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1 A pair of vernier calipers is bsed to measure the thickness of a piece of wood as shown in
the figure below. When the jaws are closed, the reading of the vernier calipers is 0.1 mm.

What is the thickness of the wood?
A CG.Bdcm B 09%cm C 0895cm D 0.96cm

2 A piece of wire is wound tightly round a pen as shown in the diagram below. The turms
arene:atonneanuther_hqinuiwuiapping.‘u'dharnﬂ-meamﬁﬂﬂmmsdmawim.m
length of the pen covered by the wire is found to be 3.8 cm.

coil of wire

| {

| ”r e e
o | "'|-|.-I! LT s
I L L AR

What l.sth:a average diarrne;tm of the wire?
A 0.0076 mm B D,Dﬂﬂﬂ mm C 0.076 mm D 0.038 mm
3 Atruck travelling at 20 m/s undergoes uniform deceleration of 3 m/s? for 4 5.
What is the final velocity of the truck?
A Omfs B B:ﬁds : C 20mis D 32Zmis
4 The displacement-fime gragh of an object for its 20 s journey Is shown below.

displacement /m
'y
= E—
20N e
o U7 AP, :
: : | 2 .
i f—>tmel/s
4 10 15\ !
7 RS ——. '
What s the total distance trivelied by the object in the 20 s journey?
A 20m B {0om C 100m D 140m
TS EEnlOiea Banaion D1 -,
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The diagram below represents the speed-time graph of a rock that ls thrown vertically
upwards with an Initial speed of 40 m/s:

+time /s

I
o 4

m——-.—.-..-.-.- -

. What is the maximum height reached by the rock?

A 40m B 80m C 1680m D 320m
. A boy pushes a wooden block across a table at a constant velocity,

Which statement is correct?

A The r&acllm force Is the force that the block pushes back on the boy,

B The reaction force is the friction that opposes the motion of the black.

C The frictional force is greater than the pushing force.

D The frictional force is smaller than the pushing force.

The mass of a model rockel is 120 kg. The rocket engine Is able to provide an upward
thrust of 1500 N.

What is the acceleration of the rocket?
A 2.0 m/s? B 2.5m/=? C 10.0m/s? D 12.5mis?
The diagram below shows two blocks being pulled by a 20 N force. The two blocks of

mass 3 kg and 5 kg are held together by a light, inextensible string, The friction on the
3 kgand 5 kg blocks are 2 N and 4 N respectively.

T T

3ko + Skg — 20N

T

i "
% -

2N 4N

What is the magnitude of the tension T7

A 52BN B 725N C 14.00N D Z2000N
55 3E End-f-Tes Bxaminebon 2016 a2
Phyiics (5059/01)
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g |n 1969, humans created history when Neil Armsirong became the first human 1o walk on

the Moan.
Which option about his mass and the gravitational pull he experienced on the moon is
correct?
mass - | ' gravitational pull
A same as on earth .' L less than on earth
B less than on earth 1= less than on earth
G same as on earth i} -’ Zero
D less than on earth | i Zero

10 A uniform flat rectangular piece of metal sheet hm-; a density of 7.00 g/cm®. One quarter of
the metal sheet is cut out as shown in the diagram below.

metal sheet metal sheat

What Is the density of the one quarter metal sheat?
A 1.75glem® B 3.50g/cm? C 7.00glom?® D 28.00 glom®

11 When solld P of mass 12 g |s immersed in a measuring cylinder filed with water, it
displm]hasamewﬂumaufwaterassoﬂdqﬂfmasaﬂg.

wrmtcnn"ha deduced aboul the densities of solids P and Q7
A P and Q have the same density.

B Density of P Is 4 times the density of Q.

C Density of P Is 2 times the density of Q.

D Density of P is 1.5 times the density of Q.

"C55 9E End0-Vear Examinalion 2018
Physics (5058/01)

SA2 Coral Secondary School
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12 A uniform metre rule of weight 1.04 N balances at the 60 cm mark when a weight W is
placed at the 80 cm mark,

Oem 60 cm a0 em

1 x -

1= ' 1

What is the value of W?

A 0347 N * B 0578N C 0683N D 104N

13 Which of the following boxes topples most easily when disturbed?

A - B c D

cuboid resting cuboid resting

empty cuboid
resting on on smallest side on smallest side on smallest side
biggest side {one quarter (half filled with (fully filled with
filled with water) walar) water)

14 Which of the following boxes will topple at the position shown?

!

U5S 3€ End-Ol-Year Examination 2016
Phiysics (S058/01) 3

|Turn Over

SA2 Coral Secondary School



6

15 A mass suspended from a spring s at rest at point Q. The mass is pulled down to point R
and released. The mass moves verfically upwards and reaches a maximum height at P.

