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2
Data
speed of light in free space, c=3.00x10® ms™
permeability of free space, fy =47x107 Hm™
permittivity of free space, £, =8.85x10" Fm™
(1/(367))x10"° Fm™
elementary charge, e=1.60x10"C
the Planck constant, h=6.63x10" Js
unified atomic mass constant, u=1.66x10"" kg
rest mass of electron, m, =9.11x107" kg
rest mass of proton, m, =1.67x10” kg
molar gas constant, R=8.31J K" mol™
the Avogadro constant, N, =6.02x10% mol™
the Boltzmann constant, k=1.38x10% JK™
gravitational constant, G =6.67x10"" N m? kg™
acceleration of free fall, g=9.81ms~
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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 gas
molecule

displacement of particle in s.h.m.

velocity of particle in s.h.m.

electric current,
resistors in series,
resistors in parallel,

electric potential,

alternating current/voltage,

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid

radioactive decay,

decay constant

©EJC 2022

9749/01/J2H2Prelim/2022

s=ut+1at2
2
vi=u?+2as
W = pAV
p = pgh
Gm

T/K=T/[°C+273.15

1N
=37 ()

E=§kT
2

X =X, sin ot
V=V, cos ot
=t o /(% -x*)
I=Anvq
R=R +R,+...
1/R=1/R+1/R,+...
Q

V=
4rme,r

X =X, sin ot

[Turn over

More papers at www.testpapersfree.com

BP-~383



BP-~384
4

1 The radius of a helium-4 atom is of the order 10-'® m and its nucleus has a radius that is of the
order of 107" m.

If all the empty space in the helium atom is removed and the atom size is reduced to that of the
nucleus, what is the approximate density of the matter that is formed?

A 10™kgm?3
B 10"®kgm?
C 10%2kgm?
D 10%kgm3

2 As part of the 1945 Manhattan project, the United States Army tested the first-of-its-kind nuclear
weapon in New Mexico.

The explosion resulted in a radiant, hemispherical blast wave of radius R which could be modelled

using
2 0.2
R = S(Et_]
P

where  E =energy released due to explosion,
t = time elapsed after detonation,
p = density of air.

What is the S| unit of the quantity s?7

A (dimensionless)

B m0.2

C JO.Z m- 0.2 sO.4 kg— 0.2
D J'm?s?kg

3 A ball is thrown upwards vertically near Earth’s surface.
It takes a-time of 3.20 s to return to the initial position.
Assume air resistance is negligible.

What is the initial speed with which the ball is thrown?

A 307ms?
B 7.85ms’
C 157ms"
D 314ms"
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4 A uniform block of dimensions x? by z is fully submerged at depth d in a tank of water as shown.

water surface

The block is held vertically in the position shown. The density of the block is the same as the
density of the water.

If the block is always held at the same depth d below the surface of the water, which single change
would increase the magnitude of the upthrust force on the block?

decrease the density of the block
hold the block horizontally
increase dimension z

increase the density of the block

com>»

5 Two light identical springs are connected in parailel.

A weight of 8.0 N is exerted vertically downwards from the combination as shown.

8
force /N 7
- 6 y,
= 2 A
(I
0O 2 4 6 8 10
80N length /em

The graph shows the variation with length of the force applied to one of the springs.

What is the elastic potential energy stored in one of the springs?

A 0.060J
B 012J
C 0.14J
D 024)
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6 Which statement about energy is not correct?

Energy is never lost but it may be transferred between different forms.

In an inelastic collision, the total energy is constant.

The efficiency of a system is the ratio of the useful energy output to the total energy input.
When a machine does work, friction reduces the total energy.

oo w>»

7  In the diagram below, blocks B, C, D, E and F are all in contact with each other and are initially at
rest on a smooth horizontal surface.

Block A moves towards block B with a speed of 10 m s™.

All subsequent collisions are elastic in nature.

-1
L

The mass of both block A and block F is m each. Blocks B, C, D and E have mass of 4m each.

Which of the following options concerning blocks A, B, and E after the collisions is true?

block A block B block E
A at rest move move
B move move at rest
Cc move at rest move
D move move move

8 A uniform ladder of weight W rests against a vertical wall, tilted at an angle o from a rough floor.
The floor exerts normal force Nr on the ladder. The wall exerts normal force Ny on the ladder.

Which of the following equations is correct?

A N:=N,
N,tan 6 =N, — ‘V':‘
C Ntan 6=N, - %
D N:itan 8=N, + —VZK
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9 Three identical masses are tied using light, inextensible strings of equal lengths r to a pin and
made to rotate around the pin by sliding over a smooth horizontal table as shown in the diagram.
The strings remain along a straight line as the masses rotate.

What is the ratio of tensions in string 1 : string 2 : string 3?

o0 w>»
o Www =
aaNN
w oW

10 The graph below shows the variation with distance from the centre of Earth, of the gravitational
field strength between the surface of the Earth and the Moon. The areas under the graph segments
and the value of the gravitational field strength on Earth’s and on Moon’s surfaces are indicated.

A
gravitational

field
strength area:
/N kg™ 2.6 x 10° J kg"*

Moon

(] R O e et T T UL i

distance from
centre of Earth/m

_ 9.8f-------- -

What is the minimum speed a mass on the surface of the Moon must have, in order to be able to
reach Earth’s surface?

A 186 mst
B 902ms!
C 2280ms"
D 11000ms™
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11 A satellite orbits around the Earth in a stable orbit. It is moved to another stable orbit that is
further away from the Earth.

Which one of the following quantities increases for the satellite?

gravitational force
gravitational potential energy
angular velocity

centripetal acceleration

o0 w>»

12 The temperature of an ideal gas is raised from 32.1 °C to 40.5 °C.
What is the percentage increase in the r.m.s. speed of its gas particles?

1.4%
28%
12 %
13 %

cCOwW>»

13 Two closed vessels X and Y contain equal masses of an ideal gas. X has a larger volume than Y.

Which of the following best represents the variation with temperature T of the pressure p of the
gas in each vessel?

