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speed of light in free space,
permeability of free space,
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the Planck constant,

~ unified atomic mass constant,
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‘the Avogadro constant,

the Boltzmann constant,

gravitational constant,

acceleration of free fall,
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radioactive decay,
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The volume of liquid flowing pér second is called the volume flowrate Q and has the
unit m® s The flowrate through a hypodermic needle during an injection can be
estimated with the follownng equation:

_ ”Rn(PZ - Pl)
- 87l
) The length and radius of the needle are L and R, respectively. The pressure at

opposite ends of the needle are P, and P;. The VIScosnty of the hqund is glven by 7
which has the unit kg m’ s1 The value of nis . , _

A 2 B 3 ¢ T4 b s
In an experiment to find the constant acceleration of a toy car, the speed of the toy

car was captured using speed meters placed at 2 different locatlons A and B
respectively.

|
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The distance between A and B is measured as S.
Distance S =1.400 m + 0.002 m

The manufacturer for the speed meter quoted an uncertainty of 1 % for their
instrument.

Speed measured at A =2.50 m s

Speed measured at B=4.65m s’
The correct acceieration of the toy car is

A (5.49 £ 0.04) m s2 B  (5.50%0.04) ms?

o (5.5+04) ms? D (5.5+0.2) ms?



3.

The figure below shows the speed v versus vertical height y of a ball tossed dlrectly
upward. The speed at height ya is va. The speed at height yz is 1/3 va. What is the
speed va? _

VA 1\

. .-;].l.-'. reemenenme -

1/36YA 0.40m {\‘ >
0 YA ys Yy
A 210ms* B 297ms™
Cc 6.98 ms™! D 9.40ms!

Two similar ballé A and B were fired at different angles but with the same vertical
velocity from the edge of a cliff. Which of the following statements is false?

BaliB
60°

Cliff

Ground

A Both balls will hit the ground at the same time.
The change in momentum of both balls are the same.

C The ratio of the horizontal velocity of ball A to the horizontal velocity of ball B
is a constant value of 1/v/3.

D The kinetic energy of ball A, just before impact with the ground, is greater
than ball B.



5. An objegt is projected with a certain velocity at an angle from a flat surface. Which of
the following graphs correctly shows the variation of the horizontal displacement with
time, and the variation of the kinetic energy with vertical displacement of the object?

Y4 y 4
0 X 0 > X
oy R - va .
0 Graph 3 > X 0 Graph 4 > x
Horizontal displacement vs time kinetic energy vs vertical
: displacement
A Graph 1 Graph 2
B Graph 1 Graph 4
C.V Graph 3 Graph 2
D Graph 3 , Graph 4

. 6.  Consider two laboratory carts of different masses but both possess identical kinetic
' energy. Which of the following statements must be correct?

(1) The one with the greatest mass has the greatest momentum
- .. (2) The same impulse was required to accelerate each cart from rest
(3) Both can do the same amount of work as they come to a stop
(4) The same amount of force was required to accelerate each cart from rest

A M. @ B (2.0

c (3@ D (MO



Three blocks of masses 3m, 2m and m are connected to strings A, B and C as shown

' below The blocks are placed on a smooth slope surface and attached to a block of
mass 6m- by string C. Assuming that the pulley is smooth which string must be the
strongest in order not to break when the block of mass 6m is released?

A A ' B B
C C D They must all be the same strength.

A door is fitted with a spring-operated latch as shown. When the latch is pushed in, the

spring becomes compressed but remains within its elastic limit. The latch is suddenly
released.

Which graph best shows how the acceleration a of the latch varies with distance x it
moves before it stopped? Ignore friction.

//’ao;r// / / latch
\\ AN

A

/j///x // stop

sprit{.g \

position from which
latch starts {0 move

B
a M a A
> 0
0 . ’
c D
a, a/\




0.

‘A child drinks a liquid of density p through a vertical straw. Atmospheric pressure is
. po.and the child is capable of lowering the pressure at the top of the straw by 10 %.

What is the maximum length of straw above the liquid that would enable the child to
drink the liquid? -

A Po - B po
10pg. . S g
l0pg - o pg

Two identical balls were released simultaneously from rest at X and made their way
to Y along two different tracks on the same vertical plane as shown below. Ball 1
travels along a straight down-slope track while ball 2 travels along a curve down-slope
followed by an up-slope track. Ball 2 reaches Y first.

X

~—
——
—
~

—_—
—
—
—
-

2

Neglecting all resistive forces, what can be said of the final energy and the average
rate of energy conversion for the two balls?

Final total energy of . Higher average rate of energy
conversion
A Both balls are the same Ball 2
B Ball 2 is higher Ball 1
C Ball 2 is higher Ball 2
D Both balls are the same Ball 1




1.

12.

13.

A model car moves in a c:lrcular path of radius 0.80 m at an angular speed of
2n/3 rad s-.

What is its distance travelled from a point X, 6.0 s after passing X?

A - zero : o B 0.8mm

~Cc . 1ewm - . p . 32wm

A rigid track in a plane vertical to the ground consists of a semi-circular section of
diameter 5.0 m and a straight horizontal section. A small object with a mass of 100 g
is projected horizontally into the track at the top with a speed of 20 m s™. The track
exerts an average resistive force of 1.0 N to the object. Point P is vertically below the
projection point.

® 20m st

P

Assuming that the object always stays in contact with the track, calculate the dnstance
from point P where the object comes to rest.

A 92m B 171 m

C 199 m D 249 m

A roundabout in a playground rotates uniformly about is vertical axis.

What is the minimum period of rotation of the roundabout, for a girl of 40 kg to stay on
safely, if she was standing 2.0 m from the vertical axis as the roundabout rotates?

Frictional force on girl due to the surface of roundabout, F = 1.16 W, where Wis the
weight of the girl. :

A 221s B 238s c 263s D - 6.94s



14.

15.

16.

- B The work done by the graVitétional field is

- C fTh'e change in-the maghitude of gravitational field strength is =2

9

The radius of the Earth is R and X is a point 4R from the surface of the Earth. When

a stationary object of mass m falls from X towards the Earth, which of the following

statement is false? The mass of Earth is M.

8GM
A The speed of impact is SR

0.8 GMm .

096GM . -

0.8 GM

D The change in gravitational potential is

A satellite is put in circular orbit about Earth with a radius equal to half of the radius of
the Moon’s orbit. Given that the period of revolution of the Moon is T, what is the
period of the satellite’s revolution in terms of 772

T T
A — _

8 2v2

T _
c 2 D 2V2T7

In the diagrams, the thin lines show equipotential lines and the bold arrows show the
electric field lines and their directions. Which set of equipotential lines and field lines

is possible?

A gV 7V 5V B gV 7V 5V

o
©
<
V
<
3
<
)
©
<
\l
<

5V
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18.

19.

20.
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A jet of steam at 100 °C is directed |nto a hole in a large block of ice of 0°C. After the

~ steam| has been switched off; the condensed steam and the melted ice are both at
0°C. The mass of water collected in the hole is 206 g. Calculate the mass of ice

melted.

Specific heat capacity of water = 4200 J kg™ K~

Specific latent heat of vaporisation of water = 2260 kJ kg™
Specific latent heat of fusion of water = 330 kJ kg™

A 2259 B 262g

C  1798g . D 18359

An ideal monatomic gas has 1000 J of heat added to it and it does 500 J of work; its
temperature changes by T:. When twice the amount of heat is added to it and it does
the same amount of work, its temperature changes by 7». The rafio of T1 / Tz is

A 1/5 B 1/3 Cc 3/5 D 1

A particle oscillates with simple harmonic motion. Which of the foIIowmg statements
about the acceleration of the oscillating particle is true?

A . It is least when the speed is greatest.

B It is always in the opposite direction to its-velocity.
C It is proportional to the frequency of the wave.

D It decreases as the potential energy increases.

A loudspeaker emits a sound wave of amplitude A and intensity /. After some time,

the intensity increased by 8.00 %. The corresponding change in amplitude is

A 3.92 % B 16.6 %

C 104 % ' D 108 %
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22.

23.
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The diagram below shows the positions of the air particles for an open-closed tube at
the instant when time =0 s. ‘
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Which"bf the following statements is NOT correct?

: A Atthe instant t=»:0 s, the air préssu_re variation is maxi'mum‘but the air velocity

© - - iszeroattheclosedend. -~ - Lo e ot T

B There will always be more than 2 complete wavelengths in the tube at any
instant in time.