" —P
—Q
—R

Which statement represents the total enerqgy conversion that takes place from R to P?
A elastic polential energy — kinetic energy

B elastic polential energy —» kinetic energy + elastic potential energy :

C elastic potential energy —» gravitational potential energy + elastic potential energy
D elastic p-ntanlial energy —» gravitational polential energy + kinetic murgy

16 A force of 11 N pulls a 2 kg block up a rough slope at a constant velocify.
=

What is the work done against friction?

A 1J B 2J- c 20J D 22J

17 A force F s applied on piston P such that the piston moves down 2 cm. This causes
piston Q to move up.

What is the distance moved by piston Q7

A 06cm B 1.0cm C 20cm D 67cm

"T85 3E End-Of-Vew Examinabon 2016
Physics (505801}

SA2 Coral Secondary School
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18 A U-tube conltaining mercury is connected to two gas tanks as shown. The pressure of the
gas in tank P is B0 em Hag.

tank Q

tank F‘\

mercury

What is the pressure of the gas in tank Q7

A

77 em Hg B B80cmHg C B3cmHg D B6cm Hg

19 The mercury level in & mercury-in-glass thermometer rises as the femperature rises.

Which of the following remains constant?

A
B

c

density of mercury
internal energy of mercury

mass of mercury

volume of mercury

20 A mercury-in-glass thermometer and a platinum resistance thermometer are calibrated
linearly from measurements at the ice and sleam points. The two thermomelers should
necessarily agree

A
B
c

D

at every temperature within the operaling temperalure range of the thermometer.
only at the calibration points.

at the temperature of zero Kelvin.

at the temperature mid-way between the calibration points.

CSS 3E End-Gl-Yem ExaminaBion 2016 -
Physics (5058001} by
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21 When fine pollen grains suspended in water are viewed under a microscope, they are -
seen to be making small, erratic movements.

Why is this so?

A There are convection currents in the water.

B They are being hit by randomly moving water molecules,
€ They are moving and colliding with one another.
D

They are living organisms so they move around.

22 The diagram shows gas molecules being heated in an air-tight cylinder that is enclosed by
a fixed piston, such that the volume remains constant.

heat
Which of the following statement(s) explain{s) why the pressure increases?

1 The speed of molecules increases.
2 The force of each collision betwean the molecule and the wall increases.
3 The rate of collision increases,

A 1only B 2only C 2and 3 only D 1,2and3

23 A balloon of volume 2 em?® is placed in an air-tight 9nntalcner and the pressure inside and
outside the balloon are Inltally the same at 760 mrf Hg. A pump removes some air such
that the: pressure outside the balloon is now 500 mm Hg, causing the balloon to expand.

= L'"_‘
T ———— 0 pump

balloon

container

What is the final volume of the balloon?

A 3.00cm? B 304cm’ C 4.00cm® D 4.04 cm®

58 3E End-Of Yewr Exanmaton 2015
Physics (505801)

SA2 Coral Secondary School
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24 Which of the following statements about a vacuum flask are frue?

1 The plastic stopper reduces heat loss by convection and evaporation.
2 The vacuum in the flask reduces heat loss by radiation. ;

3 The silver surface reduces heat loss by conduction.

4 The vacuum reduces heat loss by conduction and mnvauhn

A 1and 2 only B 1and4only C 2and 3only. D 1, 2and 3only

25 A maich which is placed 3 cm direclly above a flame is @med However, a similar match
placed 3 cm beside the same flame is not ignited.

This is because most of the heal energy is transferred by
A radiation.

B conduction.
C convection.
D evaporation,

26 2 kg of sample F and 1 kg of sample Q are heated over the same heater for § minutes.
The graph shows the temperature changes for samples P and Q.

temperature | “C
&

40 =
b, [ Ry S R S

11}.4

» time [ min

[=1
o L B

Which staternent is correct?

A Specific heat capacity of P is equal to specific heat capacity of Q.
Specific heat capacily of P is 3 times the specific heal capacity of Q.
Specific heat capacity of Q is 3 times the specific heat capacity of P,
Heat capacity of Q is equal to heat capacity of P.

o O m

CE8 JE End-Of-Yeat Examination 2018
Physics {S058/01) E
[Turn Over
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27 A heater of power 200 W is immersed in a filter funnel of crushed melting ice. Before the
heater is switched on, 10 g of water is collecied from the melting ice in 1 minute. When

the heater is swilched on, the mass of water collected from the melting ice in 1 minule is
50g.

What is the specific latenl heat of fusion of ice?

A 4lfg B 5Jg C 240Jig D 300Jig

28 Which of the following is a difference between boiling and evaporation?

A Intermolecular force weakens during boiling but not during evapaoration.

B Buoliing does not increase kinetic energy of molecules but evaporation does.,
C Boiling involves all the molecules in the liquid but evaporation does nol.
D

Boiling increases the internal energy while evaporation does not.