A B

/ /

c D

TV

\ 4
7 v
X
TV
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14 A piston undergoes simple harmonic motion vertically when cranked by a rotating crank shaft as
shown in the diagram below. A coin rests on top of the initially stationary piston. The rotation of
the crank shaft gradually increases in speed.

What is the frequency at which the coin loses contact with piston?

A 10Hz
B 13Hz
C 19Hz
D 26Hz

15 Two balls float on the surface of the sea. The balls are separated by a distance of 1.30 m. A wave
travels on the surface of the sea such that the balls move vertically up and down. The distance
between a crest and an adjacent trough of the wave is 0.90 m.

direction of
travel of wave

ball

A\ 4

NOT TO
SCALE

What is the phase difference between the two balls?

A 55°

B 110°
C 160°
D 260°

16 A diffraction grating with 5000 lines per centimetre is illuminated normally by white light.
Which of the following statements is false?
A Within the first-order spectrum, the violet end is closer to the central maxima than the red end.
B The yellow region of the second-order spectrum coincides with the violet end of the third-
order spectrum.

C The violet end of the third-order spectrum is visible.
D The violet end of the fourth-order spectrum is not visible.
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10

The screen on most modern smartphones uses tiny, regularly-spaced pixels each capable of
producing red, green, or blue light to make up an image. At typical viewing distances, the human
eye is unable to resolve the individual pixels that make up the image on the screen.

The wavelengths for red, green, and blue are 660 nm, 550 nm, and 470 nm respectively. The
diameter of the pupil through which light enters the eye is 4.0 mm. Humans tend to place the

mobile phone screens closest to the eye at about 10 cm when lying down.

What is the maximum distance between adjacent pixels?

A 1.2x10° m
B 12x10°m
C 1.7x10°m
D 1.7x10%m

Two spherical conductors of radii r1 and r; are separated by a distance much greater than the
radius of either sphere. The spheres are connected by a conducting wire as shown in the diagram
below. The charges on the spheres in equilibrium are g: and g2 respectively.

!
r

wire

gz
a1

What is the ratio of the magnitudes of the electric field strengths at the surfaces of the spheres?

B 2
n
c %
air
p %~
9.
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19 Point charges +Q, -Q, -Q, and g are located at the corners W, X, Y and Z of a square respectively
as shown.

The charge at X experiences a net electric force towards W.

+Q FonX _Q

R
i
'_<_____>.<I

What is the magnitude of charge q in terms of Q?

+Q
+2Q

+2J6

+242Q

o 0O W >

20 The diagram shows a network of resistors R1, Rz, and Rs connected to a battery of negligible
internal resistance.

—{ F

R

Rs

Rz

When switch S is closed, the potential difference (p.d.) across R (originally zero) rapidly increases
to a steady value.

What happens to the potential difference (p.d.) across each of the other two resistors, and to the
power output of the battery?

p.d. across R p.d. across Rs battery power output
A decreases decreases decreases
B decreases stays the same decreases
Cc increases decreases increases
D increases stays the same increases
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21 Potential differences across two resistors of resistances R: and R; are compared using a
potentiometer wire (uniform resistance wire) in the electrical circuit shown.

)
Y

o
S
Q
3

.

\

A\
potentiometer
wire

One terminal of a galvanometer is connected to point X. The galvanometer reads zero when its
other terminal is connected to a point that is a distance of 60 cm from one end of the potentiometer
wire.

One terminal of a second galvanometer is connected to point Y. This galvanometer reads zero
when its other terminal is connected to a point that is a distance of 80 cm from the same end of
the potentiometer wire.

What is the ratio &?
R1

A 1
3
B 2
4
c 3
1
p 4
3
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22 A magnet is suspended using threads. It swings like a pendulum as shown in the diagrams below.

The north pole of the magnet passes near a fixed coil at the bottom of its swing. The coil's plane
is parallel to the plane of oscillation of the magnet.

Ve G

l/oscillations

perspective view side view

A resistor is connected in parallel across terminals A and B.

Which of the following graphs best shows the variation with time ¢ of the potential difference V
across the resistor?
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23 A uniform magnetic field of magnetic flux density B = 2.0 x 10* T is directed down through a wire
coil at an angle of 60° with the horizontal as shown. The coil has 500 turns, a total resistance

5.0 Q and an area of 25 cm?.

area 25 cm?

horizontal
~ axis

wire coil

What is the average charge that flows when the coil is turned = rad about the horizontal axis?

A 022C
B 011C
C 43x10°C
D 87x10°C

24 The diagram below shows the variation with time of an alternating current which flows through a
13 Q resistor.

I/A ]
]

~1.0--t—rder e b oo

What is the average power dissipated by the resistor?

52 W
36 W
28W
20W

cCoOw>»

25 Which of the following statements about the photoelectric effect is true?

A Photoelectrons are not emitted as long as intensity of illumination is low.

B Doubling the frequency radiation will double the stopping potential.

C For a particular clean metal surface, there will be a minimum wavelength below which no
emission of photoelectrons will occur.

D Increasing the intensity of incident increases the photo-current.
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26 Electrons are accelerated from rest by a potential difference V. They bombard a metal target to
produce X-rays. On the resulting X-ray spectrum, 4, is the shortest wavelength observed.

Which of the following shows the variation with Ig Vof Ig 4, ?

A B

19 Ay, 9 Ain

v
v

g Vv g v

19 Ay 19 A

» [
» -

Ig v gV

27 An electron moves with a constant velocity of 1.5x10° m s™. lts momentum is measured to a
precision of 0.20%.

What is the uncertainty associated with its position along its direction of travel?

24x107 m
3.9x10®% m
1.2x10™ m
1.9x10™™ m

oo w>»

28 The half-life of a radioactive substance is 752 s. The background count is found to be 8.3 s™'. A
Geiger Muller (GM) counter reads 77.3 s™ when the GM tube is placed near a radioactive sample.

What will be the reading on the GM counter 280 s later?

A 533s"
B 59.7s"
C 61.6s™
D 68.0s
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29 A stationary nitrogen nucleus reacts with a high speed o-particle to produce a proton and a
nucleus of an oxygen isotope as shown in the equation:

14 4 17 1
N+ - 50+ H

The masses of the nuclides involved are as follows

nuclide mass / u
Ja 4.002604
H 1.007825
“N 14.003074
"0 16.999130

Which is the minimum energy that the a-particle possess in order for the reaction to occur?

