢ of the charge Q on the capacitor and
the potential difference (p.d.) V across the resistor.

Q/mC .\\;\::::::._::f mamnnmRE, VIV KRR
HENEERH R R R I R

N

t/'s

Fig. 6.2 Fig. 6.3

(a) Explain the shape of the line in Fig. 6.3 representing the variation of V with .
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(b) Use Fig. 6.2 to show that the time constant of the circuit in Fig. 6.1 is 5.5s.

3]
(c) Use Fig. 6.2, Fig. 6.3 and the information in (b) to determine:
(i) capacitance C, in uF
(05 eiscsissasss ssavimmmsose s N TR R K uF [2]
(ii) resistance R, in k.
R R R e R S iosiiass kQ [2]
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14 - (9702/42_Summer_2023_Q5) - Capacitance

Two capacitors A and B are connected into the circuit shown in Fig. 5.1.

L

Fig. 5.1
Capacitor A has capacitance C and capacitor B has capacitance 3C.
The electromotive force (e.m.f.) of the cell is V.
The two-way switch S is initially at position X, and capacitor B is initially uncharged.

(a) State, in terms of Vand C, expressions for:

(i) the initial charge Q, on the plates of capacitor A

(ii) the initial energy E, stored in capacitor A.

(b) The two-way switch S is now moved to position Y.

(i) State and explain what happens to the charge that was initially on the plates of capacitor A.
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(ii) Show that the final potential difference

—_—

p.d.) V across capacitor B is given by

Vg =

B

Explain your reasoning.

[3]

(iii) Determine an expression, in terms of V and C, for the decrease AE in the total energy
that is stored in the capacitors as a result of the change of the position of the switch.

9
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15 - (9702/43_Summer_2023_Q5) - Capacitance

Part of an electric circuit is shown in Fig. 5.1.

missing component

14kQ VOUT

Fig. 5.1

The circuit is used to produce half-wave rectification of an alternating voltage of potential
difference (p.d.) V.

The output p.d. across the 14kQ resistor is V5,1
(a) (i) A componentis missing from the circuit of Fig. 5.1.

Complete the circuit diagram in Fig. 5.1 by adding the circuit symbol for the missing
component, correctly connected. [1

(i) A capacitor C is shown in the circuit of Fig. 5.1.

State the effect on V, ;; of including the capacitor in the circuit.

(b) Fig. 5.2 shows the variation with time t of V.

7.5

Vin/V

5.0

25

Fig. 5.2

9
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Fig. 5.3 shows the variation with t of V5 1.

7.5
Vour/V
5.0
N ] ™N
2.5
0 0.02 0.04 0.06 0.08
t's
Fig. 5.3
(i) Determine the frequency of V.
freqUEeNCY = e Hz [1]

(ii) Show that the time constant r for the discharge of the capacitor through the resistor is
0.038s.

(2]

(iii) Calculate the capacitance of C. Give a unit with your answer.

capacitance = ..., unit ..., [2]
(c) The circuit of Fig. 5.1 is modified so that it produces full-wave rectification of an input voltage.

Suggest, with a reason, how V, ,; now varies with time when V, is as shown in Fig. 5.2.
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16 = (9702/42_Winter_2023_Q6) - Capacitance

A capacitor C is charged so that the potential difference (p.d.) V across its terminals is 8.0 V.
The capacitor is connected into the circuit of Fig. 6.1.

C
—]
8.0V

R et

R

e

Fig. 6.1

The switch is initially open. The switch is closed at time t = 0.

(a) Fig. 6.2 shows the variation of V with the charge Q on the plates of capacitor C as the
capacitor discharges.

e

VIV

Fig. 6.2

(i) Show that the energy stored in capacitor C at time t = 0 is 1.8 mJ.

(2]

(ii) Determine the capacitance of capacitor C. Give a unit with your answer.

capacitance =
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(b) Fig. 6.3 shows the variation with t of -n| ¢ .

2.0
nlagy) [
1.0HH
06 ‘ 2 -4' : 6 8
t/s
Fig. 6.3
(i) Show that, when tis equal to one time constant, the value of —ln(s—gv} is equal to 1.0.
(2]
(ii) Determine the time constant r of the circuit in Fig. 6.1.
T ST s [1]
(iii) Calculate the resistance of resistor R.
resistance:= xmmnnramasnsnivvaiasas Q [2]
[
~—
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1 = (9702/42_Summer_2017_Q6) - Electric Fields, Current Of Electricity

{a) Slate Coulomb’s law.

{by Two charged metal spheres A and B are situated in a vacuum, as illustrated in Fig. 6.1.

6.0cm .
A "
sphere A | o | sphere B
|
| |
\ X 1
Fig. 6.1

The shortest distance between the surfaces of the spheres is 6.0cm.

A movable poird P lies along the line joining the centres of the two spheres, a distance x from
the surface of sphere A

The variation with distance x of the electric field strength £ at point P is shown in Fig. 6.2.

10
EMo*vm
\\
5 ‘\‘
0 A -
O 1 2 3 nCNE 5 6
o xicm o
-5 5,
kY
10 i}
1
4
-15

Fig. 6.2 l
\ ==
v o
S
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{iy Use Fig. 6.2 1o explain whether the two spheres have charges of the same, or opposife,
sign.

....................................................................................................................................... 2]
(i Aprotonis at point P where x = 5.0cm.
Use dafa from Fig. 6.2 to determine the acceleration of the proton.
ACCBIERAtION = .o.oovvoeeee e ms<[3]

{¢) Use data from Fig. 6.2 fo state the value of x at which the rate of change of electric potential
is maximum. Give the reason for the value you have chosen.
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2 = (9702/41_Summer_2021_Q8) - Current Of Electricity

The variation with temperature of the resistance of a thermistor is shown in Fig. 8.1.

4.0
AN
3.0 -
™
resistance/kQ

2.0 P~
1.0

0

0 10 20 30
temperature/°C
Fig. 8.1

A student includes the thermistor and an ideal operational amplifier (op-amp) in the circuit of
Fig. 8.2.

3.0kQ

5.0kQ A4

o
ﬁ

Fig. 8.2

9
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(a) Calculate the potential V™ at the non-inverting input of the op-amp.

{(b) At 10°C, the resistance of the thermistor is 2.5kQ.

State and explain whether the light-emitting diode (LED) is emitting light.

(d) The resistor of resistance 5.0kQ is changed to a resistor of resistance R so that the LED
switches on or off at a temperature of 20°C.

Determine R in kQ.
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3 = (9702/41_Summer_2023_Q5) - Current Of Electricity

Part of an electric circuit is shown in Fig. 5.1.

missing component

v

Vin c—_ 14kQ Vour

Fig. 5.1

The circuit is used to produce half-wave rectification of an alternating voltage of potential
difference (p.d.) V.

The output p.d. across the 14kQ resistor is V5,1
(a) (i) A componentis missing from the circuit of Fig. 5.1.

Complete the circuit diagram in Fig. 5.1 by adding the circuit symbol for the missing
component, correctly connected. [1

(i) A capacitor C is shown in the circuit of Fig. 5.1.

State the effect on V, ;; of including the capacitor in the circuit.

(b) Fig. 5.2 shows the variation with time t of V.

7.5

Vin/V

5.0

25

Fig. 5.2

9
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Fig. 5.3 shows the variation with t of V5.

7.5
Vour/V
5.0
2.5
0 0.02 0.04 0.06 0.08
t/'s
Fig. 5.3
(i) Determine the frequency of V).
FrEQUENCY = e Hz [1]

{ii) Show that the time constant 7 for the discharge of the capacitor through the resistor is
0.038s.

(2]

(iii) Calculate the capacitance of C. Give a unit with your answer.

capacitance = ....ocoeeveevieveiiecieeeee, unit e [2]
{c) The circuit of Fig. 5.1 is modified so that it produces full-wave rectification of an input voltage.

Suggest, with a reason, how V ;; now varies with time when V) is as shown in Fig. 5.2.
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1 = (9702/41_Summer_2017_Q6) - D.c. Circuits, Electronics

A comparator circuit is designed to switch on a mains lamp when the ambient light level reaches a
set value,
An incompiete diagram of the circuit is shown in Fig. 6.1.

\\efr]
. ~ D
|

=
8V ; —{) ot P
S +

Ry ] -5V ®

Fig. 6.1

{a) (I} Avrelayis required as part of the output device. This is not shown in Fig. 6.1, Explain why
a relay is required.

(i On Fig. 6.1, draw the symbol for a relay connected in the circuit as part of the output
device. 2]

{b} Describe the function of

(i) the variable resistor By,
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{c) Slate whether the lamp will switch on as the light level increases or as it decreases. Explain
your answer.

A
< 0
’
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2 = (9702/43_Summer_2021_Q8) - Current Of Electricity, D.c. Circuits

The variation with temperature of the resistance of a thermistor is shown in Fig. 8.1.

4.0

3.0 -
™~
LN

resistance/kQ
2.0 -
1.0
0
0 10 20

Fig. 8.1

30

temperature/°C

A student includes the thermistor and an ideal operational amplifier (op-amp) in the circuit of

Fig. 8.2.

+3.0V

2.5kQ

3.0kQ

5.0kQ

s
ﬁ 1

Fig. 8.2
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(a) Calculate the potential V" at the non-inverting input of the op-amp.

VT o V [2]
{(b) At 10°C, the resistance of the thermistor is 2.5k2.

State and explain whether the light-emitting diode (LED) is emitting light.

(d) The resistor of resistance 5.0k is changed to a resistor of resistance R so that the LED
switches on or off at a temperature of 20°C.

Determine R in kKQ.
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1 = (9702/41_Summer_2017_Q6) - D.c. Circuits, Electronics

A comparator circuit is designed to switch on a mains lamp when the ambient light level reaches a
set value,
An incompiete diagram of the circuit is shown in Fig. 6.1.

\\efr]
. ~ D
|

=
8V ; —{) ot P
S +

Ry ] -5V ®

Fig. 6.1

{a) (I} Avrelayis required as part of the output device. This is not shown in Fig. 6.1, Explain why
a relay is required.

(i On Fig. 6.1, draw the symbol for a relay connected in the circuit as part of the output
device. 2]

{b} Describe the function of

(i) the variable resistor By,
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{c) Slate whether the lamp will switch on as the light level increases or as it decreases. Explain
your answer.

A
< 0
’
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2 = (9702/42_Summer_2017_Q8) - Electronics

A student designs a circult incorporating an operational amplifier (op-amp) as shown in Fig. 8.1,

+BYVo ®

component C

A i %
X +5V

aVa
|

ove #
Fig. 8.1
(a) (i} OnFig. 8.1, draw a circle around the output device. [1]

(i} State the purpose of this circuit.

{by The resistors X and Y each have resistance R.
When conducting, the LED labelled B emits blue light and the LED labelled G emils green
light.

(ih State whether blue light or green light is emilted when the resistance of component C s
greater than the resistance A, of the variable resistor. Explain your answer.
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(ily State and explain what is observed as the resistance of component C is reduced.
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3 - (9702/41_Winter_2017_Q7) - Electronics

The circuit of an amplifier incorporating an ideal operational amplifier (op-amp) is shown in Fig. 7.1.

HQ
| S
| MU
+3.0V
A, P
& I -
o
1 |
Vi |
9.0V Vour
ek
Fig. 7.1

{a) By reference to the properties of an ideal op-amp,

(i} explain why point P is referred to as a virtual earth,

{ify derive an expression, in terms of the resistances R, and A,, for the gain of the amplifier
circuit.

(4]

A
< 0
’
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A
{b} Inthe circuil of Fig. 7.1, the ratio F?2 is 4.5.
1

The variation with time t of the input potential V| is shown in Fig. 7.2.

14

12

10

8

6

potential / V

4

2 h :__[{\I

[N

-10

-12

-14

Fig. 7.2

On Fig. 7.2, show the variation with time ¢ of the output potential Vq 7. [3]

A _
< 0
P
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4 - (9702/42_Winter_2017_Q7) - Electronics

{a) Feedback is used frequently in ampilifier circuits.
State

(i) whalis meant by feedback,

....................................................................................................................................... [2]
{ii) two benefits of negative feedback in an amplifier circuit
1 PR
2 e e et e ettt h et e et oo eR e £ oot ee e e ehs e e ee b e ea et e et e e e et et e ntsen e et e e b
(2]

{b} An amplifier circuit incorporating an ideal operational ampilifier {op-amp) is used to amplify the
output of a mictophone. The circuit is shown in Fig. 7.1.

+5.0V

y T

;}J\
O
s
92.5ke2
50V

VOUT

A
< 0
’
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When the potential at point P is 48 mV, the output polentiai difference Vi, is 3.6 V.
(i} Determine

1. the gain of the amplifier circuit,

2. the resistance of resistor R.

FESISIANGE = Q12

(iy State and explain the effect on the amplifier output when the polential al P exceeds
8mV.
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5 = (9702/42_Summer_2018_Q7) - Electronics

{a) Negative feedback is often used in amplifiers.

State
(iy what is meant by negative feedback,

....................................................................................................................................... 2]
{ii} two effects of negative feedback on the gain of an amplifier.
S PSP UPRE
et haLeee et ee et et et eeen thf et en fh ot ee e oo oe e e e EbeeeeeeEas e £e e eetn et e bt e e e enneeae e e
(2]

{b} An ideal operational amplifier {op-amp) is incorporated into the circuit shown in Fig. 7.1.

64002

-Q.0V
VIN 80002 VOUT
@ B
Fig. 7.1

{i) Calculate the gain G of the ampilifier circuit.
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(i) Determine the output potential difference Vi, - for an input potential difference V|, of

1. +0.60V
VT = oo veeesss e e V
2. -21V
VOUT Tm MM K EEE 33 WM EEGE 33 EMEE G333 EEEE G033 EEGGAINNEEGG3IMMEEREId EEE V
(2]

(iliy The gain of the ampilifier shown in Fig. 7.1 is constant.

State cone change that may be made to the circuit of Fig. 7.1 so that the amplifier circuit
monitors temperature with the gain decreasing as the temperature rises.
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6 = (9702/41_Summer_2018_Q8) - Electronics

{a) MNegative feedback is often used in amplifiers incorporating an operational amplifier (op-amp).

State

(iy what is meant by negative feedback,

....................................................................................................................................... (2]
{ii} two effecis of negaltive feedback on the gain of an amplifier.
S
F= PSSRSO PP
(2]

{b} An ideal op-amp is incorporated into the ampilifier circult shown in Fig. 8.1,

96002
jross—t
| IS |
800 +6V
o | —] xk\
| I
o]

Vin —6V Vour
=
Fig. 8.1

{} Calculate the gain G of the amplifier circuif.
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(i) Determine the outpul potential difference V5 ;; Tor input potential differences V|, of

1. -G.10V

VOUT D oot e e e e e e vV
2. +13V

VOUT T MM KK G033 M EEOD 338N EE0O 338 CC00 33 EEEEOD3I3 NN EEQO0 33 EEEEODI3EE K V

(I} The gain of the amplifier shown in Fig. 8.1 is constant.
State one change that can be made to the circuit of Fig. 8.1 so thal the amplifier circuit

monitors light intensity levels, with the magnitude of the gain decreasing as light intensity
increases.
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7 = (9702/41_Winter_2018_Q7) = Electronics

{a) An ideal operatiohal ampiifier (op-amp) has infinite bandwidth and infinite slew rate.

State what is meant by

(i} infinile bandwidih,

(iy infinite slew rate.

{b) An incomplete circuil for a non-inverting amplifier incorporating an ideal operational amplifier
is shownin Fig. 7.1.

O

o M——
|
R,
-5.0V
VIN { VOUT
RE
v 1
_L_

Fig. 7.1

On Fig. 7.1, draw lines to show the conneclions between the componenis to complete the
circuit. 2]

A
< 0
’

2017 -2023

392



A-lLevel Cambridge PHYSICS -P4 CH21 - ELECTRONICS

{¢) The completed ampilifier of Fig. 7.1 has a voltage gain of 10.
State the output voltage V1 for an input voltage V) of

H -0.36V

(i) 0.56V.

A
) o)
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8 - (9702/42_Winter_2018_Q7) - Electronics

A circull incorporaling an ideal operational amplifier (op-amp) is shown in Fig. 7.1,

+50V—e
+5.0V

Hy 1.8 kQH ~
' V.
QUT
H U 2 4K

Fig. 7.1

The variation with temperature & of the resistance R, of the thermistor is shown in Fig. 7.2.

3.4
Yy
A
B,
3.3 X
A /K2
3.2
o,
b
o,
3.1 o
3.0
2 3 4 5 G 7

a1

Fig. 7.2

A
) o)
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(a) The output potential Vi, of the op-amp circuit changes sign when the temperature of the
thermistor is 4.0°C,
Calculate the resistance R

(b} State and explain whether the output potential V5 ; is +56.0V or -5.0V for a thermistor
temperature of 2.5°C.

{¢} The output of the op-amp is to be displayed using two light-emilting diodes {LEDs) labelled G
and B.
When the temperature of the thermistor is below 4.0 °C, only the LED labelled G amits light.
The LED labelled B emits light only when the temperature of the thermistor is above 4.0°C.

On Fig. 7.1, draw and label the symbols for the two LEDs. i3]

A _
< 0
P

2017 -2023 395



A-lLevel Cambridge PHYSICS -P4 CH21 - ELECTRONICS

9 =~ (9702/42_Summer_2019_Q5) - Communication, Electronics
(a) For a signal transmitted along an optic fibre, state what is meant by:

(i) attenuation

(b) The initial section of the transmission line for a signal from a telephone exchange is illustrated
in Fig. 5.1.

52km

exchange amplifier
gain 115dB

Fig. 5.1
At the exchange, the input signal to the transmission line has a power of 2.5 x 1072 W.

After the signal has travelled a distance of 52km along the transmission line, the power of the
signal is 7.8 x 107" W. The signal is then amplified.

(i) Calculate the attenuation per unit length, in dBkm™', in the transmission line.

attenuation per unitlength = .............cccccovevvuevennnes i [3]

g

P
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(ii) The gain of the amplifier is 115dB.

Calculate the power of the signal at the output of the amplifier.
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10 = (9702/41_Summer_2019_Q7) - Electronics

The circuit for an inverting amplifier incorporating an ideal operational amplifier (op-amp) is shown
inFig. 7.1.

5.2kQ

0.80ke +5V

1
7

1 “
-5V R
Vi Vour
e
L )
Fig. 7.1
(a) For the circuit of Fig. 7.1:
(i) explain why point P is known as a virtual earth
..................................................................................................................................... [3]
(ii) calculate the gain of the amplifier.
GAIN = oot e [2]
[
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(b) When the op-amp is saturated, the potential difference across the LED is 2.3 V.

Calculate the minimum resistance of resistor R so that the current in the LED is limited to
30mA.

CASISIRNCETE: .. o rcornrersrsnmnem s na sy R s s akman s Q [3]

A _
< 0
gy
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11 - (9702/42_Summer_2019_Q9) - Electronics

Part of a circuit incorporating an operational amplifier (op-amp) is shown in Fig. 9.1.

device +5V
— = L1
- i O
45V ! 3 N ° |
-—_1_— ~J
-5V
* » * o)

Fig. 9.1
(a) Arelay is connected to the output of the op-amp circuit so that a lamp may be switched on
or off.
(i) Complete Fig. 9.1 to show the relay connected into the circuit. [2]

(ii) State and explain whether the output of the op-amp is positive or negative for the lamp to
be switched on.

....................................................................................................................................... 2]
(b) State the device in Fig. 9.1 that could be used so that the circuit indicates a change in:
(i) the bending of a rod
....................................................................................................................................... [1]
(i) the level of daylight to switch on a street light.
....................................................................................................................................... (1]
T
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12 - (9702/41_Winter_2019_Q7) - Electronics
(a) An ideal operational amplifier (op-amp) has infinite bandwidth and zero output impedance.
State what is meant by

(i) infinite bandwidth

(b) The circuit for a non-inverting amplifier incorporating an ideal op-amp is shown in Fig. 7.1.

4.0kQ

o
o}

Vin 800Q

* _:[_ >

Fig. 7.1
The light-emitting diode (LED) emits light when the potential difference across it is at
least 2.0 V.
The current in the LED must not be greater than 20 mA.

(i) Calculate the gain of the amplifier circuit.
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(ii) Determine the value of V|, for which the value of V,, ;;is +2.0V.

(iii) State the maximum value of the output potential V.
mMaximum Potential = .......cccoveevriiereceee e V [1]
(iv) When the op-amp is saturated, the potential difference across the LED is 2.2 V.

Calculate the minimum resistance of resistor R so that the current in the LED is limited to
20 mA.

reSIStaNCe = ..o Q [2]

9
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13 - (9702/42_Winter_2019_Q10) - Electronics, Quantum Physics

(@) The upper electron energy bands in an intrinsic semiconductor material are illustrated in
Fig. 10.1.

conduction
band

forbidden
band

valence
band

Fig. 10.1

Use band theory to explain why the resistance of an intrinsic semiconductor material
decreases as its temperature increases.

9
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(b) A comparator circuit incorporating an ideal operational amplifier (op-amp) is shown in
Fig. 10.2.

1.50kQ LE}:H tsL\\

+3.0VO

A"\
2
» O

VOUT
1.20kQ 1.76 kQ

Fig. 10.2

The variation with temperature # of the resistance R; of the thermistor is shown in Fig. 10.3.

3.5

3.0
R, Ik

2.5

2.0

1.5-HHHH A A NS

1.0

71°C

Fig. 10.3

9
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(i) Determine the temperature at which the light-emitting diode (LED) in Fig. 10.2 switches
on or off.

PO MO AN = e s SR S LN ARG °C [4]

(ii) State and explain whether the thermistor is above or below the temperature calculated
in (i) for the LED to emit light.

9
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14 - (9702/41_Summer_2020_Q7) - Electronics

The output of a microphone is processed using a non-inverting amplifier. The amplifier incorporates
an operational amplifier (op-amp).

(a) State, by reference to the input and output signals, the function of a non-inverting amplifier.

............................................................................................................................................. (2]
(b) The circuit for the microphone and amplifier is shown in Fig. 7.1.
15kQ
1
| S
S
’ /]/ }
c o A
-5V
%
@) 20ke | |R our
Fig. 7.1
The output potential difference V,,,; is 2.6V when the potential at point P is 84 mV.
Determine:
(i) the gain of the amplifier circuit
QAN = oot [1]
[
-
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(ii) the resistance of resistor R.

résistante’s rueennnnananmsnasas Q 2]
(c) For the circuit of Fig. 7.1:

(i) suggest a suitable device to connect to the output such that the shape of the waveform
of the sound received by the microphone may be examined

(i) state and explain the effect on the output potential difference V,; of increasing the
resistance of resistor R.

9
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15 = (9702/42_Summer_2020_Q8) - Electronics

(a) An ideal operational amplifier (op-amp) is connected to a load resistor.
The op-amp is assumed to have infinite bandwidth and zero output resistance.

State:

(i) what is meant by infinite bandwidth

(ii) the effect, if any, on the output voltage of increasing the load resistance.

(b) A student designs the circuit shown in Fig. 8.1 in order to indicate changes in temperature of
the thermistor T.

100 k2 T

1
N

1.5V —

Fig. 8.1
(i) Explain why point P is known as a virtual earth.
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(ii) Calculate the potential at point Q.

POIEMUALE s it s e e e s V [2]
(iii) At atemperature of 13°C, the resistance of the thermistor T is 230kQ.

Show that the potential difference measured with the voltmeter is 0.88 V.

(2]
(c) The resistance of the thermistor T in (b) decreases as its temperature rises.

Explain the effect of this change in temperature on the potential difference measured with the
voltmeter.

9
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16 = (9702/41_Winter_2020_Q7) - Electronics

An ideal operational amplifier (op-amp) is to be used in a comparator circuit.
Part of the comparator circuit is shown in Fig. 7.1.

+5.0V

5
|
[

VOUT

Fig. 7.1

Three resistors, each of resistance 10002, and a negative temperature coefficient thermistor are
available to complete the circuit.

The circuit is to be designed so that, at low temperatures, the output V,, ;; is 5.0V and at higher
temperatures, the output V,,; is to be +5.0V.

(@) On Fig. 7.1, draw the input circuit to the inverting and non-inverting inputs of the op-amp. [4]
{b) State a suitable value for the thermistor resistance when the thermistor is at:

(i) low temperature where V, ,is =5.0V

[Total: 6]

9
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17 = (9702/42_Winter_2020_Q8) - Electronics

(a) An ideal operational amplifier (op-amp) is said to have infinite bandwidth and infinite slew
rate.

State what is meant by:

(i) infinite bandwidth

.................................................................................................................................... [1]
(i) infinite slew rate.
..................................................................................................................................... 1]
{b) An amplifier circuit incorporating an op-amp is shown in Fig. 8.1.
R
+5.0V
NG
o
i L
-5.0V
Vin H 800Q Vour
’ e
Fig. 8.1

The resistance of resistor R is to be fixed so that, for an input potential difference V|, of
0.40V, the amplifier is on the point of saturation.

Determine:

(i) the gain of the ampilifier circuit
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(if) the resistance of resistor R.

TOBIS ANICES o s s RS b s R G e T Q [2]
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18 - (9702/42_Summer_2021_Q7) - Electronics

(a) Two properties of an ideal operational amplifier (op-amp) are infinite input impedance and
infinite bandwidth.

State what is meant by:
(i) infinite input impedance

(if} infinite bandwidth.

(b) A student uses a negative temperature coefficient thermistor in the circuit of Fig. 7.1 to
indicate changes in temperature.

100 k2

Fig. 7.1

(i) Show that the potential at point X is 0.40V.

(1]

A
< 0
’
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(if) The thermistor has a resistance of 360kQ at a particular temperature.

For this temperature of the thermistor, calculate the magnitude of the reading on the
voltmeter.

voltmeter reading = ..o V [3]
(ili) The temperature of the thermistor increases.

State and explain the effect of this change on the magnitude of the reading on the
voltmeter.

(iv) Explain why the amplifier circuit will no longer indicate temperature changes when the
magnitude of the gain of the circuit is greater than 12.5.
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19 - (9702/41_Winter_2021_Q7) - Electronics

(a) State two properties of an ideal operational amplifier (op-amp).

s s T R B S A e R o A A S R oS S S A s
S O A v T R e oS s S P e s
[2]
(b) Fig. 7.1 shows a circuit that includes an ideal op-amp and two identical resistors R.
& . : o +5V
V R
‘X
S
Ve
. vil__1 /i
X : '
o o-5V
Fig. 7.1
State the names of components X and Y.
K ettt YL s rransmsens e came sy ans sxansngnamassns (1
{c) (i) Explain why the op-amp in Fig. 7.1 has only two possible output states.
..................................................................................................................................... [2]
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(iii) Describe the environmental condition under which the lamp L in Fig. 7.1 will light.

9
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20 = (9702/42_Winter_2021_Q7) - Electronics
(a) An operational amplifier (op-amp) has two input terminals and one output terminal.

State what is meant by the gain of an op-amp.

B o e A e A S R R A T PO,
B S N B S S T S B S T oSS S N B S S5 swasaainss
(2]
(c) Fig. 7.1 shows an op-amp circuit that uses negative feedback.
1.2kQ
+8.0V
480Q
Vino | } ® >\
oV,
- ouT
By
-8.0V
ovo ® o0V
Fig. 7.1
(i) State the name of the type of circuit shown in Fig. 7.1.
..................................................................................................................................... 1]

(i) On Fig. 7.1, label with the letter X a point in the circuit that is considered to be a virtual
earth. (1]

T
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(iii) Calculate the gain of the circuit in Fig. 7.1.

BN S N S e s S s [2]
(iv) Determine the value of V|, when V  is +6.5V.
Vi S absaiessiabsaissdiliissviveaiinmansnsvigianiin Vv [1]
(v) Determine the value of V, ,; when V|, is 5.4 V.
VT = srsnsnsuassarassssposinivashsssonsusssnassasansaiivasss Vv [1]
“ ! ’ '
-~
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21 - (9702/41_Summer_2023_Q7) - Electronics

(a) State what is meant by the de Broglie wavelength.

(b) Fig. 7.1 shows a glass tube in which electrons are accelerated through a high p.d. to form a
beam that is incident on a thin graphite crystal.

graphite crystal

filament fluorescent
cathode anode screen
/
s i .
L__\_I “\
(o)
electron beam
- b collimator
: glass tube
high p.d.

Fig. 7.1 (not to scale)

After passing through the graphite crystal, the electrons reach the fluorescent screen. The
screen glows where the electrons strike it.

Fig. 7.2 shows the fluorescent screen viewed end-on, from the right-hand side of Fig. 7.1.

Fig. 7.2

9
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(i) State the name of the phenomenon demonstrated by the pattern shown in Fig. 7.2.

(c) The electrons in (b) are now accelerated through a greater potential difference between the
cathode and the anode.

{i) On Fig. 7.3, sketch the pattern that is now seen on the fluorescent screen in Fig. 7.1.

Fig. 7.3
(2]

(ii)) Explain, with reference to de Broglie wavelength, the change in the pattern on the
fluorescent screen.
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1 = (9702/41_Summer_2017_Q7) - Magnetic Fields

An electron having charge —g and mass mis accelerated from rest in a vacuum through a potential
difference V.

The electron then enters a region of uniform magnetic field of magnetic flux density B, as shown
in Fig. 7.1.

uniform magnetic
/ field into plane
of paper

path of
electron i

Fig. 7.1
The direction of the uniform magnetic field is into the plane of the paper.
The velocity of the electron as it enters the magnetic field is normal to the magnetic field.
The radius of the circular path of the electron in the magnetic field is r.

(a) Explain why the path of the electron in the magnetic field is the arc of a circle.

(b) Show that the magnitude p of the momentum of the electron as it enters the magnetic field is
given by

p = {(2mgV).

[2]

A
< 0
’

2017 -2023 421



A-lLevel Cambridge PHYSICS -P4 CH22 - MAGNETIC FIELDS

(¢} The potential difference Vis 120V The radius r of the circular arcis 7.4 cm.

Determine the magnitude B of the magnetic flux density.

{dY The potential difference Vin {¢) is increased. The magnetic flux density Bremalins unchanged.

By reference 1o the momentum of the electron, explain the effect of this increase on the
radius r of the path of the electron in the magnetic field.
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2 = (9702/41_Summer_2017_Q8) - Magnetic Fields

Explain the main principles behind the use of nuclear magnetic resonance imaging (NMB to
obtain information about internal body struciures.
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3 = (9702/42_Summer_2017_Q9) - Magnetic Fields

A Hall probe is placed near to one end of a current-carrying solenoid, as shown in Fig. 9.1.

X
|
|
|
i
solenoid 1 9 } Hall probe

W W 1

<
| | Y

Fig. 9.1

The probe is rotated about the axis XY and is then held in a position so that the Hall voltage is
maximum.

(a) Explain why
(i) a Hall probe is made from a thin slice of material,

(ii) in order for consistent measurements of magnetic flux density to be made, the current in
the probe must be constant.
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(b} The probe is now rotated through an angle of 380° about the axis XY.
At angle # =0, the Hall voltage Vi, has maximum value V.

On Fig. 9.2, sketch the variation with angle ¢ of the Hall voltage V,, for one complete revolution
of the probe about axis XY.

VH VMAX

Fig. 9.2

A _
< 0
P
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4 = (9702/41_Winter_2017_Q8) - Magnetic Fields, Electromagnetic Induction

Athin slice of conducting material is placed normal to a uniform magnetic field of flux density B, as
shown in Fig. 8.1.

magnetic field
flux density B
F E
iS *
’ Paniainiaiia i iy R
C D
o pd
P Q
current I
Fig. 8.1

The magnetic field is normal to face CDEF and to face PORS.
A current I passes through the slice and is normal to the faces CDQP and FERS.
A potential difference, the Hall voltage V., is developed across the slice.

(a) State the faces between which the Hall voltage V|, is developed.

(b) The current I is produced by charge carriers, each of charge +g moving at speed v in the
direction of the current. The number density of the charge carriers is n.

(i) Derive an expression relating the Hall voltage V|, to v, B and d, where ¢ is one of the
dimensions of the slice.

(3]

A
< 0
’
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(i} Use your answer in {b}{I) and an expression for the current I in the slice to derive the
expression

B8

Explain your working.

{c}) Suggest why the Hall voltage is difficult to detect in a thin slice of copper.
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5 = (9702/42_Winter_2017_Q9) - Magnetic Fields

{a) State whal is meant by a field of force.

{b) Explain the use of a uniform magnetic field and a uniform electric field for the selection of the
velocity of chardged particles. You may draw a diagram if you wish.
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{c) A beam of charged particles enters a region of uniform magnetic and electric fields, as
illustrated in Fig. 9.1.

region of uniform

magnetic and
path of particle

electric fields

mass m
charge +g
velocity v

v

magnetic field /

into plane of
paper

Fig. 9.1

The direction of the magnetic field is into the plane of the paper. The velocity of the charged
particles is normal to the magnetic field as the particles enter the field.

A particle in the beam has mass m, charge +q and velocity v. The particle passes undeviated
through the region of the two fields.

On Fig. 9.1, sketch the path of a particle that has
(1) mass m, charge +2qg and velocity v (label this path Q), [1]

(ii) mass m, charge +q and velocity slightly larger than v (label this path V). [2]

A
< 0
’
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6 - (9702/42_Summer_2018_Q8) - Magnetic Fields

{a) Explain how a uniform magnetic field and a uniform electric field may be used as a velocity
selector for charged patticles.

y 9
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(b) Particles having mass m and charge +1.6 x 10719C pass through a velocity selector.
They then enter a region of uniform magnetic field of magnetic flux density 94 mT with speed
3.4 x 10*ms™, as shown in Fig. 8.1.

+\path of charged particle

velocity.
selector

i 15.0cm :
L}

\‘ II’

\\ /
\ 4
N s
\ /s
N 4 .
Sao et uniform
DT magnetic field
into page
Fig. 8.1

The direction of the uniform magnetic field is into the page and normal to the direction in
which the particles are moving.

The particles are moving in a vacuum in a circular arc of diameter 15.0cm.

Show that the mass of one of the particles is 20 u.

(4]

(c) On Fig. 8.1, sketch the path in the uniform magnetic field of a particle of mass 22 u having the
same charge and speed as the patrticle in (b). [2]

g
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7 = (9702/41_Summer_2018_Q9) - Magnetic Fields, Alternating Currents

A rigid copper wire is held horizontally between the pole pieces of two magnets, as shown in
Fig. 9.1,

rd
s

P 8.5¢cm /,’ : |
copper e . LB20m
wire ; |
N S
\, S
direction \
Of CUFTeNnt mmeelp -
\~ 6,
N ]
A A AN
N
side view top view
Fig. 8.1

The widih of each pole piece is 8.5cm.

The uniform magnetic flux density 8 in the region between the poles of the magnets is 3.7mT and
is zero outside this region.

The angle between the wire and the direction of the magnetic field is .
The current in the wire is in the direction shown on Fig. 9.1.

{a) By reference to the side view of Fig. 8.1, slate and explain the direction of the force on the
magnets.

{b} The constani current in the wire is 5.1A.

{iy Forangle ¢equal to 80° calculate the force on the wire.
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(ii) The angle #is changed to 60°.

8.5

The length of wire in the magnetic field is (m

Jom.

Calculate the force on the wire.

(c) The constant current in the wire is now changed to an alternating current of frequency 20Hz
and root-mean-square (r.m.s.) value 5.1A.

The angle between the wire and the direction of the magnetic field is 90°.

On Fig. 9.2, sketch a graph to show the variation with time t of the force F on the wire for two
cycles of the alternating current.

A

FI/N

Fig. 9.2

[3]
A
< 0
’
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8 - (9702/42_Summer_2018_Q11) - Magnetic Fields

{a) Describe the basic principles of CT scanning (computed tomography).

thy By reference to your answer in (a}, suggest why

{i)y CT scanning was not possible before fast computers with large memories were available,
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9 - (9702/41_Winter_2018_Q8) - Magnetic Fields

(a) Explain what is meant by a magnetic field.

(b) A particle has mass m, charge +q and speed v.

The particle enters a uniform magnetic field of flux density B such that, on entry, it is moving
normal to the magnetic field, as shown in Fig. 8.1.

path of particle
mass m
charge +q
speed v

—_———

region of
magnetic field

Fig. 8.1
The direction of the magnetic field is perpendicular to, and into, the plane of the paper.

(i) On Fig. 8.1, draw the path of the particle through, and beyond, the region of the magnetic
field. (3]

(ii) There is a force acting on the particle, causing it to accelerate.
Explain why the speed of the particle on leaving the magnetic field is v.

1]

g

P
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negligible.

field is unchanged. Explain your working.

{c} The pariicle in {b) loses an eleciron s0 that ifs charge becomes +24g. lis change in mass is

Determine, in terms of v, the initial speed of the particle such that its path through the magnstic
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10 = (9702/42_Winter_2018_Q8) - Magnetic Fields

{a) Define magnetic flux density.

{(b) A stiff copper wire is palanced horizontally on a pivot, as shown in Fig. 8.1.

7.5¢cm N

T
N
N

P “pivot ™ gtiff wire

N

Fig. 8.1

Sections PQ, QR and RS of the wire are situated in a uniform magnetic field of flux density B
produced between the poles of a permanent magnet.
The perpendicular distance of PQRS from the pivol is 7.5cm.

When a current of 2.7 Ais passed through the wire, a small mass of 45mq is placed a distance
&.8cm from the pivot in order {o restore the balance of the wire, as shown in Fig. 8.2,

Smagmass
. 7.5¢cm L g.8cm . yd
s CHL NN T
L

L] N> TN S
p\\ \pivat ~ stiff wire
8\

S
R
[ pole pieces
T of magnet

Fig. 8.2 l
\ ==y
v o
’
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{iy Explain why, when the current is swilched on, the current in the seclions PQ and RS of

the wire does not affect the balance of the wire.

(i} The length of section QR of the wire is 1.2cm.
Calculate the magnetic flux density B.
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11 - (9702/41_Summer_2019_Q8) - Magnetic Fields, Electromagnetic Induction

A solenoid is connected in series with a battery and a switch, as illustrated in Fig. 8.1.

T

small coil

i =
solenoid ! > e
i > -1
1 > :
J i > T b
e >
i >
' >
) > |
axis of i
. |
solenoid  — ——
Fig. 8.1

A small coil, connected to a sensitive ammeter, is situated near one end of the solenoid.
As the current in the solenoid is switched on, there is a changing magnetic field inside the solenoid.

(a) (i) State whatis meant by a magnetic field.

(ii) On Fig. 8.1, draw an arrow on the axis of the solenoid to show the direction of the
magnetic field inside the solenoid. Label this arrow P. [1]

(b) As the current in the solenoid is switched on, there is a current induced in the small coil. This
induced current gives rise to a magnetic field in the small coil.

(i) State Lenz’s law.

9
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(i) Use Lenz’s law to state and explain the direction of the magnetic field due to the induced
current in the small coil. On Fig. 8.1, mark this direction with an arrow inside the small
coil.

(¢) The small coil has an area of cross-section 7.0 x 10~*m? and contains 75 turns of wire.

A constant current in the solenoid produces a uniform magnetic flux of flux density 1.4mT
throughout the small coil.

The direction of the current in the solenoid is reversed in a time of 0.12s.

Calculate the average e.m.f. induced in the small coil.

9
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12 - (9702/42_Summer_2019_Q8) - Magnetic Fields

An electron is travelling in a vacuum at a speed of 3.4 x 10" ms~'. The electron enters a region of
uniform magnetic field of flux density 3.2mT, as illustrated in Fig. 8.1.

region of uniform

magnetic flux
/ density 3.2mT

Y

Y

|

electron
speed 3.4 x 10’ ms™!

Fig. 8.1
The initial direction of the electron is at an angle of 30° to the direction of the magnetic field.

(a) When the electron enters the magnetic field, the component of its velocity v, normal to the
direction of the magnetic field causes the electron to begin to follow a circular path.

Calculate:

(1) vy

(ii) the radius of this circular path.

F A IS = e R e R R 3 s m [3]

(b) State the magnitude of the force, if any, on the electron in the magnetic field due to the
component of its velocity along the direction of the field.
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(c) Use information from (a) and (b) to describe the resultant path of the electron in the magnetic
field.

A
< 0
’
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13 - (9702/41_Summer_2019_Q9) - Magnetic Fields

Nuclear magnetic resonance imaging (NMRI) is used to obtain diagnostic information about
internal body structures.

State, during the use of NMRI, the function of:

(a) the large constant magnetic field

9
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14 = (9702/42_Winter_2019_Q7) - Magnetic Fields

Describe the principles of computed tomography (CT) scanning.

y 9
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15 = (9702/41_Winter_2019_Q8) - Magnetic Fields

(a) A long straight vertical wire carries a current I. The wire passes through a horizontal card
EFGH, as shown in Fig. 8.1 and Fig. 8.2.

current out of
plane of paper

H / @

I A/wire
H G
o
2 + F
E F

Fig. 8.1 Fig. 8.2 (view from above)
On Fig. 8.2, draw the pattern of the magnetic field produced by the current-carrying wire on
the plane EFGH. [3]

(b) Two long straight parallel wires P and Q are situated a distance 3.1 cm apart, as illustrated in
Fig. 8.3.
6.2AT 185A
wire P wire Q
; 3.1cm :
Fig. 8.3

The current in wire P is 6.2 A. The current in wire Q is 8.5 A.

The magnetic flux density B at a distance x from a long straight wire carrying current I is
given by the expression
s

B=onx

where 4, is the permeability of free space.

-
o

9

2017 -2023 445




A-Level Cambridge PHYSICS -P4 CH22 - MAGNETIC FIELDS

Calculate:

(i) the magnetic flux density at wire Q due to the current in wire P

T h e L R e o T [2]

(ii) the force per unit length, in Nm~', acting on wire Q due to the current in wire P.

foréa por UDILIBRMN = . .cvimmmiun s Nm™ [2]
(c) The currents in wires P and Q are different in magnitude.

State and explain whether the forces per unit length on the two wires will be different.

9
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16 = (9702/42_Winter_2019_Q8) - Magnetic Fields, Electromagnetic Induction

Electrons enter a rectangular slice PQRSEFGH of a semiconductor material at right-angles to
face PQFE, as shown in Fig. 8.1.

magnetic field
flux density B

direction of
incident electrons

Fig. 8.1

A uniform magnetic field of flux density B is directed into the slice, at right-angles to face PQRS.

(a)

(b)

The electrons each have charge —q and drift speed v in the slice.

State the magnitude and the direction of the force due to the magnetic field on each electron
as it enters the slice.

The force on the electrons causes a voltage V|, to be established across the semiconductor
slice given by the expression

_Br
H™ ntg

where I is the current in the slice.

() State the two faces between which the voltage V,, is established.
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(c) Aluminium (%Al) has a density of 2.7 gcm™. Assume that there is one free electron available
to carry charge per atom of aluminium.

(i) Show that the number of charge carriers per unit volume in aluminium is 6.0 x 1028 m™,

[2]
(ii) A sample of aluminium foil has a thickness of 0.090 mm. The current in the foil is 4.6A.
A uniform magnetic field of flux density 0.15T acts at right-angles to the foil.

Use the value in (i) to calculate the voltage V|, that is generated.

9
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17 = (9702/41_Winter_2019_Q9) - Magnetic Fields

Diagnosis using nuclear magnetic resonance imaging (NMRI) requires the use of a non-uniform
magnetic field superimposed on a constant magnetic field of large magnitude.

Explain the purpose of:

(a) the large constant magnetic field

9
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18 - (9702/41_Summer_2020_Q8) - Magnetic Fields, Electromagnetic Induction
(a) Define the tesla.

(b) A magnet produces a uniform magnetic field of flux density B in the space between its poles.

Arigid copper wire carrying a current is balanced on a pivot. Part PQLM of the wire is between
the poles of the magnet, as illustrated in Fig. 8.1.

7 jﬁ\

weight W

56cm

=

Q rigid copper
wire

pivot

magnet

Fig. 8.1 (not to scale)

The wire is balanced horizontally by means of a small weight W.

9
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The section of the wire between the poles of the magnet is shown in Fig. 8.2.

rigid copper wire

M
P
L
Q
pole of magnet pole of magnet

Fig. 8.2 (not to scale)
Explain why:
(i) section QL of the wire gives rise to a moment about the pivot

9
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(c) Section QL of the wire has length 0.85cm.
The perpendicular distance of QL from the pivot is 5.6cm.

When the current in the wire is changed by 1.2 A, W is moved a distance of 2.6 cm along the
wire in order to restore equilibrium. The mass of W is 1.3 x 10~*kg.

(i) Show that the change in moment of W about the pivot is 3.3 x 105N m.

(2]

(ii) Use the information in (i) to determine the magnetic flux density B between the poles of
the magnet.

9
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19 = (9702/42_Summer_2020_Q9) - Magnetic Fields

(a) An electron is travelling at speed v in a straight line in a vacuum. It enters a uniform magnetic
field of flux density 8.0 x 1074 T. Initially, the electron is travelling at right angles to the magnetic
field, as illustrated in Fig. 9.1.

region of uniform
magnetic field

path of S
electron

Fig. 9.1
The path of the electron in the magnetic field is an arc of a circle of radius 6.4 cm.

(i) State and explain the direction of the magnetic field.

(ii) Show that the speed v of the electron is 9.0 x 106ms.

9
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(b) A uniform electric field is now applied in the same region as the magnetic field.

The electron passes undeviated through the region of the two fields, as illustrated in Fig. 9.2.

region of
uniform electric
and magnetic fields
path of o o S
electron £ % %
Fig. 9.2
(i) On Fig. 9.2, mark with an arrow the direction of the uniform electric field. [1]

(ii) Use data from (a) to calculate the magnitude of the electric field strength.

fiald: strength:= ik s NC [2]

(c) The electron in (b) is now replaced by an a-particle travelling at the same speed v along the
same initial path as the electron.

Describe and explain the shape of the path in the region of the magnetic and electric fields.

9
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20 = (9702/41_Winter_2020_Q8) - Magnetic Fields

A slice of a conducting material has its face QRLK normal to a uniform magnetic field of flux
density B, as illustrated in Fig. 8.1.

S R
L
7 AR ke < magnetic flux
P LY A / density B
4/” <

direction of
movement of
electrons

Fig. 8.1
Electrons enter the slice travelling perpendicular to face PQKJ.
{a) For the free electrons moving in the slice:

(i) state the direction of the force on an electron due to movement of the electron in the
magnetic field

(ii) identify the faces, using the letters on Fig. 8.1, between which a potential difference is
developed.
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{(c) The number of free electrons per unit volume in the slice of material is 1.3 x 1029m=2.
The thickness PQ of the slice is 0.10mm.
The magnetic flux density B is 4.6 x 1073T.

Calculate the potential difference across the slice for a current of 6.3 x 107%A.

potential difference:s: ...cxnsnannanaiinanmnng V [2]
(d) The slice in (¢} is a metal.

By reference to your answer in (c), suggest why Hall probes are usually made using
semiconductors rather than metals.

[Total: 8]

9
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21 - (9702/42_Winter_2020_Q10) - Magnetic Fields

(a) Along straight vertical wire A carries a current in an upward direction.
The wire passes through the centre of a horizontal card, as illustrated in Fig. 10.1.

A

card

current-carrying
wire A

Fig. 10.1

The card is viewed from above. The card is shown from above in Fig. 10.2.

card —

wire A carrying
current out
of plane of paper

Fig. 10.2
On Fig. 10.2, draw four lines to represent the magnetic field produced by the current-carrying
wire. (31
[
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(b) Two wires A and B are now placed through a card. The two wires are parallel and carrying
currents in the same direction, as illustrated in Fig. 10.3.

wire A 'l\ J\ /Wire i
/

card

Fig. 10.3
(i) Explain why a magnetic force is exerted on each wire.

..................................................................................................................................... (2]
(ii) State the directions of the forces.
..................................................................................................................................... 1
(c) The currents in the two wires are not equal.
Explain whether the magnetic forces on the two wires are equal in magnitude.
............................................................................................................................................. [1]
[Total: 7]

T
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22 = (9702/42_Summer_2021_Q8) - Magnetic Fields
(a) Define magnetic flux density.

(b) Electrons, each of mass m and charge q, are accelerated from rest in a vacuum through a
potential difference V.

Derive an expression, in terms of m, g and V, for the final speed v of the electrons. Explain
your working.

(2]

(c) The accelerated electrons in (b) are injected at point S into a region of uniform magnetic field
of flux density B, as illustrated in Fig. 8.1.

region of uniform

e magnetic field,
L N flux density B
o N}
/ \
Se i
t :
\
X /
R e
path of electrons,
radius r
Fig. 8.1

The electrons move at right angles to the direction of the magnetic field. The path of the
electrons is a circle of radius r.

9
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(i) Show that the specific charge r% of the electrons is given by the expression

q _ 2V
m "~ B%re

Explain your working.

(2]
(i) Electrons are accelerated through a potential difference V of 230V. The electrons are
injected normally into the magnetic field of flux density 0.38 mT.
The radius r of the circular orbit of the electrons is 14 cm.

Use this information to calculate a value for the specific charge of an electron.

SPecific Charge = .....c.oovvveeeeeeecceeeceee e Ckg™ ' [2

(ili) Suggest why the arrangement outlined in (ii), using the same values of B and V, is not
practical for the determination of the specific charge of a-particles.
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23 = (9702/41_Summer_2021_Q9) - Magnetic Fields

(a) State whatis meant by a magnetic field.

(b) Arectangular piece of aluminium foil is situated in a uniform magnetic field of flux density B,
as shown in Fig. 9.1.

magnetic field,

flux density B
A4
A4
Q IQ ,
\V
T -
— > aluminium
movement foil
of electrons
P S
vV W
Fig. 9.1

The magnetic field is normal to the face PQRS of the foil.
Electrons, each of charge —q, enter the foil at right angles to the face PQTV.
{i) On Fig. 9.1, shade the face of the foil on which electrons initially accumulate. [1]

(ii) Explain why electrons do not continuously accumulate on the face you have shaded.
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{c) The Hall voltage V|, developed across the foil in (b) is given by the expression

_BI
H  ntq

where I is the current in the foil.

(i) State the meaning of the quantity n.

{(d) Suggest why, in practice, Hall probes are usually made using a semiconductor material rather

than a metal.
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24 - (9702/42_Summer_2021_Q9) - Magnetic Fields, Electromagnetic Induction

(a) State two situations in which a charged particle in a magnetic field does not experience a
force.

(b) Aloosely coiled metal spring is suspended from a fixed point, as shown in Fig. 9.1.

fixed
point

spring \

small \
mass -
flexible
lead

Fig. 9.1
Electrical connections are made to the ends of the spring by means of a flexible lead.

The length of the spring is measured before the switch is closed and then again after the
switch is closed.

A _
< 0
’
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When the switch is closed, a magnetic field is set up around each coil of the spring.

By reference to these magnetic fields, explain why there is a change in length of the spring.
State whether the spring extends or contracts.

(c) With the switch in (b) closed, the small mass on the free end of the spring is now made to
oscillate vertically.

Use the principles of electromagnetic induction to explain why small fluctuations in the current
in the spring are found to occur.
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25 = (9702/41_Winter_2021_Q8) - Magnetic Fields

(a) Define the tesla.

{b) A stiff metal wire is used to form a rectangular frame measuring 8.0cm x 6.0cm. The frame is
open at the top, and is suspended from a sensitive newton meter, as shown in Fig. 8.1.

O
newton meter
insulating thread

s 50AVY

Ocm
frame
/
~IoLaa P Q

i 60cm

U Ll

Fig. 8.1

The open ends of the frame are connected to a power supply so that there is a current of
5.0Ain the frame in the direction indicated in Fig. 8.1.

The frame is slowly lowered into a uniform magnetic field of flux density B so that all of side
PQ is in the field. The magnetic field lines are horizontal and at an angle of 50° to PQ, as
shown in Fig. 8.2.

P Q view from above
50°

Fig. 8.2

When side PQ of the frame first enters the magnetic field, the reading on the newton meter
changes by 1.0mN.

-
o

v
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(i) Determine the magnetic flux density B, in mT.

{(ii) State, with a reason, whether the change in the reading on the newton meter is an

increase or a decrease.

{(iii) The frame is lowered further so that the vertical sides start to enter the magnetic field.

Suggest what effect this will have on the frame.
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26 = (9702/42_Winter_2021_Q8) - Magnetic Fields

Two long straight parallel wires P and Q carry currents into the plane of the paper, as shown in
Fig. 8.1.

P Q
® ®

current I current 27

Fig. 8.1
The current in P is I and the currentin Q is 21.

(a) (i) On Fig. 8.1, draw an arrow to show the direction of the magnetic field at wire Q due to
the current in wire P. Label this arrow B. (1]

(i) On Fig. 8.1, draw another arrow to show the direction of the force acting on wire Q due to
the current in wire P. Label this arrow F. [1]

(b) (i) State, with a reason, how the magnitude of the force acting on wire P compares with the
magnitude of the force acting on wire Q.

..................................................................................................................................... 2]

(ii) State how the direction of the force on wire P compares with the direction of the force on
wire Q.

..................................................................................................................................... 1]

[
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27 = (9702/42_Winter_2021_Q9) - Magnetic Fields
(a) State what is meant by:

(i) the photoelectric effect

(b) A polished calcium plate in a vacuum is investigated by illuminating the surface with light.

It is found that no photoelectric current is produced when the frequency of the light is less
than 6.93 x 10" Hz.

(i) State the name of the frequency below which no photoelectric current is produced.

.................................................................................................................................... [3]
(iii) Calculate the work function energy, in eV, of calcium.

WOTK FUNCHION @NErgY = ...cciiiiiiiiiiiineniieissssainsssiisasssanes eV [2]

[
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28 = (9702/43_Winter_2021_Q9) - Magnetic Fields

(a) State, by reference to the power dissipated in a resistor, what is meant by the
root-mean-square (r.m.s.) value of an alternating voltage.

(b) A cail is rotating freely, on frictionless bearings, at constant speed in a uniform magnetic
field. This rotation causes an induced alternating electromotive force (e.m.f.) across the open
terminals of the coil. The induced e.m.f. has r.m.s. value 12V and frequency 50 Hz.

The speed of rotation of the coil is now doubled.

(i) State and explain, with reference to the principles of electromagnetic induction, the effect
of the increased speed of rotation on the r.m.s. value of the induced e.m.f.

...........................................................................................................................................

(ii) On Fig. 9.1, sketch the variation with time t of the induced e.m.f. £ across the terminals
of the coil at the increased speed of rotation. Your line should extend from time t = 0 to
time t = 20ms. Assume that E = 0 when t = 0.

