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DATA AND FORMULAE

Data

speed of light in free space, c
permeability of free space, Ho
permittivity of free space, o
elementary charge, e
the Planck constant, h
unified atomic mass constant, u
rest mass of electron, Me
rest mass of proton, mp
molar gas Vconstant, R
the Avogadro constant, Na
the Boltzmann constant, K
gravitational constant, MG
acceleration of free fall, g
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300 x 108 m s~
A1 % 107" Hm™!

885x 1072 Fm’

(1/(36m)) x 109 F m"!
160 x10"C

663 x 103 Js

1.66 x 10727 kg

9.11 x 103 kg

167 x 1077 kg

8.31 J K- mol™

6.02 x 10 mol™!

138 x 1078 J K
6.67 x 107" N m? kg2

981ms?



Formulae
uniformly accelerated motion, s = ut+lat?
vZ = y?+2as
work done on/by a gas, W = paVv
hydrostatic pressure, p = pgh
T . _Gm
gravitational potential, b = -
temperature T/K = T/°C+273.15
. I Nm
pressure of an ideal gas po= 3yc ¢ >
mean translational kinetic energy of of an ideal gas £ - 3,7
molecule, 2
displacement of particle ins.h.m_, X = Xpsin wt
velocity of particle in s.h.m_, Vv = V5 COS o
= Tt 11',\’3 -x?
electric current I = Anvg
resistors in series, R = R;y+Rz+ .
resistors in parallel, 7R = 1/R1+1/R+ ...
. . _ ¢
electric potential, Vo=
g,
alternating current/voltage, X =  Xpsinot
magnetic flux density due to a tong straight wire B = %
. . . . L N7
magnetic flux density due to a flat circular coil B = =
magnetic flux density due to a long solenoid B = un!
radioactive decay, X = Xoexp(—il)
In2
decay constant, A= e
h
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Section A

Answer all questions in the spaces provided.

{a) A solid cylinder of height h and density p rests on a flat surface as shown in
Fig. 1.1.

Fig. 1.1

Show that pc = hpg where pc is the pressure exerted by the cylinder on the

surface.

(2]

(b) Fig 1.2 shows a tube of constant circular cross-section, sealed at one end,
contains an ideal gas trapped by a cylinder of mercury of length 0.035 m. The
whole arrangement is in the Earth's atmosphere. The density of mercury is

1.36 % 10° kg m*.

0.035m mercury

0.180m

sealed end  ftrapped gas
Fig. 1.2
When the mercury is above the gas column the length of the gas column is

0.190 m.

For
Examiners
Use
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For
Examiner's

{i) Explain what is meant by an ideal gas. Use

(ii} Given
po = atmospheric pressure
Pm = pressure due to the mercury column
T = temperature of the trapped gas
1 = number of moles of the trapped gas
A = cross-sectional area of the tube

Show that (p_ + p, )x0.190 = 2%[_

[1]

[Turn over
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For
Examiner's
(iii} The tube is slowly rotated until the gas column is above the mercury. Use

trapped gas  sealed end

0.208m

:0.036m

The length of the gas column is now 0.208 m. The temperature of the trapped
gas does not change during the process.

Determine ps.

(iv) Using the First Law of Thermodynamics, explain the heat exchange between
the gas and the surrounding during the process mentioned in (b)(iii).
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For
Examiner's

2 (a) State the principle of conservation of momentum. Use

(b) Two frictionless trolleys A and B are moving along a horizontal straight line, as
iIIustrated_in- Fig. 2.1.

B4A0ms!t — > 030ms'——

Fig. 2.1

Trolley A has mass 1.2 kg and a velocity of 6.40 m s'. Trolley B has mass
5.2 kg and a velocity of 0.30 m ™.

At 0.20 s, the two trolleys collide elastically and are in contact for a duration of
0.47 s and trolley A moves in the opposite direction after the collision.

(i)  Show that the velocity of trolley B after the collisionis 2.6 m s™.

(3]
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(iiy Calculate the average force F that B exerts on A during the collision.

(iii) Sketch on Fig. 2.2, the velocity-time graph for trolley A. The velocity-time
graph of trolley B has been provided.

velocity / ms™

F'y
2.59 - ;
.30 A i
0.30 g } » time/s
0 0.20 0.67
Rt
Fig. 2.2
[2]

(iv}) Indicate on Fig. 2.2 the time at which the two trofleys are the closest to
each other. Label this time as fc.

