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Formulae

uniformly accelerated motion

work done on / by a gas
hydrostatic pressure
gravitational potential

temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal 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

altemating 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

radioactive decay

decay constant
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1 The em.f. induced in a coil by a changing magnetic flux is equal to the rate of change of flux

with time. Which is a unit for magnetic flux?
A kgm?s2A

B kgm?sZ?A

C kgm?s?A’

D m?s?At

Ans: A
Using Faraday's Law,

kgm*s?s™
A

Unit for ® = s=kgm?s? A™

2 What is a reasonable estimate for the volume of a wooden metre rule found in a school

laboratory?
A 15cm? B 15cm? Cc 150cm?

Ans: C

Volume of wooden ruler
=ixbxh

(100cm)(3 cm)(0.5 cm)
=150 cm®

D 1500 cm?

3 A student carried out an experiment to determine the resistivity p of copper using a copper wire.

The uncertainties in the measurements are shown.

uncertainty in length / of wire = 0.2%
uncertainty in diameter d of wire = 1.6%

nd’R

The equation for resistivity pis p = ai

He obtains a resistivity value of (1.71£0.07)x10°Qm with its associated uncertainty.

What is the uncertainty in the measurement of resistance R of the wire?

A 0.007% B 0.7% C 09%

Ans: B

0.07 16} AR 0.2

i w2 e ek

1.71 100) R 100

AR . 0.007-07%
R
VJC 2025 9748/01/J2Prelim
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7  Two blocks of masses m1 = 4.0 kg and m, = 1.0 kg are connected by a cord of negligible mass
that passes over a frictionless pulley of negligible mass. The blocks slide on frictionless planes
inclined at angles 8, = 30° and 6, = 60°.

What is the tension in the cord?

A 23N B 58N C 8ON D 107N
Ans: D
Apply F = ma to both masses:
mgsin30° -T =ma -~(1)
T —~m,gsin60° =m,a (2}

Sub. T from (2) into (1)

m,gsin30° - (m,g sin60° + m,a) =ma

(m, + m,)a = g(m, sin30° — m, sin60°)
(4.0 +1.0)a = 9.81(4.0sin30° —1.08in60°)
a=222ms™?

Sub. Into (2):
T -9.81sin60° =2.22
T=107N

8 Two steel balls A and B of masses 2M and 1M respectively move towards each other with the
same speed v and collide elastically.

2M

£

What are the final velodities of the two balls in terms of v? Take the rightward direction as
positive.

ﬁ ‘ final velocity of ball A final velocity of ball B

VJC 2025 9749/01/J2Prelim [Tum over

8
A W< N<
3 3
B I|._|< m—\
3 3
[o4 M< m.\
3 3
D -V 2v
Ans: B

Let v; = final velocity of the bail A
Let v2 = final velocity of the ball B
By Law of Conservation of Momentum,
2Mv + M(—v) = 2ZMv, + Mv,
2y + v, =v—(1)
Since the collision is elastic,
initial velocity of B relative to A = —( final velocity of B relative to A )
) —v=—(v,— )
vy =3 + 2v—(2)

Sub. into (1):
20+ (n +2v) =v
1
vy = |'w|¢
Sub. into (2):
1 5
v, HIMe+Ncuwé

9 A metal block is suspended by a spring balance and is fully submerged in a liquid. When the
liquid is replaced with a less dense fluid, the reading on the spring balance

A increases because upthrust decreases.
B increases because the object displaces less fluid.
C remains the same because the volume of the block is unchanged.

D decreases because of the object changes
Ans: A

Less dense fluid means less upthrust on the metal block. Weight of object remains
unchanged. At equilibrium, weight of object is equal to sum of upthrust and tension in
spring balance. Smaller upthrust means {arger tension in the spring balance.

10 The figure below represents the various forces acting on a car moving towards the right. The
driving force, D acts on the front wheels and the total resistive force is represented by the force,
R. The weight Wof the car is 12000 N and it acts on the centre of mass, G which is 90 cm above
the ground.

VJIC 2025 9749/01/)2Prelim
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Ans: A
For geostationary orbit, 7 = 24 hours

2

GMm _

Gravitational force provides centripetal force, =mmw
r

2 GMm 27,
W= S0 —5— = mr{—

T r
~ T?ar® so orbital radii are the same for all geostationary satellites, independent of mass.