¢ At the instant t = T/4, the air pressure variation is zero but the air acceleration
is maximum at the open end.

D The frequency of the air particles is 9 times the value of the fundamental
frequency.

Two loudspeakers L1 and Ly, driven by a common oscillator and amplifier, are set up
as shown. As the frequency of the oscillator increases from zero, the detector at D
recorded a series of maximum and -minimum signals. At what frequency is the first
minimum observed?

(Speed of sound = 330 m s™)

EL )
lZ

A beam of light of wavelength 1 is incident normally on a diffraction grating. The
angular separation between the two second order maxima is 8. The resolution of the
grating is d. Which row corresponds to the correct values of A, Gand d?

A 6 1 d
A 710 nm 60° 3.5 x 10° lines per metre
B 710 nm 30° 1.5 x 10 lines per mefre
C 420 nm 60° 3.5 x 10° lines per metre
D 420 nm 30° 1.5 x 10° lines per metre
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24. Two parallel plates R and S are 2.0 mm apart in.a vacuum. An electron moves along
a straight line in the electric field between the plates. The graph shows how the
potential energy of the electron varies with its distance from plate R.

+4.8 x 1071° y
potential §
energy/J !
E
H
E
0 . i

R ¢ 1 2.

. : o dsstancelmm
Whic‘h of the following statements is fals,e?, : -

A The electric field between R and S is uniform.

B The electric field strength is 3000 N C-'.

Cc The force on the electron is constant. .

D The magnitude of the potential difference between R and Sis 3.0 V.

25. A linear air track vehicle of mass 2.0 kg held centrally on an air track by two springs
makes simple harmonic oscillations.

. &
NONEE S,
i 3
G0 000 CDOOCTOOO IOOVOOO“OOOOODO/%
A / A

air track

When its displacement from equilibrium is 0.020 m, it speed is 0.030 m s™.

When its displacement from equilibrium is 0.030 m, it speed is 0.020 m s™.
Assuming at t = 0, the vehicle is at the equilibrium position, which one of the following
graph must be wrong because it does not correspond with the others?

A displacement / m B velocity/ms?
A A

0.036} - 0.068 |~ /-
0 U s 0 \ﬂy s
RY,] S 0.068}-------

c - D
force /N potential energy / mJ
0.072-f------m-meeo- “/’\
0 12 T tls
0.072}-->




26.

12.00

13

A battery of em.f. E, with internal resistance r, is connected in series with a variable
resistor R. (refer to circuit diagram). The figure below. shows the variation of the
terminal p.d V to the current I in the circuit as R is varied. Which of the following
statement is false?. :

1744

11.00 A E

© . 10,00 i - e s S
7.00 - - 4 4 : 1

2 P v R
6.00 - - - _ - _ ' . 7
5.00 4 iR N ;
4.00
3.00 . R

20 71
1.00 - -

0.00 » I/A

27.

0.00 0.50 1.00 1.50 2,00 250 3.00

The internal resistance ris 2.0 Q.

When the current in the circuit is 2.50 A, the resistor R is 4.0 Q.

The e.m.f of the battery Eiis 10 V.

o o0 w >

When the R = 50 Q, the power dissipated in the resistor R is 1.85-W.

A 6.00 V battery supplies current to the circuit shown in the figure below. When the
double-throw switch S is open as shown in the figure, the current in the battery is
1.00 mA.

When the switch is closed in position a, the current in the battery is 1.20 mA. When
the switch is closed in the position b, the current in the battery is 2.00 mA. The
resistances of R+, R, R; are

R R2
Rz
— 6.00V a
S —&
I b Rs

Ri/ Q R/ Q Rs/ Q
A 2000 1000 3000
B 1000 2000 3000
C 3000 1000 2000
D 3000 2000 ) 1000
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~ 28. A small plastic- sphere carrying a positive charge is maintained at a constant height by

29.

30.

the action of an upward vertical electric fi eId

A uniform magnetic field is applied in the same direction as the electric field.

What does the sphere do?

A _ Move downwards in a spiréll path.
-B : MQ\)e in'»'a hérizontal circle.

Cl. o Move upwards in a-spirai path.

D Remain stationary.

A mains electricity supply has a root-mean-square voltage of 240 V and a peak voltage
of 340 V. When connected to this supply, a heater dissipates energy at a rate of
1000 W. The heater is then connected to a 340 V d.c. supply and its reSIstance
remains the same. :

At what rate does the heater now dissipate energy?

A 1000 W B 1400 W

c 2000 W D 2800W

A transformer is use to step down 120 V a.c. voitage supply to a 3.0 Q resistive load.
The ratio of the secondary turns to the primary turns is 1:20. What is the current in the

primary coil?

120V A, !§ 300

T

A 40 A B 6.0A c 20A D 0.10A
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31. Diagram 1 shows an aluminium rod, moving at right angles to a uniform magnetic field.
Diagram 2 shows the variation with time t of the distance s from O.

[
L4

Region of magnetic field -

4
X X X E N
0e—s <N
X x x BERE
PR . 0 1 L i ,>
| o ot
Diagra__m,'1 S | ) . . Diagram 2. -

~ Which graph best shows the variation with time t of the e.m f. E induced fn the rod?

AN S et il
o oo
t -0 t
c 4 D

Foome

0

0

Y

A 4
T

~~ e nmr e n -

0

0

32. An external force F is exerted on a conducting bar which moves to the right with
constant velocity v in a uniform magnetic field B that points out of the page. The
conducting rod has negligible internal resistance.

© o6 606 o0
© 00 ©0

© 0106 0

© 0 66 0
Which of the following statements is most likely correct?

A The current in the conducting bar flows from higher potential to lower
potential.

B F must be increasing to ensure that the conducting bar moves with constant
velocity.

C If F is constant, the power of the resistor is approximately Fv.

D The current in the conducting bar will increase if B decreases.



33.

34.

35.

36.
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Which one of the following has the largest energy content?
102 photons of wavelength 1 pm (v—iays)
105 photons of wavelength 2 nm (X-rays)

106' photons of wavelength 5 pm (infra-red radiation)

o O w »

108 photons of wavelength 600 nm (yellow light)

- Of the followmg phenomena Wthh prov:des the best ev:dence that pamcles can have

wave properties?

A The absorption of photons by electrons in an atom. ~

B The interference pattern produced by neutrons incident on a crystal.
C ~ The production of x-rays by electrons striking a metal target.

D The scattering of photons by electrons at rest.

The speed of a moving electron is measured to be 1.95 x 10° m s™, to a precision of
0.50 %. What is the minimum uncertainty with which its position can be
simultaneously measured?

A 5.9x 10°m B 59x10" m

c 54x10%m D 54x10*" m

Which of the following statements below on intrinsic semiconductors is true?

A The total current flow is due to the movement of the electron-hole pair.

B The valence band is completely filled and the conduction band is partially
filled.

C There are more electrons in the conduction band than there are holes in the

valence band.

D The valence band is completely filled and the conduction band is empty at
room temperature.
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38.
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In a ruby laser, light of wavelength 550 nm from a xenon flash lamp is used to excite
the chromium (Cr) atoms in the ruby from ground state E; to state Es. In subsequent
de-excitations, laser light is emitted. Which of the following statements regarding this

_laser is incorrect?

2.25eV—¢ : E;
1.79 eV ¥ E;
Optical pumping |
(550 nm photons)
Ground state N vy E,

Es cannot be the metastable state because, if it is, then there will be no net
production of light when equilibrium is reached, since stimulated absorption
and stimulated emission will then occur at the same rate because the
numbers of electrons in E3; and E1 will be the same at steady state.

Es is the metastable state because, having a longer lifetime than a normal
excited state, the metastable state allows the accumulation of excited
electrons, resulting in population inversion and net light production.

E: is the metastable state because it is not subject to stimulated emission
caused by the 550 nm photons used in optical pumping, and so allows the
accumuliation of excited electrons to achieve population inversion.

The transition from state E>-to E4 produces the laser light.

Which of the following statements concerning nuclear properties is true?

A

B

The greater the binding energy of a nucleus, the more stable it is.

If the total rest mass of the products of a reaction is greater than the total rest
mass of the reactants, this reaction is impossible.