[1]

(v} Discuss why the collision is elastic even though the magnitude of the
kinetic energy of the system at t. is not the same as that before the

collision.
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Far
Examiner's

3 (a) (i} Define electric field strength at a point. Use

(i) State the relationship between electric field strength at a point and electric
potential at the point.

(b} Two point charges A and B are separated by a distance of 7.0 cm in a vacuum, as
iHlustrated in Fig. 3.1.

)
| l
chargeA+— """""""" i?------—————"————————-—_-T charge B
' |
r 7.0 cm ’:
Fig. 3.1

The charge of Ais —2.0x10° C.

A point P lies on the line joining charges A and B. Its distance from charge A is x.

[Turn over
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For
Examiner's

Use

The variation with distance x of the electric potential V at point P is shown in

Fig. 3.2.

V { arbitrary
units

Fig. 3.2

(i) State the value of x where V is a maximum.
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For
Examiner's

(ii) Hence, determine the charge of B. Use

{iii) An electron is initially at rest at point P where x = 2.0 cm.

Describe the subsequent motion of the electron.

................................................................................................. i3]
%
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Far
Examiner's
Use

4  After a gust of strong wind, a building with a height of 160 m starts to sway. Fig. 4.1
shows the variation with x of the force experienced by the top fioor of the building F,
where x is the distance to the adjacent building.

FIMN

3257

-325T

(a) (i) UseFig 411to explain how it can be deduced that the top floor of the
building oscillates in simple harmonic motion.
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{ii) The top floor of the building experiences a maximum acceleration of
3.42ms?2
1. Determine the amplitude of the oscillation.
amplitude = ... m [1]
2. Determine the frequency at which the wind is blowing at the building.
~ Explain your answer
................................................................................................ [3]
(iii} On the same axes, sketch the variation with x of
1. the potential energy of the oscillation. Label this line P.
2. the Kinetic energy of the oscillation. Label this line K.
Numerical values for energy are not required.
Energy
&
e
» Xim
(2]
[Turn over
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For
Examiner's
kinetic energy 1 Use

(iv) Determine x when —— ———=——= _.
potential energy 2

(b) After an earthquake hit the city, it was found that some buildings swayed more
and suffered more damage than others.

Suggest why.
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For
Examiner's

5 (a) State the Principle of Superposition. Use

(b} A Young's double slit experiment is set up as shown in Fig 5.1. Monochromatic
light of wavelength 650 nm is incident on slit So. Light emerging from slits S, and
S: are in phase and the distance between the slits is 1.65 mm. A screen s placed -
6.5 m away from the slits.

screen —
monochromatic 3
light source
centre line
S;
55
m —

Fig 5.1

(i} Determine the separation of the bright fringes when they are formed on the

screen.
separation=........._...................... m [2]
[Turn over
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(i) Suggestchanges to the appearance of the fringes when a darken film is now
placed in front of slit S..

(iii) The screen is removed and a man stands directly in front of the two slits
during day time. The diameter of the pupil of the eyes can be taken to be 3.5
mm.

Determine the maximum distance the man can stand away from the two slits
before he can no longer resolve them.

maximum distance = ... m {2}

{iv) As the diameter of the pupil of the eyes increases during night time, explain
if the man is still able to resolve the two slits if he is to stand at the same
location as determined in (b){iii).
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F
Exam?;er‘s
(¢) The setup is modified as shown in Fig 5.2 to demonstrate single slit diffraction. Use
Monochromatic light of wavelength 550 nm is incident on slit So with slit width of
2.20 pm. A screen is placed 0.7 m away from the slit and the centre of the
interference pattern formed on the screen is at W.
"
T
scregn
monochromatic
light source .
centre line
: Sﬂ LTI S SNSRI O B 1.1
07m
]
Fig 5.2
(i) Determine the width of the centre bright fringe formed on the screen.
oo
width= .. ... . m [2]
[Tum over
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For
Examiner’s

(i) On Fig 5.3, sketch the variation with distance x from point W of the intensity Use
of the light on the screen.

intensity

.-

W X

Fig 5.3
[2]

(iii) The amplitude of the light at a point 0.8 m away from S is measured to be
Aq. The screen is now moved to a new position such that the point is now
1.1 m away from So.

Assuming that the light from So acts like a point source, determine in terms
of Ao, the amplitude of the light at the new position.

amplitude = ... Ag {2]
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Far
Examiner’s

Section B Use

Answer one question from this Section in the spaces provided.

6  Plutonium-239 has a half-life of 2.41 x 10* years. It decays to uranium-235 by alpha
emission.

(a) (i) State what is meant by the half-life of plutonium-239.