28 Which of the following are properties of electromagnetic waves?

1 Al eleclromagnetic waves can travel through vacuum.

2 All electromagnelic waves are invisible.

3 Al electromagnetic waves carry no charges.

4 Al electromagnetic waves can be reflecled.

A 1and 3 only B 1and4only C 2and 3 only D 1,3anddonly
30 Below are four statements about the uses of electromagnelic waves.

1 Gamma rays are used in medical treatment.

2 Infra-red waves are used in sunbeds.

3 Microwaves are used in satellite TV,

4 X-rays are used in intruder alarms.

How many of these stalemenls isfare correct?

A1 B 2 c 3 D 4
~ END OF PAFER ~
"C58 5E End OF Year Examination 2016
Physics (S05501)

SA2 Coral Secondary School
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SECTION A

Answer all questions in this section. [S0 marks] :

1 Fig. 1.1 shows the velocity-time graph of an object as it travels from point A to peint B
in 22 seconds.

i
104====-==
] [
': :
!F'B!m.‘s o | | B 2i2 e
5 12 '
i
1
e 1 v
Fig. 1.1
(a) Cslculate the acceleration of the object during the period of
(il t=0stot=35s,
aecalerablion = ...cciiieies s s e e [1]
() t=12stot=22s.
ancelerallon = s 21

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

“CEE 3E End-Of-Year Examinalion 2016
Physics {5058/02)
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3
(c) Determine the displacement of point B from A

displacement = ...........c.cocinmnnmnininnnne 2]
(d) State the time during the journey when the object is furthest away from A.

BNOR o imaiagnsaismasiv [N

2 Fig. 2.1 shows the air resistance experienced by a rock as it is released from rest
from a certain height above the ground. After 10 s, the rock reaches terminal valocity,

4

7 EESEEEE =,

air resistance 1: |

N e a

10 20 s
Fig. 2.1
(a) Slate the initial acceleration of the rock.

aecolerBtion = ... c.civsssserersisasiinsiisnsioes M

(b) Explain why the air resistance increases in the first 10 s~

{1]
(c) Use Newton's Laws of motion to explain why the rock accelerates first then
reaches terminal velocity.
.......................................................................................................... [2]
CS5 3E End-Cf-Year Examination 2016 +
Physics (S053/02) [Turn Over
SA2 Coral Secondary School 14



4
(d) Hence, state the weight of the rock.

welght® ... [1)

(e) The weight of the rock is one of the two forces that forms an aclion-reaction pair
of forces.

Describe the other force of the action-reaction pair.

3
Fig. 3.1
(a) In the space below, draw a scale diagram 1o find the resultant force due fo the
tension in the ropes,
State the scale used.
reaultant forCe = ... .civmsassimisssasanssarnvass [3]
“CI5 3 End-Ul-Yew Examinabion 2016
Physics (S058/02)

SA2 Coral Secondary School
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(b) Hence, siate the weight W of the object.

(1]

4  Fig. 4.1 shows a submarine resting near the bottom of the sea. To floal up lo the
surface, the seawater that fills the two ballast tanks are removed and replaced with
air. Fig. 4.2 shows the total mass, volume of the submarine and the density of

seawater.

submarine
ballasl tanks
Fig. 4.1
total mass of submarine (with
ballast tank filled with 120 000 kg
seawater)
total velume of submarine 100 m?
density of seawater 1 020 kg/im®

Fig. 4.2

(a) Calculate the density of the submarine when the ballast tank is still filled with
seawater, :

e P S Ul (||
(b) Explain why by replacing seawater in the ballast tanks with air, the submarine
can float up to the surface,
(2]
CSS 3E Enc-0r-Year Examinzlion 2016 g
Einysics (5055/07) [Turn Over

SA2 Coral Secondary School
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(¢) Hence, determine the minimum volume of seawater that has to be removed
from the ballast tanks for the submarine to float up.

I3

MINIMUM VOIIME = ....occvnserramminsaississiassnnssis (9]

Figure 5.1 shows a simplified diagram of a paper hole-puncher. A force of 5 N is
applied on the arm of the hole-puncher which causes the knife to come down and
punch a hole in a piece of paper inserted under the hole-puncher.,

o sn

hinge
inserted paper

Fig. 5.1

{a) Siate what is meanl by moment of a force.

[1]

(b) Determine the force exerted by the knife on the paper.

