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4

Answer all the questions in the spaces provided.

1 (a) With reference to velocity and acceleration, describe uniform circular motion.
............................................................................................................................................. [2]
(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 ine——m8
Fig. 1.1 (not to scale)
The radius of path X is 318 m. 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 94ms1.
Calculate F.
F oo N [2]
© UCLES 2021
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(ii) Both cars move around the track. Each car has the maximum speed at which it can

© UCLES 2021

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

9702/41/0/N/21

[3]

[Total: 7]
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2 (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 102*kg and the mass of the Moon is 7.35 x 10%2kg.
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 .
X . E
-------------------------------------
P
Earth E Moon M
mass 5.98 x 10%*kg 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 108 m.

[2]

© UCLES 2021 9702/41/0/N/21
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(iii) Calculate the gravitational potential ¢ at point P.

[Total: 9]
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3 (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.

[2]

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

(c) The gas in (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.

© UCLES 2021 9702/41/0/N/21
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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

[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).

[Total: 13]
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4 Atrolley 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
. i . pring
 trolley
X —\(IIII ||:||)}— Y
N R N A N /
1 \\ // |
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 t of the distance L of the trolley from block X is shown in Fig. 4.2.

30
L/cm
25
\ | I Y | I Y I \ A\
\ [ AR\ A /T
/ \
\
0L i R B ) L B
\ I \ I \ I
L/
\ ]
1] \ ] \ ] \
\ I \ I \ I
15
10
0 4 8 12 16 20 24
t/s
Fig. 4.2
(a) Use Fig. 4.2 to determine:
(i) the initial amplitude of the oscillations
amplitude = ... cm [1]

© UCLES 2021 9702/41/0/N/21
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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 ¢ = 24 s. No calculations are required.

(c) On Fig. 4.3, sketch the variation with L of the velocity v of the trolley for its first complete
oscillation.

10

1

vicms

-10

Fig. 4.3
(3]

[Total: 11]
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5 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.

input ADC
signal

transmission line

DAC

receiver

Fig. 5.1

(a) State two advantages of converting the signal into digital form for transmission.

[2]
(b) The variation with time of the potential difference (p.d.) of the input signal is shown in Fig. 5.2.
8
p.d./mV
N
6 N
/ N
/ \ / \\
\
N
/V /V
/
4 /
2
BpTa
0
0 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 4 ms and time 8 ms.

AMS: oo

© UCLES 2021
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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

0 2 4 6 8 10 12
time/ms

Fig. 5.3

On Fig. 5.3, complete the line to show the received signal for time 0 to time 12ms.  [2]

© UCLES 2021 9702/41/0/N/21
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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 0 to time 12ms.

8

p.d./mV

0 2 4 6 8 10 12
time/ms

Fig. 5.4
[3]

[Total: 8]
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6 (a) A capacitor consists of two parallel metal plates, separated by air, at a variable distance x

(b)

apart, as shown in Fig. 6.1. The capacitance C is inversely proportional to x.

.\Nmetal 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 = E = e [1]
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.

new position

O

original position

-

B T R

Fig. 6.2
State expressions, in terms of C, V, L and D, for:

(i) the new capacitance C,

© UCLES 2021 9702/41/0/N/21
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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.

[Total: 5]
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7 (a) State two properties of an ideal operational amplifier (op-amp).

e ettt ettt eeeeeeeeeeeeeeeeeeeeeeeeaaaeaeeeteeeeeeeeaaanatteeeeeeeeeaanntteteeeeeeeaaannnateeeeeeeaaannnrrraaaaaaann
2 e e eeee e eeeeeeeeeeeeeeatteeeeeeeee e e aa——eeeeeeeeeaaanaeeeeeteeeeeaaannneeereeaeeeaaannaaareeaeeeann
[2]
(b) Fig. 7.1 shows a circuit that includes an ideal op-amp and two identical resistors R.
o ’ > o +5V
Vi R
L
N
Ve
% :
X R : :
o : : o-5V
Fig. 7.1
State the names of components X and Y.
X Y e [1]
(c) (i) Explain why the op-amp in Fig. 7.1 has only two possible output states.
..................................................................................................................................... [2]
(ii) State the name of the type of op-amp circuit in which the op-amp behaves as in (c)(i).
..................................................................................................................................... [1]

© UCLES 2021 9702/41/0/N/21
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(iii) Describe the environmental condition under which the lamp L in Fig. 7.1 will light.

[Total: 9]
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8 (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
ig newton meter

insulating thread

8.0cm

frame
/

Q

; 6.0cm :

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.

© UCLES 2021 9702/41/0/N/21
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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.