Gravitational force, centripetal force and total energy are dependent on mass.

15 The escape speed of an oxygen molecule at the Earth’s surface is 1.1 x 10* m s~'. What is the

escape speed at 4R from the centre of the Earth, where R is the radius of the Earth?

A 55x10°ms' B 64x10°ms' C 1.1x10*ms' D 12x10‘ms™

Ans: A
1 2 GMm
M3<nuo Hﬂ
At the surface of Earth, SGit
Vv, =1.1x10% = R
1 2 GMm
2™ "R
Al 4R from Earth’s centre, 56 1
Voo = |2 4 1%10* x5 =65x10° ms™
4R 2

VJC 2025 9749/01/J2Prelim {Turm over
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16 A particle oscillates with simple harmonic mation. The graph shows the variation, with time {, of
the potential energy of the particle from t=0tot=2s.

potential
energy

0 2
tis

Which graph could represent the variation, with time 1, of the velocity v of the particle from ¢ =0
tot=2s?

A B [ D

=
[N
o

[N

ts tis tis tis

Ans: C
Oamm?m that the given PE graph is drawn for half a period only as there are only 2 peaks seen.
PE « cos® ot
KE o sin® ot
vesinat = v =v,sinet
Option C gives the v-t graph is drawn for half a period only.

VJC 2025 9749/01/J2Prelim
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19 A beam of vertically polarised light is incident normally on a potarising filter. The filter can be
rotated so that it is always in a plane perpendicular to the beam. The transmission axis of the
filter is initially vertical.

beam of vertically
potarised light waves
1

transmission axis
of polarising filter
e

polarising filter .. transmitted light

The filter is first rotated clockwise by an angle of 30° so that the transmitted light waves have
intensity . The filter is then rotated clockwise by a further angle of 30°.

What is the new intensity of the transmitted light waves?
A 0.25Iy B 0.33Ix C 0.75Ix D 0.87Ix
Ans: B

Let I, be the intensity of the light.

I, = I, cos’ ¢ =1, cos® 30° = 0.75l,
1, = I, cos? 60° = 0.25,

Comparing, /g, = 0.33/,

VJC 2025 9749/01/J2Prelim [Turn over
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20 Two waves of equal frequency and amplitude are travelling in opposite directions along a
stretched string. When they meet, they form a stationary wave with three nodes and two
antinodes. The frequency of both waves is doubled and a new stationary wave is formed.
How many antinodes are there in the new stationary wave?
A 1 B 3 cC 4 D 5
Ans: C

Standing wave with three nodes and two antinodes is as shown:

Hence getting 4 antinodes.

21 A spherical water draplet with density 1000 kg m~ and diameter 1.20 um is suspended in a
uniform electric field. The electric field strength is 462 N C-' and is directed downwards. How
many excess electrons does it have?

A 192x10" B 120 c 192 D 1.20x 10"
Net force = 0
QE=mg

(nQE=p{43)nrg
n=(p(4/3)n * g)/ (qE)
= (1000 (4/3) = (0.60x10%) g) f (1.6x10"° x 462) = 120

Ans: B

VJC 2025 9748/01/J2Prelim
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Using FLHR, current is from X to Y. Direction of current flow is opposite to direction of electron flow.
F, =BIL
0.0024 =(0.50)(/)(0.10)
1=0.048
%m =0.048
N__0.048
t 1.60x10™"
=3.0x10"7

25 An aluminium disc of radius r rotates about its centre at a constant speed. It is placed in a
uniform magnetic field perpendicular to its surface. A steady electromotive force (emf) Eis
generated between the centre O and the rim at P.

e

What is the e.m.f. generated between points Q and P, where Q is a distance wao_s the centre?

A zero B

E ¢ E 3E
4 2

Ans: D

E.m.f. between O and P is E = Bar’f

2
E
E.m.f. between Oand Qis £ nmahwu f= 7

E_SE

E.m.f. between Qand P is E -

4 4

VJC 2025 9749/01/J2Pretim [Turn over
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26 An alternating potential difference is connected across a pure resistor and the frequency f of the
supply is varied, keeping the r.m.s voltage constant. The mean rate of production of heat in the

resistor is
A proportional to f Ans: D
B proportional to f'2 ;
V,
i X Mean rate of production of heat, P ==
C inversely proportional to f R
D independent of f It is independent of f.

