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2

What is the order of magnitude of the diameter of an atom?

A
B
c
D

A
B
c
D

A
B
c
D

1fr12 m

10-10 m
10+ m
104 m

2

3

The diagrams bslow show the zero reading as well as the reading when a disc is placod

between the jaws of a pair of vemier calipers.

0 4

I

5

il|
Trrr rfrrrrJ
0 5 100 5 10

zero roading reading with disc between jaws

What is the actual diameter of the disc?

4.43 cm
4.47 cm
4.51 cm
4.53 cm

The following shows the path of an object beginning at point X and ending at point Z. lt
takes 1.0 s to move from point X to point Y and 3.0 s to move from point Y to point Z.

8.0 m 8.0 m

X 8.0 m

What is its average velocity in moving from point X to point Z?

2.0 m/s
2.7 mls
4.0 m/s
8.0 m/s

z
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A hammer and a feather are released at the same time from the same height in a vacuum
chamber on Earth.

Which of the following statements is/are correct?

The hammer is heavier so its acceleration is higher.
The speed of the hammer just before it hits the ground is higher than that of the
feather.
The distance travelled by the hammer is the same as that travelled by the feather in
equal time intervals.

A I only B ll only C lll only D I and ll

5 The graph shows part of a journey made by a cyclist.

4

I

I

lll

A
B
c
D

A
B
c
D

speed
m7s

6

2

0

6

012 5

tim€ ls
How far did the cyclist travel in 7 s?

28m
30m
32n
42m

A solid cube of aluminum has a mass of 20 kg and its density is 2700 kg/m3. The cube is cut
into 8 smaller cubes of equal sizes.

What is the density of each smaller cube?

0.0074 kg/m3

135 kg/m3

337.5 k9/m3

2700 kg/m3
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Which statement is correct?

The frictional force is less than the pushing force.

The frictional force is greater than the pushing force.

The frictional force is equal and opposite to the pushing force.

Th€re is no frictional force since the block moved at constant speed.

A force is applied to a wheel at point P so that the wheel is on the verge of rising over the

step.

Which of the forces, A, B, C or D, is lhe smallest?

A

B

c

D

wheel

The diagrams show cross-sections of four solid obiects.

Which object is most stable?

A

A
B
c
D

8

9

DcB
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66

4

A wooden block is pushed across a tablo at constant speed.

wooden block

pushing force
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The diagram shows a uniform piece of cardboard suspended on a pin

Where is lhe centre of gravity of the cardboard located?

prn

.c

A ball is released from rest and rolls down a lrack from the position shown.

Whal is the furthest position the ball could reach?

c
ball
start$
here

A 300 N force is applied to move a box of weight 3S0 N up a ramp Xy at constant velocity as
shown in the diagram below.

W=350N

What is the work done against gravity to movs the box from point X to point y?

B 9OO J c 1050 J D 1500 J

B

D

A

x

Aa

B
a

.D

3m
5m

4m

A 450 J
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A car that is moving at a constant speed has kinetic energy, E.

After sometime, the speed of the car is tripled.

What is the kinetic energy possessed by the car when it is moving at the new speed?

A3EB6EC9ED12E

'14 A brick with rectangular sides restrs on a table as shown in the diagram on the left

brick brick

ble le

The brick is now turned so that it rests on the table on its smallest face as shown in the
diagram on the right.

How has this change affected the force and the pressure exerted by the brick on the table?

force pressure

A

s

c

D

increased

increased

unchanged

unchanged

increased

unchanged

increased

unchanged

15 An emergency generator can supply 432 000 000 J of electrical energy in 24 hours.

What is the average power output of this generatof

A 5kW B 300 kw c 18MW D 432 MW
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The diagram below shows the melting and boiling points of substance A, B, C and D

temperature /'C
40

30

20

10

0

-10

-20

-30

40

-50
A B c D

Which substance is in gaseous state at 10 oC?

17 A beaker of water is heated from 30 "C to 50 "C

What happens to the water molecules?

The water molecules expand and move more quickly than before.
The water moleculss expand and move furlher away from each other.
The water molecules gain kinetic energy and move more quickly than before.
The water molecules gain kinetic energy as inter-molecular bonds are broken

l8 The diagrams below show four beakers of water.

lighted
bulb

A
B
c
D

A
B
c
D

& electric
heater

legend j

. boiling point

  melting point

candle
ffame

rce

Which arrangement(s) will set up a convection cunent in the water?

4 only
3 and 4 only
1,3and4only
All of the above
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A girl stands 20 m from her image when facing a flat, large minor

How far must she walk to bs 2.5 m from the mirror?