40 T
E/V '
R SEse
O H
0 5 107 15:(LHLET 00
SNNNEENERS I | t‘/ms;;-
n ! FEE
Fig. 9.1
[3]
@==g
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(c) State and explain the effect on the motion of the coil in (b) of connecting a load resistor
across its terminals.

y 9
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29 = (9702/41_Summer_2022_Q6) - Magnetic Fields

(a) Define magnetic flux.

{b) A square coil of wire of side length 12cm consists of 8 insulated turns. The coil is stationary
in a uniform magnetic field. The plane of the coil is perpendicular to the magnetic field, as
shown in Fig. 6.1.

® ® ® ©
et magnetic field lines
® ® R ® into the page
12
cm \squal’e coil
& ® & X 8 turns
® ® ® 9

terminals

Fig. 6.1

The flux density B of the magnetic field varies with time t as shown in Fig. 6.2.

400 T
”
B/mT ~
Pl
‘//' |
200 -
'/ I
// -
0
0 0.2 0.4 0.6 0.8
t/'s
Fig. 6.2
- ! ‘ @=ay
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(i) Determine the magnetic flux linkage inside the coil at time t = 0.60s. Give a unit with
your answer.

magnetic flux linkage = .......cc i unit . [3]

(i) State how Fig. 6.2 shows that the electromotive force (e.m.f.} E induced across the
terminals between t = 0 and t = 0.60s is constant.

(iii) Calculate the magnitude of E.

(c) The procedure in (b) is repeated, but this time the terminals of the coil are connected together.

State and explain the effect on the coil of connecting the terminals together during the change
of magnetic flux density shown in Fig. 6.2.

[Total: 11]

A
< 0
’
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30 = (9702/42_Summer_2022_Q6) - Magnetic Fields

(a) State the two conditions that must be satisfied for a copper wire, placed in a magnetic field,
to experience a magnetic force.

(b) A long air-cored solenoid is connected to a power supply, so that the solenoid creates a
magnetic field. Fig. 6.1 shows a cross-section through the middle of the solenoid.

z section through
solenoid wires
Y
°
(@) (@) (@) (@) (@) @)
w
S X
°
O (@] (@] (@] (@] (@] O
Fig. 6.1

The direction of the magnetic field at point W is indicated by the arrow. Three other points are
labelled X, Y and Z.

(i) On Fig. 6.1, draw arrows to indicate the direction of the magnetic field at each of the
points X, Y and Z. [3]

(ii) Compare the magnitude of the flux density of the magnetic field:

= L =T [ = | A AT TP
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{c) Two long parallel current-carrying wires are placed near to each other in a vacuum.

Explain why these wires exert a magnetic force on each other. You may draw a labelled
diagram if you wish.

[Total: 10]

y 5
< 0
’
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31 - (9702/42_Summer_2022_Q7) - Magnetic Fields

(a) State Faraday’s law of electromagnetic induction.

{b) Two coils are wound on an iron bar, as shown in Fig. 7.1.

coil 2

ANNN

ronbar— |

— ]

AV ARV

<:"_'—-——-
coil 1 F—

c'_'—-———

c"-'—'—-—.
Fig. 7.1

Coil 1 is connected to a potential difference (p.d.) V, that gives rise to a magnetic field in the

iron bar.

Fig. 7.2 shows the variation with time t of the magnetic flux density B in the iron bar.

A
7
B ail
A
’ !
0 e
0 0.1 0 0.37t/s 0.
[ { AT
\ 7
| \ | '/
\ // I
Fig. 7.2

A voltmeter measures the electromotive force (e.m.f.) V,, that is induced across coil 2.
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On Fig. 7.3, sketch the variation with t of V, between t=0and t = 0.40s.

A

Vs

Fig. 7.3
(4]

{c) Coil 2 in (b) is now replaced with a copper ring that rests loosely on top of coil 1. The supply
to coil 1 is replaced with a cell and a switch that is initially open, as shown in Fig. 7.4.

iron bar
—

copper ring

coil 1

Fig. 7.4
(i) The switch is now closed. As it is closed, the copper ring is observed to jump upwards.
Explain why this happens.

(ii) Suggest, with a reason, what would be the effect of repeating the procedure in (c¢){i) with
the terminals of the cell reversed.

[Total: 10]
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32 - (9702/41_Winter_2022_Q6) - Magnetic Fields

Fig. 6.1 shows a thin slice of semiconducting material used in a Hall probe.

1
Q R
|
|
Xpmmmmmmm e ~Jy
7
/
>~
/
/
B 7 S
7
7
// oA
w Z
14

Fig. 6.1 (not to scale)
Current I passes through the slice in the direction shown.

The slice is placed in a uniform magnetic field of flux density B, so that two of its faces are
perpendicular to the magnetic field.

A steady Hall voltage V/, is developed between face PQXW and face SRYZ.

(a) (i) Use the letters in Fig. 6.1 to identify the faces that are perpendicular to the magnetic
field.

....................................................... BRI g S BT R TR [1]

...........................................................................................................................................

9
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(b) The magnitude of V,, is given by the equation

_BlL
Vi =nig:

(i) State the meaning of the symbols n, t and q. You may refer to the letters in Fig. 6.1.

B B T B S e B B S R S T S B R T s

| R T oG ro (L

O o e o T S R D L S R N R A TR TS

[3]

(ii)) Suggest, with reference to the equation, why the slice of the material used in a Hall
probe is thin.

..................................................................................................................................... [2]

[

-
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33 - (9702/42_Winter_2022_Q7) - Magnetic Fields

(a) Define magnetic flux density.

(b) An insulated rectangular coil of wire, consisting of 40 turns, is suspended in a cradle from a
newton meter, as shown in Fig. 7.1.

()
newton meter
cradle
e N Sy Wi
coil
40 turns
5.00cm
| 3.00cm |
Fig. 7.1

The vertical sides of the coil have a length of 5.00cm and the horizontal sides have a length
of 3.00 cm. The initial reading on the newton meter is 0.563N.

A U-shaped magnet rests on a top-pan balance that is set to a reading of 0.00g.
The lower edge of the coil is lowered into the region between the poles of the U-shaped
magnet, as shown in the side view in Fig. 7.2.

9
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newton meter — |
initial reading 0.563N

| coil (viewed from the side)

' \[Il top-pan balance

— - = ,}/initial reading 0.00g

poles of magnet

Fig. 7.2

The magnetic field in the region between the poles is uniform.
The lower edge of the coil is entirely within the uniform magnetic field.

A current of 3.94A is now passed through the coil. This causes the reading on the top-pan
balance to change to 2.16g.

(i) Explain why the current causes a vertical force to act on the coil.

..................................................................................................................................... [2]
(ii) Determine, to three significant figures, the flux density B of the uniform magnetic field.
e P N Ay A P PN TR T [3]
(iii) Determine what is now the reading on the newton meter. Explain your reasoning.
CEAAINIY S s acaiosty v e A TSRS N [2]
==
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34 - (9702/41_Summer_2023_Q6) - Magnetic Fields, Electromagnetic Induction

(a) State what is meant by a magnetic field.

(b) Along, straight wire P carries a current into the page, as shown in Fig. 6.1.

wire P
current into page

Fig. 6.1

On Fig. 6.1, draw four field lines to represent the magnetic field around wire P due to the
current in the wire. [3]

(c) Asecond long, straight wire Q, carrying a current of 5.0A out of the page, is placed parallel to
wire P, as shown in Fig. 6.2.

wire P wire Q
® (O]
current current 5.0A
into page out of page
Fig. 6.2

The flux density of the magnetic field at wire Q due to the current in wire P is 2.6 mT.

(i) Calculate the magnetic force per unit length exerted on wire Q by wire P.

force per unit IeNGth = ......cceevecevniecreinnneneressnenenssnnnns Nm [2]
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(ii) State the direction of the force exerted on wire Q by wire P.

..................................................................................................................................... [1]
(iii) The flux density of the magnetic field at wire P due to the current in wire Qis 1.5mT.
Determine the magnitude of the current in wire P. Explain your reasoning.
CUITENT = e e e e A [2]
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1 = (9702/42_Summer_2017_Q3) - Oscillations, Electromagnetic Induction

A bar magnet of mass 2509 is suspended from the free end of a spring, as illustrated in Fig. 3.1.

v

spring

magnet \

coil d p o~
D
g
D
D
p: P —
| S |
Fig. 3.1

The magnet hangs so that one pole is near the centre of a coil of wire.
The coil is connected in series with a resistor and a switch. The switch is open.

The magnet is displaced vertically and then allowed to oscillate with one pole remaining inside the
coil. The other pole remains outside the coil.

At time t = 0, the magnet is oscillating freely as it passes through its equilibrium position. At time
t=6.0s, the switch in the circuit is closed.

A
< 0
’
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The variation with time t of the vertical displacement y of the magnet is shown in Fig. 3.2.

2.0

1.5

y/cm
1.0

e
o
i
ot

s

|
“
o

i

——
i T P—

Fig. 3.2
{a) Forthe oscillating magnet, use data from Fig. 3.2 to calculate, to two significant figures,

{(hh the frequency f,

(ity the energy of the osciliations during the time = 0 {o lime { = 6.0s.

BNEITY = oo e J[3]
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{b) () Slate Faraday’s law of electromagnetic induction.

{iy Use Faraday’s law and energy conservation to explain why the amplifude of the
oscillations of the magnet reduces after time t= 6.0s.
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2 = (9702/41_Summer_2017_Q9) - Electromagnetic Induction

A simple transformer is illustrated in Fig. 9.1.

laminated
iron core
C 3
q D O
input ~u P output
Y 0
T >
D
\ A

Fig. 9.1
(a) (i) State why the transformer has an iron core, rather than having no core.

(b) By reference to the action of a transformer, explain why the input to the transformer is an
alternating voltage, rather than a constant voltage.
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3 - (9702/41_Winter_2017_Q5) = Electric Fields, Electromagnetic Induction

{a) (i) State Coulomb’s law for the force between two point charges.

{i) Two point charges are situated In a vacuum and separated by a distance R. The force
between the charges is F.

On Fig. 5.1, skelch a graph to show the variation of the force F between the charges with
separation x for values of xfrom x= Rto x=4A.

1.0F,

0.8 Fp

0.6 Fo

0.4 F

0.2 Fg

Fig. 5.1
{b} Two coils C and D are placed close to one another, as shown in Fig. 5.2.

coil C coll D

AT AW WA AWA AWANAW AW AW A WAL AW

Fig. 5.2 l
\ =
v o
’
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The variation with time t of the current Tin coil C is shown in Fig. 5.3.

CH23 - ELECTROMAGNETIC

On Fig. 5.4, show the variation with time tof the e.m.f. Einducedincoll D fortime =0 to

time ¢ = 1.
4
i
I i
g
|
1Y
I
i
3
0 : -
0 Lot bt f, t
%
i
% I
kY
Fig. 5.3
4
E
0 -
Fig. 5.4
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4 = (9702/41_Winter_2017_Q8) - Magnetic Fields, Electromagnetic Induction

Athin slice of conducting material is placed normal to a uniform magnetic field of flux density B, as
shown in Fig. 8.1.

magnetic field
flux density B
F E
iS *
’ Paniainiaiia i iy R
C D
o pd
P Q
current I
Fig. 8.1

The magnetic field is normal to face CDEF and to face PORS.
A current I passes through the slice and is normal to the faces CDQP and FERS.
A potential difference, the Hall voltage V., is developed across the slice.

(a) State the faces between which the Hall voltage V|, is developed.

(b) The current I is produced by charge carriers, each of charge +g moving at speed v in the
direction of the current. The number density of the charge carriers is n.

(i) Derive an expression relating the Hall voltage V|, to v, B and d, where ¢ is one of the
dimensions of the slice.

(3]

A
< 0
’
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(i} Use your answer in {b}{I) and an expression for the current I in the slice to derive the
expression

B8

Explain your working.

{c}) Suggest why the Hall voltage is difficult to detect in a thin slice of copper.
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5 = (9702/42_Winter_2017_Q8) = Electromagnetic Induction

A thin slice of conducting material is placed normal to a uniform magnetic field, as shown in
Fig. 8.1.

magnelic
field
F E
s ¥
¥ N " R
cll . D
r’ /

P Q
current T

Fig. 8.1
The magnetic field is normal to face CDEF and to face PORS.
The current 7 in the slice is normal to the faces CDQOP and FERS.
A potential difference, the Hall voltage V., is developed across the slice.

(@ (I} State the faces between which the Hall voltage V,, is developed.

................................................................ and e ]

(i) Explain why a constant voltage V|, is developed between the faces you have named
in ().
....................................................................................................................................... 4]
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(b} Two slices have simifar dimensions. One slice is made of a meial and the other slice is made
of a semiconductor material

For the same values of magnetic flux density and current, state which slice, if either, will give
rise to the larger Hall voltage. Explain your reasoning.

A
< 0
’
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6 = (9702/42_Summer_2018_Q9) - Electromagnetic Induction

{a) Stale what is meant by the magnetic flux linkage of a coll.

{b) A coil of wire has 160 turns and diameter 2.4 cm. The coil is situated in a uniform magnetic
field of fiux density 7.5mT, as shown in Fig. 9.1.

> ~
magnetic field ; A ;
flux density 3 5
5 / Y
P ' :
coil c|> cJJ
160 turns

Fig. 8.1
The direction of the magnetic field is along the axis of the coil.
The magnetic flux densily is reduced to zero in a time of 0.15s.

Show that the average e.m.f. induced in the coil is 3.6mV.

A _
< 0
P
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{¢} The magnetic flux density Bin the coif in (R) is now varied with time t as shown in Fig. 9.2,

10

B/imT

tis

-10

Fig. 9.2

Use data in (b} fo show, on Fig. £.3, the variation with time t of the e.m.f. £ induced in the coil.

8

EimV 6

) t/s

Fig. 2.3

A _
< 0
P
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7 = (9702/41_Summer_2018_Q10) - Electromagnetic Induction

(a) State Faraday's law of electromagnetic induction.

(b) A coil of insulated wire is wound on to ohe end of a ferrous core and connected to a battery,
as shown in Fig. 10.1.

ferrous core

aluminium
ring

coil of |
insulated -
wire !
N

Fig. 10.1

An aluminium ring is placed on the core. The ring can move freely along the length of the
core.

The switch is initially open.

Use Faraday’s law and Lenz’s law to explain why the aluminium ring jumps upwards when
the switch is closed.
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8 = (9702/41_Winter_2018_Q9) - Electromagnetic Induction

(a) State Faraday’s law of electromagnetic induction.

O —

solenoid S ———

Ej\\SOﬂ-iron core

Hall probe

Fig. 9.1

A coil C having 120 turns of wire is wound on to one end of the core. The area of cross-
section of coil C is 1.5cm2

A Hall probe is close to the other end of the core.

When there is a constant current in solenoid S, the flux density in the core is 0.19T. The
reading on the voltmeter connected to the Hall probe is 0.20 V.

The current in solenoid S is now reversed in a time of 0.13s at a constant rate.

(i) Calculate the reading on the voltmeter connected to coil C during the time that the current
is changing.

reading = .o V2]
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(il Complete Fig. 2.2 for the voltmeter readings for the times before, during and after the
direction of the current is reversed.

before current during current after current
changes change when changes
currenl is zero
reading on vollmeter
connected o cOllC/V | e ] s | e
reading on voltmeter
connected to Hall probe/V 0.20 o ] e,
Fig. 9.2

A
< 0
’
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solenoid

9 - (9702/42_Winter_2018_Q9) - Electromagnetic Induction

o+

o |

(a) A Hall probe is placed near one end of a solenoid that has been wound on a soft-iron core, as
shown in Fig. 9.1.

soft-iron
core

Hall probe

9,

Fig. 9.1

The current in the solenoid is switched on.
The Hall probe is rotated until the reading V,, on the voltmeter is maximum.

The current in the solenoid is then varied, causing the magnetic flux density to change.
The variation with time ¢ of the magnetic flux density B at the Hall probe is shown in Fig. 9.2.

time t=t,.

At time ¢ = O, the Hall voltage is V.
On Fig. 9.3, draw a line to show the variation with time ¢ of the Hall voltage V, for time t=0to

2
B/mT
1
0 7
0 homb 5 by
-1
-2
Fig. 9.2

~V

Fig. 9.3

A
< 0
’
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(b) The Hall probe in (a) is now replaced by a small coil of wire connected to a sensitive voltmeter,
as shown in Fig. 9.4.

solenoid

+ — soft-iron
O © core
small coil
of wire
7\
W
Fig. 9.4

The magnetic flux density, normal to the plane of the small coil, is again varied as shown in

Fig. 9.2

On Fig. 9.5, draw a line to show the variation with time t of the e.m.f. E induced in the small

coil for time t=0totime t=1,.

A

Fig. 9.5
(3]

A
< 0
’
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10 - (9702/41_Summer_2019_Q8) - Magnetic Fields, Electromagnetic Induction

A solenoid is connected in series with a battery and a switch, as illustrated in Fig. 8.1.

T

small coil

i =
solenoid ! > e
i > -1
1 > :
J i > T b
e >
i >
' >
) > |
axis of i
. |
solenoid  — ——
Fig. 8.1

A small coil, connected to a sensitive ammeter, is situated near one end of the solenoid.
As the current in the solenoid is switched on, there is a changing magnetic field inside the solenoid.

(a) (i) State whatis meant by a magnetic field.

(ii) On Fig. 8.1, draw an arrow on the axis of the solenoid to show the direction of the
magnetic field inside the solenoid. Label this arrow P. [1]

(b) As the current in the solenoid is switched on, there is a current induced in the small coil. This
induced current gives rise to a magnetic field in the small coil.

(i) State Lenz’s law.

9
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(i) Use Lenz’s law to state and explain the direction of the magnetic field due to the induced
current in the small coil. On Fig. 8.1, mark this direction with an arrow inside the small
coil.

(¢) The small coil has an area of cross-section 7.0 x 10~*m? and contains 75 turns of wire.

A constant current in the solenoid produces a uniform magnetic flux of flux density 1.4mT
throughout the small coil.

The direction of the current in the solenoid is reversed in a time of 0.12s.

Calculate the average e.m.f. induced in the small coil.

9
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11 = (9702/42_Summer_2019_Q10) - Electromagnetic Induction

(a) State Faraday’s law of electromagnetic induction.

(b) An ideal transformer is illustrated in Fig. 10.1.

soft-iron
/ core
A
load
resistor
oy
primary coil secondary coill
2700 turns 450 turns

Fig. 10.1

Explain why, when there is an alternating current in the primary coil, there is a current in the
load resistor.

9
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(c) The primary coil in (b) has 2700 turns. The secondary coil has 450 turns.
The e.m.f. E applied across the primary coil is given by the expression
E = 220sin(100xt)
where E is measured in volts and tis the time in seconds.

Calculate the root-mean-square (r.m.s.) e.m.f. induced in the secondary coil.

9
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12 - (9702/42_Winter_2019_Q8) - Magnetic Fields, Electromagnetic Induction

Electrons enter a rectangular slice PQRSEFGH of a semiconductor material at right-angles to
face PQFE, as shown in Fig. 8.1.

magnetic field
flux density B

direction of
incident electrons

Fig. 8.1

A uniform magnetic field of flux density B is directed into the slice, at right-angles to face PQRS.
(a) The electrons each have charge —q and drift speed v in the slice.

State the magnitude and the direction of the force due to the magnetic field on each electron
as it enters the slice.

(b) The force on the electrons causes a voltage V|, to be established across the semiconductor
slice given by the expression

_Br
H™ ntg

where I is the current in the slice.

(i) State the two faces between which the voltage V,, is established.

2017 -2023 504




A-Level Cambridge PHYSICS -P4 CH23 - ELECTROMAGNETIC
INDUCTION

(c) Aluminium (%Al) has a density of 2.7 gcm™. Assume that there is one free electron available
to carry charge per atom of aluminium.

(i) Show that the number of charge carriers per unit volume in aluminium is 6.0 x 1028 m™,

[2]
(ii) A sample of aluminium foil has a thickness of 0.090 mm. The current in the foil is 4.6A.
A uniform magnetic field of flux density 0.15T acts at right-angles to the foil.

Use the value in (i) to calculate the voltage V|, that is generated.

9
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13 - (9702/42_Winter_2019_Q11) - Electromagnetic Induction, Alternating Currents
(a) State Faraday’s law of electromagnetic induction.

............................................................................................................................................. [2]
(b) A solenoid S has a small coil C placed near to one of its ends, as shown in Fig. 11.1.
—O 0—
solenoid S
In I 3.6 x 102m
coil C
63 turns
Fig. 11.1
st
~-
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The coil C has a circular cross-section of diameter 3.6 x 10-2m and contains 63 turns of wire.

The solenoid S produces a uniform magnetic field of flux density B, in tesla, in the region of
coil C given by the expression

B=9.4x10"%]
where I is the current, in ampere, in the solenoid S.

The variation with time t of the current I in solenoid S is shown in Fig. 11.2.

[}
current I

Fig. 11.2

State two times at which:

(i) there is no electromotive force (e.m.f.) induced in coil C

time ...oooeeiiiieeccee, and time ........cccooeeeiveneceeenn, [1]
(ii) theinduced e.m.f. in coil C is a maximum but with opposite polarities.
111 O Ve 7[5 1e J 113 [ HEPEARS p uepep [1]

(c) The alternating current in the solenoid S in (b) is replaced by a constant current of 5.0A.

Calculate the average e.m.f. induced in coil C when the current in solenoid S is reversed in a
time of 6.0ms.

em:Einducet = nnsnsnananassasissassss V [3]
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14 - (9702/41_Summer_2020_Q8) - Magnetic Fields, Electromagnetic Induction
(a) Define the tesla.

(b) A magnet produces a uniform magnetic field of flux density B in the space between its poles.

Arigid copper wire carrying a current is balanced on a pivot. Part PQLM of the wire is between
the poles of the magnet, as illustrated in Fig. 8.1.

7 jﬁ\

weight W

56cm

=

Q rigid copper
wire

pivot

magnet

Fig. 8.1 (not to scale)

The wire is balanced horizontally by means of a small weight W.

9
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The section of the wire between the poles of the magnet is shown in Fig. 8.2.

rigid copper wire

M
P
L
Q
pole of magnet pole of magnet

Fig. 8.2 (not to scale)
Explain why:
(i) section QL of the wire gives rise to a moment about the pivot

9
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(c) Section QL of the wire has length 0.85¢cm.
The perpendicular distance of QL from the pivot is 5.6cm.

When the current in the wire is changed by 1.2 A, W is moved a distance of 2.6 cm along the
wire in order to restore equilibrium. The mass of W is 1.3 x 10~*kg.

(i) Show that the change in moment of W about the pivot is 3.3 x 105N m.

(2]

(ii) Use the information in (i) to determine the magnetic flux density B between the poles of
the magnet.

9
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15 = (9702/41_Summer_2020_Q9) - Electromagnetic Induction

(a) A coil of wire is situated in a uniform magnetic field of flux density B.
The coil has diameter 3.6 cm and consists of 350 turns of wire, as illustrated in Fig. 9.1.

uniform
magnetic field
flux density B

3.6cm

YVYVYVV

coil, 350 turns

Fig. 9.1

9
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The variation with time t of B is shown in Fig. 9.2.

5017

40+

B/mT

30+

204+

10

0 N

0 0.2 0.4 0.6 0.8
tis

Fig. 9.2

(i) Show that, for the time t = 0 to time t = 0.20s, the electromotive force (e.m.f.) induced in
the coil is 0.080 V.

(2]

(ii) On the axes of Fig. 9.3, show the variation with time t of the induced e.m.f. E for time
t=0totimet=0.80s.

0.2

EIV

0.1

.. .. - -

Fig. 9.3
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(b) A bar magnet is held a small distance above the surface of an aluminium disc by means of a
rod, as illustrated in Fig. 9.4.

d—b rotating

fixed magnet
aluminium
disc
1
Fig. 9.4

The aluminium disc is supported horizontally and held stationary.
The magnet is rotated about a vertical axis at constant speed.

Use laws of electromagnetic induction to explain why there is a torque acting on the aluminium
disc.

9
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16 = (9702/42_Summer_2020_Q10) - Electromagnetic Induction

(a) State Faraday's law of electromagnetic induction.

............................................................................................................................................. [2]
(b) A simple iron-cored transformer is illustrated in Fig. 10.1.
laminated
> ‘/ soft-iron core
—]
input q_- { output
¢ % R
D  —
primary coil
secondary coil
Fig. 10.1
(i) State one function of a transformer.

..................................................................................................................................... [1]

(ii) A sinusoidal alternating current in the primary coil gives rise to a varying magnetic flux
linking the secondary coil.

Use Faraday's law to explain why the output from the transformer is an electromotive
force (e.m.f.) that is alternating.

2017 -2023 514




A-Level Cambridge PHYSICS -P4 CH23 - ELECTROMAGNETIC
INDUCTION

17 = (9702/41_Winter_2020_Q9) - Electromagnetic Induction

{a) Define magnetic flux.

............................................................................................................................................. [2]
{b) A simple transformer consists of two coils of wire wound on a soft-iron core, as illustrated in
Fig. 9.1.
soft-iron core
N ¥t
primary coil \

secondary coil

Fig. 9.1
There is a sinusoidal current in the primary coil.

Explain:

(i) how this current gives rise to an induced electromotive force (e.m.f.) in the secondary
coil
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(c) Explain why the soft-iron core in (b) is laminated.

[Total: 9]

A
< 0
’
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18 = (9702/42_Winter_2020_Q9) - Electromagnetic Induction, Alternating Currents

{a) Asmall coil is placed close to one end of a solenoid connected to a power supply. The plane
of the small coil is normal to the axis of the solenoid, as illustrated in Fig. 9.1.

solenoid small coil

0 O
power supply

Fig. 9.1

9
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The power supply causes the current I in the solenoid to vary with time t as shown in Fig. 9.2.

A
current I ‘ A -
14 { I |
HH z H
B! A B FEEERRPEERREEEEEEE
9 t : .
1 2 time ¢
Fig. 9.2

(i) State Faraday's law of electromagnetic induction.

...........................................................................................................................................

(ii) On the axes of Fig. 9.3, sketch a graph to show the variation with time t of the
electromotive force (e.m.f.) induced in the small coil.

A
emf HHEHHHTHE e IDEEREITES R
0 _l - _ — : e -
T b R SR et
4 I R S
i"t 1 ‘- ;7 - - | 1 |
Fig. 9.3
[4]
=
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(b) The small coil in (a) is now replaced by a Hall probe.
The Hall probe is positioned so that the reading for the probe is a maximum.
The current I in the solenoid varies again as shown in Fig. 9.2.

On the axes of Fig. 9.4, sketch a graph to show the variation with time t of the reading V|, of

the probe.
A
Vy | :
| a5
0 w3 mmm g 1 T o™
1 G e R e R time £
T
Fig. 9.4
(2]
[Total: 8]
=
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19 - (9702/42_Summer_2021_Q9) - Magnetic Fields, Electromagnetic Induction

(a) State two situations in which a charged particle in a magnetic field does not experience a
force.

(b) Aloosely coiled metal spring is suspended from a fixed point, as shown in Fig. 9.1.

fixed
point

spring \

small \
mass -
flexible
lead

Fig. 9.1
Electrical connections are made to the ends of the spring by means of a flexible lead.

The length of the spring is measured before the switch is closed and then again after the
switch is closed.

A
< 0
’
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When the switch is closed, a magnetic field is set up around each coil of the spring.

By reference to these magnetic fields, explain why there is a change in length of the spring.
State whether the spring extends or contracts.

(c) With the switch in (b) closed, the small mass on the free end of the spring is now made to
oscillate vertically.

Use the principles of electromagnetic induction to explain why small fluctuations in the current
in the spring are found to occur.
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20 = (9702/41_Summer_2021_Q10) - Electromagnetic Induction

) (a) State Lenz’s law.

(b) A metal ring is suspended from a fixed point P by means of a thread, as shown in Fig. 10.1.

Z Z VALV IV LA
= =

magnet
metal pole piece

ring

=.
=
«

Fig. 10.1 Fig. 10.2

The ring is displaced a distance d and then released. The ring completes many oscillations
before coming to rest.

The poles of a magnet are now placed near to the ring so that the ring hangs midway between
the poles of the magnet, as shown in Fig. 10.2.

The ring is again displaced a distance d and then released.
Explain why the ring completes fewer oscillations before coming to rest.
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{c) Thering in (b) is now cut so that it has the shape shown in Fig. 10.3.

Fig. 10.3

Explain why, when the procedure in (b) is repeated, the cut ring completes more oscillations
than the complete ring when oscillating between the poles of the magnet.
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21 = (9702/41_Winter_2021_Q9) - Electromagnetic Induction

(a) State, by reference to the power dissipated in a resistor, what is meant by the
root-mean-square (r.m.s.) value of an alternating voltage.

(b) A coil is rotating freely, on frictionless bearings, at constant speed in a uniform magnetic
field. This rotation causes an induced alternating electromotive force (e.m.f.) across the open
terminals of the coil. The induced e.m.f. has r.m.s. value 12V and frequency 50 Hz.

The speed of rotation of the coil is now doubled.

(i) State and explain, with reference to the principles of electromagnetic induction, the effect
of the increased speed of rotation on the r.m.s. value of the induced e.m.f.

(ii) On Fig. 9.1, sketch the variation with time ¢ of the induced e.m.f. E across the terminals
of the coil at the increased speed of rotation. Your line should extend from time t = 0 to
time t = 20ms. Assume that E= 0 when t = 0.

40

EIV

o0-HHE

oo T ‘ TR
HHH T
S P tms 2

-20

qq bttt

Fig. 9.1
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{c) State and explain the effect on the motion of the coil in {b) of connecting a load resistor
across its terminals.

A
< 0
’

2017 -2023 525




A-Level Cambridge PHYSICS -P4 CH23 - ELECTROMAGNETIC
INDUCTION

22 = (9702/42_Winter_2021_Q10) - Electromagnetic Induction

Fig. 10.1 shows a simple laminated iron-cored transformer consisting of a primary coil of 25000
turns and a secondary coil of 625 turns.

laminated iron core

25000 625
turns turns 400 Vour

oo

Fig. 10.1
The output potential difference (p.d.) V5,1 is applied to a load resistor of resistance 640 Q.

(a) (i) State the function of the iron core.

(b) The input p.d. V, is a sinusoidal alternating voltage of peak value 12kV and period 40ms.

(i) Calculate the maximum value of V1.

MAXIMVUMN Vigipr:® cicssinssmsssnaainsonassindsssdasasinsnssssusiosse V [1]
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(ii) Calculate the root-mean-square (r.m.s.) current in the load resistor.
T8 CUTTONE S s v s s s s tsaday o A [1]

(iii) On Fig. 10.2, sketch the variation with time t of the power P dissipated in the load resistor
for time t=0to t = 40ms. Assume that P = 0 when t = 0.

piw  FHEEE PR AT

1004+—

e T
O HHH20-H

1004

— et

o

Fig. 10.2
[3]
(c) Explain, with reference to Fig.10.2, why the mean power in the load resistor is 70W.
............................................................................................................................................. [2]
==
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23 = (9702/43_Winter_2021_Q10) - Electromagnetic Induction
(a) State an experimental phenomenon that provides evidence for:

(i) the particulate nature of electromagnetic radiation

(ii) the wave nature of matter.

{b) A particle of matter moves with momentum p.

(i) State the equation that gives the effective wavelength 4 of the particle. State the name of
any other symbols used.

2
(if) State the name given to the wavelength of the moving particle.
..................................................................................................................................... [1]
(c) Electrons are accelerated from rest through a potential difference (p.d.) of 4.8kV.
(i) Show that the final speed of the electrons is 4.1 x 10" ms™".
[2]

(ii) Calculate the effective wavelength of a beam of electrons moving at the speed in (c)(i).

WaVEIENIOIN S, conpsiasasniassabimsiapraasiision s m [2]
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24 - (9702/42_Winter_2022_Q8) - Electromagnetic Induction
(a) State Lenz's law of electromagnetic induction.

(b) Two coils of insulated wire are wound on an iron bar, as shown in Fig. 8.1.

coil 1 coil 2

o i o

vV Vuwv vViuwv

~ Y

Fig. 8.1

There is a current I, in coil 1 that varies with time t as shown in Fig. 8.2.

1.0 T
]1/A Iil/\iiliiiiIl:ill;f\llliiiiifii

-0.5

-1.0

Fig. 8.2

9
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(i) The variation with t of I, can be represented by the equation
I, = Xsin Yt
where X and Y are constants.

Use Fig. 8.2 to determine the values of X and Y. Give units with your answers.

(ii) The current in coil 1 gives rise to a magnetic field in the iron bar.
Assume that the flux density of this magnetic field is proportional to I,.

An alternating electromotive force (e.m.f.) is induced across coil 2. The p.d. across coil 2
is measured using the voltmeter and has a root-mean-square (r.m.s.) value of 4.6 V.

On Fig. 8.3, sketch a line to show the variation with t of V,, between t=0 and t = 0.08s.

10 — —
V,/V : HHHH
S HH
0 HHH
0 0.02 0.04 0.06 1111 0.08
N RENN! I s
-5 L " ‘ I
-10 =
Fig. 8.3
(3]
(ili) Use the laws of electromagnetic induction to explain the shape of your line in (b)(ii).
..................................................................................................................................... [3]
==
U ot
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25 = (9702/41_Summer_2023_Q6) - Magnetic Fields, Electromagnetic Induction

(a) State what is meant by a magnetic field.

(b) Along, straight wire P carries a current into the page, as shown in Fig. 6.1.

wire P
current into page

Fig. 6.1

On Fig. 6.1, draw four field lines to represent the magnetic field around wire P due to the
current in the wire. [3]

(c) Asecond long, straight wire Q, carrying a current of 5.0A out of the page, is placed parallel to
wire P, as shown in Fig. 6.2.

wire P wire Q
® (O]
current current 5.0A
into page out of page
Fig. 6.2

The flux density of the magnetic field at wire Q due to the current in wire P is 2.6 mT.

(i) Calculate the magnetic force per unit length exerted on wire Q by wire P.

force per unit IeNGth = ......cceevecevniecreinnneneressnenenssnnnns Nm [2]
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(ii) State the direction of the force exerted on wire Q by wire P.

..................................................................................................................................... [1]
(iii) The flux density of the magnetic field at wire P due to the current in wire Qis 1.5mT.
Determine the magnitude of the current in wire P. Explain your reasoning.
CUITENT = e e e e A [2]
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26 = (9702/42_Summer_2023_Q6) - Electromagnetic Induction

A heavy aluminium disc has a radius of 0.36m. The disc rotates with the wheels of a vehicle and
forms part of an electromagnetic braking system on the vehicle.

In order to activate the braking system, a uniform magnetic field of flux density 0.17 T is switched
on. This magnetic field is perpendicular to the plane of rotation of the disc, as shown in Fig. 6.1.

aluminium disc,
radius 0.36m

rotation of disc

axle >
{ ]
> magnetic field,
flux density 0.17 T

Fig. 6.1

{a) (i) Define magnetic flux.

(if) Calculate the magnetic flux through the disc. Give a unit with your answer.

magnetic flux = ... unit v, [2]
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(b) The disc is rotating at a rate of 25 revolutions per second.

Calculate the magnitude of the electromotive force (e.m.f.) induced between the axle and the
rim of the disc.

(c) The axle and the rim are connected into an external circuit that enables the energy of the
rotation of the disc to be stored for future use. The direction of rotation is shown in Fig. 6.1.

Use Lenz’s law of electromagnetic induction to determine whether the current in the disc is
from the rim to the axle or from the axle to the rim. Explain your reasoning.
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27 = (9702/41_Winter_2023_Q6) - Electromagnetic Induction

(a) Define magnetic flux density.

(b) Electrons are moving in a vacuum with speed 1.7 x 10’ ms~". The electrons enter a uniform
magnetic field of flux density 4.8 mT. Fig. 6.1 shows the path of the electrons.

————— magnetic field,
flux density 4.8 mT

electrons,
speed 1.7 x 107 ms™" X
d

Fig. 6.1
The path of the electrons remains in the plane of the page.

(i) State the direction of the magnetic field.
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(ii) Show that the magnitude of the force exerted on each electron by the magnetic field is
1.3 x 107™N.

(2]

(ili) On Fig. 6.1, draw an arrow to indicate the direction of the centripetal acceleration of the
electron where it enters the magnetic field at point X. 11

(iv) Use the information in (b)(ii) to calculate the distance d between the path of the electrons
entering the magnetic field and the path of the electrons leaving it.

(c) The electrons in (b) are replaced with positrons that are moving with speed 3.4 x 10’ms™"
along the same initial path as the electrons.
The positrons enter the magnetic field at point X on Fig. 6.1.

On Fig. 6.1, draw a line to show the path of the positrons through the magnetic field. [3]

9
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28 = (9702/42_Winter_2023_Q7) - Electromagnetic Induction

(a) AHall probe containing a thin slice of semiconducting material is placed in a uniform magnetic
field of flux density B. The largest faces of the slice are perpendicular to the magnetic field, as
shown in Fig. 7.1.

54A

semiconducting slice

magnetic field,
flux density B

Fig. 7.1

The thickness x of the slice is 1.8mm. The number density of charge carriers in the
semiconducting material is 1.5 x 10'm™3,

A constant current of 5.4 A is passed through the slice between the shaded faces.

The Hall voltage V|, that is developed between the terminals PQ is recorded.

Fig. 7.2 shows the variation with time t of B.

4
B/1078T

I

‘h\“;

Py

0 0.02 0.04 0.06 0.08
t/s

Fig. 7.2

(i) Show that, when B is equal to 4.0 x 107°T, the magnitude of V,is 5.0V

o~

1]
v
~
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) mam:

Fig. 7.3

(i) Show that the magnitude of E at time t = 0.010s is 2.0 x 104V,

4 IREENN
E/10%v | T

24+ HH H HH
0+— - =H—H

0 0.02 10.04. 0.06 L1

| T . - HHt/s
-2 I [HE NN
_4H a T

Fig. 7.4

(i) On Fig. 7.3, sketch the variation of V,, with t between t = 0 and t = 0.080s.

(ii) On Fig. 7.4, sketch the variation of E with t between t = 0 and t = 0.080s.

9

2017 -2023
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(3]

{b) The Hall probe in (a) is replace?d with a small flat coil that has 3000 turns. The cross-sectional
area of the coil is 3.4 x 10~*m?,

The plane of the coil is perpendicular to the magnetic field. The electromotive force (e.m.f.) E
induced between the terminals of the coil is recorded as B varies as shown in Fig. 7.2.

(3]

(4]
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1 - (9702/41_Winter_2017_Q10) - Alternating Currents

{a) The mean value of an allernating current is zero.
Explain why heating occurs when there is an alternatling current in a resistor,

............................................................................................................................................. [2]
{b} Transmission of elecirical energy is frequently achieved using atternating high voltages.
Suggest why
{i} high voltages are used,
.................................................................................................................................. [2]
(i} the voltage is alternating.
..................................................................................................................................... [2]
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2 = (9702/42_Winter_2017_Q11) - Alternating Currents

The circuit for a full-wave rectifier using four ideal diodes is shown in Fig. 11.1.

[ el

in utf%
b o

Fig. 11.1
Aresistor B is connecied across the ocutput AB of the rectifier.
(a) OnFig 11.1,

{i} draw a circle arcund any diodes that conduct when the terminal X of the input is positive
with respect to terminal Y, 1]

{iiy label the positive (+} and the negative (-) terminals of the output AB. {1}

A
< 0
’
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{b} The variation with time ¢ of the potential difference V across the input XY is given by the
expression

V = 5.6sin380¢
where Vis measured in volis and fis measured in seconds.

The variation with time 1 of the reclified polential difference across the resistor R is shown in
Fig. 11.2.
&
rectified AN #T T ARG T ~
potentiaf LI, FARREY ARNNL ¢ oy
difference 7 Y g L y x g L
v 4 : o 7
£ 3 2 & .‘ 2
; " 4 1 i " f ' ;
! L L i LEn
2 "
0 v oo
t t t
Fig. 11.2

Use the expression for the inpul potential difference V, or otherwise, 1o determine
{iy the root-mean-square (r.m.s.) potential difference

V ., ¢ Of the input,

2017 -2023
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{iiy the number of limes per second that the redlified potertial difference at the output
reaches a peak value.

FIUMDEE = i ereeae e [2]

{¢} A capacitor is now connecled belween the terminals AB of the oufput.
The capacitor reduces the variation {the ripple) in the output to 1.6V

(i) On Fig. 11.2, skeich the variation with time t of the smoothed output voltage for fime
t=1t totime =1, [4]

{i)  Suggest and explain the effect, if any, on the mean power dissipation in resistor B when
the capacifor is connecled between terminals AB.
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3 - (9702/41_Summer_2018_Q9) - Magnetic Fields, Alternating Currents

A rigid copper wire is held horizontally between the pole pieces of two magnets, as shown in
Fig. 9.1,

rd
s

P 8.5¢cm /,’ : |
copper e . LB20m
wire ; |
N S
\, S
direction \
Of CUFTeNnt mmeelp -
\~ 6,
N ]
A A AN
N
side view top view
Fig. 8.1

The widih of each pole piece is 8.5cm.

The uniform magnetic flux density 8 in the region between the poles of the magnets is 3.7mT and
is zero outside this region.

The angle between the wire and the direction of the magnetic field is .
The current in the wire is in the direction shown on Fig. 9.1.

{a) By reference to the side view of Fig. 8.1, slate and explain the direction of the force on the
magnets.

{b} The constani current in the wire is 5.1A.

{iy Forangle ¢equal to 80° calculate the force on the wire.
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(ii) The angle #is changed to 60°.

8.5

The length of wire in the magnetic field is (m

Jom.

Calculate the force on the wire.

(c) The constant current in the wire is now changed to an alternating current of frequency 20Hz
and root-mean-square (r.m.s.) value 5.1A.

The angle between the wire and the direction of the magnetic field is 90°.

On Fig. 9.2, sketch a graph to show the variation with time t of the force F on the wire for two
cycles of the alternating current.

A

FI/N

Fig. 9.2

[3]
A
< 0
’
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4 - (9702/42_Winter_2018_Q10) - Alternating Currents

{a) The root-mean-sguare {r.m.s.) value of the voltage of a sinusoidal aiternating supply is 8.8 V.
The frequency of the supply is 50Hz.

Derive an expression for the variation with time t (in second) of the potential difference V
{in volt) of the supply.

{b) Explain the function of the non-uniform magnefic field superposed on the large constant
magnetic field in diagnosis using magnetic resonance imaging (NMRI.
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(c) Aparallel beam of X-rays of intensity I, is incident normally on some soft tissue and bone, as

illustrated in Fig. 10.1.

incident

intensity IO_""' """

soft tissue

1.8¢cm

Fig. 10.1

transmitted
intensity T

The bone is 0.40cm thick and the total thickness of the bone and the soft tissue is 1.8cm.
The intensity of the transmitted beam is 1.

Data for the linear attenuation (absorption) coefficient « of bone and of soft tissue are given in

Fig. 10.2.

Calculate, in dB, the ratio

ulfem™!
bone 2.9
soft tissue 0.92
Fig. 10.2

transmitted intensity I

incident intensity I,

2017 -2023
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5 = (9702/41_Summer_2019_Q10) - Alternating Currents

A bridge rectifier contains four diodes. The output of the rectifier is connected to a resistor R, as
shown in Fig. 10.1.

|
- bridge ! output
input NV : rectifier : resistor R
| I
| I
I 1
Fig. 10.1

The variation with time t of the input e.m.f. E to the rectifier is given by the expression
E = 15c0s(210t)
where tis measured in seconds and E in volts.

The variation with time t of the potential difference V across resistor R is shown in Fig. 10.2.

A
%
0 -
t b
time t
Fig. 10.2
Determine:
(a) the maximum potential difference V,,,, across resistor R
Y R s v R R RS RS V [1]

9
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(b) the time interval, to two significant figures, between time t, and time &,.

y 5
< 0
’
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6 - (9702/41_Winter_2019_Q10) - Alternating Currents

A bridge rectifier using four ideal diodes is shown in Fig. 10.1.

D{}JAD'

Fig. 10.1

The sinusoidal alternating electromotive force (e.m.f.) applied between points A and B has a root-
mean-square (r.m.s.) value of 7.0V.

(a) (i) On Fig. 10.1, circle the diodes that conduct when point B is positive with respect to
point A. (1]

(ii) Calculate the maximum potential difference V,,,, across resistor R.

9
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(b) A capacitor is connected into the circuit to produce smoothing of the potential difference
across resistor R.

The variation with time t of the potential difference V across resistor R is shown in Fig. 10.2.

A i
4 NN N g 7I” "t~ magnitude of
L Tl _v_. ripple
0 1 -
t
Fig. 10.2
(i) On Fig. 10.1, draw the symbol for a capacitor, connected so as to produce smoothing.
(1]
(ii) State the effect, if any, on the magnitude of the ripple on V when, separately:
1. acapacitor of larger capacitance is used
2. the resistor R has a smaller resistance.
[2]
[
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7 = (9702/42_Winter_2019_Q11) - Electromagnetic Induction, Alternating Currents
(a) State Faraday’s law of electromagnetic induction.

............................................................................................................................................. [2]
(b) A solenoid S has a small coil C placed near to one of its ends, as shown in Fig. 11.1.
—O 0—
solenoid S
In I 3.6 x 102m
coil C
63 turns
Fig. 11.1
st
~-
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The coil C has a circular cross-section of diameter 3.6 x 10-2m and contains 63 turns of wire.

The solenoid S produces a uniform magnetic field of flux density B, in tesla, in the region of
coil C given by the expression

B=9.4x10"%]
where I is the current, in ampere, in the solenoid S.

The variation with time t of the current I in solenoid S is shown in Fig. 11.2.

[}
current I

Fig. 11.2

State two times at which:

(i) there is no electromotive force (e.m.f.) induced in coil C

time ...oooeeiiiieeccee, and time ........cccooeeeiveneceeenn, [1]
(ii) theinduced e.m.f. in coil C is a maximum but with opposite polarities.
111 O Ve 7[5 1e J 113 [ HEPEARS p uepep [1]

(c) The alternating current in the solenoid S in (b) is replaced by a constant current of 5.0A.

Calculate the average e.m.f. induced in coil C when the current in solenoid S is reversed in a
time of 6.0ms.

em:Einducet = nnsnsnananassasissassss V [3]
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8 = (9702/42_Winter_2020_Q9) - Electromagnetic Induction, Alternating Currents

{a) Asmall coil is placed close to one end of a solenoid connected to a power supply. The plane
of the small coil is normal to the axis of the solenoid, as illustrated in Fig. 9.1.

solenoid small coil

0 O
power supply

Fig. 9.1

9

2017 -2023 553




A-Level Cambridge PHYSICS -P4 CH24 - ALTERNATING CURRENTS

The power supply causes the current I in the solenoid to vary with time t as shown in Fig. 9.2.

A
current I 4 —~
! 4 1 !
H ] ‘i
| 7 HHHT { I | ;
; ; : 1 11 ; ' 1 !
0 t t w
i 2 time ¢
Fig. 9.2

(i) State Faraday's law of electromagnetic induction.

...........................................................................................................................................

(ii) On the axes of Fig. 9.3, sketch a graph to show the variation with time t of the
electromotive force (e.m.f.) induced in the small coil.

)

emf HHHHHHHHH e B R REa
0 ' . — +— mm >
RS FEH 0 b ime S
:. 1t 1 tt i1 1
SR51 e ) FEa0y ENNB) ISR 10001 Eoag beug s
i 4 11 wi” »7‘7‘..;. i “‘ g T -V“
-l e :,.; < 3 I __777 ,?,,‘ ,,Y : . .
Fig. 9.3
[4]
=
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(b) The small coil in (a) is now replaced by a Hall probe.
The Hall probe is positioned so that the reading for the probe is a maximum.
The current I in the solenoid varies again as shown in Fig. 9.2.

On the axes of Fig. 9.4, sketch a graph to show the variation with time t of the reading V|, of

the probe.
A
VH I I E !
0+ L == EEEE EEEEY e NN EE R AR b
1 EeH R e time E
HEHE
Fig. 9.4

(2]

[Total: 8]

=
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9 - (9702/42_Summer_2021_Q10) - Alternating Currents

(a) By reference to heating effect, explain what is meant by the root-mean-square (r.m.s.) value
of an alternating current.

LT i
f—
"-.,...

|
-
.

=
o

M~
-

]

-

Fig. 10.1

o
Y

Fig. 10.2

9
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(i) Use Fig. 10.1 to determine the peak value and the r.m.s. value of the current I,.

PEAKVAITEIS ..., cricemmeramrnns i serespiisamss i isys seaeerss A
EMSINEAIUS S s i st st A
(1]

(i) Use Fig. 10.2 to determine the peak value and the r.m.s. value of the current I,.

ooz 1 A . . . N A
[ I | T B et A
(1]

(c) The variation with time t of the supply voltage V to a house is given by the expression
V = 240 sin kt
where V is in volts, t is in seconds and k is a constant with unit rads™".
(i) The frequency of the supply voltage is 50 Hz.

Determine k to two significant figures.

(ii) The supply voltage is applied to a heater. The mean power of the heater is 3.2kW.

Calculate the resistance of the heater.

FOSISIANGE = i ot s e abersssaninavioseniss Q [2]
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10 = (9702/41_Summer_2022_Q5) - Alternating Currents

Fig. 5.1 shows four diodes and a load resistor of resistance 1.2kQ, connected in a circuit that is
used to produce rectification of an alternating voltage.

* P
Xo
V
IN YN 1.2kQ Vour
o
*Q

Fig. 5.1

(a) (i) State whatis meant by rectification.

(b) Asinusoidal alternating voltage V) is applied across the input terminals X and Y. The variation
with time t of V|, is given by the equation

Vy = 6.0sin25xt
where V|, is in volts and t is in seconds.

(i) On Fig. 5.1, label the output terminals P and Q with the appropriate symbols to indicate
the polarity of the output voltage V. [1]

A
< 0
’
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(ii) The magnitude of the output voltage V, ; varies with t as shown in Fig. 5.2.

Vour/V

) o

’-‘
i

tl's
Fig. 5.2

On Fig. 5.2, label both of the axes with the correct scales. Use the space below for any
working that you need.

[3]
{c) The output voltage in {b} is smoothed by adding a capacitor to the circuit in Fig. 5.1.
The difference between the maximum and minimum values of the smoothed output voltage is
10% of the peak voltage.

(i) On Fig. 5.1, draw the circuit symbol for a capacitor showing the capacitor correctly
connected into the circuit. [1]

(i) On Fig. 5.2, sketch the variation with t of the smoothed output voltage. [2]

(ifi) Calculate the capacitance C of the capacitor.

[Total: 12]
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11 - (9702/41_Winter_2022_Q7) - Alternating Currents

(a) A sinusoidal alternating voltage has a root-mean-square (r.m.s.) potential difference (p.d.) of
4.2V and a frequency of 50kHz.

(i) The altenating voltage is applied across a resistor of resistance 760 Q.

By considering the peak voltage, show that the maximum power dissipated by the
resistor is 46 mW.

(2]

{(ii) On Fig. 7.1, draw a smooth curve to show how the power P dissipated in the resistor
varies with time t between { = 0 and t = 40 us. Assume that P =0 when { = 0.

50T

P/mwW

0 10 20 30 40
t/us

Fig. 7.1
(3]

(iii) Use your line in (a)(ii) to explain why the mean power dissipated in the resistor is 23 mW.

9
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(b) The alternating voltage in (a) is now applied to a piezoelectric crystal in air.

(i) Explain what happens to the air surrounding the crystal.

..................................................................................................................................... [3]
(ii) A second piezoelectric crystal is placed in the air near to the first crystal.
Explain the effect of the surrounding air in (b)(i) on the second crystal.
..................................................................................................................................... 1]
[
-
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12 - (9702/42_Summer_2023_Q7) - Alternating Currents

Four diodes are used in a bridge rectifier circuit to produce rectification of a sinusoidal a.c. input
voltage V.
Fig. 7.1 shows part of the circuit, but three of the diodes are missing.

Fig. 7.1
The p.d. across the load resistor R is the output p.d. V5 ,; of the bridge rectifier.

(a) (i) State the name of the type of rectification produced by a bridge rectifier.

..................................................................................................................................... [1]
(i) Complete Fig. 7.1 by drawing the three missing diodes, correctly connected. [2]
(iii) On Fig. 7.1, draw an arrow to indicate the direction of the current in resistor R. [1]
(b) V|, has amplitude V, and period T. Fig. 7.2 shows the variation with time t of V.
VO N / N
Vin N\ \
/
0 A\ / \ /
0 \LOST /10T HENE1.6T /L 12.0T
\ / TN
\ J \
-V, N
Fig. 7.2
==
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(i) On Fig. 7.3, sketch the variation of V, ;; with t between t =0 and { = 2.0T.

o

VOUT

Fig. 7.3
[3]
(if) The power dissipated in the resistor is P.
On Fig. 7.4, sketch the variation of P with { between t =0 and t = 2.0T.
A
P
0
) 0.5T 1.0T 1.5T=—,12.0T
Fig. 7.4
[2]

(iii) Suggest, with a reason, how the root-mean-square (r.m.s.) value of V ,; compares with
the rm.s. value of V.
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13 - (9702/41_Winter_2023_Q7) - Alternating Currents

A varying current I passes through a resistor of resistance R in the circuit shown in Fig. 7.1.

O O

1Yy

Fig. 7.1

Fig. 7.2 shows the variation with time { of I.

3IO I R G

O HHOSIT L O L ST

=3I,
Fig. 7.2

The current has magnitude 21, when it is in the positive direction and I, when it is in the negative
direction. The period of the variation of the currentis T.

(a) Determine expressions, in terms of I, and R, for the power P dissipated in the resistor for the
times when:

(i) the currentis in the negative direction

S s RS S DR BRHER 1]

(if) the currentis in the positive direction.
| 1
==

2017 -2023 564




A-Level Cambridge PHYSICS -P4 CH24 - ALTERNATING CURRENTS

(b) On Fig. 7.3, sketch the variation of P with t between t = 0 and t = 2.07. Label the power axis
with an appropriate scale.