A 1.9x10" eV
B 40x10" eV
C 12eV

D 1.2x10°eV

30 Isotope Y undergoes two successive decays to form another isotope. Each decay can be either
alpha-emission or beta-emission. Four other isotopes P, Q, R and S, are shown on the diagram.

neutron 140

number
139

138

137

136

135

134¢

133

P

proton

90

91 92

93 94 95 96

97 number

Which of the isotopes P, Q, R and S could be the final isotope after the two successive decays of

isotope Y?

A Ponly

B PandR

C QRandS

D Sonly
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Data

speed of light in free space,
permeability of free space,

permittivity of free space,

elementary charge,

the Planck constant,

unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,

the Boltzmann constant,
gravitational constant,

acceleration of free fall,
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c=3.00x10* ms™

yy =47 x107 Hm™

£, =8.85x1072 Fm™

(1/(367))x10° Fm™

e=1.60x10"°C
h=6.63x10"* Js
u=1.66x10"7 kg

m, =9.11x10™ kg

m, =1.67x10™ kg
R=8.31J K" mol”

N, =6.02x10% mol™
k=1.38x10"2 JK”
G=6.67x10" Nm?® kg”

g=9.81ms™
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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 gas
molecule

displacement of particle in s.h.m.

velocity of particle in s.h.m.

electric current,
resistors in series,
resistors in parallel,

electric potential,

alternating current/voltage,

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid

radioactive decay,

decay constant
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2
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Q
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1 A uniform metal rod AB of mass 1.2 kg and length 0.40 m is pivoted at end A. End B is
suspended by a light spring as shown in Fig. 1.1. The other end of the spring is supported at X.

Y

spring

B
Fig. 1.1

When the rod is in equilibrium, it makes an angle of 30° below the horizontal and lies stationary
with the axis of the spring perpendicular to the rod.

(a) On Fig. 1.2, draw a labelled diagram showing the forces acting on the rod.

Label the forces clearly.

Fig. 1.2 (1]
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(b) Calculate the tension in the spring.

tension = ... N [2]

(c) Determine the magnitude of the reaction force at pivot A.

(d) The spring in Fig. 1.1 is now replaced with a spring of larger spring constant and of same
natural length.

State the change in angle, if any, between the rod and the spring.

[Total: 7]
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2 A rubber ball of mass 0.30 kg is positioned directly above a basketball of mass 0.50 kg as shown
in Fig. 2.1
rubber ball

basketball

Fig. 2.1

The balls are released from a height of 2.0 m from the ground. Assume air resistance is negligible.

(a) (i) State the principle of conservation of momentum.

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

(ii) Explain why the principle of conservation of momentum is not applicable to the system
of stacked balls.
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(b) Determine the speed of the stacked balls just before they hit the ground.

(c) The collision between the balls and ground is elastic. At the instant the basketball loses

contact with the rubber ball, it moves with a speed of 3.2 m s™'. The rubber ball is observed to
move off at a higher speed than the basketball.

Using energy considerations, calculate the speed of the rubber ball as it loses contact with the

basketbali.
speed = .......coooiiiiiiiiiii e m s [2]
[Total: 5]
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3 Fig. 3.1 shows two positive point charges g1 and gz affixed to positions X and Y respectively, on
a circular nylon frame centred at point O. The circular frame has a radius r.

nylon
frame

Fig. 3.1
At point O, the direction of the net electric field strength is directed upwards along OZ.

(a) (i) Show that the ratio gl is 1.7.
2

(1
(ii) Hence, sketch in Fig. 3.2 the variation of electric field strength with distance along the
straight line XY.

A

electric field
strength

.
L

distance

Fig. 3.2
[2]
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(b) Given that r =0.50 m and g, =200 nC, determine the

(i) magnitude of electric field strength at O,

electric field strength = ....................cccoooeiii . Vmt[2]

(ii) total electric potential at O,

electric potential = ......................coe L V1]

(iii) the work done in moving an additional third charge g, =—-2q, from infinity to point O.

workdone = .............coeeeeiiineinll eV [2]
[Total: 8]
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4 (a) Define magnetic flux density.

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

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

(b) A charged particle is initially located at point P on the plane of the page and is moving to the
right with speed v.

The charged particle moves within the vicinity of a non-uniform magnetic field that is generated
by a long, straight wire carrying current I to the right. The wire is located on the same plane
of page as the initial position of the charged particle.

As a result, the particle travels along a curved path of non-uniform radius.

0?;’\\ ///—-—\\\ /,———\\\ //’—~\\
y <7 ~¢~ NG
/ \ \
/ /
) () L)
1
Fig. 4.1

(i) 1. OnFig. 4.1, sketcha representation of the magnetic field lines on the plane of paper
generated by the long straight wire. [2]

2. State the sign of the charged particle.

(i) Explain, using energy considerations, why the speed of the charged particle remains
constant throughout the motion.

-----------------------------------------------------------------------------------------------------------------------------------------------
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(i) State an assumption made for the speed of the charged particle to remain constant.

----------------------------------------------------------------------------------------------------------------------------------------------------

(¢) Two long parallel wires X and Y are separated by a distance of 5.0 cm and carry currents
7.0 A and 8.0 A respectively. Both the currents are directed out of the plane of paper.

Point Z is located 3.0 cm from wire X and 4.0 cm from wire Y as shown in Fig. 4.2.

5.0 cm i

]
I
I
i

>

X

§O ®

3.0cm Z 4.0 cm
L3

Fig. 4.2 (not to scale)

Determine the magnitude of magnetic flux density at point Z due to wires X and Y.

magnitude of magnetic flux density = ....................ccoeiiiii . T[2]
[Total: 9]
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5 Two resistors of resistance 1.2 kQ and 1.6 k2, and a thermistor are connected to an ideal cell of
electromotive force of 9.0 V.

An ideal voltmeter is placed between points A and B of the circuit, as shown in Fig. 5.1.

1.6 kQ

1.2 KQ A ﬁ B

Fig. 5.1

The variation with temperature of the resistance Rr of the thermistor is shown in Fig. 5.2.

