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PHYsICS DATA:
speed of light in free space, ¢ - = 3.00x10%® ms™
permeability of free space, Ho = 4nx107 Hm'
permittivity of free space, o = 885x10" Fm?!
~ (1/(36x)) x 10° F m™
elementary charge, e = 160x10" C
the Planck constant, h = 6.63x10% Js
unified atomic mass constant, u = 1.66x10%7 kg
~ rest mass of electron, me = 9.11x10% kg
- rest mass of proton, mp = 1.67x10% kg
... molar gas constant, R = 831 JK'mol
" the Avogadro constant, Na = 6.02x 102 mol*
the Boltzmann constant, k =-138x10% mol’
gravitational constant, G = 6.67x10" Nm?kg?
acceleration of free fall, g = 9.81 ms?
PHYSICS FORMULAE:
uniformly accelerated motion, s = ut+%af
vV = u?+ 2as
work done on/ by a gas, W = pav
hydrostatic pressure P = pgh
gravitational potential, p = —Gm/r
displacement of particle in s.h.m. X = XosSin ot
velocity of particle in s.h.m. V = vocos of
, ot co\/ x(,2 -x?
mean kinetic energy of a molecule of an ideal : 3
gas, E = '2— kT
resistors in series, R = Ri+R2+..
resistors in parallel, 1R = 1/R1+1/Rx+ ...
electric potential, V = Q/4zer
alternating current / voltage, X = XpSin ot
transmission coefficient T = exp (-2kd)
where k = ’BiZ)ﬂ(U"_E-)
h2
radioactive decay, X = Xoexp(-it)
decay constant, A = 0.693
t
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SECTION A (40 marks)
Answer all questions in Section A.

1A ‘s“_k'i"’jumb'er"’l_ahds 96 m from his take off point after taking off at an angle 8 to the horizontal as
shown in Fig. 1.1 below. The slope is at an angle of 40° and the jumper is in the air for 4.3 s.

take-off point ___ -~ "

-

Fig. 1.1

(a) Assuming that air resistance is negligible, determine

(i) the vertical distance from take-off to landing, and,

vertical distance =

(ii) the vertical component of the take-off velocity.

velocity =
(b) In practice, air resistance is not negligible.

Describe qualitatively the effect of air resistance on the variation, if any, of the component

of velocity

(i) in the horizontal direction, and,

(if) in the vertical downward direction.

gy



2 (a) State the first law of thermodynamics.

(b) An ideal gas undergoes a cycle of change, A > B > C > A, as shown in Fig. 2.1.

pressure
p /105 Pa

‘A.

7 1

Fig. 2.1

volume V/cm?3

(i) Calculate the work done by the gas during the change A > B.

(i) Fig. 2.2 is a table of energy changes during one complete cycle. Complete Fig. 2.2.

work done by the gas =

section of heat supplied to work done on increase in internal
cycle gas/J gas/J energy ofgas/ J
A->B
B>C -18.0
C2>A 0.00 3.30

Fig. 2.2

(]

[3]
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3 A char“ed partlcle of mass m and charge —q is travelling through a vacuum at a constant speed V.
It enters a uniform magnetic field of flux density B. The initial angle between the direction of motion
of the particle and the direction of the magnetic field is 90° as shown in Fig. 3.1 below.

magnetic field pointing
into plane of paper

Fig. 3.1

(a) Explain why the path of the particle in the rhagnetic field is the arc of a circle with a fixed
radius.

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

...................................................................................................................... 31
(b) The radius of the arc in (a) is r. Show that the specific charge of the particle (which is
defined as the ratio L of its charge to its mass) is given by the expression
’ 9._Yv
m Br’
1]

(c) Sketch the path of the particle as it enters and subsequently emerges from the field on
Fig. 3.1 121
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4 (a) When an electric current is passed through a thin p-type semiconductor slab placed in a
uniform magnetic field, a potential difference is set up across the sides of the slab The
voltage measured across both sides is. known as the Hall Voltage.