P
0 05T 10T 157 4 20T
Fig. 7.3
(3]
(c) Use your answer in (b) to determine an expression, in terms of I; and R, for:
(i) the mean power {P) in the resistor

(P)E ssiisovmassnssssvssssnss 550 s pReaas SRS ks S [1]

(ii) the root-mean-square (r.m.s.) current I _ _ in the resistor.
Bocs: B il e R R AR [2]
==

~—
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14 - (9702/42_Winter_2023_Q4) - Alternating Currents

An electron in a metal rod moves randomly about a mean position. When an alternating
voltage is applied to the ends of the rod, the mean position can be considered to oscillate with
simple harmonic motion along the axis of the rod. Fig. 4.1 shows the variation with time ¢ of the
displacement x of the mean position from a fixed point on the axis of the rod.

crom (LI AN
N S

e
INZE N

0 0.1 0.2 0.3 0.4
t/us

Fig. 4.1

(a) (i) Determine the amplitude of the oscillations.

amplitude = o m [1]

(i) Determine the angular frequency of the oscillations.

angular TEqUBNCY = iiiiaiinmmsiniiisiiio. rads™' [1]

(iii) Use your answers in (a)(i) and (a)(ii) to show that the maximum drift speed v, of the
electronis 1.1 x 107" ms™".

(2]

9
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(b) The rod has a cross-sectional area of 4.3cm? and contains a number density of conduction
electrons (charge carriers) of 8.5 x 1028 m—2.

All of the conduction electrons in the rod may be assumed to be oscillating in phase with, and
with the same amplitude as, the oscillation shown in Fig. 4.1.

(i) Use the information in (a)(iii) to calculate the magnitude I, of the maximum current in the
rod.

Foom s e s S e A [2]
(ii) On Fig. 4.2, sketch the variation of the current I in the rod with time t between t = 0 and
t=0.40us.
| EastiRcean FE
IO + 4 i T 1
0+ BN EREREEEE
0l 1 0.2 0.3 11771104
AmmmEamEm: i - usH
[} Emmma Amma nmEmE AR

Fig. 4.2
[2]

(iii) Use your answers in (a)(ii) and (b){i) to determine an expression for I in terms of f,
where I'isinAand tisins.

(iv) Determine the root-mean-square (r.m.s.) current in the rod.

LS EOUITENE:S (o v e SsnEss A [1]
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1 = (9702/41_Summer_2017_Q5) = Quantum Physics

An o-particle is travelling in a vacuum fowards the centre of a gold nucleus, as illustrated in

Fig. 5.1.
gold nucleus a-particle
charge 79¢ energy 7.7 x 107134

Fig. 5.1

The gold nucleus has charge 79e.

The gold nucleus and the «-particte may be assumed to behave as point charges.
Al a large distance from the gold nucleus, the o-particle has energy 7.7 x 10734

{a} The a-particle does not collide with the gold nucleus. Show that the radius of the gold nucleus
must be less than 4.7 x 107 m.

(3]

(b} Determine the acceleration of the o-particle for a separation of 4.7 x107m between the
centres of the gold nucleus and of the a-patiicle.

acoeleration = ms2 (3]

{c} Inan a-particle scattering experiment, the beam of a-particles is incident on a very thin gold
foil.

Suggest why the gold foil must be very thin.
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2 = (9702/41_Summer_2017_Q10) - Quantum Physics

(a} Siale

muscle.

10.1.

{1} whatis meant by the hardness of an X-ray beam,

(b} The same parallel beam of X.ray radiation is incident, separately, on samples of bone and of

Data for the thickness x of the samples of bone and of muscle, together with the linear
attenuation (absorption) coefficients x4 of the radiation in bone and in muscle, are given in Fig.

PHYSICS -P4 CH25 - QUANTUM PHYSICS

Determine the ratio

x/cm wlom™
bone 1.5 2.9
muscle 4.0 0.895
Fig. 10.1

intensity transmitted through bone

intensity transmitted through muscle”
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3 = (9702/42_Summer_2017_Q10) - Quantum Physics

{a} Briefly describe two phenomena associated with the photoelectric effect that cannot be
explained using a wave theory of light.

(b} The maximum energy £,,,, of electrons emitted from a metal surface when illuminated by
light of wavelength A s given by the expression

Eyax = he

11
Al
where his the Planck constant and ¢ is the speed of light.

(i) Identify the symbol A,.

A
) o)
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(i) The variation with 1 of £,y for the mefal surface is shown in Fig. 10.1.
A

4

Enax /1079

1.5 2.0 2.5 3.0 3.5 4.0

3 a6 e
/.LHO m

Fig. 10.1

1. Use Fig. 10.1 to determine the magnitude of A,

2. Use the gradient of Fig. 10.1 to determine a value for the Planck constant b

{¢}y The metal surface in (b} becomes oxidised.
Photoelectric emission is still observed but the work function energy is increased.

On Fig. 10.1, draw a line to show the variation with = of £, for the oxidised surface. 2]

A _
< 0
P
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4 - (9702/41_Summer_2017_Q11) - Quantum Physics

A beam of light consists of a continuous range of wavelengths from 420nhm to 740nm.
The light passes through a cloud of cool gas, as shown in Fig. 11.1.

incident light . emergent light
o> ¢ s =

wavelengths 420 nm—740 nm

Fig. 11.1
(a) The spectrum of the light emerging from the cloud of cool gas is viewed using a diffraction

grating.
Explain why this spectrum contains a number of dark lines.

(b) Some of the electron energy levels of the atoms in the cloud of gas are represented in
Fig. 11.2.

—0.38eV
A —0.54eV

—0.85eV

—1.5eV

energy
—3.4eV

—-13.6eV

Fig. 11.2 (not to scale) I
\ f==e]
v o
S
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() Light of wavelength 420 nm has a photon energy of 2.96eV.
Calculate the photon energy, in eV, of light of wavelength 740 nm.

Photon energy = .o eV [2]

(i Use data from {i} and your answer in {i) to show, on Fig. 11.2, the changes in energy

levels giving rise to the dark lines in {a). [2]
o=

y 9
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5 = (9702/42_Summer_2017_Q11) = Quantum Physics

An electron has charge —g and mass m. It is accelerated from rest in a vacuum through a potential
difference V.

(a) Show that the momentum p of the accelerated electron is given by

p = 4/(2mgV).

(2]
(b) The potential difference Vthrough which the electron is accelerated is 120 V.
(i) State what is meant by the de Broglie wavelength.
....................................................................................................................................... 2]
(i) Calculate the de Broglie wavelength of the electron.
wavelength = ... m [3]

(c) The separation of copper atoms in a copper crystal is approximately 2x10~1%m.
By reference to your answer in (b)(ii), suggest whether electron diffraction could be observed

using a beam of electrons that have been accelerated through a potential difference of 120V
and are then incident on a thin copper crystal.
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6 = (9702/42_Winter_2017_Q10) - Quantum Physics

{a) A metal surface is lluminated with light of a single wavelength A
On Fig. 10.1, skefch the variation with A of the maximum kinetic energy E,;,, of the electrons
emitted from the surface.
On your graph mark, with the symbol A, the threshold wavelength.

4

EM AX

A

Fig. 10.1 [3]

{b} A neufronis moving in a straight line with momentum p.
The de Broglie wavelength associated with this neutron is A
On Fig. 10.2, sketch the variation with momenium p of the de Broglie wavelength A

4

Fig. 10.2 2]

A _
< 0
P
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7 = (9702/41_Winter_2017_Q11) = Quantum Physics

{a) Slate what is meant by a photon.

............................................................................................................................................. [1]
(b) Indium-123 (*2In) is radioactive.
A nucleus of indium-123 emits a y-ray photon of energy 1.1 MeV.
Determine, for this y-radiation,
{i} the frequency,
TIEQUENCY = ot Hz [2]
(it} the momentum of a pholon.
momentum = ... Ns [2]

{c) The indium-123 nucleus is stationary before emission of the v-ray photon.
Use your answer in {(b}ii) to estimate the reccill speed of the nucleus after emission of the

photon.
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8 = (9702/42_Summer_2018_Q10) - Quantum Physics

{a) Describe the photoelectric effect.

............................................................................................................................................... [2]
{b} Data for the work function energy @ of two metals are shown in Fig. 10.1.
@i
sodium 3.8 x 107"
zinc 5.8 x 10719
Fig. 10.1
Light of wavelength 420nm is incident on the surface of each of the melals.
(i} State what is meant by a photon.
....................................................................................................................................... (2]
{ii) Calculate the energy of a photon of the incident light.
BNEIOY T vt J[2]
(iiiy State whether phofoelectric emission will occur from each of the metals.
S0 Lo | D PSP TSTPRRRPT
ZIIC. e e e et
(1

2017 -2023 577




A-Level Cambridge PHYSICS -P4 CH25 - QUANTUM PHYSICS

9 - (9702/41_Summer_2018_Q11) - Quantum Physics

(a) (i) Explain whatis meant by a photon.

(i) By reference tointensity of light, state one piece of evidence provided by the photoelectric
effect for a particulate nature of light.

(b) Some electron energy levels in a solid are illustrated in Fig. 11.1.

-

» conduction band

> forbidden band

> valence band

Fig. 11.1

A semiconductor material has a very high resistance in darkness.
Light incident on the semiconductor material causes its resistance to decrease.

Explain the resistance of the semiconductor material in different light conditions.
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10 = (9702/41_Winter_2018_Q10) - Quantum Physics

Some of the electron energy bands in a semiconductor material at the absolute zero of temperature
are shown in Fig. 10.1.

» conduction band {empty)

v valence band (filled)

Fig. 10.1

Use band theory to explain why, as the temperature of the semiconductor material rises, the
electrical resistance of the sample of material decreases.
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11 - (9702/41_Winter_2018_Q11) - Quantum Physics

A stationary isolaled nucleus emits a wray photon of energy 0.51MeV

{a) State what is meant by a photon.

............................................................................................................................................... 2]
{b} Forthe v-ray photon, calculate
(i} s wavelength,
wavelength = ... m [2]
(Hy s momentum.
MOMENIUM = .. e Ns[2]
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{c) (I} Forthis nucleus, determine the change in mass Am during the decay that gives rise lo
the energy of the v-ray photon.
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12 - (9702/42_Winter_2018_Q11) - Quantum Physics

{a) State what is meant by a photon.

{b) Describe the appearance of a visible line emission speclrum, as seen using a diffraction
grating.

~0.54 om0 sozoooor —0.38
§ 1,50 e N.0.85
--------- ~3.40
energy/eV
BET 3: JU——

Fig. 11.1 (not to scale)

{Iy An electron is initially at the energy level -0.85¢eV. State the total number of different
wavelengths thal may be emitted as the electron de-exciles (loses energy).
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(i} Photons resulting from electron de-excitation from the —0.85eV energy level are incident
on the surface of a sample of platinum.
Platinum has a work funclion energy of 5.6eV.
Determine

1. the maximum kinetic ensrgy, in eV, of a photosiectron emilted from the surface of
the platinum,

MAXMUM BNEITY T oo e eV[2]

2. the wavelength of the photon producing the pholoeleciron in (i) part 1.

wavelength = ..., m [3]
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13 = (9702/42_Summer_2019_Q7) - Quantum Physics

(a) Use band theory to explain why the resistance of an intrinsic semiconductor decreases as its
temperature rises.

...................................................................................................................................................
...................................................................................................................................................

............................................................................................................................................... [5]
(b) The variation with temperature t of the resistance R of a thermistor is shown in Fig. 7.1.

3.5 ; ,

N

N
3.0 a

R/kQ
2.5
H i & 5 T
3 S
2.0744—-~—7~4—-— —1 -«~0—o—44>~\4~-»~—~— -1t
1.5
1.0
0 5 10 15 20 25 30
t/°C
Fig. 7.1
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The thermistor is connected into the circuit shown in Fig. 7.2.

A
o B
Fig. 7.2

The battery has electromotive force (e.m.f.) 9.00V and negligible internal resistance.

When the temperature of the thermistor is 25°C, the potential difference between the
terminals A and B is 1.00V.

The temperature of the thermistor changes from 25°C to 10°C.
Determine, to two significant figures, the change in potential difference between A and B.

CRNANGE: = it e NS N R B R V [3]

(c) The temperature of the thermistor in (b) changes from 25°C to 10°C at a constant rate.

State two reasons why the potential difference between A and B does not change at a
constant rate.

2017 -2023 585




A-Level Cambridge PHYSICS -P4 CH25 - QUANTUM PHYSICS

14 - (9702/41_Summer_2019_Q11) - Quantum Physics

(a) State three pieces of evidence provided by the photoelectric effect for a particulate nature of
electromagnetic radiation.

(b) The work function energies of some metals are shown in Fig. 11.1.

work function
energy/eV
sodium 2.4
calcium 2.9
zinc 3.6
silver 43
Fig. 11.1

Each metal is irradiated with electromagnetic radiation of wavelength 380 nm.

(i) Calculate the energy, in eV, of a photon of electromagnetic radiation of wavelength 380 nm.

ENEIGY = oivieeeeieeiieinrreereeesearisanraaeseesenenssnsees eV [3]

(ii) Determine which metals will give rise to the emission of photoelectrons. Explain your
answer.
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(c) Photons of wavelength 380nm are incident normally on a metal surface at a rate of

7.6 x 10™s™,
All the photons are absorbed in the surface and no photoelectrons are emitted.

Calculate the force exerted on the metal surface by the incident photons.
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15 = (9702/42_Summer_2019_Q11) - Quantum Physics

(a) State what is meant by a photon.

............................................................................................................................................... [2]
(b) A stationary cobalt-60 (g‘;Co) nucleus emits a y-ray photon of energy 1.18 MeV.
(i) Calculate the wavelength of the photon.
WANCIONAMIN - o v sisnesnnmsnincsissa sy P e s s SR EsEaRSRSS m [2]
(ii) Show that the momentum of the photon is 6.3 x 10722N's.
[2]

(c) Use information in (b)(ii) to determine the recoil speed of the cobalt-60 nucleus when the
y-ray photon is emitted.
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16 = (9702/42_Winter_2019_Q10) - Electronics, Quantum Physics

(@) The upper electron energy bands in an intrinsic semiconductor material are illustrated in
Fig. 10.1.

conduction
band

forbidden
band

valence
band

Fig. 10.1

Use band theory to explain why the resistance of an intrinsic semiconductor material
decreases as its temperature increases.

9
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(b) A comparator circuit incorporating an ideal operational amplifier (op-amp) is shown in
Fig. 10.2.

1.50kQ LE}:H tsL\\

+3.0VO

A"\
2
» O

VOUT
1.20kQ 1.76 kQ

Fig. 10.2

The variation with temperature # of the resistance R; of the thermistor is shown in Fig. 10.3.

3.5

3.0
R, Ik

2.5

2.0

1.5-HHHH A A NS

1.0

71°C

Fig. 10.3

9
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(i) Determine the temperature at which the light-emitting diode (LED) in Fig. 10.2 switches

on or off,

temperature = ..........c.....il

(ii) State and explain whether the thermistor is above or below the temperature calculated

in (i) for the LED to emit light.
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17 = (9702/41_Winter_2019_Q11) - Quantum Physics

(a) With reference to the photoelectric effect, state what is meant by work function energy.

(b) The work function energy of a clean metal surface is 5.5 x 107194,

Electromagnetic radiation of wavelength 280 nm is incident on the metal surface. The metal is
in a vacuum.

(i) Calculate:

1. the photon energy

PhOIONBNOIGY = o tasuvscss sasmsanan sosis samnasssanarss sissnisssssa J [2]

2. the maximum speed v, of the electrons emitted from the surface.
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(c) The electromagnetic radiation incident on the metal surface may change in intensity or in
frequency.

Complete Fig. 11.1 by inserting either ‘increases’ or 'decreases’ or ‘no change’ to describe
the effects of the changes shown on the maximum speed and on the rate of emission of

electrons.
change maximum speed of rate of emission
electrons of electrons
reduced intensity at constant
fraguaney; | Peissusasimeisiaiseeen || s mn s s aees
increased frequency at constant
ARSI L o I e ioxssvireesian s wamocyrmin e || Meassivesiamn e s e
Fig. 1.1

[4]

9
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18 = (9702/41_Summer_2020_Q10) - Quantum Physics

(a) White light passes through a cloud of cool low-pressure gas, as illustrated in Fig. 10.1.

cool gas

—_—> E—
—_— R

white emergent

4 - — :

light light
_ E—
_— R —

Fig. 10.1

For light that has passed through the gas, its continuous spectrum is seen to contain a
number of darker lines.

Use the concept of discrete electron energy levels to explain the existence of these darker
lines.

9
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(b) The uppermost electron energy bands in a solid are illustrated in Fig. 10.2.

} conduction band (CB)

forbidden band (FB)

valence band (VB)

Fig. 10.2

Use band theory to explain the dependence on light intensity of the resistance of a
light-dependent resistor (LDR).

9
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19 - (9702/41_Summer 2020 _Q11) - Quantum Physics
An electron, at rest, has mass m, and charge —q.
A positron is a particle that, at rest, has mass m_ and charge +q.
A positron interacts with an electron. The electron and the positron may be considered to be at
;‘ehs;.outcome of this interaction is that the electron and the positron become two gamma-ray (y-ray)
photons, each having the same energy.

(a) Calculate, for one of the y-ray photons:

(i) the photon energy, in J

ONOIOVS cocamssnas s s s ssasa iy Sassas v suks iagicvs J [2]

(ii) its momentum.

9
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20 = (9702/42_Summer_2020_Q11) - Quantum Physics

(@) The uppermost energy bands in a solid are known as the valence band (VB), the forbidden
band (FB) and the conduction band (CB).

A copper wire is at room temperature.

Use band theory to explain why the resistance of the copper wire increases as its temperature
increases.

(b) The structure of a copper crystal is to be examined using electron diffraction.

Electrons, having been accelerated from rest through a potential difference V, are incident on
the crystal.

The de Broglie wavelength 4 of the electrons is 2.6 x 10" m.

Calculate the accelerating potential difference V.

9
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21 - (9702/41_Winter_2020_Q11) - Quantum Physics

A photon of wavelength 540nm collides with an isolated stationary electron, as illustrated in
Fig. 11.1.

electron

incident photon

wavelength 540nm

wavelength 544 nm

Fig. 11.1

The photon is deflected elastically by the electron.
The wavelength of the deflected photon is 544 nm.

(a) (i) State whatis meant by a photon.

..................................................................................................................................... [2]

(ii) On Fig. 11.1, draw an arrow to indicate the approximate direction of motion of the
deflected electron. (1]
[
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(b) Calculate:

(i) the momentum of the deflected photon

MOMENEUM = vt eee e e s e e Ns [2]

(ii) the energy transferred to the deflected electron.

ENETGY = orerrereereesrrsnenneresssssssnnnesesassrsssnnaneees J [2]
(c) Another photon of wavelength 540 nm collides with an isolated stationary electron.

Explain why it is not possible for the deflected photon to have a wavelength less than 540nm.

[Total: 9]

9
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22 = (9702/42_Winter_2020_Q11) - Quantum Physics

(a) Electromagnetic radiation is incident on a metal surface.

It is observed that there is a minimum frequency of electromagnetic radiation below which
emission of electrons does not occur.

This ohservation provides evidence for a particulate nature of electromagnetic radiation.

State two other observations associated with photoelectric emission that provide evidence
for a particulate nature of electromagnetic radiation.

..................................................................................................................................................

(b) The maximum kinetic energy E,,,, of electrons emitted from a metal surface is determined
for different wavelengths 4 of the electromagnetic radiation incident on the surface.

The variation with -} of Eyax is shown in Fig. 11.1.

0.6 T

e e e . .- - - B e ——— ../....

Evax/eV NN NN TN EENEE RN AR EREEEEERD caumnunmm
0.4

| { 4 ot \ \ \ $44 +=1—1—1
4 11 {t—ea—4 { +t f141 441 fteetent

- {4—i-{ I | 1D & T SO U N - . [ R +-1—1-1
o T A SR R B S e T e e e I o B B e o —v—t——f-1-1—1—1
{ { { 4 4 11 1144 4 }

19 2.0 59 2.2 23 24
1 1
)./106m
Fig. 11.1

9

2017 -2023 600




A-Level Cambridge PHYSICS -P4 CH25 - QUANTUM PHYSICS

(i) Use Fig. 11.1 to determine the threshold frequency f,.

(ii) Use the gradient of the line on Fig. 11.1 to determine a value for the Planck constant h.
Explain your working.

(c) The electromagnetic radiation is now incident on a metal with a larger work function energy
than the metal in (b).

On Fig. 11.1, sketch the variation with %of Eanc 2]
[Total: 10]
=
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23 = (9702/41_Summer_2021_Q6) - Electric Fields, Quantum Physics, Particle & Nuclear Physics

(a) An isolated metal sphere of radius ris charged so that the electric field strength at its surface
is Ep-

On Fig. 6.1, sketch the variation of the electric field strength E with distance x from the centre
of the sphere. Your sketch should extend from x =0 to x = 3r.

Eo

field
strength £

0 r 2r 3r
distance x

Fig. 6.1
(3]

(b) The de Broglie wavelength of a particle is A, when its momentum is p,.

On Fig. 6.2, sketch the variation with momentum p of the de Broglie wavelength A of the

particle for values of momentum from % to py,.

24

wavelength A

0

momentum p

Fig. 6.2

9
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{c) Aradioactive isotope decays with a half-life of 15s to form a stable product.

A fresh sample of the radioactive isotope at time ¢ = O contains N, nuclei and no nuclei of the
stable product.

On Fig. 6.3, sketch the variation with f of the number n of nuclei of the stable product for time
t=0totime{=45s.

Ny
numbern
0.5N,
0
0 15 30 45

time t/s

Fig. 6.3

9
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24 - (9702/41_Summer_2021_Q11) - Quantum Physics

(a) State how, in a modern X-ray tube, the intensity of the X-ray beam and its hardness are

controlled.

L) =T 0TS 1 SO

{b) A model of a limb consists of soft tissue and bone, as illustrated in Fig. 11.1.

3.0cm
-
f I I \
I I
I I
I I
I I
I
incident transmitted
intensi intensit
ty I, I I ity
—_—— P e —
~
bone i —_— i\ soft
! [ tissue
: 9.0cm :

Fig. 11.1

The soft tissue has a thickness of 9.0 cm. The bone within the soft tissue has a thickness of

3.0cm.

Data for the linear attenuation (absorption) coefficient u of X-rays in soft tissue and in bone

are shown in Table 11.1.

Table 11.1
wl/em™1
soft tissue 0.92
bone 2.9

A
< 0
gy
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A parallel beam of X-rays of intensity I, is incident normally on the model.

Calculate, in terms of I;:

(i) the transmitted intensity I through soft tissue alone

(i) the transmitted intensity I through soft tissue and bone.

(c) By reference to your answers in (b), suggest, with a reason, whether good contrast on an

X-ray image would be obtained.
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25 = (9702/41_Summer_2021_Q12) - Quantum Physics

(a) Electromagnetic radiation of a single constant frequency is incident on a metal surface. This
causes an electron to be emitted.

Explain why the maximum kinetic energy of the electron is independent of the intensity of the
incident radiation.

............................................................................................................................................. [3]
{b) Ultraviolet radiation of wavelength 250 nm is incident on the surface of a sheet of zinc.
The maximum kinetic energy of the emitted electrons is 1.4eV.
Determine, in eV:
(i) the energy of a photon of the ultraviolet radiation
ENEIGY = oeeeeeiieee e e e e ee e e eme e e e eneas eV [3]
(ii) the work function energy of the surface of the zinc.
ENETGY = it c e e e eV [2]
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26 = (9702/42_Summer_2021_Q12) - Quantum Physics

(a) State what is meant by a photon.

(b) A stationary nucleus of samarium-157 (12£Sm) emits a gamma-ray (y-ray) photon of energy
0.57MeV.

Determine, for one y-ray photon:

(i) its wavelength

wavelength =

(if) its momentum.

momentum =
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(c) (i) Using your answer to (b)(ii), determine the speed of the samarium-157 nucleus after
emission of the photon.

(ii) By reference to your answer in (c){(i), explain quantitatively why the speed of the

samarium-157 nucleus may be assumed to be negligible compared with the speed of the
photon.
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27 = (9702/41_Winter_2021_Q10) - Quantum Physics
(a) State an experimental phenomenon that provides evidence for:

(i) the particulate nature of electromagnetic radiation

(ii) the wave nature of matter.

(b) A particle of matter moves with momentum p.

(i) State the equation that gives the effective wavelength A of the particle. State the name of
any other symbols used.

(2]
(ii) State the name given to the wavelength of the moving particle.
..................................................................................................................................... 1]
{c) Electrons are accelerated from rest through a potential difference (p.d.) of 4.8kV.
(i) Show that the final speed of the electrons is 4.1 x 10"ms™",
(2]

(ii) Calculate the effective wavelength of a beam of electrons moving at the speed in (c)(i).

wavelength = wuiisiainssaisnasiinseismisi m [2]
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28 = (9702/41_Summer_2022_Q7) - Quantum Physics

(a) State whatis meant by a photon.

{b) Electromagnetic radiation of a varying frequency fand constant intensity I is used to illuminate
a metal surface. At certain frequencies, electrons are emitted from the surface of the metal.
The variation with f of the maximum kinetic energy E,;, of the emitted electrons is shown in

Fig. 7.1.
4.0 7
Eyax/10719J 7
3.0 ] . ] ] ] . ] H
/
. ] . . . ’/
’I
2.0
/
1.0 7
'I/
,I
O z
0 2 4 6 8 10 12
f/10"4Hz
Fig. 7.1
(i) State the name of this phenomenon.
..................................................................................................................................... [1]
==
-
610
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(if) Describe three conclusions that can be drawn from the graph in Fig. 7.1. The conclusions
may be qualitative or quantitative.

L PR
2 et eeaeee e eeeoEeeeaAEeeesEeeeieetenEeeenEeeeareeeanee et e eane s eaneeeReeeaneeennnesaneesanes
B ettt et eaeeeaeeeeeeeeaeeeeeeeseEeeeeseeeesteeeetetehtbeesbeeabeeehse e e At e e ane e e aseeeRe e e aneeenn e sneeeanes
(3]
{c) The experiment in (b) is repeated twice, each time making one change.
State, with a reason, how the graph obtained would compare with Fig. 7.1 when:
(i) a different metal is used, but keeping the intensity I of the radiation the same
..................................................................................................................................... [2]
(if) the same metal is used, but with electromagnetic radiation of intensity 21I.
..................................................................................................................................... [2]

[Total: 10]

A
< 0
gy
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29 - (9702/42_Summer_2022_Q8) - Quantum Physics

(a) State one piece of experimental evidence for:

(i) the particulate nature of electromagnetic radiation

(ii) the wave nature of matter.

(b) (i) Calculate the de Broglie wavelength 4 of an alpha-particle moving at a speed of
6.2x 10"ms™".

(i) The speed v of the alpha-particle in (b)(i) is gradually reduced to zero.

On Fig. 8.1, sketch the variation with v of A.

A

T
0 6.2 V/107ms—1

Fig. 8.1
[2]

(c) Suggest an explanation for why people are not observed to diffract when they walk through a
doorway.
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30 - (9702/41_Winter_2022_Q8) - Quantum Physics

(a) State what is meant by the work function energy of a metal.

(b) Ultraviolet radiation of frequency 1.36 x 10'9Hz is incident, in a vacuum, on a metal surface.
The power of the radiation incident on the surface is 8.36 mW. Photoelectrons are emitted
with a maximum kinetic energy of 3.09 x 107194,

(i) Determine the number of photons incident on the surface per unit time.

number per unittime = .....c.iiainnainieins s [2]

(if) Calculate the work function energy @ of the metal.

{c) The frequency of the radiation incident on the surface in (b) is increased while the power
remains constant.

State and explain the effect of this change on:

(i) the maximum kinetic energy of the photoelectrons

(ii) the rate of emission of photoelectrons.
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31 = (9702/42_Winter_2022_Q9) - Quantum Physics

(a) Fig. 9.1 shows the visible part of the emission spectrum from hydrogen gas in a laboratory on
the Earth. The numbers indicate the wavelength, in nm, represented by each line.

411 435 488 658

Fig. 9.1

(i) Explain how the emission spectrum provides evidence for the existence of discrete
energy levels for the electron in a hydrogen atom.

...........................................................................................................................................

(ii) Fig. 9.2 shows five of the energy levels in the hydrogen atom. The wavelengths of
radiation shown in Fig. 9.1 relate to transitions to the —3.400eV level in Fig. 9.2.

-0.378eV
—0.544eV

—0.850eV

energy

—3.400eV

Fig. 9.2 (not to scale)

Show that the energy level X is -1.51eV.
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(b) The same part of the emission spectrum from hydrogen as in (a), observed in light from stars
in a distant galaxy, is shown in Fig. 9.3. The numbers indicate the wavelengths in nm.

429 454 509 686

Fig. 9.3
The spectrum shows the same pattern as Fig. 9.1 but with different wavelengths.

(i) State the name of the phenomenon that gives rise to the change in the wavelengths.

(ili) Use one of the lines in Fig. 9.1, and the corresponding line in Fig. 9.3, to determine the

speed of the distant galaxy relative to the observer.

() The galaxy in (b) is known to be a distance of 5.7 x 102*m from the Earth.

Use your answer in (b)(iii) to determine a value for the Hubble constant H,.

9
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32 = (9702/42_Summer_2023_Q8) - Quantum Physics

Fig. 8.1 shows the lowest four energy levels of an electron in an isolated atom.

n=4
n=3
n=2
increasing
energy
n=1

Fig. 8.1

Fig. 8.2 shows the lines in the emission spectrum of the atom that correspond to the transitions of
the electron fromn=3ton=1andfromn=4ton=1.

increasing frequency
—_—

Fig. 8.2

(a) Explain, with reference to photons, why there is a single frequency of electromagnetic
radiation that corresponds to each of these transitions.

............................................................................................................................................. [2]
(b) (i) On Fig. 8.2, draw a line that corresponds to the transition of the electron fromn=2ton=1.
Label this line A. [2]

(ii) On Fig. 8.2, draw a line that corresponds to the transition of the electron fromn=3ton=2.
Label this line B. 2]

A
< 0
’
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(c) The frequency of radiation represented by line Ais f,.
The frequency of radiation represented by line B is fj.

The energy of the ground state (n = 1) is E,.

Determine an expression, in terms of f,, fy, E, and the Planck constant h, for the energy E, of

the energy level n = 3.
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33 - (9702/41_Winter_2023_Q8) - Quantum Physics

(a) (i) Show thatthe momentum p of a photon of electromagnetic radiation with wavelength A is
given by

>\

where h is the Planck constant.

(2]

(if) Use the expression in (a)(i) to show that a photon in free space that has a momentum of
9.5 x 1028 Ns is a photon of red light.

(1]

(b) Abeam of red light of intensity 160 Wm™ is incident normally on a plane mirror, as shown in
Fig. 8.1. The momentum of each photon in the beam is 9.5 x 10726Ns.

plane mirror

/

-~
7

beam of red light,
intensity 160 Wm™2

Fig. 8.1

All of the light is reflected by the mirror in the opposite direction to its original path.
The cross-sectional area of the beam is 2.5 x 107 5m?2.

9
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(i) Show that the number of photons incident on the mirror per unit time is 1.4 x 10'5s",

(2]

(ii) Use the information in (b)(i) to determine the pressure exerted by the light beam on the
mirror.

PIOSSUTELT oxucos s ssionedsssns sursiiemss sosinedass do55mR55 Pa [3]

(c) The beam of red light in (b) is now replaced with a beam of blue light of the same intensity.

Suggest and explain whether the pressure exerted on the mirror by the beam of blue light is
less than, the same as, or greater than the pressure exerted by the beam of red light.

9
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34 - (9702/42_Winter_2023_Q8) - Quantum Physics

(a) State what is meant by a photon.

(b) When the surface of a metal plate is illuminated with electromagnetic radiation, electrons are
sometimes emitted from the metal.

(i) State the name of this phenomenon.

(ii) It is observed that this phenomenon occurs only when the frequency of the
electromagnetic radiation is greater than a certain minimum value, regardless of the
intensity of the radiation.

Explain how this observation provides evidence for the existence of photons.

{c) Fig. 8.1 shows the variation of the maximum kinetic energy of the emitted electrons in (b) with
the frequency of the incident radiation.

A

maximum
kinetic energy

0 F
0 frequency

Fig. 8.1

9
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State the name of the quantity represented by:

(i) the gradient of the line in Fig. 8.1

(ii) the y-intercept of the extrapolated line in Fig. 8.1.

A
< 0
’
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1 = (9702/41_Summer_2017_Q12) - Particle & Nuclear Physics
One possible nuclear reaction that takes place in a nuclear reactor is given by the equation
235 1 95 138 1 0
U + on = Mo + 'Fla + 250 + x_je

Data for the nuclei and particles are given in Fig. 12.1.

nucleus or particle mass/u
23U 235.123
93Mo 94.945
¥ a 138.955
an 1.00863
e 5.49x1074
Fig. 12.1

(a) Determine, for this nuclear reaction, the value of x.

A
) o)
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{b) (i) Show thal the energy equivalent fo 1.00u is 834 MeV.

(3]

(i Calculate the energy, in MeV, released in this reacltion. Give your answer {o three
significant figures.
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2 = (9702/42_Summer_2017_Q12) - Particle & Nuclear Physics

equation

235 1 95 139 1
»U + o =2 Mo + 'Zla + 250 + .. + energy

Data for a nucleus and some particles are given in Fig. 12.1.

hucleus or patticle mass/u
Pla 138.955
on 1.00863
p 1.00728
e 5.49x107%

(ii) Calculate the binding energy per nucleon, in MeV, of lanthanum-139 (

binding energy per nucleon =

Fig. 12.1

{a) Complete the nuclear reaction shown above.

{(b) (i) Show that the energy equivalent to 1.00u is 934 MeV.
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{c} Stale and explain whether the binding energy per nucleon of uranium-235 (Qggi}) will be

greater, equat to or less than your answer in (b){il}.

A
< 0
’
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3 = (9702/41_Winter_2017_Q9) - Particle & Nuclear Physics

{a) In computed tomography (CT scanning}, it Is necessary o take a series of many X-ray
images.
Qutline briefly the principles of CT scanning.
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{by Astudent creates a model for CT scanning.
A section is divided into four voxels, with pixel numbers A, B, C and D, as shown in Fig. 8.1,

A B
Yy
o
D C
4 v,
v
4 V3
Fig. 8.1

The section is viewed from four different directions V,, V,, V;and V,, as shown in Fig. 9.1.

The detector readings for each direction are noted and then summed. The result is shown in

Fig. 9.2.
47 59
44 32
Fig. 8.2

The background count is 26.

Determine the pixel numbers A, B, C and D as shown in Fig. 9.1.
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4 - (9702/41_Winter_2017_Q12) - Particle & Nuclear Physics

{a) A radiation detector is placed close 10 a radicactive source. The detector does not surround
the source.
Radialion is emitted in all directions and, as a result, the activity of the source and the
measured count rate are different.

Suggest two other reasons why the activity and the measured count rate may be different.

(b} The variation with fime t of the measured count rate in (@} is shown in Fig. 12.1.

180

160

count raie n
PR | e
/min 1401+

120

100

80

60 LY

40 5,

0 1 2 3 4 5 & 7 a 9 10 11 12 13 14
thours

Fig. 12.1

{iy State the feature of Fig. 12.1 that indicates the random nature of radioactive decay.
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{ii}y Use Fig. 12.1 to determine the hali-life of the radioactive isofope in the source.

hal-life = hours [4]
(¢} The readings in {b} were obtained al room temperature.
A second sample of this isctope is healed to a temperafure of 500°C.
The initial count rate at time = 0 is the same as that in {(b).
The variation with time ¢ of the measured count rate from the heated source is determined.
Statle, with a reason, the differencs, if any, in

1. the half-life,

2. the measured couni rate for any specific time.
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5 = (9702/42_Winter_2017_Q12) - Particle & Nuclear Physics

The isotope iodine-131 (211} is radioactive with a decay constant of 8.6 x 102 day™".
B~ particles are emitted with a maximum energy of 0.61 MeV.

{a} Stale whalis meani by

(i} radicactive,

..................................................................................................................................... 2]
(iiy decay constant.
....................................................................................................................................... 2]
{b) Explain why the emitted p~ particles have a range of energies.
............................................................................................................................................... 2]
{c) Asample of blood contains 1.2x109g of iodine-131.
Determine, for this sample of blood,
{iy the aclivity of the iodine-131,
activity = Bq [3]
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(i) the time for the aclivity of the iodine-131 10 be reduced to 1/50 of the activity calcuiated

in ().
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6 - (9702/42_Summer_2018_Q12) - Particle & Nuclear Physics

{a} Slate whatis meant by radicactive decay.

{b) An unstable nuclide P has decay constant A and decays to form a nuclide D.
This nuclide D is unstable and decays with decay constant A, to form a stable nuclide S. The
decay chain is illustrated in Fig. 12.1.

decay constant decay constant
Ap Ap
nuclide P e e nuclide D e e nuclide 8
Fig. 121

The symbols P, D and S are not the nuclide symbols.
Initially, a radioactive sample contains only nuclide P.

The variation with time ¢ of the number of nuclel of each of the three nuclides in the sample is
shown in Fig. 12.2.

A

number

Fig. 12.2

y 9
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(iy On Fig. 12.2, use the symbols P, D and S to identify the curve for each of the three
nuclides, [2]

{ily The halif-life of nuclide P is 60.0 minutes.

Calculate the decay constant A, in s71 of this nuclide.

(c) Inthe decay chain shown in Fig. 12.1, A, is approximately equal to 54,

The decay chain of a different nuclide E is illustrated in Fig. 12.3.

decay constant decay constani
A Ap
nuclide & s S nuclide F s nuclide G
Fig.12.3

The decay constant A of nuclide F is very much larger than the decay constant A- of
nuclide E.

By reference 1o the hali-life of nuclide F, explain why the number of nuclei of nuclide F in the
sample is always small.
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7 = (9702/41_Summer_2018_Q13) - Particle & Nuclear Physics

{a} State what is meant by radicactive decay.

{b) The variation with time t of the number N of technetium-101 nuclei in a sample of radioactive
material is shown in Fig. 13.1.

10.0

N/107

&

6.0 M

4.0

2.0 =

t/min

Fig. 13.1

A _
< 0
P
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Iy Use Fig. 13.1 to determine the aclivity, in Bg, of the sample of technetium-101 at fime
= 14.0 minutes. Show your working.

ACHVIY = Bq [4]

(ify Without calculating the hali-life of technetium-101, use your answer In {I} to determine
the decay constant A of technetium-101.
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8 - (9702/41_Winter_2018_Q12) - Particle & Nuclear Physics

{a) Stafe what is meant by radioactive decay.

{b) The variation with time t of the number N of undecayed nuclei in a sample of a radioactive
isotope is shown in Fig. 12.1.

6.0

5.0 :

N/1010

I’

4.0

Pl

2.0

0 2 4 8 8 10 12 14
tihours

Fig. 12.1

A _
< 0
P
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{iy Use the gradient of the line in Fig. 12.1 to determine the aclivity, in Bg, of the sample at
time t = 4.0 hours. Show your working.

achivity = e Bq [3]

{ii} Use your answer in (i) 1o show that the decay constant 4 of the isolope is approximately
4x1075g7",

2]

{c) A sample of a different radicactive isotope has an initial activity of 4.6 x 10°Bq. The sample
must be stored safely untif its activity is reduced to 1.0 x 10°Bq.

The decay consiant of the isotope is 5.5 x 10~7s~'. The decay products are not radioactive.

Calculate the minimum time, in days, for which the sample must be stored.
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Q9 - (9702/42_Winter_2018_Q12) - Particle & Nuclear Physics

{a) State whatis meant by nuclear fusion and nuciear fission.

L0 o LT 0 L1 Lo £ LU
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(b) A nuclear reaction which may, in the future, be used for the generation of electrical energy is
ZH+3H —> iHe +x.

(i) Name the particle x.

....................................................................................................................................... [1]
(i) Data for the binding energy per nucleon Eg of some nuclei are given in Fig. 12.1.
binding energy per nucleon
Eg/10713J
deuterium  2H 1.7813
tritium *H 4.5285
helium sHe 11.3290
Fig. 12.1
1. State the binding energy per nucleon of x.
binding energy perNUCIEON = .........cccooovieiiiiiii e J
2. Calculate the energy change that takes place in this reaction.
energy change = ..., J
(3]

(iif) Usevyouranswerin (ii) part 2 to determine the energy release when 2.0 g of deuterium (ﬁH)
reacts with 3.0g of tritium (3H).

CNEIOY = oot J[1]
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10 = (9702/41_Summer_2019_Q12) - Particle & Nuclear Physics

(a) A sample of a radioactive isotope contains N nuclei of the isotope at time T.
At time (T + AT), the sample contains (N — AN) nuclei of the isotope. The time interval AT is
short.
Use the symbols N, AN, Tand AT to give expressions for:

(i) the average activity of the sample during the time AT

(ii) the probability of decay of a nucleus in the time AT

(iii) the decay constant 4 of the isotope.

(b) The isotope polonium-208 (*33Po) is radioactive and decays to form lead-204 (233Pb).
The nuclear equation for this decay is

208 204 4
gal 0 —> “5oPb + JHe.

Data for nuclear masses are given in Fig. 12.1.

mass/u

sHe 4.002603
208Pb 203.973043
Po 207.981245

Fig. 12.1
(i) Determine, for the decay of one nucleus of polonium-208:

1. the change, in u, of the mass

MAaSSCNANGE: = v R R e u [1]

T
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2. the total energy, in pJ, released.

= 0 LS g B pJ [3]

(i) The polonium-208 nucleus is initially stationary. The initial kinetic energy of the
gHe nucleus (a-particle) is found to be less than the energy calculated in (i) part 2.

Suggest two possible reasons for this difference.

9
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(a) State what is meant by the binding energy of a nucleus.

............................................................................................................................................... [2]
(b) Some masses are shown in Fig. 12.1.

| mass/u

proton (}p) 1.007

| neutron (&n) 1.009

| lanthanum-141 ('La) nucleus 140.911

Fig. 121
Calculate the binding energy of a nucleus of lanthanum-141.

o Tale1p1o M) 0= 10 3 o b R PSS S B A J [4]

(c) The nuclide lanthanum-141 ('¢]La) has a half-life of 3.9 hours.

Initially, a radioactive source contains only lanthanum-141. The initial activity of the source
is A,.
0

(i) Calculate the time for the activity of the lanthanum-141 to be reduced to 0.40A,,

Ime = G 3]
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(i) Suggest why the total activity of the radioactive source measured at the time calculated
in (i) may be greater than 0.40A,.

A
< 0
’
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12 - (9702/41_Winter_2019_Q12) - Particle & Nuclear Physics

One possible nuclear reaction that takes place is

Data for nuclei in this reaction are given in Fig. 12.1.

235 1 95 139 1 0
aold + gh = $BMo + 'Zla + 2;n + 7 Je

total mass of separate binding energy

nucleus mass/u LR 1) mass defect/u per nucleon/MeV

23Mo 94.906 95.765 0.859 8.443

Pla 138.906 140.125 1.219 8.189

22U 235.044 236.909 TBES:  |sesammsswaissans

Fig. 12.1
(a) Show that the energy equivalent to a mass of 1.00u is 934 MeV.
(2]

(b) (i) Use data from Fig. 12.1 to calculate the binding energy per nucleon of a nucleus of
uranium-235 (233U). Complete Fig. 12.1.

(i) The nucleon number of an isotope of the element rutherfordium is 267.

State whether the binding energy per nucleon of this isotope will be greater than, equal
to or less than the binding energy per nucleon of uranium-235.

(2]
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(c) Calculate the total energy, in MeV, released in this nuclear reaction.

BIBIOVR  cosaursanmsmuinssiss s noirons i umpess MeV [2]
(d) The nuclei in 1.2 x 10~ mol of uranium-235 all undergo this reaction in a time of 25ms.

Calculate the average power release during the time of 25ms.
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13 - (9702/42_Winter_2019_Q12) - Particle & Nuclear Physics

Radon-222 (%32Ra) is a radioactive gas that decays randomly with a decay constant of
7.55 x 1072 hour™".

(a) State what is meant by:

(i) random decay

(b) The activity of radon gas in a sample of 4.80 x 102 m? of air taken from a building is 0.600Bq.
There are 2.52 x 10?° air molecules in a volume of 1.00 m® of air.

Calculate, for 1.00m® of the air, the ratio

number of air molecules
number of radon atoms ~

FALIO = oot [5]

9
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(a) The decay of a sample of a radioactive isotope is said to be random and spontaneous.
Explain what is meant by the decay being:

(i) random

..................................................................................................................................... 1
(ii) spontaneous.
..................................................................................................................................... 1
(b) A radioactive isotope X has a half-life of 1.4 hours.
Initially, a pure sample of this isotope X has an activity of 3.6 x 10°Bq.
Determine the activity of the isotope X in the sample after a time of 2.0 hours.
ACHVIlY =i i siain e Bq [3]

-~
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(c) The variation with time t of the actual activity A of the sample in (b) is shown in Fig. 12.1.

4
A58 NEFFERFH AR AR
3
a E ! T 1
N |
~EN t
2 Summmmw
S
1 - - - - : B
o | |
0 1 2 3 4 5 6
t/hours
Fig. 12.1

(i) The initial activity of isotope X in the sample is 3.6 x 10°Bq.

Use information from (b) to sketch, on the axes of Fig. 12.1, the variation with time t of
the activity of a pure sample of isotope X. (1]

(i) Suggest an explanation for any difference between the actual activity of the sample
shown in Fig. 12.1 and the curve you have drawn for the activity of isotope X.
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15 = (9702/42_Summer_2020_Q12) - Particle & Nuclear Physics

(a) State what is meant by the mass defect of a nucleus.

y 9
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(b) Some masses are shown in Table 12.1.

Table 12.1
mass/u
proton Ip 1.007 276
neutron jn 1.008665
helium-4 (3He) nucleus | 4.001506

Show that:

(i) the energy equivalence of 1.00u is 934 MeV

(2]

(ii) the binding energy per nucleon of a helium-4 nucleus is 7.09 MeV.

(2]

(c) Isotopes of hydrogen have binding energies per nucleon of less than 3MeV.

Suggest why a nucleus of helium-4 does not spontaneously break down to become nuclei of
hydrogen.
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16 = (9702/41_Winter_2020_Q12) - Particle & Nuclear Physics

lodine-131 ('311) is a radioactive isotope with a decay constant of 9.9 x 107s™".
(a) State whatis meant by:
(i) radioactive

..................................................................................................................................... 2]
(ii) decay constant.
..................................................................................................................................... [2]
(b) Some water becomes contaminated with iodine-131.
The activity of the iodine-131 in 1.0kg of water is 560 Bq.
Determine the number of iodine-131 atoms in 1.0kg of water.
L[] 0] oy [2]

{c) Regulations require that the activity of iodine-131 in 1.0kg of water is to be less than 170Bq.

Calculate the time, in days, for the activity of the contaminated water in (b) to be reduced to
170Bq.
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17 = (9702/42_Winter_2020_Q12) - Particle & Nuclear Physics

(a) (i) Define nuclear binding energy.

(b) A student suggests that one possible nuclear reaction is
56 1 20 37
2are +on—> F + $2CL

The binding energy per nucleon of a nucleus varies with the nucleon number.
Use this variation to explain why the reaction would not result in an overall release of energy.

[Total: 7]

9
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18 = (9702/41_Summer_2021_Q6) - Electric Fields, Quantum Physics, Particle & Nuclear Physics

(a) An isolated metal sphere of radius ris charged so that the electric field strength at its surface
is Ep-

On Fig. 6.1, sketch the variation of the electric field strength E with distance x from the centre
of the sphere. Your sketch should extend from x =0 to x = 3r.

Eo

field
strength £

0 r 2r 3r
distance x

Fig. 6.1
(3]

(b) The de Broglie wavelength of a particle is A, when its momentum is p,.

On Fig. 6.2, sketch the variation with momentum p of the de Broglie wavelength A of the

particle for values of momentum from % to py,.

24

wavelength A

0

momentum p

Fig. 6.2

9
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{c) Aradioactive isotope decays with a half-life of 15s to form a stable product.

A fresh sample of the radioactive isotope at time ¢ = O contains N, nuclei and no nuclei of the
stable product.

On Fig. 6.3, sketch the variation with f of the number n of nuclei of the stable product for time
t=0totime{=45s.

Ny
numbern
0.5N,
0
0 15 30 45

time t/s

Fig. 6.3

9

2017 -2023 654




A-Level Cambridge PHYSICS -P4 CH26 - PARTICLE & NUCLEAR
PHYSICS

19 = (9702/41_Winter_2021_Q12) - Particle & Nuclear Physics
(a) Define radioactive decay constant.

............................................................................................................................................. 2]
(b) A sample of radioactive iodine-131 ('311) of mass 5.87 x 107%kg has an activity of
2.92 x 109Bq.
Determine the decay constant of iodine-131.
decay Constant = .........ccccoevreeeeieeeneeneae e s1 [3]

(c) Suggest two reasons why a detector placed near to the sample in (b) would record a count
rate much less than 2.92 x 10° counts per second.

9
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20 = (9702/42_Winter_2021_Q12) - Particle & Nuclear Physics
(a) Radioactive decay is both random and spontaneous.
State what is meant by:

(i) random

...........................................................................................................................................

(b) A sample of radioactive material contains atoms of an unstable nuclide X. The activity of the
sample due to the atoms of X is A. The variation with time t of In A is shown in Fig. 12.1.

3667

In(A/Bq) R
i i o e
HHEHEEE
35.8FEHH i::f\ﬁ\:'\ffijjf:ffi:ff SEEE R ina

HENE SN EEE \ T
e T e
54—t LN N anaaan

4 4 - \ y GO TS U TN . U -
35.0 mmaa: mazm
0 5 10 15 20 25
¢/min
Fig. 12.1

9
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(i) Use Fig. 12.1 to determine the half-life, in minutes, of nuclide X.

e e et A min [3]
(i) Attime t =0, the mass of the atoms of X in the sample is 5.66 x 107kg.

Determine the nucleon number of X.

U GO O I D B R R B S T S s sesss [3]
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21 - (9702/41_Summer_2022_Q8) - Particle & Nuclear Physics

(a) (i) State whatis meant by nuclear binding energy.

(ii) On Fig. 8.1, sketch a line to show the variation with nucleon number A of the binding
energy per nucleon E of a nucleus.

A
E
0 T
0 250
A
Fig. 8.1
[2]
(b) In one type of nuclear process, deuterium (%H) undergoes the reaction
2H + 2H —» 3He + In.
(i) State the name of this type of nuclear process.
..................................................................................................................................... [1]

(ii) Explain, with reference to your line in {a){ii), why this reaction results in the release of
energy.
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(c) Table 8.1 shows the masses of the particles involved in the reaction in (b).

Table 8.1
particle mass/u
(‘,n 1.008665
% H 2.014102
gHe 3.016029

Calculate the energy released when 1.00 mol of deuterium undergoes the reaction.

BNBIGY S s crvmmssnisansines

[Total: 12]

9
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22 = (9702/42_Summer_2022_Q10) - Particle & Nuclear Physics

(a) State whatis meant by radioactive decay.

(b) A radioactive sample consists of an isotope X of half-life 7 that decays to form a stable
product. Only X and the stable product are present in the sample.

At time ¢ = 0, the sample has an activity of A; and contains N, nuclei of X.

{i) On Fig. 10.1, sketch the variation with t of the number N of nuclei of X present in the
sample. Your line should extend from time ¢ = 0 to time t = 37.

1.00N,
N
0.75N,
0.50N
0.25N
0
0 T 2T 3T
t
Fig. 10.1
[3]
==
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(ii) On Fig. 10.2, sketch the variation with N of the activity A of the sample for values of N
between N=0and N = N,.

1.04,
A
0.54,
0
0 0.5N, N 1.0N,
Fig. 10.2
(2]
{c) State the name of the quantity represented by the gradient of your line in:
(i) Fig.10.1
..................................................................................................................................... [1]
(ii) Fig. 10.2.
..................................................................................................................................... [1]
. N
{d) For the sample in {b), calculate the fraction N attime t= 1.70T.
0
N
T T eereeeereeeereeenreeann e e e e nnne s ae e e snneennenans 2
N, [2]

[Total: 11]

9
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23 = (9702/41_Winter_2022_Q10) - Particle & Nuclear Physics

Carbon-15 ('2C) is an isotope of carbon that undergoes radioactive decay to nitrogen-15 (*3N),

which is a stable isotope of nitrogen.
Radioactive decay is both a random and a spontaneous process.
(a) State what is meant by:

(i) random

..................................................................................................................................... 1
(ii) spontaneous.
.................................................................................................................................... [1]
(b) A small sample of carbon-15 decays. The mass M of carbon-15 in the sample decreases with
time t.
Fig. 10.1 shows the variation with t of the value of In (M/10'®g).
=4 T T T T T T e T T T
0 H-HH 2 = 4 - 6 HHHEHH 8 HHH104HHH 12
e e e O P T /g3
-5+
In (M/10-8g) ;
-6
—7 IESESSREN 1
_gh T T
Fig. 10.1
(i) State how Fig. 10.1 demonstrates that radioactive decay is random.
................................................................................................................................... 1
(ii) On Fig. 10.1, draw the straight line of best fit. [1]
[
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(iii) Show that the decay constant 4 of carbon-15 is given by the magnitude of the gradient of
your line in (b)(ii).

(1]
(iv) Use your line in {b)(ii) to determine A. Give a unit with your answer.
A R R S S R o URisnssaieis [2]
(v) Use your answer in (b)(iv) to calculate the half-life of carbon-15.
half-life = cunavmsiwnrrsnisenivarnams s [1]

(c) The equation for the decay of carbon-15 can be written as

15 15 0 05
eC = BN + Jp + ov.

State and explain how the mass of the products of the decay must compare with the mass of
the carbon-15 nucleus.
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24 = (9702/41_Summer_2023_Q9) - Particle & Nuclear Physics

Carbon-11 is radioactive and decays by " emission to form boron-11. Carbon-11 has a half-life of
20 minutes. Boron-11 is stable.

(a) Define half-life.

............................................................................................................................................. [1]
(b) Asample contains N, nuclei of carbon-11 and no other nuclei at time ¢ = 0.
On Fig. 9.1, sketch the variation with ¢ of the number of nuclei of boron-11 in the sample.
1.0N,
number of nuclei
0.5N,
0
0 20 40 60 80
t/min
Fig. 9.1
(3]

(c) (i) Explain, with reference to the random nature of radioactive decay, why the activity of the
carbon-11 sample in (b) decreases with time.

(ii) State, with reasons, whether a radiation detector placed near to the sample of carbon-11
indicates a measured count rate from the sample that is less than, the same as or greater
than the activity of the sample.
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25 = (9702/42_Summer_2023_Q9) - Particle & Nuclear Physics

(a) Define mass defect.