4.0
R 1kQ K

3.0

2.0

1.
0
0 5 10 15 20 25

temperature / °C
Fig. 5.2
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(a) The thermistor has a current temperature of 22.5 °C. Determine the

(i) total resistance between points A and B,

resistance = .........c.....cooeiiiiiin, Q [2]

(ii) reading on the voltmeter,

voltmeterreading = ...................ccoooeiien, V2]

(b) The temperature of the thermistor is now changed. The new voltmeter reading is now 4.0 V.

Find the
(i) total resistance between points A and B,

resistance = ............cooeeiiiiiii L Q [2]

(ii) temperature of the thermistor.

temperature = ..., °C[2]

(c) A student suggests that the voltmeter, reading up to 10 V, could be calibrated to measure
temperature.

Suggest two disadvantages of using the circuit of Fig. 5.1 with this voltmeter for the
measurement of temperature in the range 0 °C to 25 °C.

1 T Emeereenr e e e RS S S eeus S s RSN L A EERSc ot EannneRaRaLa AT EoNSSARRR LR R R reneeroennrenenann s aannaannesnnnn
2- llllllllllllll
....................................................................................................................................................... 2]
[Total: 10]
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6 (a) (i) Explain whatis meantby a progressive transverse wave.

PrOGressive,  .....cimmemsnen R ST vereeesneseneass s snaens
transverse ----------------------------------------------------------------------------------------------------------------------------------
T — O e (2]
(ii) Explain whether a longitudinal wave can be polarised.
..................................................................................................................... S 2

(b) A microwave emitter produces polarised microwaves that passes through a microwave
polariser before reaching a microwave detector. The emitter, receiver and polariser are initially
aligned along the horizontal axis as shown in Fig. 6.1.

microwave
detector

polariser

microwave AW\ T
emitter

Fig. 6.1
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Fig. 6.2 shows the variation with time of the electric field strength of the detected signal.

Graph A shows the variation obtained with the initial set up as per Fig. 6.1, which results in
the maximum possible field strength that can be received via the set up.

Graph B shows the variation of the field strength after the polariser has been rotated about
the horizontal axis by an angle 6.

electric field A
strength \
J AY
A . A Y b . -
I‘ r B A F ‘\
LY
0 _
- time +
\‘\ kY
N 4 >
LY u ] \ . i *
A
Fig. 6.2
(i) Use Fig. 6.2 to determine 6.
O = °[2]
(ij) Determine the ratio
intensity of signal after rotation by
intensity of signal at maximum field strength

ratio=.........ccooiiiii, [2]
[Total: 8]
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Electrons are often used in diffraction experiments to study the regularly repeating
atomic structure in crystais. In such experiments, an electron gun is used to direct a beam of
electrons towards a thin slice of crystal. The scattered electrons form scintillations when they
impinge on a phosphor-coated screen.

(a) In one experiment, electrons are accelerated from rest through a potential difference of
45V.

(i) Show that the electrons reach a speed of 4.0x 10° ms™.

[1]

(ii) Determine the wavelength associated with the moving electron.

wavelength =

9749/02/J2H2Prelim/2022
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(b) Fig. 7.1 below shows a hypothetical one-dimensional crystal consisting of a single row of
atoms with regular spacing of d = 2.0 x 10 m.

electron
beam
v \'% \
® [ ] [ ] ® [ ] ® ®
>
d
Fig. 7.1

(i) Explain why the electrons scattered by the crystal form a line of bright spots on the screen.

....................................................................................................................................................
....................................................................................................................................................
....................................................................................................................................................
----------------------------------------------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------------------------------------------
....................................................................................................................................................
....................................................................................................................................................

----------------------------------------------------------------------------------------------------------------------------------------------------

(if) Explain how the spacing between the bright spots will vary as the accelerating potential
of the electron gun increases.

----------------------------------------------------------------------------------------------------------------------------------------------------

[Total: 8]
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8 SpinLaunch is a California-based company established in 2014 with the goal of building an
alternative method of lauching spacecraft into Low Earth Orbit (LEO). Instead of burning through
massive amounts of rocket fuel at lift-off to gain altitude, the company is developing a launch
system which uses kinetic energy as its primary method. The advantages include reducing the
costs of launching satellites and having an environmental impact that is smaller than traditional
rockets, as it avoids fossil fuels as well as the exhaust gases emitted as a result of fuel combustion.
In addition, since the projectile doesn’t have to carry much fuel, more of the mass can be dedicated
to the transport of payloads such as satellites.

Scaled Down Prototype
The most recent accelerator prototype from the company is located in New Mexico, United States

of America and is a one-third scale of the eventual accelerator. Designated as the A-33, the
prototype accelerator cost USD $38 million and has a height of 50.4 m, as shown in Fig. 8.1.

l \ launch

projectile

50.4m

Fig. 8.1

For the latest test launch held in April 2022, the accelerator launched a 50.4 kg projectile at a
maximum speed of 536 m s, and reached a maximum height of 9300 m. The prototype
accelerator required an hour to evacuate air out of the vertically-oriented centrifuge chamber, and
then took an additional hour to gradually increase the rotational speed of the arm before releasing
the launch projectile at an angle of 86.7° from the horizontal.
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(a) Assuming that air resistance on the launch projectile is negligible,

(i) show that the magnitude of the vertical component of the initial velocity is 535 m s,

(1]

(i) determine the time taken for the launch projectile to reach the ground,

timetaken= .........ccoooiiii s [2]

(iii) find the maximum height attainable by the launch projectile with respect to the ground.

maximum height= ...l m [2]

(b) (i) Find the ratio of maximum gravitational potential energy attained in real life
maximum gravitational potential energy in absence of air resistance '

----------------------------------------------------------------------------------------------------------------------------------------------------
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Full Scale Design

SpinLaunch’s design for the eventual full-scale accelerator will involve a Kevlar-carbon-fiber
rotating arm within the circular vacuum chamber, as shown in Fig. 8.2. The launch projectile is
expected to have a mass of 200 kg and will be flung above the stratosphere. Thereafter, a rocket
will fire to provide the final velocity boost necessary for positioning into LEO. At those altitudes,
there is hardly any atmosphere and therefore there is minimal drag on the launch projectile. Hence,
a couple of minutes of fuel combustion will be sufficient to boost the launch projectile’s speed to
sufficiently high orbital speeds.

