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Data
speed of light in free space ¢ =3.00 x 108ms™
permeability of free space Uy =4 x 107" Hm™"
permittivity of free space &, =8.85x 10712Fm™"

( 47150 = 8.99 x 10°mF-1)
elementary charge e=160x10719C
the Planck constant h =6.63x107%*Js

unified atomic mass unit
rest mass of electron
rest mass of proton
molar gas constant

the Avogadro constant

the Boltzmann constant

1u = 1.66 x 1027kg
m, =9.11 x 1031kg
m, = 1.67 x 1027kg
R =8.31JK "Tmol™!
N, =6.02 x 1023mol™"’

k =1.38 x 10723 JK™1

gravitational constant G =6.67 x 107""Nm?kg2

acceleration of free fall g =9.81ms™
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Formulae
uniformly accelerated motion s=ut+ %az‘2
v2 = y?+2as
work done on/by a gas W = pAV
gravitational potential Q=- G_rm
hydrostatic pressure p = pgh
pressure of an ideal gas p= %N7m<cz>
simple harmonic motion a=-w
velocity of particle in s.h.m. Vv = v, cos wt
=+ 0 V(x,2 - x?)
fv
Doppler effect f, = Lty
. : _ Q
electric potential V=
Ameyr
capacitors in series 1/C =1/C, +1/Cy + . ..
capacitors in parallel =C+Cy+. ..
energy of charged capacitor = %QV
electric current I =Anvq
resistors in series R=R/+R,+...
resistors in parallel 1R =1/Ry +1/R, + ...
_ BI
Hall voltage Vi = ntq
alternating current/voltage X = Xy sin wt
radioactive decay X = X, exp(-At)
decay constant A= 0.693

ts
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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.
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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.
L ettt ettt oot eeeeeeeeaateee ettt eaaeteeaneeeeanseeeaneeeeaneeeeaneeeeaneeeeaneeeeaneeeaaneeeeaneeeaaneeeannns
O RRTRTRR
[2]

(iii) 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 PSPPSR
2 et eeeeteeeeteeeeteeeaateeeateeeaseteeateeeaateeeaneeeaaneeeeanteeeanteeaaneeeeanteeaneeas
[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»
------ I -
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.
PrESSUIE = iiiiiiiiiseeeeeeeeeeeiae e e e e e e e eeeennn e e e eeaeeeees [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 (cz>, 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
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l,
>
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(@]
3
|
[

-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) 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]

[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 [P

(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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7 (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) State two effects of negative feedback on the gain of an amplifier circuit that uses an op-amp.

e ettt e ettt eee e e eeeeeeeeseeeeeaaaeeeeeaaaseeeeeeantteeeaateteeeanteteeaanneeeeeaanEeeeeeanneeeeeanateeeaannreeeeaanraeaenn
2 e teee e e aeeeee e eeeeeeaesEeeeeea—teeeeeaaeteeeaanneeeeeaanteeeeeanteeeeeaneteeeaannreeeeaanreeaenn
[2]
(c) Fig. 7.1 shows an op-amp circuit that uses negative feedback.
1.2kQ
+8.0V
480Q
ino— }—s B
0 Vour
Mg
-8.0V
oOvo ° 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]
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(iii) Calculate the gain of the circuit in Fig. 7.1.

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

(v) Determine the value of V5 ;; when V| is 5.4 V.

[Total: 10]
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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]
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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]
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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

L o—

<
z

VOUT

AN OO 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-

MAaXiMUM Vg i1 = e V [1]
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(ii) Calculate the root-mean-square (r.m.s.) current in the load resistor.

FM.S. CUMTENt = L. 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 = 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 AN
\\
\\‘\
35.8 .
\‘\‘\
\\
35.4 S
N
N
\\‘\
35.0
0 5 10 15 20 25
t/min
Fig. 12.1
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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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