27 A 10 MW nuclear power station produces electrical power at 600 V. It uses a step-up transformer
with a turns ratio of 1: 200 to increase the voltage before transmitting it over long-distance cables
of total resistance 15 Q. At the consumer load, a second transformer steps down the voltage.
You may assume the transfomers are ideal. What is the power lost as heat in the cables?

power cables of total resistance 15 Q
station / / consumer
" 4 , load
P =10 MW Y : m ,
1:200
A 50kw B 100 kw Cc 1.0Mw D 960 MW
Ans: B
At the step up transformer,
Vo N
v, N,
600 1
vV, 200
V,=1.2x10° V

For ideal transfomer,
power input = power output
10x10° =1,(1.2x10°)
I,=833A
Power lost in cables,
P=IR

=(83.3)°(15)

=1.0x10°W

=100 kW

VJC 2025 9749/01/J2Prelim
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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 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

altemnating 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

radioactive decay

decay constant

VJC 2025 9749/02/J2Prelim

s=ut+iat’
vi=u’ +2as
W = pAV
p=pgh
¢=-Gmlr

TIK=T/°C+273.15

P=3v <¢>

3
E=2kT
2

X = X, sinot

v =V, coswt
nweﬁ

I=Anvg
R=R+R,+ .

YR=R+UR+ ..

v=_9

" Azeyr

X = X, sin ot

B= ol

2nd

_ #NI
T

B=pnl

B

X = X, exp(-At)

In2
===
t,

2

4
1 A golfer is practising his tee shot from a platform 7.0 m off the ground as shown in Fig. 1.1. The

golf ball was launched at a speed of 50 m s™', 40° above the horizontal. Assume air resistance
is negligible.

50ms™!

) P

A

7.0m

ground
Fig 1.1

(a) Determine the maximum height above the ground attained by the ball.

Initiaf vertical velocity u, = 50 sin 40° =32.139 m s 1]

At the top of flight the vertical velocity v, =0 m 5™
Can also solve via energy

Using v,? = u, + 2as, taking up as positive, we get considerations
0=32.139% + 2(-9.81)s
§=52.647 m il
Max height = 52.647+7.0 = 59.647 = 60 m [1}

maximum height = m [3]

(b) Calculate the time of flight of the ball.
When ball touches the ground s, =-7.0 m
Using s, =u,t+ Wmm ,
-7 =32.138t +W7w.m¢ # [1}
t=-0.211s(reject) or t=6.7638=6.8s [1]
time of flight = s (2]
[Tum over VJC 2025 9749/02/J2Prelim
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(c)

VJC 2025

7

(i) If the man ciimbs the rope with an acceleration of 8.0 m s2, determine the

acceleration of the box.

Let m = mass of man.
Let M = mass of box.

Apply F = ma to man:
T—mg=mamen
T=m(g+ amsn) --(1)

Apply F = ma to box:
T— Mg =Mapx —(2)

Sub. T from (1) into (2):

m (g + aman) — Mg = M avox

80 (9.81 + 8.0) - 120 x 9.81 = 120 @pox
Boox =2.1mMs2

acceleration =

The man releases the rope and the box falls. The box hits the ground with a speed of
2.0 m s~ and sinks into the ground over a vertical distance of 10 cm before coming to a

stop.

Calculate the force exerted by the ground on the box during the deceleration.

v? =u? +2as
0=2.0% + 2a(0.10)
a=-20ms>

Apply F = ma to box:
F—Mg=Ma
F—120x9.81 =120 x 20
F=3600N

force =

9749/02/J2Prelim

3 Apegis fixed to the rim of a vertical tumtable of radius r rotating with a constant angular speed
, as shown in Fig. 3.1.

screen|
displacement x of

shadow

) shadow of peg

Fig. 3.1

ms2[2)

A parallel beam of light is incident on the turntable such that the shadow of the peg is observed
on the screen. Initially, the peg is at position S’ and its shadow is at S. After time ¢, the peg
moves through an angle of ¢ and it is positioned at T' while its shadow is at T.

The displacement x of the shadow from O is shown in Fig. 3.1 where the upward direction is
taken to be positive.

(a) () Express the angular displacement g of the peg in tems of wand t.
6= ot
(1

(ii) Write down an expression for the displacement x of the shadow on the screen in terms
ofw,tand r.