Fig. 4.1 shows a slab with an electric current 7 passing through it placed perpendicularly to
a magnetic field B and the voltmeter measures a Hall Voltage Vi across the sides X and Y.

voitmeter

semiconductor

Fig 4.1

(i) Using band theory, explain why a p-type semiconductor has a higher conductivity than
an intrinsic semiconductor.

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

.............................................................................................................
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(b) Describe the formation of the depletion region in a-p-n junction.

.....................................................................................................................
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5 (a) State one similarity and one difference between the properties of electric fields and
gravntatlonal fields.

similarity:

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

- (b) An-oil drop.of mass 1.98 x 10?g and a charge of -1.12 x 10 18 Cis. |n|t|ally at rest between
two parallel vertical plates placed 25.0 cm apart. The plates are connected to an electncal
“source with an e.m.f. of 2.50 kV as shown in Fig. 5.1.

parallel plates

/ / \
oil drop \

25.0cm

i

2.50 kv
Fig. 5.1

(i) Show that the magnitude of the electric force acting on the oil drop when it is between
the plates is 1.12 x 104 N.

o}
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(ii) Hence, determine the magnitude and direction of the initial acceleration of the oil drop.

initial acceleration=.............. S ms?
direction= ............coiiiiiiiiiii e,
(iif) State and explain whether the magnitude and direction of the acceleration obtained in

part (ii) will remain constant throughout the entire motion of the oil drop as it moves
between the plates.
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SECTION B (40 marks)
Answer TWO out of THREE questions in Section B.

6 (a)' Give three distinguishing characteristics between the radioactive decay and the fission of
a nucleus.

R R R R T L Ty
L I I T R T T

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

(b) Plutonium-239 (?33Pu) is the plutonium isotope that is most useful in making nuclear
weapons, and it is produced in varying quantities in virtually all operating nuclear reactors.

(i) Part of the plutonium manufacture process involves the most common isotope of

uranium, Uranium-238 (*38U) absorbing a neutron. Write a nuclear equation that
represents this process. -

1]
(if) The product formed in the process in (b)(i) then quickly undergoes two subsequent
beta decays to plutonium. An intermediate radioactive isotope X is formed after the
first beta decay. '

By considering the nuclear equation for this first beta decay, determine the mass and
atomic numbers of X. Show your working clearly.

massnumber=..................

atomic number = ................. [4]

(iii) Hence, write the nuclear equation that represents the second beta decay.
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(iv) A plutonium bomb named “Fat Man” was dropped on Nagasaki on August 9, 1945
endlng World War Il. At the point of detonation, the following nuclear reaction occurred,
incurring a sustalned chain reaction process.

Z3%Pu + in > %Mo + 35Te + 43n

Fig. 6.1 lists the binding energy (BE) per nucleon of each of the nuclides in this nuclear

reaction.
Nuclide | BE per nucleon/ Mey
e | 188
"32Mo 861
135Te 8.35
Fig. 6.1

it is estimated that 5.88 kg of plutonium in Fat Man was needed to cause the deadly
explosion. Determine the energy released if only 17% of the plutonium undergoes
nuclear reaction during the explosion. .
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(c) Plutonium-239 is an alpha emitter with a half—iife of 24100 years.

(i) Calculate the amount of tlme for the number of Plutonium-239 isotopes in a sample to
reduce by 30%.

amountoftime=.................. years' 3]

(ii) Suggest why plutonium-239 is more dangerous to the body when inhaled as compared
to being an external radiation source.

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

.................................................................................................................
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7 (a) State what is meant by simple harmonic motion.

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

(b) Describe how, for a simple harmonic motion, the direction of acceleration varies with the
direction of the velocity.

L R R R R N I N N Y I R

(c) A smooth ball of mass m is held between two fixed points A and B by means two similar
springs, each of spring constant k, as shown in Fig. 7.1.

_ motion of ball

AL —(oan )=

Fig. 7.1

The ball is free to oscillate along the straight line AB 6n the smooth surface.