- -
P -
-~
~
e
d
s
s
7
/
/ launch
[ projectile
\
\
2
\\\ — — !
\ ——

~
-
-~ -
-

-~ - ’

-

-~

-

&
Fig. 8.2

The full-scale accelerator will feature a vacuum chamber that spins the launch projectile around a
radius of 50.0 m. It will gradually ramp up the rotational speed to 450 revolutions per minute before
launching the projectile at speed of 8000 km per hour, directed 35.0° above the horizontal.

Once the launch projectile reaches an altitude of 61 000 m, a traditional fuel-combustion rocket
ignites in order to accelerate to the desired speed of 28 200 km per hour.
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(c) (i) Determine the angular speed of Earth’s rotation about its own axis.

angularspeed = .........ccoceiiiiiiiiiiiieee rad s [1]

(i) To allow for a more efficient launch, the accelerator should be sited somewhere along the
equator of the Earth.

State and explain the direction that the launch projectile be directed towards, in order to
achieve further energy efficiency.

------------------------------------------------------------------------------------------------------------------------------------------------------

(d) (i) Show that the linear speed of the launch projectile in the full-scale design just before
launch is 2360 m s™.

(1]
(ii) Find the ratio of kinetic energy of launch projectile at launch
kinetic energy of launch projectile just before launch”
ratio= ......coovii [1]

(iif) Using energy considerations, explain why the interior of the accelerator has to be in
vacuum.
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(e) (i) The effective power supplied in spinning up the launch projectile is 100 kW.

Determine the amount of time (in minutes) required to spin the launch projectile up to
launch speed from rest.

(i) Humans can briefly survive being subject to accelerations of upto 9 g's.

Suggest if this method of launch is suitable for sending humans up to satellite bodies such
as the International Space Station.

-----------------------------------------------------------------------------------------------------------------------------------------------
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Low Earth Orbit (LEO)

BP-~419

Low Earth Orbit (LEO) is an orbit around Earth with a period of 128 minutes or less. This is a region
of Earth’s atmosphere that is below an altitude of 2,000 km, about one-third of Earth's radius. Fig.
8.3 shows the variation of gravitational potential ¢ with distance from Earth’s surface. The Earth

has a radius of 6400 km.

¢ 1107

©EJC 2022
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Earth’s surface / km

Fig. 8.3
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(f) (i) State what is meant by gravitational potential.

(ii) Use Fig. 8.3 to determine the gravitational field strength g at an altitude of 2000 km.

Show your working clearly.

G e N kg [2]

(iii) Your answer to part (f)(ii) is clearly non-zero.

Explain why astronauts onboard the International Space Station which orbit the Earth in
a LEO, experience weightlessness despite being subject to Earth’s gravitational field.

(iv) A launch projectile of mass 200 kg is launched via SpinLaunch and successfully docks
with the International Space Station, which orbits the Earth at an altitude of 400 km.

Use Fig. 8.3 to find the work done against gravity in doing so.

WOrK done = ....oviiniiciiie e JI2]

[Total: 25]
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Data

speed of light in free space,
permeability of free space,

permittivity of free space,

elementary charge,

the Planck constant,

unified atomic mass constant,

rest mass of electron,
rest mass of proton,
molar gas constant,

the Avogadro constant,
the Boltzmann constant,
gravitational constant,

acceleration of free fall,

©EJC 2022

c=3.00x10° ms™

py =47 x107 Hm™

£, =8.85x10"" Fm™

(1/(367))x10° Fm™

e=1.60x10"C
h=6.63x10"Js
u=1.66x10"7 kg

m, =9.11x10™" kg

m, =1.67x10°7 kg
R=8.31J K" mol”

N, =6.02x10% mol™
k=1.38x10%2 JK™
G=6.67x10"" N m? kg

g=9.81ms™>

9749/03/J2H2PRELIM/2022

More papers at www.testpapersfree.com

BP~422



Formulae

uniformly accelerated motion,

work done on/by a gas,
hydrostatic pressure,

gravitational potential,

femperature,

pressure of an ideal gas,

mean translational kinetic energy of an ideal gas
molecule

displacement of particle in s.h.m.

velocity of particle in s.h.m.

electric current,
resistors in series,
resistors in parallel,

electric potential,

alternating current/voltage,

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil
magnetic flux density due to a long solenoid

radioactive decay,

decay constant
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Section A
Answer all the questions in this Section in the spaces provided.

1 (a) (i) State whatis meant by gravitational field strength.

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

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

(i) State Newton's law of gravitation and hence, show that the gravitational field strength g
at a distance R from a point mass M is given by

GM

g

(3]
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(b) A star is spherical in shape, has mass 6.2x10* kg and radius 2.7 x10* m.

(i) Calculate the average density of the star.

average density = ...............cooiiiiiiiiiii, kg m3[2]
(ii) Itis found that the density inside a star is non-uniform.

State and explain how the density is likely to vary with distance from the centre of the star.

------------------------------------------------------------------------------------------------------------------------------------------------------

(iii) Find the minimum speed needed for a mass of 250 kg at the surface of the star to escape
the effects of the gravitational field due to the star.

Show your working clearly.

[Total: 10]
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2 (a) State what is meant by simple harmonic motion.

(b) In a particular video game, players control the movement of characters through
obstacle courses. One particular obstacle features a rectangular wall which moves vertically
up and down with simple harmonic motion, as shown in Fig. 2.1. The wall is tall such that the
character cannot progress with the game by jumping over the wall. The bottom face of the
wall touches the ground every 4.0 s, and rises to a maximum height of 1.4 m.

wall 11 .
| | vertical
oscillations
game play
character
—_—
‘ 14m direction of game
2 progression
\

level ground
Fig. 2.1 (not to scale)

(i) Find the speed of the wall when the bottom face of the wall is 0.50 m above the ground.

(i) The bottom face of the wall needs to be at least 0.55 m above the ground for the character
to pass under successfully.

