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Data
speed of light in free space

permeability of free space
permittivity of free space

elementary charge

the Planck constant

unified atomic mass constant
rest mass of electron

rest mass of proton

molar gas constant

the Avogadro constant

the Boltzmann constant
gravitational constant
acceleration of free fall

Formulae
uniformly accelerated motion

work done on/by a gas
hydrostatic pressure

gravitational potential
temperature

pressure of an ideal gas

mean transtational kinetic energy of an ideal gas molecule

displacement of particle in s.h.m.
velocity of particle in s.h.m.

electric current
resistors in series
resistors in parallel

electric potential
alternating current/voltage

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid
radicactive decay
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In2
decay constant A = ho

Answer all the questions in the space provided.

{(a) The Earth spins on its axis with a period of one day.

(i) Show that the angular velocity of a point on the Earth’s surface is
7.27 x 10 rad s7".

(1]

{ii) Calculate the centripetal acceleration of a point on the Earth’s equator. The
radius of the Earth's equator is 6.38 x 105 m.

centripetal acceleration= ..................... ms? [2]

(h) The acceleration of free fall g at the equator is not equal to the acceleration of free fall
at the poles. Explain

(i) why they are different,

(i) why the difference is small.
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................................................................................................... 2]
(c) (i) State Newton's law of gravitation.
................................................................................................. 1
(ii) The mass M of the Earth may be considered to be concentrated at its centre.

The radius of the Earth is R. Derive, in terms of M and R, the equation relating
the Earth's gravitational field strength g to the gravitational constant G.

Explain your working.

(2]
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(d) () Caiculate how far a satellite needs to be from the centre of the Earth for its
angular velocity to be equal to the angular velocity of the Earth.

distance =............................ m [3]

(i)  State two circumstances under which a satellite at this distance wili be a
geostationary satellite.
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The first law of thermodynamics, when applied to a system, can be expressed as:
AU=qg+w
where AU is the increase in internal energy of the system,

q is the heat supplied to the system and
w is the work done on the system.

State and explain, in terms of the first law of thermodynamics, the change, if any, in the internal
energy

(a) of the water in an ice cube when ice melts, at atmospheric pressure, to form a liquid
without any change of temperature,

(b) of the gas in a tyre when the tyre bursts so that the gas suddenly increases in
volume. Assume that the gas is ideal.
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(a) Explain qualitatively how molecular movement causes the pressure exerted by a gas.

(b) A fixed mass of neon gas has a pressure of 1.02 x 10° Pa and density of
0.900 kg m™. Neon may be assumed to be an ideal gas.

Calculate the root-mean-square speed of neon atoms.

(c) The density of the neon gas in (b) is now varied, keeping its pressure constant.

On Fig. 3.1, sketch the variation with volume V of the internal energy U of the gas.

A
U
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1]
Fig. 3.1
A tube, closed at one end, has a uniform area of cross-section. The tube contains some
sand so that the tube floats upright in a liquid, as shown in Fig. 4.1

tu‘bem\\mﬁ
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When the tube is at rest, the depth d of immersion of the base of the tube is 16 cm.
The tube is displaced vertically and then released.

The variation with time t of the depth d of the base of the tube is shown in Fig. 4.2.
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Fig. 4.2
SAJC Prelims 2024 9749/03 [Turn Over

BP-~478



(a)

(b)

(c}

Use Fig. 4.2 to determine, for the oscillations of the tube, the ampiitude.

amplitude = ..o cm [1]

(i) Calculate the vertical speed of the tube at a point where the depth dis 16.2 cm.

(i) State one other depth o where the speed will be equal to that calculated in (i).

The liquid in (b) is now cooled so that, although the density is unchanged, there is
friction between the liquid and the tube as it oscillates. Having been displaced, the
tube completes approximately 10 oscillations before coming to rest.

On Fig. 4.2, draw a line to show the variation with time ¢ of depth dforthe first 2.5 s
of the motion.

(3]
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(a) A beam of vertically polarised light is incident normally on a polarising filter, as shown

in Fig. 5.1.
vertically polarised fransmitted
incident light beam light beam
/ 4
/ - { -
Pl T -
>
T transmission
filter axis of fiter
Fig. 5.1

i The transmission axis of the filter is initially vertical. The filter is then rotated
through an angle of 360° while the plane of the filter remains perpendicular to
the beam.