............................................................................................................................................. [2]
(b) Table 9.1 shows the mass defects of three nuclei.
Table 9.1
nucleus mass defect/u
H 0.002388
H 0.009105
sHe 0.030377
The nuclear fusion process in a particular star is described by
H + JH = JHe + X
where X is a particle that has no mass defect.
(i) State the name of particle X.
..................................................................................................................................... [1]

(ii) Show that the energy released when one nucleus of gHe is formed in this fusion reaction
is 2.8 x 10712,

A
< 0
’
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(c) The star in (b) has a radius of 2.3 x 109m and a luminosity of 1.4 x 1028W.
All the energy released from the formation of . He is radiated away from the star.
All the energy that is radiated from the star has been released in the formation of He

Determine:

(i) the mass of ;He produced per unit time by the fusion process

mass:per’unit time:= o ameiimisimsnmnimsng kgs™' [3]
(ii) the surface temperature of the star.
1OMPBratUreD S: ..ccscisimmminiismemmissinsssnsipminnissnssivsssivns K [2]
[
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26 = (9702/41_Winter_2023_Q9) - Particle & Nuclear Physics

(a) State whatis meant by nuclear fusion.

(b) On Fig. 9.1, sketch the variation of binding energy per nucleon with nucleon number A for
values of A between 1 and 250.

A
binding energy
per nucleon
0 T
1 250
A
Fig. 9.1
(2]
(c) On your line in Fig. 9.1, label:
(i) a point X that could represent a nucleus that undergoes alpha-decay [1]
(ii) a pointY that could represent a nucleus that undergoes nuclear fusion. [1]
[
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(d) A nucleus Z undergoes nuclear fission to form strontium-93 (33Sr) and xenon-139 ('2Xe)
according to

1 93 139 1
oh+Z2 = 3gor + ';3Xe + 24n.

Table 9.1 shows the binding energies of the strontium-93 and xenon-139 nuclei.

Table 9.1
nucleus binding energy/J
Sasr 1.25 x 10710
139Xe 1.81 x 10°1°

The fission of 1.00mol of Z releases 1.77 x 10'3J of energy.

Determine the binding energy per nucleon, in MeV, of Z.

binding energy per NUCIEON = .......cccccceeiiiieieesiieeeessneeecinneeas MeV [4]

9
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27 = (9702/42_Winter_2023_Q9) - Particle & Nuclear Physics

Fluorine-18 (’SF) is a radioactive nuclide that is used as a tracer in positron emission tomography
(PET scanning). Fluorine-18 decays to a nuclide of oxygen (O) according to

| —— . s
(a) (i) State whatis meant by a tracer.

..................................................................................................................................... [1]
(ii) State the symbol of the particle that is represented by X and the values of P, Q and R.

B N S B T A e o S e LA RN Y

62 PR L WL I e Y /- E A PRGN N e e

(2]

(b) (i) Explain how the radioactive decay of fluorine-18 results in the emission from the body of
the gamma-ray photons that are detected during a PET scan.

(ii) Explain how the detection of the gamma-ray photons is used to produce an image of the
tissue being examined.

(c) The half-life of fluorine-18 is T.
A patient is injected with amount of substance n of fluorine-18.

(i) Determine an expression for the initial value R, of the rate R of production of gamma-ray
photons by the tracer, in terms of n, T and the Avogadro constant N,.
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(i) On Fig. 9.1, sketch the variation with time t of R.

Fig. 9.1

(2]

A
< 0
’
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1 = (9702/41_Winter_2020_Q10) - Medical Imaging

{a) Outline briefly the principles of computed tomography (CT scanning).
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{b) One section of a model designed to illustrate CT scanning is divided into four voxels.
The pixel numbers K, L, M and N of the voxels are shown in Fig. 10.1.

D, \

Y

Fig. 10.1

The section is viewed, in tumn, from four different directions D,, D,, D5 and D,, as shown in
Fig. 10.1.

The detector readings for each direction are noted and these are summed to give the values
shown in Fig. 10.2.

42 | 45
51 | 30
Fig. 10.2

The background reading is 24.

Determine the pixel numbers K, L, M and N shown in Fig. 10.1.

e B A a2
L T e s e re e
M= s R s SR e
N S e e s
3]
[Total: 8]
&=

v o
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2 = (9702/41_Summer_2021_Q4) - Medical Imaging

Outline the use of ultrasound to obtain diagnostic information about internal body structures.

y 9
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3 = (9702/42_Summer_2021_Q11) - Medical Imaging

(a) State the purpose of computed tomography (CT scanning).
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4 - (9702/41_Winter_2021_Q11) - Medical Imaging
(a) State, for an X-ray image, what is meant by:
(i) sharpness

(b) A parallel X-ray beam passes through a thickness of 2.3cm of soft body tissue. The intensity
of the emerging beam is 12% of the intensity of the incident beam.

Calculate the linear attenuation (absorption) coefficient x of the soft body tissue. Give a unit
with your answer.

(c) In medical diagnosis, X-rays may be used to produce a single X-ray image or may be used in
computed tomography (CT scanning).

Suggest an advantage and a disadvantage of CT scanning compared with single X-ray
imaging for diagnosis.

B AT G b v s o S s o B S B S G Vs S B R A

9
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5 = (9702/42_Winter_2021_Q11) - Medical Imaging

(a) A piezoelectric transducer containing a quartz crystal is used to obtain diagnostic information
about internal structures.

Describe the function of the quartz crystal.

...........................................................................................................................................

(ii) Describe, qualitatively, how the specific acoustic impedances of two materials affect the
intensity reflection coefficient at a boundary between the materials.

9
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6 = (9702/41_Summer_2022_Q9) - Medical Imaging

(a) (i) Explain how X-rays are produced for use in medical diagnosis.

(if) State why X-ray images are taken of multiple sections of the body during computed
tomography (CT) scanning.

(b) An X-ray image is taken of the structure shown in Fig. 9.1.

.2'4 cm

soft tissue /// bone

> 1< >
o N\
incident - R detected
X-rays 7 > X-rays

= uP =

' 56¢cm .
Fig. 9.1

The linear attenuation coefficient of bone is 3.4cm™".
The linear attenuation coefficient of soft tissue is 0.89cm™".

The incident X-rays are parallel and have a uniform intensity I, across the structure.

A
< 0
gy
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Determine, in terms of I,, the intensity of the detected X-rays from:

{i) pointP

detected intensity = ... I, [2]

(ii) point Q.

detected intensity = ..o, 1, [2]

(c) Explain, with reference to your answers in (b), whether the X-ray image of the structure in
Fig. 9.1 has good contrast.

[Total: 9]

y 5
< 0
’
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7 = (9702/42_Winter_2022_Q10) - Medical Imaging

Positron emission tomography (PET scanning) involves the detection of gamma-radiation in order
to identify the position of origin of positrons in the body.

(a) (i) Positrons are not naturally present in the body.

Explain how positrons come to be present in the body during PET scanning.

..................................................................................................................................... [2]
(ii) Explain how positrons cause the emission of gamma-radiation from the body during PET

scanning.

..................................................................................................................................... [3]

(b) Show that the wavelength of the gamma-radiation that is detected during PET scanning is
approximately 2.4 pm. Explain your reasoning.

9
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8 = (9702/42_Summer_2023_Q10) - Medical Imaging

(a) X-rays for use in medical diagnosis are produced in an X-ray tube. In the X-ray tube, charged
particles are accelerated towards a metal target by an applied potential difference (p.d.).

(i) State the name of the charged particles that are accelerated by the applied p.d.

(iii) Calculate the minimum wavelength of X-rays produced when the applied p.d. is 5.80kV.

wavelength = ... m [3]
(b) X-rays pass through a medium that has an attenuation coefficient of 1.4cm".

Calculate the percentage of the X-ray energy that is absorbed by a 2.8 cm thickness of this
medium.

percentage absorbed = ... % [3]
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9 - (9702/43_Summer_2023_Q8) - Medical Imaging

(a) Table 8.1 shows some data relating to the properties of air, gel and body tissue. The data are
given to three significant figures.

Table 8.1
2 : 3 -1 specific acoustic
material density/kgm speed of sound/ms impedance/kgm-2s-1
air 340 440
gel 1200 1400
tissue 1090 1.68 x 108

(i) Show that the specific acoustic impedance of gel is 1.68 x 105kgm2s".

(]

(ii) Complete Table 8.1 by calculating the missing values to three significant figures. Use the
space below for any working that you need.

(2]
(b) Use the information in (a) to calculate the intensity reflection coefficient for:
(i) an air-tissue boundary
intensity reflection coefficient = ... [2]

(ii) a gel-tissue boundary.

intensity reflection coefficient =
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(c) Use your answers in {b) to explain why gel is applied to the skin during ultrasound scanning.

y 5
< 0
’
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10 = (9702/41_Winter_2023_Q10) - Medical Imaging

Ultrasound and X-rays are both types of wave that are used in medical diagnosis to form images
of internal body structures.

(a) Complete Table 10.1 to state, for each type of wave:
e the method of production of the wave
e whether the wave that is detected and used to form the image is the wave that has been
absorbed, reflected or transmitted by the internal body structure.

Table 10.1

ultrasound X-rays

it et ] e e e T e T | e T L L e,
production

detected wave
e e e B e (o R Al I e A
or transmitted)

(4]

{b) (i) For one type of wave passing through tissue, the wave has 72% of its initial intensity
after it has passed through 6.2 cm of the tissue.

Calculate the linear attenuation coefficient 1« of the tissue for this wave.

(ii) Another wave of the same type as in (b)(i) passes through 9.3cm of the same tissue.

Calculate the percentage of the initial intensity of the wave that is attenuated by the
tissue.

percentage attenuated =

2017 -2023 683




A-Level Cambridge PHYSICS -P4 CH28 - ASTRONOMY & COSMOLOGY

1 = (9702/42_Summer_2022_Q9) - Astronomy & Cosmology
(a) (i) State Hubble's law.

(i) Explain how cosmologists use observations of emission spectra from stars in distant
galaxies to determine that the Universe is expanding.

{b) Explain how Hubble's law and the idea of the expanding Universe lead to the Big Bang theory
of the origin of the Universe.

[Total: 7]

A
< 0
’
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2 = (9702/41_Summer_2022_Q10) - Astronomy & Cosmology
(a) State Wien'’s displacement law.
............................................................................................................................................. [1]
(b) Fig. 10.1 shows the wavelength distributions of electromagnetic radiation emitted by two stars
Aand B.
A
rate of
emission
N star A
N
i
I
Y
N
/[BEEY SRR
[ star BITs IN(
i BaY) BESERENE
I ~
fr -
(AN ~ ~
' -~ =
i !
[
7
/
0 2
0 0.5 1.0 1.5 20
wavelength/um
Fig. 10.1
The surface temperature of star A is known to be 5800K.
(i) Determine the surface temperature of star B.
surface temMpPerature = ..o e aens K [2]
==
~—
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(ii) Star B appears less bright than star A when viewed from the Earth.

Use Fig. 10.1 to suggest, with a reason, how else the physical appearance of star B
compares with that of star A.

(c) The lines in Fig. 10.1 have been corrected for redshift.

{i) State what is meant by redshift.

(ii) Explain how cosmologists are able to determine that light from a distant star has
undergone redshift.

[Total: 9]

A
< 0
’
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3 = (9702/41_Winter_2022_Q9) - Astronomy & Cosmology

(a) State what is meant by the luminosity of a star.

(b) Astar in the constellation Canis Major is a distance of 8.14 x 10'®m from the Earth and has a
luminosity of 9.86 x 1027 W. The surface temperature of the star is 9830K.

(i) Calculate the radiant flux intensity of the radiation from the star observed from the Earth.
Give a unit with your answer.

radiant flux intensity = ........cccceveeeriiivece e, (1 (] O [2]

(ii) Determine the radius of the star.

FAIUS = oo m [2]

(c) Explain how the surface temperature of a distant star may be determined from the wavelength
spectrum of the light from the star.

9
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4 - (9702/41_Summer_2023_Q10) - Astronomy & Cosmology

(a) State Hubble's law. Identify any symbols that you use.

............................................................................................................................................. [2]
(b) A star of luminosity 3.8 x 103'W is a distance of 1.8 x 102*m from the Earth.
Calculate the radiant flux intensity at the Earth of the radiation emitted by the star.
radiant flux iNtensity = ......ccoceeeeeiveerieieereceee e Wm2 [2]

(c) The starin {b) is in a distant galaxy. A spectral line in the light from this galaxy is known to
have a wavelength of 486 nm. This spectral line in the light from the galaxy observed on the
Earth has a wavelength of 492 nm.

(i) Explain why the wavelength observed on the Earth is different from the wavelength that
the galaxy is known to have emitted.

(ii) Determine a value for the Hubble constant H,,.
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5 - (9702/41 Winter 2023 Q3) - Ideal Gases, Astronomy & Cosmology
(a) The product pV for an ideal gas is given by
pV= % Nm{c?)
where p is the pressure of the gas and V is the volume of the gas.

(i) State the meaning of the symbols N, m and (c?) in this equation.

(ii) Use the equation of state for an ideal gas to show that the average translational kinetic
energy E, of a molecule of the gas at thermodynamic temperature T is given by

=3
Ey = SKT.

(2]

(b) The surface of a star consists mainly of a gas that may be assumed to be ideal. The molecules
of the gas have a root-mean-square (r.m.s.) speed of 9300ms™".

The mass of a molecule of the gas is 3.34 x 1077 kg.

Determine, to three significant figures, the temperature of the surface of the star.

OMPEratlire’= ..oisiumismassissonssssssasssdsnsissns K [2]

9
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(c) The radiant flux intensity of the radiation from the star in (b) is 2.52 x 10°8Wm2 when
observed at a distance of 4.16 x 10'%m from the star.

(i) Calculate the luminosity of the star. Give a unit with your answer.

UINBSIY = cvavissmisesnionivancmmiionin 15| | A ra— 2]

(ii) Determine the radius of the star.

(d) The gas at the surface of a star has a very high pressure.

Use the basic assumptions of the kinetic theory to suggest why, in practice, a gas at the
surface of a star is unlikely to behave as an ideal gas.

9
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6 = (9702/42_Winter_2023_Q10) - Astronomy & Cosmology

(a) State Wien's displacement law. Identify any symbols that you use.

(b) A cosmology student observes the electromagnetic radiation received from a star in a galaxy.
The student uses Wien's law to estimate the surface temperature of the star, a standard
candle to estimate the distance to the galaxy, and the Stefan—-Boltzmann law to estimate the
radius of the star.

The student observes that the radiation from the star is redshifted.

(i) State what is meant by a standard candle.

(iii) The true values of the quantities observed or estimated are those that are corrected to
allow for redshift. However, the student does not correct for redshift.

By placing one tick (v') in each row, complete Table 10.1 to indicate how the observations
and estimates made by the student compare with the true values.

Table 10.1

student's uncorrected value

too low the same too high

wavelength of
radiation

surface
temperature of star

distance to star

radius of star

(4]

9
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1 = (9702/41_Summer_2023_Q1) - Physical Quantities & Units

(a)(i) force per unit mass B1
(a)(iy force per unit positive charge B1
(a)(iii) | similarity: B1

* inversely proportional to distance (from point)

* points of equal potential lie en concentric spheres
* zero atinfinite distance

Any point, 1 mark

difference: B1
* gravitational potential is (always) negative

* electric potential can be positive or negative
Any paint, 1 mark

(b)(i) g=GM/P M1
E=Qlénar M1
algebra showing the elimination of rleading to M/ Q = (1/4xGs) (g/ E) A1

(b)(ii) | @=1/(4x x 6.67 x 10" x 8.85 x 10-'%) = 1.35 « 10% (kg2 C?) A1
or

a=(8.99 x 10%)/(6.67 x 10-"") = 1.35 x 10°° (kg?C?)

() E =agQ/M Cc1
=(1.35 x 10% « 9.81 « 4.80 = 10°)/(5.98 « 10%)

=106NC-' or 106 Vm™' A1l

(c)(ii) same (direction) B1

2 = (9702/42_Summer_2023_Q1) - Physical Quantities & Units, Dynamics

(a) (gravitational) force is (directly) proportional to product of masses B1
force (between point masses) is inversely proportional to the square of their separation B1
(b) GMm/( R? = mRo? M1
o = 2=/ T and algebra leading to 4x°R* = GMT? Al
or
GMmIR'=m? IR (M1)
v=2xzR/ T and algebra leading to 4n*R* = GMT* (A1)
(€) 47 x R*=6.67 « 107" » 5.98 « 10% « (24 « 80 « 60)° c1

(R=42210"m)

h =R-(6.37 « 10% c1
h ={4.22 x 107) - (6.37 x 10°) A1
=36x10"m
(i) |o =20/T C1
=2n/(24 « 80 « 60) A1
=73 x10%rads’
(d)in) orbit is from east to west B1
orbit is not equatorial / orbit is polar B1
==
v o
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A-Level Cambridge PHYSICS -P4

CH4 - DYNAMICS

1 = (9702/41_Summer_2023_Q2) - Dynamics

(a) honizontal force on sphere causes cenfripetal acceleration B1
weight of sphere is (now) equal to vertical component of tension B1
:ronzontal and vertical components (of force) (now) combine to give greater tension (in spring)
greater tension in spring so greater extension of spring B1

(b)(i) r=108 x sin27°=4.9cm A1
(b)(ii) | Tcos &= mg c1
or
Tcos 6= W and W= mg
Tcos27° =029 » 9.81leadingto T=32N A1
(b)) | AT=32~(0.29 x9.81) c1
k =AT/Ax Al
=[3.2~(0.29  9.81)]/[10.8 -8.5]
=0.15Ncm™
(c)()) | centripetal acceleration = (T sin &/m c1
=(3.2 «sin27°)/0.28
=50ms? Al
i) |a =re® and o=2n/T c1
gl.: Virand v=2ur/ T
T =2n«{0.049/50) Al
=062s
2 = (9702/42_Summer_2023_Q1) - Physical Quantities & Units, Dynamics

(a) (gravitational) force is (directly) proportional to product of masses B1
force (between point masses) is inversely proportional to the square of their separation B1

(b) GMm/( R? = mRo? M1
o =2x/ T and algebra leading to 4x2R° = GMT? Al
or
GMmIR'=m? IR (M1)
v=2xzR/ T and algebra leading to 4n*R* = GMT* (A1)

(c) 47 x R*=6.67 « 107" » 5.98 « 10% « (24 « 80 « 60)° c1
(R=422+10"m)

h =R-(6.37 « 10% c1
h =(4.22 x 107 — (6.37 x 107) A1
=36x10"m
(i) |o =20/T C1
=2n/(24 ~ 80 « 60) A1
=73 x10%rads’
(d)in) orbit is from east to west B1
orbit is not equatorial / orbit is polar B1
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A-Level Cambridge PHYSICS -P4 CH5 - FORCES, DENSITY & PRESSURE

1 = (9702/41_Summer_2023_Q3) - Forces, Density & Pressure, Temperature

(a) no net thermal energy is transferred (between them) B1

(b)) varniation (of density with temperature) is linear B1
or
each temperature has a unique value of density

(b)ii) |« variation (of density with temperature) is not linear B2
* region where the density does not vary with temperature
« different temperatures have the same density

Any two points, 1 mark each

{e)iy boiling point = 80 °C Al

(c)(in) Q=Ft and t=21s c1

{thermal energy supplied = 810 x 21 = 17000 J)

c=Q/mAd c1
thermal energy absorbed by beaker = 42 « 0.84 « (80 - 25) Cc1
(=1940J)
s.h.c. of liquid = [(810 x 21) — (42 x 0.84 » (80 ~ 25))]/[120 « (80 - 25)] Al
=23Jg'K"
(d) sketch: straight diagonal line from 25 “C to 100 °C and then horizontal at 100 °C B1
straight diagonal line starting at 25 °C with gradient approximately half that of the original line B1
==
v o
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A-level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

1 = (9702/41_Summer_2017_Q1) - Motion In A Circle, Gravitational Fields

(a) gravitational force (of attraction between satellite and planet)

provides /is centripetal force (on satellite about the planet)

(b) M= (43) « nRp

w=2n/Torv=2anRIT

GM! (nR)* = nRe# or v/ nR

substitution clear to give p= 3nn*/ GT?

(© n=(3.84 » 10°)/ (6.38 « 10%) = 60.19 or 60.2

p=3n«60.19°/[(6.67 x 107'") » (27.3 « 24 » 3600)7]

p=55410°kgm™

2 = (9702/42_Summer_2017_Q1) - Motion In A Circle, Gravitational Fields

(a) force per unit mass

o)) |g=06M/r?

=(6.67 107" < 1.0« 10'%) /(3.6 x 10%?

=51x%10°Nkg™

(b)(i) | mass =(960/9.81) kg
weight on comet = (960/9.81) = 5.1 x107°
=50« 10°N

(c) similarity:  e.g. both attractive/pointed towards the comet
e.g. same order of magnitude

difference: e.g. radial/non-radial
e.g. same (over surface)/varies (over surface)

3 - (9702/42_Winter_2017_Q1) - Motion In A Circle, Gravitational Fields

(a) force proportional to product of masses and inversely proportional to square of separation B1
idea of force between point masses B1
(b) mass of Jupiter (M) = (4/3)nR%p B1
@=2n/T B1
or
v=2anRIT
(m)arx = GM(m)/x* M1

or
(M) 1x = GM(m)/x*

substitution and correct algebra leading to pT° = 3nn°/G A1
©@) | n=(432=10%/(7.15 = 10% c1

or

n=6.04

P« (42.5 < 3600)% = (3n « 6.04%)/(6.67 ~ 107") c1

p=133+10°kgm™ A1
(c)(ii) Jupiter likely to be a gas/liquid (at high pressure) [allow other sensible suggestions] B1

A
< 0
gy
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A-lLevel Cambridge PHYSICS -P4

CH7- MOTION IN A CIRCLE

4 - (9702/41_Summer_2019_Q1) - Motion In A Circle, Gravitational Fields

(a) (F =) GMm/ x*, where G is the (universal) gravitational constant B1

(b)) GMmix?=mv?/x or v=GM/x c1
vZ=(B.67 x 10°'1 x 7.5 x 10%) /(3.4 » 10F + 240 « 10?) A1
sov=37x=10"ms”

(b)ii) | potential energy = (-)GMm/ x c1
En = (=)(6.67 x 10" x 7.5 = 102 x 650) /(3.64 = 10°) M1
;: = (=)(6.67 x 10-17 x 7.5 x 102° x 850) { (5.00 = 107)
correct substitution and subtraction Es — Ea shown, leading te AE; = 8.3 < 10°J A1
or
¢ =(~)GM/x and potential energy = m¢ (C1)
Ag = (667 x 107" x 7.5 = 10%) » [(1/(3.64 = 10%) — (1/(5.00 = 107))} (Mm1)

(=127 x 107 Jkg™')
AE;=1.27 » 107 « 850 (A1)
=83x10°)

(c) kinetic energy or potential energy decreases B1
kinetic energy and potential energy decrease B1
so total energy decreases

5 = (9702/41_Winter_2019_Q1) - Gravitational Fields, Motion In A Circle
(a) force proportional to product of masses and inversely proportional to square of separation B1
idea of (gravitational) force between point masses B1
(b)(i) abaove the equator B1
from west to east B1
(b) (i) gravitational force provides/is the centripetal force B1
GMIr=r(2n/ TP c1
(6.67 « 10" « M) = {{4.23 > 107)* x 4n?}/ (24 » 3600 c1
M=8.0x10*kg Al
6 - (9702/42_Winter_2019_Q1) - Motion In A Circle, Gravitational Fields

(a) } force proportional to product of masses and inversely proportional to square of separation B1
Idea of (gravitational) force between point masses B1

(b) gravitational force provides/is the centripetal force B1
GMIR?=Ro? or GMIR?=vV IR M1
m=2nlT or v=2aRIT M1
algebra leading to R%/T¢= GM/4n? A1

(c) (6.67 x 107" x M) / 4n? = (4.38 x 10°)°/ (2.44 » 3600)° c1
M=6.45 » 10°kg A1

2017 -2023 697




A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

7 = (9702/41_Summer_2020_Q1) - Motion In A Circle, Gravitational Fields

(a) force acting between two masses B1
or
force on mass due to another mass
or
force on mass in a gravitational field

(b) arc length = 18 A1

d=15x10"x1.2x10*=18x 10%m

e)i) |w=2n/T Cc1

= 2n/(44.2 x 385 x 24 x 3600) A1

=45x10"%rads™’

(e)(ii) | gravitational forces are equal Cc1
:;ntripetal force about P is the same
Mxar = Mx{d = x)e” so My I Mz = (d - x) I x A1
(e)ii) | x=04d Cc1
667 x 107" x My = (1,0-04) x (1.8 x 10'%)°* x (4.5 x 10-%)* c1
Mi=11x10"kg A1

8 = (9702/41_Winter_2021_Q1) - Motion In A Circle

(a) constant speed or constant magnitude of velocity B1

acceleration (always) perpendicular to velocity B1

)iy | F=meir c1
or

v=rw and F=mraf

F =790 x94%/318 A1l
=22000N
(b)(i) | centripetal acceleration: same B1
maximum speed: greater B1
time taken for one lap of the track: greater B1
==
v o
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A-Level Cambridge PHYSICS -P4

CH7 - MOTION IN A CIRCLE

9 - (9702/42_Winter_2021_Q1) - Motion In A Circle

(a) acceleration perpendicular to velocity B1
(b)(i) |decreases B1
(b)(ii) (acceleration of) 9.8ms~ is caused by weight of car B1

:;ntn'petal force must be greater than weight of car
(acceleration > 9.8ms ?) requires contact force from track B1
?t;mnpetal force > weight) requires contact force from track
() Yamw® = Yamvid — mgh c1
a=vir c1
w =38-2x981x082s0w=15ms"’ A1
a=15%/0.31=7.3ms? (which is less than 8.8ms-2) so no
or
w=Y(981x031)=174ms"s0 vx® = 1,74° + 2 x9.81 x 062 (A1)
vx =3 9ms' (which is greater than 38 ms-') so no
(d) acceleration is independent of mass so makes no difference B1
‘r’nrass cancels in the equation so makes no difference
10 = (9702/41_Winter_2023_Q4) - Oscillations, Motion In A Circle
(a) (moetion in which) acceleration is (directly) proportional to displacement B1
{motion in which): B1
acceleration is (always) in the opposite direction to displacement
:;celeraﬁon is (always) directed towards a fixed point
b)) |e=2=/T c1
@ =2x/3.0 A1
=21rads!

(o)(ii} | E = Yamerlxd? c1
=% x 081 x2.1? x 0.036° A1
=23x«103)

(c) sketch: line starting at (0. 0.038) and not reaching x = + 0.036 m at any other time B1
smooth curve, with no sudden changes in gradient, showing continuously decreasing magnitude of x from B1
maximum displacement at { = 0 to final displacement of zero where the gradient is also zero
displacement reaches final value of zero between = 075s and f = 3.0 s at the latest B1
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A-Level Cambridge PHYSICS -P4 CH7 - MOTION IN A CIRCLE

11 - (9702/42_Winter_2023_Q1) - Motion In A Circle

(a) angle (subtended at centre of circle) when arc length = radius B1
(b) o =2z/T c1
=2x/(1.0 x 60 < 60) Al
=17« 107rads™
(©)i) |angle =17 107« 1400 A1
=24rad
(c)w) | L =arclength/angle c1
=044/24
or

L =0.44 « (3600/1400)/2n

L =0.18m A1
(i) |a =r? c1
=0.18 « (1.745 x 107%? Al
=55x10"ms?
(d) centripetal acceleration is negligible compared with acceleration of free fall B1
:n:mencal comparnison establishing answer to (c¢)(iil) « 9.81
resultant force is negligible compared with weight (of modelling clay) (so vanation is negligible) B1
or

force exerted by minute hand (approximately) equal (and opposite) to weight of modelling clay

9
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A-Level Cambridge PHYSICS -P4 CHB8 - GRAVITATIONAL FIELDS

1 = (9702/41_Summer_2017_Q1) - Motion In A Circle, Gravitational Fields

(a) gravitational force (of attraction between satellite and planet)

provides /is centripetal force (on satellite about the planet)

(b) M= (43) « nRp

w=2n/Torv=2anRIT

GM! (nR)* = nRe# or v/ nR

substitution clear to give p= 3nn*/ GT?

(© n=(3.84 » 10°)/ (6.38 « 10%) = 60.19 or 60.2

p=3n«60.19°/[(6.67 x 107'") » (27.3 « 24 » 3600)7]

p=55410°kgm™

2 = (9702/42_Summer_2017_Q1) - Motion In A Circle, Gravitational Fields

(a) force per unit mass

o)) |g=06M/r?

=(6.67 107" < 1.0« 10'%) /(3.6 x 10%?

=51x%10°Nkg™

(b)(i) | mass =(960/9.81) kg
weight on comet = (960/9.81) = 5.1 x107°
=50« 10°N

(c) similarity:  e.g. both attractive/pointed towards the comet
e.g. same order of magnitude

difference: e.g. radial/non-radial
e.g. same (over surface)/varies (over surface)

3 - (9702/42_Winter_2017_Q1) - Motion In A Circle, Gravitational Fields

(a) force proportional to product of masses and inversely proportional to square of separation B1
idea of force between point masses B1
(b) mass of Jupiter (M) = (4/3)nR%p B1
@=2n/T B1
or
v=2anRIT
(m)arx = GM(m)/x* M1

or
(M) 1x = GM(m)/x*

substitution and correct algebra leading to pT° = 3nn°/G A1
©@) | n=(432=10%/(7.15 = 10% c1

or

n=6.04

P« (42.5 < 3600)% = (3n « 6.04%)/(6.67 ~ 107") c1

p=133+10°kgm™ A1
(c)(ii) Jupiter likely to be a gas/liquid (at high pressure) [allow other sensible suggestions] B1

A
< 0
gy
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A-Level Cambridge PHYSICS -P4 CHS8 - GRAVITATIONAL FIELDS

4 - (9702/41_Winter_2017_Q3) - Gravitational Fields

(a) force per unit mass B1

(b) changes in height much less than radius of Earth M1
so (radial) field lines are almost parallel A1
;r= GM/I R~ GMI(R + h)*

(c) gravitational force providesis centripetal force B1
GMmIF = mV/r c1
v= (27 « 1.5 « 10")/(3600 = 24 ~ 365) = 2.99 » 10* (ms™) c1
667 < 107""M=15 - 10" « (2.99 - 10%? c1
M=2.0=10"kg A1
or
GMmIr = mre? (c1)
@@= 2n/(3600 « 24 ~ 365) = 1.99 « 107 (rads™) (1)
667 «10°""M= (15« 10" « (1.99 « 107)? (c1)
M=2.0 10 kg (A1)
or
T2 = 4n’PIGM (c2)
M =4n® < (15 - 10")3/ ({3600 « 24 = 365)° « 6.67 « 107" (c1)

=2.0+10%"kg (A1)

5 = (9702/41_Summer_2018_Q1) - Gravitational Fields

(a) force proportional to product of masses and inversely proportional to square of separation B1
Idea of force between point masses B1
(b)(i) velocity changes/direction of motion changesfithere is an acceleration/there is a resultant force B1

s0 not in equilibrium

(b)(in1 gravitational force equals/is centripetal force c1
GMmIR*= mRaf and w=2x/T M1
or
GmiRP=mAIR and v=2nr/T
or

GMmIR*=mR 2=/ T)*

convincing algebra leading to k= GM/4x’ A1l

(b)(i2. | correct use of Fx”:‘_’l‘2 for one planet c1
(c gives 3.54 - 10°'; e and g both give 3.56 - 10°')

3.5(5) - 10*'=(6.67 - 10" - M)/ 4n* A1

M=21 . 10"kg

two or three values of R*/ T° correctly calculated and used in a valid way to find a value for M based on more than one k B1

9
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A-Level Cambridge

PHYSICS -P4

CH8 - GRAVITATIONAL FIELDS

6 - (9702/42_Summer_2018 Q1) - Gravitational Fields

(a)(i) direction of force on a (small test) mass B1
:;th in which a (small test) mass will move

(a)(ii) (at surface,) lines (of force) are radial B1
Earth has large radius/height above surface is small B1
so lines are (approximately) parallel
parallel lines — constant field strength B1

(b) (change in) KE of rock = (change in) PE c1
;:m\? = GMm/R
(M = (M2 = 6.67 « 107" £ 7.4 < 109/ (1.7 « 10° = 10%) c1
v=24x10°ms™ A1
correct conclusion based on comparison of v with 2.8 kms™ B1
or
(change in) KE of rock = (change in) PE (C1)
(at infinity) Ep = (6.67 < 107" « 7.4 < 10™ « m)/ (1.7 « 10° « 10%) (C1)
=29:10°m
Exofrock=%-m« (2.8« 105°=39-10°m (A1)
correct conclusion based on comparison of Ex and Ep values (B1)
or
(change in) KE of rock = (change in) PE (C1)
:;:mf = GMmIR
(m) (2800)° = (m) (2 « 6.67 107" < 7.4 - 10%) /R (c1)
R=1.3x10°%km (A1)
correct conclusion based on comparison of R with 1.7 » 10° km (B1)
or
(change in) KE of rock = (change in) PE (c1)
girmvz = GMmIR
(m) (2800)° = (m) (2 « 6.67 « 107" = M) /(1.7 = 105 (c1)
M= 1.0 x 10%kg (A1)
correct conclusion based on compatrison of M with 7.4 « 10% kg (B1)
7 = (9702/41_Winter_2018_Q1) - Gravitational Fields

(@) work done per unit mass B1
work done moving mass from infinity (to the point) B1

(@i (near Earth's surface change in);(;ight <« radius or height much less than radius B1
potential inversely proportional to radius and radius approximately constant (so potential approximately constant) B1

(b) initial kinetic energy = (-) potential energy (at surface) B1

‘;:'mv'. = GMm!r
v“;(zis.éfigo"‘ 74 1&"")/(0.5 35 716")7 c1
v=24  10°ms”’ A1
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A-evel Cambridge PHYSICS -P4 CHB8 - GRAVITATIONAL FIELDS

8 = (9702/42_Winter_2018_Q1) - Gravitational Fields

(a)(i) force per unit mass B1
(a)(ii) acceleration = F/m, field strength = F/m, so equal B1
(b) smooth curve between R and 4R with negative gradient of decreasing magnitude B1
line passing through (R, 1.00g) and (2R, 0.25g) B1

line ending at (4R, 0.0625g) B1

(c) M= (4/3 « aR%)p c1
g=GM/(@2R)’ c1
g=%x667 10"« 3.4 10° < 40 « 10° A1

=095ms™

9 - (9702/41_Summer_2019_Q1) - Motion In A Circle, Gravitational Fields

‘ (a) (F =) GMm/ x*, where G is the (universal) gravitational constant B1
“ ®)i) | GMmIxt=mvix or vi= GMIx c1
vZ=(B.67 x 1011 x 7.5 x 102) /(3.4 » 10F + 240 « 10%) A1

sov=37x10"ms"’

(B)ii) potential energy = (-)GMm / x c1
Ex = (~)6.67 x 10 % 7.5 x 107 » 850) /(3.64 x 10%) =
or

Ea = (-)(6.67 x 1017 » 7.5 x 10%° x 650) /(5.00 x 107)

correct substitution and subtraction Es — Ea shown, leading to AE, = 8.3 « 10°J A1l
or

¢ =(<)GM/x and potential energy = m¢ (1)
Ag =(6.67 x 107" x 7.5 x 10°%) x [(1/(3.64 = 10%)) — (1/(5.00 = 10"))] (M1)

(=127 <107 Jkg™')

AE,=1.27 » 107 « 650 (A1)
=83x10°J

(c) kinetic energy or potential energy decreases B1

kinetic energy and potential energy decrease B1

s0 total energy decreases

10 - (9702/42_Summer_2019_Q1) - Gravitational Fields

(a) (F =) GMm | x* where G is the (universal) gravitational constant B1
(B){1) angle = (1.2 x1079) /(8.0 » 10%) = 1.5 x 107 (rad) B1
(b)(ii) |torque =15x10%x83x 10" A1

=14<10"Nm
(e)n force x 8.0 « 102 =14 < 10" c1
(Gx13x75x107x80x107)/(60x 1077 =14 x 10" c1
G =6.4x 10 Nm?kg? At
(c)(i) Any one from B1
* law applies only to point masses/spheres are not point masses
« radii of spheres not small compared with separation
« spheres may not be uniform
* the masses are not isolated
* force between L and rod
« spheres may be charged/may be electrostatic force (between spheres) - ‘

i

’
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A-evel Cambridge PHYSICS -P4 CHB8 - GRAVITATIONAL FIELDS

11 - (9702/41_Winter_2019_Q1) - Gravitational Fields, Motion In A Circle

(a) force proportional to product of masses and inversely proportional to square of separation B1
idea of (gravitational) force between point masses B1

(b)(i) above the equator B1
from west to east B1

(b)(ii) gravitational force provides/is the centripetal force B1
GMIr=r(2nlT)? C1

(6.67 » 10-11 x M) = {(4.23 x 107)* x 4n2}/ (24 » 3600 c1
M=8.0x10*kg Al

12 = (9702/42_Winter_2019_Q1) - Motion In A Circle, Gravitational Fields

(a) ! force proportional to product of masses and inversely proportional to square of separation B1
idea of (gravitational) force between point masses B1

(b) gravitational force provides/is the centripetal force B1
GMIR?=Ro? or GMIR?=wv IR M1
[m=2n/r or v=2zRIT M1
algebra leading to R¥/T¢= GM/4n? A1

(c) (6.67 x 107" x M)/ 4n? = (4.38 x 10°)*/ (2.44 » 3600)° c1
M=6.45 » 10°kg A1

13 = (9702/41_Summer_2020_Q1) - Motion In A Circle, Gravitational Fields

(a) force acting between two masses B1
or
force on mass due to another mass
or
force on mass in a gravitational field

(b) arc length = 18 A1

d=15x10"x1.2x10*=18x10%m

i) |w=2n/T c1

= 2n/(44.2 x 365 x 24 x 3600) A1

=45x10"%rads™’

(c)(ii) | gravitational forces are equal c1
g;ntn'petal force about P is the same
Mixa? = Ma{d = X)o7 so My I Mz = (d = x) I x A1
(e)it) | x=04d c1
667 x 107" x My = (1,0-04) x (1.8 x 10'%)° x (4,5 x 10-%)* c1
Mi=1.1x10"kg A1
==
v o
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A-Level Cambridge

PHYSICS -P4

CH8 - GRAVITATIONAL FIELDS

14 - (9702/42_Summer_2020_Q1) - Gravitational Fields

(a) work done per unit mass B1
(work done to) move mass from infinity (to the point) B1
(b) curve from r to 4r, with gradient of decreasing magnitude and starting at (r, ) B1
line passing through (2r, +0.5¢) and (4r, +0.25¢) B1
line showing potential is negative throughout B1
(e)i) gravitational potential energy = (-) GMm/R c1
change = (6.67 x 10-'" x 6.0 x 10 x 3.4 x 10%) /(6.4 x 10°) x [1/3 — 1/4) c1
=18x10"J A1
(e)(i) rack loses potential energy B1
(s0) kinetic energy increases so speed increases B1
or
force is attractive (B1)
moves towards planet so speeds up {81)
15 = (9702/41_Winter_2020_Q1) - Gravitational Fields
(a)(i) region (of space) B1
where a particle experiences a force B1
(a)(ii) | force per unit mass B1
o) |g=GM/R c1
=(6.67 x 10-"7 x 6.42 x 10%%)/(3.39 x 105)? c1
=3.73Nkg"' A1l
(c) 0.99 x3.73 = (6.67 x 107" x6.42 x 1039/ c1
r=3.41x10°(m) c1
height = (r— R) Al
=2x10'm
or
099 x3.73= (667 x 10" x8.42 x 10%%) /(R + hY? (C1)
(R + h)*=1.1596 x 10"
R+ h=341x108 (m) (C1)
h=2x10m (A1)
or
0.99 = (3.39 x 10°)?/ R (C1)
r=341x10° (m) (C1)
height=2 x 10*m (A1)
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16 = (9702/42_Winter_2020_Q1) - Gravitational Fields

{a) work done per unit mass B1
{work done) moving mass from infinity (to the point) B1
(b)) | gravitational potential energy = (=)GMm/r C1
AEp =867 x 101" x 6.0 x 10% x 2.4 x 10° x [(6.4 x 105y — (1.2 x 107)] c1
or
Ap=687 x 10" x 6.0 x 102 x [(6.4 x 10%) ' = (1.2 x 107)] (C1)
AEp = mAg (C1)
AEp=T7.0x 10"y A1
(b)(iy | GMm/rR=m~ir c1
v =GMIir c1
= (6,87 x 10" x 6.0 x 10%) /(1.2 x 107)
v=5800ms’ Al
(c) any one point from: B1
« smaller gain in energy required if orbit is west to east
« smaller change in velocity if orbit is west to east
« smaller gain in energy if orbit is in same direction as Earth’s rotation
« smaller change in velocity if orbit is in same direction as Earth’s rotation
« satellite already moving west to east at launch
« Earth’s rotation is from west to east
17 = (9702/41_Summer_2021_Q1) - Gravitational Fields
(a) force per unit mass B1
(b) GMm/r?=mre® and w=2x/T c1
‘(,?rMmlr’ =mv(rand v=2nr/T
6.67 x 10" x 6.0 x 10% = f* x [2x / (94 x 60)F c1
r=69x10°m A1
(€)(i) | PaF = constant or ' T? = constant C1
£1(6.9 x 1052 = (150/94)2 s0 r= 9.4 x 106 m A1
or
GMT#/4n? = and clear that M is 6.0 x 10™ (C1)
6.67 x 10" x 6.0 x 10 = P x [2= /(150 x BO)F (A1)
s0r=94x10°m
(C)(i) | separation increases so (potential energy) increases B1
;’;vement is against gravitational force so (potential energy) increases
{c)(iii) | potential energy = (~)GMm/r Cc1
AEs =667 x 1077 % 6.0 x 102 x 1200 x [(6.9 x 10%)" — (9.4 x 10°)1] c1
=19x10"%J Al
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18 = (9702/42_Summer_2021_Q1) - Gravitational Fields

(a) (gravitational) force per unit mass B1
(b)) |g =GM/# c1
= (6.67 x 10-"" x 6.42 x 10%%)/(3.39 x 10%? Al
=3.73Nkg"
(b)) |a=ref and w=2n/T c1
or

a=vV/rand v=2mr/T

a =339 x 10% x (2x/(24.6 = 3600))* A1
=00171ms?
(b)(iin) | force per unit mass = 3.73 -0.0171 A1l
=371Nkg"!

19 - (9702/41_Winter_2021_Q2) - Gravitational Fields

(a) work done per unit mass B1
(work done in) moving mass from infinity B1

(b)) | (gravitational) fields from the Earth and Moon are in opposite directions B1
(resultant is zero where gravitational) fields are equal (in magnitude) B1

(b)) |g=mir c1
5.98 x 102/x2 = 7.35 x 10%2/(3.84 x 10* = x)? A1

leading to x = 3.5 x 10® (m)

(b)(i) | ¢ (Earth) = (—)B.67 x 10-"" x (5.98 x 1024/ 3,5 x 109) c1
and
¢ (Moon) = (-)B6.67 x 10-"" x (7.35 x 10%/0.38 x 108)

@ = (=887 x 107" x [(5.98 x 10%/3.5 x 10°) + (7.35 x 10°?/0.38 x 10%)] Cc1

=-13x10°J kg’ A1

20 - (9702/42_Winter_2021_Q2) - Gravitational Fields

(a) (gravitational) fieid strength equals (gravitational) potential gradient M1
reference 1o minus sign Al

(b)) potential is zero at infinity B1
(gravitational) force is attractive B1

(test) mass getting closer (from infinity) loses potential energy B1

(b)(ii) potential at (surface of) planet is smaller than at (surface of) moon B2

.

« potential gradient at (surface of) planet is smaller than at {surface of) moon

« magnitude of potential varies inversely with distance from centre near the spheres
* (point of) maximum potential is nearer to moon than planet

Any two points, 1 mark each

(bj(iiiy | sketch: one curve, starting with gradient of decreasing magnitude at 2R and finishing with gradient of increasing magnitude B1
atD-R
field strength shown as zero (only) near the point of maximum potential B1
negative field strength near one sphere and positive field strength near the other B1

T
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21 - (9702/41_Summer_2022_Q1) - Gravitational Fields

(a)(i) {gravitational) force is (directly) propertional to product of masses B1
force (between point masses) is inversely proportional to the square of their separation B1

(ayiiy |g=Fim C1
F=GMm/# A1
and so

g=[GMm/rR)!m=GMIF

(b)(i) | g=(667 = 10" « 735 x 10%)/(1.74 » 105° = 162N kg™ Al
(b)(ii) | fields (due to Earth and the Moon) have equal magnitudes B1
fields (due to Earth and the Moon) are in opposite directions B1
(b)(iii) | distance of X from Earth = (3.84 « 10° = x) c1
(G «) 735 « 102/ x* = (G «) 5.98 « 10%/(3.84 « 10° — x? c1
x=38x10m Al

22 = (9702/42_Summer_2022_Q1) - Gravitational Fields

(a){i) | work (done) per unit mass B1
work (done on mass) in moving mass from infinity (to the point) B1
(@i | Ee=¢m B1

Ep=(-GM/fA «m=—GMmir

or
¢==~GM/r and_Er=dém=~GMm/r

(B)i) | ABs =667 « 10" « 1.99 « 10% « 2.20 » 10™ « [1/(6.38 x 10'%) — 1/(8.44 « 10')) c1

=423 x102) Al

(b)(ii) | (grawitational) force is attractive so decrease B1
or

(gravitational) force does work so decrease

(b)(ih) | AE= = Yam(va? = vi?) c1
4.23 « 102 =% « 2.20 x 10" « (V¥ —34100%) c1
v(=70800ms ") =708kms’ A1l

(c) both PE and KE equations include m, so path is unchanged B1

23 = (9702/41_Winter_2022_Q1) - Gravitational Fields

(@ | F=(Gmym)ir m1
where G is the gravitational constant A1l
(b) gravitational force provides the centripatal force B1
mRw?=GMm/R?and w=2x/T M1
:':v’/Rz GMm/R*and v=2zR/T
or

4x?mR(T?= GMm/R?

correct compietion of algebra to get T2 = (4x2/ GM) R?, with identification of (4z? / GM) as k Al
()i} | (24 x 3600)% = (4x* x R°)/(6.67 « 10-"" « 6,0 « 10%) Cc1
R=42+10"m A1
(c)(ii) | {orbit) must be above the Equator B1
(direction) must be from west to east B1

9
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24 = (9702/42_Winter_2022_Q1) - Gravitational Fields

(a) force per unit mass B1
(b)(i) lines drawn are radial from the surface B1
arrows show pointing towards planet B1
(b)(il) | field lines show force (on satellite) is towards centre of planet B1
or
velocity of satellite is perpendicular to field lines
(gravitational) force perpendicular to velocity causes centripetal acceleration B1
{c)n) T =24 hours Cc1
g=rw? and 0=2x/T Cc1
or
a=v/rand v=2xarlT
or
a=4nr/T?
a={4x% <64 » 105) /(24 « 80 « 60)* A1
=0.034ms™
{c)(in) identification of the two forces acting on the object as gravitational force and (normal) contact force M1
gravitational force and normal contact force are in opposite directions, and their resultant causes the (centripetal) A1l
acceleration

25 = (9702/41_Winter_2023_Q1) - Gravitational Fields

(a)(i} | direction of the force acting on a (test) mass placed at the point B1

(a)(ii) | change in height negligible compared with radius (of Earth) B1
(so) field lines are (effectively) parallel B1

(b)(iy | Y=GMIR* M1
G is the gravitational constant A1

(b)(il) | gravitational force Is (always) attractive B1
or

gravitational force (always) acts towards the centre of the sphere

force is in opposite direction to displacement B1
or
at a point to the right of the centre, force acts to the left
or
at a point to the left of the centre, force acts to the nght

(b)(iil) | sketch: smooth curve with decreasing positive gradient, starting at (R, —Y) and reaching 3R with g still negative B
or s
smooth curve with increasing positive gradient, ending at (=R, Y) and reaching —3R with g still positive

both of the above curves, in correct quadrants

curve passing through (+2R, +0.25Y) and (+3R, +0.11Y) s B‘l
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26 = (9702/42_Winter_2023_Q2) - Gravitational Fields

(a)(i) work done per unit mass B1
work (done) moving mass from infinity (to the point) B1
(a)iiy | ¢ =—GM/r c1
=— (667 x 10" « 7.3 x 10%3) /(1,7 = 105
=-29 « 10°Jkg™' A1
b)) | Ep=m¢ B1
(b)) | %mv+mg=0 M1
correct algebra leading to v = V(-24) A1
(€} |speed=v(2x29x 107 A1
=2400ms™’
(d) %m<c®> = (3I2)KT c1
3.34 x 1077 « <c®> =3 « 1.38 »x 10 « 400 c1
Cims =2200ms™! A1
(e) r.m.s. speed is an average so many molecules have speeds greater than the escape speed B1
g:ere is a distribution of molecular speeds (around the r.m s. value) so many molecules have speeds greater than the
escape speed
==
v o
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1 = (9702/42_Summer_2017_Q2) - Ideal Gases, Temperature, Thermal Properties Of Materials

(a)() mean/average square speed/velocity

(@) i) | pV=NkTor pV=nRT
p=Nm/V
or
p=nNam/Vand k=nR/N
Ex = Yam{(c®) with algebra to (3/ 2)kT

(b)() | no (external) work done or AU =g or w=0
G=Na = (3/2k=1.0
Nak=Rsog=(3/2)R

(b)(ii) specific heat capacity = {(3/2) <~ R}/0.028

=450 Jkg 'K’

2 - (9702/41_Summer_2017_Q4) - Ideal Gases

(a) random/haphazard
constant velocity or speed in a straight line between collisions
:irstribution of speeds/different directions
(b) (small) specks of light/bright specks/pollen grains/dust particles/smoke particles
moving haphazardly/randomly/jerky/in a zigzag fashion
@) | pV="1Nmc®
1.05 < 10° « 0.0240 = % = 4.00 « 107 « (%)
(% =1.89 - 10°
or
Yemic® = (3/2) kT
0.5 » (4.00 < 107%/6.02 < 10%) « (¢®) =15 « 1.38 = 107 » 300
(c?)=1.87 « 10°
or
nRT = V5 Nm(c®)
1.00 « 8.31 x 300 = ¥ « 4.00 « 107 « (¢%)
{¢% =1.87 = 10°
Grms = 1.37 < 10°ms™
(c)(ii) e T
(6% at 177 °C = 1.89 « 10° » (450/300)
Crms @t 177 °C =168 » 10°ms™
===
v
’
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3 = (9702/42_Summer_2018_Q2) - Ideal Gases, Thermal Properties Of Materials

(a) no intermolecular forces (so no potential energy) B1
(b)(i) mean square speed (of molecule(s)) B1
(b)(ii) kelvin/thermodynamic/absolute temperature B1
© (1. | pV=NkT c1

475107226 < 10°= N+ 1.38 « 1072 . 446 c1
or
pV=nRT and N=nNy {C1)

4.7 107226« 10°=n « 8.31 « 446

n=3.3(mol)
N=3.3:60210% (c1)
N=2.0-10% A
(©)(®2. |average increase =2900/(2.0 - 10%) A1
=15-107%")
(©i) | ABx = (3/2)k(NT e

1.5 107 = (3/2) « 1.38 « 1072« ()T

(A)Tin range 70-72 K c1
T =173+273+70 A1
=520K

4 - (9702/41_Summer_2018_Q3) - Ideal Gases

(@) sum of potential and kinetic energies (of molecules/atoms/particles) B1
(energy of) molecules/atoms/particles in random motion B1
(a)(ii) (in ideal gas) no intermolecular forces so no potential energy B1
internal energy is (solely) kinetic energy (of particles) B1
(mean) kinetic energy (of particles) proportional to (thermodynamic) temperature of gas B1
(b) pV=NKT c1
6.4-10%:1.8 10 10°=N =138 107 . 298 c1
or
pV=nRT and N=n= N, (C1)
6.4:10°:1.810*«10°=n+8.31 ~ 208 (c1)
n=486.5 (mol)
N=465.6.02 - 10%
N=2810% A1
===

y 9
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5 = (9702/41_Winter_2018_Q2) - Ideal Gases, Thermal Properties Of Materials

(a) sum of potential and kinetic energies (of molecules/atoms/particles) B1
(energy of) molecules/atoms/particles in random motion B1

(b)(1) final temperature = Initial temperature B1
no change in internal energy B1

(®)ii) | 1. work done on gas (P—Q): 0 A1
increase in internal energy (P »Q): (+)97.0J A1

2. increase in internal energy (Q »R): —425J A1

3. increase in internal energy (R»>P): -545J A1

thermal energy supplied (R—>P): -915J A1

6 - (9702/42_Winter_2018_Q2) - Ideal Gases, Temperature, Thermal Properties Of Materials

(a) gas that obeys equation pV/ = constant « T M1
symbols p,VVand T explained A1
(b)) | pV =% Nm<c*> and M=Nm c1

(and so0) p = Yip<c’>
2.12 < 107 = % < [3.20/(1.84 < 1079)] « <¢’> c1
Crms. = B605ms™ A1
(b)(i) |1. pV=nRT and T=(22+273)K c1
n=(212 10" « 1.84 « 107%/(8.31  295) A1

=159 mol
2. mass =3.20/(159 « .02 « 102 c1
or

mass = [2 « (3/2) « 1.38 « 1072  295]/6052

mass = 3.34 « 10%°kg A1
() A =(3.34 < 107%)/(1.66 « 1077 A1
=20

7 = (9702/41_Summer_2019_Q2) - Ideal Gases, Temperature, Thermal Properties Of Materials