Find the duration of time that the character can pass under, in each cycle of simple
harmonic motion.

time = .o s [2]
[Total: 5]
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3 (a) Fig. 3.1 shows a set up that measures the specific latent heat of vaporization of pure water.

flask

water

heater

—®n
d.c.
coolant __f é/)

exhaust ‘f supply

coolant

v ™ inlet

condensed
water

mass balance

Fig. 3.1

The measurements in Fig 3.2 were made across 2 separate experiments each lasting for 1.5

minutes.
voltmeter reading | ammeter reading | mass of condensed
v /A water/ g
78 5.0 16
60 4.0 10
Fig. 3.2

(i) Show that the specific latent heat of vaporization of water is 2.25 x 10° J kg™,

[2]
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(i) The assumption when using the values provided in Fig 3.2 to determine the specific latent
heat of vaporization of water is that the rate of heat loss from the system is constant.

Explain why the assumption is valid.

(b) At atemperature of 100 °C and a pressure of 1.00 x 105 Pa, steam of mass 1.00 kg occupies
a volume of 1.67 m2. In comparison, liquid water of the same mass, at the same temperature
and subject to the same external pressure, occupies a volume of 1.04 x 103 m3.

1.00 kg of water undergoes phase change from liquid to gas at 100 °C and 1.00 x 10° Pa.
Using (a)(i), determine the

(i) heat supplied to the water,

heat supplied = ........coovmviiiiiii J[2]

(ii) work done by the water,

work done = ... J[2]

(ifi) increase in internal energy of the water.

increase in internal €nergy = ........coiirieiieeiiiion i, J[1]
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(iv) The total potential energy and total kinetic energy of all the molecules in 1.0 kg of liquid
water at a temperature of 100 °C is 3.41 x 105 J and 2.58 x 10° J respectively.

Find the potential energy of all the molecules in 1.0 kg of gaseous water at the same
temperature and at the same external pressure.

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

[Total: 13]
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4 Fig. 4.1 shows the cross-sectional view of a long solenoid. A small copper disc spins via a copper
axle which lies along the axis of the solenoid. The ends of the solenoid are connected in series

with resistor R to a d.c. supply.

solenoid

d.c. supply

——— o— -

Fig. 4.1

The edge of the copper disc maintains electrical contact with resistor R by means of carbon
brushes. A galvanometer connects the copper axle to the other end of resistor R.

(a) Using Faraday’s law of electromagnetic induction,

(i) explain why an e.m.f. is generated between the axle and the rim of the disc when the
copper disc rotates about the axle,

-----------------------------------------------------------------------------------------------------------------------------------------------
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(i) show that the e.m.f. described in (a)(i) is given by
E = BAf

where B is the magnetic flux density inside the long solenoid,
A is the circular area of the copper disc, and
fis the frequency of revolution of the copper disc.

(2]

©EJC 2022 9749/03/J2H2PRELIM/2022 [Turn over

More papers at www.testpapersfree.com




BP~432

12

(b) (i) Using (a)(ii), show with clear explanation that the resistance R when the galvanometer
registers null deflection is given by

R = unAf

where n is the number of turns per unit length of the solenoid.

(1]
(i) Hence, suggest the advantage in using this method for finding resistance.

(c) The copper disc has a radius of 0.20 m and is rotated at 5.0 revolutions each second.
When the galvanometer meter registers null deflection, the current flowing through the
resistor R of 10 Q is found accurately to be 1.0 mA.

Determine B.

B = e T[1]
[Total: 8]
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5 (a) In Fig. 5.1, sketch the variation with frequency f of the stopping potential Vi when
electromagnetic radiation is incident on a metal surface of work function energy 2.4 eV.
3
"AAY
2
1
0
0 2 4 6 8 10
f110™ Hz]
-1
-2
-3
Fig. 5.1
[2]
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(b) Fig. 5.2 shows an alternating supply, of frequency 25 Hz and rated at an output p.d. of 4.6 V,
connected in series with an ideal diode and a resistor.

P > Q

25 Hz
46V ~

Fig. 5.2 S

(i) Calculate the maximum potential difference (p.d.) that is applied across the diode.

Maximum p.d. = ... V1]

(ii) The waveform seen on the screen of the c.r.o. when the Y-plates are connected across
points QS is shown on Fig. 5.3.

On the same figure Fig. 5.3, sketch the waveform that is seen on the screen of the c.r.o.
when the Y-plates are connected across PQ instead.

AN /N AN

\ [\ /

Fig. 5.3
(1]

[Total: 4]
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6 Fig. 6.1 shows two parallel metal plates each of length 10 cm, at a distance of 4.0 cm apart, in a
vacuum environment. A proton with speed 6.5x10° m s™ is emitted from a proton source.

The proton travels along a straight path exactly down the middle of the region between the parallel

plates when there is no electric potential difference between the metal plates. It then strikes a
screen where it shows up as a scintillation.

proton L

source

plate A —_|

™~ plate B

10 cm

screen

Fig. 6.1 (not to scale)

(a) When a potential of +250 V and — 250 V is applied to plates A and B respectively, a region of
uniform electric field is set up between the metal plates.

(i) Determine the speed at which the proton emerges from the region of uniform electric field.
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(i) Calculate the electric potential at the point where the proton emerges from the region of
uniform electric field.

potential = ... V[2]
(b) In Fig. 6.1, indicate with a cross (x) where the deflected proton is likely to hit the screen. [1]

(c) Suggest how the set up in Fig. 6.1 can be modified to be used as a velocity selector.

[Total: 10]
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7 (a) Explain what is meant by a photon.

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

(b) (i) Determine the maximum and minimum energy of photons spanning the visible spectrum.

maximum photon energy = ...........cooveiiiiiiiiinvinieen, eV
minimum photon energy = ...........ccccociiiiiiiiiiiie eV 1]

(i) White light is passed through hydrogen gas. The emerging beam is passed through a
diffraction grating.

Explain why there are dark lines observed in the resulting absorption spectrum despite all
of the wavelengths that are absorbed are subsequently re-emitted.

(iii) Fig. 7.1 shows some of the energy levels present in the hydrogen atom.