"C5S 3E End-Cf Yem Exanination 2015
Physics (5058/02)

SA2 Coral Secondary School

17



-
(c) The same force of 5 N is exerted in a new direction 25 shown In Flg. 5.2.

hinge
inserted paper

Fig. 5.2

()  Explain whether the hole-puncher will exert a greater or smaller force on
the paper through the knife,

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

1]
(ii) Suggest two changes to the design of the hole-puncher such that the
same 5 N force can also create a greater force on the paper.
................................................................................................... [2]
CSE 3E End-Of-Year Examination 2016 q
Pirysics (5068102) [Turn Over
SA2 Coral Secondary School 18
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Fig. 6.1 shows an electric loy car of mass 500 g that is powered by batteries. From
point A, the car accelerates uniformly from rest and reaches point B 5 s later with a

velocity of 2 mfs. From point B, the battery power Is cut and the car slows down under
a constant frictional force to rest at C, 3 m from B.

constant frictional

o conslant acceleration A force
gy~~~ *@iﬁ """""""""" *6%

(a) It is assumed that there are no resistive forces acling on the car or energy loss
between A to B. ’

(i) State the energy conversion that occurs as the batlery powers the toy car
from poinl A lo B.

(1

(ii) Hence, calculate the average power delivered by the battery from point A
to B.

(iiif) The same experiment in Fig. 6.1 is repeated 20 times before the battery Is
exhausted of its stored energy.

Determine the amount of energy stored in the battery in the beginning.

energy Stored = ....coiieiiiienceisecnineneees 1]

(b) Delermine the constant frictional force required to bring the toy car to a slop
from B to C.

frictional farce = ... 12

TES 3E End-UL Year Examinaton 2016
Physics (S053/07)

SA2 Coral Secondary School
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7 Due lo the recent heat wave, Ah Sheng bought a portable air-conditioner to cool his
room. Fig. 7.1 shows some key features of his room and the location of his portable

air-conditioner,
\ low efiiciency
windows left filament bulb
open '
black wall
'—-..________-_-‘-_
portable @ Ah Sheng
air-conditioner

Fig.7.1

When the poriable air-conditioner is used, Ah Sheng is not able to effectively cool his
rooim.

(a) Explain briefly how each of the following features listed affect the effectiveness
of codling the room.

(i) poriable air-conditioner,

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

(i) black wall,

(iif) low efficiency light bulb,

................................................................................................... [1]
(iv) windows left open.
................................................................................................... [1]
jaa_sm-mvwﬁmm 2018 I}
Physics (5053402) [Turn Over
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{hj Ah Sheng believes that the main reason why his room is not eflectively cooled
is because there are nol enocugh furniture in the room. He suggests adding

more furnilure as this will reduce the remaining volume of the room to be
cooled.

State, with a reason, if adding more furniture will improve the efficiency,

(2]
8 Fig. 8.1 shows the relationship between the power delivered and the wavelength of
the sun's radiation. The shaded porfion represents the region of visible light. The
range of wavelength for visible light is between 400 nm to 700 nm.
: 4
visible light
region
_power
w
2 » wavelength
0 400 700 1000 2000 nm
Fig. 8.1
(a) Explain, using the graph in Fig. 8.1, why the sun's radiation s not efficient in
delivering visible lighl energy to the Earth,
........................................................................................................ 1]
(b) The sun is able to warm the Earth due to a particular type of electromagnetic
radiation.
() State the name of this radiation.
................................................................................................ [l

(i) Using Fig. 8.1, estimate the wavelength of this radiation.

(55 3E End -0 Year Examinagtion 2016
Physics (5053002)

SA2 Coral Secondary School
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11
(i) State another use of this radiation,
(1]

() A thermocouple is used to measure the lemperature on Earth due to the sun's

radiation. When the thermocouple's cold and hot junclions are placed in ice

point and steam point of pure water, the e.m.f. produced is 12 mV. The hat

junction is now placed under the sun's radiation at noon lime and the e.m.f.

produced Is 5.2 mV.

(i) Determine the temperature of the haol junction due to the sun's radiation.

(ii) His known that the temperature of Earth's surface depends on the time of
the day. The temperature at noon is said to be warmer than that in early
avening, just before sunset.

Suggest a reason for this.

(1]

'CSS 3€ End-Of Vear Examination 2015 '
Physics {5050/02) [Turn Over

SA2 Coral Secondary School
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SECTION B

Answer all the guestions in this section. [20 marks)]

B Fig. 9.1 and Fig. 9.2 show an experiment o measure the specific heat capacity of a
piece of metal.

stimer ———
thermomeler
thread
cup
Insulation
water
Fig.91 . Fig. 9.2

The piece of metal ts heated in boiling water until it has reached the temperature of
the water, It is then transferred rapidly to' some water in a well-insulated cup. A very
sansitive thermometer is used lo measure the initial and final lemperatures of the
water In the cup. The specific heat capacity of water is 4200 J / kg®C.

The readings from the expariment are as lollows:

mass of metal =50 g

mass of water incup=200g

initial temperature of water in cup=21.1 *C
final temperature of water in cup = 22.9 °C

(a) State what is meant by the specific heat capacity of water is 4200 J / kg"C7?

{b) Explain the purpose of having a layer of Insulation around the cup in Fig. 9.2.

{c) The metal and the waler in the cup reached thermal equilibrium at the final
temperature of the water.