[Total: 6]
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9 (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

20

Fig. 9.1
[3]

© UCLES 2021 9702/41/0/N/21
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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.

[Total: 9]
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10 (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 = ... m [2]

[Total: 9]

© UCLES 2021 9702/41/0/N/21
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(a)

(b)

(c)

25
State, for an X-ray image, what is meant by:
(i) sharpness

A parallel X-ray beam passes through a thickness of 2.3 cm 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 u of the soft body tissue. Give a unit
with your answer.

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.

= 0 1Y 2= o] =T TSP

[Total: 7]
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12 (a) Define radioactive decay constant.

............................................................................................................................................. 2]
(b) A sample of radioactive iodine-131 (1311I) of mass 5.87 x 10~9kg has an activity of
2.92 x 109Bq.
Determine the decay constant of iodine-131.
decay constant = ..o s~ [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.

RPN
2 e e eeee e e eeee—eeeeeeeeeeeesteeeeeeeeeaaaassteeteeeeeeaaaaat—teeeaaeeeeaaanrreeaeeeeeeaaanrrreeeeeeeaaans
[2]
[Total: 7]
© UCLES 2021
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4

Answer all the questions in the spaces provided.

1 (a) State whatis 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

toy car
mass 230g

track

Fig. 1.1

The mass of the car is 230g 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 9.8 ms=2.

© UCLES 2021 9702/42/0/N/21
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(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 (¢) would be
different for a car of mass 460g moving with the same initial speed.

[Total: 8]
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2 (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.

D

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.

A
]
=
0T 2R D-R ]~
T \\
//
\
\
\
/
/
/
i
|
i
Fig. 2.2

© UCLES 2021 9702/42/0/N/21



7

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

(ii)

(iii)

© UCLES 2021

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

One of the features of Fig. 2.2 is that ¢ is negative throughout.

Describe two other features of Fig. 2.2.

L ettt e e e e e e eeeeeeet—eeeeeeteeeeeaateeeeeatteeeeaasteeeeeaasteeeeeaareeeeaabaeeeeaaareeeeeanreaeeans

2 e eeee e e Eeeeeeeaeeeeeaat——eeeaasteeeeeateeeeeaatteeeeaasteeeeaanaeeeeaanteeeeeaanreeeeeanaeeeeannnnes
[2]

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

A

Fig. 2.3
[3]

[Total: 10]
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3 (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.
LS PSSR
2 et eeeeteeeeateee e teeeaateee ettt easeeeeanteeeaaeeeeaneeeaaneeeeanteeeasteeeaneeeaanteeaneeas
[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.

molecule L
\ﬂ»
------ -
Fig. 3.1

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

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

change in momentum = ..., [1]

(ii) the time between consecutive collisions of the molecule with the shaded face

© UCLES 2021 9702/42/0/N/21
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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.
PrESSUME = iiiiiiiieseeeeeeeeeitiae e e e e e e e eeeeannn e e e eeeaeeees [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 (02>, it can be shown that

pV = %Nm(c2>
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

_3
EK—EkT

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 10727 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.

FM.S. SPEEA = ..o ms~! [2]

[Total: 11]
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4 Atrolley on a smooth surface is attached by springs to fixed blocks as shown in Fig. 4.1.

springs
trolley
—\(I:II:II:I)}— —\(IIIII:I)}—
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.

T17770.8

/V

o

l,
>
~~
(@]
3
|
[

/V

-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.

© UCLES 2021 9702/42/0/N/21
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(b) Use Fig. 4.2 to determine the period T of the oscillations of the trolley.

(c) (i)

(i)

© UCLES 2021

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]

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]

[Total: 7]
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5 (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.

= o V2= o1 =T [ SR

(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 100 kHz.

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.

bandwidth = ... kHz [1]

[Total: 8]
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6 (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= 4:rcsor

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.

[Total: 7]
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(c)

14
An operational amplifier (op-amp) has two input terminals and one output terminal.

State what is meant by the gain of an op-amp.

LRSI
PO SP PSPPSR
[2]
Fig. 7.1 shows an op-amp circuit that uses negative feedback.
1.2kQ
+8.0V
480Q
no—1— >
O Vour
>y
-8.0V
Ovo ® o0V
Fig. 7.1
(i) State the name of the type of circuit shown in Fig. 7.1.
..................................................................................................................................... [1]
(ii) On Fig. 7.1, label with the letter X a point in the circuit that is considered to be a virtual
earth. [1]

© UCLES 2021 9702/42/0/N/21
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(iii) Calculate the gain of the circuit in Fig. 7.1.

(iv) Determine the value of V| when V ;is +6.5V.