On Fig. 5.2, sketch a graph to show the variation of the intensity of the light in

the transmitted beam with the angle through which the transmission axis is
rotated.

maximum valugq---------7-ve-smmosmmss o onenm sty

intensity of '
the light !

angle/*® 2]
Fig. 5.2
{ii) The intensity of the light in the incident beam is 7.6 W m==. When the
transmission axis of the filter is at angle 6 to the vertical, the light intensity of the
transmitted beam is 4.2 W m™.

Calculate angle 6.
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11
(b) State what is meant by the diffraction of a wave.
.................................................................................................................................. [1]
{c) A beam of light of wavelength 4.3 x 10~ m is incident normally on a diffraction grating

in air, as shown in Fig. 5.3.

third order
beam of light, -
wavelength /
43x10"m
diffraction i third order
grating

Fig. 5.3 (not to scaie)

The third-order diffraction maximum of the light is at an angle of 68° to the direction
of the incident light beam.

Determine a different wavelength of visible flight that will also produce a diffraction
maximum at an angle of 68°.

wavelength = ..., m [3]
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(@) The graphs on Fig. 6.1 show how the resistance of a metal resistor R and a thermistor
T varies when the temperature changes.

0 50 100 150 200 250 300
temperature / °C

Fig. 6.1

The metal resistor R and the thermistor T are connected in series as shown in Fig. 6.2
together with a battery of negligible internal resistance. R and T are kept at the same

temperature as each other.
30V

|.__,

T R

/

Fig. 6.2

(i Determine the current in the circuit shown in Fig 6.2 when the resistance of R is

twice that of T.

SAJC Prelims 2024 9749/03
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(ii) Describe how the effective resistance of the circuit in Fig 6.2 changes as
temperature increases from 0 °C to 75 °C.

(i)  Determine the potential difference across T when the temperature is at 30 °C.

potential difference =
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(b)  Fig. 6.3 shows a circuit containing five identical lamps A, B, C, D and E. The circuit
also contains three switches S1, Sz and Ss.

iﬁ/@—i

Fig. 6.3

One of the lamps is faulty. In order to detect the fault, an ohm-meter (a meter that
measures resistance) is connected between terminals X and Y. When measuring
resistance, the ohm-meter causes negligible current in the circuit.

Y

Table 6.1 shows the readings of the ohm-meter for different switch positions. The
resistance of the non-faulty lamps can be assumed to be constant.

switch ohm-meter
reading
S1 Sz S:} / 9]
open open open oo
closed open open 30.0
closed closed open 30.0
closed closed closed 15.0

Table 6.1

(i) Identify the faulty lamp, and the nature of the fault.

faulty lamp = ..o 1]

nature of fault = .........oooeiiiinnis n
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(ii) State the resistance of one of the non-faulty lamps, as measured using the ohm-

meter.

resistance =

(i}  Afterreplacing the faulty lamp in the circuit in Fig. 6.3 with a similar working lamp,

the ohm-meter is connected between terminals X and Y.

On Table 6.2, complete the readings of the ohm-meter for different switch

positions.
switch ohm-meter
reading

Si Sz Sa /Q
open open open <O

closed open open

closed closed open

closed closed closed
Table 6.2
[2]
SAIC Prelims 2024 9749/03
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Two small spherical charged particles P and Q may be assumed to be point charges located
at their centres. The particles are in vacuum.

Particle P is fixed in position. Particle Q is moved along the line joining the two charges, as
shown in Fig. 7.1.

particle P particle Q
O —— O
e — -

Fig. 7.1

The variation with separation x of the electric potential energy Ep of particle Q is shown in
Fig. 7.2.

0 1 | |1 1 1 | | 1 | 113
0 2 4 6 8 10 i2 ; 14
x/10-19m
_1 O as 11
-2
Eple\f »
w3
_4 i 11
Fig. 7.2

(a) Deduce that the force on particle Q is proportional to the gradient of the curve of
Fig. 7.2.
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(b) By reference to Fig. 7.2, state and explain

(Y whether the two charges have the same, or opposite sign,

{ii) the effect, if any, on the shape of the graph of doubling the charge on particle P.