The half-life of a radioactive substance can be changed by allowing the
substance to react chemically to produce a new radioactive compound.

When a stationary nucleus decays by emitting a y-photon, the nucleus will
move off in an opposite direction to the photon.
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39. Aradioactive nuclide M undergoes a series of decays to form N, which is an isotope
~ of M. M most likely had undergone

A 10 alpha and 5 beta decays
B 11 alpha and 11 beta decays
C 12 alpha and 4 beta decays
D 13 alpha and 26 beta decays

40. . The figure (not to scale). below shows the variation wiih time ¢ of the number of active . -
nuclei N of a sample of radioactive nuclide. The initial number of nuclei is N,. The half-
life is In(2%) s. N

A
No

0 —»>

t/s

Consider a tangent, m, to the curve drawn at the point No. m will cut the t-axis at

- 3 3 -
A nz2° B Zn3s
3 | 3In2
C S D
J2In2 , In2

END of PAPER
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speed of light in free space,

permeability of free space,
permittivity of free space,
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the Planck constant,
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the Boltzmann constant,

" gravitational constant,

acceleration of free fall,

Formulae

uniformly accelerated motion,
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1(a)

(b) (i)

Two similar sports car A and B are used to do some road tests. They have different
engines and thus provide different driving force. ‘On aflat road, car A can accelerate
uniformly from rest to 27.8 m s in 3.5 s while car B can accelerate uniformly from
restto27.8 ms'in4.0s.

(i) Using the figure below, draw the velocity-time graphs for the two cars,
accelerating from rest together at the start line, for the first 4.0 s. Label A and B
for the graph representing car A and car B respectively. [2]

(if) Using the graphs draw in (i), calculate the distance, d, between car A and B at
t=4.0s. .

When both cars encounter a slope, driving force of car B remains the same while
that of car A is reduced by 20%. Calculate the effective acceleration for each car
A and B, denoted aa and ag respectively, when the cars move up a slope with an
inclination of 30° with the horizontal.



1(b) (ii) On a road test, car A enters a slope of 30° at 40 m s! while car B enters the
slope at 37 m s simultaneously at t = 0 s. Using the accelerations calculated in
1(b)(i), draw the velocity-time graphs in the axes provided below for car A and

carBfromt=0stot=10.0s. [1]
A
. Velocity/ms™
60.0
40.0
20.0 - + T 7:: N : it o
0 T >
i : ¢ fime/s

(iii) Hence, explain qualitatively whether car B could overtake car A att=8.0s.



2 (a) (i) An object, immersed in a liquid in a tank, éxperienced an upthrust. Explain
- briefly the physical reason for this upthrust.

(ii) A thin plastic bag is found to have a mass m when empty and pressed flat.
- ~When the bag is filled with air, of volume V and density p, at atmospheric

pressure and re-wenghed state and explam what would be the measured
- weight of the bag

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

(b) Consider a person bending as shown in Fig. 2.1. The force diagram for the spine of
the person, with the back horizontal, can be shown in Fig. 2.2.

Back muscle

L\

Pivot § [ ;
" !
pivot
: w
Fig. 2.2

Fig. 2.1

The spine can be considered as a rod pivoted at its base. The various muscles of the
back are equivalent to a single muscle producing a force T as shown. W is the force
that the upper part of the body exerts on the spine.

(i)

State and explain qualitatively the value of T, relative to W, at equilibrium.

(i) On Fig. 2.2, draw a force, F, at the pivot which is necessary for equilibrium.
Hence, state and explain qualitatively the value of F, relative to W.



3 (a) Explain:

(i) whatis meant by a plane-polarised wave,

. (ii) why sound waves cannot be polarised.

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

S PO P AR PN . () I
(b) Figs.. 3.1 and 3.2 show an éxperimérﬁ in WHiéh 'a's'tud'e'r'lt 6bsér’vé§ two paréiiel
beams of light through a Polaroid filter. In Fig. 3.1, the beam consists of unpolarised
light of intensity lo. In Fig. 3.2, the beam is plane-polarised with intensity 1.
plane-polarised light

% Fig. 31
N ‘ .
\ T
. §> Fig. 3.2

_/ polaroid
Unpolarised light

AN
N

Y

Y

/ polaroid

Intensity 1
. ; —
0 o Angle of
180 e
360 rotation

On the axes above, sketch two graphs, labelled (1) and (2), corresponding to Fig. 3.1 and
Fig. 3.2 respectively, to show how you might expect the intensity of the light reaching the
student to vary as the polaroid in each case is tumed 360° in its own plane. {21




(c) Light from a low pressure sodium lamp consists mostly of two wavelengths,
589.99 nm and 589.59 nm. This light is allowed to fall normally on a diffraction
grating with-500 lines per millimetre. Describe quantitatively the pattern which
would be observed.

[2]
4 (a) Fig. 4.1 shows how the electric potential, V, varies with 1 where r is the
r
distance from a point charge Q. 1 -
;
o 2 4 & 8
O -
—500
—~1000
74%
—1500
—2000 R
Fig. 4.1

State what can be deduced from the graph about how V depends on r and
explain why all the values of V on the graph are negative.

...................................................................................................... [2]
(b) Two positively charged metal spheres A and B are situated in a vacuum, as shown
in Fig. 4.2.
sphere A sphere B
G
)T ToTTTTTT
"



A point P lies on the joining the centres of the two spheres and is a distance x from
the surface of sphere A. '

The variation with x of the electric poteht_ial V due to the two charged spheres is
shown in Fig. 4.3.

600

500

IV T

400 -H1- :

300
200 A
100
0 2 4 6 8 10
T x/em T
surface surface
of A ) of B
Fig. 4.3

(i) State how the magnitude of the electric field strength at any point may be
determined from the graph of Fig. 4.3.

(ii) Without any calculations, describe the force acting on a positively charged
particle placed at point P for values of xfrom x=0tox =10 cm.



(c) The»pgsjﬁ\iely charged particle in (b)(ii) has charge g and mass m .given by the
‘expression

9 = 4.8x107 Ckg*
m

Initially, the particle is at rest on the surface of sphere A where x= 0. It then moves
=i - freely along the line joining the centres of the sphere until it reaches the surface of
. sphereB. .

' Calculate-the speed, v, of the particle as it reaches the surface of sphere B. Explain -

5(a) Fig. 5.1 illustrates a fixed rectangular coil whose lower horizontal side, XY, lies

between the poles of a magnet placed on the platform of a top-pan balance.

South pole North pole

1+— Magnet

Top-pan Balance

Fig. 5.1
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With no current in the coil, the balance records the mass of the magnet. State and
explain how the reading of the balance changes when the current is switched on.
_ You may assume a direct current flows from Xto Y.

(b) In a moving-coil loudspeaker, ‘a circular coil of wire, the speech coil, is. free to move
in the circular gap between the cylindrical core (South pole) and: the surrounding
ring (North pole) of a magnet as shown in Flg 5.2. The speech coil is attached to
the speaker cone. '

Speech coil

Fig. 5.2

(i) The speech cou with a mean radius of 25 mm, consists of 120 turns of wire. The
flux density of the radial field in which the coil lies is 0.45 T. Calculate the
electromagnetic force, F, on the coil when a current of 15 mA passes through it.

(i) Explain how audio-frequency vibrations of the speaker cone are brought about.
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6(a) Fig. 6.1 shows the variation of intensity 7 with wévelength A of a typical X-ray

(b)

spectrum.

1

Armin
Fig. 6.1

By reference to the principles of production of X-rays in an X-ray tube, explain the
origins of any two main features of the spectrum using quantum theory.

Suppose the ionisation energy of an atom is 4.10 eV. In the spectrum of this same
atom, we observe emission lines with wavelengths 310 nm, 400 nm, 1378 nm.

Use this information to construct the energy-level diagram with the fewest levels.
Assume the higher levels are closer together.

[4]
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It was reported on 6 July 2016 in the news that NASA’s Juno spacecraft reached the
desired orbit around Jupiter. The mission was to find out more about Jupiter.

Juno
Spacecraft

* " Jpiter has many'moons. Fig.7.1shows the period and orbital distance of some of

the moons found around Jupiter.