A
B
c
D

5m
7.5 m
'15 m
17.5m

The diagram shows an object O viewed using two mirrors. A person looks into the minors as

shown below.

.A

B

At which position, A, B, C or D, is the image of O seen by the eye?

END OF PAPER

c
a

D
a
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Section A

Answer all the questions in the spaces provided.

(a) Fig. '1.1 shows part of the sleeve and thimble of the miolcmeter screw gauge that
is used to measure the diameter ot a ball bearing.

Fig. 1.1

Given that the micrometer screw gauge has a zero eror of - 0.02 mm, determine
the actual diameter of the ball bearing.

diameter = mm [2]

(b) The ball bearing weighs 9.92 N on Jupiter.
The gravitational field strength of the Earth is '10 N/kg.
The gravitational field strength of Jupiter is 24.8 N/kg.

(i) Calculate the mass ofthe ball bearing.

(ii)

mass = ................................k9 [2]

Hence or otherwise, determine the weight ofthe ball bearing on Earth.

PartnerlnLeaming

weight = ....,...........................N [1]
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3

2 (al Define period of the pendulum

(b) Fig. 2.1 shows a simple pendulum. lt swings between X and Z.

{11

x

Fig. 2.1

A person measures the period of a pendulum as it swings continuously between
X and Z.

Write down one possible sequence of motion, starting from Y, that can be timed to
measure the period.

111

Bryan measured the time taken for a pendulum to swing left, from the rest position
Y to its maximum displacement X as shown in Fig. 2.2, to be 0.60 s.

xY
moddl

Fig.2.2

Calculate the period of the pendulum.

s [21

PartnerlnLeaming
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73
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(d) Suggest why it is recommended to find the average time taken for one complete

oscillation for 20 complete oscillations of the pendulum instead of taking the time
for 1 complete oscillation.

t11

240 g of liquid X which has a density of 1.20 9/cm3 was mixed with 50 9 of liquid Y which
has a density of 1.00 g/crn3. Assume that no reaction occurs during mixing.

(a) Calculate the density of the mixture.

densitY = g/cm3 [2]

(b) lf a wooden block with a density of 0.95 g/cm3 is dropped into the mixture, state
whether the block would float, sink or stay suspended.

Explain your answer.

121

PartnerlnLearning
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1 A boat of mass 120 kg is travelling across a river with a force of 1BO N powered by its
motor engine. The water cunent also exerts a force of 100 N on the boat at an angle of
50 ' as shown in Fig. 4.1 .

engine force 180 N

boat 50'

force by water current 100 N

Fig. 
'1.1

Draw a suitable vedor diagram to determine the magnitude of the resultant furce acting
on the boat.

scale: .......... repressnts .. . . t1]

resultant force = .................... N [31

PartnerlnLeaming
75

ffum over



BP-76

6

5 Fig. 5.'l shows a wheelbarrow and its load, which have a total waight of 230 N. The centre

of gravity ofthe wheelbarrow and its load is at point G. The wheelbarrow is supported by

a vertical force F at the ands of the handles.

'1.6m

handle
pivot

i o.as m i
'1.0 m

Fig.5.1

(a) On Fig. 5.1, indicate the weight of the wheelbarrow and its load using an anow
and label [ \ry. 11]

(b) State the principle of moments.

t1l

(c) Hence, calculate the value of F

E_ N [2]

(d) Suggest one modification that can be done to the design of the wheelbanow so
that the same load can be lifted with a force that is of smaller magnitude than that
calculated in (c).

Explain your answer

F

I

ParlnerlnLearning
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7

6 Parquet are wooden tiles installed over ceramics flooring to provide a woody and cosy
feel.

Fig. 6.1 shows a typical HBD flat floor laid with parquet

Flg.6.1

Despite the cosy fe€|, parquet flooring is very susceptible to sqatches and dents. Heavy
fumiture sometimes makes a dent on the parqu€t floor on which it stands.

Ken is shopping for a sofa for his living room. He came across four sofa, each having four
legs and all sof;a are of the same weight.

Fig. 6.2 shows part of a leg from each sofa.

ABCD

Fig.6.2

(a) Which leg, A, B, C or D is least likely to cause a dent on the parquet flooring
undemeath it?

Explain your answer

l2l

v

PartnerlnLearning
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(b) The maximum pressure that parquel flooring can withstand without making a dent
is 0.75 kPa. A sofa with a total contact area of 'l .5 m2 with the floor are to be placed

in the living room.