() State what is meant by thermal equilibrium,

1]

(1

TS JE End-O¥-Year Examination 2016
Physcs (505302)

SA2 Coral Secondary School
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(d)

13

{ii) Caiculate the temperature rise of the water in the cup and the temperature
fall of the piece of metal.

temperature rise of water = ...

tempersture fallof metal = .........cocooveeniiiiiiiiinviiicens. 21

(iii) Calculate the thermal energy gained by the water in the cup.

thermal energy gained = ..........ccocvecrvcveccncieiinnnss 2]

(iv) Calculate the specific heat capacity of the metal.

specific heat Ccapacily = ......c..coiiiienrasirsinmmmnnnnan 21

The cup has to be made of 2 material that has very low specific heat capacity so

that the accuracy in the calculation of the specific heat capacily is not greatly
affected.

Explain why.
{1]
(58 3€ End-Of-Year Examination 2016 &
Physics [S05302) [Turn Over
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a e
10 Fig. 10.1 shows a barometer which is used to measure the atmospheric pressure.

Fig. 10.2 shows the same barometer with a layer of liquid X added to the surface of
the mercury in the trough. :

Fig. 10.1 ) Fig, 10.2

The density of mercury is 13600 kg/m® and that of liquid X is 5200 kg/m®. The base
area of the trough is 16 cm?®.

{a) State the value of the atmospheric pressure in cmHg. -

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

(d) When liquid X is added in Fig. 10.2, the mercury level in the barometer rises.

(i)  Explain why the mercury level rises.

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

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

TS EE0Iea Examinaion A6
Physics (50580Z)

SA2 Coral Secondary School
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()  Hence, calculate the new height h,

(e) The barometer in Fig. 10.1 undergoes one of the following modifications.
State'the effect on the mercury level in Fig. 10.1 for each modification,

(i)  using & barometer tube of larger cross-sectional area,

i1
(i) . replacing the mercury with a liquid of lower density,
o [1]
{iii) adding more mé&hry into the trough such that the height of mercury in
- the trough becomes 14 cm.
................................................................................................. (1

~ END OF PAPER ~

55 3 End-O-Year Examinatian 2016 %
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CS8S EQY Examination 2016
Secondary 3 Express

Physics (5059)
Marking Scheme:
Paper 1
1 B BET D 121 B
2 C 12 A 22 D
3 B 13 D |23 B
4 D 14 D 124 B
5 B 15 [ 25 C
6 A 16 B 26 C
7 B 17 A 27 D
8 B 18 C 28 C
g A 19 [ 29 D
10 C 20 A 130 B
Paper 2
Section A
1 |[(a)i | acceleration = (10 -0)5
=2 r['|,|lfﬂ,5"t . Al
ii acceleration = (0 - 10)/ (16 - 12) c1
=-10/4
=.2.5m/s? Al
(b) | t=01o5s, the object undergoes constant acceleration.
{ = 5 to 12s, the ohject travels at constant velocity.
1 =12 - 22s, the object experiences pegative acceleration. B2
B1 {al least 1 correct only)
B2 (all correct).
(c) | Displacement =% (16 + 7)(10) — % (6)(15) c1
=70m Al
(d) |16s Al
2 [((a) |10m/s? Al
(b) | The speed is increasing. B1

SA2 Coral Secondary School
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(c) | When the rock is released, the resultant force on the rock decraases as B1
the air-resislance increases and act against the weight of the rock.
Based on Newton's 2™ law the acceleralion decreases. \
When it reaches terminal velocity, the air-resistance equals the welght | B
and the object travels al constant velocity based on Newton's 1% law as |
there is no resultant force. E:

(d [50N - AT

(e) | The gravitational force the rock exerts on the Earth, B1

3 | (@ |Appropriate scale B
Correct scale drawing '._B1

Resultant force =98 - 102 N B1

(b) | value equal to resultant force in (a) B1

4 |(a) | density= 120000/ 100 :
= 1200 kg/m? | A1

(b) | As the seawater is removed from the tanks, the mass of the submarine | B1
reduces. .
This will cause the averageleffective density to reduce below the | BA
seawaler's density, causing it to float. |

(c) | new density of submarine to fioat = 1020 kg/m?

miv = 1020

new mass m = 1020 x 100 = 102 000 kg A1l

amounlt of seawater removed = 120 000 - 102 000

=18 000 kg ' A1

volume of seawater removed = 18000 11020

=176 m* 3 A1
§ |(a) |Product of the force and the perpendicular distance of the line of action | B1

of the force to the pivot.

(b) [Fx15=5x75 ci
F=25N Al
{no marks if 2 cm and 10 cm are used instead)

{c) i | The force on the knife will be greater.