Moon Period, T/Days | ‘Orbital Distance, r/10°m
Metis 0.295 1.28
Unknown 0.38 1.85
Thebe 0.67 2.22
lo 1.77 4.22
Europa 3.55 6.71
Ganymede 7.16 10.7

Callisto 16.7 18.8 .
Fig.7.1

(a) The variation with orbital distance r of the period T is given by the expression
T = kr™n

(i) Theory suggest that m/n = 1.5. Use Fig.7.1 to show that the data supports this
suggestion. 2]

(i) A graph of some of the data showing the variation of Ig (T/days) with ig (r/m)
is shown in Fig.7.2.

On Fig 7.2,

1. Plot the point corresponding to r = 4.22 x 10® m,
2. Draw the line of best fit for all the points. 2]
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Ig (T/days),

e

14

1.2

1.0

0.8--

0.6

] 0.4

0.2

0.0

\ 4

-0.2 lg(r /*m)

Fig. 7.2

(ifi)  Determine the gradient of the line you have drawn on Fig.7.2.

Gradient=..................... e [2]
(iv)  Explain why the graph of Fig.7.2 supports the expression given in 7(a).
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(v) State values of the integer m and n.

D= 1]

(b)i) 1. The intensity of sunlight from the Sun reaching Earth is about 1400 W m™2.
Jupiter is 5.2 times the distance from the Earth to the Sun. Show that the
intensity of the Sunlight reaching Jupiter is about 50 W m™2. M

2, It was reported that the Juno’s Solar array of 60 m? can produce about 500 W
of power. Calculate the efficiency of the Solar array on Juno’s spacecratt.

Efficiency =.......... %[2]

(ii) Juno Spacecraft passed through Jupiter's north pole where it encountered
- radiation of high speed electrons.  lts crucial system was shielded by a
titanium vault. Suggest a reason for the need to shield the Juno’s spacecraft

system from the high speed electrons.

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

.........................................................................................................
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8 A simple transformer can be made by winding coils of copper wire around a solid
~ - hard iron core.

It is suggested that the efﬂc:Iency of such'a transformer can be affected by the power o

supplied to it.

Design an experiment using a simple transformer to find out how the efficiency of the
transformer varies with the frequency of the power supply. You should draw a
labelled diagram to show the arrangement of your apparatus. In your account, you
should pay particular attention to

) the identification and control of variables,

(i) . the procedure to be followed

(jii) how the efficiency is calculated

(iv) any precautions that would be taken to improve the accuracy and safety of
the experiment.

Diagram:
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.................................................................................................................

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

End of Paper
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2016 H2 Physics Prelim Suggested Solutions

‘Paper 1

1 C 11 D 21 C 31 D

2 D 12 B 22 A 32 C

3 B 13 C 23 A 33 D

4 C 14 D 24 B 34 B
15 D 15 B 25 B 35 A

6 D 16 C 26 |B 36 A

7 C 17 . 1D 27 - |B" 37 . B

8 A {1 B. 128 - ID 38 D’

9 A 19 A 29 [ 39 D

10 A 20 A 30 D 40 D

Paper 2

1 (a)(i)

v/ms-1

35!
30.0 :
fas : jaEpaaaan
CaFAAH :
200 | an T
paizas :
10.0 =
»Z
y
L >
0 1.0 2.0 3.0 4
[2]

1 (a)(ii)Distance travelled by car A= % x4.0x32.0=64.0m
Distance travelled by car B=7:x4.0 X 27.8 =55.6 m

Distance between the cars = 64.0 - 55.6 = 8.4 m
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1 (b)(i) Acceleration of car A, ax = 27.8/3.5=7.94 ms?-
Acceleration of car B, ag = 27.8/4.0 = 6.95 ms™
Effective acceleration of car A = a'a = (aa x 0.8) — gsin 36°
=7.94 x 0.8-9.81 (0.5)
=1.447 =1.45 m s*
Effective acceleration of car B = a's =4ap - gsin 30°
. - =6.95-9.81(0.5) = 2.045 =2.05 m's2
RICURE o

V/ms?
oA
60.0 :
- jSasgosamE: HHH Fig.1.2
: T : ZafPEzaRESNNLX: (8 RERRNDEEAESO NN
Q2 Zgeasas
40.0 f"';"’ = [
20.0
0 3T T
2.0 4.0 16.0 8.0 10.0
t/s

Va = 40 + 1.45 (10) = 54.5 ms™

Ve = 37 + 2.05 (10) = 57.5 ms™*



2016 H2 Physics Prelim

1(b)(iii) The area under the velocity-time graph will give‘the displacement of the car.

From the graph, at t = 8.0 s, the area under the graph of Car A is bigger than the
area under the graph by Car B. Fromt=01tot = 5.4's, Car A covered a larger
distance. Fromt=5.8stot=8.0s, Car B covered a larger distance. Comparing the
2 regions, area under the graph by car A is still more than shaded area B. Hence
Car A has covered more distance than CarBatt=8.0s.

Or

 The 2 céfs" Velocifiés are equal at t = 5.8 s._‘l Car A is ahead of Car B. Hence for the
.. displacement to- be the same, Car B can only be together with Car A att = 11.6 s.

2(a)(i)
- 2(a)(ii)

2(b)(i)

2(b)(i)

Hence att = 8.0 s, car B will still be behind Car A.
Upthrust is a result of pressure difference in a fluid, due to height difference.

mg. Weight of the air inside the balloon is acting vertically downwards and is given by
pVg where V is the volume of the balloon.

The balloon will experience an upthrust in the vertically upwards direction. The
magnitude of the upthrust is given by the weight of the air displaced by the balloon
which is also pVg, since the density of air is p and volume is also V. The 2 forces
cancel one another and therefore the weighing scale gives only mg.

Taking moments about the pivot, for equilibrium, the anti-clockwise moment dueto T
must be equal to the clockwise moment due to W. Since the perpendicular distance
from the pivot to T is smaller than the perpendicular distance from W to the pivot, T
must be larger than W. '

W

Three non-parallel forces acting on a body in equilibrium, 3 forces must pass through
the same point in space. Taking moments about the end of rod, for equilibrium, the
anti-clockwise moment due to W must be equal to the clockwise moment due to F.
Since the perpendicular distance from the end of rod to F is smaller than the
perpendicular distance from W to the end of rod, F must be larger than W.

3(a)(i) A plane polarised wave is one in which the particles’ plane of vibration is fixed along a

3(a)(i)

particular direction.

Sound waves are longitudinal waves. The direction of vibration of particles is parallel
to the direction of travel of the wave and thus cannot be polarised. Only transverse
waves can be polarised.
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3(b)

”

Intensity / .
Y lo )

I | (ii)

I I
° 180° 360°

Angle of
rotation

3(c) Determine the highest order that can be seen on the screen,
d

Npax < 1

Npax = 3

1%t order, wavelength = 589.59 nm, 8, = 17.15°

1%t order, wavelength = 589.99 nm, 8,, = 17.16°

3" order, wavelength = 589.59 nm, 8; = 62.18°

3" order, wavelength = 589.99 nm, 63, = 62.25°

The central maxima will be the brightest with both wavelengths combined. The highest.

order that can be seen on the screen is the third order. There will be a total of 13 bright
fringes that will be seen including the central maxima.

4(a) From the graph, it is observed that V is inversely proportional to r and potential is
defined to be zero at infinity. Values of V .is negative as the charge is negative and-thus
work done to bring unit positive charge from infinity to the point is negative.

4(b)(i) Magnitude of electric field strength is the gradient(or slope) of the tangent or line
drawn at that point.

4(b)(ii) At x =0 cm, the electric force is the maximum (in positive x direction). .
From x= 0 cm to 6.0 cm, the force decreases from a maximum value to zero at x=6.0
cm. From 6.0 cm to 10 cm, the force increases from zero with direction of force is in
opposite direction, i.e negative x direction.

4 (c) As the positively charge particle moves from x=0 to x =10cm, it losses electric
potential energy and gain kinetic enerqgy.
By conservation of energy,
Loss in EPE = Gain in KE
q(570 -230) = %2 mv?
v2 = 2(g/m)340 = 2(4.8x107)340 = 1.8 x 10° ms™’
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5(a) By Fleming’s Left Hand Rule, the direction of the force on coil XY by magnet is
downwards. By Newtons’s 3" Law, the force acting on the magnet by coil is upwards.
The reading on balance is measured by the normal contact force acting on magnet.
Once the current is switched on, the normal contact force acting on magnet is reduced,
i.e weight — magnetic force on magnet. Therefore, reading on scale decreases.