(v) Determine the value of Vy ;; when V| is —=5.4V.

© UCLES 2021 9702/42/0/N/21

[Total: 10]

[Turn over



16

8 Two long straight parallel wires P and Q carry currents into the plane of the paper, as shown in
Fig. 8.1.

P Q
X X

current current 21

Fig. 8.1
The current in P is I and the currentin Q is 21.

(@) (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]

(ii) 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.

wire Q.

[Total: 5]

© UCLES 2021 9702/42/0/N/21



17

9 (a) State whatis 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.

(iii) Calculate the work function energy, in eV, of calcium.

work function energy = ... eV [2]

[Total: 9]

© UCLES 2021 9702/42/0/N/21 [Turn over



18

10 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

{ o—

<
z

VOUT

AN A OO

;

Fig. 10.1
The output potential difference (p.d.) V1 is applied to a load resistor of resistance 640 Q.

(@) (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 40 ms.

(i) Calculate the maximum value of V.

MaXiMUM Vg i1 = oo V [1]

© UCLES 2021 9702/42/0/N/21
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(ii) Calculate the root-mean-square (r.m.s.) current in the load resistor.

FM.S. CUMTENt = ... A [1]

(iii) On Fig. 10.2, sketch the variation with time ¢ of the power P dissipated in the load resistor
for time t = 0 to t = 40ms. Assume that P = 0 when t = 0.

200
PIW
100
0
0 10 20 30 40
t/msi{]
-100
-200
Fig. 10.2
[3]
(c) Explain, with reference to Fig.10.2, why the mean power in the load resistor is 70 W.
............................................................................................................................................. [2]

[Total: 10]
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11 (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.

[Total: 7]
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12 (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.

36.6
In(A/Bq)
\\
36.2 N
™\
\\\
35.8 .
\\\‘\
\\
354 S
N
\\
\\‘\
35.0
0 5 10 15 20 25
t/min
Fig. 12.1

© UCLES 2021 9702/42/0/N/21
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(i) Use Fig. 12.1 to determine the half-life, in minutes, of nuclide X.

half-life = ... min [3]
(ii) Attime t=0, the mass of the atoms of X in the sample is 5.66 x 10~"kg.

Determine the nucleon number of X.

nUClEON NUMDbBEr = ... [3]

[Total: 8]
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Data
speed of light in free space ¢ =3.00 x 108ms™
permeability of free space Ug =4 x 107"Hm™
permittivity of free space &, =8.85x 10712Fm™"
( 4;.1;50 = 8.99 x 10°mF-1)
elementary charge e=160x10719C
the Planck constant h =6.63x107%*Js
unified atomic mass unit 1u =1.66 x 1072"kg
rest mass of electron m, =9.11 x 1073kg
rest mass of proton m, = 1.67 x 1072"kg
molar gas constant R =8.31JK "mol™’
the Avogadro constant N, =6.02 x 1023mol™"’
the Boltzmann constant k =1.38x1072JK™!
gravitational constant G =6.67 x 107""Nm?kg2
acceleration of free fall g =9.81ms™
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Formulae

uniformly accelerated motion

work done on/by a gas
gravitational potential
hydrostatic pressure
pressure of an ideal gas
simple harmonic motion

velocity of particle in s.h.m.

Doppler effect

electric potential

capacitors in series
capacitors in parallel
energy of charged capacitor
electric current

resistors in series

resistors in parallel

Hall voltage

alternating current/voltage

radioactive decay

decay constant
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4

Answer all the questions in the spaces provided.

1 (a) With reference to velocity and acceleration, describe uniform circular motion.
............................................................................................................................................. [2]
(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 ine——m8
Fig. 1.1 (not to scale)
The radius of path X is 318 m. 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 94ms1.
Calculate F.
F oo N [2]
© UCLES 2021
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(ii) Both cars move around the track. Each car has the maximum speed at which it can

© UCLES 2021

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

9702/43/0/N/21

[3]

[Total: 7]
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2 (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 102*kg and the mass of the Moon is 7.35 x 10%2kg.
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 .
X . E
-------------------------------------
P
Earth E Moon M
mass 5.98 x 10%*kg 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 108 m.

[2]

© UCLES 2021 9702/43/0/N/21
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(iii) Calculate the gravitational potential ¢ at point P.

[Total: 9]
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3 (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.

[2]

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

(c) The gas in (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.

© UCLES 2021 9702/43/0/N/21
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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

[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).

[Total: 13]
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4 Atrolley 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
. i . pring
 trolley
X —\(IIII ||:||)}— Y
N R N A N /
1 \\ // |
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 t of the distance L of the trolley from block X is shown in Fig. 4.2.