Calculate the maximum weight of this sofa

maximum weight = . N [2]

Fi9.7.1 shows a cross-section through a rain-water puddle formed in a shallow depression
on a road surface. Over a period of time, the air temperature, wind speed and wind

direction all remain constanl but the water disappeared.

road surface
puddle

shallow depression

Fig.7.1

(a) Use the kinetic theory to explain how the puddle of water disappeared totally

131

(b) The rate of disappearance of the puddle of wator changes with time even though
the air lemperature, wind speed and wind direction all remain constant.

State whether the rate of disappearance of the puddle of water decreases, remain
the same or increases. Explain your answ6r.

PartnerlnLeaming
78
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6 During an experiment, a student placss some solid wax in an oven which is set at 70 .C.

The graph in Fig. 8.1 shows how the temperature of the wax varies with time over a
15 minutes duration.

temperature / "C

D

time / min
0512

Fig.8.1

State the process that occurs at section B.

14 15

(a)

t11

(b) In each of the following time intervals shown in Fig. 8.2, state whether the
intermolecular forces and average speed of molecules decrease, increase or
remain constant.

Write your answers in Fig. 8.2.

time interval intermolecular forces average speed of molecules

0 min to 5 min

5 min to 12 min

'12 min to 14 min

Fis. 8.2
t31

PartnerlnLearning
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10

I Fig. 9.1 shows the path of a light ray passing from air to glass

58" air

gIaSS

(a)

20

Fig.9.1

(b)

Stats the tollowing angle.

(i) angle of incidence

(iD angle of refraction

Calculate the refraclive index of the glass

refractive index = .........

critical angle =.....

.......121

(c) Hence, determine the critical angle of the glass

" t2l

PartnerlnLeaming
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(d) State the two conditions for total internal reflection to occur

condition'1

condition 2: ..

l2l

(e) Fig. 9.2 shows a glass block made from the same material.

On Fig. 9.2, complete the path of th6 light ray affer it strike the glass surhce XY

Fig.9.2
111

-. END OF SECTION A -

X Y

55

PartnerlnLearning
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S6c'tion B

Answer any two questions in this ssction.

Write your answers in the spaces provided

'10 Fig. 10.1 shows the speed-time graph of a cyclist. The cyclist has a mass of 60 kg.

speed i m/s

19

14

3

time / s

(a)

08202844
Fig. 10.1

Describe the motion of the cyclist from the th second to the 20s second.

111

(b) The cyclist moves with non-uniform acceleration from the 20h second to the 28n
second.

Sketch the cyclist's motion for this duration on Fig. 10.'l .

(c) The foMard force by the cyclist in his flrst 8 seconds is 70 N.

(i) State ths magnitude ofthe frictional force experienced by lhe cyclist.

I1l

PartnerlnLeaming
82

frictional force = .... t1l



BP-83

13

(ii) Calculate the acc€leration of the cyclist from the 'loth second to the 1Ss
second.

acceleration = t2l

(iii) Calculate the force pushing the cyclist foMard from the 10n second to the
15h second.

forward force = I2l

(d) Calculato thB distance covered by the cyclist from the 6th second to the 2orh second.

distance = .......... l2l

(e) lf the cyclist were to brake suddenly, predict if he is most likety to fall in front of,
behind or to the side of hls bicycle.

l1l

PartnerlnLearning
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l1 Fig. 11.1 shows a large container ship travelling at constant sp€ed in a straight line

Fig. 1 1.1

(a) The speed of the ship is 9.8 m/s. The resistive force ac{ing on the ship is

2.8 x 106 N.

(D Calculate the distance moved by the ship in 1.0 s.

distance = l1l

(ii) Calculate the work done against the resistive force on the ship in 1.0 s

work done = 121

(iiD State the driving force acting on the ship.

Using NeMon's laws of motion, explain how you obtain your answer

PartnerlnLeaming
u

l2l

t-

I L JI
il

I

d.G -



8P.85

15

(b) The mass ofthe ship is 2.2 x 100 kg.

(i) Calculate the kinetic energy that the ship has

(c)

kinetic energy = 121

(ii) State the additional work done on the ship required to bring the ship to a
total rest.

work done = .. t1l

The cargos on the container ship were unloaded. State and explain if the same
effort is required to make the ship move at a conslant speed of 9.8 m/s from rest.

121

PartnerlnLeaming
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12 Fig. 12.1 shows a typical electric kettle used at home for boiling water

Fig. 12.1

(a) The heating element consists of a metal plate that is located at the bottom of the
kettle.

Describe how all ths water eventually becomes heated when the kettle is switched
on.

.. t31

(b) The kettle comes in two different mlours; black and silver.

Explain which kettle; black or silver, will cause the water to boil faster?