5(b)(i) F =NBIL
' F=120><0..45x15x10‘3><2xrrx25>< 10°=0.127 N

'5(b)(u) A fluctuating electric curfent flows through the coil.
' - Since the coil is perpendicularly to a magnetlc field, it expenences a magnetlc force'
and the magnitude of force is proportional to the current.
- As the coil is attached to the speaker cone, the cone will oscillate with an amplitude
that is proportional to the amplitude of current in coil.

.6(a) Existence of 1, - To produce an x-ray photon, the accelerating_electron must
decelerate suddenly when it collides with the target atom.

The minimum wavelength comes about when 100% of the kinetic energy of a electron is
loss and converted to a single x-ray photon of maximum energy.

X-ray continuous spectrum/braking radiation/Bremsstrahlung — To produce an x-ray
photon, the accelerating electron must decelerate suddenly when it collides with the target
atom.

The kinetic energy lost by the electron can be converted into any humber of photons of
different energies. The wavelength of each photon is longer than A4, . Thus, a continuous

spectrum is obtained.

Existence of peaks in the continuous X-ray line spectrum - A high speed electron
collides and_knock off an electron in an inner shell of the target atom, leaving a vacancy in
the inner shell.
$Electron from the outer shell (which is at a higher energy level)_de-excite to fill up the
‘vacangy in the inner shell.
. When the electron de-excite, the electron loses energy. The energy loss by electron is given
“out as a photon with energy equal to the energy difference between the outer and inner
shells. Hence the line spectrum is unique to different target materials.
(Any 2 of the above)

~%6(b) M = 310 nm, AE1 = 4.01 eV
A2 = 400 nm, AE2 = 3.11 eV

A3 =1377.8 nm, AE3 =0.90 eV

n=3 -0.09 eV
n=2—— -0.99 eV




2016 H2 Physics Prelim

7(a)(i) T=Kpr
Rearranging, K = T/r™" :
For values of T and r, the theory is valid if K is a constant.
Using the data from the table:

Moon T/days /1 08 m K

Metis _ 0.295 1.28 2.037x10°
Europa 3.55 6.71 2.042 x1 03
Callisto 16.7 | 188 2.048 X103

K is approxnmate constant wnth a value of 2 04 X 10 ‘3 s

7(a)(u) Lg (r/ m) 8 625
"~ Lg (T/s)=0.248
Point (8.63, 0.25) to half the smallest square division

7(a)(iii) Gradient = [ 1.22-(-0.530))/ [9.27-8.11]
: = 1.75/1.16
=151=15(2sf)

7(a)(iv)From 7(a)(i), T= kr™®
Linearizing: LgT=(m/n)Igr +igk

From fig 7.2, a straight line graph with a negative y-intercept is obtained with a

gradient equals to 1.5. Hence the data fits the equation given by the theory.

7(a)(v) Based on the predicted gradient, m/n = 1.5 hence if m and n are integers,
m=3,n=2

7(a)(vi) Using Ig (r/m) = 9.27 and Ig (T/days) =1.22
T = 16.6 days = 1.434 x10°s
Lg (T/s) = 6.16,
6.16 =1.5(9.27) Hig k
K=1.80x10%
1.80x10°® = V(4n2/GM)
M = 1.83 x10% kg

7(b)(i)1. Intensity on earth, | = Ps/4mrr?2 where Ps = Power of the sun
1400 = P/ 4 mr? ... .[1]
Intensity on Jupiter, ' =P/ 4 m(5.2)r* ......... 2]
Egn [2)/Eqgn {1]: 1 = 51.8 W which is close to 50 W
7(b)(i)2. Intensity received by Juno’s spacecraft = I’
: = P./A where P; = Power received by the solar array.
51. 8 = P/60
P:=3102W

Efficiency = 500x100%/3107 = 16.1%

7(b) (ii) High speed electrons produces x-rays which may be harmful to the

electronics systems in the space craft.

High speed electrons will knock out electrons in the atoms of the electronics

components thereby damaging the spacecraft’s system.
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8
Diagram

Primary coil Secondary coil

N A
Q)
Resistor, R
Signal  }—
Generator Connected to mains

Independent variable: frequency of the power supply, fi,

Dependent variable: efficiency of transformer, E ;

Fixed variables: the voltage of the input power, no. of coils of primary and secondary coils,
Distance between the coils

Procedure: .

1. Set up the rest of the apparatus as shown in the diagram above.
2. Switch on the signal generator, and set it to suitable frequency.
Measuring the variables . '

3. Record the input voitage Vi, and input current |, in the primary coil from the digital
voltmeter and ammeter respectively. '

4. Record the output loy in the secondary coil from the digital ammeter.

5. Read and record the value of input frequency fi, from the signal generator.

Calculation of data:
6. Calculate efficiency of the transformer using E = lou?R / Vin Iin
Varying the independent variable:
7. Vary the input frequency to the primary coil by increasing the frequency through the
signal generator by 10 Hz.
'Repeating the experiment:
8. Repeat step 3 — 7 to obtain 10 sets of readings.
Analysis of data:

9. Tabulate the values of fin, Vin, lin Vout, lout, Pin, Pout 2nd E.

10. The relationship of the independent variable and the dependent variable is assumed
to be of the form E =k f,,", where k and n are constants.

11. Plot a graph of Ig E vs Ig fin. If a straight line is obtained from the graph, determine
the gradient of the line which is n. Equate Ig k to the vertical-intercept. Then
determine k. Hence the relationship of E and Pi, can be deduced.

Safety Precaution:

 Ensure that the iron core and coils are well insulated to ensure that the experimenter
do not get an electric shock. Alternatively wear insulated gloves when conducting the
experiment.

* Do not perform the experiment for voltage more than 20 V to prevent overheating.
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Addltlonal details:

e The apparatus should also be allowed to cool down before performing each set of
experiment to keep heat loss during experiment to a minimum.

e Conduct preliminary trials of the experiment to find the suitable range of input
frequencies.

o Magnetic shielding should be provided to ensure that the magnetic field through the
simple transformer is not affected by other sources.

» Detailed explanation of how to keep voltage of input power or dlstance between the-
coils fixed. S
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Paper 3

1(a)(i) Now consider a body of mass m at rest brought to velocity v over a distance sby a

constant force F.
The final velocity v is given by v? =4” +2as,

. L F
where a is constant acceleration given by a =—.
m

We have v’ = > +2£s.
m

' Rearranging,” %Fs':‘%’néé'z;%mﬁ e

The change in Kmetlc Energy of an object equals the net work done on the
object.

Since the body starts from rest (u = 0), its final kinetic energy of body = work done
onbodyby F = E, = 12mv2.

1(a)(ii) -Since the speed is constant, the change in KE is zero. Hence, by COE, the chemical

1(b)(i)

energy is all used to do work against air resistance and thus no such transformation
taking place.

P =Wit
36.6 x 10° = W/300, W—1 1x107 J

1(b)(ii) Not worth, since the KE =3.46x10° J even when it is moving at 31 ms™ and thus will

2(a)

2(b)(i)

be even lower when it slows down. Hence, since the KE will be so much lower than
the WD against the resistive force, a large part of the energy would still be provided
by the fuel of the car.

Consider a collision that occurs when A collides with B in a straight line. By Newton’s
second law the change in momentum for A, Apa = Fea*At, where Fga is the force B
exerts on A and At is the duration the force is exerted while the change in momentum
for B, Ape = Fag*At, where Fag is the force A exerts on B.

By Newton’s third law, Fga = - Fag since they are an action-reaction pair.

Hence, Apa = - Aps.

This implies par- pat = - (per — pa), where par is the final momentum of A, pa is the
initial momentum of A, per is the final momentum of B and pag is the initial momentum
of B.

Rearranging, pa + pei = par + per. This implies the total initial momentum is the same
as the total final momentum if no external force acts on this system.

The total initial momentum of the system is zero. Hence the total final momentum is
zero, implying that the final momentum of magnet A = -(final momentum of magnet
B). If the mass of both magnets are the same, then the final velocity of magnet A = -
(final velocity of magnet B).

2(b)(ii) Work was done on both magnets since an external force was applied to oppose the

repulsive magnetic force between the two magnets. This was stored as potential
energy between the two magnets resulting.in an increase in kinetic energy when the
external force was removed.



2(c)

3(a)(®)
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At the top of the track, Fnet = 3mg + N.