X =—rcosat

)]

(iii) Hence, prove that the shadow of the peg is moving in simple harmonic motion. Explain

your working.
X =—r cos ot
V= L rosinof

dt
_dav_ o 2 2
8= =ro’cosot=-o {(~rcosat) =-a’x
N3] which is the defining equation of a simple harmonic motion.
[Total: 8]

2
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2. The waves have a phase difference of 12.6 radians when they meet at point P.
Distance OP on the screen is 5.2 mm. Calculate the separation y between the
fringes.
2= 2%

y

_2nx

y= oY)

27 x5.2
= 1
126 t

y=26mm 1

y= mi2]

(i) The light is adjusted so that the intensity of the light passing through slit B is reduced
to a quarter that through slit C. The intensity of light from slit C alone at O is I. Deduce
in terms of I, the intensity of the light at O due to the two slits.

Intensity I = kA where k is a constant.

The amplitude of light from B is then W 1]

2
The total intensity at O is thus khm + \Q =225kA* =225 [1]

intensity = 2}

(i) Sketch, on Fig. 4.2, a graph to show the variation with distance x from point O of the
intensity of light observed on the screen. Label your answer to (b)(il) on Fig. 4.2
Ignore the single slit diffraction envelope.

. LA
intensity

_ 228

0.25

1 ] » x/mm
0 26 5.2
Fig. 4.2
[m for max and min intensities at 2.251 and 0.25] respectively. 1m for constant fringe separation]

2]
[Total: 9]
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§ Fig. 5.1 below shows an isolated, metal sphere in a region of vacuum that carries a negative
electric charge.

E-field iines: directed Lo AR 800V region of
radially towards centre of ot N vacuum
sphere, equally spaced 4
g 4 _L_-1000v \
around sphere, giving a J R N \
symmetrical pattern. ! N Lk e \
1=~

There should be no field
lines inside sphere.

- -

Equipotential lines:
concentric circles
perpendicular to field
lines, spacing is further
apart with distance from
centre

Fig. 5.1 (not to scale)

(a) The electric potential at the surface of the sphere is —1800 V. In the region of vacuum on

Fig. 5.1, draw
(i) amrows to represent the electric field pattem outside the sphere 1
(i) dotted lines to represent three equipotential surfaces of ~1400 V, -1000 V and 600 V
outside the sphere. Label the potentials clearly. 1]
VJC 2025 9749/02/J2Prelim
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(ii) Calculate the current flowing from Q to Y when the galvanometer registers a null
deflection.

When the galvanometer registers a null deflection, no current in the lower circuit.

2.0

= o [1]
1.0+5.0+15

=02TA [1]

[

current = A[2}

(iii) Cell B has an e.m.f. of 1.5 V. At balance point P,
4. show that resistance across X and P is 4.6 Q,

At balance point, Vo,=£,=1.5V {1]
By the potential divider principle,

1.0+R
< - XP. o
aP Row X Ey
emnl.ﬁgm»lxm.o [1]
1.0+5.0+15

Ry, =46250=460 (2sf)

{2}
2. calculate the balance length XP.

PX< mk(
Le= A%Nm x1.0=0926m [1]

length XP = m[2]

(iv) State and explain how the length XP in (b)(iii)2. will change if the internal resistance of
cell A is not negligible.

From potential divider princi

Hence length XP will be longer. [1]

s the wire XY will now be smaller, [1].,

2]

[Total: 12)
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7 X-rays are produced when electrons accelerated by a large electrical potential difference
impinge upon a metal target. The X-ray spectrum of copper shown in Fig. 7.1 is produced by
bombarding a copper target with high-energy electrons. The spectrum consists of two main
components: a continuous spectrum (bremsstrahiung) and a line spectrum (characteristic X-
rays).

intensity
4 ’ Ka

¥
! I

!
Amin 0139 0.154
Fig. 7.1

wavelength / nm

(a) Explain the shape of:
{i) the continuous spectrum,

The bombarding electrons can lose any fraction of their initial kinetic energy, up to the

maximum in a single interaction.[1] As a large number of electrons lose differing amounts

of Kinetic energies, X-ray photons of various wavelengths are emitted, resulting in a

continuous X-ray spectrum represented by the solid line. {1} [21

(ii) the sharp peaks in the spectrum.