When the ball is in equilibrium, the extension of each spring is e. The ball is then displaced
a small distance x to the right along the axis of the springs.

(i) Show that the magnitude F of the restoring force acting on the ball is given by

F = 2kx



14

(i) The ball is then released. Show that the acceleration a of the ball is given by

_ N , A 2]
o ‘(iiif The mass m of the ball is 900 g and the spring constant k is 120 N m™. By comparing
the equations of an object executing simple harmonic motion and that in (c)(ii),
determine for the ball,

1. the frequency of oscillation,

frequency = ..........ceeeveeeeen.... HzZ 3]

2. the amplitude if the maximum acceleration of the ball is 5.2 m s, and,

amplitude = ....... ST m [2]

3. the maximum kinetic energy of the ball.

maximum kinetic enerav = 1™
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(iv) A student investigates the variation in the kinetic energy, E, of the oscnllatlng ball as
“shown in Fig. 7. 2.
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Fig. 7.2

The student reb'eats the investigation but with a smaller amplitude. The maximum
value of E is now found to be 15 mJ.

Use Fig. 7.2 to determine the change in the amplitude. Explain your working.

change inthe amplitude= ......................... m

(d) The experiment was repeated with a rough ball instead. Suggest and explain the effect it
would have on the ball’s oscillatory motion.

.......................................................................................................................
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8 (a) A rectangular coil is rotating about an axis between two magnets with uniform angular
velocity w due to the action of an external applied force. The uniform magnetic field B
between the two magnets is 0.90 T. The coil is.rotating at 40 revolutions per second. The
number of turns N of the coil is 40. The cross-sectional area A of the coil is 3.0 m?, A current
is found going through the resistor R of resistance 30 Q. Fig. 8.1 shows the instant when
the plane of the coil is in a horizontal position.

Fig. 8.1

(i) Explain how the current flowing through the resistor R is formed.

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

(iii) The coil starts rotating when it is in the position shown in Fig. 8.1.

1. Determine the period of the rotation of the coil.
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2. Determine the maximum current ﬂowihg through the coil during the rotation.

- . ‘maximum 9urrent-==-....._._.:.f..'...,._.;_...'..A 2

3. Sketch a graph on Fig. 8.2 showing the variation with time of current through the
__resistor. Show the values of period and peak current on the graph.

I/A_“.

Fig. 8.2
| 2]

(iv) Determine the mean power through the resistor R.

mean poWer = e W 3]
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(b) The primary coil of a transformer has 1500 turns and is connected via cables to a
250 Vims.supply. The secondary coil has 50 turns and is connected, through a swntch
and a diode, to a 10.0 V rechargeable battery, as illustrated in Fig. 8.3.

250Vrms N, 1500 turns { | > 50

Fig. 8.3

(i) Initially, the switch is open. Considering both the transformer and the diode to be ideal,
calculate the r.m.s. potential difference across the secondary coil.

Vims= coooeiiiiiiieceeveee. V2]

(i) The switch is now closed to recharge the battery.
1. Suggest why the diode is necessary in the secondary circuit.
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SECTION A (40 marks)
Answer all questions in Section A.

1 A ski jumper lands 96 m from his take off point'éﬁer taking off at an angle 0 to the horizontal as
shiown in Fig. 1.1 below. The slope is at an angle of 40° and the jumper is in the air for 4.3 s.

/
e . ’ v i

take-off point ’_ o

Fig. 1.1
(a) Assuming that air resistance is negligible, determine

(i) the vertical distance from take-off to landing,

vertical distance = ........................ m [1]

velocity = ... ms” o]

(b) In practice, air resistance is not négligible.

Describe-qualitatively the effect of air resistance on the variation, if any, of the component
of velocity in

(i) the horizontal direction.

[1}




(ii) the vertical downward direction.

2 (a) State the first law of thermodynamics.

(b) An ideal gas undergoes a cycle of change, A > B > C 2 A, as shown in Fig. 2.1.

pressure 4
p/105Pa

7 4

»

volume V/cm?