(api) | pV=nRT c1
n =(3.0x 10°x 210 =« 107%)/(8.31 =« 270) Cc1
=0.028 mol Al
(alii) | Ve T or T=pV/nR with value of n from (i) c1
T =(140/210) x 270 A1

or

T = (3.0 x 10* x 140 =107 /(8.31 = 0.028)
=180 K
(a)ii) | W =pAv c1

=3.0 x 10 x (210 — 140) x 10€

=21J Al

9
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(b) AU =w+gq c1
=21-53 c1
or
AU = (nNs) % (31 2)kAT (c1)
=(0.0281 » 6.02 = 10%) = (3/2) = 1,38 = 1072 « (180 - 270) (C1)
or
AU =(3/2)nRAT (C1)
=(3/2) = 0.0281 x 8.31 « (180 — 270) (1)
AU =(=)32J A1
8 - (9702/42_Summer_2019_Q2) - Ideal Gases, Thermal Properties Of Materials
(@) 1. energy transfer (o the system by heating B1
2. (external) work done on the system B1
(a)(u) decrease in internal energy B1
(b)) no change (in internal energy) B1
(because) no change in temperature B1
(b)(h) work dona = pAV c1
=(-)1.6 x 10° x (2.4 — 0.87) x 10~
=(-)2404 A1
(b)(ui) | first row all correct (0, 480, 480) A1l
second row all correct (-1100, 0, —=1100) A1
final column of third row calculated correctly from the two values above it, so that the final column adds up to 0 A1l
second column in final row correct, with correct negative sign A1l
:r':t’colurnn in final row calculated correctly so that it adds to the second column to give the third column
(fully correct table is:
0 480 480
-1100 0 -1100
860 ~240 620
)
Q - (9702/41_Winter_2019_Q2) - Ideal Gases
(a) (total volume of molecules is) negligible M1
compared with volume occupied by the gas A1
(b)) | pV = NkT Cc1
460x10°x240x102=Nx1.38x 102 % (273 + 23) C1
or
pV =nRT (c1)
4.60%10°%2.40 % 102 = nx 8.31 x (273 + 23) (C1)
n =449 (mol)
N =nNa
=449 <602« 10%
N=27x10%
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(b)(il) | volume of one atom = & (= 2.7 x 10-% m?) c1
volume of all atoms =27 « 1072« 2.7 » 10% Cc1
=7x10°m® A1
or
volume of one atom = (4 /3)ar® (= 1.41 « 10" m?) (C1)
volume of all atoms = 2.7 » 102 x 1.41 x 10 c1)
=4x10°m? (A1)
(c) numerical comparison between answer to (b)(il) and 2.4 < 10-2 (m?) showing (b)(ii) is much less than 2.4 « 10-2(m?) B1
10 - (9702/42_Winter_2019_Q2) - Ideal Gases, Thermal Properties Of Materials
(ani) specks of light moving haphazardly B1
(a)(ii) (gas) molecules collide with (smoke) particles M1
:a'ndom moticn of the (gas) molecules
causes the (haphazard) motion of the smoke particles A1
:;uses the smoke particles to change direction
(b)) | pV=nRT c1
n=(3.51x10%x2.40 = 10-)/(8.31 = 280) c1
:': (3.75 % 10° % 2.40 = 10-%) / (8.31 x 310)
or
pV=NkT (C1)
n=(3.51x10°x 2,40 « 10-)/(1.38 « 10-*3 x 8,02 x 10%* x 200) (C1)
:'= (3.75% 10°x 2,40 = 10-%) /(1.38 = 10-** x 6.02 x 10** x 310)
n=0.350 mol or 0.348 mol A1
(b)(ii) | energy transfer =(0.349 or 0.35) = 12,5 « (310 — 290) c1
=87.3J or 875 A1
(c)(i) zero A1
(e)ii) 87.3J or 875J A1
increase B1
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11 - (9702/41_Summer_2020_Q2) - Ideal Gases, Thermal Properties Of Materials

(a) total potential energy and kinetic energy (of molecules/atoms) M1
reference to random motion of molecules/atoms Al
(b) (in ideal gas,) no intermolecular forces B1
no potential energy (so change in kinetic energy is change in internal energy) B1
(c) (random) potential energy of molecules does not change M1
(random) kinetic energy of molecules does not change M1
so internal energy does not change A1l

or
decrease in total potential energy = gain in total kinetic energy (M1)
no external energy supplied (M1)
so internal energy does not change (A1)

or
no compression (of ball) so no work done on the ball (M1)
no resistive forces so no heating of the ball (M1)
so internal energy does not change (A1)

(c) or
no change of state so potential energy (of molecules) unchanged (M1)
no temperature rise o kinetic energy (of molecules) unchanged (Mm1)
so internal energy does not change (A1)

12 = (9702/42_Summer_2020_Q2) - Ideal Gases
(a) o NmiV B1
% molecules move in three dimensions (not one) B1
s0 % in any (one) direction
<c?>. molecules have different speeds so take average M1
of (speed)® A1
(b) pV = NKT c1
N =(3.0x10°x6.0x 107)/(1.38 x 102 x 280) Cc1
=4.5x10% c1
mass =20.7/(4.5x 10%) A1
=46x10%g
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13 = (9702/41_Winter_2020_Q2) - ldeal Gases, Temperature

(a) +g. thermal energy transfer to system B1
+w: work done on system B1
(B)i) | (W=) 26 %105 % (3.8-2.3) x 10 = 390 A1
(b)(ii) | mo (total) change (in intemal energy) B1
gas returns to its original temperature B1
(€) A to B row all correct (1370, — 390, 980) B1
B to C row all correct (0, 550, 550) B1
C to A row: AU adds to the other two AU values to give zero B1
C to A row: w =0 and g adds to w to give AU value B1
complete correct answer:

change qld wiJ AU

AtoB (+)1370 | -390 (+)880

BtoC 0 | (+)550 (+)550

CtoA -1530 | 0 ~1530

14 - (9702/42_Winter_2020_Q2) - ldeal Gases, Temperature

(a) sum of potential energy and kinetic energy (of particles) B1
(total) energy of random motion of particles B1
(o)i) | pV=nRT Cc1
280 x105x230x10%=nx8.31x180 A1
n = 0.400 mol
(b)il) | (2.30 x 10%) /180 = (3.80 x 103/ T c1
or

260x10°x380x10°=0400x831xT

T=297K A1l

(c)il) | AW=pAV c1

=260 x 10° % (2.30 - 3.80) x 103

=(-)390J A1l
negative because work is done by gas B1
:;ganve because work is done against atmospheric pressure
ggaﬁve because volume of gas increases

(e)i) | AU = (980 — 390) A1l
=590J
==
v o
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15 = (9702/41_Summer_2021_Q2) - Ideal Gases

(@) | pV=NkT c1
N=(18x107x3.3x10%/(1.38 x 1002 x 310) = 1.4 x 10 Al
or
pV=nRT and nNa=N (C1)
N=(18x10"x3.3x10°x6.02 x 102)/(8.31x 310) = 1.4 x 109 (A1)

{b) speed of molecule decreases on impact with moving piston B1
mean square speed (directly) proportional to (thermodynamic) temperature B1
?nrean square speed (directly) proportional to kinetic energy (of molecules)
z:\en'c energy (of molecules) (directly) propeortional to (thermodynamic) temperature
kinetic energy (of molecules) decreases (so temperature decreases) B1

(©) |AU=3I2xkxATxN c1
=312 % 1.38 x 10 x (288 - 310) x 1.4 x 102 c1
=-64) A1l

()i} | decrease in internal energy is less than work done by gas M1

{thermal energy is) transferred to the gas (during the expansion) A1
16 - (9702/42_Summer_2021_Q2) - Ideal Gases, Temperature

(a) pV=nRT c1
pV=nRT and N =nN, c1
or
pV = NkT
3.1%102x 85 x 105 = (N x 290 x 8.31)/(6.02 x 10%) A1
so N=66x 102
or
31x103x85x10°=Nx 1.38 x 10-* x 280
so N=6.8x 102

()i} |(31x10°x85x10%/290=(6.3x10°x2.7x105/T A1

so T=190K

or

63x10°%x27x10°=66x10"x138x 108« T
so T=190K

(b)) (AU =32 xkxATxN c1
=32 x1.38 x 10-3 x (190 — 290) x 6.6 x 102 C1
=~1400J A1

(c) AU=g+w M1
g=0so0AU=w A1
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17 = (9702/42_Winter_2021_Q3) - Ideal Gases

(ay() ne loss of kinetic energy B1
(a)i)y |« molecules have negligible volume (compared with gas/container) B2
« no forces between molecules (except during collisions)
« molecules are in random motion
« collisions are instantaneous
Any two points, 1 mark each
(b)(i) 2mu A1l
)iy | 2L/u A1
(b)) | force = change in momentum /time = 2mu/ (2L / u) A1
=mirll
(b)(iv) |pressure =force/area= (mu/L)/L? A1l
=mu /L3
{c) oV = NKT C1
NKT = 1ANm<c®> leading 10 Yem<c?> = (3/2)kT and Yam<c?®> = Ey A1l
(d) Ve x 3.34 x 1077 x <> = (3/2) x 1.38 x 1023 x (25 + 273) c1
rm.s. speed = 1.9 x 10°ms-' A1l

18 = (9702/41_Summer_2022_Q3) - Ideal Gases

(a)() |agasthatobeyspV« T m1
where p = pressure, V = volume, T = thermodynamic temperature A1
(a)ii) | T =(273+17)K Cc1
n =pVIRT Al

=(1.2 x 10°F x 0.24)/[8.31 » (273 + 17))

=12 mol

(b)(i) | work done = pAV c1
=12 <« 10° x (0.24 — 0.08) = 19200 J (= 19.2 kJ) A1

(b)(ii) | AB work done correct (19.2) Al
BC work done correct (0) Al

CA increase in internal energy correct (0) and CA thermal energy correct (31.6) A1

AB increase in internal energy calculated correctly from work done - 48.0 A1

BC Increase in internal energy correctly calculated so the final column adds up to zero and BC thermal energy same as Al

increase in internal energy

Fully correct table:
AB| 192 ~-480 | -288

BC 0 288 288

CA| =318 3186 0

9
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CH10 - IDEAL GASES

19 - (9702/42_Winter_2022_Q3) - Ideal Gases

(a) p = pressure (of gas), V = volume (of gas) and k = Boltzmann constant B1
N = number of molecules B1
T = thermodynamic temperature B1
(b) (pV = NkT and pV = YNm=<c*> leading to) NAT = %Nm<c®> M1
algebra leading to (3/2)kT = Yam<c®> and use of ¥om<c?> = Ex leading to (3/2)kT = Ex A1l
(o) |[T=2086K Cc1
Vem<c®> = (312)kT c1
Yex 5.31 % 10-% < &7 = (3/2) « 1.38 « 10-2 « 296
u=480ms"' A1
{c)(u) | line passing through (P, u) B1
horizontal straight line B1
20 - (9702/41_Summer_2023_Q4) - Ideal Gases, Temperature, Thermal Properties Of Materials
(a) « particles are in {continuous) random motion B2
* particles have negligible volume (compared with the gas)
« negligible forces between particles (except during collisions)
o (all) collisions (perfectly) elastic
* time of collision negligible (in comparison with time between collisions)
Any two points, 1 mark each
(b)) (general starting equation) pV = nRT Cc1
T = (2pV/nR) where R is the (molar) gas constant Al
(b)(i) sketch: straight vertical line XY from (V. 2p) to (V. p) B1
straight horizontal line YZ from (V, p) to (2V, p) B1
curve with gradient increasing from Z to X from (2V, p) to (V. 2p) B1
(b)(iiiy | XY work done on gas correct (= 0) B1
ZX increase in internal energy correct (= 0) B1
YZ work done on gas correct (= —pV) B1
XY increase in intemal energy such that the increase in internal energy column adds up to zero B1
all three thermal energies transferred such that AU = g + w in each row B1
(completely correct answer:
change AU Q w
XtoY -u -U 0
YtoZ [+U] | U+pV | -pV
Zto X 0 -w [+W)
)
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CH10 - IDEAL GASES

21 - (9702/42_Summer_2023_Q2) - Ideal Gases

(a)(i) (gas that obeys) pV « T (for all values of p,Vand T) M1
where T is thermodynamic temperature A1l
(a)(ii) temperature = -273.15°C Al
(b)) | pV=NKkT c1
N =(1.37 » 10° « 0.640)/(1.38 x 10-%* x (227 + 273)) Cc1
=127 « 105 A1
(b)) mass = 0.0424/(1.27 « 10%) A1
=334 « 10% kg
)iy | emec?> = (3/2)kT c1
3.34 <107 x ¥ =3 x 1.38 x 102 « 500 c1
v=2490ms" A1
or
pV = ¥%(Nm) <c¢*> and Nm = mass of gas {C1)
0.0424 x 2 = 3 « 1.37 « 10° « 0.640 (C1)
v=2490ms’ (A1)
{c) sketch: line from (0, 0) to (500, v} B1
line with decreasing positive gradient throughout B1
22 = (9702/42_Summer_2023_Q3) - Ideal Gases, Temperature

(a) change in internal energy = work done + energy transfer by heating c1
increase in internal energy = work done on system + energy transferred o the system by heating A1
(b)) AB change in internal energy. decrease B1
AB work done on gas: positive B1
BC change in internal energy:  increase B1
BC work done on gas. zero B1
(b)(ii) more work done by gas in CD than is done on gas in AB B1

(or:o work done on gas in BC and DA so) (overall) gas does work
(overall) change in internal energy is zero B1
(must be an overall) input of thermal energy B1
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23 = (9702/41_Winter_2023_Q2) - Ideal Gases

(a) (thermal) energy per unit mass (to change temperature) B1
(thermal} energy per unit change In temperature B1
(b)(i) | work done = pAV A1
= (2.0 « 10°) « (0.063 — 0.038) = 5000 J
(b)(ll) | gas is expanding (against external pressure) B1
gas does work / work is done by gas, so (work done on gas is) negative B1
(o)(ii)y [AU=g+ W c1
7600 = g + (-5000) A1
q=12600J
(b){iv) | specific heat capacity = g/ mAT Cc1
= 12600/ (0.35 « 58)
=640 Jkg 'K A1
(c) same gain In internal energy so same temperature rise B1
no change in volume so no work done B1
:; work done so less thermal energy needed (for same change in interal energy)
less thermal energy needed (for same temperature change) so lower specific heat capacity B1
24 - (9702/41_Winter_2023_Q3) - Ideal Gases, Astronomy & Cosmology
(a)n N: number of molecules (of the gas) B1
m. mass of cne molecule (of the gas) B1
<c®>: mean square speed (of molecules) B1
(apii) | pvV=NkT M1
NkT = ANm<c®> and Ex = ¥%m<c®> leading to Ex = (3/2) kT A1
(b) Ve x3.34 x 10 x 9300° = (32) x 1.38 x 102« T c1
T=86980K A1
()i} L=F x 4z c1
L =252 x 10" x 4n x (4.16 x 10"%)? Al
=548 « 10 W
(ei) | L = 4zafT* c1
5.48 « 10° = 4n « 567 « 10 « F « 6980*
r=5869 « 10°m Al
(d) (very high pressure so) molecules are (very) close together (nof just ‘nearer’) B1
forces between molecules are not negligible B1
s:;lume of molecules not negligible compared with gas volume
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25 = (9702/42_Winter_2023_Q3) - ldeal Gases

(a) sum of potential energy and kinetic energy (of particles) B1

(total) energy of random motion of particles B1

{b){i) no thermal energy transferred B1
work is done on the spring (increasing the potential energy of particles) M1

30 intemal energy increases A1l

(b)(ii) thermal energy transferred to water B1
work is done by water (expanding against atmosphere as it vaporises) B1

more thermal energy transferred than work done so internal energy increases B1

==
v
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1 = (9702/42_Summer_2017_Q2) - ldeal Gases, Temperature, Thermal Properties Of Materials

()() mean/average square speed/velocity

(@) (i) pV=NKT or pV=nRT

p=Nm/V
or
p=nNam/Vand k=nR/N

Ex = Yam{(c®) with algebra to (3/ 2)kT

(b)) no (external) work done or AU = qgor w=0

§=Na~(3/2k 1.0

Nak= Rso g=(3/2)R

(b)(i) | specific heat capacity = {(3/2) « R}/0.028

=450 Jkg 'K’

2 - (9702/41_Winter_2017_Q1) - Temperature, Thermal Properties Of Materials

(a)i) direction or rate of transfer of (thermal) energy B1
‘(T; different,) not in thermal equilibriur/energy s transferred

(a)(ii) uses a property (of a substance) that changes with temperature B1

(b) « temperature scale assumes linear change of property with temperature B2
« physical properties may not vary linearly with temperature
+ agrees only at fixed points
Any 2 points.

(e)i) | Pt= me(N)@ c1
95 .6 60=0670. 910 Ag m
A6=56"C so final temperature = 56 + 24 =80°C A1
or
95 .6 .60=067 910 - (¢/-24) (M1)
so final temperature or 4= 80°C (A1)

(c)(ii) 1. sketch: straight line from (0,24) to (6,80) B1
2. temperature drop due to energy loss = (80 —64) = 16°C Cc1

energy loss = 0.670 ~ 910 » (80 — 64) = 9800J A1
or
energy to raise temperature to 64°C =0.670 = 910 = (64— 24) (C1)
= 24400 (A1)
loss = (95 « 6 « 60) — 24400 = 9800J
==
v o
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3 = (9702/42_Summer_2018_Q3) - Temperature, Thermal Properties Of Materials

(a) (during melting,) bonds between atoms/molecules are broken B1
potential energy of atoms/molecules is increased B1
no/little work done so required input of energy is thermal B1

(b)(i) (AQ =) meAd c1
loss = (160 » 0.910 « 15) + (330 = 4.18 < 15) A1
=23 .10
(b)(i)) | 2.3%10%=(48 « 2.10 = 18) + 48L + (48 « 4.18 « 23) c1
48L =166 « 10* A1
L=350Jg"
4 - (9702/42_Winter_2018_Q2) - Ideal Gases, Temperature, Thermal Properties Of Materials
(a) gas that obeys equation pV/ = constant « T M1
symbols p,V and T explained A1
b)) | pV=1Nm<c*> and M=Nm c1
(and s0) p= Yap<c?>
2.12 2 107 = % « [3.20/(1.84 « 1079)] » <¢®> c1
Crms, = 605ms™ A1
(b)(ii) |1. pV=nRT and T=(22+273)K c1
n=(212 10" < 1.84 « 1079/(8.31 « 295) A1
= 159 mol
2. mass =3.20/(159 « 6.02 « 10%) c1
(r::ass =[2 « (3/2) « 1.38 « 107 « 295]/605°
mass = 3.34 « 107%kg A1
(9 A =(3.34 < 107%)/(1.66 « 1077 A1
=20
5 = (9702/41_Summer_2019_Q2) - ldeal Gases, Temperature, Thermal Properties Of Materials
(@apiy pV=nRT Cc1
n =(3.0 = 10° x 210 = 10-%)/(8.31 = 270) c1
=0.028 mol Al
(a)ii) | Ve« T or T=pV/nR with value of n from (i) c1
T =(140/210) = 270 Al
or
T = (3.0 x 10* x 140 =1077) /(8.31 = 0.028)
=180K
(a)iy | w =pav c1
=3.0 x 10% x (210 — 140) x 10€
=21J A1l
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CH11 - TEMPERATURE

(0) AU =w+g c1
=21-53 c1
or
AU = (nNa) « (312)kAT (c1)
=(0.0281 x 6.02 x 10%%) = (3/2) = 1,38 = 102 « (180 - 270) (C1)
or
AU =(3/2)nRAT (C1)
=(3/2) x 0.0281 x 8.31 « (180 — 270) (c1)
AU =(=)32J A1
6 - (9702/41_Winter_2019 Q3) - Temperature, Thermal Properties Of Materials
(a) (thermal) energy per (unit) mass (to change state) B1
(heat transfer during) change of state at constant temperature B1
(b)i) |32g A1
(b)(ii) temperature difference (between liquid and surroundings) does not change B1
(o)) | VIt=mL Cc1
230x12x680x10=(58xL)+H c1
‘1,;031 1.0x60=x10=(32 L)+ H
86x600=(56-32)x L c1
or
230x1.2=(56xL)/(60x 10)+ P (C1)
7'90x 1.0=(32xL)/(60x10)+P
276-190=(24 « L) /800 (C1)
L=2200Jg" A1
(b)(iv) |[230x1.2x600=(56x2150)+H c1
‘1’50;4 1.0 600 =(32 x 2150) + H
H=45200 A1
rate =45200 /600
=75W
or
230x1.2=(56x2150)/(80x10)+P (C1)
:;Ox 1.0=(32x2150)/(60 < 10)+ P
rate(=P)=75W (A1)
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7 = (9702/41_Winter_2020_Q2) - Ideal Gases, Temperature

(a) +g. thermal energy transfer to system B1
+w: work done on system B1
(B)i) | (W=) 26 %105 % (3.8-2.3) x 10 = 390 A1
(b)(ii) | mo (total) change (in intemal energy) B1
gas returns to its original temperature B1
(€) A to B row all correct (1370, — 390, 980) B1
B to C row all correct (0, 550, 550) B1
C to A row: AU adds to the other two AU values to give zero B1
C to A row: w =0 and g adds to w to give AU value B1
complete correct answer:

change qld wiJ AU

AtoB (+)1370 | -390 (+)880

BtoC 0 | (+)550 (+)550

CtoA -1530 | 0 ~1530

8 = (9702/42_Winter_2020_Q2) - ldeal Gases, Temperature

(a) sum of potential energy and kinetic energy (of particles) B1
(total) energy of random motion of particles B1
(o)i) | pV=nRT Cc1
280 x105x230x10%=nx8.31x180 A1
n = 0.400 mol
(b)il) | (2.30 x 10%) /180 = (3.80 x 103/ T c1
or

260x10°x380x10°=0400x831xT

T=297K A1l

(c)il) | AW=pAV c1

=260 x 10° % (2.30 - 3.80) x 103

=(-)390J A1l
negative because work is done by gas B1
:;ganve because work is done against atmospheric pressure
ggaﬁve because volume of gas increases

(e)i) | AU = (980 — 390) A1l
=590J
==
v o
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Q - (9702/42_Summer_2021_Q2) - ldeal Gases, Temperature

(a) pV=nRT c1
pV=nRT and N =nN, c1
or
pV=NkT
31x10°x85x 10°= (N x 290 x 8.31)/(6.02 x 10%) A1l
so N=68x 102
or

31x103x85x105= Nx 1.38 x 10 x 280
soN=868x102

()i} |(31x10*x85x10%/290= (6.3 x10°x2.7x105/T A1
so0 T=190K

or

63x10°%x27x10°=66x10"x138x 108 =T

so T=190K
(b)) | AU =32 xkxATxN c1
=3/2 x 1.38 x 10-% x (190 — 290) x 6.6 x 10** C1
=-1400J A1
(c) AU=q+w M1
g=0soAU=w A1l

10 - (9702/42_Summer_2022_Q3) - Temperature

(a) (thermal) energy per unit mass B1
energy to change state between liquid and gas at constant temperature B1
(b)i) |g=mL=037 %23 «10° A1
=85x10°J
(b)(ii) | pV=nRT and T=373K c1
n=2370/18 c1
V=[(370/18) x 8.31 » 373]/(1.0 » 105 = 0.64 m* A1l
(B)Gil) | w=pAV c1
=1.0x10°« 064 Al
=64« 10*)
(b)(iv) | (water does work against atmosphere so) work done on water is negative B1
increase in intemal energy = (8.5-064) « 10°=7.9 « 10°J A1
{c) valid reasoning of how work done by water is affected M1
correct use of first law to draw conclusion about effect on specific latent heat that is consistent with work done A1
==
v o
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11 - (9702/43_Winter_2022_Q2) - Temperature

(a) * resistance of a metal B2
* volume of a gas at constant pressure
« emf ofathermocouple
Any two points, 1 mark each

(©)() | Q=meAT c1
evidence of realisation that Q lost by water = Q gained by mercury c1
187 x418 «(374-T)=6.94 «0.140 « (T-23.0) C1
T=372°C A1l

(b)) | use a liquid with a lower (specific) heat capacity (than mercury) B1
:;e a smaller mass of mercury

{c|i) | depends on properties of a real substance B1
0 °C is not absolute zero B1

(c)(i) |ideal gas B1

12 = (9702/41_Summer_2023_Q3) - Forces, Density & Pressure, Temperature

(a no net thermal energy is transferred (between them) B1
(b)) varniation (of density with temperature) is linear B1
or

each temperature has a unique value of density

(b}{il) |« wariation (of density with temperature) is not linear B2
* region where the density does not vary with temperature
« different temperatures have the same density

Any two points, 1 mark each

{e)iy bailing point = 80°C A1

(c)(in) Q=Pt and t=21s c1

(thermal eneray supplied = 810 « 21 = 17000 J)

c=Q/mAéd c1
thermal energy absorbed by beaker = 42 » 0.84 (80 - 25) c1
(=1940J)
s.h.c. of liquid = [(810 x 21) — (42 x 0.84 x (80 - 25))]/[120 « (80 - 25)] Al
=23Jg'K"
(d) sketch: straight diagonal line from 25 “C to 100 “C and then horizontal at 100 °C B1
straight diagonal line starting at 25 “C with gradient approximately half that of the original line B1
==
v o
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13 = (9702/41_Summer_2023_Q4) - Ideal Gases, Temperature, Thermal Properties Of Materials

(a) * particles are in (continuous) random motion B2
* particles have negligible volume (compared with the gas)
« negligible forces between particles (except during collisions)
« (all) collisions (perfectly) elastic
» time of collision negligible (in comparison with time between collisions)
Any two points, 1 mark each
(b)) (general starting equation) pV = nRT Cc1
T= (2pV/nR) where R is the {molar) gas constant A1l
(b)) sketch: straight vertical line XY from (V. 2p) to (V. p) B1
straight horizontal line YZ from (V, p) to (2V, p) B1
curve with gradient increasing from Z to X from (2V, p) to (V. 2p) B1
(b)(iiiy | XY work done on gas correct (= 0) B1
ZX increase in internal energy correct (= 0) B1
YZ work done on gas correct (= —pV) B1
XY increase in intemal energy such that the increase in internal energy column adds up to zero B1
all three thermal energies transferred such that AU = g + win each row B1
(completely correct answer:
change AU Q w
XtoY -U -U 0
YtoZ [+U] | U+pV | —-pV
Zto X 0 -w [+W]
)

14 - (9702/42_Summer_2023_Q3) - Ideal Gases, Temperature

(a) change in internal energy = work done + energy transfer by heating c1

increase in internal energy = work done on system + energy transferred o the system by heating Al

(b)(1) AB change in internal energy. decrease B1

AB work done on gas: positive B1

BC change in internal energy:  increase B1

BC work done on gas. zero B1

(b)(i) more work done by gas in CD than is done on gas in AB B1
(or:o work done on gas in BC and DA so) (overall) gas does work

(overall) change in internal energy is zero B1

(must be an overall) input of thermal energy B1

==
v o
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A-Level Cambridge PHYSICS -P4 CH12 - THERMAL PROPERTIES OF
MATERIALS

1 = (9702/42_Summer_2017_Q2) - ldeal Gases, Temperature, Thermal Properties Of Materials

()() mean/average square speed/velocity

(@) (i) pV=NKT or pV=nRT

p=Nm/V
or
p=nNam/Vand k=nR/N

Ex = Yam{(c®) with algebra to (3/ 2)kT

(b)) no (external) work done or AU = qgor w=0

§=Na~(3/2k 1.0

Nak= Rso g=(3/2)R

(b)(i) | specific heat capacity = {(3/2) « R}/0.028

=450 Jkg 'K’

2 - (9702/41_Winter_2017_Q1) - Temperature, Thermal Properties Of Materials

(a)i) direction or rate of transfer of (thermal) energy B1
‘(T; different,) not in thermal equilibriur/energy s transferred

(a)(ii) uses a property (of a substance) that changes with temperature B1

(b) « temperature scale assumes linear change of property with temperature B2
« physical properties may not vary linearly with temperature
+ agrees only at fixed points
Any 2 points.

(e)i) | Pt= me(N)@ c1
95 .6 60=0670. 910 Ag m
A6=56"C so final temperature = 56 + 24 =80°C A1
or
95 .6 .60=067 910 - (¢/-24) (M1)
so final temperature or 4= 80°C (A1)

(c)(ii) 1. sketch: straight line from (0,24) to (6,80) B1
2. temperature drop due to energy loss = (80 —64) = 16°C Cc1

energy loss = 0.670 ~ 910 » (80 — 64) = 9800J A1
or
energy to raise temperature to 64°C =0.670 = 910 = (64— 24) (C1)
= 24400 (A1)
loss = (95 « 6 « 60) — 24400 = 9800J
==
v o
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PHYSICS -P4

CH12 - THERMAL PROPERTIES OF
MATERIALS

3 = (9702/42_Winter_2017_Q2) - Thermal Properties Of Materials

(a) (thermal) energy per (unit) mass (to cause change of state) B1
(energy required to cause/released in) change of state at constant temperature B1
(b)(i) 1. (work done on/against) the atmosphere B1
2. water as it turns from liquid to vapour M1
as potential energy of molecules increases A1
or
surroundings as its temperature rises (M1)
as energy is lost/transferred to surroundings (A1)
(b)(ii) | VI — h=M/t = L (where h = power loss) c1
zr= (VIt— Q)/ M (where @ = energy loss)
(142 «6.4) - (115 «5.2) = (9.1 -5.0) ~ L/300 c1
zr= [(14.2 < 6.4) - (11.5 « 5.2)] »~ 300/(9.1 - 5.0)
L=2300Jg™" Al
4 - (9702/42_Summer_2018_Q2) - Ideal Gases, Thermal Properties Of Materials
(a) no intermolecular forces (so no potential energy) B1
(b)(i) mean square speed (of molecule(s)) B1
(b)(ii) kelvin/thermodynamic/absolute temperature B1
©@1. | pV=NkT c1
47107« 26 10°= N« 1.38 « 1072 446 c1
or
pV=nRT and N=nN4 (C1)
475107226 < 10°=n~ 8.31 « 446
n=23.3 (mol)
N=33:6.02-10% (c1)
N=20-10% A1
(c)i)2. | average increase =2900/(2.0 « 10%% A1
=15x%107"
(©i) | ABk = (32)k(NT c1
151072 = (3/2) « 1.38 < 1072 . (WT
(A)Tinrange 70-72 K c1
T =173+273+70 A1
=520K
AF_
v o
’
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MATERIALS

5 = (9702/42_Summer_2018_Q3) - Temperature, Thermal Properties Of Materials

(a) (during melting,) bonds between atoms/molecules are broken B1
potential energy of atoms/molecules is increased B1
no/little work done so required input of energy is thermal B1

(b)(i) (AQ =) meAd c1
loss = (160 » 0.910 « 15) + (330 = 4.18 < 15) A1
=23 .10
(b)(i)) | 2.3%10%=(48 « 2.10 = 18) + 48L + (48 « 4.18 « 23) c1
48L =166 « 10* A1
L=350Jg"

6 - (9702/41_Winter_2018_Q2) - Ideal Gases, Thermal Properties Of Materials

(a) sum of potential and kinetic energies (of molecules/atoms/particles) B1
(energy of) molecules/atoms/particles in random motion B1

(b)) final temperature = Initial temperature B1
no change in internal energy B1

(b)(iH) 1. work done on gas (P»Q): 0 A1
increase in internal energy (P »Q):  (+)97.0J A1

2. increase in internal energy (Q »R): —425J A1

3. increase in internal energy (R»>P): -54.5J A1

thermal energy supplied (R—»P): -915J A1

7 = (9702/42_Winter_2018_Q2) - Ideal Gases, Temperature, Thermal Properties Of Materials

(a) gas that obeys equation pV = constant « T M1
symbols p,V and T explained A1
B | pV =% Nm<c’> and M=Nm c1

(and s0) p= Yap<c?>
2.12 2 107 = % « [3.20/(1.84 « 1079)] » <¢®> c1
Crms. = 605ms™ A1
(b)(ii) |1. pV=nRT and T=(22+273)K c1
n=(212 107 < 1.84 < 10°3/(8.31 ~ 295) A1

= 159 mol
2. mass =3.20/(159 « 6,02 « 10%) c1
or

mass = [2 « (3/2) « 1.38 « 1072  295]/6052

mass = 3.34 « 107%kg A1
(0 A =(3.34 < 107%)/(1.66 « 1077 A1
=20
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CH12 - THERMAL PROPERTIES OF

MATERIALS

8 = (9702/42_Winter_2018_Q3) - Thermal Properties Of Materials

(a) (thermal) energy per unit mass (to cause change of state) B1
(energy transfer during) change of state between solid and liquid at constant temperature B1
(b)) Any one from: B1
o rate of increase in mass (of beaker and water) is constant
e level of water rises at a constant rate
« volume of water (in beaker) increases at a constant rate
« constant time between drops
« constant rate of dripping
(b)(i1) | (electrical power supplied =) 12.8 - 4.60 c1
(=58.9W)
(rate of transfer to ice =) [(185.0 — 121.5) - 332]/[5.00 - 60] c1
(=703W)
1. rate=703W A1
2. rate=703-589 A1
=114W
Q - (9702/41_Summer_2019_Q2) - Ideal Gases, Temperature, Thermal Properties Of Materials
(afi)y |pV=nRT c1
n =(3.0 x 10°x 210 =« 10-%)/(8.31 = 270) c1
=0.028 mol Al
(a)iiy | v« T or T=pV/inR with value of n from (i) c1
T =(140/210) x 270 A1
or
T =(3.0 x 10* x 140 =10) /(8.31 = 0.028)
=180K
(@ i) | w =pAv c1
=3.0 % 10° « (210 - 140) x 10
=21J Al
(b) AU =w+gq c1
=21-53 c1
or
AU = (nNa) = (31 2)kAT (c1)
=(0.0281 » 6.02 = 10%%) = (3/2) = 1.38 = 10 x (180 - 270) (C1)
or
AU =(3/2)nRAT (C1)
=(3/2) » 0.0281 x 8.31 « (180 — 270) (c1)
AU = (=)32J A1
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CH12 - THERMAL PROPERTIES OF

MATERIALS

10 = (9702/42_Summer_2019_Q2) - Ideal Gases, Thermal Properties Of Materials

(@) 1. energy transfer (o the system by heating B1
2. (external) work done on the system B1
(a)(u) decrease in internal energy B1
(b)) no change (in internal energy) B1
(because) no change in temperature B1
(b)) | work done =pAV c1
=(-)16x10°«(24-087) =« 10
=(-)240J A1
(b)(ui) | first row all correct (0, 480, 480) A1l
second row all correct (-1100, 0, —=1100) A1
final column of third row calculated correctly from the two values above it, so that the final column adds up to 0 A1l
second column in final row correct, with correct negative sign A1l
:r’:t’column in final row calculated comrectly so that it adds to the second column to give the third column
(fulty correct table is:
0 480 480
-1100 0 -1100
860 ~240 620
)
11 - (9702/42_Winter_2019_Q2) - Ideal Gases, Thermal Properties Of Materials
(ani) specks of light moving haphazardly B1
(a)(ii) (gas) molecules collide with (smoke) particles M1
‘r,arndom moticn of the (gas) molecules
causes the (haphazard) motion of the smoke particles A1
g;uses the smoke particles to change direction
(b)) | pv=nRT c1
n=(3.51x10%x2.40 = 10-)/(8.31 = 290) c1
:1”= (3.75 % 10% x 2.40 » 1079) /(8.31 = 310)
or
pV=NkT (C1)
n=(3.51x105% 240« 10%)/(1.38 « 10-2* x 6,02 x 10* »x 280) (C1)
:7"= (3.75 % 10% x 2,40 = 10-%) /(1.38 = 102% x 6,02 » 10%* x 310)
n=0.350 mol or 0.348 mol A1
(b)(ii)) | energy transfer =(0.349 or 0.35) » 12,5 x (310 — 290) c1
=87.3J or 875 A1
(c)(i) | zero A1
(e)ii) 87.3J or 8754 A1
increase B1
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CH12 - THERMAL PROPERTIES OF

MATERIALS

12 = (9702/41_Winter_2019_Q3) - Temperature, Thermal Properties Of Materials

(a) (thermal) energy per (unit) mass (to change state) B1
(heat transfer during) change of state at constant temperature B1
(b)i) | 329 A1
(b)(ii) temperature difference (between liquid and surroundings) does not change B1
(o)) | Vit=mL c1
230x12x60x10=(58xL)+H c1
‘1’;0x1.0x60x 10=(32=L)+H
86 x600=(56-32)x L c1
or
230x1.2=(56xL)/(60x 10)+ P (C1)
‘1"90>< 1.0=(32xL)/(60x10)+P
276-190=(24 « L) /800 (C1)
L=2200Jg" A1
(b)(iv) |[230x1.2x600=(56x2150)+H c1
?;0:« 1.0x600=(32x2150) + H
H=45200 A1
rate =45200 /600
=75W
or
230x1.2=(56x2150)/(80x10)+P (C1)
:‘:"!Ox 1.0=(32x2150)/(60 = 10)+ P
rate(=P)=75W (A1)
13 - (9702/42_Winter_2019_Q3) - Thermal Properties Of Materials
(a) (thermal) energy per unit mass (to change state) B1
change of state without any change of temperature B1
(b)) | 140g A1
(D)) temperature difference (between apparatus and surroundings) does not change B1
(b)) | VIit=mL c1
({151 %38} + R) x600 =140 x L c1
a;Bx 1.8} + R) «600=65x L
4122x600=75x=L c1
L=330Jg" A1
(b)(iv) | 15.1 % 3.6 «600=(140x 330) - H c1
;rsw 1.8 % 600 = (65 ~ 330) - H
H=13600 A1
rate of gain =13600/600
=23W

2017 -2023 737




A-Level Cambridge PHYSICS -P4

CH12 - THERMAL PROPERTIES OF

MATERIALS

14 - (9702/41_Summer_2020_Q2) - Ideal Gases, Thermal Properties Of Materials

(a) total potential energy and kinetic energy (of molecules/atoms) M1
reference to random motion of molecules/atoms Al

(b) (in ideal gas,) no intermolecular forces B1
no potential energy (so change in kinetic energy is change in internal energy) B1

(c) (random) potential energy of molecules does not change M1
(random) kinetic energy of molecules does not change M1
so internal energy does not change A1
or
decrease in total potential energy = gain in total kinetic energy (M1)
no external energy supplied (M1)
so internal energy does not change (A1)
or
no compression (of ball) so no work done on the ball (M1)
no resistive forces so no heating of the ball (M1)
so internal energy does not change (A1)

(c) or
no change of state so potential energy (of molecules) unchanged (M1)
no temperature rise o kinetic energy (of molecules) unchanged (Mm1)
so internal energy does not change (A1)

15 - (9702/42_Summer_2020_Q3) - Thermal Properties Of Materials

(a) (little/no volume change so) little/no external work done B1
thermal energy supplied to provide latent heat M1
internal energy increases A1

(b) (rapid) increase in volume B1
gas does work against the atmosphere M1
internal energy decreases Al

2017 -2023 738




A-level Cambridge PHYSICS -P4

CH12 - THERMAL PROPERTIES OF

MATERIALS

16 = (9702/41_Winter_2021_Q3) - Thermal Properties Of Materials

(a) (thermal) energy per unit mass (to cause temperature change) B1
{thermal) energy per unit change in temperature B1
(b)i) | (T =)pVINk B1
(b)) | (pV =) NKT = 1aNm=<c>> M1
:\r/ = NKT and_pV = “WNm<c*>
leading to Yam<c®> = (3/2)kT and Yam<c?> = By A1
(b)(ii) | internal energy = XE, (of molecules) + XE; (of molecules) B1
:; forces between molecules
potential energy of molecules is zero B1
()i} | increase in internal energy = Q + work done B1
constant volume so no work done B1
e)il) | ¢ =QINmAT C1
=[N x (32)kAT]H (NmAT) = 3k/2m A1l
(d) {as it expands) gas does work (against the atmosphere/extemal pressure) B1
for same temperature rise) more (thermal) energy needed, so larger specific heat capacity B1
17 = (9702/41_Winter_2022_Q2) - Thermal Properties Of Materials
(a) « resistance of a metal B2
« volume of a gas at constant pressure
« emf ofathermocouple
Any two points, 1 mark each
®)i) | Q=meaT c1
evidence of realisation that Q lost by water = Q gained by mercury c1
18.7 x 4.18 x (37.4 — T) = 6.94 x 0,140 x (T —23.0) c1
T=372°C A1
(b)) | use a liquid with a lower (specific) heat capacity (than mercury) B1
Z;e a smaller mass of mercury
{c)i) depends on properties of a real substance B1
0 “C is not absolute zero B1
(e)(i) | ideal gas B1
18 - (9702/42_Winter_2022_Q2) - Thermal Properties Of Materials
(a) (thermal) energy per unit mass (to cause temperature change) B1
(thermal) energy per unit change in temperature B1
(b)(i) | work done correct (0) B1
increase in interal energy comect (+E) B1
(b)(i) | work done correct (—¥) and increase in internal energy same as (b)(i) B1
thermal energy correct so that it adds to work done to give increase in internal energy B1
{c) more thermal energy needed so specific heat capacity is greater B1
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CH12 - THERMAL PROPERTIES OF

MATERIALS

19 - (9702/41_Summer_2023_Q4) - Ideal Gases, Temperature, Thermal Properties Of Materials

(a) * particles are in {continuous) random motion B2
* particles have negligible volume (compared with the gas)
« negligible forces between particles (except during collisions)
« (all) collisions (perfectly) elastic
» time of collision negligible (in comparison with time between collisions)
Any two points, 1 mark each
(b)) (general starting equation) pV = nRT Cc1
T= (2pV/nR) where R is the (molar) gas constant A1l
(b)(ii) sketch: straight vertical line XY from (V. 2p) to (V. p) B1
straight horizontal line YZ from (V, p) to (2V, p) B1
curve with gradient increasing from Z to X from (2V, p) to (V. 2p) B1
(b)(iiiy | XY work done on gas correct (= 0) B1
ZX Increase in internal energy correct (= 0) B1
YZ work done on gas correct (= —pV) B1
XY increase in intemal energy such that the increase in internal energy column adds up to zero B1
all three thermal energies transferred such that AU = g + w in each row B1
(completely correct answer:
change AU Q w
XtoY -U -U 0
YtoZ [+U] | U+pV | —-pV
Zto X 0 -w | [+W]
)
[
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1 = (9702/41_Summer_2017_Q2) - Oscillations

(a) e.g. period=3/2.5

frequency = 0.83 Hz

(b) light (damping)

(©) at2.7s, Ap=15(cm)

energy = Y% m » 4n’f2Ag?

=% =018 « 4n° « 0.83% « (1.5 = 10792

=551« 10*()

at7.5s, Ay=0.75(cm)

energy = ¥ = 551 « 107
or
energy = % « 0.18 » 4n° » 0.83° « (0.75 » 107)?

energy = 1.38 < 107 (J)

change = (5.51 = 10 -1.38 = 10 =413 J

2 = (9702/42_Summer_2017_Q3) - Oscillations, Electromagnetic Induction

(@)() e.g. period=6/25

frequency = 0.42 Hz

(@)(i) | energy = ¥am « 4n’fy,’

=% 025 « 4n° « 0.42% « (1.5 « 10792

=20-10"%J

(b)() (induced) e.m.f. proportional to rate of

change of magnetic flux (linkage)
or
cutting of magnetic flux

(b)(ii) coil cuts flux/field (of moving magnet) inducing e.m.f. in coil

(induced) current in resistor causes heating (effect)

thermal energy/heat derived from energy of oscillations (of magnet)

3 - (9702/41_Winter_2017_Q2) - Oscillations

(@) (angular frequency =) 2n - frequency or 2=/period B1
(b)(1) 1. displacement=2.0cm A1l
2. amplitude = 1.5cm A1
(b)() reference to displacement of oscillations or displacement from equilibrium position or displacement from 2.0cm B1
straight line indicates acceleration « displacement B1
negative gradient shows acceleration and displacement are In opposite directions B1
(b)(iii) | of =()1/gradient or of = (-)Aa/As or a = (-)erx and correct value of x c1
=e.g. (1.8/0.03) or (0.9/0.015) or (1.2/0.02) etc. or 0.9 = &° = 0.015 c1

=60
f =60/2n A1

=1.2Hz
o~
v o
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4 - (9702/42_Winter_2017_Q3) - Oscillations

(@) angle (subtended) where arc (length) is equal to radius M1
(angle subtended) at the centre of a circle A1l

(a)(ii) | angular frequency = 2n - frequency or 2n / period B1
L T( I ¢/ML? is a constant so acceleration is proportional to displacement B1
minus sign shows that acceleration and displacement are in opposite directions B1

(b)) | c/ML = (2xf) c1
|c =42’ 327 024 065 c1

| =27kgm's? a1

5 = (9702/41_Summer_2018_Q2) - Oscillations

(a)(i) straight line through origin indicates acceleration « displacement B1
negative gradient shows acceleration and displacement are in opposite directions B1
(a)(ii) =-w’y and ®=2nf c1

4.5=(2n x A2« 8.0 « 107 (or other valid read-off)

f=3.8Hz A1
(b)) maximum displacement upwards/above rest/above the equilibrium position B1
(b)(ii) (just leaves plate when) acceleration =9.81ms™ c1

9.81=2n 3.8« c1

or

9.81=563 « y

amplitude = 17 mm A1

6 - (9702/42_Summer_2018_Q4) - Oscillations

(a) acceleration proportional to displacement B1
acceleration directed towards fixed point B1
or

displacement and acceleration in opposite directions

(b)(i) 1. amplitude decreases gradually so light damping B1
or
oscillations continue so light damping

2. loss of energy B1
due to friction in wheels B1
or
due to friction between wheels and surface (during slipping)
or

due to air resistance (on trolley)

(b)Y, | & =2Kkim c1
= (2 « 230)/0.950 c1
@ =22rads™ A1
B2, |T =2n/w c1
T =(2n/22)=0.286s A1
time =15T
=043s
st
g
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CH13 - OSCILLATIONS

7 = (9702/41_Winter_2018_Q3) - Oscillations

(a) ot =2g/L c1
T=2nl® c1
o =(2+981)/0.19 A1
@ =102 (rads™)
T =2r/10.2
=0.62s
(b)(i) e.g. viscosity of liquid/friction within the liquid/viscous drag/friction between walls of tube and liquid B1
(b)(ii) (maximum) KE = Yemvy® and vy = axg Cc1
:r:ergy = Yemarxgs
change =% % 18 x 107« 103 « [(2.0 « 1079)% - (0.95 10737 c1
=2910%J A1
8 = (9702/42_Winter_2018_Q4) - Oscillations
(a) (defining equation of s.h.m. is) @ = —kx where k is a constant or a« —x B1
gand L are constant (so @ « —x and hence s.h.m.) B1
(b) T=050s and T=2=n/w c1
o = 2g/L c1
L=(2=9.81x0.50%/4n* A1
=0.12m
(c)(i) Any one from: B1
+  viscosity of liquid
« friction within the liquid
e viscous drag
+ friction/resistance between walls of tube and liquid
(c)(iiy (maximum) KE = %mv® and v = e c1
:t:ergy = Yamofxo®
ratio = (1.3/2.0)° A1
=0.42
9 - (9702/41_Summer_2019_Q3) - Oscillations
(api) amplitude = 0.020 m A1
(a)i) | T=060s c1
f=1T A1
=17Hz
(a)ii) |a =(<)eFx and [w=2nf or w=2x/T) c1
a = (4x*/0.60%) « 2.0 x 10 A1
=22ms*
(b) 167 =(1/2n) = [(24 = 10 x p = 9.81)/0.23]"* c1
p=1.1x107kgm? A1
(c) wave starting with a peak at (0,6) B1
wave with same period (or slightly greater) B1
peak height decreasing successively B1

2017 -2023 743




A-Level Cambridge PHYSICS -P4

CH13 - OSCILLATIONS

10 = (9702/42_Summer_2019_Q3) - Oscillations

(a)in 0.10s or 0.30s or 0.50s or 0.70s or 090s A1
(aj(in) 0 or 040s or 0.80s A1l
b)) (o =2z/T c1
=2x/040 A1
=16rads™
®)iN) | vo = o c1
=157 %x25x107 A1l
=039ms™
or
tangent drawn at steepest part and working to show attempted calculation of gradient (C1)
leading to vo = 0.39ms™' (allow £ 0.15 ms™') (A1)
(BNii) | @ = @, Cc1
8 =(15.72x25x103) A1
=62ms>?
or
a =am (c1)
a =157x0.39 (A1)
=6.2ms?
(c) period is shorter/lower B1
Any one from B1
* greater spring constant/stiffness
* (restoring) force s greater (for any given extension)
« acceleration is greater (for any given extension)
* greater energy/maximum speed (for a given amplitude)
11 - (9702/41_Winter_2019_Q4) - Oscillations
(@) distance from a (reference) point in a given direction B1
(a)ii) line is net straight or gradient is not constant B1
(b){i) | 085-0.90cm A1
(b)) | a=-(2rf)x c1
e.g. 1.2=4r? <2 (0.90 x 109 c1
f=18Hz A1
(€) complete circle/ellipse enclosing the origin B1
closed shape passing through (0, 2vo) and (+xs, 0) B1
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12 = (9702/42_Winter_2019_Q4) - Oscillations

[E) 0] loss of energy B1

(a)ii) amplitude (of oscillations) decreases (with time) B1

o)) |w=2r/T Cc1
T=080s, s0w=2x/0.80 A1
@m=79rads"’

(b{ii) | a# =2kIM c1
79 =2k112 A1
k=37TNm"

(c)i) (one) smooth curve, not touching the f-axis, with two concave sides meeting at a peak in between them B1
(one) peak at 1.0 B1

(c)(i) | e lower peak/(whole) line is lower B2
o flatter peak/peak is less sharp
« peak at (slightly) lower angular frequency/peak moves to left
any two points, one mark each

13 - (9702/41_Summer_2020_Q3) - Oscillations
(a)(i) | amplitude =49cm A1
(a)(ii) | frequency =2700/60 A1
=45Hz
(a)(in) | vo=xow and w=2nf c1
Vo=49x 107 x2n x 45 A1
=14ms™'
@MW) | v = ok’ -x)* c1
=2n %45 % [(4.9 x 1022 - (2.6 x 102"
=12ms™! A1
(b) F=ma c1
and
80 = Vom OF & = XpaF
F =064x139x2ntx45 or 0.64 x 49 x (2n x 45 Cc1
=2500N A1
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14 - (9702/42_Summer_2020_Q4) - Oscillations

(a) (w=2x/Tand T=22ss0) A1
w=2n/22=29rads"!
(B)(1) &#=gIR c1
R =981/2.867 A1
=12m
(BMi)) | vo = axq c1
=29x30x107? A1
=0.087ms™
(c) smooth wave starting at 3.0 cm when =0 B1
positions of peaks and troughs show same period (or slightly longer) B1
each peak and trough at lower amplitude than the previous one B1
15 - (9702/41_Winter_2020_Q3) - Oscillations
(a) acceleration (directly) proportional to displacement B1
acceleration in opposite direction to displacement B1
:;celeration (directed) towards equilibrium position
(b) v= alxo’ — x°)* and w=2xf c1
:.obr= Xor and o= 2nf
substitution of any correct point from graph, e g. for x = 0 c1
0.25 = 2nf x 8.8 x 1072
f=045Hz A1
(c) 1/0.45 =2 x (L/9.81)" Cc1
L=12m Al
(d) ellipse about the origin with same intercepts on x-axis B1
ellipse about the origin crossing v-axis inside original loop B1
16 - (9702/42_Winter_2020_Q3) - Oscillations
{a) acceleration (directly) proportional to displacement B1
acceleration is in oppesite direction to displacement B1
g:;celeration is (directed) towards a fixed point
(D10 zero B1
(b){{ii) | Eyis maximum potential energy = mgh C1
Ey =94 x10°x9.81x090x 10
=83x103J A1
(b)(iii) | Buax = Y% mvs® and vo = wxg C1
g:u\x = Yam(exo)?
83x10°=%x94 x 103 x ? x (12.7 x 102f Al
...leading to » = 3.3rad s’
(c) T=2nlw c1
2n/33=2n x(L/9.81)* ; C_1
L=080m . 1
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17 = (9702/41_Summer_2021_Q3) - Oscillations

(a) acceleration (directly) proportional to displacement B1
acceleration is in opposite direction to displacement B1
(b) of =2kim and @=2xf Cc1
{2rfp = (2 x 130)/0.84 c1
f=28Hz A1
(c)(1) | resonance B1
(c)(iiy | oscillator supplies energy (continuously) B1
energy of trofley constant so energy must be dissipated B1

&:thout loss of energy the amplitude would continuously increase

18 = (9702/42_Summer_2021_Q3) - Oscillations

(a) acceleration in opposite direction to displacement shown by - sign B1
g/ L is constant M
{so) acceleration is (directly) propertional to displacement A1
(b) a=glL c1
w=2r!T c1
or
w=2nf and f=1/T
(2r/ TP =981/0.18 A1
T=085s
(c) | energy - x¢ c1
(after 3 cycles,) amplitude = (0.94)%xg Cc1
=0.83x
ratio final energy / initial energy = 0 837 Al
= 0.69
==
v o
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19 - (9702/41_Winter_2021_Q4) - Oscillations

(a)xi) 50cm A1
(@) |w=2n/T c1
or
w=2nf and_f=1/T
w=2x/40 Al
=16rads”’

(@i | vo=axo c1
=157x50 A1l
=79cms™

{b) |« initial pull was to the right B3
« distance from X to trolley (at equilibrium) is 20 cm
o periodisd40s
« initial motion undamped
+ motion becomes damped atfrom 12s
* damping is light
« maximum speed at 15, 3s, etc. /stationary at 2s, 4s, etc.
Any three points, 1 mark each
(c) sketch: closed loop encircling (20, 0) B1
minimum L shown as 15 cm and maximum L shown as 25cm B1
minimum v shown as =7.9cm s~ and maximum v shown as +7.9cms™’ B1
20 - (9702/42_Winter_2021_Q4) - Oscillations
(a) straight line through the origin B1
negative gradient B1
(b) a=(-jefx and_T=2r/m C1
e.g. @ =v(0.80/0.12) (any correct pair of values of a and x) c1
(=258rad s
T =2n/258 A1l
=24s
(e)i) Point labelled P at one end of the line B1
{c)ii) Point labelled Q at displacement with magnitude more than half but less than maximum B1
21 - (9702/41_Summer_2022_Q4) - Oscillations
(a) straight line through origin shows that a is proportional to x B1
negative gradient shows that a is in opposite direction to x B1
(b)) |a=a c1
or
as=-mix
or
? = — gradient
@ =(0.40/0.050) A1
=2B8rads”’
(b)i) |k =w3L Cc1
=28 x124
=97ms= A1
(c) (increasing L causes) « to decrease M1

or
energy (= % maoixe?) = ¥ mkxo? [ L (and L increases)

so amplitude increases
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22 = (9702/42_Summer_2022_Q4) - Oscillations

(a) oscillations (of object} at maximum amplitude B1
when driving frequency equals natural frequency (of object) B1
(b){(i) T=2xlo c1
=2n/50=n Al
=040s
(b)(i) | displacement scale labelled —1,0, -0.5, (0), 0.5, 1.0 on the 2 cm tick marks B1
t scale labelled 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 on the 2 cm tick marks B1
(D)(iii) | ¢=2xA8/T c1
=27 x0.10/0.40 or 2n « 0.30/0.40
=16rad or 4.7 rad A1l
23 - (9702/41_Winter_2022_Q3) - Oscillations
(a) a=-—wx m
a = acceleration, x = displacement from equilibrium position and « = angular frequency Al
(b)) | x%=0.12m Al
(b)(iiy | v= aV(xe? — x7) c1
two (x, v) pairs correctly read from Fig. 3.2 (cne may be {xo. 0) or value of x; from (i))
e.g. 0.20 = »V(0.122 - 0) leading to w = 1.7 rad 8™’ Al
(b)iil) | E = VaMawxa? c1
0.050=% x M~ 1.67° x 0,122 A1
M=25kg
or
{Ex)max = YaMvo? 1)
0.050 = %= M « 0.20° (A1)
M=25kg
(c)(i) | loss of (total) energy (of system) B1
due to resistive forces B1
{c)(ii} | closed loop surrounding the origin with maximum x at + 0.080 m passing through v=0 B1
maximum velocity shown as +0.10m s ' passing through x = 0 B1
24 - (9702/42_Winter_2022_Q4) - Oscillations
(api) xp=80cm Al
(a|in |w=2n/T c1
=2r/40=16rads™’ A1l
(a)(ii) | E = Yamar 2xo® c1
=Y x 36 « 1.6% « 0.080? C1
=028J A1l
(b) dome-shaped curve, starting and ending at £x =0 B1
maximum Ex shown as 0.29J
position of peak shown at h = 10.0cm
line intercepts h-axis ath=20cmandath=180cm
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CH13 - OSCILLATIONS

25 = (9702/42_Summer_2023_Q4) - Oscillations

(a)(i) o =2xf c1
F=97/2n A1
=15Hz

(a)(ii) | amplitude = V¥(11.6) =3.4cm A1l

(a)(in) a = @*Xo Cc1

=972 %34 x107 A1
=32ms~?