- 0.55eV
- 0.85eV

-1.51eV

-3.41eV

-13.6eV

Fig. 7.1 (not to scale)

In Fig. 7.1, draw arrows to represent the electron promotion between energy levels that give
rise to the dark lines observed in an absorption spectrum. 2]
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(c¢) The hydrogen gas is now cooled to ground state.

(i) State and explain the changes, if any, to the resulting absorption spectrum.

(ii) The white light source is switched off. An electron beam is accelerated from rest through
potential difference V and made to pass through the cooled hydrogen gas. There are now
three bright lines visible in the resulting emission spectrum.

1.

©EJC 2022

Determine the minimum V for the above emission spectrum to occur.

minimum V= V2]

Find the shortest wavelength of visible light emitted as part of the emission spectrum.

shortestwavelength = ... m [1]

[Total: 10]
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Section B
Answer any one guestion in this Section in the spaces provided.

8 (a) Ahelicopter hovers at a height of 200 m above the sea. It then releases an emitter which emits
radio waves in all directions, from rest. As the emitter drops towards the sea, a receiver on
the helicopter detects a series of distinct minima and maxima. The variation of the intensity
detected by the receiver with distance d between emitter and receiver is shown in Fig. 8.1.

relative
intensity [/A\
\
LY
Ay
Ay
Y A
N
A
hY
\ N
AY AR 4.
\\ // 413
4 N A N
O A AP
0 25 50 75 100 125 150
d/m
Fig. 8.1
(i) State the principle of superposition.
............................................................................................................................................... [
(if) Explain the following features of the graph in Fig. 8.1:
1. the formation of alternating minima and maxima,

....................................................................................................................................... [3]
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2. the intensity of the minima decreases with increasing d,

.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
---------------------------------------------------------------------------------------------------------------------------------------------
.............................................................................................................................................
.............................................................................................................................................

(i) Determine the wavelength of the radio wave.

wavelength = ... m [3]
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(b) (i) Explain what is meant by nuclear fission.

............................................................................................................................................... [1]
(ii) State what is radioactive decay.
............................................................................................................................................... [1]
(iii) Describe the process of nuclear fusion.
.......................................................................................................................... [1]
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(c) When a uranium-235 nucleus 232U is exposed to neutrons, it may absorb a neutron and then

undergo fission. The percentage mass yield of the fission products varies with nucleon number
as shown in Fig. 8.2.

10

percentage "
mass yield / \

/ \
al \

0.001 nucleon number
70 a0 110 130 150

Fig. 8.2

(i) Suggest why the percentage mass yield is shown on a logarithm scale.

-----------------------------------------------------------------------------------------------------------------------------------------------------

(i) The nuclear process referenced in Fig. 8.2 results in two neutrons amongst the products.

Explain why the graph is symmetrical about the nucleon number 117.
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(d) In a particular fission reaction, one of the products is iodine-140 1;21 . A student suggests that

the iodine-140 nucleus could decay by emitting either a neutron or a 4 particle.

Fig. 8.3 shows some relevant data:

mass / u
electron Je 0.0006
neutron gn 1.0087
iodine-139 | "1 138.8969

xenon-140 | " Xe | 139.8919

iodine-140 | "01 139.9019

Fig. 8.3
For the iodine-140 nucleus, write an equation representing the radioactive decay involving

(i) neutron emission

[1]
(ii) beta emission
1]
(iif) Use Fig. 8.3 to show if the radioactive decay involving neutron emission is feasible.
.................................................................................................................. (1]
(iv) Use Fig. 8.3 to show if the radioactive decay involving beta emission is feasible.
............................................................................................................................................... [1]
[Total: 20]
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9 (a) Fig. 9.1 shows a metal wire held taut between a knife edge X and a smooth pulley P. The wire
passes between opposing poles of permanent bar magnets.
[\
O—8
wire
light
crocodile
clip XA P
light
crocodile
permanent mass clip
bar magnets
Fig. 9.1
(i) The wire vibrates when a sinusoidal alternating source is connected across the wire.
Explain how these vibrations are created.
............................................................................................................................................... [2]
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(ii) When the frequency of the alternating source is 50 Hz and the distance XP is 40 cm, a
fundamental stationary wave is observed between XP.

1. Calculate the speed of the wave in the wire.

2. Explain, with reference to the formation of a stationary wave, what is meant by the
speed calculated in (a)(li)1.

---------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................

3. State and explain how the amplitude of the vibration would change if X is shifted
closer to P.

---------------------------------------------------------------------------------------------------------------------------------------------

4. Determine the next 2 higher frequencies that will produce stationary waves when XP
remains 40 cm apart.

frequencies = ................... Hz, .o Hz, [1]
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(b) The decay of a radioactive nuclei is random and spontaneous. In a radioactive decay, the
activity of the atoms at time t is given by

A= Aexp(-At)
where Ay is the activity at the start of the decay and A is the decay constant.
As part of monitoring of a particular disposal site where nuclear waste in the form of a particular

radioactive isotope is disposed, the activity on-site is recorded on a yearly basis from 1990
through to 2003. A significant reduction in activity was recorded in 1998, as shown in Fig. 9.2.

17.00

In(A/s™)

16.80

16.60 ™

16.40 N -

16.20

16.00

15.80 >

15.60

15.40

1990 1992 1994 1996 1998 2000 2002 2004

year

Fig. 9.2
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(i) Use Fig. 9.2 to determine the decay constant 4 of the radioactive isotope.

(ii) Hence or otherwise, find the half-life of the radioactive isotope.

half-life = ... years [2]

(iif) Use Fig. 9.2 to show that the number of undecayed nuclei present in the year 1997 is
4.00x10".

(iv) Itis alleged that some of the radioactive waste material was stolen between 1997 to 1998.

Estimate the number of radioactive nuclei that was stolen.

------------------------------------------------------------------------------------------------------------------------------

[Total: 20]
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1 In this experiment, you will investigate the oscillations of a pendulum.

(a) Set up the apparatus as shown in Fig. 1.1.

split cork
S\ T
/ \ 1 boss
SN T
(A

X L, stand

——string—_|

half-metre rule
bob
\‘ ...... .
777777 7777777 T 7777777777
bench
Fig. 1.1

The distance between the strings supporting the half-metre rule is x. The marked face of
the rule should be facing upwards towards the ceiling.