To determine the minimum velocity to keep in contact, Fnet = 3mg

Fc = 3mvgmin?
-

= 3mg

Vmin® = \/;5

Applying conservation of energy,

Total energy at the top of the track = Total energy at the bottom of the track

-2-mvmin2 +mg(2r) = EmvBZ

vp=,/5rg o
Assumption: The track IS fnctnonless so that no-net external force acts of the system
Applylng principle of conservatlon of linear momentum,

mvg. = 3m,/5rg :

Vo = 3-‘/ 57"

As point X is adjusted in the direction of B, the potential difference (p.d) across AX
will vary. There will be a point along AB where by the p.d across AX will be equal to
the e.m.f of the driven cell.

When this happens, no current will flow in the lower circuit, thereby showmg anull
reading on the galvanometer.

3(a)(ii) The e.m.f of the driver cell is smaller than the e.m.f of the driven cell. The p.d across

the driven cell will always be greater than p.d across AX and thus the current will
always flow in one direction. No null deflection will be detected.

Balance length L = 0.2 cm '

Uncertainty in measurement of balance length = 0.2 cm

3(a)(iii) The balance length AX is too small to be reliable and accurate in reality. {1}

3(b)G)

Percentage uncertainty will be large as the value of the value of the balance length
approaches the value of the uncertainty of the measurement of the balance length. {1}
For example.

1v=k100

2x103v=kL

Balance length L =0.2 cm

Uncertainty in measurement of balance length = 0.2 cm

Percentage uncertainty = 0.2/0.2 x100 = 100%

1.02V

3(b)(ii) Let the balance point be X.

Resistor across balance length CX = (79/100) x 2.00 = 1.58 Q
Total Resistance of the circuit = Riota

Vas = (Rap/Riota). E

1.02 = (102/Rotat).E ....[1]

Vex = (1.58/Riotal).E ... [2]

Egn[2)/ Egn[1]: Vex=[1.58/102]x 1.02=0.0158 V
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uoNI 4nx10"7x500x0.50 ’

Magne’nc field B= TS =314 x103T
-“Magnetic flux ®= BA 3.14 x 10‘3 X 1.6 X 10‘4 =5.02 x 107 Wb

4(b)(|) Change of ®=VAt =20 x 1073 x0.20 X 1073 = 4.0 x 1077 Wb

4(b)(u) Final flux through loop = (5.0 x 1077) — (4.0 x 1077) =1.0 x 1077 Wb

Since cross sect A is constant, magnetic flux is proportional to current.

-~ Since magnetic ﬂux is reduced by 5 times, the current has decreased to 1/5 of -

. original.
o 1=010A .
® /Wb
y
0.110 -
0.066
+ > 0/°
0
360
E/V
1
. » t/s
0 2.09 4.19

S(a)

Electrons in the n-type semiconductor diffuse across the junction to the p-type
semiconductor due to higher concentration gradient. This is Vice-versa for holes from

p-type to n-type)

The electrons and holes will recombine and the region will be depleted of mobile
charged carriers and will leave behind immobile charged ions.

At equilibrium, the electric field set up in the depletion region will be strong enough to
prevent more electrons/ holes from diffusing across from the n-type to the p-type
semiconductor or p-type to n-type semiconductor respectively.

The potential difference due to this electric field within the depletion region can be
thought of as a “potential energy barrier” that prevents the further migration of
electrons across the junction.

5(b) (i) forward bias



S(b)(ii)

OR
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When the p-type semiconductor is given a higher applied potential relative to the n-
type semiconductor, the applied electric field opposes the original E-field within the
depletion region. This causes the resultant electric field strength and the
corresponding potential difference within the depletion region to decrease. When the
applied electric field is strong enough, the potential energy barrier will be removed
and a net current flows in the circuit.

In forward bias connection; the width of the depletion region decreases because the
electrons in the n-type semiconductor are pushed away from the negative end of the
p-n junction into the depletion region while the holes are pushed away from the

'posmve end of the p—n junctlon mto the depletlon reglon

6a)

6(b)

Frequency f of a body undergomg snmple harmonlc motion is the number of
complete oscillations that the body undergoes per unit time.

Angular frequency » of the same body is related to f by a factor of 2n i.e. @ = 2af. _
The angle of 2r is associated with one complete cycle of oscillation

For a motion to be in simple harmonic motion, the acceleration, a must be directly
proportional to displacement, x and the direction of acceleration must be in opposite
direction of the displacement [1], i.e a = - @ X (or a = - kx, k is constant ) where o is
a constant( angular velocity).

Displacement of shadow, X =RSin ¢

= Rsinax where ¢=ar,

wis angular velocity, t is the time.

8(c)()

6(c)(i)

0

Period

2

i{= - w2 Rsin ot
dt

a= - w?2X ,since X =Rsinar
Therefore, the motion of shadow is simple harmonic motion.

Acceleration of shadow, a =

Maximum velocity is reduced since amplitude is reduced.
Max KE is reduced to one quarter of its initial maximum kinetic energy (or 4 times
smaller).

12 24 3.6 485

is 2.4s, shape

Note: student must sketch the graph upto t=5.0s



6(d)

6(e)

"8
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Photoelectric effect has taken place, n’egative‘iy charged electrons are emitted out
from Barium, Barium acqunred positive charged. ' '

The incident photon will be absorbed by the electron if its energy is greater than work
function of metal.

Since there is no accumulation of energy through absorption of multiple photons,
there is no time delay in the emission of photoelectrons.

It shows the existence of discrete energy levels in hydrogen atoms. The
electromagnetic radiation or photon energy occurs at certain (or discrete) frequencies,
the energy levels in atoms are discrete (or quantised). .

s . The electron in the atom de-excites from the.higher energy state to a Iower energy

‘76(9)

" 6(h)(i)

_state, it will emit a photon with. energy equals to the .dlfferenc;e. in the energy levels. .

The electron at the metal surface require the least amount of energy to be emitted,
hence it has maximum kinetic energy.

Electrons that are not directly below the surface require energy to bring it to surface,
so less kinetic energy.

Hence, there is a range of kinetic energy up to a maximum value for the electrons.

In a crystalline solid, the regularly arranged atoms (or the atomic spacing between

- the atoms is constant) acts like a diffraction grating.

6(h)(ii) The electrons behave as a wave since electron diffraction take place. Electrons are

accelerated and gained kinetic energy. Only electrons of suitable kinetic energies
(Ex = —?—2—) have momentum and the de Broglie wavelength, i.e. p = % associated

with this momentum is of the same order of magnitude as the atomic spacmg, i.e 10
10
m.

Considering 1 mole of gas of volume Vg,
VR=Mr/p

PV =nRT

P(Mr/p)=(1)RT

P = pRT/Mg (shown)

7(b) (i) P = pRT/Mr

At sealevel, h=0m,

Po=100x10°=(1.3)RT/Mr - (Eqnt)
At h = 8.0 km

Ps = 35 x 10° = pg RT/ Mr —— (Egn2)
(Ean2)/(Eqn1),

(35 x 10%)/( 100 x 10%) = ps / 1.3
ps = 0.455 kg m

7(b)(ii) Ps = 0.3 Po

ps R (273.15~23) / Mg = 0.3 (1.3) R (273.15 + 20) / Mg
ps = 0.457 kg m™



7(b)(iii)

7))

OR

7(c)(ii)

7(c)(iii)

2016 H2 Physics Prelim

The specific latent heat of varporisation will decrease as the pressure at the summit
of Mt Everest is smaller hence there is less work done by the water as it expands.
The amount of energy required by the system to overcome intermolecular forces will
remain similar to that at the sea level.

Note: The boiling pointof a substance is the temperature at which the
vapor pressure of the liquid equals the pressure surrounding the liquid and the
liquid changes into a vapor. The boiling point of a liquid varies depending upon the-
surrounding environmental pressure.

Wave travel down the tube and qets reﬂected by the water.. ,
The inicident and the reflected waves, both-having the same amplitude, frequencv(or :

wavelength) and speed travelling in opposite directions superpose to form standing
wave.

The incident sound wave travels along the tube and is reflected by the water.

The superposition of the incident and reflected wave of same amplitude, speed and
wavelength(or frequency) but travelling in _opposite directions creates a standing
wave in the pipe.