(ii} A radioactive sample currently contains 6.2 x 107° kg of plutonium-239.
Calculate the mass of plutonium-239 the sample would have contained 2000
years ago.

(iii) Calculate the current activity of the sample of plutonium-239.

[Turn over
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(iv) The countrate of the plutonium sample was measured and used to calculate
its activity. The value obtained for the activity of the sample was different from
the calculated value obtained in (a)(iii).

Give two reasons to account for this difference.

(b) Data for the nuclei involved in the decay of plutonium-238 are given in Fig. 4.1.

nucleus
a-particle ,He 4.00271
uranium-235 ‘5U 235.04393
plutonium-239 %;Pu 239.05216
Fig. 4.1

(i) Calculate the amount of energy released from the decay of a single
plutonium-239 nucleus.

ENETGY = oo cemnnee e J[3]

(i) State two harmful effects of being exposed to the radiation from the plutonium

sample.
L e
B e T
......................................................................................... [2]
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For
Examiner's

(iii)  State and explain whether a person standing 40 cm away from the plutonium Use
sample s likely to experience harmful effects due to the radiation from the
plutonium sampile,

{(d) Uranium-235 has a half-life of 7.04 x 108 years, decaying by alpha emission to form
an isotope of thorium. The isotope of thorium has a half-life of 25.5 h, decaymg by
beta emission to form an isotope of protactinium.

(i)  Determine the number of protons and neutrons in the protactinium nucleus
formed.

number of protons = ... ...

numberofneutrons = ...

(i)  Trace amounts of the thorium isotope can still be found in samples of uranium
which are 1000 years old.

Suggest an explanation for this phenomenon.

{Turn over
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For
Examiner's
(e) Fig.4.2showsa graph of the variation with mass number of the binding energy per Use
nucleon.
2,
=
E’E W
»3
T
= L.
0 I B l S S B

4] on 40 60 80 100 120 40 160 180 200 920 240
Mass nimber A

Fig. 4.2

With reference to Fig. 4.2, explain why fusion reactions of plutonium-239 and
uranium-235 are not associated with a release of energy.
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7 (a) Explain why an object moving at a constant speed in a circular path experiences
a force towards the centre of the circle.

{b) A trinary star system consists of three stars A, B and C of equal mass M. The three
stars are equidistant from one another and rotate at constant speed in a circular
path of radius R about the centre X, as illustrated in Fig. 7.1.

star A
- e~
-~ ™~
-~ ™~
P ~
y ~
/ AY
/ \
/ \
/ y
i i
X 1
|
\ !
star B R star C
~ s
~ -
\\ //
e, Fig. 7.1 (not to scale)

(i} Show that the centres of any two stars are separated by a distance 1.73R.

[1]
(ii} OnFig. 7.1, draw and label arrows to show the forces acting on star A.  [2]

[Turn over
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(iii) Interms of G, M and R,

1. determine the gravitational potential energy of the trinary star system.

gravitational potential BNergy = ..o [2]
2. use (b){ii) to determine the resultant force experienced by each star.
resultant force = ..o 2
3. hence determine the kinetic energy of the trinary star system.
Kinetic eNergy = ......oovceeermrnmeemsieees 2l

For
Examiner's
Use
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(iv) The speed of each of the three stars suddenly increased by the same
magnitude,

State and explain the subsequent motion of the stars.

(c) A space probe travels in a circular orbit of radius d around the trinary star system,

as illustrated in Fig. 7.2.

/

/
!
l
|

\

\\ trinary star system /

\ mass 3M /
N /
‘\ /
~ o ///

Fig. 7.2 (not to scale)

It can be assumed that the effective mass of the trinary star system is a point mass

For
Examiner's
Use

at its centre and is equal to 3M. P
The mission of the space probe is to observe the trinary star system,
The orbital period of the trinary star system is T.

[Turn over
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For
Examiner's

{iy Discussthe advantage Use

1. if the orbital period of the space probe is equalto T.

3. if the space probe rotates about its own axis with the same period as its
orbital period.

(i) A small component of the space probe was dislodged from the space probe
when it is at the position shown in Fig. 7.2.

On Fig. 7.2, sketch the subsequent path of this component. [1]

(i} Given that M is 1.39x10% kg and d is 1.05x10" m , determine the

minimum velocity required for the space probe to escape the gravitational
field of the trinary star system.