Fig. 2.1

(i) Calculate the work done by the gas during the change A > B.

work done by the gas




(if) Fig. 2.2 is a table of energy vchanges during one complete cycle. Complete Fig. 2.2.

5

section of heat suppliedto | . work done on increase in internal
cycle gas/J - gas/J energy ofgas /J
A->B
B>C 71 8.0
C>A 0.00 3.30




3 A charged particle of mass m and charge —q is travelling through a vacuum at a constant speed v.
It enters a uniform magnetic field of flux density B. The initial angle between the direction of motion
of the particle and the direction of the magnetic field is 90° as shown in Fig. 3.1 below.

magnetic field pointing
_into plane of paper &

path of
particle

Fig. 3.1

(a) Explain why the path of the particle in the magnetic field is the arc of a circle with a fixed
radius.

31

(b) The radius of the arc in (a) is r. Show that the specific charge of the particle (which is

defined as the ratio - of its charge to its mass) is given by the expression
m
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(c) Sketch the path of the particle as it enters and subsequently emerges from the field on
Fig. 3.1
th Upe

4 (a) When an electric current is passed through a thin p-type semiconductor slab placed in a
uniform magnetic field, a potential difference is set up across the sides of the slab. The
voltage measured across both sides is known as the Hall Voltage.

Fig. 4.1 shows a slab with an electric current 7 passing through it placed perpendicularly to
~amagnetic field:B and the voltmeter measures a Hall Voltage Vi across the sides X and Y.

voltmeter

™ ptype
semiconductor

Fig 4.1

(i) Using band theory, explain why a p-type semiconductor has a higher conductivity
than an intrinsic semiconductor.

.
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5 (a) State one similarity and one difference beween the properties of electric fields and.
gravitational fields. .
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(b) An oil drop of mass 1.98 x 10'2 g and a charge of -1.12 x 10"'® C is initially at rest between
two parallel vertical plates placed 25.0 cm apart. The plates are connected to an electncal
source with an e.m.f. of 2.50 kV as shown in F;g 5.1.

paraliel plates

/ N\
/7 oildrop
[ J

2.50 kv

Fig. 5.1
(i) Show that the magnitude of the electric force acting on the oil drop when it is between
the plates is 1.12 x 104 N.

(ii) Hence, determine ?F\e magnitude and direction of the initial acceleration of the oil
drop.

initial acceleration= ...................... m s?

direction =
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- (ifi) State and explain whether the magnitude and direction of the acceleration obtained
in part (i) will remain constant throughout the entire motion of the oil drop as it moves
between the plates. . o [2]
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SECTION B (40 marks)
Answer TWO out of THREE questions in Section B.

'6 (a)‘ Give three distinguishing characteristics between the radioactive decay and the fission of
a nucleus.

(b) Plutonium-239 (23Pu) is the plutonium isotope that is most useful in making nuclear
weapons, and it is produced in varying quantities in virtually all operating nuclear reactors.

(i) Part of the plutonium manufacture process invoives the most common isotope of

uranium, Uranium-238 (?38U) absorbing a neutron. Write a nuclear equation that
represents this process.

(if) The product formed in the process in (b)(i) then quickly undergoes two subsequent

beta decays to plutonium. An intermediate radioactive isotope X is formed after the
first beta decay.

By considering the nuclear equation for this first beta decay, determine the mass and
atomic numbers of X. Show your working clearly.



(iv) A plutonium bomb named “Fat Man” was dropped on Nagasaki on August 9, 1945
ending World War II. At the point of detonation, the following nuclear reactlon occurred,
incurring a sustained chain reaction process.

13

(ii) Hence write the nuclear equatlon representing the second beta decay

23%Pu + in — Mo + 133Te + 4in

Fig. 6.1 lists the binding energy (BE) per nucleon of each of the nuclides in this nuclear

reaction.
Nuclide | BE per nucleon / MeV
239py 756
199Mo 8.61
125Te 8.35 .
Fig. 6.1

It is estimated that 5.88 kg of plutonium in Fat Man was needed to cause the deadly
explosion. Determine the energy released if only 17% of the plutonium undergoes

nuclear reaction during the explosion.