30
L/cm
25
\ | I Y | I Y I \ A\
\ [ AR\ A /T
/ \
\
0L i R B ) L B
\ I \ I \ I
L/
\ ]
1] \ ] \ ] \
\ I \ I \ I
15
10
0 4 8 12 16 20 24
t/s
Fig. 4.2
(a) Use Fig. 4.2 to determine:
(i) the initial amplitude of the oscillations
amplitude = ... cm [1]

© UCLES 2021 9702/43/0/N/21
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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 ¢ = 24 s. No calculations are required.

(c) On Fig. 4.3, sketch the variation with L of the velocity v of the trolley for its first complete
oscillation.

10

1

vicms

-10

Fig. 4.3
(3]

[Total: 11]
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5 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.

input ADC
signal

transmission line

DAC

receiver

Fig. 5.1

(a) State two advantages of converting the signal into digital form for transmission.

[2]
(b) The variation with time of the potential difference (p.d.) of the input signal is shown in Fig. 5.2.
8
p.d./mV
N
6 N
/ N
/ \ / \\
\
N
/V /V
/
4 /
2
BpTa
0
0 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 4 ms and time 8 ms.

AMS: oo

© UCLES 2021

9702/43/0/N/21
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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

0 2 4 6 8 10 12
time/ms

Fig. 5.3

On Fig. 5.3, complete the line to show the received signal for time 0 to time 12ms.  [2]

© UCLES 2021 9702/43/0/N/21
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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 0 to time 12ms.

8

p.d./mV

0 2 4 6 8 10 12
time/ms

Fig. 5.4
[3]

[Total: 8]
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6 (a) A capacitor consists of two parallel metal plates, separated by air, at a variable distance x

(b)

apart, as shown in Fig. 6.1. The capacitance C is inversely proportional to x.

.\Nmetal 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 = E = e [1]
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.

new position

O

original position

-

B T R

Fig. 6.2
State expressions, in terms of C, V, L and D, for:

(i) the new capacitance C,

© UCLES 2021 9702/43/0/N/21
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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.

[Total: 5]
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7 (a) State two properties of an ideal operational amplifier (op-amp).

e ettt ettt eeeeeeeeeeeeeeeeeeeeeeeeaaaeaeeeteeeeeeeeaaanatteeeeeeeeeaanntteteeeeeeeaaannnateeeeeeeaaannnrrraaaaaaann
2 e e eeee e eeeeeeeeeeeeeeatteeeeeeeee e e aa——eeeeeeeeeaaanaeeeeeteeeeeaaannneeereeaeeeaaannaaareeaeeeann
[2]
(b) Fig. 7.1 shows a circuit that includes an ideal op-amp and two identical resistors R.
o ’ > o +5V
Vi R
L
N
Ve
% :
X R : :
o : : o-5V
Fig. 7.1
State the names of components X and Y.
X Y e [1]
(c) (i) Explain why the op-amp in Fig. 7.1 has only two possible output states.
..................................................................................................................................... [2]
(ii) State the name of the type of op-amp circuit in which the op-amp behaves as in (c)(i).
..................................................................................................................................... [1]

© UCLES 2021 9702/43/0/N/21
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(iii) Describe the environmental condition under which the lamp L in Fig. 7.1 will light.

[Total: 9]
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8 (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
ig newton meter

insulating thread

8.0cm

frame
/

Q

; 6.0cm :

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.

© UCLES 2021 9702/43/0/N/21
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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.

[Total: 6]
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9 (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

20

Fig. 9.1
[3]

© UCLES 2021 9702/43/0/N/21



23

(c) State and explain the effect on the motion of the coil in (b) of connecting a load resistor
across its terminals.

[Total: 9]
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10 (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 = ... m [2]

[Total: 9]
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(a)

(b)

(c)

25
State, for an X-ray image, what is meant by:
(i) sharpness

A parallel X-ray beam passes through a thickness of 2.3 cm 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 u of the soft body tissue. Give a unit
with your answer.

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.

= 0 1Y 2= o] =T TSP

[Total: 7]
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12 (a) Define radioactive decay constant.

............................................................................................................................................. 2]
(b) A sample of radioactive iodine-131 (1311I) of mass 5.87 x 10~9kg has an activity of
2.92 x 109Bq.
Determine the decay constant of iodine-131.
decay constant = ..o s~ [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.

RPN
2 e e eeee e e eeee—eeeeeeeeeeeesteeeeeeeeeaaaassteeteeeeeeaaaaat—teeeaaeeeeaaanrreeaeeeeeeaaanrrreeeeeeeaaans
[2]
[Total: 7]
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