L S
minimum velocity = ... m s [3]
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Anglo-Chinese Junior College 2021 H2 Preliminary Exam Paper 3 MS
H2 {9749) Physics

Annotations used in marking

BOD - Benefit of doubt

ECF - Error carried forward

POT - Powers of ten error

TE - Transfer error

CE - Calculation error

XP - Wrong physics

ENG - Generally bad english, phrasing and expression

PP - Poor presentation of answers

Note: For POT and TE, we can award the M mark, not the A mark.

Qn Suggested MS

1

(a) Weight of cylinder = Ahpg
Pressure = F_Ahpg

A A

(b)(i} An ideal gas is one where there are no intermolecular forces.
An ideal gas obeys the ideal gas law pV = nRT
where p = pressure,
V = volume, n = number of moles, (R = molar gas constant) and
T = thermodynamics temperature

(b)(ii) | Since it is in equilibrium, the pressure of the trapped gas is the sum of the
atmospheric pressure and the pressure due to the weight of the mercury.
(p, +p,)x0.190 = "R

(b)(iii) Recognize that nRT is a constant OR 190 p, + 190 py, = 208 p, - 208 Pm
pm =0.035x% 1.36 x 10* x 9.81 = 4.67 x 10° Pa
Po =103 x 10°Pa

(bXiv) } Since temperature stay constant, there is no change to the internal energy of the
gas.
Negative work done resuits in a postive Q since AU=0.

JC2 2021
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H2 (9749) Physics

—

2

(a) The total final momentum of a system after a collision is equal to the total initial
momentum of a system before the collision
provided that the net external force acting on the system is zero.

(b)) MU, + Mgl =MV, + MgV

(1.2)(6.40) + (5.2)(0.30) = 1.2v, +5.2v,

U, U =Vg =V,
v, =V, —8.10
orv, =v,+6.10

12v, 1 5.2{v, +6.10)=9.24
or1.2(v, ~6.10) +5.2v, =9.24
v, =-3.5125ms”

v, =2.5875 ms”
~259ms" {shown)
(b)(ii) | Considering B8
Ap =(5.2)(2.59-0.3)
=11.895

_sp
Tt
11.895
0.47
Using Newton's 3 |aw, force A exerts on B is equal in magnitude but opposite in
direction to the force B exerts on A, therefore the force B on A will be -25.31N

F

=2531N

-

b)(lll} velocity fm s

»timeds

B

ght line before tand after t + 0.47

Correct label for ua, va and strai

Straight line with negative slope between tand t + 0.47

Page 2 of 11
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(b){iv) | t. at intersection between the 2 lines

(b)}{v) | Kinetic energy of the system is conserved before and after elastic collisions

At L., some of the kinetic energy is converted to elastic potential energy and stored in the
spring.
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H2 (9749) Physics

—

3
(a)(i) Electric field strength at a point is the electric force exerted per unit positive charge

placed at that point.
(i) The electric field strength at a point is equal to the negative electric potential

gradient at that point.
(b)(i) 2.9cm
(i) At the maximum, the electric potential gradient is zero. Therefore, the resultant

electric field strength is zero.

E,= Eg
1 Ga_ 1 s
4y X* 475 (7.0x107 -xY
7.0x107% - x
s = Qa
X
2 2132
_ 7.0x10 22X10 (—2.0X10_9)
2.9x10
- 40x10°C

(iii) The electron accelerates towards charge Buntil x = 2.9 cm.

After x = 2.9 cm, it accelerates in the opposite direction towards charge A.

The electron oscillates about x = 2.9 cm.
JC2 2021 Page 4 of 11
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4

{a)li)

The graph is a straight line, which indicates that force (and hence acceleration, since
mass is constant) is proportionate to displacement

from the equilibrium position of 0.85 m.

The graph has negative gradient, which indicates that force (and hence acceleration)
points towards an equilibrium position.

(a)(ii)1.

Amplitude = 1.20-0.85 or 0.85-0.50=0.35m

(a)ii)2.

a, = X,

a, }3.42
D= [—= B —
Xy 0.35

=3.1259 rad s~

f-2 04975 Hz
m

The building’s osciliation is driven by the wind, so its oscillation follows the frequency of |
the wind

(a)(iii)

Energy
A

fc ,=x/m Py

I T

0 0.50 0.35 1.20

Correct shape of either graph

Correct shape of other graph, and correct x-values

JC2 2021
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(a)liv)

KE 1_ KE __KE
PE 2 KE,, KE+FE

712—m(m\/c[,2 -’y

1
3

1
5 m{wc, )’

c? = £(0.35)

3
¢ =0.29m
x=029+085=1.14m

(b)

The natural frequency of those buildings matched the frequency of the earthquake, so
resonance occurred.