(b) sketch: straight line through the origin with negative gradient B1
line with negative gradient passing through (+3.4, —) and (-3.4, +ay) B1
linewithendsatx=+34cmanda=+ay B1

(c) sum of potential energy and kinetic energy is constant B1
at maximum displacement, kinetic energy is zero B1
:{ maximum displacement, potential energy is maximum
at zero displacement, kinetic energy is maximum B1
:{ zero displacement, potential energy is minimum

26 - (9702/41_Winter_2023_Q4) - Oscillations, Motion In A Circle
(a) (motion in which) acceleration is (directly) proportional to displacement B1
{motion in which): B1
acceleraton is (always) in the opposite direction to displacement
:;celeraﬁon is (always) directed towards a fixed point
b)Yy [e=2=/T c1
@ =2x/3.0 Al
=21rads’!

)iy | E = Yemerixe? c1
=% x 081 x2.1* x 0.036° A1
=23x103J

{c) sketch: line starting at (0, 0.038) and not reaching x = + 0.036 m at any other time B1

smooth curve, with no sudden changes in gradient, showing continuously decreasing magnitude of x from B1
maximum displacement at { = 0 to final displacement of zero where the gradient is also zero
displacement reaches final value of zero between = 075s and t = 3.0 s at the latest B1
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CH14 - WAVES

1 = (9702/42_Summer_2017_Q4) - Waves

(@)

pulse (of ultrasound)

* produced by quartz crystal/piezo-electric crystal

* gel/coupling medium (on skin) used to reduce reflection at skin

reflected from boundaries (between media)

reflected pulse/wave detected by (ultrasound) transmitter

reflected wave processed and displayed

* intensity of reflected pulse/wave gives information about boundary

* time delay gives information about depth of boundary

max. 2 of additional detail points marked *

(b)

Ir=Ipexp (-ux)

29=exp (464

4=023cm’’

2 = (9702/42_Winter_2017_Q4) - Waves

{a) quartz/piezo-electric and crystaltransducer B1
p.d. across crystal causes it to distort \ B1
applying alternating p.d. causes oscillations/vibrations ‘ B1
when applied frequency is natural frequency, crystal resonates B1
natural frequency of crystal is in ultrasound range B1

(b) small(er) structures can be resolved/observed/identified B1

3 - (9702/41_Summer_2018_Q4) - Waves
(a) e.g. microphone B1
weighing scales/pressure sensor
lightersispark generation
watches/clocks/regulation of time
{b) pulses (of ultrasound) B1
reflected at boundaries (between media) B1
(reflected pulses) detected by (ultrasound) generator B1
Any three from: B3
« time delay (between transmission and receipt) gives information about depth (of boundary)
* Intensity of reflected pulse gives information about (nature of) boundary
« gel used to minimise reflection at skin/maximise transmission into skin
* degree of reflection depends upon impedances of two media (at boundary)
=
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CH14 - WAVES

4 - (9702/41_Summer_2018_Q12) - Waves

@@ |I=Ile™ c1
= Ipexp(-0.90 = 2.8) A1
=0.0801,

@)(ii) | TI=Iyexp[(-0.90 = 1.5)~ (-3.0 « 1.3)] c1
=1, (0.258 < 0.20) A1
=0.00521,

(b)(i) | difference in degrees of blackening M1

between structures A1

(b)(ii) | large difference in intensities so good contrast B1

5 - (9702/41_Winter_2018_Q4) - Waves
(a) pulses (of ultrasound from generator) B1
reflected at boundaries {between media) B1
time delay (between transmission and receipt) gives information about depth B1
intensity of reflected pulse gives information about nature (of tissues)/type (of tissues)/boundary B1
Any two from B2
* (reflected pulses) detected by the (ultrasound) generator
« gel used to minimise reflection at skin/maximise transmission into skin
« degree of reflection depends upon impedances of two media (at boundary)
{b)(i) product of density and speed M1
speed of ultrasound in medium A1
(b)(ii) Z; about equal to Z; results in negligible/no reflection B1
2y » Zylor 2y « Z;) results in mostly reflection B1
6 - (9702/41_Summer_2023_Q8) - Waves
{a)i) specific acoustic impedance = 1200 » 1400 = 168 x 10fkgm—=s-' A1l
(@) (i) density of air shown in table as 1.29 A1l
speed of sound in tissue shown in table as 1540 A1
(b)(i) intensity reflection coefficient = (Z: — Z:)2 (1 (Z: + Zo)F c1
= (1680000 — 440)* / (1680000 + 440
=0.999 A1l
(b)) intensity reflection coefficient = (Z; — 222 /(2 + Z)? Al
= (1680000 — 1680000)* / (1680000 + 1680000)°
=0

{c) without gel, (almost) all of the (incident) ultrasound is reflected (from skin) B1

with gel, (almost) all of the (incident) ultrasound is transmitted (intc the body) B1
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1 - (9702/41_Summer_2017_Q3) - Communication

@) signal consists of (a series of) 1s and Os or offs and ons or highs and lows

(a)(ii) component X: parallel-to-serial converter

component Y: DAC/digital-to-analogue converter

(a)(iii) | sample the (analogue) signal

at regular intervals and converts the analogue number to a digital number

((910] attenuation in fibre = 84 x 0.19 (= 16 dB)

ratio = 16 + 28

= 44dB

(b)(ii) | ratio/dB = 101g (P2/ Py)

44=101g (9.7 « 10°%/P)
or
-44=101g (P/{9.7 « 10°%)

power =39 x 107 W

2 = (9702/42_Summer_2017_Q5) - Communication

(a) any two reasonable suggestions e.g.

signal can be regenerated/noise removed (not “no noise”)
circuits more reliable

circuits cheaper to produce

multiplexing (is possible)

error correction/checking

easier encryption/better security

(b)(0) samples the analogue signal

at regular intervals and converts it (to a digital number)

(b)(ii) 1. smaller step depth

2. smaller step height

3 = (9702/41_Winter_2017_Q4) - Communication

(a) + acts as ‘return’ (conductor) for signal B2
+ shielding from noise/crosstalk/interference
Two sensible suggestions, 1 mark each.

(b) + small bandwidth B2
+ (there is) noise/interference/crosstalk
« large attenuation/energy loss
« reflections due to poor impedance matching
Two sensible suggestions, 1 mark each.

©) attenuation = 190 < 14 « 107 (= 2.66 dB) C1
ratio/dB = ()10 Ig(P>/P;) c1
2.66 =10 Ig(Pout/ Pw) c1
PQUTIHN =0.54
fractional loss = 1= (Poyr/ Pn)=1-0.54 A1

=046

or
2.66 = 10 Ig(Pn/! Pour) c1)

P/ Pour = 1.85

fractional loss = (P — Pour)/Pn=(1.85-1)/1.85 (A1)

=046

A
) o)
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4 - (9702/42_Winter_2017_Q5) - Communication

@ l©2ms) [80mv) [1000 | B1
[©8ms) [58(mv) [o101 | B1
(b) series of steps B1
all (step) changes are at 0.2 ms intervals B1
steps with correct levels at correct times B2

(1 mark if five levels correct; 2 marks if all levels correcf)

level 0 8 10 15 5 8
time/ms 0-0.2 02-04 | 0.4-06 | 06-08 | 0.8-1.0 | 1.0-1.2

(c) smaller step heights (possible) B1
smaller changes (in input signal) can be seen/reproduced/represented B1
or

(allows) more accurate reproduction (of the input signal)

5 = (9702/41_Summer_2018_Q5) - Communication

(@)(i) west to east B1

(a)(ii) above the Equator B1

(a)(iii) | value in range (1-300) x 10° Hz A1

(b)(i) gain/dB=101g (P./Py) c1
—-195=101Ig(P/3000) c1
or

195 = 101g(3000/P)

power=9.5 107" W A1
(b)(ii) up-link has been (greatly) attenuated (before reaching satellite) B1

or

down-link signal must be (greatly) amplified (before transmission back to Earth)

or

up-link has (much) smaller intensity/power than down-link

(different frequency) prevents down-link (signal) swamping up-link (signal) B1

6 - (9702/42_Summer_2018_Q5) - Communication

(@) range of frequencies (of signal) B1

(a)(ii) advantage: e.g. better quality (of reproduction) B1
greater rate of transfer of data
less distortion

disadvantage: e.g. fewer stations (in any frequency range) B1
[(D]0] 5.0V A1
(b)(ii) maximum: 674 kHz A1
minimum: 626 kHz A1
(b)) | T=1/(10-10%=1.0 - 107*s A1

minimum time = 7/2

=50:10"s

A
) o)
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7 = (9702/41_Winter_2018_Q5) - Communication

(a) Any two reasonable suggestions e.g.: B2
¢ noise can be eliminated/(signal/data) can be regenerated
* bits can be added to correct for errors

+ data compression/multiplexing (is possible)

* signal can be encrypted/better security

{b) sketch: series of seven steps B1
each step width 2ms B1
correct levels In correct order (2, 5, 14, 4,9, 11, 7) A2

(7 mark for 6 levels correct, 2 marks for 7 levels comect)

(c)(i) step width reduced B1
or
higher frequencies can be reproduced

(e)(iiy step height reduced B1
T

o
smaller changes in signal (intensity) can be reproduced

8 = (9702/42_Winter_2018_Q5) - Communication

(a) amplitude of carrier (wave) varies B1
variation in synchrony with displacement of information signal B1
(b)) | wavelength = (3.0 - 10%/(900 - 10% A1
=33 10°m
(b)(i) | amplitude varies (continucusly) between a maximum and a minimum B1
variations repeat 5000 times each second B1
or

variations repeat every 0.2ms

or
variations above and below 40V

(b)Gii) | 10000Hz A1

(e)iy Any two from: B2
« (orbit is) above the Equator

« (orbit is) from west to east/same direction as Earth's rotation
« orbit is circular/orbit has a particular radius

[(51(D] 1. minimal reflection/absorption/attenuation by atmosphere B1
or
maximum penetration oftransmession through atmosphere

2. uplink signal is greatly attenuated/must be greatly amplified B1

prevents downlink signal swamping the uplink signal B1

9 - (9702/41_Summer_2019_Q4) - Communication

(@api) loss of (signal) power/amplitude/intensity B1
(a)ii) unwanted/random signal B1
superposed on (transmitted) signal B1
(b) noise can be eliminated (from digital signals) B1
:i;nal can be regenerated (from digital signals)
(e)i) | 0101 A1
(c)(ii) 1000 att=40ms B1
0110att=50ms and 0100 atf=6.0ms B1
(d) series of equally-spaced steps of width 1 ms B1
each step in correct time interval (0-1ms, 1-2 ms, 2-3 ms, 34 ms) B1
correct step heights (2, 8, 4 and 5) a - —1
v o
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10 - (9702/42_Summer_2019_Q4) - Communication

(a) product of density and speed M1
speed of sound in medium A1l
(b) Any two from: B2

o If Zy > Zg then ratio is (nearly) zero
or if Zg »> Z, then ratio is (nearly) zero
or if Zs and Z are very different then ratio is (nearly) zero
or the greater the difference the lower the ratio

o if Za = Zp then ratio is (nearly) 1
orif Zy = Zs then ratio is 1
or the smaller the difference the closer the ratio to 1 (not 'large’)

o Irlle=1—=[(Za—Za)* 1 (Za + Za)]

(c) I=le™ c1
0.34 = exp(-23 = x) c1
x=0.047Tm A1l

11 - (9702/42_Summer_2019_Q5) - Communication, Electronics

(a)(i) loss of (signal) power/amplitude/intensity B1
(@)(iiy unwanted/random signal B1
superposad on (transmitted) signal B1
(b)) | attenuation = 10 Ig(P2/ Ps) c1
attenuation per unit length = (1/L) = 10 1g(P:/ Py) c1

=(1/52) » 101g [(2.5 » 10)/(7.8 = 10-'%)

=24dBkm™ A1

(b)(i) | gain/dB =101g(P:/Py) c1
115 =101g [P/{7.8 x 10-'%)]

P=25x10"W A1l

12 = (9702/41_Winter_2019_Q5) - Communication

[E)0] provides return for the signal B1
shields signal from noise B1
(a)(in) e.g. connection between aerial and TV set B1
(b)(i) | gain/dB=101g (P;/P2) c1
32=101g {Pun/ (7.6 x 10%)} A1
Pun=0.012W
{b)(i1) | attenuation per unit length = (1/L) x 101g (P; ! P3) c1
63=(1/L)~101g(26/0.012)
L=37km A1
==
v o
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13 = (9702/42_Winter_2019_Q5) - Communication

(api) product of density and speed M1
speed of sound in the medium A1
(a)ii) | Ze=1.8x10*x4.1x10° A1
=74<10°kgm?s!
(b) a=(1.7-13P/(1.7+1.3)’=0.018 A1
fraction =0.98
(e)i) reduction in power/intensity (of wave) M1
as the wave passes through the medium A1
(e)(i) | 1. ratio =g c1
=0.90 A1
2. ratio =0.62 Al
(d) fraction =0.898 x0.617 «0.98 A1
=0.54
14 - (9702/42_Winter_2019_Q6) - Communication
(a) period = 5.0 us, so A1
frequency =2.0 » 10° Hz
(b) sketch: three equally spaced vertical lines sitting on f-axis B1
two outer vertical lines of equal length and central line longer B1
three vertical lines (and no others) shown at frequencies 180 kHz, 200 kHz and 210 kHz B1
15 - (9702/41_Summer_2020_Q4) - Communication
(a)(i) product of density and speed M1
speed of ultrasound in medium A1l
(a)in) | the greater the difference between Z, and Z;, the closer the ratiois to 1 B1
i?'diﬁerenoe between Z, and Z: large, ratio is close to 1
the closer together Z; and Z;, the closer the ratioisto 0 B1
i‘f,:jifference between Zy and Z; small, ratio close to 0
(B)(i) loss of intensity/amplitude/power (of the wave) B1
(b)) | I=TLe c1
0.35 = g-004er A1
p=23m"
16 = (9702/42_Summer_2020_Q5) - Communication
(a) puises of ultrasound B1
ultrasound incident on quartz crystal B1
waves make crystal oscillate B1
oscillations (of crystal) generates an e m.f. (across the crystal)

(b)

specific acoustic impedances of air and skin are very different

intensity reflection coefficient depends on difference between acoustic impedance

most ultrasound reflected so little transmission
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17 = (9702/41_Summer_2020_Q6) - Communication

[EYD] greater information carrying capacity B1
(a)in) | power/energy is radiated B1
signal picked up by adjacent fibre/wire B1

(b) | ratio/dB=101g(P:/ Py} c1
13=10Ig [P/(1.0 x 10-%)] and s0 P = 20 mW A1

(c) 45x0.18=101g(20/P) c1
P=31mwW A1

18 - (9702/42_Summer_2020_Q6) - Communication

(a) = greater bandwidth B3
* less noise
* less attenuation or fewer repeaters
e less crosslinking or greater security
Any three points, 1 mark each
(b){i) | ratio/dB =10Ig(P; !/ Pz) c1
21=101g [(6.3x 1077/ P] A1
P=50x10""W
(b)(ii) | attenuation per unit length = (1/4.5 x 10°) x 101g [(9.8 x 10%)/(68.3 x 10-7)] c1
=0.032dBkm™' A1

19 - (9702/41_Winter_2020_Q4) - Communication

(a) quartz crystal B1
altemating p.d. across crystal causes it to vibrate B1
resonance occurs when frequency of p.d. matches natural frequency of crystal B1
natural frequency of crystal is in ultrasound range B1

(b) I=Ige* c1
Iy =e12x38 c1

=0.015
ratio/dB =-101g (1/0.015) or 101ig (0.015) c1
=-18dB A1
==
v o
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20 = (9702/42_Winter_2020_Q4) - Communication

(a) any two points from: B2
« signal can be regenerated/noise can be removed
« signal can be encrypted
« signal can be checked for errors
«  multiplexing is possible
* circuits are more reliable/cheaper
» data can be transmitted at a greater rate
(b)(1) | right-hand zero underlined (0110) B1
(b)(ii) | analogue signals given as: 3.0, 4.8, 1.0 B1
0011 at 0.30 ms and 0001 at 0.50 ms B1
0100 at 0.40ms B1
(c) series of steps, all of width 0.1 ms B1
steps levels, in order, at output voltage 0, 5, 6, 3 and 4 mV B2

2 marks: all levels correct
1 mark: one level incorrect and all others correct or one level omitted and last step shown at 1 mV

21 - (9702/42_Winter_2020_Q7) - Communication

(a) X-ray photon produced when electron is decelerated B1
larger acceleration results in larger photon energy B1
continuous range of accelerations so continuous spectrum of wavelengths/frequencies B1

(b) electron in (Inner shell of) target atom is excited (on collision) B1
electron de-excites causing emission of a photon B1
discrete energy levels so discrete photon wavelengths B1

22 = (9702/42_Summer_2021_Q4) - Communication

(a)(iy | frequency (modulation) B1
(a)iy |1. zero B1
2. frequency (of 1.2 MHz) varies by +50 kHz B1
frequency varies (by £50 kHz) at a rate of 8000 times per second B1
(b)) | wavelength = (3.00 x 10%) /(240 x 107) c1
(= 1250 m) A1

=125km
(b)(i)) | bandwidth = 30 kHz A1
(b)(iii) | frequency = 15kHz A1

==
v o
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23 = (9702/41_Summer_2021_Q5) - Communication

(a) amplitude of the carrier wave varies M1

in synchrony with the displacement of the (Information) signal A1l

{(b)(i} | wavelength = (3.0 x 10% /(300 x 10%) A1

=1000m

(b)(ii) | bandwidth = 16 kHz A1

(b)(iily | frequency = 8 kHz A1

() attenuation = 101g (P, / P) c1

73=101g (Pr/ Pg) Cc1
73=10Ig (Pr x*/0.082 Py) or x7/0.082= 1073

x=1300m A1l

24 - (9702/41_Winter_2021_Q5) - Communication

(a) * noise can be removed/signal can be regenerated B2
« extra bits can be added for error-checking
* signal can be encrypted (for increased security)
« data compression/multiplexing is possible
Any two paints, 1 mark each
(b)(i) |4ms:0101 and 8ms: 0100 B1
(b)(ii) | sketch: horizontal line continues to 8ms, then new horzontal line from 8ms to 12ms B1
level of line after 8ms is 4 mV B1
(c) sketch: senes of steps of width 2ms B1
step heights at 0, 2, 4 6, 4, 6 mV B2
2 marks if all correct, 1 mark if only one incomect

25 = (9702/42_Winter_2021_Q5) - Communication

(ay) unmodulated (radio) waves would interfere with each other B1
or
not modulating would require aerials too long (to be practical)

(a)(i) advantage: B1
« can transmit higher frequencies

= higher quality reproduction

* less prone to interference

« same frequency can be used in different areas
(any one poinf)

disadvantage: B1
« takes up greater bandvadth

« shorter range of transmission

* requires a greater number of transmitting aenals

(any one paint)
(b) AM amplitude: min. 8 mV and max. 12mV B1
AM frequency. min. 100 kHz and max. 100 kHz B1
FM amplitude: min. 10mV and max. 10mV B1
FM frequency: min. 90 kHz and max. 110kHz B1
() B.4kHz Al

9
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1 = (9702/42_Summer_2017_Q6) - Electric Fields, Current Of Electricity

(@)

force proportional to product of charges and inversely proportional to the square of the separation

reference to point charges

(b)(D)

(near to each sphere)) fields are in opposite directions

or

point (between spheres) where fields are equal and opposite
or

point (between spheres) where field strength is zero

so same (sign of charge)

(b))

(atx=50cm)E=30«10°Vm' and a= gE/m

E=(1.60=10""x30x= 10%/(1.67 » 107

=29x=10"ms™

field strength or E is potential gradient
or
field strength is rate of change of (electric) potential

(field strength) maximum at x = 6 cm

2 = (9702/41_Winter_2017_Q5) - Electric Fields, Electromagnetic Induction

(a)() force proportional to product of charges and inversely proportional to square of separation A1
{a)(®) curve starting at (R, F¢) B1
passing through (2R, 0.25F) B1
passing through (4R, 0.06F;) B1
(b) graph: £ = 0 when current constant (Oto #, 2 to &, ts to fs) B1
stepped fromtito £, and fto & B1
(steps) in opposite directions B1
later one larger in magnitude 81
3 - (9702/42_Winter_2017_Q6) - Electric Fields
(a) electric field lines are radial/normal to surface (of sphere) B1
electric field lines appear to originate from centre (of sphere) B1
(b)(i) tangent drawn at x = 6.0cm and gradient calculation attempted Cc1
E=90«10'NC™ A2
(1 mark if in range +1.2; 2 marks if in range +0.6)
or
correct pair of values of V and x read from curved part of graph and substituted into V= q/4nax (1)
to give g=3.6 » 10°C (cn
(then E = g/4nax® and x = 6¢m gives) E= 9.0 « 10°NC™ (A1)
or
(E= gl4ngand V = g/ dngx and so) E = V/x (C1)
giving £ = 5.4 = 10%/0.060 (C1)
=90~ 10*NC™’ (A1)
(b)(ii) (R=)25¢cm
potential inside a conductor is constant
E;Id strength inside a conductor zero (so gradient is zero)
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4 - (9702/41_Summer_2018_Q6) - Electric Fields

(a) force per unit charge B1
(b) E=Q/(4nsr) c1
2.010*=Q/ (4n « 8.85 < 107"% < 0.26%) A1

charge=1.5+10"7C

(c) charge (= Q [52/26]") = 4Q e

additional charge = 3Q A1

5 - (9702/41_Winter_2018_Q6) - Electric Fields

{a)(i) work done per unit charge B1
work done moving positive charge from infinity (to the point) B1
(a)(liy field strength = potential gradient M1
'~" sign included or directions discussed A1
(b)(1) gain in kinetic energy (= loss in potential energy) = charge - p.d. or qV= %m/ M1
50 vis independent of separation (because separation not in expressions) A1
(b)(ii) | (at x= 0.40cm), potential = (=) 75 ~ 0.40/1.2 c1
=6)25V)
v%emv = gV c1
Yo« 42166107 < =2.16010"x25
or
a=Vg/dm and V' = 2as (cn
V=(2:75%2x1680 107" <040 - 107%/(1.2 « 107 « 4 « 166 « 107%) (c1)
v=49 x10'ms™ A1

6 - (9702/42_Winter_2018_Q6) - Electric Fields

@)y work done per unit charge B1
work done moving positive charge from infinity (to the point) B1
(a)(i) | field strength = potential gradient M1
negative sign included or directions discussed A1
(b) horzontal straight lines, at non-zerc potential, within the spheres B1
magnitude of potential greater at surface of sphere A than at surface of sphere B B1
concave curve between A and B, with a minimum nearer to B B1
lines show V positive all the way fromOto D B1
==
v o
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7 = (9702/41_Summer_2019_Q5) - Electric Fields

(a) force per unit charge B1
(force on) positive charge B1
(b)(1) field changes direction (between A and B)/field is zero at a point (between A and B) M1
so charges have same sign Al
(b)) Any one from: B1
« field is (also) influenced by charge B
* charge A is not isolated/is not the only charge present
« field is due to twalboth charges
* field is the resultant of two fields
(b)) | E=Q/{4xax®) c1
atx =10cm, Ex= Ep c1
Qaf10% = Qu/5? A1
Qa/Qe=4.0
8 = (9702/42_Summer_2019_Q6) - Electric Fields
(a) work done per unit charge B1
(work done) moving positive charge from infinity B1
(b) straight line with non-zero gradient from x =0 to x = d B1
line with gradient of constant sign and end-points between which AV = Veand Ax=d B1
line passes through (d, 0) and (0. +V) with negative gradient throughout B1
(c) V constant (and non-zere) from 0 -+ R and from (D~ R) —+ D B1
equal (non-zero) values of (magnitude of) Vat R and (D - R) B1
curve (with a minimum) from R to (D - R) wath V ahways positive B1
minimum at mid-point of curve B1
Q - (9702/41_Winter_2019_Q6) - Electric Fields
(a) (E=)Ql4nas® M1
where a, is permittivity (of free space) A1
{b)(i) field does not change direction/field does not become zero M1
so (charges have) opposite (sign) A1l
(b)(il) | minimum is at the midpoint (between the charges) M1
so (magnitudes are the) same A1l
(c) force = field strength « charge and force = mass ~ acceleration B1
::oeleration is proportional to field strength
(from x=3.0cm) to x=50cm: acceleration decreases B1
atx=50cm: acceleration is @ minimum B1
from x = 50cm (tox=7.0cm). acceleration increases B1
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10 = (9702/42_Winter_2019_Q9) - Electric Fields

(a) work done per unit charge B1
(work done) moving positive charge from infinity B1

(b)) | energy =4.8x160x10"* A1

=7.7x10)

(b)Nii) | Ep=Qql4nad c1
Q=79 and g=2e c1
7.68x10-5=(79x2x{1,60x10""%)?/(4n x 885 x 10~ x d) c1
d=47=10"m A1l

(c) (diameter must be) less than/equal to 102 or 10 m B1
11 - (9702/41_Summer_2020_Q5) - Electric Fields
(a) similarity: both are radial B1
:éth have inverse square (variations)
difference: direction is always/only towards the mass B1
:il:'ectlon can be towards or away from charge
(b) | field strength = Q/ 4reux® c1
E =Q/36naR? A1
(c)(i) | fields (due to each sphere) are in same direction B1
(e)(ii)y charges on spheres attract/affect each other B1
garge distribution on each sphere distorted by the other sphere
;argas on the surface of the spheres move
spheres are not point charges (at their centres) B1
12 = (9702/42_Summer_2020_Q7) - Electric Fields
(a) force per unit charge M1
(force on) positive charge A1
(b)(1) | no electric field inside a conductor B1
R=45cm A1
(b)) | E= QI (4napx?) c1
clear correct read-off of a pair of values of £ and x c1
eg Q=18x10°x4n x 8.85x 107 x (4.5 x 10-%)? A1
=40x107C or 41x107°C
(c) At80cm, E=575x10°Vm~’ c1
F=FEq and a=F/m c1
F =(575x10°x2x 1.6 x10-9)/(4 x 1,66 x 10-) A1
=28x10"ms
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13 = (9702/41_Winter_2020_Q5) - Electric Fields

(a) work done per unit charge B1
(work done on charge) moving positive charge from infinity B1

(bHi) | (2.0x10%)/4nes(4.0 x 102) + Q/4nee(8.0 x 107) =0 Cc1
Q=40x10°C Al

Q given with negative sign B1

(b)(i) | change = 1200V Al
(c) Yami = qV Cc1
% x4 x166x 1077 x ¥ =2 x 1.60x 10" x 1200 c1
v=34x10Fms"!' A1

14 - (9702/42_Winter_2020_Q5) - Electric Fields

(ayn region (of space) B1
where a particle experiences a force B1
{a)ii) | similanty - any one point from: B1

* both have an inverse square varnation
+ both decrease with distance
« both are radial

difference -~ any one point from: B1
« gravitational field always towards (the mass)
« electric field can be towards or away from (the charge)

(b)) | E = Qf4neex? c1
Q =4z x8.85x10-'? x 84 x 0.152 A1l
=21x10""C
(b)i) | £=84x(0.15/0.45 c1
or

E=(2.1x 10719/ (4x % 8.85 x 1012 x 0.45%)

E=93Vm! Al
(€) lineatE=0fromx=0tox=015m B1
smooth curve with decreasing negative gradient throughout, from x = 0.15m to x = 0.45m, passing through (0.15, 84) B1
line passing through (0.45, 9.3) B1

15 = (9702/43_Winter_2020_Q5) - Electric Fields

(a) work done per unit charge B1
{work done on charge) moving positive charge from infinity B1

(b)) [ {2.0x 10%)/4nee(4.0 x 107) + Q/4ne(B.0x 10%) =0 c1
Q=40x10°C A1l

Q given with negative sign B1

(b)(il) | change = 1200V Al
(c) vemv =gV Cc1
%x4x166x10% x ¥ =2x1680x 10" x 1200 c1
v=34x10°ms"' A1

==
v o
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16 = (9702/42_Summer_2021_Q5) - Electric Fields

(a) from x = 0 to x = r- horizontal line at V= 1.0V, B1
from x = rto x = 3r. curve with negative gradient of decreasing magnitude starting at (r, 1.0Vo) B1
line passing through (2r, ¥%Vo) and (3r, %Vg) B1

(b) | line with negative gradient from 2= %o to A= A B1
line passing through (4, 0) B1
curve with negative gradient of decreasing magnitude passing through (¥4s, Exax) and (Yado, 2Eumax) B1

(c) 1.0T shown at %Ny and 2,07, shown at %No B1
line starting at (0, 0) and reaching (T, No—N) B1
line starting at (0, 0) and reaching original curve at {1.0T,;, %Ny) B1

17 = (9702/41_Summer_2021_Q6) - Electric Fields, Quantum Physics, Particle & Nuclear Physics

(a) fromx=0tox=rE=0 B1
from x = rto x = 3r. curve with negative gradient of decreasing magnitude passing through (r, o) B1
line passing through (2r, Eu/4) and (31, Eo/9) B1

(b) from p= po /2 to p = py: curve with negafive gradient of decreasing magnitude passing through (s, 4o) B1
line passing through (%2pa, 240) B1

(c) from t= 0 to t = 45 s: curve with positive gradient of decreasing magnitude starting at (0, 0) B1
line passing through (15, %Ng) B1
line passing through (30, 0.75N,) and {45, 0.88N,) B1

18 = (9702/41_Summer_2022_Q2) - Electric Fields

(a)(i) | (vertically) downwards B1

(a)(ii) | magnetic force (on sphere) is perpendicular to its velocity B1

magnetic force perpendicutar to velocity is the centripetal force B1
;ragnetic force perpendicular to velocity causes centnpetal acceleration
:;oelerabon perpendicular to velocity is centripetal (acceleration)
:1'agnetic force does not change the speed of the sphere

;ragnetic force has constant magnitude

(o) | mg=Eq c1

E =(1.6x 10" x 9.81)/(0.27 x 10°%) Al
=58NC!

(c) centripetal force = magnetic force B1
oBtr:v= milr

B=mvigr Cc1

=(16x10"x«0.78)/(027 x10°«34)=014T A1

==
v o
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19 - (9702/42_Summer_2022_Q2) - Electric Fields

(a) (electnic) force is (directly) proportional to product of charges B1
force (between point charges) is inversely proportional to the square of their separation B1
(b)(i) | (electric) force is perpendicular to velocity (of particles) B1
force (perpendicular to velocity) causes centripetal acceleration B1
groe does not change the speed of the particles
::roe has constant magnitude
()(il) | F=e*l4nax? c1
= (1.60 x 10192/ [4x x 8.85 x 1012 x (2 x 1.59 x 10-19)2) A1
=228 «10°N
(b)) | F=mre? and_ o =2n/T c1
or

F=m@irand v=2nr/T

F=4n2mri T? c1

T=V[4n? « 911 « 10" « 1.59 x 10-9/(2.28 « 109))

=158 x10"%s A1

(€)1)) | electron and positron interact B2
« positron is anti-particle of electron
« (pair) annihilation occurs
Any two points, 1 mark each

mass of the electron and positron converted into photon energy B1

{c)() | PET scanning B1

20 - (9702/42_Summer_2022_Q5) - Electric Fields

(a) charge / potential (difference) M1
charge is charge on one plate, and potential is p.d. acress the plates A1
(b) p.d. across both capacitors = E B1
Qr=Q+Q B1
CriE=CiE+ C:Ehence Cr=Ci+ C B1
(e)(iy [(1/22) + (1/47)} ' = 15uF A1
(c)(ii) | energy = %CV? c1
=% x 15 x 100 « 122 A1
=1.1x103J
(c)(iii) | initial p.d. (across 22 uF) =12 x (15/22) c1
=82V
or
final p.d. across both capacitors =6.0 « (22/15)
=88V
V= Voexp[- /(2.7 « 108 < 15 « 10%)] c1
6.0=82exp [ /(2.7 x 105 x 15 x 109)] A1
;rs =12exp [~#/{2.7 = 10° x 15 x 10°9)]
t=13s

9
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21 - (9702/41_Winter_2022_Q4) - Electric Fields

(a) (field line indicates) direction of force B1
force on a positive charge B1
(b)) one straight line perpendicular to plates, starting on one plate and finishing on the other B1
five straight lines perpendicular to plates between the plates. uniformly spaced B1
downwards arrows on lines B1
(o) |E=Vid c1
=2400/0.046 Al
=52« 10*NC
{e)i) smooth curve in region of field and straight line outside field B1
direction of deflection shown as downwards in region of field B1
(e helium nucleus has double the charge but four times the mass
velocity parallel to plates same and acceleration perpendicular to plates smaller (for helium)
final speed is lower (for helium)

22 = (9702/42_Winter_2022_Q5) - Electric Fields

(a) work done per unit charge B1
work done (on charge) in moving positive charge from infinity (to the point) B1
(b)(1) radius = 0.060 m Al
®)i) | V=Q/4nax Cc1
Q=(-) 850 « 4x « 885 » 10-'? « 0.080
or
Q=(-) 850 « 0.080/8.99 « 10°
(any correct pair of V and x values from curve)
Q=-57x10°C A1
©)) |[Er =Q/dnax c1
=(5.67 » 10772/ (4n « 8.85 « 10°'? x 0.46)
=63 x107J A1l
(c)ii) |« forceis repulsive so spheres move apart 83
« force in direction of motion so speed increases
* potential energy converted to kinetic energy so speed increases
« force decreases with distance so acceleration decreases
« momentum is conserved (at zero) (and masses are equal) so velocities are always equal and opposite
Any three points, 1 mark each
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23 = (9702/41_Winter_2023_Q5) - Electric Fields

(a) work done per unit charge B1

work {done on charge) moving positive charge from infinity (to the point) B1

(b) Any three points from: B3
Up to 2 points from.

e radius of sphere Xis 20m
e radius of sphere Yis 40m
* radius of Y is double the radius of X

Up to 2 points from:.

« charge on X is negative

e charge onY is positive

« spheres cary opposite charges

Up to 1 point from:
« magnitudes of charges on the spheres are equal

(c) particle is attracted to X or repelled from Y B1
::summ force on particle is towards X/ away from Y /to the left
particle accelerates towards X/ away from Y/ to the left B1
(magnitude of) acceleration of particle increases B1

24 - (9702/42_Winter_2023_Q5) - Electric Fields

(a) (electric) force is (diractly) proportional to product of charges B1

(electric) force (between point charges) is inversely proportional to the square of their separation B1

(b) F=Q4nax® c1
6.3 x 1077 = Q%/[4x x 8.85 x 107'? « (3.8 x 1047

charge=32x10"C A1

((S10] negative B1

(c)(w) | four straight lines perpendicular to the plates, starting on one plate and finishing on the other B1

lines equally spaced B1

arrows indicating direction downwards B1

(c)ii) |E=VId C1

mg = EQ c1

mass = (1200 = 3.2 » 10-'%)/(9.81 « 0.052) A1l

=75x10"kg
==
v o
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1 = (9702/42_Summer_2017_Q7) - Capacitance

(a) equal and opposite charges on the plates so no resultant charge

+ve and —ve charges separated so energy stored

(b) charge / potential difference

reference to charge on one plate and p.d. between plates

(c) energy = % CV*
or
energy =% QVand C=Q/V

(1/16) = % CVp2 =% CV2

V="V

2 = (9702/41_Winter_2017_Q6) - Capacitance

(@) |vuT=1/@0+1/C c1
T=%Cor0.67C A1

(a)(ii) same charge on Q as on combination B1
sopd.is6.0V B1

(b) P: p.d. will decrease (from 3.0V) B1
to zero B1

Q: p.d. will increase (from 6.0V) B1

to 9.0V B1

3 = (9702/42_Summer_2018_Q6) - Capacitance

(a) capacitance = charge / potential M1
charge is (numerically equal to) charge on one plate A1
potential is potential difference between plates A1

(b)(i) two in series, in parallel with the other (correct symbols) A1
(b)(ii) | two in parallel connected to one in series (correct symbols) A1
(©)(i) capacitance = 1.2 uF A1
(c)(ii) 1.Q =CvV c1
=1.2+80 A1
=9.6uC
2. E=%QV and V=Q/C c1
Er= %CV and V=QIC
or
E=%Q%C
E=1%(9.6 « 10°%?/ (3.0 « 1079 A1
=15:10%J

A
) o)
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4 - (9702/41_Summer_2018_Q7) - Capacitance

(a) (capacitance =) charge/ potential M1
charge is (numerically equal to) charge on one plate A1
potential is potential difference between plates A1

(b)) |45:10°C A1
(b)) |9.0x10°C A1
(b)iii) | capacitance = (9.0 < 10%)/120 c1

=75:107"°F A1

(c) total capacitance is halved B1
current is halved B1

5 = (9702/41_Summer_2019_Q6) - Capacitance

(a) Any valid two points e.g.: B2
* o store (electrical) energy
« smoothing/reduce ripple (on direct voltages/currents)
* loblockdec.
* timing/time delay (circuits)
* in oscillator (circuits)
* intuning (circuits)
* o prevent arcing/sparks
(b) clear indication of equal charge on each capacitor B1
E=Vi+Vo:+ Vs and V=Q/C M1
completion of algebra leadingto 1/C=1/Cy+1/C:+1/Cs A1
(c)n) three capacitors connected in parallel B1
(c)(i) parallel combination of three capacitors connected in series with one capacitor B1

6 - (9702/41_Winter_2020_Q6) - Capacitance

(a)() charge per unit potential (difference) M1
charge on one plate and potential difference across the plates A1
(ajii) | any three points from: B3
* smoothing
« timing/(time) delay
e tuning
« oscillator
* Dblockingd.c
* surge protection
* temporary power supply
(b) (capacitors in series have combined capacitance =) 8 pF Cc1
capacitance = 8 + 24 Al
=32uF
[
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7 = (9702/42_Winter_2020_Q6) - Capacitance

(ayn charge per unit potential (difference) M1
charge on one plate and potential difference between the plates A1
(a)(ii) | any three points from: B3
* smoothing
« timing/(time) delaying
* luning
+ oscillator
* Dblocking d.c.
* surge protection
* temporary power supply
(910 parallel combination of two in series and a single capacitor B1
{b)ii) | one capacitor in series with two in parallel B1

8 = (9702/42_Summer_2021_Q6) - Capacitance

(a) potential difference applied between the plates M1
causes charge separation (between the plates) A1l
gguses energy to be stored (between the plates)

b)iy |I=Qit m1
clear substitution of Q = CVand f=1/{ leading to I = fCV A1
(b)(ii) | 25%x10%=50xCx180 c1
C =280 pF A1

(c) (total) capacitance increases B1
greater charge (for each cycle/discharge) so greater (average) current B1
oVrand f are constant so (average) current increases
‘Imi's (directly) proportional to C so (average) current increases

Q =~ (9702/41_Summer_2021_Q7) - Capacitance

(a) charge / potential M1
charge is on one plate, potential is p.d. between the plates A1l
()i} |I=Qit M1
charge = CV and time = 1/ fleading to I = fCV A1
(b)(ii) |48x10%=150x60xC C1
C=530pF A1
{c) (total) capacitance is halved B1
charge (for each cycle/discharge) is halved B1

:i:sce fand V are constant, current is proportional to capacitance
current = 2.4 uA B1

==
v o
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10 - (9702/41_Winter_2021_Q6) - Capacitance

(a) Q=CV and E=%C\ B1
(b)(iy |Cu=CLI(L-D) B1
(b)(ii) | (charge is unchanged by moving the plates so) Qy = CV B1
(o)) | Vu =Qn/Cn B1

=(CW/[CL/(L-D))
=VL-D)/L

{c) oppositely charged plates attract, so energy stored decreases B1

11 - (9702/42_Winter_2021_Q6) - Capacitance

(a) work done per unit charge B1
(work dope in) moving pesitive charge from infinity B1
(b) c=Qiv c1
V= Q/(4rna) and so C = Q/[Q/ (4nan)] = 4nar A1
(c) Q=4drarV =4rxxB.85x10'2x0.13 x 4500 c1

(=86.5x10°C)

(Q-qg)/13=q/52 C1

52Q-529=13q,s0g=({52/182)Q A1
G =(52/182)x65x10*°

=19x10°C
or
Vi=Qr/Cr (C1)
=6.5x 108/ [4n x 8.85 x 10-'2 % (0.13 + 0.052)]
(=3210V)
q =4nx8.85x10-'?x0.052 x 3210 (A1)
=19x10%°C

12 = (9702/41_Winter_2022_Q5) - Capacitance

(a)(n) Q=CcVv Cc1
Qo = 24 x 470 x 108 A1
=0.011C
(a)i) | Io=24/5600 A1l
=43+ 10°A
(a)iii} | r=RC C1
= 5600 « 470 = 10-® A1
=286s
(a)(iv) | line with negative gradient throughout passing through (0, In) B1
exponential decay curve asymptotic to t-axis B1
(b)(i) | current in wire P gives nse to a magnetic field B1
as current (in P) changes, wire Q cuts (magnetic) flux (of wire P) B1
cutting magnetic flux causes induced e.m.f. (across Q) === B1
(b)(ii) | sketch shows line with a negative gradient throughout T . T
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13 = (9702/42_Winter_2022_Q6) - Capacitance

(a) p.d. across resistor = p.d. across capacitor

current (in resistor) proportional to p.d. across it

current causes capacitor to lose charge

* charge (on capacitor) proporticnal to p.d. so p.d. decreases

Any two points, 1 mark each

rate of change of p.d, decreases as p.d. decreases

B1

(b) Qo = 0.80mC and at ¢ = one time constant, Q = Qv exp (=1)

B1

at t = one time constant, Q = 0.90 exp (-1)=0.33mC

M1

evidence of graph reading: when @ =033mC. t=55s

A1l

or

evidence of two correct sets of readings for Q and f from the graph

(81)

correct substitution of Q and t values into Q: = Qi exp [(t = 12}/ 4

(M1)

calculation to give r=55s

(A1)

or

read-off of half-life as 3.75s

(81)

use of Q = Qo exp (~t/ r) to show that r= half-life/In 2

(M1)

r=375/In2=54s

(A1)

(b} or

tangent drawn on Q-f graph and value of Q at exact same time as tangent read from graph

m1)

gradient of tangent correctly calculated

(A1)

r= Q/gradient used to correctly calculate a value for ras 55s

(A1)

[(510] C =Qiv

c1

= [(0.90 x 10°%)/7.5]= 1.2 « 104C
= 120 uF

A1

(o) |R =tiC

C1

=55/(12 =10 (=458000Q)

= 48k

A1l
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14 - (9702/42_Summer_2023_Q5) - Capacitance

(a)i) Q=CV A1
(a)ii) |En=uCwV A1
(b)) some of the charge transfers to (the plates of) capacitor B B1
transfer is because the p.d.s across the capacitors are not equal B1
:':msfer stops when the p.d.s across the capacitors become equal
o)) | Va= Ve i
charge on A + chargeon B = CV M1
CVa + 3CVa = CVlieading fo Vs = V/4 A1
or
Cr=4C (M1)
Qr=cv m1)
Ve=CVI4C=V/4 (A1)
(b)(ii) | AE = %CW - nCV\2, where n is a multiple that is less than % c1
or
total final energy = % « 4C « (V/4)
=uUcw:
AE =%CVE - %UCW A1
=%CV
15 = (9702/43_Summer_2023_Q5) - Capacitance
(a)(i) correct circuit symbol for a diode shown correctly connected in senes with the wires leading into and out of the dotted box B1
(a)(iy smoothing / Vour is smoothed B1
(b)(1) frequency =1/004 Al
=25Hz
()i} | V=Voexp(—t/RC) and r=RC c1
t\,/.’= Voexp (—t! 5
3.25=550exp (-0.020/ 1) leadingto r=0.038s A1
(o)) | r=RC c1
capacitance = 0,038/ 14000 A1l
=27 «10¢F
(c) Vi has constant magnitude in both positive and negative directions B1
(80) Veour Is {now) constant/ Vour does not vary with ime B1
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16 = (9702/42_Winter_2023_Q6) - Capacitance

(a)n energy stored = area under graph c1
=% x450x10%x8.0=18x 10°2J or 1.8mJ A1l
(@) |C=Q/V or E=%CW C1
C = (450 « 10%) /8.0 or (2 x 1.8 x 10%)/8.07 A1

=56 x 10°F
®)) |V=Voexp(—t/RC) and r=RC c1
V=Veexp(=t/7) A1

Vo=8.0V, and at one time constant, { = r

Vig0=exp(=r/1,s0In{VI80)=-10 or <In(V/8.0)=1.0

(b}ii) | [t read from graph at—In (V/8.0) = 1.0} r=3.2s Al
{b)ii) [r =RC c1
R =32/(56x107%) A1
=57 x10'Q
[
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1 = (9702/42_Summer_2017_Q6) - Electric Fields, Current Of Electricity

(a) force proportional to product of charges and inversely proportional to the square of the separation
reference to point charges
(b)(i) (near to each sphere,) fields are in opposite directions
;;int (between spheres) where fields are equal and opposite
g:;int (between spheres) where field strength is zero
so same (sign of charge)
(b)i) | (atx=50cm)E=30+10"Vm™ anda=gE/m

E=(1.60 x 1079 x 3.0 « 10%/{1.67 = 107%)

=29x=10"ms™

field strength or E is potential gradient
or
field strength is rate of change of (electric) potential

(field strength) maximum at x = 6 cm

2 = (9702/41_Summer_2021_Q8) - Current Of Electricity

(a) V =30x30/(25+3.0) c1
=16V A1
(b) V-is+20V B1
or
V==V
output is negative so (LED) does not emit light B1
() |ato*C, v-=17V B1
or
for all temperatures above 0 °C, resistance of thermistor < 4.2 k€
V- always greater than V* (so no switching) B1
(d) (at20°C)) Rr= 1.8kf2 C1
25/30=18/R c1
or
[RI(R+18)]x30=16
R=22kQ A1l
3 = (9702/41_Summer_2023_Q5) - Current Of Electricity
(@) correct circuit symbol for a diode shown correctly connected in series with the wires leading into and out of the dotted box B1
(@i smoothing / Vour is smoothed B1
(D)) frequency =1/0.04 Al
=25Hz
((J1(D] V=Voexp (—¢/RC) and r=RC c1
?/r= Voexp (—t/7)
3.25=550exp (—0.020/ r) leading to r=0.038s A1
(b)) | r=RC c1
capacitance = 0.038/ 14000 A1
=27« 105F
(c) Vix has constant magnitude in both positive and negative directions ‘*—1

(80) Vour is (now) constant ! Vour does not vary with ime
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1 = (9702/41_Summer_2017_Q6) - D.c. Circuits, Electronics

(@)(i) lamp needs ‘high' power/'large’ current!'large’ voltage

op-amp can deliver only a small current/small voltage

{a)(ii) correct symbol for refay coil connected between output and earth

switch between mains supply and lamp

(b)(i) vary light intensity at which lamp is switched on/off

(b)(iiy so that relay operates for only one current/voltage direction
or
so that relay/lamp operates for either dark or light conditions

(c) when light level increases, LDR resistance decreases

(Rior low,) s0 V™ > V', so Voyr negative/=5V (must be consistent with B1 mark)

or

when light level decreases, LDR resistance increases

(Ruor high,) s0 V™ < V*, so Vot is positive/+5 \V (must be consistent with B1 mark)

lamp comes on as light level decreases
or
lamp goes off as light level increases

2 = (9702/43_Summer_2021_Q8) - Current Of Electricity, D.c. Circuits

(a) V' =30x30/(25+3.0) Cc1
=16V A1
(b) V-is+2.0V B1
or
V-V
output is negative so (LED) does not emit light B1
(c) at0°C, V-=17V B1
or

for all temperatures above 0 “C, resistance of thermistor < 4.2 k()

V- always greater than V* (so no switching) B1

(d) (at20°C,) Rr= 1.8k c1
25/30=18/R Cc1
or

[RI(R+18)]%30=16

R=22kQ A1

9
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CH21 - ELECTRONICS

1 = (9702/41_Summer_2017_Q6) - D.c. Circuits, Electronics

(@) lamp needs ‘high' power/'large’ current!'large’ voltage
op-amp can deliver only a small current/small voltage

{a)(ii) correct symbol for relay coil connected between output and earth
switch between mains supply and lamp

(b)(i) vary light intensity at which lamp is switched on/off

(b)(iiy so that relay operates for only one current/voltage direction
:; that relay/lamp operates for either dark or light conditions

(c) when light level increases, LDR resistance decreases

(Ruor low,) s0 V™ > V', so Vour negative/-5 V (must be consistent with B1 mark)

or

when light level decreases, LDR resistance increases

(Ryior high,) so V™ < V", s0 Vot is positive/+5 V (must be consistent with B1 mark)

lamp comes on as light level decreases
or
lamp goes off as light level increases

2 = (9702/42_Summer_2017_Q8) - Electronics

(a)(@ circle around both diodes
(a)(ii) indicates (whether) temperature
(is) above or below a set value
(OI0) (when resistance of C > Ry,) V"> V' or V" <3V
g.rd. across Ry < p.d. across RIY/3V
g.rd. across C > p.d. across R/ X/3V
op-amp output is negative
(only) green
(b)(ii) resistance of C becomes less than Ry
?’r‘ <V
green (LED) goes out
blue (LED) comes on
(© changes/determines temperature at which LEDs switch
==
v o
’
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CH21 - ELECTRONICS

3 = (9702/41_Winter_2017_Q7) = Electronics

(a)(i) gain of amplifier is very large B1
V" is at earth (potential) B1
for amplifier not to saturate m
difference between V" and V' must be very small or V" must be equalto V* A1
_o: . N
if V" = V* then feedback voltage (M1)
acts to reduce gap until V™= V" when stable (A1)
(a)ii) input impedance is infinite B1
(s0) current in Ry = current in R; B1
(Vn=0)/ Ry = (0= Vour) I Rz B1
(gain =) Vour! Vin== R/ Ry B1
(b) graph: correct inverted shape (straight diagonal line from (0,0) to a negative potential, then a horizental line, then a straight B1
diagonal line back to the t-axis at the point where Viy= 0)
horizontal line at correct potential of (=)9.0V B1
both ends of horizontal line occur at correct times (coinciding with when Vi = 2.0V) B1
4 = (9702/42_Winter_2017_Q7) - Electronics
(a)(i) (part of) the output is combined with the input M1
reference to potential/voltage/signal A1
‘(a)(ii) s increased (operating) stability B2
* increased bandwidth/range of frequencies over which gain is constant
* less distortion (of output)
Any 2 points.
()i | 1. gain =3.6/(48 - 107) c1
=75 A1
2. gain=1+Rs/R Cc1
75=1+ (925« 10%/R
R=13000Q A1
(b)(ii) for 68 mV, gain = Viy =5.1(V) M1
g[ltput voltage would be greater than the supply voltage
amplifier would saturate (at 5.0 V) A1
g:ltput voltage = 5.0 (V)
5 - (9702/42_Summer_2018_Q7) - Electronics
(@)(i) (fraction of) output is combined with the input M1
output (fraction) subtracted/deducted from input A1
(a)(ii) Any two valid points e.g. B2
« greater bandwidth/gain constant over a larger range of frequencies
e smaller gain
[(]0] gain = 1 + (6400/800) A1
=90
(b)) |1.(#)54V A1
2.-9.0V A1
(b)(iii) | replace the 6400 Q resistor with a thermistor oy =
v o
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CH21 - ELECTRONICS

6 = (9702/41_Summer_2018_Q8) - Electronics

(@)( (fraction of) output is combined with the input M1
output (fraction) subtracted/deducted from input A1
(a)(ii) any two valid points e.g.: B2
« greater bandwidth/gain constant over a larger range of frequencies/greater bandwidth
« smaller gain
(b)(i) gain =(-)9600/800 c1
=-12 A1
(b)(ii) 1. 1.2V B1
2. -8V B1
(b)(iii) replace the 9600 Q resistor with an LDR B1
7 = (9702/41_Winter_2018_Q7) - Electronics
(a)(i) gain is constant M1
for all frequencies A1
(a)(ii) no time delay between input (voltage) and output (voltage) B1
clear reference to change(s) in input and/or output (voltages) B1
(b) diagram: Viy connected to VV* only B1
midpoint between resistors Ry and Rz connected to V" only B1
©@ -3.6V A1
(c)(ii) (+)5.0v A1
8 - (9702/42_Winter_2018_Q7) - Electronics
(a) RIRr=2.4/18 c1
or
at 4.0°C, Rr=3.2kQ
hence R/3.2=2.4/1.8 A1
R=4.3kQ
(b) Ry =3.37kQ B1
or
Ry is greater (than 3.2kQ)
Vs v M1
hence output is +5.0V A1
(c) correct LED symbol B1
two diedes shown connected, in paraliel and with opposite polarities, between Vour and earth M1
dicdes labelled to show correct polarities consistent with (b) A1
(G pointing from Vyy to earth and B pointing from earth to Viyr if (b) correct)
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9 - (9702/42_Summer_2019_Q5) - Communication, Electronics