Air column in tube has natural frequency of vibration

When fork frequency is equal to natural frequency of vibration of air column in tube,
resonance occurs; there is maximum energy transfer and maximum amplitude of
vibrations occurs, leading to maximum loudness. '

When fork frequency is not equal to natural frequency, no resonance occurs and
loudness drop.

i =L, 4C e (1) c is the end correction
34
=L, +¢ (2
" 2)

1

2-1= §l=L2—L1 =32.4 cm

7(c)(iv)

= A =64.8cm
v=f1=512x0.648 =332 ms’'!

/l L+C_157+C:>C—%x648 15.7=0.50 cm

Therefore antinode is 0.50 cm above the top of the tube OR antinode is 16.2 cm
above water surface.

There is a presence of ‘end correction. The region of Iowest pressure is not at the
mouth of the tube but is actually a distance away from end of tube.
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8(a)(i) The majority of the alpha particles pass though the gold foil undeflected.
8(a)(ii) A handful of alpha particles reflected in thé opposite direction.

8(b)(i) Nuclear fusion refers to the combination of lighter nuclides to form heavier, more
stable nuclei, releasing energy in the process.
OR
-~ ~The building up of a larger nucleus from two nuclei of low nucleon number, with the
~ release of energy.

R

s ‘8(b).(ii') Total mass of ébnstituents_ =12.099 u >.12-u: As energy will be 'abs'orbed“(binding o B

energy) when the nucleus break up, by Albert Einstein’s Mass-Energy Equivalence,
there will be a corresponding gain of mass (AE = Amc?) called the mass defect.
Hence, the mass of constituents will be larger.

Z8(b)(iii)(1) Energy released = BEpg — BEnn = 90(8.5)+ 144(8.5) — 235(7.5)
=226.5MeV =3.62x 101 J

8(b)(iii)(2) Kinetic energy of product and gamma ray photons.

8(c)(i) Random means in any sample of a radioactive material, it is not possible to predict
which nucleus will decay next and thus the decay appears randomly throughout the
sample. .

Spontaneous means that is unaffected by environmental factors such as temperature
and pressure.

8(c)(ii) The random nature would imply that there will be a lot of fluctuations in the readings
of the count rate. Hence, the best-fit curve would subject to a lot of uncertainty and
thus the half-lives would have a large error.

8(c)(iii) Initial count =60 s
Background count = 8s™
Hence, mean half-life = (65s + 70)/2=67.5s

8(c)(iv) Only lead could absorb y-ray photons and thus could prevent harmful radiation from
leaking. .
The lead will be hot after absorbing the y-ray photons and thus need polystyrene to
act as heat insulator.

8(d) After 3 half-lives, the count rate would be 120 s™'. But the mass of iron would be
- reduced by to % of the original mass.

But, count rate o« mass of iron

Hence, count rate would be 30s™
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Section A
Answer all the questions in the sbaces provided.

1 (a) (i) By reference to equations of motion, derive an expression for the kinetic
energy,: Ex, of an object of mass m moving at speed v.

[2]
(i) It is often stated that many forms of transport transforms chemical energy

into kinetic energy. Explain briefly why a cyclist travelling at constant
speed is not making such transformation.

(b) A car, of mass 720 kg, travelling along a horizontal road with a constant speed of
31 ms™ would require a power of 36.6 kW.
(i) Determine the work done in overcoming the external forces opposing the
motion of the car during a time of 5.0 minutes.

workdone = ......................... J [2]
(it) Hence, with reference to (b)(i), suggest, with a reason, whether it would

be worthwhile to develop a system whereby when the car slows down, its
kinetic energy would be stored for re-use when the car speeds up again.

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



2 (a) Show how the conservation of linear momentum can be derived using Newton’s
laws. ‘

3]

(b) When two strong magnets are held stationary with the north pole of one pushed

against the north pole of the other. On letting go, the magnets spring apart. It is
apparent that the kinetic energy of the magnets has increased.

(i) Explain how the law of conservation of momentum applies in this case.

(i) Suggest why the kinetic energy of the magnets increased.



2 (©

A small block of mass 2m initially rests on a track at the bottom of the circular,
vertical loop as shown in Fig. 2.1, which has a radius r. A bullet of mass m strikes

the block horizontally with initial speed-vo and remains embedded in the block as
the block and bullet circle the loop. ©~

m . 2m| s 2 e

Fig. 2.1

Determine the minimum vpin tenﬁs of r and g, clearly stating any assumption(s)
made, to ensure the block and bullet remain in contact with the track at all times.



3 (a)

The Fig. 3.1 below shows a simple potentlometer circuit. AB is a uniform
resistance wire.

(i)

(ii)

(iii)

Driver Cell, E

Driven Cell, ¢ |

Fig. 3.1

Explain why a point X may be found on the wire which gives zero
galvanometer deflection.

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

When the circuit was first setup it was impossible to find a balance point X
in reality. State and explain one possible cause of this.

When the circuit is properly setup, explain why is this circuit not suitable
for the comparison of an e.m.f of a few millivolts with an e.m.f of about a
volt. '



3 (b) The circuit ih the Fig. 3.2 may be used to measure the e.m.f of a thermocouple.
Both galvanometer show no deflection.

Driver Cell, E

' S "~ Thermocouple -
Dnven Cell, ¢ = 1.02V .
o : ‘ ’ " Fig. 3.2
(i) State the potential difference across the AB when the switch S is closed.
potential difference = ......................... V [1]
(i) Referring to the circuit in Fig. 3.2 with switch S closed, if the resistance of

uniform wire CD were 2.00 Q, its length were 1.000 m-and the balance
length were 79.0 cm, what would be the e.m.f of the thermocouple?



4 (a)

An experiment is performed to investigate the magnetic field strength inside a
100 mm long solenoid of 500 turns. A small single loop of wire attached to a
voltage sensor is lowered coaxially inside the solenoid, as shown in the Fig. 4.1,
until it is at the centre of the solenoid. . ‘

voltage recorder

, * lowered inside

Qe

_ single loop

solenoid

power supply

Fig. 4.1

The solenoid is supplied with a steady current of 0.50 A.

The magnetic flux density, B at a point on the axis well inside a long solenoid is
given by

_HM

T

B

where N is the number of turns on the sdienoid, 1 is the length of solenoid, (o is
permeability of free space and /is the current flowing in the solenoid.

The single loop of wire is positioned at the centre of the solenoid so that it is at
right angles to the magnetic field. If the loop has an area of 160 mm?, calculate the
magnetic flux through the loop.

magneticflux=......................... Wb [1]



4 (b) The cumrent ‘thro'ugh the solenoid is decreased to a lower value at a steady rate
and the graph as shown in Fig. 4.2 is obtained using data from the voltage sensor.

VimV

3.0
204
1.0+
0 I 1
0 o1 02 03 o4 '™
Fig. 4.2
(i) Calculate the change of flux through the loop.
change in magneticflux = ......................... Wb [1]

(i) Determine the new value of the current flowing in the solenoid.

current=......................... A [1]



4 (o)

10

Fig. 4.3 shows a coil of copper wire made up of two semicircles joined by two
straight sections of wire. The total resistance of the coil is 0.025 Q. The coil is lying
flat on a horizontal surface. - Starting from the orientation in Fig. 4.3, the smaller
semicircle of radius 0.20 m rotates at an angular frequency 1.5 rads™ about the
dashed line. The angle 6 is the angle of rotation measured from the horizontal
position as shown in Fig. 4.4. A uniform magnetic field of magnitude 0.35 T is
directed upwards, perpendicular to the horizontal surface.

Fig. 4.4: 3-dimensional

Fig. 4.3: Top View

(i) On the axes below, sketch the variation of the magnetic flux, ® through
the coil with 6, for one full cycle. Indicate all the important values. 2]

/W

A

—» 0/°

(i) Hence, sketch on the axes below, the variation of the induced emf, E in
the coil with time, t for one complete cycle. [2]

E/V

A

—» t/s
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5 (a) Describe the origin of the depletion region at the pn junction.

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

......................................................................................................... [4]
(b) A pnjunction is placed in the circuit as shown in Fig. 5.1.
Baftery
!
K
p-type | n-type
material materia N §
resistor
Fig. 5.1
(i) Referring to the circuit in Fig. 5.1, identify if the pn junction is forward bias
or reversed bias.
eriieee.... bias [1]
(i) Describe the origin of the bias connection that you have identified in (b)(i).