There is maximum transfer of energy to the buildings / the buildings oscillate with
maximum amplitude

JC2 2021
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5(a) The principle of superposition states that the net displacement at a given place and time
caused by two or more waves which transverse the same space and meet is.

the vector sum of the displacement which would have been produced by the individual
waves separately at that position and instant of time

(b)) iD

X=—

a
~(650x107°)(6.5)
(1.65x107)

x=256x10""m )
{ii) Bright fringe becomes less bright as the amplitude of the light from the darken slit is

lower

Dark fringe will increase in brightness as the two wave cannot fully cancel each other

(iii) yl

 650x10°
3.5x107°
=1.86x10""rad

d=r?
1.65x10° = r(1.86x10™")
r=8.88m

(iv) When pupil becomes larger, E?R becomes smaller

Therefore he will be able to resolve the 2 sources from an even further distance. He will
still be able to resolve the 2 light sources

JC2 2021 Page 7 of 11
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| (e)i) N
sin@ = —
b

3 550x107°

T 220x107®

sinf = dist _ 0.25
0.7

=0.25

dist=0.175
width = 2(0.175) = 0.35m

ii) intensity

centre line
/

it : .
rl L] T i3 1 1 ¥ I
0525m £3m 0175 m 0175m 0.35m G 525m

Symmetrical, intensity of centre bright fringe significantly higher (at least 1:5) than the
adjacent fringe

Width of centre bright fringe twice of other fringes, width properly labelled

i) ,_P__P

:rS_: 4xr’
! = kA®

JC2 2021 Page 8 of 11

www.testpapersfree.com



Anglo-Chinese Junior College 2021 H2 Preliminary Exam Paper 3 MS
H2 (9749) Physics

7

(a)

The direction of the object's motion changes. Therefore, its velocity changes and it
accelerates.

Since it travels at a constant speed, the direction of the acceleration, and hence
resultant force is perpendicular to the direction of motion.

(b)i)

star A

distance between stars = JRz +R? - 2(R)(R)cos{120°)

=R,/2-2cos(120°)

=1.732R

=1.73R

(b)(ii)

star A

gravitationat. -gravitational
force olsthr B forcéraf slar ©
on-Slar A on stard
s : \

/ A
4 J ‘\\ )

I
! . .
! -
| ; .
i'\ K
g *,

rd

The two forces are drawn with equal magnitudes and in the correct directions.

The two forces are labelled correctly.

JC2 2021
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(b)(iii)t. | gravitational potential energy = Ung +Uge +Unc

_emt [ oemt ) [ oM
173R | 1.73R) | 173R

GM?

=-1.73

(b)(iii}2. | Consider star A

star A

- T
- o~
gravitational gransitational
fnrca of star B foroe of 5180 O
/  ons@rA R onsarA
’ \
{ resulian forse 3
l o star A §
]
\ X i
star B O O star C
~ ’
~ -~
e -

T e

gravitational force of one star on another star

B GM?
(1.73°)R?
d
-0 333%
resultant force on each star
GM* GM?
= cos({30°)+ cos{30°
2
= 0.577%2—
(b)(iii)3. | The resultant gravitational force on each star provides for the centripetal force
2 2
0577CM M
R R
2
0.577 GM :1Mv2
2 R 2
2
kinetic energy of one star = 0.289 cM
o . GM*
kinetic energy of trinary star system = 3x0.289
2
= 0.886%
R
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' (b)(iv)

The resultant force acting on each star is not sufficient to provide for the centripetal
force to keep the stars in orbit,

The stars wilt spiral outwards into an orbit with a larger radius.

{c)(i)1.

The space probe can observe the same part of the trinary star system.

(c)(i)2.

The space probe can observe different parts of the trinary star system.

(c)(i)3.

The same side of the space probe always faces the trinary star system.

(c)ii)

space probe

! Ve
roo ot (;
t X
frinary star system /
\ mass 3M /
~ Ve
“ ’
~ - <

LY

(c)(iii)

To escape the gravitational field of the trinary star system, the total energy of the space
probe of mass m must be minimally equal to zero

1mv2+[_M:I>D
2 d
y2 5 26(3M)

d

\]2 (6.67><10"“)(3x1.39x1030)
v =

1.05x10"
v27.278%10* m s

v=728x10"ms"
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