(a)(i) loss of (signal) power/amplitude/intensity B1
(@) iy unwanted/random signal B1
superposad on (transmitted) signal B1
(b)) | attenuation = 10 Ig(P2/ Py) c1
attenuation per unit length = (1/L) = 10 Ig(P:/ Py) c1

= (1/52) » 101 [(2.5 » 10°)/(7.8 « 10-'%)

=24dBkm™ A1

{b)(ii) | gain/dB =101g(P:/Ps) c1

115 =101g [P/(7.8 x 10-'%)]

P=25x10"W A1l

10 = (9702/41_Summer_2019_Q7) - Electronics

(a)i) (amplifier) gain is very large/infinite B1
for amplifier not to saturate, V' = B1

or
feedback (loop) ensures V* = V-

V*is at earth/OV so V- is (almost) at earth/OV B1
(a)ii) | gain =(-)5200/800 or (-)5.2/0.80 c1
=85 A1l
(b) (at saturation,) Vour =5V c1
pd acrossR =5-23 c1
=27(V)
resistance = 2.7 /(30 = 109 A1
=800

or

Raoe =2.3/0.030=77Q (C1)

Ry = 5.0/0.030 = 167 0

Rimsisee (= 167 = 77) = 90 Q (A1)
or
Rioe =2.3/0.030 =77 Q (C1)

771 (Resaane + 7T} x 5=2.3

Riesine = 9002 (A1)
or
Riose =2.310.030 = 770 (c1)

Riwsenee = 77 % (2772.3)

Rresise = 90 Q2 (A1)
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11 - (9702/42_Summer_2019_Q9) - Electronics

(@) relay coil shown connected between diode and earth B1
switch shown connected across lamp B1
(a)(i) | Any one from: M1

« (for diode to conduct) current flow is into output of op-amp
« when earth is at higher potential diode is forward biased

« diode blocks current when output positive
-

diode must conduct
so Voyr is negative A1
(b)(i) sirain gauge B1
(b)(u) light-dependent resistor B1

12 = (9702/41_Winter_2019_Q7) - Electronics

(a)(i) | all frequencies are amplified equally B1
(a)(it) | no drop in output voltage (when there is a current) B1
(o)(1) gain=1+R:/ Ry C1
=1+ (4000/800)
=60 A1
(b)(ii) |2.0/Vw=6.0 A1
Vin=(+)0.33V
(b)iiiy |50V A1
(b)(iv) |V =50-22(=28V) Cc1
R =VII A1
=28/0.020
=1400Q

13 - (9702/42_Winter_2019_Q10) - Electronics, Quantum Physics

(a) (as temperature rises) electrons in valence band gain energy B1
electrons jump te conduction band B1
holes are left in the valence band B1
increased number (density) of charge carriers causes lower resistance B1

o)i) | v-=v c1
1.50/1.20=R:/1.76 c1
Rr=22 (kQ) c1
temperature = 14 °C A1
(b)) | (For LED to conduct,) Voyr must be negative B1
V> B1
Ry must be lower so temperature must be above (b)(i) value B1
==
v o
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14 - (9702/41_Summer_2020_Q7) - Electronics

(a) output signal proportional to input signal B1
output signal has same sign/polanty as input signal B1
(bNi) | gain = Vour/ Vin A1

=26/0084

=31

(b)) |31=1+(15x10%/R c1
R=5000Q A1
(c)(i} | e.g. cathode-ray oscilloscope/CRO B1
(e)(i) | gain is reduced B1
(s0) Vour is smaller B1

15 = (9702/42_Summer_2020_Q8) - Electronics

(ali) constant gain for all frequencies B1

(a)(il) | unchanged B1

(b)i) (open loop) gain of op-amp is infinite B1
feedback loop ensures V* = B1
or

any difference between V* and V- results in saturated output

non-inverting input is 0 V so inverting input also at 0 V B1

(b)) | input = (40 x 1.5)/ (40 + 110) c1

=040V A1

(b)(ii) | gain = (=) (100 + 230) /150 c1
or

feedback current = 0.40/ (150 x 10%) (A)

p.d.= [(100 + 230)/150] * 0.40 A1
=088V

(c) (magnitude of) gain decreases M1

voltmeter reading decreases A1

16 - (9702/41_Winter_2020_Q7) - Electronics

(a) two resistors connected in series between earth and positive of battery and no extra connections B1
one resistor and thermistor connected in senes between earth and positive of battery and no extra connectons B1
midpoints of the two potential dividers connected. one each, to the op-amp input terminals B1
thermistor in correct place in potential divider circuit B1
(either the upper part of the petential divider leading to V' or the lower part of the potential divider leading to /)

(b)(1) | value greater than 1000 ¢2 A1
{(b)(li) | non-zero value less than 1000 Al
==
v o
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17 = (9702/42_Winter_2020_Q8) - Electronics

{a){i) | gain is the same for all frequencies B1

(a)(ii) | no (time) delay in change in output when input is changed B1

(b)) | (at saturation,) Vour =50V c1

gain =50/0.40 A1l
=1250r13

(b)(i) [125=1+(R/800) c1

R=92000 A1l

18 = (9702/42_Summer_2021_Q7) - Electronics

(a)i) no current enters/leaves the input B1
(a)(ii) | gain is the same for all frequencies B1
(b)) | Vi =1.5x400/(400 + 1100) = 0.40V A1
?/:.= 15-(15x1100/1500) = 0.40V
or

(1.5 = Vi) / 1100 = Vi /400 50 Vi = 0.40V

(b)(i) | gain=(-)R/R Cc1
Vour/0.40 = (360 + 100) / 96 Cc1
Vour= 1.9V A1
(b)(ii) | resistance of thermistor decreases B1
(magnitude of} gain decreases so reading decreases B1
(b){v) | (at gain 12.5) Vouris 5.0V, so (above gain 12.5) output becomes saturated B1

19 - (9702/41_Winter_2021_Q7) - Electronics

(a) « infinite (open-lcop) gain B2
* infinite slew rate
« infinite input impedance
* zero output impedance
« infinite bandwidth
Any two points, 1 mark each
(b) X thermistor and Y: relay B1
(c)(i) (any) difference in voltage at the inputs causes output to saturate (because gain is very large) B1
saturates positively if \* > V- and saturates negatively if V* < V- B1
(c)(ii) | comparator B1
(c)(ui) | temperature M1
above a particular value Al
(c)(iv) | to adjust the temperature {at which the lamp illuminates/extinguishes) B1
[
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20 = (9702/42_Winter_2021_Q7) - Electronics

(a) output voltage / input voltage M1
Input (voltage) is difference between (inverting and non-inverting) inputs A1
(b) + reduces the gain B2
* greater bandwidth
* more stable
Any two points, 1 mark each
(cH(i) inverting amplifier B1
[(S1(D] X marked anywhere between right-hand edge of 480142 resistor, left-hand edge of 1.2k{2 resistor and the inverting input B1
(elin) |[gain =(9)R/R; c1
= (—)1200/480 A1
=-25
(e)iv) | Vi =6.5/(-2.5) A1
=-28V
(CHv) |[(=25)x(-5.4)=+13.5V, and so output saturates A1
Vour = (+)8.0V
21 - (9702/41_Summer_2023_Q7) - Electronics
(a) wavelength associated with a moving particle B1
(b)) (electron) diffraction B1
(b)) beam spreads out indicating diffraction B1
Ion;n and dark regions indicate an interference pattern
electron beam is behaving as a wave B1
(e)i) central blob and concentric rings B1
rings closer together (than previously) B1
(c)(i) (greater p.d so) electrons to have greater momentum B1
greater momentum so decrease in (de Broglie) wavelength B1
lower (de Broglie) wavelength (for same grating spacing in crystal) causes: B1
smaller diffraction angle
:;allef angle of intensity maxima (for each order)
:rscrease in fringe spacing in diffraction pattern
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CH22 - MAGNETIC FIELDS

1 = (9702/41_Summer_2017_Q7) - Magnetic Fields

(@) (magnetic) force (always) normal to velocity/direction of motion

(magnitude of magnetic) force constant
or
speed is constant/kinetic energy is constant

so provides the centripetal force

‘(b) increase in KE = loss in PE or Yo mv*= gV

p = mvwith algebra leading to p = V(2mgV)

(© Bgv=m?/r

mv = Bgror p=Bgr

(2911 10 £ 1.60 « 107 « 120)"? =B « 1.60 « 107" < 0.074

B=50-10"T

(d) greater momentum

(p = Bgrand) so rincreased

2 = (9702/41_Summer_2017_Q8) - Magnetic Fields

strong (uniform) magnetic field

* nuclei precess/rotate about field (direction)

radio frequency pulse/RF pulse (applied)

* RF or pulse is at Larmor frequency / frequency of precession

causes resonance / excitation (of nuclei)/nuclei to absorb energy

on relaxation/de-excitation, nuclei emit RF/pulse

* (emitted) RF/pulse detected and processed

non-uniform field (superposed on uniform field)

allows positions of (resonating) nuclei to be determined

* allows for position of detection to be changed/different slices to be studied

max. 2 of additional detail points marked *

3 - (9702/42_Summer_2017_Q9) - Magnetic Fields

(a)(i) Hall voltage depends on thickness of slice

thinner slice, larger Hall voltage

(a)(i) | Hall voltage depends on current in slice

(b) sinusoidal wave, one cycle

at =0 and at &= 360°, V4 = Vimax

at = 180°, Vi = —Vax
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CH22 - MAGNETIC FIELDS

4 - (9702/41_Winter_2017_Q8) - Magnetic Fields, Electromagnetic Induction

(@) DERQ and CFSP B1
(b)(i) force (on charge) due to magnetic field = force due to electric field B1
;;v =Eq
or
v=E/B
E=W/d B1
Vi = Bvd B1
(b)(ii) use of I = nAgvand A = dt M1
algebra clear leading to Wy = BI/ntq A1
(c) (in metal,) n is very large M1
(therefore) W is small A1
5 - (9702/42_Winter_2017_Q9) - Magnetic Fields
(a) region (of space) B1
where an object/particle experiences a force B1
(b) electric and magnetic fields normal to each other B1
velocity of particle normal to both fields B1
forces (on particle) due to fields are in opposite directions B1
forces are equal for particles with a particular speed/for a selected speedifor speed given by v = E(q)/B(q) B1
(510] path labelled Q shown undeviated B1
(chi) reasonable curve in field and no ‘kink’ on entering, labelled V B1
deviated 'upwards’ B1
6 - (9702/42_Summer_2018_Q8) - Magnetic Fields
(a) electric and magnetic fields at right-angles to one another (may be shown on a clearly labelled diagram) B1
particle enters fields (with velocity) normal to the (two) fields (may be shown on a clearly labelled diagram) B1
no deviation for particles with selected velocity B1
(b) magnetic force equals/is the centripetal force c1
Bqv= mvir c1
M =Bgriv M1
=(94 - 107 . 1.6 - 107" . 0.075)/(3.4 - 104
division by 1.66 - 107" shown, to give m= 20u A1
(c) sketch: semicircle clear (in same direction) B1
with larger radius B1
==
v o
’
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7 = (9702/41_Summer_2018_Q9) - Magnetic Fields, Alternating Currents

(a) using Fleming's left-hand rule force on wire is upwards B1

by Newton's third law, force on magnet is downwards B1

(b)(i) F=BIL c1

=37+10°+5.1+85+107 A1
=16+10°N

(b)) | F=16+10"N A1

(c) sketch: sinusoidal wave with two cycles B1

amplitude 2.3 < 10°N B1

period 0.05s B1

8 = (9702/42_Summer_2018_Q11) - Magnetic Fields

(a) X-ray image(s) taken of one slice M1
(many images) taken from different angles A1
(computer) produces 2D image of slice B1
(this is) repeated for (many) slices M
to build up a 3D image (of structure) A1

(b)i) combining of images involves (very) large number of calculations B1!
(b)(ii} | CT scan consists of (very) many (single X-ray) images : E‘l :

9 - (9702/41_Winter_2018_Q8) - Magnetic Fields

(a) region where there is a force M

experienced by a current-carrying conductor/moving charge/(permanent) magnet A1l

(b)) single path, deflection in ‘upward’ direction B1
acceptable circular arc in whole fiekd B1

no 'kinks' at start or end of curvature, and straight outside region of field B1

(b)(i1) force (on particle) Is normal to velocity/direction of motion/direction of speed B1
(c) magnetic force provides/is the centripetal force B1

Bqv=mvIr or r=mviBq C‘;

(if q is doubled), new speed = 2v A1

==
v o
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10 = (9702/42_Winter_2018_Q8) - Magnetic Fields

(a) force per unit current B1
force per unit length (of wire) B1
current normal to (magnetic) field B1

(b)(i) forces (on PQ and RS) are horizontal B1
(hence they create) no moment about the pivot B1
or
forces (on PQ and RS) are equal and opposite (B1)
(hence there is) no net force (on the two sections) (B1)

(b)(ii) realisation of the need to apply moments C1
BILx = mgy c1
B 2712107 -75=45.10"-9.81 « 838
B=16:107°T A1

11 - (9702/41_Summer_2019_Q8) - Magnetic Fields, Electromagnetic Induction

(api) region where a force is exerted on: B1
a magnetic pole or a moving charge or a current-carrying wire

(a)(ii) arrow on axis of solenoid pointing downwards labelled P B1

(o)Ni) direction of induced e.m f/current M1

(tends to) oppose the change causing it Al

(b)ii) magnetic field in solencid is increasing B1
7ﬁ:ld in coil in opposite d-rectionrla‘pose increase = B; )

arrow inside or just above small coil pointing in opposite direction to P B1

(c) emf =NAg/AL c1

=(75x 145107 x2=70x107/0.12 c1

=12x102V A1

12 - (9702/42_Summer_2019_Q8) - Magnetic Fields

(@M | w =3.4x10 «sin 30" A1
=17x10"ms™

(a)(@) | mvir=Bqv or r=mviBq c1

r=(9.11 %107 1.7 x 107) /(3.2 = 107 x 1.60 = 10-'%) C1

=0.030m Al

() | zero B1

(c) helix/coll B1

13 = (9702/41_Summer_2019_Q9) - Magnetic Fields

(a) nuclei precess B1

precession is about direction of magnetic field B1

frequency of precession depends on field strength B1
or

frequency of precession is in radio-frequency range
(b) Any two points from: === B2
« frequency (of precession) depends on position .

* lo locate position of (spinning) nuclei
« to change region where nuclei are detected
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14 - (9702/42_Winter_2019_Q7) - Magnetic Fields

X-rays are used B1
section (of object) is scanned B1
scans/images taken at many angles/directions B1
::lages of each section are 2-dimensional
images of (many) sections are combined B1
(to give) 3-dimensional image of (whole) structure B1
15 - (9702/41_Winter_2019_Q8) - Magnetic Fields
(a) concentric circles (around the wire) M1
at least 3 circles shown, all with increasing separation A1
direction anticlockwise B1
(B)(i) B =(4xx 107 x6.2)/(2n x3.1x 10-%) Cc1
=40x10°T A1
(b}ii) |F=BIL or FIL=8I c1
FIL =40x10*x85 A1
=34x10*Nm-'
(c) correct application of Newton's 3rd law to the forces M1
:rl L is proportional to the product of the two currents
$0 same magnitude A1
16 = (9702/42_Winter_2019_Q8) - Magnetic Fields, Electromagnetic Induction
(a) magnitude: (force =) Bqv B1
direction: P—Q or E—F or S—R or H-G B1
(o)(1) EHSP and FGRQ B1
(b)) PE or QF or RG or SH B1
({310} any one correct starting point from: c1
o (mass of 1 atom =) 27 « 1.66 x 107
* (amount of substance per unit volume =) 2.7 /27
* 27 g (of substance) contains 6.02 < 10 atoms
* (2.7 g mass contains) 0.1 mol
* (1 cm® volume contains) 0.1 mol
* {1 m*volume contains) 10° mol
n=(2.7=x10°)/(27 x 1.66 x 107)=6.0 x 102" A1
:':-' (2.7127) x10°x6.02 x 102 =6.0x 10
(e)in Vi =(0.15x4.6)/(6.0 x 10°® 0,080 x 10-% » 1,60 = 10-'%) c1
=8.0x107V A1
17 = (9702/41_Winter_2019_Q9) - Magnetic Fields
(a) nuclei precess B1
precession is about (direction of magnetic) field B1
::qmmy of precession is in radie-frequency range
(b) « frequency (of precession) depends on field strength === B2
« to locateffind position of (spinning) nuclei
* to change region where nuclei are detected T .
any two points, one mark each ’
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18 = (9702/41_Summer_2020_Q8) - Magnetic Fields, Electromagnetic Induction

(a) magnetic field normal to current B1
newton per ampere B1
newton per metre B1

(b)}i) current in wire QL gives rise to a force B1
ea"‘re QL is parpendicular to the magnetic field
force on wire QL is vertical B1
force does not act through the pivot B1
{b)(ii) | forces act through the same line B1
::roes are horizontal
forces are equal (in magnitude) and opposite (in direction) B1
(c)i) | change = mgx (A)L c1
=13x10"x981x26x102=33x10°Nm™’ A1l
(e)ii) | change=Bx (A xLxx c1
33x10°5=Bx12x085x10?x56x 102 c1
B=0.058T Al
19 - (9702/42_Summer_2020_Q9) - Magnetic Fields
(a)(i) | force is downwards/down the page B1
gtfjrrent is (right) to left
by left-hand rule, field is into plane of paper B1
(a){ii) | magnetic force provides the centripetal force Cc1
Bov=mvRir c1
v =Bqrim A1l
=(80x10%x 1.60x 109 x 6.4 x 10-9)/(9.11 x 10)
=90x10°ms™'
(b)(i) | arrow showing field direction down the page B1
(b){ii) | Bqv=Eq c1
or
v=EIB
E=90x10"x8.0x 10 A1l
=72x10°NC"

(c) straight line/undeviated B1
condition for no deflection depends only on v B1
;ndilion for no deflection does not depend on m or g
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20 = (9702/41_Winter_2020_Q8) - Magnetic Fields

(a)(y | downwards B1
(a)ii) | PQRS and JKLM B1
{b) {(as charge separates) an electric field is created (between opposite faces) B1
{maximum value is reached when) electric force {on electron) is equal and opposite to magnetic force (on electron) B1
(c) Vs =8l/ntg c1
=(46x107x6.3x 10 /(1.3 x 10® x0.10 x 10 x 1.60 x 10°'%)
=14 x102V Al
(d) semiconductors have a (much) smaller value for n B1
Vi for semiconductors is (much) larger so more easily measured B1
21 - (9702/42_Winter_2020_Q10) - Magnetic Fields
(a) concentric circles centred on the wire B1
separation of lines increasing with distance from wire B1
arrows show anti-clockwise direction B1
(b)(i) | currentin (each) wire creates a magnetic field (at the other wire) B1
current (in wire) at 90° to field causes force B1
(b)(ii) | force on each wire towards other wire/attractive B1
(c) Newton's third law pair of forces so yes (forces are equal) B1
grce proportional to product of both currents so yes (forces are equalk
22 = (9702/42_Summer_2021_Q8) - Magnetic Fields
(a) « force per unit length B2
« force per unit current
« length/current perpendicular to field
1 mark for any two points, 2 marks for all three points
(b) change in potential energy = change in kinetic energy B1
::/ = ¥emv?
v=Y(2qV/m) A1
(510} magnetic force = centripetal force M1
g;v =mAir
clear substitution of expression for v and correct algebra leading to g/ m = 2V/ 8°F A1
(©)iiy | q/m=(2x230)/[(0.38 x 10-3)? x 0.147] c1
=1.6x10"Ckg" A1
(c)ii) | (for a-particle,) g/ mis (much) smaller B1
rwould be much larger B1

9
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23 = (9702/41_Summer_2021_Q9) - Magnetic Fields

(a) region where there is a force exerted on M1
a current-carrying conductor A1l
or
a moving charge
or

a magnetic material/magnetic pole

(b)(l) | face PSWV shaded B1
(b)(i) | accumulating electrons cause an electric field {between the faces) B1
force due to electric field opposes force due to magnetic field B1
accumulation stops when magnetic force equals electnc force B1

(e)(i) number density of charge carniers B1
(e)u) | PVorQTorSW B1
(d) (for semiconductor,) n is (much) smaller so Vi (much) larger B1

24 - (9702/42_Summer_2021_Q9) - Magnetic Fields, Electromagnetic Induction

(a) (particle is) stationary/not moving B1
(particle is) moving parallel to the (magnetic) field B1

(b) magnetic field around each coil is circular B1
or

each coil is normal to magnetic field due to adjacent coils

current in coil interacts with (magnetic) field to exert force (on coil) B1
force is normal to both coil and magnetic field B1
or

force parallel to axis (of coil)

forces between coils are attractive so spring contracts B1
(c) {oscillating) coils cut magnetic flux B1
or

as separation of coils changes, magnetic flux changes

cutting flux causes induced e m.f. in coils - B1

changing (induced) e.m f causes changing current (in coil)

25 = (9702/41_Winter_2021_Q8) - Magnetic Fields

(a) newton per ampere per metre M1
where current/wire is perpendicular to magnetic field A1l

(b)(iy | F=BILsing c1
B8 =1.0/(5.0 x 0.060 x sin 50°) A1

=44mT
(b)(ii) | {from Fleming's left-hand rule) force on wire is upwards, so reading decreases B1
(b)iiiy | frame will rotate (so that PQ becomes perpendicular to the field) B1
==
v o
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26 = (9702/42_Winter_2021_Q8) - Magnetic Fields

(ay() arrow from Q pointing downwards, labelled B B1
(a)(in) arrow from Q pointing towards P, labelled F B1
(b)(i) force is proportional to product of both currents (I and 21) B1
zlrewton‘s third law
forces are equal B1
(b)(il) opposite B1

27 = (9702/42_Winter_2021_Q9) - Magnetic Fields

(a)(i) | emission of electrons (from a metal surface) B1

when electromagnetic radiation is incident (on electrons) B1
aliiy minimum energy required for an electron to leave surface B1
(b)) threshold (frequency) B1
(b}(i) |« photons are (discrete) packets of energy B2

« energy of photons depends on frequency (of EM radiation)
¢ electrons can only absorb a single photen (of energy)
Any two points, 1 mark each

emission only possible if photon energy is at least the work function B1
(b){i) work function = hfy, =6.63 x 10> « 6.93 x 10" c1
=459 %10 (J) A1

=459 x107/1.60 x 10" (eV)
=287eV

28 = (9702/43_Winter_2021_Q9) - Magnetic Fields

(a) constant voltage M1
that produces/dissipates same power as (the mean power of) the alternating voltage Al

(b)(i) | (maximum) rate of cutting of (magnetic) flux doubles B1
{peak and hence) r.m s. induced e.m.f. doubles B1

{b)(ii) | sketch: (sinusocidal) wave of period 10 ms B1
peak E shown as + 34V B2

{1 mark out of 2 awarded if peak E shown as+ 17V or+ 24V)

(c) current in the coll results in forces that oppose its rotation B1
or
current in the resistor dissipates the energy of rotation
coil stops rotating B1
==
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29 = (9702/41_Summer_2022_Q6) - Magnetic Fields

(a) product of (magnetic) flux density and area M1
where area is perpendicular to the (magnetic) field A1
(b){) |[N@ =BAN c1
=400« 10°x0122« 8 Cc1
=0.046 Wb A1
(b)ii) | (line is a) straight line B1
(b)(sii) | (induced) em f. = rate of change of flux linkage Cc1
emf =No/t A1l
=0.046/060
=0077V
(c) (induced e.m.f. causes) current flow {in the coil) B1
either
current (in magnetic field) causes forces to act on the coil B1
(opposite sides of) coil forced inwards B1
or
current causes dissipation of energy in the resistance of the coil (B1)
temperature of the coil nses (B1)

30 - (9702/42_Summer_2022_Q6) - Magnetic Fields

(a) there must be a current (in the wire) B1

(wire) must be at a non-zero angle to the magnetic field B1

(b)(i) arrow from X pointing horizontally to the left B1
arrow from Y pointing diagonally upwards and to the left at about 45° B1

arrow from Z pointing horzontally to the right B1

(b)(ii) | (flux densities at W and X are approximately) equal B1
(flux density at) Y greater than (flux density at) Z B1

{c) current in wire creates magnetic field around wire B1

(each) wire sits in the magnetic field created by the other B1

(for each wire,) current / wire is perpendicular to magnetic field (due to other wire), (so) experiences a (magnetic) force B1

==
v o
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31 - (9702/42_Summer_2022_Q7) - Magnetic Fields

(a) induced e m f is (directly) proportional to rate M1
of change of (magnetic) flux (linkage) A1
(b) V2 stepped, all at non-zero values, betweent=0and t=040s B1
t\i/z shown with same non-zero magnitude up to t= 0 15 s and after ¢ = 0.25 s but with & different magnitude between these B1
mes
le s(;1ggm with 2 magnitude between t = 0.15s and f= 0.25 s that is three times the magnitude before ¢ = 0.15s and after B1
=025s
V2 shown with same sign up to t = 0.15s and after t = 0.25 s, and opposite sign in between B1
(e)(i) changing current in coil causes changing (magnetic) field B1
:hranging (magnetic) flux causes induced e.m.f. in nng
induced e.m.f. in ring causes cufrent in nng B1
(magnetic) field due to (induced) current in ning interacts with (coil's) field to cause upwards force (on ning) B1
or

(induced) current in ring perpendicular to (ceoil's magnetic) field causes upwards force {on ring)

{c)i) | both magnetic fields reverse direction so ring still jumps up B1
or

current {in ring) and (coil's) field both reverse so ring still jumps up

32 - (9702/41_Winter_2022_Q6) - Magnetic Fields

(a)() | PQRS and WXYZ B1
(a)tiiy | ferce on charge carriers is perpendicular to both (magnetic) field and current B1
as charge carriers are deflected to one side, an electric field is set up B1
(steady Vi when) electnc and magnetic forces on charge carriers are equal (and opposite) B1
(b)(i) n: number density of charge carriers B1
t. distance PW (or SZ or QX or RY) B Fa B1
q: charge on each charge carrier ;R Bi
(b)) | Vi inversely proportional to ¢ 18
(so t needs to be small for) Vi to be large enough to measure i i 31

33 - (9702/42_Winter_2022_Q7) - Magnetic Fields

(a) force per unit current M1
force per unit length M1
current / wire is perpendicular to (magnetic) field (lines) A1

(b)i) current (in coil) is perpendicular to magnetic field (so force on wire) B1
force (on wire) is perpendicular to current and field (so 1s vertical) B1
gu'rrem and field are both honzontal (so force is vertical)

(b)(il) | NBIL = mg c1
B =(2.16 « 107 x 9.81)/(40 « 3.94 » 0.0300) C1

=448 «10°T7 Al

(b)(in) | (magnetic) forces (on balance and newton meter) are (equal and) opposite B1
reading =0.563-(2.16 x 10« 9.81) Al

=0.542N
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34 - (9702/41_Summer_2023_Q6) - Magnetic Fields, Electromagnetic Induction

(a) a region where a force acts on M1
a current-carrying conductor A1
:rmg charge
:rmagnetic material / magnetic pole

(b) concentric circles around the wire B1
spacing between circles increases with distance from wire B1
arrows showing direction of field is clockwise B1

(e)) |[F=8BIL c1
force per unit length = BI A1
=26x107 x50
=0.013Nm"!
(e)i) to the right B1
(c)(in) | force (per unit length) has the same magnitude due to Newton's 3rd law B1
0013=15=x10"«1 A1l
current = 8.7 A
==
v o
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1 = (9702/42_Summer_2017_Q3) - Oscillations, Electromagnetic Induction

(a)(i) e.g. period=6/25
frequency = 0.42 Hz
(@) (i) | energy =% m = dn’fiy,”
=%+ 025 « 4n° < 0.42% « (1.5 « 107)?
=20+ 107"
(b)() (induced) e.m.f. proportional to rate of
change of magnetic flux (linkage)
gztting of magnetic flux
(b)(ii) coil cuts flux/field (of moving magnet) inducing e.m.f. in coil
(induced) current in resistor causes heating (effect)
thermal energy/heat derived from energy of oscillations (of magnet)

2 = (9702/41_Summer_2017_Q9) - Electromagnetic Induction

(a)(i) core reduces loss of (magnetic) flux linkage/improves flux linkage
(a)(ii) reduces (size of eddy) currents in core
(so that) heating of core is reduced
(b) alternating voltage gives rise to changing magnetic flux in core

(changing) flux links the secondary coil

induced e.m/f. (in secondary) only when flux is changing/cut

3 - (9702/41_Winter_2017_Q5) - Electric Fields, Electromagnetic Induction

(a)() force proportional to product of charges and inversely proportional to square of separation A1
{a)(m) curve starting at (R, F¢) B1
passing through (2R, 0.25F¢) B1
passing through (4R, 0.06F;) B1
(b) graph: £ = 0 when current constant (Oto #;, f:to &, t; to ts) B1
stepped from ¢ to £, and fto & B1
(steps) in opposite directions 81
later one larger in magnitude 81
4 - (9702/41_Winter_2017_Q8) - Magnetic Fields, Electromagnetic Induction
(@) DERQ and CFSP B1
(b)(i) force (on charge) due to magnetic field = force due to electric field B1
;;v =Eq
or
v=EIB
E=Wl/d B1
Vi = Bvd B1
(b)(ii) | use of I = nAgvand A = df M1
algebra clear leading to Wy = Bl/ntq A1
(c) (in metal,) n is very large o _‘
(therefore) W is small ? .
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5 = (9702/42_Winter_2017_Q8) - Electromagnetic Induction

(@) DERQ and CFSP B1
(a)(in) charge carriers moving normal to (magnetic) field B1
charge carriers experience a force normal to [ (and 8) B1
charge build-up sets up electric field across the slice B1
g:ild-up of charges results in a p.d, across the slice
charge stops building up/Vi becomes constant when Fa = Fe B1
(b) Vi inversely proportional to n'number density of charge carriers B1
number density of charge carmers (n) lower in semiconductors so \i, larger for semiconductor slice B1
or
Vi proportional to v/drift velocity (B1)
(for same current) drift velocity (v) higher in semiconductors so \A larger for semiconducter slice (B1)
6 - (9702/42_Summer_2018_Q9) - Electromagnetic Induction
(a) (magnetic) flux density  area B1
magnetic flux density normal to area B1
?erference to cross-sectional area
r:rsin (angle between B and A)
« number of turns on coil B1
(b) e.m.f. = BAN/t c1
or
e.m.f = rate of change of flux linkage
=(75-107 «n < {1.2 <107 « 160)/0.15 A1
=36 107V
(c) sketch: zero for 0-0.10s, 0.25-0.355s, and 0.425-0.55 s, and non-zero outside these ranges B1
two horizontal steps, with zero voltage either side B1
with same polarity B1
correct values (1st step 3.6 mV and 2nd step 7.2 mV) B1
7 = (9702/41_Summer_2018_Q10) - Electromagnetic Induction
(@) induced e.mf. proportional to rate M1
of change of (magnetic) flux (linkage) A1
Ztr cutting (magnetic) flux
(b) current in coil produces flux B1
(by Faraday's law) changing flux induces e.mf. in ring B1
current in ring causes field (around ring) B1
(by Lenz's law) field around ring opposes field around coil B1
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8 = (9702/41_Winter_2018_Q9) - Electromagnetic Induction

(a) (induced) e.m.f. proportional/equal to rate M1
of change of (magnetic) flux (linkage) A1
(b)() | induced e.mf. = (AB)AN/At c1
=(2+019+15x10"x120)/0.13
=0.053V A1
(b)(ii) reading on voltmeter connected to coil C/V: 0 0.053 0 A1
(all three values required)
reading on voltmeter connected to Hall probe/V: zero in middle column B1
final column correct sign (negative) B1
final column correct magnitude (0.20) B1
9 - (9702/42_Winter_2018_Q9) - Electromagnetic Induction
(a) 0 —» t; horizontal straight line at non-zero value of W, B1
ch: ts horizontal straight line at different non-zero Vi
t —» ty straght diagonal line with negative gradient B1
;?a‘:)h line starts at (0, Vo) and ends at (4, <2V5)
(b) E=0for0 »tandty >t B1
E is non-zero at all points between ¢ -» #; M1
E has constant magnitude between #; —» & A1l
10 - (9702/41_Summer_2019_Q8) - Magnetic Fields, Electromagnetic Induction
(api) region where a force is exerted on: B1
a magnetic pole or a moving charge or a current-carrying wire
(a)(ii) arrow on axis of solenoid pointing downwards labelled P B1
(o)1) direction of induced e.m f/current M1
(tends to) oppose the change causing it Al
(b)ii) magnetic field in solencid is increasing B1
ﬁel; ;n coil in oppﬁsng direction h; :pbose |na;;se ! Biﬁ
arrow inside or just above small coil pointing in opposite direction to P B1
(c) emf =NAgIAL c1
=(75x 145107 %x2x70x107/012 Cc1
=12x102V A1
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11 = (9702/42_Summer_2019_Q10) - Electromagnetic Induction

(a) (induced) e m f. proportional to rate M1
of change of (magnetic) flux (linkage) A1
k ?)N g ;ur:nt ;\;n;'n;'y coil gives rise to m:gmuc flux B1
changing (magnetic) flux in core links with secondary coil B1
induced e m f (in secondary coil) causes current in load/resistor B1
(c) corract application of tums ratio: c1
to peak voltage ratio, giving (Vo /220) = (450/2700)
or

to r.m.s. voltage ratio, giving (V, 4 / 156) = {450/ 2700)

correct application of V2 factor: c1
to peak applied e m f, giving 220 /2

or
to peak output em f., giving 37/ ¥2

Vims =26V A1

12 - (9702/42_Winter_2019_Q8) - Magnetic Fields, Electromagnetic Induction

(a) magnitude: (force =) Bqv B1
direction: P—Q or E—~F or S—R or H-G B1
(o)1) EHSP and FGRQ B1
(b)) PE or QF or RG or SH B1
(cKi) any one correct starting point from: c1
o (mass of 1 atom =) 27 « 1.66 =« 107
* (amount of substance per unit volume =) 2.7 /27
* 27 g (of substance) contains 6.02 < 10 atoms
* (2.7 g mass contains) 0.1 mol
* (1 cm® volume contains) 0.1 mol
* {1 m*volume contains) 10° mol
n=(27 = 10°)/(27 x 1.66 x 107)=6.0 x 102" A1l
or
n=(2.7/27) x10°x6.02x 10> =6.0 « 102
()i Vi =(0.15x4.6)/(6.0 x 10°®x 0,090 x 10-% » 1,60 = 10-'%) c1
=8.0x107V A1l

13 - (9702/42_Winter_2019_Q11) - Electromagnetic Induction, Alternating Currents

(a) (induced) e.m.f, proportional to rate M1
of change of (magnetic) flux (linkage) A1
(b)(1) | any two from ty, o, ts, 17 A1
(b)}(ii) | t:and s A1
or
t:and s
(c) em.f.=NA@/AL c1
=(2x94x%10%%x5.0xnx(1.8x102)2x63)/(8.0x102) c1
=0.10V A1
==
v o
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14 - (9702/41_Summer_2020_Q8) - Magnetic Fields, Electromagnetic Induction

(a) magnetic field normal to current B1
newton per ampere B1
newton per metre B1

(b)}i) current in wire QL gives rise to a force B1
xre QL is parpendicular to the magnetic field
force on wire QL is vertical B1
force does not act through the pivot B1
{b)(ii) | forces act through the same line B1
::roes are horizontal
forces are equal (in magnitude) and opposite (in direction) B1
(e)i) | change = mg x (A)L c1
=13x10"x981x26x102=33x10°Nm~" A1l
(e)ii) | change=Bx (A xLxx c1
33x10°5=Bx12x085x10?x56x 102 c1
B=0.058T Al
15 = (9702/41_Summer_2020_Q9) - Electromagnetic Induction
(@a)i) |emf =(A)BxANIt c1
=45x 109 xn x (1.8 x 10722 x 350/0.20 = 0.080 V A1
(a)(m) | Oto 0.2s: straight horizontal line at 0.080 V or —0.080 V B1
02sto04s: zero B1
0.4sto0.8s: straight horizontal line at 0.040V or —0.040 V B1
opposite polarnty to 0 to 0.2 s line B1

(b) either disc cuts flux lines (of the magnet) B1
31rere is a changing flux in the disc
(by Faraday's law) e.m.f. is induced in the disc B1
e m.f causes (eddy) currents in the disc B1
current in the magnetic field (of the magnet) causes force on disc B1

16 - (9702/42_Summer_2020_Q10) - Electromagnetic Induction

(a) (induced) electromotive force is proportional 1o rate M1
of change of (magnetic) flux (linkage) A1

(b}{i) | to change magnitude of potential difference B1

(b){(ii) | magnitude of e.m f varies as rate of change of flux changes B1
direction of e.m f_ changes when direction of change of flux reversesiwhen flux changes from increasing to decreasing B1
flux 1s continuously increasing and decreasing, so polarity of e m.f is continuously switching B1

(bj(iin) | to reduce energy/power losses B1
:: reduce eddy currents
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17 - (9702/41_Winter_2020_Q9) - Electromagnetic Induction

(a) flux density x area M1
where flux is normal to area A1l
or
flux density x area x sin & (M1)
where 7 is angle between flux direction and (plane of) area (A1)

(b)(i) (alternating) current creates changing (magnetic) flux B1
core links (magnetic) flux with secondary coil B1
changing flux (in secondary) causes induced e.m.f. B1

(b)(iiy | rate of change of flux is not constant B1
(induced) e.m {. is propertional to rate of change of flux B1

(c) reduces induced currents in core B1
hence reduces energy losses (in core) B1

18 = (9702/42_Winter_2020_Q9) - Electromagnetic Induction, Alternating Currents

{a)i) | (induced) em f (directly) proportional to rate M

of change of magnetic flux (linkage) A1l

{a)(n) |emt =0 apart from thin pulses at t; and ¢, B1

rectangular pulses centred on t; and f;, of widths 2 small squares and 1 small square respectively B1
emfs, att, and t; have opposite polarities B1
magnitude of e m f at £, double the magnitude of em f at f B1

(b) Vi shown as zero before () — 2 squares) and after (f; + 2 squares) and rises to a constant non-zero value between 4 and f; M1

change at t, shown as 2 small squares wide and change at f; shown as 1 small square wide A1
19 - (9702/42_Summer_2021_Q9) - Magnetic Fields, Electromagnetic Induction
(a) (particle is) stationary/not moving B1
(particle is) moving parallel to the (magnetic) field B1
{b) magnetic field around each coil is circular B1
:;ch coil is normal to magnetic field due to adjacent coils
current in coil interacts with (magnetic) field to exert force (on coil) B1
force is normal to both coil and magnetic field B1
?o’;'ce parallel to axis (of coil)
forces between coils are attractive so spring contracts B1
(c) {oscillating) coils cut magnetic flux B1
:; separation of coils changes, magnetic flux changes
cutting flux causes induced e.m.f. in coils Bl
changing (induced) e.m f causes changing current (in coil) Bt
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20 = (9702/41_Summer_2021_Q10) - Electromagnetic Induction

(a) direction of (induced) em f M1
is such as to oppose the change causing it A1l
(b) ring cuts {magnetic) flux and causes induced em f in ring B1
{induced) e.m f. causes (eddy/induced) currents (in ring) B1
currents (in ring) cause magnetic field (around ring) M1
two fields interact to cause resistive/opposing force A1
or
current (in nng) is in a magnetic field (M1)
which causes resistive force (A1)
or
currents (in ring) dissipate thermal energy (M1)
(thermal) energy comes from energy of oscillations (A1)
(c) | current cannot pass all the way around the ring B1
(induced) currents smaller B1
smaller resistive force (so more oscillations) B1
::\"mﬂer rate of dissipation of energy (so more oscillations)
21 - (9702/41_Winter_2021_Q9) - Electromagnetic Induction
{a) constant voltage M1
that produces/dissipates same power as (the mean power of) the alternating voltage Al
(b}i) | (maximum) rate of cutting of (magnetic) flux doubles B1
(peak and hence) rm.s. induced e.m.{. doubles B1
(b)(it) | sketeh: (sinusoidal) wave of period 10 ms B1
peak E shown as + 34V B2
(1 mark out of 2 awarded if peak E shown as + 17V or £ 24V)
(c) current in the coil results in forces that oppose its rotation B1
g:rrent in the resistor dissipates the energy of rotation
coil stops rotating B1
22 = (9702/42_Winter_2021_Q10) - Electromagnetic Induction
(a)(i) | toincrease the magnetic flux linkage (between the coils) B1
(a)(ii) | to reduce energy losses B1
by reducing induced currents B1
(b)(1) | maximum Vour = 12000 x (625/25000) A1l
=300V
(b)(i) | rms. current =300/(640 x \2) A1
=0.33A
(b)(il) | sketch: sinuscidal shape in positive half of the graph, sitting with ‘'minima’ resting on the time-axis (at P = 0) B1
each 'cycle’ shown repeating every 20ms B1
maximum P shown as 140 W B1
{c) power curve is symmetrical about the midpoint (on the power axis) ‘—1

mean power is half the peak powsr

mT?

’
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23 = (9702/43_Winter_2021_Q10) - Electromagnetic Induction

{a)(i) | photoelectric effect B1
(a)(ii) | electron diffraction B1
)iy |A=hip M1
his the Planck constant A1l
(b)(ii) | de Broglie (wavelength) B1
() |¥emvr=eV Cc1
#Bx9 1M x 103 x ¥ =160x10""x4800s0v=41x10"ms"' A1l
(c)i) [ A =himv C1
=663 x1034/(9.11 x 103" x 4.1 x 107)
=18x10"m A1l
24 - (9702/42_Winter_2022_Q8) - Electromagnetic Induction
(a) direction of induced e.m.f. M1
such as to (produce effects that) oppose the change that caused it A1l
(b)) | X =085A A1
Y =2x=/0.040 c1
=160rads"' A1
(b)(i) | two cycles of a sinusoidal curve with a period of 0.040 s B1
correct phase (i.e. Vamax/minatt=0, 0.02,0.04, 006 and 0.08 s, and V> zero at t= 0.01, 0.03, 0.05, 0.07 s) B1
maximum / minimum V; shown (consistently) at 6.5V B1
(b)(in) | (magnitude of) V: is proportional to rate of change of (magnetic) flux B1
* Vs proporticnal to gradient of I1—f curve B2
* V3 has maximum magnitude when I~f curve is steepest
* Vs is zero when I—f curve is horizontal / @ maximum or minimum
* V4 changes sign when sign of gradient of I1—~f curve changes
Any two points, 1 mark each
25 - (9702/41_Summer_2023_Q6) - Magnetic Fields, Electromagnetic Induction
(a) a region where a force acts on M1
a current-carrying conductor A1
:rm’ng charge
:fmagnouc material / magnetic pole
(b) concentric circles around the wire B1
spacing between circles increases with distance from wire B1
arrows showing direction of field is clockwise B1
() F=BIL c1
force per unit length = BI A1
=26x107x50
=0.013Nm"!
(e)i) to the right B1
(c)(ii) | force (per unit length) has the same magnitude due to Newton's 3rd law

0013=15x10" =17

current = 8.7 A
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A-Level Cambridge PHYSICS -P4 CH23 - ELECTROMAGNETIC
INDUCTION

26 = (9702/42_Summer_2023_Q6) - Electromagnetic Induction

(a)y product of (magnetic) flux density and area M1
area perpendicular to the (magnetic) field A1
(@ |flux =8x=ar c1
=017 x n x 0.362
=69 « 102Wb Al
(b) time for one revolution=1/25s c1
emf =rate of cutting flux or A@/ At c1
=0.069 « 25 A1
=17V
(c) current (in disc) is perpendicular to magnetic field B1
gt:rrent causes force to act on disc
force opposes rotation of disc B1
left-hand rule indicates current is from nm to axle B1

27 - (9702/41_Winter_2023_Q6) - Electromagnetic Induction

(a) « force per unit length B2
o force per unit current
« length/current perpendicular to field
1 mark for any two points, 2 marks for all three points
(b)()) | into the page B1
(b{ii) | F = Bgv c1
=48x102x18x10 x1.7x10°=13x 107N A1l
(b){i) | arrow at point X pointing down the page B1
(b)iv) |F=m#ir c1
1.3 %10 =(9.11 % 10 » (1.7 x 1002/ r c1
(r =0.020m) A1
d=2r
d =0.040m
(c) path shows upwards deflection such that the curvature is always anticiockwise within the field B1
circular path with larger radius B1
line enters field at X and leaves field at distance 2d vertically from X B1
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A-Level Cambridge PHYSICS -P4

CH23 - ELECTROMAGNETIC

INDUCTION

28 = (9702/42_Winter_2023_Q7) - Electromagnetic Induction

(@{i) | w =8II/ntg A1
=(40«10°«54)/(1.5- 10"« 18107« 160« 10" =50V

(a)(iiy |sketch: straight diagonal line from (0, O)to t=0.020 s B1
:::ight diagonal line between two non-zerc Vi values of same sign from ¢ = 0,040 to 0.050s

horizontal straight line at Vi = 5.0V from t = 0.020 t0 0.040 s B1

horizontal straight line at V=25V from t = 0.050 to 0.080 ¢ B1

(b)(i} | em.f = rate of change of (magnetic) flux (linkage) c1

E=NAAB/Al or E=NA « gradient (at { = 0.010s) c1

E=3000~34~10" . (4.0« 10%/(0.020) =20 « 10"V A1

(b)(li) | sketch. line showing non-zeroc E from t=0tot= 0,020 s and from ¢t = 0.040s to t = 0.050 s, and E = 0 at all other times B1

‘top hats’ showing constant non-zero Efromt=0tot=0020s and from ¢t = 0040sto f=0050s B1

magnitude of E shown as 2.0 « 10-*V in both non-zero sections B1

sign of Einthe t=0tot=0.020s region opposite to the sign of £ in the t = 0.040 s to f = 0.050 s region B1

9
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A-Level Cambridge PHYSICS -P4 CH24 - ALTERNATING CURRENTS

1 = (9702/41_Winter_2017_Q10) - Alternating Currents

(a) heating depends on current?/I? B1
and current’/? is always positive B1
or
a.c. changes direction (every half cycle) (B1)
but heating effect is independent of current direction (B1)
or
voltage and current are always in phase in a resistor (B1)
so V « [is always positive (B1)
or
sketch graph drawn showing power against time (B1)
comment that power is always positive (B1)

(b)(i) | for same power (transmission, higher voltage) — lower current B1
lower current — less power loss in (transmission) cables B1
(b)(ii) |e voltage can be (easily) stepped up/down B2
e transformers only work with a.c.
* generators produce a.c.
+ easier to rectify than invert
Two sensible suggestions, 1 mark each.

2 - (9702/42_Winter_2017_Q11) - Alternating Currents

(@)m ' circles drawn only around the top left and bottom right diodes B1
(a)(ii) | B shown as (+)ve and A shown as (~)ve B1
(B)(1) | Vi (=56/42)=4.0V A1l
(b)}(H) | 380 =2aforf=60.5Hz c1
number (= 2f) =120 A1
(c)i) | peak values (all) unchanged B1
(alf) minima shown at 4.0V B1
three lines from near peak showing concave curves after leaving dotted line B1

not ‘kKinked' and not cutting the peak
reaching candidate’s minimum at the point where the decay meets the next dotted line

three lines drawn along the dotted lines showing rise in voltage from minima back to peak values B1
(c)(i) | mean p.d. is higher M1

or

r.ms. p.d. is higher

or

capacitor supplies energy to resistor

so (mean) power increases A1

9
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A-level Cambridge

PHYSICS -P4

CH24 - ALTERNATING CURRENTS

3 = (9702/41_Summer_2018_Q9) - Magnetic Fields, Alternating Currents

(a) using Fleming's left-hand rule force on wire is upwards B1
by Newton's third law, force on magnet is downwards B1
(b)(i) F=BIL c1
=37x107+5.1:85x107 A1
=16+10°N
(b)) | F=16=10"N A1l
(c) sketch: sinusoidal wave with two cycles B1
amplitude 2.3 < 10°N B1
period 0.05s B1
4 - (9702/42_Winter_2018_Q10) - Alternating Currents
@ | Vo=12x Vins =299 (=14V) &1
and
@= 2nf=2n « 50 (= 314rads™)
V =14sin314¢ A1
(b) enables (resonating) nuclei to be located B1
resonant frequency depends on magnetic field strength B1
Any one from: B1
« non-uniform field is (accurately) calibrated
¢ (non-uniform) field may be varied to enable detection in different positions
* unique (magnetic) field strength/frequency at each point
(© | I=1Ivexp(—w) c1
I'= I [exp(=t&X)bone * @XP(=£L)son tissue] C1
I=1Iy[exp(-2.9 « 0.40) ~ exp(-0.92 « 1.4)]
I/I;=0.0865 c1
ratio/dB = 10 Ig 0.0865 A1
=-11dB
5 = (9702/41_Summer_2019_Q10) - Alternating Currents
(a) Vi = 15V Ad
(B} 210=2x/T c1
T=0.02993s c1
{tz=t:} = 0.060s Al
6 - (9702/41_Winter_2019_Q10) - Alternating Currents
(a)() lower right and upper left diodes circled B1
(@)(h) | maximum=7.0v2 A1
=99V
i (B)(1) : correct symbol for capacitor, shown connected in parallel with R B1 -
(b)) | 1. (ripple) decreases B1
2. (ripple) increases B1
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A-lLevel Cambridge

PHYSICS -P4

CH24 - ALTERNATING CURRENTS

7 = (9702/42_Winter_2019_Q11) - Electromagnetic Induction, Alternating Currents

(a) (induced) e.m.f. proportional to rate M1
of change of (magnetic) flux (linkage) A1
(b)(i) | any two from ty, fa. ts, 17 A1
(b)}(ii) | tzand s A1
or

t:and to
(€) |emf =NA®/AL c1
=(2x94x10%%x5.0xnx(1.8x1022x63)/(6.0x107) c1
=0.10V A1

8 = (9702/42_Winter_2020_Q9) - Electromagnetic Induction, Alternating Currents

{a)i) | (induced) em f (directly) proportional to rate M1
of change of magnetic flux (linkage) A1l
{a)y(n) |emt =0 apart from thin pulses at t; and ¢, B1
rectangular pulses centred on ty and f;. of widths 2 small squares and 1 small square respectively B1
e.m.fs. at t, and t; have opposite polarities B1
magnitude of e mf at f; double the magnitude of em.f. at f B1

(b Vi shown as zero before (t; — 2 squares) and after (f; + 2 squares) and nises to a constant non-zero value between 4 and M1

change at t, shown as 2 small squares wide and change at t; shown as 1 small square wide A1
Q - (9702/42_Summer_2021_Q10) - Alternating Currents
(a) the steady current M1
::e direct current
that produces the same heating effect (as the alternating current) A1l

(b)(i) | peak current=28A and rm.s current=184A Al

(b)(ii) | peak current=20A and rm.s current=20A A1

() |k =2nf Cc1

=2n x50 A1
=310rads”’

(c)(i) | power = Vaus?/ R or power = Vi /2R c1
R=(240/+2)%/3200 or R =2407/(2 x 3200) A1l
R=900

==
v o
’
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A-Level Cambridge PHYSICS -P4 CH24 - ALTERNATING CURRENTS

10 = (9702/41_Summer_2022_Q5) - Alternating Currents

(a)(i) conversion (fromac)todc B1
(a)(il} | full-wave (rectification) B1
(b)(i) P labelled ~ and Q labelled + B1
(b)(i) Vour scale labelled 4 and 8 on the 2 cm tick marks B1
T=2zlo Cc1
=2x7/25x
=008s
t scale labelled 0.02, 0.04, 0.06, 0.08, 0.10, 0.12 on the 2 cm tick marks A1l
(e)i) | correct symbol used for capacitor and capacitor connected in parallel with the 1.2 k2 resistor B1
{c)(i) | straight lines or curves, with negative decreasing gradients, drawn between adjacent peaks, from top of first peak to meet B1
line going up to next peak
lines, from one peak to the line going up to the next peak, show a drop in p.d, of 1% small squares B1
(c)i) |Vv=090x«80(=54V) c1
or
discharge time (for each cycle) = 0.034 s
V=V exp(-t/RC) c1
54=60exp[-0.034/(1.2 « 10° « C)]
C=27x10F Al

11 - (9702/41_Winter_2022_Q7) - Alternating Currents

(a)(i) | peak voitage = 4.2 « V2 B1
(=59V)
power = \?/ R A1l
=59%/760 = 0.046 W or 46 mW
(a)(i) | sketch shows peak(s) in power at 46 m\W B1
correct shape (sinusoidal wave sitting on f-axis) B1
four cycles of repeating pattern shown, with P =0 at 0, 10, 20, 30, 40 us B1
(ap#iy | hine is symmetrical about 23 mW B1
(b)(i) (alternating p.d. makes) the crystal vibrate B1
vibrations (of crystal) causes air to vibrate B1
frequency is in ultrasound range B1
(b)(1) | (air makes) crystal vibrate, which causes an e.m.f to be generated across the (second) crystal B1
==
v o
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12 = (9702/42_Summer_2023_Q7) - Alternating Currents

{a)i) full-wave (rectification) B1
(a)(iy lower left diode shown pointing left B1
lower right and upper left dicdes shown pointing left B1
(a)(iii) | arrow indicating current direction in resistor to the nght B1
(b)) sketch: peniodic line showing minimum Vour = 0 and maximum Veur = +Vo B1
line showing peak Vouratt=0,0.5T, 1.07. 1.5T and 2.07. with Vour going to zero half-way in between each peak B1
line showing correct modulated sine shape B1
(b)(ii} | sketch: sinusoidal curve with troughs sitting on the time axis B1
peak power att=0,05T, 107, 1.5T and 2.0T and zero power half-way in between each peak B1
(b)(lil) | same power-time graph with or without rectification, so same V. B1
&-n‘ma graph is same for both Vour and Vi, S0 same Vi
:'ower does not depend on sign of V, so same Vi,

13 = (9702/41_Winter_2023_Q7) - Alternating Currents

(@ |P=IR A1
(a)ii) | P=4I?R A1
(b) sketch: square wave of period T, with P always non-zero B1
horizontal lines, from 0 to 0.57 and from 1.0T to 1.57, all at the same level that the scale indicates to be I’R B1
harizontal lines, from 0,57 to 1.07 and from 1.5T to 2.0T, at a level that is four times higher than the lower lines B1
(e} | <P>=(52)[R A1l
ey |<P>=Ims’R c1
Ims’R = (52)I7R A1

Irms = V(52) Ip
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A-Level Cambridge PHYSICS -P4 CH24 - ALTERNATING CURRENTS

14 - (9702/42_Winter_2023_Q4) - Alternating Currents

(a)(i) | amplitude =% « 7.2 x10"® A1l
=36«10"m
(a)i) | @ =2x/(0.20 % 10%) A1l
=31« 107rads™'
(@) | vo= axo Cc1
w=31x10"x36x10"=11x10"ms" A1l
)i} | Io = nAwee C1

=85x10%x43x10*«x11x107 x160x 10"

=064A A1l

(b)(ii) | sketch: two cycles of sinusoidal curve of amplitude Iy and period 0.20 us B1
correct phase, with I = +lpatt=0 B1

(o)(iit) | equation of form I = I, cos wt M1
value of I, used matches answer to (b)(i) and value of » used matches answer to (a)(ii) A1l

[if (a){ii) and (b)(i) correct then I = 0.64 cos (3.1 « 10" 1))

(bUiV) | Lms = To/ N2 A1

=064/v2

=045A

9
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A-level Cambridge PHYSICS -P4

CH25 - QUANTUM PHYSICS

1 = (9702/41_Summer_2017_Q5) = Quantum Physics

(@) (loss in) kinetic energy of u-particle = Qq/ 4neyr
?.rT 107" = Qg/ dnayr
77 %10 =899 « 10° < 79 « 2 « (1.60 x 107'%?%/ r
r=47 < 10"m
ris closest distance of approach so radius less than this
(b) force = Qq/4nar®=4u - a
899 «10°« 79«2« (1.60 « 1072/ (47 <1072 =4 166 < 10% « a
a=25+10"ms™
(c) so that single interactions between nucleus and a-particle can be studied
:; that multiple deflections with nucleus do not occur

2 = (9702/41_Summer_2017_Q10) - Quantum Physics

(@)(0)

penetration of beam

greater hardness means greater penetration/shorter wavelength/higher frequency/higher photon energy

(a)ii)

greater accelerating potential difference
or
greater p.d. between anode and cathode

(b)

I =TIyexp(—ux)

ratio = (exp {~1.5 x 2.9}) / (exp {—4.0 « 0.95}) (= exp {-0.55})

=0.58

3 - (9702/42_Summer_2017_Q10) - Quantum Physics

(@)

(b)(0)

(b)(ii)1.

two from:

« frequency below which electrons not ejected

e maximum energy of electron depends on frequency

« maximum energy of electrons does not depend on intensity
¢ instantaneous emission of electrons

(Ao is the) threshold wavelength
or

wavelength corresponding to threshold frequency
or

maximum wavelength for emission of electrons

intercept = 1/ g = 2.2 « 10%m™

=45 <107 mor 450 nm

{b){ii)2.

gradient = he

gradient = 2.0 107% or correct substitution into gradient formula

h=(20x10%/(30%10%=67 10 Js

(@

line: same gradient

straight line, positive gradient, intercept at greater than 2.2 « 10° when candidate’s line extrapolated

A
< 0
gy
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A-level Cambridge PHYSICS -P4 CH25 - QUANTUM PHYSICS

4 - (9702/41_Summer_2017_Q11) - Quantum Physics

(@) electrons (in gas atoms/molecules) interact with photons

photon energy causes electron to move to higher energy levelito be excited

photon energy = difference in energy of (electron) energy levels

when electrons de-excite, photons emitted in all directions (so dark line)

(b)) | photon energy o« 1/ 4

energy = 1.68 eV

or

E=hel i
E =663« 10« 3.0~ 10%/ (740 « 1079

=2688 107"y

energy = 1.68 eV

(b)(ii) |3.4eV—15eV

34eV—0.85eV

3.4eV — 0.54eV

all correct and none incorrect 2/2

2 correct and 1 incorrect or only 2 correctly drawn 1/2

5 = (9702/42_Summer_2017_Q11) - Quantum Physics

(a) loss of (electric) potential energy = gain in kinetic energy

p = mv with algebra leading to p = V(2mqV)

(b)(i) particle/electron has a wavelength (associated with it)

dependent on its momentum
or
when/because particle is moving

(®)([i) | p=(2x9.11 « 10 160 « 107" « 120)'?