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

END OF Section A
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Section B
Answer two questions from this Section vin the spaces provided.

6 (a) Distinguish between frequency and éhgular frequency for a body undergoing
simple harmonic'motion. -

by A fod is mounted on a fotating 't.urntébl'é,'rbfatihg; anticlockwise with a constant
angular velocity. The setup is illuminated from the left by a light source. The rod
forms a shadow X on the screen at the right hand side, as shown in Fig. 6.1.

Explain clearly, with suitable workings, why the motion of the shadow is simple
harmonic. .

Light

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



-6 (c) Fig. 6.2 shows a simple pendulum consisting of a steel sphere suspended by a
light string from a rigid support. The sphere is displaced 50 mm from its vertlcal
equilibrium positon and released at { = 0

rigid

&Mﬂ?wﬁ

_equilibrium
position
50 mm
Fig. 6.2 not to scale

Fig. 6.3 shows the graph of dlsplacement x of the sphere against t.

40
x/imm
ri
k {
¥
c L | V"—
1.0 120 J.0
t/s
i ;
r4
-40
y
'\

Fig. 6.3



%

6 (c) The sphereis now released from rest with a displacement x= 25 mm.

)] State with a reason, the change if any in the maximum kinetic energy of
the sphere. '

D I R I I I L I R I L I I I I

(i1) " Sketch the kinetic ehergy of sphere vs time for 0 < t<5.0son Fig. 6.4. [1]

kinetic energya

( { : 3¢ ( ol

Fig. 6.4

(d)  When violet light falls on a sheet of barium metal held by an insulating stand for a
very long time, the barium acquires a charge. Explain clearly which sign of charge
would be acquired.

(e) Use the theory of the particulate nature of electromagnetic radiation to explain why
there is no time delay in emission of photoelectrons for the photoelectric effect.




6 (f) Fig. 6.5 is a graph showing the maximum kinetic energy energies of electrons
emitted from a metal surface by light of different frequencies from a hydrogen light

source. .
16 ,
1.4
Maximum:
kinetic | 12
energy of -
emitted | 10
electrons / g g
eV
. 0.6
04
02 =
00 Z _
f 3 4 5 6 -7 8 - 9
R Frequancy 7107z
Fig. 6.5

The frequencies of light from the lamp, shown by the small circles on the Fig. 6.5 are the
only frequencies obtained in this range. State and explain what can be deduced from the
energy levels in hydrogen atoms.

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




7

6 (g) Electrons are emitted from a metal surface when light of a particular wavelength is
incident on the surface Explain why the emitted electrons have a range of values
of kinetic energy below the maximum kinetic energy of photoelectrons.

(h) From expemmental observation, “electrons. of suitable energles are strongly
scattered in certaln dlrectlons by crystalhne sohd - , :

(i) Ex_p.la.ln why a crystalline solld is required for this experiment.
............................................................................................... [1]
(ii) Deduce the nature of the behaviour of electrons from the above

experimental observations. Explain clearly why electrons with certain
energies could exhibit such behaviour.



8

7 (a) The equation of state of an ideal gas is PV = nRT. Data about gases are often
‘given in terms of density p rather than volume V. Show that the equation of state
for a gas can be written as P = pRT/Mgr where Mg is the mass of one mole of gas.

2

(b)  One simplé model of the atmosphere assumes that air behaves as an ideal gas at
a constant temperature. Using this model the pressure P of the atmosphere at a
temperature of 20 °C varies with height h above the Earth’s sea level as shown in

Fig. 7.1.
100
p/kPa L
50 TS
0
0 2.0 4.0 6.0 8.0 10.0 12.0
' hikm
Fig. 7.1

(i) The ideal gas equation in (a) shows that, at constant temperature,

pressure P is proportional to density p. Use data from Fig. 7.1 to find the
density of the atmosphere at a height of 8.0 km.

Density p of air at sea level is 1.3 kg m™.

P= e kg M [3]



7 (b)

9

(i1) In the real atmosphere the densnty pressure and temperature all
decrease wnth helght At the summit of Mt. Everest, 8.0 km above sea
level, the pressure is only 0.30 of that at sea level.

Take the temperature at the summit to be —23 °C and at sea level to be
20°C.

Calculate; - using  the ideal gas equat:on the density of the air at the
summit.

density = ................o...... kg m*[3]

(ili) Using the kinetic theory, explain any changes to specific latent heat of
vaporisation of water at the summit of Mt Everest as compare to at the
sea level.

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



7 (o)

7 (c)

10

in an experiment to determine the speed of sound, a long tube, fitted with a tap, is
filled-with water. A tuning fork is sounded above the top of the tube as the water is
allowed to run out of the tube, as shown in Fig. 7.2 and Fig. 7.3.

tuning fork
512Hz \ ,
] = —

A loud sound is first heard when the water level is as shown in Fig. 7.2, and then
again when the water level is as shown in Fig. 7.3. Fig. 7.2 illustrates a stationary
wave produced in the tube.

(i) Explain the formation of a stationary wave in the tube.
............................................................................................... [2]

(if) Explain, by reference to resonance, why the loudness of the sound
changes as the water level changes.
............................................................................................. {3}

(i) The frequency of the fork is 512 Hz and the difference in the height of



11
the water level for the two positions where a loud sound is heard is 32.4

cm. .
Calculate the speed of the sound in the tube.

speedof.sound = ..............coeeuall. m s[3]
(iv) The length of the column of air in the tube in Fig. 7.2 is 15.7 cm.

Suggest and explain where the antinode of the stationary wave
produced in the tube in Fig. 7.2 is likely to be found.

) Claceair avinarirmante Aarn alnba nartiala conmtbAarine wazara marbAarimasasl base M dba aofa o}



(b)

Fi™

12

State the experimental observation obtained from such experiments which
suggested that '

)

(ii)

i)

(i)

133y

the nucleus is small

............................................................................................... [1]
the nucleus is massive and charged.

............ [1]
Define Nuclear Fusion. .
............................................................................................... [1]

By definition, the mass of the lgC atom is 12u exactly. Explain why the

sum of the masses of the constituents of the lgC atom is not 12 u

- exactly. The masses of the electron, profon and neutron are 0.00055 u,

1.00728 v and 1.00867 u respectively.

1lrarmitiryy miimdar watbvemrm Irharmalvhaerdasd blir i idrarem vommes sssmealomma n cmeemba o
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reactions. One such reaction is
235 U+gn—> Ba+§ OKr +25n

1. Determine the energy change in this reaction. The binding energy
235 l 90
per nucleon of U Ba and 6Kr are 7.5 MeV, 8.5 MeV

" and 8.5 MeV respectively.

energychange=......................... Ji1}

2, Suggest two forms of energy into which the energy calculated
-above is transformed during a reaction of this type.



14

8 (c) An experiment is carried out in which the count rate is measured at a fixed
‘distance from a sample of a certain radioactive material. The decay process is
random and spontaneous. Fig. 8.1 shows the variation of count rate with time t that
was obtalned

count rate/s-
40 L
20+t
o 1 » EEEEEisEEs) -
O 50 100 150 200 250 300 350 400 450 time/s .
Fig. 8.1
(i) Deﬁne the terms random and spontaneous.
............................................................................................... [2]
(i) Explain why the random nature of radioactive decay makes it difficult to
measure the value of half-life to a high degree of accuracy.
............................................................................................... [2]

T lhowm Five O A b mmdivancmd~ ¢l LA B ALt m At Al
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half-life = .......oeooveeeeen.. 8[2]
(iv) Thgtfmaterial which may emit y-rays is to be transported in a-sealed

wooden box, which is a lead container surrounded by expanded-
polystyrene as shown in Fig. 8.2.

material

Expanded
polystyrene

~

_— Wooden
box
——1l ead
L
Fig. 8.2

Suggest why, on health grounds, the source is placed in a lead container
surrounded by expanded polystyrene.



8 (d)

16”

Radioactive iron has a half-life of 46 days. it is used medically in the dlagnOS|s of
blood disorders. Measurements are complicated by the fact that iron is excreted,
i.e. removed, from the body at a rate such that 69 days after administering a dose
half of the atoms in the dose have been excreted

If the count rate from a blood sample is 960 counts per minute, calculate the count
rate from a similar blood sample taken 138 days later.

countrate = .......cccoeenieinnnen. min* [4]

-

END OF PAPER