(e} Using Fig. 7.2, determine the separation of the particles at the point where particle Q
has electric potential energy equal to -5.1 eV.

separation=.............................. m[2]
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Section B
Answer one guestion from this Section in the spaces provided.

(a) Explain how an electric fieid and a magnetic field may be used for the velocity
selection of charged particles. You may draw a diagram if you wish.
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{b) A simple generator consists of a coil with a large number of turns that rotates at a
constant rate in a uniform magnetic field, as shown in Fig. 8.1.

w /_;

Fig. 8.1

()  Explain why an e.m.f. is generated when the coil rotates.

.................................................................................................... [2]
(ii} State two factors that affect the magnitude of the maximum e.m .
e e e
2 e e et e et e e e ee e e resete s e p e e
(2]
(iif) Explain briefly, in words, why the e.m.f. is sinusoidal.
................................................................................................... [2]
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(c) A rectangular coil of dimensions 30 cm by 24 cm has 15 turns. A uniform magnetic
field of flux density 0.018 T is at right-angles to the plane of the coil.

The magnetic field is kept constant for 2.0 s and then reduced to zero over a time of
4.0 s, as shown in Fig. 8.2.

0.018

magnetic flux
density/T

t/s

Fig. 8.2

() Calculate the magnitude of the induced e.m.f. between 2.0 and 6.0 s.

L0 11 R AP vV [2]

(i) On Fig. 8.3, sketch a graph to show the variation with time of the e.m.f. E
induced in the coil.

EV

t/s

2
Fig. 8.3
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(d)  Fig. 8.4 shows the top view of a train, travelling on a flat ground heading due east at
30.0ms™. CDis a horizontal metal axie of the train which is 1.5 m long. Assume the
resistance of the axle is 0.400 Q and resistance of the other parts of the train is
negligible,

Fig. 8.4

The Earth's magnetic field strength is 6.0 x 10° T and
acts downwards at 65° to the horizontal.

(i) Calculate the rate at which thermal energy is being generated in the axle.

(i) State and explain which end of the axle CD is at a higher potential.
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(a) A beam of light of intensity 160 W m-2 is incident normally on a piane mirror, as shown
in Fig. 9.1. The momentum of each photon in the beam is 9.5 x 102 N s.

__plane mirror
R

//

o
-~

beam of red light,
intensity 160 Wm™?

Fig. 9.1

All the light is reflected in the opposite direction to its original path by the mirror of
cross-sectional area 2.5 x 102 cm?. The number of photons incident on the mirror per
unit time is 1.4 x 10" s™",

{0

[2
(ii)

State what is meant by a photon.

Calculate the photon’s de Broglie wavelength and determine its colour in the
visible light spectrum.

wavelength = ... nm [1]

COIOUT = oo cerr e smrnen s e aas b 1
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(iif)  Determine the pressure exerted by the light beam on the mirror.

PressuUre = ..., Pa [2]

Ultraviolet radiation of constant power is incident, in a vacuum, on a metal surface.
Photoelectrons are observed to be emitted in the process.

The frequency of ultraviolet radiation is now increased.
State and explain the effect of this change on:

(i) the maximum kinetic energy of the photoelectrons

D]

(i} the rate of emission of photoelectrons.
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{c) Fig. 9.2 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.
_vacuum
graphite crystal
filament fluorescent
cathode anode screen
/
/
7
——g [ [
K O 1
o \ electron beam
|
\I
1'!.
- + collimator
“high p.d.

glass tube
Fig. 9.2

After passing through the graphite crystal, the electrons reach the fluorescent screen.
The screen glows where the electrons strike it.

Fig. 9.3 shows the fluorescent screen viewed end-on, from the right-hand side of Fig.
9.2.

Fig. 9.3

)

State the name of the phenomenon demonstrated by the pattern shown in
Fig. 9.3.

SAJC Prelims 2024
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(i) Explain what can be conciuded from the pattern in Fig. 9.3 about the nature of
electrons.