Becausa the perpendicular distance of the 5 N force applied is longer. B1
2
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il reduce the perpendicular distance of knife from pivot B1

increase the length of the arm and exert the 5 N force at the end. B1
6 |(a)i | Chemical potential energy -> kinetic energy - B1
- |ii | Power delivered = change in KE / time

=(12x05x2%) /5 C1

=0.2W A1

iii Energy per experiment =0.2x5=1J
Totalenergy=1x20=20J B1

(b) |Fxd=KE
Fx3=%x06x2® Gl
F=0333N A1

7 |(a)i | The cold air produced by the porlable air conditioner |s denser and | B1
sinks. S
The air-conditioner is positioned too low so il _does not produce | B1
convection currents are formed. .

ii Black colour is a good emitter of radiation and radiates more heat inta | B1
the room as the wall is warmer.

il The low effiiciency filament bulb gives out a lot of heat energy by | B1
radiation, warming up the room.

v The open windows allow warm air to enter the room, making the room | B1
warm.

(b) | Itwill not improve the effectiveness. B1
Because the fumiture will increase the heat capacilty as it has more | B1
matter.

8 |(a) |Most of the radiation delivered by the sun is outside the visible light | BA
reqion on the graph. So efficiency is low.

(b)i | Infrared B1

ii 700nm — 1000 nm accepted (e.c.f. allow from i) B1

lii Burglar alarm / remote control device or any relevant answer (e.cf. allow | B1
from i)

(ei | 12=k(100-0)
k=012 C1
5.2 = k(8- 0)
5.2=10.12(6- 0)

15
3
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8=433°C Al
] The sunlight shines perpendicular to the surface at noon time but side | B1
way to the surface in the evening so more radiation will strike the
surface during noon time to make the surface warmer.
Section B
9 [(a) |t meant that when 1 kg of water absorbs 4200 J of thermal energy, it | B1
in temperature by 1 *C/K.
(b) | It reduce heat loss to the surrounding so as to Improve the accuracy of | B1
the experiment.
()i | It meant that there is no nel heal lransfer between the metal and the | B1
water,
ii Temperature rise of water =22.9-21.1=18"C B1
Temperature fall of metal = 100 -22.8=77.1 °C B1
il Energy gain = mcAb
=0.2x4200x1.8 c1
=1512J Al
iv meAB = 1512
0.05xcx77.1=1512 c1
c=382 J/kgK Al
(d) | With low specific heat capacity, the heat energy absarbed by the cup | B1
during the experiment will be insignificant so that very littie heat is Jost to
heat up the cup.
10 | (a) | 75 cmHg B1
(b) | Pressure = hpg .
=(0.75+ 0.12) x 13600 x 10 ‘ Cc1
=118320 Pa Al
(c) |[F=PxA
=118320 x 16/ 10000 (e.c.f. allowed)
=189 N Al
(d)i | The liquid increase the pressure exerted on the surface of mercury in | BA
the trough, this pushes the mercury level in the tube up.
fi hpg = 0.75 x 13600 x 10 + 0.04 x 5200 x 10 Cc1
h x 13600 x 10 = 104080
h=76.5cm Al
4
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{e)i | Mo change in level B1
ii Liquid level increases B1
il height of mercury level increase by 2 cm, or height difference with | B1
surfaces remains unchanged, '
th
5
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Section A [25 Marks]
Answer ALL questions in soft pencil on the OTAS.

Al Fig. A1.1 below shows the reading of the zero error of the micromeler screw gauge.
Fig. A1.2 shows the reading of the same Inslrument when il Is used to measure the
width of an object.

Fig. A1.1 Fig. A1.2

What is the width of the object?
A  463mm B 4.73mm C 483mm D 4.85mm

A2 It takes 20 s for.a pendulum to swing from X lo Y and back again 20 times.

What is the period of the pendulum if the mass is doubled?
A 058 B 1is C 2s D 20s

A3 The graph shows the speed of a weather balloon as it rises through the

atmosphera. J

.

speed D
c
B
A
ﬂ — =

0 time
At which point (A, B, C or D) in the rise of the balloon does the acceleration start to
tecrease?
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A hammer hits a nall on a piece of wood with a speed of 6 m/fs. If i drives the nall
0.1 m into the wood, whal is the average deceleration of the hammer?

A 18 m/s® B 60 m/s® c 120 m/fs® D 180 mis?

When pushed with a force of 18 N, a 3 kg box accelerates at 2 m/s? across a rough
surface,

5N
- — ] 3kg
e S

Rough surface

What force would be needed for the box to move at a constant speed instead?
A 5N B 6N C 9N D 15N

Two blocks of metal X and Y hang from spring balances as shown in the disgram.
i3

Which of the following statements (A, B, C or D) is true?