PartnerlnLeaming
86
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(c) When the water boils, its temperature of the water becomes mnstanl at 1OO "C.
Using the concept of internal energy, explain why the temperature remains al a
constant value.

I2l

(d) The power of the electrical kettte is 600 W. Given that the amount of energy
required to boil tha water is 630 kJ, calculat€ the time taken, in minutes, for the
water to boil.

time = ................ _ t2l

(e) State one difierence between boiling and evaporation.

t11

- END OF SECTION B -.
- END OF PAPER -
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3E Sci(Physic) 2022 End of Year Examination Marking Scheme

The air molecules are in conlinuous and random motion.
The air molecules collide with the molecules near the water surface
and transfer kinetic enerov to these molecules.
The waler molecules near the water surface gain sufficient energy and

B1

B1

7(a) B1

A+ 81
M+ 81

break awav from lhe intermolecular bonds
intermolecular fo rces of altraction.

This process conlinues until all the water disappear

7(b)

The rate of disappearance decreases
The exposed waler surface area decreases resulting in a decrease in
the rate of evaporatjon.
Must mention the relationship between exp.rr..i,, stJ42ce ,:.tia.,.. at:i.; !.ate

of evapontion

8(a) Melting B1

time inlerval
intermolecular

forces
average speed of

molecules

0 min to 5 min remains constant rncreases

5 min to '12 min decreases remains constant

8(b)

12 min to 14 min remains constanl lncreases

Bl per
conect

row

9(a)
32.
20.

81 for
both

correct

s(b)
siD32o

sin2oo

= 1.5 or 1.55 (ec0

M1

A,1

9(c)
' . _, 1
Lr= sln -i

= 42o or 40.2. (ec0

M1

A1

e(d)

Light must travel from an optically denser to an optically less dense
medium
The angle of incidence in the optically less dense medium must be
greater than the critical angle

B1

B1

B1Drawing must show light ray undergoing total intemal reflection and

student must indicate cleady the angle of reflection (55").

Students will not be penalized if they did not show the angle of
reflection as 55o

Student will not be awarded 'l mark for drawing the correct TIR ray if

they must get 9(c) and/or 9(d) wrong because there is no basis to

support their correct answer for 9(e). Unless it is a case of Gonsistent

ecf.

9(e)

PartnerlnLeaming
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AI

( e in front d 81

11(al(t
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- 9-S rn
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MO

AI

1t(eXi)
ffi

= 274fiXD0 J or 2 7{ x l0'.t (accepts ecl lrom (aii

11{aXiii}
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the rcaJiat force edin{ on ltls. ship is g N
Rest,stfl bt8 rs driving lorce - resistiv€ [orcG, tence driving lorce =
resbhra hrce = 2.8 r 'l0s N

t1{bX'}
?Effi2:;ltPttF

: l.m r ! []x, J
lll b I iG x l0'i .l (aac€pt5 e€, from (bi)

I 1(ci

fiEFre$rire l€Ec eftort (regt il 6tude$t rnentisei same eftrtls nst
raqrlial,r.i '

Also acoept reason bad on KE and wnrk done
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12(ai

The wate, neEr the heatlng dernent b E w:afnet, €nrgdg,
becorae bss dense ard ri6es
The codbr v{atEr at the top is less dense gd sint b fhe botlom tO be
heaEd
Thiq 6l,de o, rising and ainting repats b cre* a cd!redixt qfiett
whi$r eventually caue all lha *aler b beconp hestad,

Jhe silver kettle
Slrrer anrae iaalmr er{&r d irfr$cd raddiro and rsduco* !p
tde {* he.t toss ftrcrgr r.dkiren to ho xxr*xdry {rxr# irc&rde
@,l,qeta&w i*3i{r:f 
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r2(b)

B1
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l2(c)

Durfu boilg, ure ,rermd ene4ry rs us€d tO OiefCOlIE th€
intanndeo&r fures lhd ara fuHirg *s walsr rnobo{ec togniher -inou*rg the snergry
Sirc lhere b m inc.Es€ b 6re inbrnC knete ernrgy o{,f,*r, tp
tafine5*r€ docs rEi ircr€ese
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r2(d)

- tttgIttE = E-
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12(e)

Occurs at a particular Occurs at any temperalure

fast slow
Takes place throughout the Takes place only at the surface

Bubbles are formed in the liquid No bubbles are formed in the
I

remains T
Extemal thermal energy source

needed
External the.mal energy source

ate not needed

Any one of the above answers.
lf student gave two answers instead at ."; r jtrlcl :"1 and nar : .,r.,,r

the extra answer /s then 11 -1=0marx
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boilina evaooration
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