(2]

(d) A beam of white light passes through a cloud of cool gas. The spectrum of the
transmitted light is viewed and contains several dark lines.

Explain why these dark fines occur.

.......................................................................................................................................
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26

Some energy levels for the electron in an isolated hydrogen atom are illustrated in
Fig. 9.4.

-
3 323
1] il
W ench

energy

n=2

Fig. 9.4

Table 9.1 shows the wavelengths of photons that are emitted in the transitions to
n = 2 from the other energy levels shown in Fig. 9.4.

wavelength / nm

412

435

488

658

Table 9.1

The energy associated with the energy tlevel n=2is -3.40 eV.

Calculate the energy, in J, of energy level n = 3.

BNEIJY = cvovreeeesesiomsmrssssn s J3]

[End of Paper]
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JC2 Prelim (H2 Physics) Paper 3 Solutions

1
(a)(i}

Period of Earth, T = 24 x 3600 s (= 86 400 s)

.

Angular velocity = 2z/T _
=7.27 x 10% rad s™' (shown)

= 1]

(a)(ii)

rE
(6.38 x 10% ) x [Ans in (b) P
0.0337 ms?2

a

[1]
[1- ecf]

(b){i)

e There is circular motion at the equator but not at the poles,

e At the equator, part of the gravitational force is used to provide the
centripetal force (required to keep any mass located there in circular
motion, centripetal force is provided by the gravitational force of Earth)

(Hence only the remaining part of the gravitational force is available to
provide the acceleration of free fall. )

Or

» Gravi force of Earth = (Mg + Mac)equa = (M + Mac)poie. 1]
o Since acatpole = 0, Gpole > Jequa , i€ g is different for the 2 locations[1]

Note: g = acceleration of free fall as defined by the question not
gravitational field strength. Be careful in use of symbols.

M

[

{b)(ii)

e Value of g, at the pole is .81 m s

e Since centripetal acceleration at equator (in b(ii)) is 0.0337 m s2 ,
compared to 9.81 m s the difference in g at these 2 locations is
small.

[1]

[1]

(c)(i)

The gravitational force of aftraction between two point masses is
proportional to the product of their masses and inversely proportional
to the square of their separation.

(1]

(c) (i)

(By Newton's law), Gravitational force on a {point) mass m at Earth’s
GMm

RZ

surface, F=

Since field strength g is the gravitational force per unit mass at that point,
g=Fm= =z

]

(1]

(d)(i)

{ Since the gravitational force provides the centripetal force, }

S =mrP  {where r = dist of satellite fr Earth's centre)

(1]
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(O r® = GM/?, not assessed) -M
«From (c), GM = gR? —(2) {R=Earth’s radius }
(2) into (1) (r® = gR¥ ¥, not assessed)

#Substituting, r = 4.23 x10" m
{g=9.81ms2 R=6.38 x 10°m, 1= 7.27 x 10¥ rad s}

[

(11

(d)(ii)

1. Satellite lies on the equatorial piane of the earth

2 Satellite rotates/revolves from west to east
or, following the Earth’s rotation

[1

[1]

2(a)

Volume decreases ; hence w is positive
(or smail volume change so w is 0)

As the ice changes state, heat must have been supplied; hence q is
positive.

internal energy increases

[l

b
(1

gas expands/increase in volume with
work done by gas (against atmosphere) or w is negative

the sudden increase leaves little time/no time for
thermal energy to enter and leave the gas orq = 0

internal energy decreases

[

(1]

1

3(a)

molecule(s) rebound from wall of vessel / hits walis/ collide
change in momentum gives rise to impulse / force

average change in momentum/impulse gives rise to the average
(constant) pressure/force.