They have the same mass and the same volume but different weights.
They have the same mass and the same weight but different volumes.
They have the same mass, the same volume and the same weight. -
They have the same weight and the same volume but different masses.

oOom»P

A uniform plank AB of length 60 om is balanced horizontally across a pivol placad
15 cm from A as shown below. A mass of 40 g is hung from the end A

" 60 cm .
« 19 CM
A 1B
A
40g
What is the weight of the ruler?
A 013N B 0.40 N c 13N D 40 N

if
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A8 A piclure frame, with centre of gravity at X, hangs from two strings as shown in the
figure below,

B EEsaasanse

Which one of the following figures shows how the picture frame hangs when one of
the strings breaks?

H!
it

Cc D

A9  The figures below show the diference in water level (em?) before and afier a slone is
submeraed in a measuring cylinder.

\HU'J—:; 40

If the mass of the stone is 0.020 kg, what is the density of the stone?

A 0.004 glem® B D.igem C 025g/em* D 4glem?
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A1D

Al

Al2

A13

The diagram shows a box of mass 4 kg being pulled up a rough ramp from rest.

g
B

Given that the speed of the box is 2 m/s at the top of the ramp and the friction along
the ramp is 5 N, how much work Is done to move the box up the ramp?

A 04 B 160 J Cc 1804 D 188 J

A bodybuilder uses a chest expander with five springs. It takes a force of 200 N to
extend one spring by 15 cm.

What is the average power needed to extend the chest expander by 15 cm In
10 seconds?

A 3wW B 15W c 30w D 150 W

Megiten iron is poured into a mould and allowed 1o cool. During the process when iron
is changing from liguid to solid, the iron particles

move slower,

decrease in size.

maove closer {o one another.

move slower and closer lo one another.

comp

Gas inside a sealed container of fixed volume is heated. Which of the following does
not increase?

A The average distance between the gas molecules.
B The average kinetic energy of the gas molecules.

C The number of collisions per second by the gas molecules on the walls of the
container.

D The force due to the collisions belween the gas molecules and the walls of the
container.

0
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Ald

A15

AlE

A wooden chair feels warmer than a melal chair even when they are at the same
temperature. Which of the following slatemenis best explains this?

A Wood is a betler absorber of radiant heat.
B Metal is a better emitter of radiant heal.

C Wood is a better conducior of heat,

(0] Metal s & better conductor of heat.

A gaseous subslance is cooled at a constant rate and its temperature is recorded
every minute, as shown in the graph below.

Temperature / °C
A
400+

3004
2004-

1004~

0 » Tima/min
At which of the following temperatures is the substance z liquid?

A o°C B 100 *C Cc 200*C D 350°C

In the diagram below, two copper cans X and Y with ouler surface of different texiure
are filled with the same amount of water at room temperature.

Dl

black
surface
heater

X

If both the cans are heated with heaters of the same power, which of the following
slatements is comect?

A Water in X bolls faster because a dull black surface is a belter insulator.

B Water in X boils faster because a dull black surface Is a better radiator.

Cc Waler in Y boils faster because a polished chrome surface is a poorer
radiator.

D Water in Y boils faster because a polished chrome surface is a poorer
conductor.

SA2 East Spring Secondary School
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Al17

A18

A19

AZ0

A healer suppltes 6800 J of thermal energy is to heat 30 g of ice at 0°C. The specific
latent heat of fusion of ice is 340 J/g. How much ice remains after heating?

A Og B 0g Cc 204g D 300
The lengths of mercury thread in the uniform tube above the bulb of a8 mercury

thermometer are 20 mm in melting ice and 170 mm in steam directly above bailing
water.,

Whal is the tempersture indicated by the thermometer when the length of mercury
thread Is 10 mm?

A —-B7°C B -58°C c 58°C D 6.7 °C
A wave is made by shaking a coil of spring from side to side. The distance

batween two successive troughs is 90 om, and 3 waves are produced in
1 second.

How long does the wave take to travel 4.5 m along the spring?

A 1.67 s B 135s Cc 158 D 60 s

The diagram shows a wave on a string with two points P and Q marked. The wave is
moving in the direction shown,

What will happen next?

A P will move up.

B P will move to the right.
C Q will move up.

D C will not move.,

ane
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A21 Below are four statements on the uses of electromagnetic radiation.

X-rays are used in intruder alarms.
Microwaves are used [n satellite TV.
Infra-red waves are used in sunbeds.
Gamma rays are used in ear thermomelers,

How many of these statements are correct?

A 0 B 1 Cc 2 D 3

-

A22 An experiment is carmied out to measure the speed of sound in water as .shown
below. An aguarium with sand at the botlom is filled with water, and a microphone,
wrapped In plastic, is placed near the water surface.

Two drumsticks, with their heads immersed in the water, are hit agains! each
other to make one sharp sound pulse, and the sounds are delecled by the
datalogger and displayed on the screen as shown below.