When a fast bombarding electron knocks out an inner shell electron from a target atom, a

vacancy is created. An electron in the outer shell de-excites to fill the vacancy, emitting an

X-ray photon. [1] X-ray photons emitted in such de-excitations have energies that are equal

to the energy differences between the energy levels of the two shells, hence producing X-

rays of specific frequencies that appear as sharp peaks in the spectrum. 11 [2]

VJC 2025 9749/02/J2Prelim
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8 Wind energy is a renewable source of energy, hamessed from the kinetic energy of moving air.
Since the late 1800s, windmills like the one shown in Fig. 8.1 have been used for milling grains.

taif vane

Fig. 8.1

Fig. 8.2 shows how the output power of these windmills varies with the overall diameter of the
wheel for different wind speeds. The density of air is 1.3 kg m™.
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Wind turbines are the modem evolutions of windmills. They have evolved from their multi-bladed
predecessors to the modem 3-bladed version. Wind turbines have also increased in hub height
and rotor diameter size in the last 45 years as shown in Fig. 8.3.

Hubs height ()

Saurcs: adaptes frivie BT, 200%.

Fig. 8.3

Wind turbines have rotor hubs that can change the angle of attack of the rotor blades, which
allows it to vary the amount of wind it catches. The nacelle houses a low-speed shaft that is
connected to a gearbox which is in turn connected to a high-speed shaft before being connected
to a generator. Parts of the wind turbine are shown in Fig. 8.4 below.

Transforner

Broke Brohke  Generstar
- .\.\;M o
Fig. 8.4
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3. Hence suggest why modemn wind turbines typically have only 3 blades even though
a multi-bladed windmill ensures that more wind energy is haressed.

(e) Explain how an increase in hub height and rotor diameter of wind turbines improves energy
production.
Taller towers place the hub height in regions with higher wind speeds (Fig 8.6) [1] Larger
rotors sweep a greater area, which, using mww&_m Increases the i

allows the turbine 1o produce mere energy. [1] R e s

t power and thus

[2]

(H (i) Wind turbines typically spin at a rate of 10 to 20 rounds per minute. For a wind turbine
with a rotor diameter of 250 m, caiculate the speed at the tip of the blade if it were to
spin at 30 rounds per minute.

Frequency f = 30 rounds per min = 30/60 = 0.50 Hz [1]

V=ro= WWOAMQJ =2507%0.50=393 ms™ 1]

speed = ms™ (2]

(ii) Suggest why this rate of rotation is undesirable.
At 30 rounds per minute, the tip of the blades exceeds the speed f sound. OR This causes

structural damage to the blades or produces noise pollution or causes a sonic boom.

(9) Explain, using the laws of electromagnetic induction, why there is a need to convert the rate
of rotation of the shaft to a high rate before connecting to the generator.

to the rate of change of magnetic

g

flux linkage. The gearbox thus allows the generator to spin at higher rates, thus produ

alargeremt. {11~

Since P-= VAR, this means-that more-power is generated.{1]
[Total: 19)

End of Paper
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Formulae

uniformly accelerated motion

work done on / by a gas
hydrostatic pressure
gravitational potential

temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal 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

altemating 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

radioactive decay

decay constant
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s=ut+iat’

vZ=u®+2as

W =pAvV

p=pgh

¢=-Gmlr
TIK=T/°C+273.15

blHEAn»V
3V

mnmﬁ.
2

X=X, sinot

v =V, cos ot

nweﬁ
I=Anvq
R=R+R+ ...
YR=1UR+1R+ .
Q

4ne,r

v

X =X, sinot

B sl

2xd

W\to‘E.
T2

B = unI
X = X, exp(—4t)

4

1 Fig. 1.1 shows a 1000 N uniform thin rod being towed by a force T and moving at constant
horizontal velocity.

Reactionforce ~ _/FhTmmmm
by floor on rod g

", floor

Fig. 1.1

{a) State the conditions required for a body to be in equilibrium.

A body is in equilibrium if the net force in any direction on the body is zero and the net
LOPUE HBBUL BNy 208 O e Body 18 281!

2]

{b) On Fig. 1.1, draw and label the two other forces acting on the rod. 2}

(c) Given angle 6 is 70°, determine force T.