A= (6,63 <107%/(591 « 107%)

=1.12:10""m

(c) wavelength is similar to separation of atoms

so diffraction observed

6 - (9702/42_Winter_2017_Q10) - Quantum Physics

(@) 49 marked and graph line passing through Eyax=0at i= 4 B1
graph line with 4 always < 4 B1
negative gradient with correct concave curvature B1

{b) curve with negative gradient and correct concave curvature M1
not touching either axis A1

A
v

2017 -2023 816 e, |




A-lLevel Cambridge PHYSICS -P4 CH25 - QUANTUM PHYSICS

7 = (9702/41_Winter_2017_Q11) - Quantum Physics

(a) packet/quantum of energy of electromagnetic/EM radiation B1

BYQ) | E=hf c1

1.1 %10° 160 « 107 =663 « 107 .. f

f=2.7 =« 10°(2.65 « 10%) Hz A1

(b)(ii) | p =hii=hflc Cc1

= (663 « 10 » 2.65 « 10%%/(3.00 = 10%

or
p=Elc
= (1.1« 1.60 = 107"%/(3.00  10%
p=5910% (587 « 104 Ns A1
(© 123« 1.66 « 107 « v=587 « 1072 c1
v=29:10°ms” A1

8 - (9702/42_Summer_2018_Q10) - Quantum Physics

(a) emission of electron B1
when electromagnetic radiation incident (on surface) B1
(b)(i) | packet/quantum/discrete amount of energy M1
of electromagnetic radiation A1
(b)) |E =heli c1
= (6.63 10 . 3.00  10% /(420 « 10F) A1

=47 10"
(b)(iii) | sodium: yes B1

zinc: no

Q - (9702/41_Summer_2018_Q11) - Quantum Physics

(a)(i) | packet/quantum/discrete amount of energy M1
of electromagnetic radiation A1
(a)(ii) | (maximum) energy of emitted electrons is independent of intensity » B1
::: emission of electrons below the threshold frequency regardless of intensity
or

no emission of electrons when photen energy is less than work function (energy) regardless of intensity

(b) in darkness; conduction band empty so high resistance B1
in daylight: electrons in valence band absorb photons B1
in daylight: electrons ‘jJump’ to conduction band B1

this leaves holes in valence band B1
more charge carriers in daylight so resistance decreases B1

10 - (9702/41_Winter_2018_Q10) - Quantum Physics

Any five points from | BS
as temperature rises electrons gain energy

electrons enter conduction band

(positively charged) holes left in valence band =g

more charge carriers (so resistance decreases)

(as temperature rises,) lattice vibrations Increase ? .

effect of increase in number of electrons or holes or charge carriers ocutweighs effect of increased latt

LI I )

resistance decreases)
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A-lLevel Cambridge PHYSICS -P4 CH25 - QUANTUM PHYSICS

11 - (9702/41_Winter_2018_Q11) - Quantum Physics

(a) discrete amount/quantum/packet of energy M1

of electromagnetic radiation A1

(b)(i) | energy=he/ A Cc1

A =(6.63 107 3.00 « 10%/(0.51 » 10% = 1.60 « 107'%) A1
=24:10"m

(b)i) [p=hlA c1

=(6.63 « 107%)/(2.44 « 10719

or
p=Ele
=(0.51 » 1.60 « 107"%)/(3.00 = 10%

p =27+ 10%2Ns A1
(oM | E=c’am c1

Am = (0.51 « 1.60 « 107'%)/(3.00 = 10%? A1

=91« 10kg

(c)(ii) | (momentum is conserved so) nucleus must have momentum in opposite direction to photon B1

12 - (9702/42_Winter_2018_Q11) - Quantum Physics

(a) discrete amount/quantum/packet of energy M1
of electromagnetic radiation A1
(b) mostly dark/dark background B1
coloured lines B1
(@ |6 A1
(c)(ii) | 1. maximum photon energy= 13.6 - 0.85 c1
(=12.75eV)
maximum kinetic energy = (13.6 - 0.85)- 5.6 A1
=7.2eV
2. energy=hcl/A C1
A= (663« 10" . 3.00 » 10%/[(13.6 - 0.85) ~ 1.60 » 107 c1
=98 10°m A1

A
< 0
’
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CH25 - QUANTUM PHYSICS

13 = (9702/42_Summer_2019_Q7) - Quantum Physics

(a) Any five from. BS
* (as temperature nses) energy of electrons increases
* electrons (have enough energy to) cross forbedden band
« electrons enter conduction band
* leaving holes in valence band
* both holes and electrons act as charge carriers
* more charge carriers results in lower resistance
* Increased lattice vibrations outweighed by increase in (number of) charge carriers
(b) (at 10°C resistance is) 2.55 k(2 c1
new potential difference =9.00 » 2.55/(2.55 + 12.0) c1
=158V
change inpd. =058V A1l
(c) change of resistance with temperature is not linear B1
change in potential with resistance is not linear B1
or
potential divider equation is non-linear
14 - (9702/41_Summer_2019_Q11) - Quantum Physics
(a) Any three points from: B3
« (max) energy of emitted electrons depends on frequency
* (max) energy of emitted electrons does not depend on intensity
« rate of emission of electrons depends on intensity (at constant frequency)
» existence of frequency below which no emission of electrons
* instantanecus emission of electrons
» increasing the frequency at constant intensity decreases the rate of emission of elecirons
(b){i) | photon energy = hc/ A c1
=(6.83 » 10 « 3,0 » 10%) /(380 = 10%) Cc1
(=523x107))
=33eV A1l
(b)(ii) | photon energy must be greater than work function (energy) B1
s0 sodium and calcium B1
(c) i=hip c1
p =(6.83 x 10-*)/(380 x 10%) c1
=174 10" Ns
force =1.74 x 10% « 7.6 x 10" Al
=1.3x10“N
15 = (9702/42_Summer_2019_Q11) - Quantum Physics
(a) packet/quantum of eneray M1
of electromagnetic radiation A1
)iy |E=heli c1
1.18 % 1.60 x 10" = (6,63 x 10 x 3.00 = 10"/ 2 A1l
A=105x10"m
(b)) | 2=hip or E=pc c1
p=(6.63 % 107)/(1.05 x 1073 B1
or
p=(1.18 x 1.60 x 10-'%)/(3.00 x 108)
leadingtop=63x 10* Ns
) 6.3x10%2=60x 166107 x v
v=63x10°ms'
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PHYSICS -P4

CH25 - QUANTUM PHYSICS

16 = (9702/42_Winter_2019_Q10) - Electronics, Quantum Physics

(a) (as temperature rises) electrons in valence band gain energy B1
electrons jump te conduction band B1
holes are left in the valence band B1
increased number (density) of charge carriers causes lower resistance B1

(B)(1) v-=v c1
1.50/1.20=R:/1.76 Cc1

Rr=22 (kQ) c1

temperature = 14 °C A1l

(b)) | (For LED to conduct,) Vour must be negative B1
V> B1
Ry must be lower so temperature must be above (b)(i) value B1
17 - (9702/41_Winter_2019_Q11) - Quantum Physics

(a) energy (of photon) required to remove electron M1
from a surface A1l
or
reference to minimum energy
gfetenoe to zero kinetic energy

(b)) |1. photonenergy =hc/A c1
=(6.63 x 10~* x 3.00 » 10%) /(280 = 10~%) A1
=71x10"%)

2. electron energy =(7.1=5.5)x10-'%J c1
%x9.11x 10 x\2=(7.1-5.5) x 10-1° c1
v=59x10°ms™ A1

(b)(ii) | energy is required to bring electron to the surface B1

(¢) |[nochange |decreases | B4

| incr | decrease: |
18 = (9702/41_Summer_2020_Q10) - Quantum Physics

(a) « photon gives energy to electron (in an inner shell) or electron (in an inner shell) absorbs a photon B4
« electron moves (from lower) to higher energy level
« energy (of photon) is equal to difference in energy levels
« electron de-excites giving off photon (of same energy)

« photons emitted in all directions

Any four points, 1 mark each

(b) (in light) photons gives energy to electrons in VB B1
?ir: light) electrons in VB absorb photons
electron crosses FB/jumps to CB B1
(positive) holes left/created in VB B1
low intensity: few electrons in CB/most electrons in VB B1
:i:;h intensity: more photons so more electrons in CB
:I:aetmn-hole pairs are charge carriers

l more charge carniers results in lower resistance B1

2017 -2023 820




A-lLevel Cambridge PHYSICS -P4 CH25 - QUANTUM PHYSICS

19 - (9702/41_Summer_2020_Q11) - Quantum Physics

(a)iy | E =me? c1
=9.11x 107" x (3.0 x 10%)? A1
=82x10)

(@)il) |p=hii and E=hcli c1

or

E=pc

p =(8.2x10"%/(3.0 x 10°) A1
=27x10%Ns

(b) total momentum (before and after interaction) is zero B1

:\ronwnmm must be conserved (in the interaction)
::omemum of the photons must be equal and opposite
(photons emitted in) opposite directions B1

20 = (9702/42_Summer_2020_Q11) - Quantum Physics

(a) conduction band and valence band overlap B1
number (density) of charge carriers does not vary B1
increase In temperature gives rise to increased lattice vibrations B1
(lattice) vibrations hinder movement of charge carriers so resistance increases B1

(b) mv=hlA c1
Vv = (6.63 x 10-)/[(2.6 x 10-") x (9.11 x 10-31)] c1

(=280x10"ms"')

qV = Yamv? c1
V =[9.11 x 10° x (2.80 x 107)3)/[2 x 1.60 x 10-'%] A1
=22x10°V

21 - (9702/41_Winter_2020_Q11) - Quantum Physics

(a)(i) | quantum of energy M1
of electromagnetic radiation A1
(a)(i) | arrow (on Fig. 11.1) pointing upwards and to the right B1
®)) |i=hip c1
p ={6.63 x 10 /(544 x 10-%) A1

=122x10%Ns

(b)(ii) | energy = he/ A c1

=6.63 x 10 3.00 x 10° x (540-' — 544-") x 107 Al

=27x10%J

(c) (smaller wavelength corresponds to) greater photon energy B1

any one point from: B1
(deflected) photon loses energy (so not possible)

(deflected) photon would need to gain energy (so not possible)
electron would need to lose energy (so not possible)

initially electron energy is zero (so not possibie)

9
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22 = (9702/42_Winter_2020_Q11) - Quantum Physics

(a) any two points from: B2
« (maximum) kinetic energy of electrons is independent of intensity
«  maximum kinetic energy of electrons depends on frequency
* no time delay (between lllumination and emission)
(bXi) | {for Emax =0,) 1/ = 1.93 x 10% (m~") c1
fo =3.00 x10° x 193 x 107 A1
=58x10"Hz
(b)(il) | hel A= @+ Eyax c1
he = gradient c1
gradient = e.q. [(0.40 — 0.20) x 1.60 x 10-'%]/[(2.25 — 2.09) x 10%] (working needed) M1
(=2.0 x 10-%5)
h={2.0x1025/(3.00 x 10%) = 6.7 x 10-¢J s (both working and answer needed) A1l
(c) straight line with same gradient as the original B1
straight line with x-axis intercept greater than 1,83 x 108 m™' B1

23 = (9702/41_Summer_2021_Q6) - Electric Fields, Quantum Physics, Particle & Nuclear Physics

(a) fromx=0tox=r-E=0 B1
from x = rto x = 3r; curve with negative gradient of decreasing magnitude passing through (r, o) B1
line passing through (2r, Eu/4) and (3r, Eo/9) B1

(b) from p = po /2 to p = py: curve with negative gradient of decreasing magnitude passing through (s, 4o) B1
line passing through (%:pa, 240) B1

(c) from f= 0 to t = 45 s: curve with positive gradient of decreasing magnitude starting at (0, 0) B1
line passing through (15, %Ng) B1
line passing through (30, 0.75N0) and {45, 0.88No) B1

24 - (9702/41_Summer_2021_Q11) - Quantum Physics

(a) intensity: vary filament current/p.d. across filament B1

hardness: vary accelerating potential difference B1

(b)i} | I=le"™ c1

Is = Ip exp(~0.92 x 9.0) A1

=25x10* I,

{(b)(ii) | Ic = [exp(-0.92 x 6.0) x exp(-2.9 x 3.0)] Ip c1

=6.7x107 I Al

(c) conclusion consistent with values in (b)(i) and (b)(ii) B1
e.g Is » Icso good contrast

9
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25 = (9702/41_Summer_2021_Q12) - Quantum Physics

(a) « frequency determines energy of photon B2
* intensity determines number of photons (per unit time)
* ntensity does not determine energy of a photon

Any two points, 1 mark each

kinetic energy (of the electron) depends on the energy of one photon B1
(b)(iy |E=hecia c1
or

E=hf and ¢=f4

E =(6.63 x 10* x 3.00 x 10%) /(250 x 10°%) c1
(=796 x10-3)) A1
=50eV
(b)(ii) | Emax = photon energy - work function Cc1
work function=50-1.4 A1
=36eV

26 = (9702/42_Summer_2021_Q12) - Quantum Physics

(a) quantum of energy M
of electromagnetic radiation A1
{b)i) |energy=he/i c1
or
energy = hf and f=c/A
0.57 x 10° x 1.60 x 10-'9 = (6.63 x 1034 x 3.00 x 10%)/ 4 A1
A=22x10"m
b)ii) |p=hii c1
=(6.63 x 103} /(2.2 x 10-1%) A1
=30x10%Ns
or
p=Elc (C1)
= (0.57 x 10% x 1.60 x 10-'%)/ (3.00 x 10%) (A1)
=30x10%Ns
(e)i) | mass (of Sm-157 nucleus) = 157 x 1.66 x 10~/ c1
or

mass (of Sm-157 nucleus) = 0.157 / (6.02 x 10%)

recoll speed = (3.00 x 10-22) /(157 x 1.66 x 10-%) A1l
=12x10¥ms!
{e)(i) | (1.2 x) 10°ms-' is much less than (3.0 x) 108 ms-! B1
st
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27 = (9702/41_Winter_2021_Q10) - Quantum Physics

(a)(i) | photoelectric effect B1

(a)(ii) | electron diffraction B1

(b)i) |A=hip M1

his the Planck constant A1

(b)(il) | de Broglie (wavelength) B1

(e | mvi=eVv Cc1

X911 x10M xwW=160x10""x4800s0v=4.1x10"ms"' A1

ey |4 =himv Cc1
=663 % 1074/(9.11 x 107 x 4.1 x 107)

=18x10"m Al

28 = (9702/41_Summer_2022_Q7) - Quantum Physics

(a) quantum of energy M1

of electromagnetic radiation Al

(b)(i) photoelectric effect B1

(b)) |« there is a frequency below which no electrons are emitted B3
or

threshold frequency = 5.4 x 10" Hz
o work function of the metal = 3.6 x 10-'%J (or 2.2 eV)
e Eusxincreases (linearly) with (increasing) frequency
« gradient of the line is the Planck constant

or

gradient of the line is 8.7 « 10-*Js

Any three bullet points, 1 mark each

{c)n) different threshold frequency B1
(line has) same gradient but different intercept B1
{c)(ii) | photons have same energy B1
line unchanged B1

29 - (9702/42_Summer_2022_Q8) - Quantum Physics

(a)(i)y | photoelectric effect B1
(a)(ii) | electron diffraction B1
(b)) |A=hip c1

p =4x166 %107 «6.2 x 107 c1

(=41« 10-'*N s)

A =683x10%/4.1x10" A1
=186x10"m
(b)(i) | ine with negative gradient throughout B1
curve asymptotic to both axes with non-zero iatv=6.2x 10'ms™' B1
(c) (de Broglie) wavelength negligible compared with width of doorway B1
==
v o
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30 - (9702/41_Winter_2022_Q8) - Quantum Physics

(a) photon energy (to remove electron) B1
minimum energy to remove electron B1
::\ergy to remove electron from surface
:rnergy to remove electron with zero kinetic energy
(b)(1) | photon energy = hf c1
number per unit time = 8.36 x 10-2/(1.36 x 10'5 « 663 « 10-%) A1
=927 x 10'%s"
(b{H) | hf= @+ Ewax c1
@ =(1.36 x 10" x 8.63 x 10%¢) — (3.09 « 10'%) A1
=503« 10
(c)ii) greater photon energy (and same work function) M1
so maximum kinetic energy is increased A1l
(e)(ii) | (greater photon energy and same power so) lower number of photons (per unit time) M1
(each electron absorbs one photon) so lower rate of emission A1l

31 - (9702/42_Winter_2022_Q9) - Quantum Physics

(a)i) energy of photon has a corresponding frequency B3
change in electron energy level emits a single photon

photon energy = difference in energy levels

discrete frequencies must have come from discrete energy gaps
discrete energy changes imply discrete energy levels

Any three points, 1 mark each

(a)(iiy | transition (to - 3.400 eV) from X corresponds to 658 nm line c1
Ei-E;=hcl2 c1
E;~(~3.400) = (6,63 « 104 « 3,00 » 10%)/(658 » 10-? « 1.80  10-%9) Al

and so E; = -1.51 eV (full substitution and answer needed)

(b)(i) | redshift B1
(b)(ii) | moving away (from observer) B1
(b)) | Azli=vic c1

e.q for 658 nm line: A4 = 686 — 658
(= 28nm) (other lines may be used)

28/658 = v/(3.00 » 10%) (other lines may be used) Cc1
v=13x10"ms"' A1l
(c) v= Hod c1
Ho = (1.3 < 107 /(5.7 x 10%) Al
=23 x10"s"
==
v o
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CH25 - QUANTUM PHYSICS

32 = (9702/42_Summer_2023_Q8) - Quantum Physics

(a) transition (emits) (one) photon with energy equal te the difference in energy between the two levels B1
frequency of radiation corresponds to energy of photon B1
(b)(7) line to the left of the pair in Fig. 8.2, iabelled A B1
larger gap between line A and the nearest of the pair in Fig. 8.2 than between the lines in the pair B1
(b)) line to the left of both the pairin Fig. 8 2 and line A, labelled B B1
larger gap between line B and line A than between line A and the nearest one of the pair in Fig. 8.2 B1
(c) E=hf c1
Es=Ei+ hifa+ fa) A1
33 - (9702/41_Winter_2023_Q8) - Quantum Physics
(a)) p=Elc M1
E = he/ A and completion of algebra leadingto p= h/ A Al
(afii) | wavelength = (6.63 « 10 /(9.5 « 10?%) = 700 x 10 m so red B1
(B)()) | power = intensity ~ area c1
number per unit time = (160 « 2.5 « 10-%) /(9.5 « 10% « 3.00 » 10%) = 1.4 « 10" 5! A1l
(b)(it) | pressure = force/ area c1
force = rate of change of momentum Cc1
=2x95x 102« 1.4 « 10"
pressure = (2 « 9.5 x 107 « 1.4 « 10'%) /(2.5 » 105) A1l
=1.1x10%Pa
(c) photons have greater momentum B1
::wer photons per unit time
greater photon momentum but smaller number of photons (per unit time) so pressure is the same B1
34 - (9702/42_Winter_2023_Q8) - Quantum Physics
(a) packet/ quantum of M1
of electromagnaetic radiation Al
(b)(i) photoelectric effect B1
(b)(i} |e electron needs a minimum energy to escape B3
Zfewm emitted if energy in packet is enough
« energy must be absorbed in packets that are related to frequency
« Intensity relates to number of packets (not to energy in packet)
« electron absorbs only a single whole packet
Any three points, 1 mark each
(e)) Planck constant B1
(c)() | —work function (energy) B1

2017 -2023 826




A-Level Cam

bridge PHYSICS -P4

CH26 - PARTICLE & NUCLEAR

PHYSICS

1 = (9702/41_Summer_2017_Q12) - Particle & Nuclear Physics

(@)

x=7

(b))

E = mé®

=1.66 « 1077 « (3.0 « 108?

=1.494 « 107"

division by 1.6 = 107" clear to give 934 MeV

(bii)

Am = (235.123 + 1.00863) — (94.945 + 138.955 + 2 « 1.00863 + 7 ~ 5.49 « 107

or
Am  =235.123 — (94.945 + 138.955 + 1 « 1.00863 + 7 = 5.49 « 107

=0.21053u

energy = 0.21053 « 934

=197 MeV

©

kinetic energy of nuclei/particles/products/fragments

y-ray photon energy

2 = (9702/42_Summer_2017_Q12) - Particle & Nuclear Physics

@
(b)(0)

7%

E=mc

=166 « 107 « (3.00 » 10%?

(b)(i)

=1.494 107
division by 1.60 = 1072 clear to give 934 MeV
Am = (82 = 1.00863u) + (57 ~ 1.00728u) - 138.955u

= () 1.16762 (u)

energy = 1.16762 ~ 934

energy per nucleon = (1.16762 < 934) /139

=7.85 MeV

(c)

above A = 56, binding energy per nucleon decreases as A increases

U-235 has larger nucleon number

so less (binding energy per nucleon)

or

fission takes place with uranium

fission reaction releases energy

binding energy per nucleon less (for uranium than for products)
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A-Level Cambridge PHYSICS -P4

CH26 - PARTICLE & NUCLEAR

PHYSICS

3 = (9702/41_Winter_2017_Q9) - Particle & Nuclear Physics

(a) image of one slice/section (B1)
images (of one slice) taken from different angles (M1)
to give 2D image (of one slice) (A1)
(repeated for) many slices (M1)
to build up 3D image (of whole body/structure) (A1)
Max. 4 marks total 4

(b) evidence of subtraction of background (-26) C1
evidence of division by three c1

7 11 A1
6 2
4 - (9702/41_Winter_2017_Q12) - Particle & Nuclear Physics
(a) « emssion from radicactive daughter products B2
* self-absorption in source
« absorption in air before reaching detector
« detector not sensitive to all radiations
* window of detector may absorb some radiation
» dead-time of counter
* background radiation
Any two points.

(b)(l) | curve is not smooth B1
or
curve fluctuates/curve is jagged

(b)(i1) | clear evidence of allowance for background B1
half-life determined at least twice B1
half-life = 1.5 hours A2
(1 mark if in range 1.7-2.0: 2 marks if in range 1.4-1.6)

©) 1. half-ife: no change M1

because decay Is spontaneous/independent of environment A1

2. count rate (likely to be or could be) different/is random/cannot be predicted B1
=
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PHYSICS -P4

CH26 - PARTICLE & NUCLEAR

PHYSICS

5 = (9702/42_Winter_2017_Q12) - Particle & Nuclear Physics

(a)(i) nucleus emits particles/EM radiation/ionising radiation B1
emission/release from unstable nucleus B1
grr'nission from nucleus is random and/or spontaneous

(a)(ii) | probability of decay (of a nucleus) M1
?r;ction of (number of undecayed) nuclei that will decay
per unit time A1

(b) energy is shared with another particle B1
mention of antineutrino B1

(©() | number =[(1.2 » 10 /131] « 6.02 « 10 c1
::mber =(1.2 %107« 10% /(131 « 1.66 « 1077

(=551 =109
A =iN c1
=[0.086/ (24 « 3600)] « 5.51 « 10" A1
=55 10°Bq

(e)(ii) | 1/50 = exp(-0.0861) c1
or
1/50=0.5"

t = 45 days A1
6 - (9702/42_Summer_2018_Q12) - Particle & Nuclear Physics

(a) emission of particles/radiation by unstable nucleus B1

spontaneous emission B1

(b)(i) P — the curve that starts with a high number B2
D - the curve with the peak

S — the curve that increases from zero throughout
(one correct 1 mark, all three correct 2 marks)
(b)(i)) | ity =0.693 c1
4A=0.693/(60.0 = 60)
=193« 10%s™ A1
(©) half-life of F is much shorter than half-life of E B1
nuclei of F decay (almost) as soon as they are produced B1
===
v
’
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A-Level Cambridge PHYSICS -P4 CH26 - PARTICLE & NUCLEAR
PHYSICS

7 = (9702/41_Summer_2018_Q13) - Particle & Nuclear Physics

(a) emission of particles/radiation by unstable nucleus B1
spontaneous emission B1
(b)(i) | use of graph to determine half-life = 14 minutes B1
hence A=In2/(14 «60) (™) Cc1
Nat 14 minutes =4.4 < 107 and A= N c1
activity =4.4:10" «In2/(14 « 60) A1
=3.6+10*Bq
or
correct tangent drawn at time f= 14 minutes (B1)
magnitude of gradient of tangent identified as activity (C1)
correct working for gradient leading to activity (C1)
activity=3.6 = 10* Bq (A1)
(b)(ii) |3.6x10%=1x4.410 c1
or
A=In2/(14.0 « 60)
A=82x10%s™ A1

8 - (9702/41_Winter_2018_Q12) - Particle & Nuclear Physics

(a) unstable nucleus B1
emission of particles/photons B1
emission is spontaneous B1
or

(particles/radiation) are ionising

(b)) tangent drawn and gradient calculation attempted B1
activity = 1.3 < 10°Bq A2

(1 mark for answer within £0.2 ~ 10% Bq, 2 marks for answer within £0.1 = 10° Bq)
®)i) [A=N Cc1
A=(1.3:10%/(3.05 < 10 =43 105" (= 4 « 107%s7) A1
(© A=A c1

1.0 < 10°=4.6 « 10%exp(-5.5 « 107 -

IN(46)=55=107 « ¢ c1
t =2.78 « 10°s A1
=32 days

y 5
< 0
’
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A-Level Cambridge PHYSICS -P4

CH26 - PARTICLE & NUCLEAR

PHYSICS

Q9 - (9702/42_Winter_2018_Q12) - Particle & Nuclear Physics

(a) fusion: two nuclel combine to form a (single) nucleus B1
fission: a (single) large nucleus divides to form (smaller) nuclei B1
Any one from: B1
« fusion is initiated by (very) high temperatures
« fission is initiated by neutron bombardment
« resulting nuclei in fission are of similar size
* (both processes) release energy
« binding energy per nucleon increases
« total binding energy increases
« fission involves release of neutrons
(b)(i) neutron B1
(b)(ii) |1. =zero A1
2. (4-11.3290 - 107"~ (2 - 1.7813 - 107 - (3 - 45285 - 107 c1
energy change = 45316 - 107 ~17.148 - 107" A1
=282 - 10"
(b)(iit) | 1.0mol or Ny nuclel of each A1
energy = 2.817 - 1072 - 6.02 - 10®
=1.7 - 10"%J
10 - (9702/41_Summer_2019_Q12) - Particle & Nuclear Physics
(a)i) | ANIAT B1
(ali) | AN/N B1
(@yii) | AN/(NAT) B1
(b}i} | 1. mass change =560~ 10~ u A1
2. energy =(A)mc? c1
=56 x 10 x 1.66 » 10 x (3.0 x 10%) c1
(=8.36 % 10-"7J)
=084pJ) A1
(b)(ii) | kinetic energy (of recoil) of lead (nucleus) B1
energy of y-ray photon B1
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11 - (9702/42_Summer_2019_Q12) - Particle & Nuclear Physics

(a) energy required to separate the nucleons (in a nucleus) M1
to infinity A1
or
energy released when nucleons come together (to form nucleus) (Mm1)
from infinity (A1)

(b) mass defect = 140.911 — (57 » 1.007) - (84 = 1.009) Cc1

=140911 - 142155 c1
=(=)1.244 (u)
energy = c*(A)m c1
=(3.00 x 10%)% « 1.244 « 1.66 « 107 A1
=19x10"%)

(e} | A=Ae" and In2= ity c1
0.40 = exp{—in 2 » $/3.9) c1
or
(0.5)"=0.40 (C1)
n=132 and t=132x39 (€1)
t=52 hours Al

(c)ii) | daughter product may be radioactive or random nature of decay B1

12 - (9702/41_Winter_2019_Q12) - Particle & Nuclear Physics
(a) E=(3.0x10°2x1.66x107 (=149x 10" )) M1
=(1.49 % 1019/ (1.60 » 10-'%) = 9.34 » 10° = 934 MeV A1
or
binding energy =8.443 « 85 [or equivalent using La-139 nucleus] (M1)
binding energy / mass defect = (8.443 x 95)/0.859 = 934 MeV (A1)

(b){i) | binding energy = 1.865 x 934 (=1741.91 MeV) c1
binding energy per nucleon =1741.91/235 A1l

=7.41(MeV)

(b)) | less (than) B1

(c) energy = {(1.219 + 0.859) - 1.865)} « 834 c1
:;erqy =(95x8.443) + (139 < 8.189) - (235« 7.412)

=169 MeV A1

(d) | number of reactions =1.2x 10~ x6.02 » 102 c1
=7.22x10%

energy release (for one reaction) =199 x1.60x 107" (=3.18x 10" J) c1

power =(7.22 10" x 3,18 % 10-"")/(25 x 10-%) A1

=92x10°W .
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13 = (9702/42_Winter_2019_Q12) - Particle & Nuclear Physics

(a)(i) | (decay is) unpredictable/cannot be predicted B1
(a)(ii) | probability of decay (of a nucleus) M1
per unit time A1
(b) A=iN c1
{for 1.00m*%) A=0.600/4.80= 10 (=125Bq) Cc1
N'=125/([7.55 « 109)/ 3600) (=5.96 x 107) c1
so ratio =(2.52 » 10%5)/(5.96 » 107) c1
or
(for 4.80 x 107 m?) Nfor air=2.52 x 10 < 480 x 107 (=1.21 2 10%) {C1)
N for radon = 0.600/([7.55 = 10-%]/ 3600) (=2.86 x 10%) (C1)
so ratio = (1.21 x 10%)/ (2.86 = 10°) (C1)
ratio=42-10'7 A1
14 - (9702/41_Summer_2020_Q12) - Particle & Nuclear Physics
(a)(i) | time at which a nucleus will decay cannot be predicted B1
g;nstant probability of decay of a nucleus
(a)(ii) | decay (of a nucleus) not affected by environmental factors B1
®) |A=Awe" and i=in2/ty c1
=36x 105 xexp [<{2 xIn2)/14] c1
or
A=Ay x05Y (c1)
=36x105x05Vwhere N=2/14 (C1)
A =13x10°Bq A1
(€)(1) | smooth curve, starting at (0, 3.6 x 10°) and passing through (1.4, 1.8 x 10%) and (2.0, 1.3 x 10%) B1
{c)(ii) | (activity of sample is greater than activity of X so) there must be an additional source of activity c1
the decay preduct (of isotope X) is radicactive Al
15 = (9702/42_Summer_2020_Q12) - Particle & Nuclear Physics
(a) difference between mass of nucleus and mass of (constituent) nucleons M1
where nucleons are separated to infinity A1l
{b)(i) | E =mc? c1
= 1.66 x 107 x (3.00 x 10%)2/(1.60 x 10°'%) = 934 MeV A1
{b)(ii) | mass defect= 2 x (1,.007276 + 1.008665) — 4001506 B1
(= 0.030376)
binding energy per nucleon = (0.030376 x 934)/4 = 7.08 MeV A1
(c) binding energy per nucleon is much greater M1
s0 would require a large amount of energy to separate the nucleons in helium A1
or
amount of energy released in forming hydrogen isotopes / (M1)
is less than energy required to break apart helium nucleus “ fA:lL
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A-level Cambridge PHYSICS -P4

CH26 - PARTICLE & NUCLEAR

PHYSICS

16 = (9702/41_Winter_2020_Q12) - Particle & Nuclear Physics

(a)(1) | unstable nudeus B1
emits ionising radiation or decays spontaneously B1
(a)(il) | probability of decay (of a nucleus) M1
per unit time A1
by |A=aN Cc1
880=99x107"xN A1
N=57x100
(c) A=Age” c1
170 =560 exp(-9.9 x 107 x 1)
t=12x10%s c1
= 14 days A1
17 = (9702/42_Winter_2020_Q12) - Particle & Nuclear Physics
(a)i) | energy required to separate nucieons (of nucleus) M
to infinity A1l
{a)(ii) | a (single) large nucleus divides to form (smaller) nuclei B1
any one point from: B1
* initiated by neutron bembardment
« resulting nuclei are of similar size
* binding energy per nucleon increases
« lotal binding energy increases
* neutrons released
« combined mass of smaller nuclei is less than mass of large nucleus
(b) binding energy per nucleon is a maximum at around A = 56 B1
products of splitting a *Fe nucleus must have a lower total binding energy B1
(reaction would require) a net input of energy B1
18 = (9702/41_Summer_2021_Q6) - Electric Fields, Quantum Physics, Particle & Nuclear Physics
(a) fromx=0tox=r-E=0 B1
from x = rto x = 3r; curve with negative gradient of dacreasing magnitude passing through (r, £o) B1
line passing through (2r, Eu/4) and (3r, E2/9) B1
(b) from p= py /2 to p = py: curve with negative gradient of decreasing magnitude passing through (po, 4o) B1
line passing through (¥pa, 240) B1
(c) from t= 0 to t = 45 s; curve with positive gradient of decreasing magnitude starting at (0, 0) B1
line passing through (15, %Ng) B1
line passing through (30, 0.75N0) and (45, 0.88No) B1
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PHYSICS

19 - (9702/41_Winter_2021_Q12) - Particle & Nuclear Physics

(a) probability of decay (of a nucleus) M1
per unit ime A1l
(b} A= AN c1
N = mass / (nucleon number x u) Cc1
292 x 10" = (4 x 5.87 x 1077) /(131 x 1,86 x 10*7) A1
A=108x10%s"
(c) « sample emits radiation in all directions B2
« some radiation is absorbed by air/detector window
« self-absorption within the source
« dead time/inefficiency of detector
Any two points, 1 mark each

20 - (9702/42_Winter_2021_Q12) - Particle & Nuclear Physics

(a)(i) | cannot predict when a particular nucleus will decay B1
:;nnot predict which nucleus will decay next
(a)(i) | (decay is) not affected by extemal (environmental) factors B1
(b)i) |A=Asexp(~-if)andsolnA=In Ay~ At c1
gradient of line = ()4
A =(384-350)/(20-0) Cc1
{=0.07(0) min-")
half-life =In2/4 A1
=In2/0.070
= 10 min
or
A = exp (-36.4) = 6,43 x 10" (Bq) (C1)
A /2=321x10% (Bq),soln (A /2) =357 (C1)
read off half-life = 10 min (A1)
or
(at one half-life ) In A =384 —1In2 (C1)
=357 (C1)
read off half-life = 10 min (A1)
(b)) |A=AN c1
N = mass / (nucleon number x u) c1
:lr= (mass / nucleon number) x Na
exp(36.4) = (1.17 x 102 x 5.66 x 10-7) / (nucieon number x 1,66 x 10") A1l
:;p(36.4) =(1.17 x 102 x 5,86 » 10~ x 6,02 x 10°) / nucleon number
nucleon number = 62

9
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A-Level Cambridge PHYSICS -P4

CH26 - PARTICLE & NUCLEAR

PHYSICS

21 - (9702/41_Summer_2022_Q8) - Particle & Nuclear Physics

(a)(i) | energy required to separate the nucleons (in the nucleus) M1
to infinity A1
(a)(ii) | curve starting close to the origin and forming a single peak B1
peak shown to left of centre, with steep line on LHS of peak and shallow line on RHS of peak B1
(b)(i) | fusion B1
(b)(ii) | both particles have low A values B1

&rnh particles are at left-hand end of graph
He-3 has higher binding energy (per nucleon) than H-2 B1
(c) Am  =[(2 x 2.014102) - (3.016029 + 1.008665)]u Cc1

(=0.00351u)
E = Aame? c1
=0.00351 « 1.66 x 1027 » (3.00 » 10%)2 c1
(=524 «1013))
1.00 mol of deuterium forms 0.500 mol of helium-3 c1
total energy = 0.500 « 6.02 x 10%* x 524 « 10-7 A1l
=158 «10"J
22 = (9702/42_Summer_2022_Q10) - Particle & Nuclear Physics

(a) spontaneous emission of (ionising) radiation B1
emission from unstable nucleus B1
(bHi) | curve with decreasing negative gradient passing through (0, No) B1
curve passing through (T, 0.5Ng) B1
curve passing through (2T, 0.25Mg) and (3T, 0.125N;) B1
(b){ii) | line through origin with positive gradient B1
straight line passing through (No. Ao) B1
(c)(i} | activity B1
(e)ii) | decay constant B1
(d) |N=Noexp(-In2x170T/IT) c1
NiN;=0.31 Al
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A-Level Cambridge PHYSICS -P4

CH26 - PARTICLE & NUCLEAR

PHYSICS

23 = (9702/41_Winter_2022_Q10) - Particle & Nuclear Physics

(a)(i) | cannet predict when a (particular) nucleus will decay B1
g;nnot predict which nucleus will decay next
{a)(ii) | not affected by external / environmental factors B1
(b)(i} | line fluctuates B1
or
trend is a straight line
(b)(ii) | straight line of best fit drawn on Fig. 10.1 B1
(D)) | M= My exp (=Af) B1
s0 In M = In My - At so gradient = -4 (and magnitude of gradient = A)
(b)(iv) | gradient = (-} (8.0 —4.8)/(11.6 — 0) (altow any correct pair of values from Fig. 10.1) c1
A=028s" A1
(b)(v) | half-life =0.693/4 A1
=06983/0.28
=25s
{c) {for reaction to occur,) energy is released B1
energy release comes from fall in mass so total mass of products must be less (than mass of carbon-15) B1
24 - (9702/41_Summer_2023_Q9) - Particle & Nuclear Physics
(a) time for activity (of sampie) to halve B1
(b) sketch: line with positive gradient starting at (0,0) and extending to ! = 80 min B1
exponential curve, extending from ¢ = 0 to f = 80 min, with gradient of steadily decreasing magnitude B1
line passing through (0,0). (20. 0.5Ny) and (40, 0.75 No) B1
{CcKi) every (undecayed) nucleus has the same probability of decay M1
fewer (undecayed) nuclel remaining (with time), so fewer will decay (in a given time interval) Al
©)(in |« sample emits in all directions but detector only captures emissions in one direction B2
* some emissions are absorbed before reaching detector
* some emissions are scattered within the sample
« simultaneous arrival of multiple particles only registers once
= some particles may reach detector but not cause ionisation
Any twa points, 1 mark each
measured count rate is less than the activity B1
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A-Level Cambridge PHYSICS -P4

CH26 - PARTICLE & NUCLEAR

PHYSICS

25 = (9702/42_Summer_2023_Q9) - Particle & Nuclear Physics

(a) difference between mass of nucleus and (total) mass of nucieons M1
when infinitely separated A1l
(b)) | neutron B1
(b)i) |E=ame c1
Am = (0.030377 - 0.002388 — 0.009105)u c1
(=0.018884u)

energy release = (0.030377 — 0.002388 — 0.009105) x 1.68 x 1027 » (3.00 « 108 = 2.8 x 10-'2) A1
{c)i) number of atoms per unit time = (1.4 x 10%) /(2.8 « 10-%) Cc1

(=50« 10%s")
mass of one atom =4 « 166 » 107 or (4 » 10)/(6.02 « 10%) c1

(=664 10°7kg)
mass per unit time = 86,64 « 10?7 « 50 « 10® Al
=33 10"kgs

)iy | L=4dnorPT* c1

1.4 x 10% = 4x x 567 « 102 x (2.3 x 1092 x T
T=7800K A1

26 = (9702/41_Winter_2023_Q9) - Particle & Nuclear Physics
(a) {two small) nuclei join together M1
to form one larger nucleus Al
(b) line with a peak at A = 58 B1
line with steep initial positive gradient on the left of peak and shallower negative gradient at all points to the right of peak B1
and line does not return to 0 binding energy
I(510] X shown at value of A to the right of the peak B1
(c)() | Y shown at value of A close to 1 B1
(d) energy from 1 nucleus = (1,77 x 10"}/ (8.02 x 10*) c1
(=294 x10°''))
binding energy of Z = [(1.25 + 1.81) x 10""] -2.94 « 10" c1
(=277 < 10-°))
nucleon number of Z=83 + 139+ 2 -1 Cc1
(=233
binding energy per nucleon =(2.77 x 107"%) /(233 x 1.60 x 10-3) Al
=7.43MeV
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A-Level Cambridge PHYSICS -P4

CH26 - PARTICLE & NUCLEAR

PHYSICS

27 = (9702/42_Winter_2023_Q9) - Particle & Nuclear Physics

(a)in material introduced into the body B1
(a:o‘:;mon in body) can be detected or absorbed by the tissue (being studied)
(a)(m) X=[ore'and P=1 B1
Q=0 and R=18 B1
(b)(1) | positrons (emitted in the decay) and electrons annihilate B1
mass of particles becomes energy of gamma photons B1
(b){n) | arrival imes of photons are processed B1
image built up of tracer concentration in the tissue B1
ey |A=AN and i=In2/T C1
N=nxNa Cc1
2 photons produced from each decay, 0 Ro=2 x A x 1 x Na A1
Ro=(2In2) nNa!/ T (allow 0.693 forin 2)
(c)(ii) |sketch: exponential decay curve from =010t = 2T, starting at (0, Ro) and with a negative gradient of continuously B1
decreasing magnitude
line with negative gradient passing through (T, Ro/2) and (2T, Ro/4) B1

9

2017 -2023 839




A-evel Cambridge PHYSICS -P4 CH27 - MEDICAL IMAGING

1 - (9702/41_Winter_2020_Q10) - Medical Imaging

(a) X-rays are used B1
section (of object) is scanned B1
scans/images taken at many angles/directions B1
or

images of each section are 2-dimensional

(images of (many)) sections are combined B1

(to give) 3-dimensional image of (whole) structure B1
(b) K=6 B3

L=7

M=2

N=9

3 marks: all four correct
2 marks: three correct and one incorrect or all correct with two numbers transposed
1 mark: two correct and two incorrect

2 = (9702/41_Summer_2021_Q4) - Medical Imaging

{ultrasound) pulse B1
reflected at boundaries B1
gel is used to minimise reflection at skin B1
or

generated gnd detected by quartz crystal

time delay between generation and detection gives information about depth B1

intensity (of reflected wave) gives information about nature of boundary B1

3 - (9702/42_Summer_2021_Q11) - Medical Imaging

(a) to produce a 3-dimensional image of structure/body B1

(b) X-rays (are used) B1
scanning in sections B1
scanning from many angles B1
image of each section is 2-dimensional B1
scanning repeated for many sections B1
i‘:rr\ages of many sections combined together

4 - (9702/41_Winter_2021_Q11) - Medical Imaging

{a)(i) | ease with which edges can be distinguished B1
{a)(ii) | difference in degrees of blackening B1
(b) I =TIy exp (—ux) c1
0.12 = exp (-1 x 2.3) C1
IN012=-23xu
4=092cm! A1l
(c) advantage: produces 3-dimensional image B1
disadvantage: (much) greater exposure to radiation B1
==
v o
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A-evel Cambridge PHYSICS -P4 CH27 - MEDICAL IMAGING

5 = (9702/42_Winter_2021_Q11) - Medical Imaging

(a) generates ulirasound B1
detects reflected ultrasound B1
applied p.d. causes crystal to vibrate B1
or

vibrations cause crystal to generate an e.m.f.

(b)(i) | product of density and speed M1
speed of ultrasound in medium A1l
(b)(ii) | difference between (the specific acoustic impedances) Cc1
« if similar/same then reflection coefficient is zero/very low A1l

o if very different then reflection coefficient is (nearly) 1
« the lower the difference means lower the reflection coefficient
(any one paint)

6 - (9702/41_Summer_2022_Q9) - Medical Imaging

(a)i) electrons are accelerated (by an applied p.d.) B1
electrons hit target B1
X-rays produced when electrons decelerate B1
(a)(ii) | images of the muitiple sections are combined to create a 3-D image B1
(b)) |1 =1Ipexp (~ux) c1
= Iy exp (- 0.89 x 5.6) Al

=0.0088 I
(b)) [I =Toexp(-24 x34) «exp(-089x32) c1
=17x10%1, Al
(c) comparison of intensities or values in (b) leading to conclusion consistent with these values B1

7 = (9702/42_Winter_2022_Q10) - Medical Imaging

(ali) | introduction of tracer (into the body) M1
containing a - emitter A1l
(a)(ii) | positron interacts with electron B1
(pair) annihilation occurs B1
mass of particles converted into gamma photons B1
(b) (annihilation of electron and positron) produces two photons B1
E = (Ayme? B1
E=hf and f=c/ 4 B1
or
E=hciA
A= {[2x]6.63 « 10 « 3.00 « 108/ {[2] 9.11 » 10" « (3.00 10} B1
= 2.4(3) « 10" m or 2.4(3) pm (full substitution and answer with unit needed)

9
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A-evel Cambridge PHYSICS -P4 CH27 - MEDICAL IMAGING

8 = (9702/42_Summer_2023_Q10) - Medical Imaging

(a)(i) | electrons B1
(a)(i) | electrons are decelerated / stopped on impact with the target B1
(kinetic) energy lost by electrons emitted as (X-ray) photons B1
(a)(iil) |eV=hc/2a c1
A ={6.63 x 109 « 3.00 x 10%)/(1.60 x 10-'* x 5800) c1
=214 x10"m Al
(b) I= Iy exp (~ux) c1
I/ = exp (—(1.4 « 2.8)) c1
=0.020

% absorbed = (1.000 —0.0198) x 100 A1

= 98%

Q =~ (9702/43_Summer_2023_Q8) - Medical Imaging

(a)(n) specific acoustic impedance = 1200 « 1400 = 168 » 10°kgm—= &' A1
(a)ii) density of air shown in table as 1.29 A1

speed of sound in tissue shown in table as 1540 A1l
(b)(i) | intensity refiection coefficient = (Z; — Z:)2/ (Z1 + Z2)? c1

= (1680000 — 440)? / (1680000 + 440)°

= 0998 s A

(b)(ii) | intensity refiection coefficient = (Zy - Zz)?/(Z) + Z2Y SELUAY
= (1680000 — 1680000)? / (1680000 + 1680000)° e

=0
(c) without ge!, (almost) all of the (incident) ultrasound is reflected (from skin) 5 B1
with gel, (aimost) all of the (incident) ultrasound is transmitted (into the body) G : 81

10 - (9702/41_Winter_2023_Q10) - Medical Imaging

(a) ultrasound production: vibrating quartz crystal B1
X-ray production: electrons hitting metal target B1
ultrasound detected wave:  reflected B1
X-ray detected wave: transmitted B1

(b)(i) | I=Toexp(—ux) c1
In{0.72) = 6.2u A1
#=0053cm™!

(o)(ily | I/I; =exp(~9.3 » 0.053) c1

(=0861)
percentage attenuated = 100 « (1.00-0.61) Al
=39%
==
v o
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A-Level Cambridge PHYSICS -P4 CH28 - ASTRONOMY & COSMOLOGY

1 = (9702/42_Summer_2022_Q9) - Astronomy & Cosmology

(axi) speed is (directly) propertional to distance M1
where speed is speed of recession of galaxy (from observer) and distance is distance of galaxy away from observer A1l

(@)(i) | wavelengths (of spectral lines) are greater (than their known values) B1
redshift shows stars (in distant galaxies) moving away from Earth B1

(b) (all) parts of Universe moving away from each other B1
more distant objects are moving away faster B1

matter must have been close together / very dense in the past B1

2 = (9702/41_Summer_2022_Q10) - Astronomy & Cosmology

(a) wavelength of maximum intensity is inversely proportional to {thermodynamic) temperature B1
(B)(i) | Amax =050 umfor A and 0.85 um for B c1
T =5800 x (0.50/0.65) A1
= 4500 K

(b)(ii) | {star B has) greater peak / average waveilength B1
(star B looks) redder B1
(c)(i) | apparent wavelength is greater B1

:/ravelengm is greater than known value
(due to) movement of star away (from cbserver) B1
{c)ii) | by examining the (lines in the) spectrum (of light from the star) B1
and comparing with known spectrum B1

3 - (9702/41_Winter_2022_Q9) - Astronomy & Cosmology

(a) total power of radiation emitted (by the star) B1
(b)) | F=L/(4rd?) Cc1
=986 « 107 /[4n « (8.14 x 10"%)) A1l

=1.18 x 107 Wm=

(b)ii) | L=drarrm c1
986« 10°"=4 « nt » 567 « 10 « r? « 9830*

radius = 1.22 « 10°m Al
(c) wavelength of peak intensity determined (from spectrum of star) B1
wavelength of peak intensity from object of known temperature determined B1
Wien's displacement law used B1

or
wavelength of peak intensity inversely propaortional to temperature
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A-Level Cambridge PHYSICS -P4

CH28 - ASTRONOMY & COSMOLOGY

4 = (9702/41_Summer_2023_Q10) - Astronomy & Cosmology

(a) speed is (directly) proportional to distance M1
speed is speed of recession of galaxy from an observer, and distance is the distance of the galaxy from the observer A1
(b) F =L/(4=c®) c1
= (3.8 x 10%")/ [4x « (1.8 x 10%)?) A1

=83 x 10" Wm=2
(c)(i) | galaxy is moving away (from the Earth) B1
wavelength (of light from the galaxy) increased by the Doppler effect/due to redshift B1
(e)(iy |aziz=vic Cc1

v = [(492 — 486) « 3.00 « 10°]/486

(v=37x10°ms™")

Hy =vid c1
=(37 » 10°) /(1.8 x 10%) A1
=21x10"%s!

5 = (9702/41_Winter_2023_Q3) - Ideal Gases, Astronomy & Cosmology
(a)() N; number of molecules (of the gas) B1
m mass of cne molecule (of the gas) B1
<c®>: mean square speed (of molecules) B1
(ayn) | pV=NkT M1
NKT = YaNm<c®> and Ex = %m<c*> |leading to Ex = (3/2) kT A1
(b) Ve x 3.34 x 107 x 9300° = (3/2) x 1.38 x 1072« T c1
T=86980K A1
{eli) |L=Fxdand c1
L =252 x 107 x 4n x (4.16 x 10")2 A1
=548 « 10°W

(e)i) | L = 4xcrPT* c1

548 x 107 = 4n x 567 » 10 « F « 6980*
r=569 x 10°m Al
(d) (very high pressure so) molecules are (very) close together (not just ‘nearer’) B1
forces between molecules are not negligible B1

%Iume of molecules not negligible compared with gas volume
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A-Level Cambridge PHYSICS -P4 CH28 - ASTRONOMY & COSMOLOGY

6 = (9702/42_Winter_2023_Q10) - Astronomy & Cosmology

(a) temperature inversely proportional to wavelength M1
temperature is thermodynamic temperature of surface, and wavelength is the wavelength at which maximum emission rate Al
occurs

(b)(i) | (astronomical) object of known luminosity B1
(b)}(i) | star/galaxy is moving away from the student B1
(b)(iii) | one tick placed in correct column in each row:; B1
wavelength: too high
surface temperature: too low B1
distance: unchanged B1
radius: too high B1
==
v
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