5 88 I (239 X '1‘“66 x’1‘0‘27) x0.17.




(c) Plutonium-239 is an alpha emitter with a half-_life of 24100 years.

) (i) -: Calculate the amount of time for the number of PlutoniUm-239 isotopesin a sample-tb
reduce by 30%. - :

_amount of time = ears .3]

(1)) Suggest why plutonium-239 is more dangerous to the body when inhaled as compared
to being an external radiation source.

“Solution
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7 (a) State what is meant by simple harmonic motion.

[2]

(b) Describe how;, for a simple harmonlc motion, the direction of acceleration varies with the
‘direction of the velocnty o [2]

(c) A smooth ball of mass m is held between two fixed points A and B by means two similar
springs, each of spring constant k, as shown in Fig. 7.1.

_ motion of ball

Fig. 7.1
The ball is free to.oscillate along the straight line AB on the smooth surface.

When the ball is in equilibrium, the extension of each spring is e. The ball is then displaced
a small distance x to the right along the axis of the springs.

(1)) Show that the magnitude F of the restoring force acting on the ball is given by

F = 2kx

m S 2

- By.Newton’s Second Law,:
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(m) The mass m of the ball is 900 g and the spnng constant kis 120 N m. By companng
the equations of an object executing simple harmonic motion and that in (c)(ii),
determine for the ball,

1. the frequency of oscillation,

3. them maxlmum Kinetic ¢ energy of the' ball. " - o’

e R
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(iv) A student investigates the variation in the kinetic energy, E, of the oscillating ball as
shown in Fig. 7.2.

]
/:
| ;
: O
-0.020 -0.010 0.000 0.010 . ©0.020
x/Im
Fig 7.2

The student repeats the investigation >but with a smaller amplitude. The maximum
value of E is now found to be 15 mJ.

Use Fig. 7.2 to determine the change in the amplitude. Explain your working.

change in the amplitude m [3]
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(d) The experiment was repeated with a rough ball ingtéad. Suggest and explain the effect it
would have on the ball’s oscillatory motion. [2]

8 (a) A rectangular coil is rotating about an axis between two magnets with uniform angular
- velocity w due to the action of an external applied force. The uniform magnetic field B
- between the two magnets is 0.90 T. The coil is rotating at 40 revolutions per second.
The number of turns N of the coilis 40. The cross-sectional area A of the coil is 3.0 m2.
A current is found going through the resistor R of resistance 30 Q. Fig. 8.1 shows the
lnstant when the plane of. the coul is. |n a horlzontal pos:tlon. o

N

R R LT P TR R R A

Fig. 8.1

(i) Explain how the current flowing through the resistor R is formed.

(i) On Fig. 8.1, indicate the direction of ﬂow of current and explain your reasoning. [31

Rotation




(iii) The coil starts rotating when it is in the position shown in Fig. 8.1.
1. Determine the period of the rotation of the coil

period=................... s [2]

.

3. Sketch a graph on Fig. 8.2 showing the variation with time of current through the
resistor. Show the values of period and peak current on the graph.

J]AA




mean power = .

(b) The primary coil of a transformer has 1500 turns and is connected via cables to a 250
Vems. supply. The secondary coil has 50 turns and is connected, through a switch and
a diode, to a 10.0 V rechargeable battery, as illustrated in Fig. 8.3.

AN
i,
250Vrm.s N, 1500 turns 50 turns { 10.0V
P
i T
Jj S |
Fig. 8.3

(i) Initially, the switch is open. Considering both the transformer and the diode to be ideal,
calculate the r.m.s. potential difference across the secondary coil.

Vims = oo e V2]



(| ) ) The swntch is now closed to rechargeﬁﬁé e{ttery.
1. Suggest why the diode is necessary in the secondary circuit.