Let L be the length of the rod.
Taking moment about A,

clockwise moment due to weight = ‘_oooAWoom 30°) [1]

anticlockwise moment due to force T = T(Lsin40°) ]
At equitibrium net moment is zero,

Sooﬁw cos30°) = T(Lsin40°)
T-670N [1]

force T= N3]

[Turn over VJC 2026 9749/03/J2Prelim
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{i)y Explain, using Newton's law(s) of motion, why the baggage will experience a net force
towards the centre of the circle.

As the baggage is rotating at constant speed, according to Newton’s First Law, a
het force Is heeded to change the direction of motion. [1]

This Shange h direction of motion fesulis in a rate of change of velocity

_{acceleration) ation. By Newton’s Second Law, the
net force acts towards the centre o

2]

(i} Considering the forces acting on the baggage, show that the normal contact force is
78 N.

:o::m_ N friction f

centre of circie
wim_mz w

Consider forces perpendicular to slant surface,

N =Wcosé 1
={10x9.81)cos37°
=78.346 {11

=78 N (fo 2 s.f)

{2

(iif) Calculate the time required for the baggage to complete one full rotation.

Net force on baggage = f cos# - Nsing 1]
mra® = fcos8—-Nsing

N 2
Q\h%_w =fcos@ - Nsing "]

T =27, | ——mmmrormee o
fcos# -Nsing
2y | (10X10)
{/(60)cos37° - (78)sin37°
=648 M1
time = s [3]
[Total: 8]
VJC 2025 9749/03/J2Prelim [Turn over

4 (a) Explain whatis meant by an ideal gas.

An ideal gas is a theoretical gas that obeys the equation of state pV = nRT at all pressures
p, volumes V and thermodynamic temperatures 7 for a fixed mass of gas. R is the molar
gas constant and n'is the amount of gas in moles. [1]

[1]

{b) Two vessels X and Y of volumes 10.0 x 10-*m® and 3.0 x 107* m® are connected by a
tube of negligible volume and kept at temperatures 200 K and 100 K respectively. Assume
both vessels contain the same monatomic ideal gas.

number of moles of gas in X
number of moles of gasin Y’

Calculate the ratio of

At steady state,

Pressure in X = Pressure in Y

Since PV = nRT [1m for ideal gas equation and showing P are the same]
PV, n,RT,

PV, n,RT,

ne VT,

3< <<N|X
n, 10.0x10* 100 5 _

Ny _10.0x107 100 _5_467 11
n, _ 3.0x10° 200 3 (]

ratio = 2}

(c) An ideal gas in a container with a movable piston is heated. At the same time, the volume
is increased such that the temperature of the gas always remains constant. By considering

the First Law of Thermodynamics, explain why the temperature of the gas remains constant
even though itis heated.

The First Law of Thermodynamics states that the increase in internal energy AU is the

sum of heat provided to the system Q and the work done on the system W. [1]

If heat supplied Q is equal work done by gas (W = -Q), AUis zero. Since temperature of

gas is proportional to internal energy, T o« U, the temperature remains constant. {1] [21

Also accept AT o« AU

VJC 2025 9749/03/J2Prefim
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{b)

VJC 2025

1

The potential difference Vi shown in Fig. 5.11is connected to an ideal transformer, as shown
in Fig. 5.2. The primary coil has 500 tums and the secondary coil has 20 tums. The
secondary coil is connected to an open switch and a 15 Q) resistor.

& primary secondary
Vi~  turns turns 15Q
T so00 20
Fig. 5.2

The switch in the secondary circuit is now closed.
Determine

() the peak cument in the 15 Q resistor,

Vo N
,\n Zu
Comparing peak voltages,
v, 20
170 500
Peak secondary voltage = Vs, = 8.8V
Peak current =1 = v = 68 _ 0.45 A
R 15

peak current = A2}

(i) the mean power dissipated in the 15  resistor.

Yo 68 _4gv

@) @)

r.m.s. secondary voltage = V=

. . v\ v 7 48
Mean r dissipated in resistor = (P) ={ — )= ™= =185W
ean powe ipa e (P) mv B 15
mean power dissipated = wi2]
9749/03/J2Prelim [Tum over

(c)

VJC 2025

12

For a non-ideal fransformer, suggest why thermal energy is generated in the softiron core
when the transformer is in use.