[1]
(1
[1]

{b)

p =1/3 p <c®>

1.02 »x 10° =1/3 = 0.900 x <c¢*>
<c2> = 3.4 x10°

Crms = 580 m s~

[
(]

(c)

Line passing through origin {(can never reduce the volume to zero thus

Straight line with positive gradient
the graph need not be shown passing through the origin} }

[1]
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3
4(a}| amplitude = 0.50 cm [1]
b(i) | T=08s [1]
w=2m/T
=7.85rad s
v=w Vx? —x?) [1—ecf
for (a)]
= 7.85 x v({0.5 x 1022 - {0.2 x 1022
[1-ecf
=36cms’ for (a)]
(ii) | d=15.8 cm (1]
(c) | ® same period { Accept: small increase in period) 1]
* (Forsame period) : displacement of damped oscillator is atways [1]
smaller than that on Fig.4.2 (ignore first T/4) {1

® peak decreases (exponentially) with time

17

olem

it
id.
i
H

I 13 FIE S
[ Iy

{50 E
Pee il

2
1]
£

134
|

16 24

BN
3

tis
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(a)(i)

light intensity has maximum value at 0°, 180°, 360° and zero intensity at 90°,
270°

‘sinusoidaily-shaped' curve of constant amplitude

1
i

(a)(il)

| = I;c08%0
4.2 = 7.6 cos’©
8=42"

1

(b)

wave passes (through) an opening/gap/aperture
or,
wave passes (by / through / around) an obstacle/edge

wave spreads (into geometrical shadow)

]

(c)

nA =dsin@
d = (3 x 4.3 x 10”7) / sin 68°
=14x10%m

14x10%xsin68°=2A\
ar,

3x43x107 =2\
A=65x107"m

1]
[]

(]
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5
6(a)(i}{ From the graph, R=80 Q, T =40 Q at 120°C [1]
E=l Rr
3.0=1(80+40) M]
I=25x 103 A=0.025A
(i) | (When the temperature increases from 0 oC to 75 oC, [1]
magnitude of RATE of Increase of resistance of R is smaller than the
magnitude of RATE of Decrease of resistance of T.}
{Compare their gradients}
Thus, effective resistance decreases at a decreasing rate with respect to
temperature.
(ifi) { From graph at 30 °C,
resistance of R = 55 A and resistance of T = 110 A 1]
By potential divider rule,
p.d. across T = (Rr/ Ruw } X 3.0 V = (110/110+55) X 3.0 = 2 [1]
(b) (i) | faulty lamp: lamp E [1]
nature of fault: lamp fused/ fuse melt/broken filament [1]
(ii) | Resistance of one non-faulty lamp = 30.0 /2 = 15.0 [1]
(iii) -1
switch ohm-meter mark
reading for
S S Ss Q each
open open open s mist
closed open open 30.0 ake
closed closed open 25.0
closed closed closed 15.0
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[ 7(a)

Since F = - dEp/dx
& dEp/dx is the gradient of graph.

Hence force is proportional to the gradient of the curve.

]
[l

(b){i)

17 QQ

Since all values of E, are negative ( Fig 7.2), } 1

& Ep= 4me, T
E, is negative only if the 2 pt charges are of opposite sign.
or

= -dEp/dx
Since dEy/dx is positive, (fr Fig 7.2), F is negative.

Since a negative F indicates an attractive force between the charges,
the charges are of opposite sign.

Qg

(ii)

When Qpis doubled:

1 QQ

since Es=¥™o T E, is doubled at every x.

Thus gradient would be doubled/increased/become steeper.
or,
since F = Q,Qq / (40%0x?), F is doubled for every x.

& F = - gradient of graph, gradient is doubled at every x.

(]
g

()

E. = (charge of P)(charge of (3]
R 4E,T

Since (charge of P) x (charge of Q) = constant
E, 1

E,=-36eV atx=4x10"m

E,=-51eV atx =r

3.6/5.1=r/4x107"
r=282x10""m

(1]
[
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8 (a)(i)

h H ELECTEL FORCE

+
T ++T+++§
¥

£
g B

3

H
SO RN beege BT
B MAGRETIC FORCE
L
]

w‘\rE - —

b e Ji -
[MAGNETIC FIELDY) [ R—— . _
B0 FLANE DF - L_ Y TELECTRIC AND MAGNETIC

o “BFORCE EQUAL ‘BUT OPPOSITE
BAPER | : AL UL APTUSTE)
TT— LON THE CHARGE - ]

1 mark for each of 4 pts:

4
1. Correct directions of uniform E & uniform B fields for a charge particle of X

a stated sign

2. Correct directions of electric force Fe & magnetic force Fa (they are in
opposite directions)

3. Stated Fe = Fs (mag) (to be undeflected & hence exit slit S3 & be
selected)

4. ie Bqv=gqE {essential}

®v == {essential}

(b)(i) | «As coll rotates, there is a change in flux {linkage) [1)
edue to a change in the area of the coil perpendicular to B field }

By Faraday's law, an emf is induced (when there is a change in flux linking
the coil) [1]

(i) | { For a coil rotating in a B field, instantaneous E = NBA | cos I .
Hence max emf= NBA]}

Any 2 of 4

number of turns, (magnetic) flux density, area of coil & anguiar
velocity/speed of rotation [2]

(ili) [ 1. Flux varies sinusoidally with time

or, [1]
Y= BAcosl
where | = angle between B8 and normal to plane of the coil.

2. By Faraday's law/since induced emf E is equal/proportional to the rate of | [1]
change of flux linkage,

d(N¢)
ie Emf= 4t
= NBA] sinl.
(c)(i) d{N¢)
E= df =N[B-B]A=+®&t (1]
=15[0.018-0](30 x10?) x (24 x 102) + {6.05— 2.0 5 }

[1]

=4.86x10°=4.9x102V
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e From 0- 2.0 s, 6.0 — 8.0 s: horizontal line at zero \'4

e Erom 2.0 — 6.0 s: horizontal line at +0.049 V, }
value of "0.048 V" (or 0.50 V) indicated on E- axis (ecf)

&Y
.00

.
e M . i S—y senieets

7 20 a0 8.0 8.0
;’1‘\ j\ tis
e st chie a, Wb o 1Y eve daps
ez gttt hine”

(1
]

(d)(®)

Emf induced across axle, V = {Bsin\J Ly { straight rod }
= (6.0 x 10® ) sin 65° x 1.5 x 30.0
=245x10%V
Rate = V¥ R
= (2.45 X 10° )2/ 0.400 {ecfforV}
=1.50x 10° W

[1]
[1]

(1
g

()

By Fleming's Left Hand Rule, the electrons in the axle are deflected by
a force towards D,

making D the end with a negative potential.
Hence C is at a higher potential,

or,

By Lenz’s law, the (induced) current in CD must flow in such a direction
as to oppose the (rightward) motion of the rod;

(hence with LEFT Thumb (induced force) pointing to left),
by Fleming’s LHR, the (induced) current will fiow from Dto C.
Since rod is an emf source, C is at a higher potential.

{1

(]

[

[
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9(a)(i)

discrete/ packet / quantum_of energy
of electromagnetic radiation

(1]
]

(@)(ii)

wavelength = (6.63 x 104) /(9.5 x 102) = 700 x 10° m
so red

[1]
[

(a)(iii)

pressure = force / area

force = rate of change of momentum
=2x95x102x1.4x10%

pressure = (2x 9.5x 102 x 1.4 x 10')/ (2.5 x 1075)
=1.1x10¢Pa

[1]

(]

(b){i)

greater photon energy (hf) and same work function (®)
50 by hf = @ + KEnax maximum kinetic energy is increased

(1]
]

(b)(ii)

By I = Nhf/At or P = N(hf)/ t, greater photon energy (and same power) so
lower number of photons (per unit time)

each electron absorbs/interacts with one photon so lower rate of
emission

[1]

[1]

(e))

(Electron) diffraction

[1]

(i)

Diffraction is a wave phenomenon
electron can behave as a wave / have wave-like property

(1]
[1]

(d)

e photon absorbed (by electron} and electron excited
photon energy equal to difference in (energy of two) discrete
energy levels
photon energy relates to a single wavelength / single frequency
» electron de-excites and emits photon in any direction (only some
reach the screen)

[1]
[1]

[1]
[1]

{e)

®E=E:-E>

6.63 X 107°* X 3.00 x 109 _ E 340 X 1.6 x 10719
658 x 102 = T (340X 16107

{As E3 — Ez is the lowest energy of all the transitions down to Ez, thus
®E = heil. corresponds to that of the longest wavelength}

Ei=-242x10"9J

[1 mk
per egn
side]

)

End of solutions
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