The distances between the top of the half-metre rule and the bottom of the split cork should
be equal. These distances are both L.

The distance between the centre of the bob and the bottom of the split cork is La.
Adjust the position of the strings so that x = 25 cm, Ly=25cm, and L> =45 cm.

The strings should be vertical, and the half-metre rule should be parallel to the bench.

(i) Measure and record x and L.

©EJC 2022 9749/04/J2H2Prelim/2022

More papers at www.testpapersfree.com

BP-~450



3

(ii) Estimate the percentage uncertainty in your value of L.

percentage uncertainty in L1= ........oooiiiiiii
(b) (i) Pullthe bob and end B of the half-metre rule towards you through a short distance. End
A of the half-metre rule will be away from you.

Release the bob and the half-metre rule simultaneously so that they oscillate. The half-
metre rule will oscillate about a vertical axis.

Adjust Lz until the periods of the oscillations of the bob and of the half-metre rule are
the same.

Measure and record L,.

Lo= oo,
[
(i) Estimate the percentage uncertainty in your value of L.
percentage uncertainty in Lo = ...,
(11
(iif) Calculate -é‘—
L,
I
L,
: [1]
(e) (i) Change x to approximately 30 cm and L1 to approximately 20 cm.
Measure and record x and L.
X S
L1 e
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(i) Repeat (b){i) and (b)(iii).

L= e
L.
T
[3]
(d) Itis suggested that the relationship between L1, L2 and x is
L _3
XZL2 12
where [ is the effective length of the half-metre rule.
() Determine I by referring to your values in (a), (b) and (c).
= e
[1]

(i) If you were to repeat this experiment by varying x and L1 for several more times,
describe the graph you would plot to determine /.

..................................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
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(e) (i) Suggest one significant source of uncertainty in this experiment.

(ii) Suggest an improvement that could be made to the experiment to reduce the
uncertainty identified in (e)(i).

[Total: 13]
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2 In this experiment, you will investigate an electrical circuit.

(a) Set up the apparatus as in Fig. 2.1. Use the 100 Q resistor in place of the labelled resistor.

-0 O
— 3Vdc.

tape

labelled resistor

Fig. 2.1

Close the switch. Adjust the position of B until the voltmeter reading is as close as possible
to zero. The distance between A and B is y, as shown in Fig. 2.1.

Measure and record y.

Open the switch.
(b) Vary the resistance of the labelled resistor, R and repeat (a).

Present your results clearly.

[4]
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(c) Itis suggested that the quantities y and R are related by the equation
1 arR+b
y
where a and b are constants.

Plot a graph to determine the values of a and b.
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(d) (i) Measure and record the length W of the wire between the crocodile clips A and C.

W= e,
(ii) Resistor P has resistance P.
Calculate the value of P using the relationship
1
a=——
PW
P=

(e) The wire mounted between points A and C is shortened and the experiment is repeated.

Sketch a line on your graph grid on page 7 to show the expected result.

Label this line S. 1]
[Total: 12]
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3 In this experiment, you will investigate the change in shape of a rubber band when masses are
hung from it.

(a) Set up the apparatus as shown in Fig. 3.1.

longer rubber band

nl boss
[i—

"~ rod of clamp

stand

| I l
T 7 7 77 bench
Fig. 3.1

The rods of the two clamps must be at the same height above the bench.
Place both rods through the longer rubber band.
Position the stands so that the rubber band just has no slack.

(b) Record the mass m of the mass hanger.
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(c) (i) Suspendthe mass hanger from the centre of the lower part of the rubber band as shown
in Fig. 3.2.

mass m
v

Fig. 3.2

(i) Measure and record the angle 8 as shown in Fig. 3.2.

0= e
1
(iii) Estimate the percentage uncertainty in your value of 4.
percentage uncertainty = ...,
(1]
(iv) Calculate tanzg )
tan?d=
2
(1]
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(d) (i) Add the slotted mass to the mass hanger.

Record the total mass m of the mass hanger and slotted mass.

IS e
(i) For this total mass, repeat (c)(i), (c)(ii) and (c)(iv).
B e
@2 =
2
1
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(e) ltis suggested that the relationship between m and 6 is

k

e
tan? =
2

m=

where k is a constant.

(i) Using your data, calculate two values of k.

firstvalue of k= ........ooooiiiiiii i,
secondvalue of k= ..............cooiiiiiiiniin,
(2
(if) Justify the number of significant figures given in your values of k.
........................................................................................................................................... [
(iif) Explain whether your results in (e)(i) support the suggested relationship.
Justify your conclusion by referring to your answer in (c)(ii).
........................................................................................................................................... (2]
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(f) You have been provided with another rubber band of shorter length.

Use the rubber bands provided to determine the effect of length on & for the same mass
being suspended from the centre of the lower part of the rubber band.

(i) State and explain your choice of mass to be used in your investigation.
(ii) Tabulate your results.

(iii) Suggest a possible trend based on your results. Explain how you can improve the
validity of your suggestion.

©EJC 2022 9749/04/J2H2Prelim/2022

More papers at www.testpapersfree.com



15

(9) The ability of the rubber band to stretch under load depends on the linear density of the
rubber band. Linear density 4 is the measure of mass per unit length.

©EJC 2022

It is suggested 4 is directly proportional to the cube of k.

Explain how you would investigate this relationship.

Your account should include:

your experimental procedure

control of variables

how you would use your results to show the relationship

why you might have difficulties using rubber bands of very small and very large linear
densities.

----------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------------------

[Total: 19]
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4 The boiling point of a solution of table salt varies with pressure.

It is suggested that the relationship between the Celsius temperature 4 at which the water of
the solution starts to boil and the air pressure Pis

6 =ko"P?

where o is the density of the solution at room temperature and pressure, and n, k and g are
constants.

Design an experiment to determine the values of nand q.

Draw a diagram to show the arrangement of your equipment. Pay particular attention to

the equipment you would use

the procedure to be followed

the control of variables

any precautions that should be taken with your experiment.
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