The magnetic flux generated by the primary coil changes with time continuously. {1] By

Faraday's Law, this means that there is an induced e.m.f. within the soft iron core. This

induced e.m.f. results in sddy currents in the core that produce heat due to joule heating.

gl

2}
[Total:7]
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7 (a) (i) Describe the photoelectric effect in terms of energy.

When electromagnetic radiation is incident upon the surface of a material, if its frequency

exceeds the threshold frequency of the material, then it is able to eject electrons from the

surface. [1] Part of the energy of the incident photon is used to remove an electron and the

ing energy appears as the kinetic energy of the ejected electron, [1}

2]

(ii) Explain one way in which the photoelectric effect provides evidence for the particulate
nature, and not wave nature, of electromagnetic radiation.

Experimental observations show that no electrons are emitted unless the frequency of the
monochromatic incident light is greater than a minimum (threshold) value regardless of the light
intensity. On the contrary, wave theory predicts that the photoelectric effect should occur for any
frequency of the incident light, and that its intensity can be increased to cause photoelectron
emission If the light frequency is too low. {1] This observation suggests that the energy of the
incident light has a particulate nature in that each photon has a fixed amount of energy. If frequency
of the incident photon is less than the threshold frequency of the target metai, energy of the incident
photon is insufficient to overcome the work function of the metal. increasing the intensity would
only increase the number of phatons ariving per unit time, but the energy of each photon remains
insufficient to cause photoelectric effect. [1]

(b) The graph drawn in Fig. 7.1 shows how the maximum kinetic energy Ex of a photoelectron )
from a particular material varies with the frequency f of the electromagnetic
radiation that causes the emission of photoelectrons.

S TR I T

A

Ejfev 5

16 18 20
/10" Hz

0 2 4 8 g8 10 12 14

Fig. 71
(i) Use the graph to determine
1. the. threshold frequency for this material,

At the threshold frequency, electrons are emitted with near-zero KE.
So, threshoid frequency = 6.4 x 10%* Hz

threshold frequency = Hz [1]
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2. the maximum kinetic energy of photoeiectrons from this material when itis
illuminated with electromagnetic radiation of frequency 18.0 x 10 Hz.

From graph, when f = 18.0 x 10" Hz, OR
MaxKE =48eV  [1]

Using the photoelectric equation,

Photon energy = Work function + max. KE of electrons
hf =¢+KE,,,

At threshold frequency,

work function = photon energy

¢=ht,

hf =hfy + KE,,

=48x16x10"J
=768x10"J [1]

6.63x10™ x18.0x 10" =6.63x10™* x6.4x 10" + KE,,

KEmax = 7.7 x 1070 J

maximum Kinetic energy = J[2]

(i) Determine the minimum potential difference between the electrodes in the
photoelectric experiment that is needed to reduce the photocurrent to zero.

Loss in KE = Gain in electric PE
AKE = qAV

TT7x10™ =1.6x10™ xAV
AV=48YV

minimum potential difference = V2]

Electromagnetic waves have a wave nature as well as a particulate nature. This is known
as the wave-particle duality. Describe an experiment in which particles exhibit wave nature.

Possible answers:
I WHER 3 béam of Slestions passEs thi  CONGEITTC Tl
are seen on a fluorescent screen, revealing the occurrence of interference of
g lECtion Hatter waves:
- When a beam of electrons is reflected from a surface of atoms arranged in a M
it U¢E Iy § ohsErved i cenan divsctions; SHowing”

that the a_oQ_.orw are behaving as waves as they interact with the atoms. [Total: 10]
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(iii) A radiation detector is placed close to the sample to measure the count rate for
strontium-90 found in the sample. Fig. 8.2 below shows the variation with time ¢ of the

count rate.
900
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700 4
600 £
= ==
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£ 400
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0 HE o e o e ==
0 50 250 300 400
t/ years
Fig. 8.2
1. State the feature of Fig. 8.2 that indicates the random nature of radioactive decay.
Fluctuations on the curve / curve is not smooth i1
2. Use Fig. 8.2 to determine the half-life of strontium-80.
Background count rate = 40 min™ considered backgrd in calculation of ty; (allow 30-50) [1]

tiz, 1
Actual count rate at t=0 = 840 — 40 = 800 min"

After 1 ty, actual count rate = 400 min™!
measured count rate = 400 + 40 = 440 min”'

From graph, tiz =35~ 0=35yrs

tiz, 2
Actual count rate at t=50 yr = 300 — 40 = 260 min™'
After 1 1y, actual count rate = 130 min™

measured count rate = 130 +40 = 170 min”’

From graph, tiz= 75— 50 = 25 yrs

Average tiz = (35 + 25)/2 = 30 years

method to determine ty2[1]

determined half-life at Jeast twice and find <tyz>, range within 26 — 32 yrs [1]

half-life =

VJC 2025 9749/03/J2Prelim
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3. Hence, determine the probability that a nuclide of strontium-90 will undergo decay

in 1 year.

Probability of decay in 1 yr = Probability of decay per unit time x 1 yr
=Axtyr
= A_: 2/ ti) x 1yr
=(in2)/(30yr) x1yr 1}
=0.023 or 2.3%

probability = [1]

(d) Nuclear fusion occurs in the core of stars composed of ionised gas. A possible fusion
reaction is

1 1 2 [}
H+H-o> H+ e,

Each H nuclide can be considered to be a sphere of radius 0.0010 pm. Fusion occurs
when the two nuclides are able to overcome the force of repulsion between them and collide.

(i) Show that the minimum total kinetic energy required of the two H nudlides for fusion
to oceuris 1.2 x 10*3 ).

By cons. of energy,
Total initial KE = Total final EPE

= (+e)(+e) / (4ne, d)

= (1.6 x 10792/ (4ne, x 2 X 0.0010 x 10%) 1
=115x10") M
=12x10"%J

2

(i) 1fthe ionised gas is assumed to be ideal, determine the temperature of the gas required
for fusion to occur.

Average KE of nuclide = 3/2 KT
(1.2x10%) /2 = 3/12KT [1]
T=29x10°K [1] (if used intermediate K, T = 2.8 x 10° K)

temperature = K[2]

(lif) The temperature of the core of the Sun is known to be about 1.5 x 107 K. With reference
to (d)(i) and (d){Ii), comment on the actual kinetic energy of the nuclei in the Sun’s core.

much cooler than temp calculated in (i)

TUCTeT With 2ctUal KE i above the average ke calculated™

in (i) (since fusion must occur). 1] ]

[Total: 20]
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(c) Another electron of the same speed now enters a region of uniform magnetic field of flux
density 4.5 mT as shown in Fig. 9.2.

region of uniform
magnetic flux
density 4.5 mT

37x10 ms’

Fig. 9.2

The initial direction of the electron is at an angle of 20° to the direction of magnetic field.

(i) 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.
Explain why.

When the velocity of the electron is perpendicular to the magnetic field, it gives rise to

a magnetic force which is always perpendicular to its velocity [1]. This magnetic force
Gt i CHAHGE PIOVIdES 3 CEHIPETaT Torss ) for TV 18 TigVe i URIfSH Sireurar

motion —NH

(ii) Calculate the radius of this circular path.
By Newton's Second Law, Y F =ma,

2
mv, 0
r

(9.11x10%')(3.7x10" sin 20°)
r

Bgv, =

(45x 10°)(1.60x107°) =

r=00160m [1]
Correct component of velocity [1]

radius = m [3]
(iil) State the magnitude of the force on the electron due to the component of its velocity
along the direction of the field.
Zero.

[1

{iv) Use your answers in {c)(ii} and (ili) to describe the resultant path of the electron in the
field.

For an electron moving at an angle to a uniform magnetic field, it is a helical path. &l
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(d) Another electron of the same speed is projected downwards in the magnetic field as shown
in Fig. 9.3. A uniform electric field is now switched on in the same region as the magnetic
field. The magnitude of the electric field is adjusted so that the electron moves undeviated
through the two fields.

region of uniform
magnetic flux
density 4.5 mT

Magnetic force is into the
page, so electric force on
the electron must be out of
the page. Therefore electric
field must be into the page.

Draw crosses [1]

Fig. 9.3

(i) On Fig. 9.3, draw the direction of the electric field. [11
(i) Determine the magnitude £ of the electric field strength.
By Newton's First Law, > F =0
Bqv=qE [
(4.5x10°)(3.7x107)=E
E=167x10° V/im [1]

E= V2]

[Total: 20]
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