"
0.5cm

Given that 1 cm on the screen represenis 1 ms of time, and the depth of water is
28 em, find the speed of sound in waler,

A 560 m/s B M20 mis C 1790 mis D 3570 m/s
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A23 Which of the following sound waves (A, B, C or D) is the softest with the highest pilch?

A

N N

AVAY

Cc

WURTAVAY

VW

I

A24 X is the midpoinl of the straight edge PQ. Which of the following best lllustrates the
path of light as it is shone onto a semi-circular glass block?

O

/,7<

A

A25

P//\\c

An object 5.0 cm high is placed 2.0 cm from a converging (convex) lens which is

being used as a magnifying glass.

K A

p \up/\a

The image produced is 6.0 em from the lens and is 15 cm high.

om
-15

E T
W
B =]

A 2.0cm

SA2 East Spring Secondary School
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g~
-

/Z
o -
o
-
o -

converging lens
Whal is the focal length of the lens?

B 3.0em

c 4.0cm D

- End of Section A -

s
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Section B [45 marks]
Answer ALL questions in the spaces provided.

B1 An object of mass 20 kg is initially at rest on a rough horizontal surface. A horizontal
force F is then applied to it. Fig. B1.1 shows a graph of the variation of F applied with
time. The object moves with an acceleration of 0.4 ms2 in the first 12 5.

FIN
S
15 - )
7.4-
[ - »
n 12 16 Time I'rB
: Fig. B1.1
(a) Calculate
(i) the speed of the object when the time t = 12 s,
speed = .........coermeenne. [2]
(if) the distance travelled by the object in the first 12 s.
distance = .. ................[1]

{iii) Calculate the friclional force between the surfaces. Assume that air
resistance is negligible.

--------------------
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(b) In the presence of air resistance, the acceleration would change and not remain
constant at 0.4 ms? in the first 12 s.

Explain, in terms of the forces acting on the object, why the acceleration would
change.

I i |

B2  Fig. B2.1 shows a uniform beam of mass 100 kg being supported by twa rollers. A
student of mass 50 kg is standing In a position such that his centre of gravity (CG) Is
0.5 m away from point T.

0.5m
—
cCG
Fr F:
'y 4
- 1
&) (B
e - |
R o
3.0m
Fig. B2.1

(a) Describe one difference between mass and weight.

SA2 East Spring Secondary School
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~ 4y
{c) On Fig. B2.1, draw the mlght'ﬁnlhg on the beam, [1]

(d) By taking moments about R, calculate the reaction force A

(e) Hence, or olherwise, calculate the reaction force Fg.

o S i o i )

(f) State how the reaction forces Frand Fr will change as the student walks towards
paint R.

it
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B3 The G-Max Reverse Bungy at Clarke Quay uses a giant cstapull to launch people
seated inside 2 metal-iramed capsule verically upwards using elsstic cords.

When the capsule is about to be launched, each cord applies a force of 1600 N and
the cords are at 95° to each other as shown in Fig. B3.1.

1600 N

Fig. B3.1

() By drawing a scaled diagram, find the resultant of these twa forces, indicating
clearly its magnilude and ils direction.

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

(i) Caloulate the minimum force required to hold the capsule in place prior to the
launch, given that the weight of the capsule with ils occupants is 1500 M.

PO, i i [1]

43
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B4  Fig. B4.1 shows a roller coaster of mass 400 kg being released from rest at A, It is
assumed that the friction between the track and the roller coaster is negligible.

10 m

c
Fig. B4.1

(a) Describe how the energy of the roller coaster would change as it moves from Alo
B.

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

- 12]
(b} Calculate the gravitational potential energy of the roller coaster at point A.
Gravitational Potential Energy = .....cccccveivvvinrieiieiscsnnsn [1]
{c) Calculate the speed of the roller coaster by the time it reaches point D,
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B5  Fig. B5.1 below shows 3 ray of red and viclet light passing into the surface of water.

Ray of red and
violet light
Air
Waler
Refractad red light

. Fig. BS.1 Refracted violet light
(a) Explain what Is rnea!::l by the term refractiva index.

......................................................................................................... [11
(b) The refractive index of water for red and violet light are 133 and 1.35
respectively. ;
Calculate the angle of refraction of the refracted violet ray.
Angle of refraclion = .....couivneisios i [2]
(c) Describe how the speed, wavelength and frequency of the red light will change
as It travels from air io water.
3 = Wavelength: ........ccc.ocovnnnnns
FIOQUENDN ... ety [1]

(d) Explain how Fig. B5.1 shows that the speed of the red light iz higher than the
speed of the violet light.

- 1]
ak
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B6  An object is placed in front of a thin converging lens and a real image s f&'maﬁ on
the opposile side of the lens, The object distance s varied and the image distance is
measured. A graph of the image distance against object distance is shown in
Fig. B6.1.

Image distance / cm
E i [ 1

|
]
1

o

T
i

or et -
et 1
i
e bk
-
=
}
=1
S
.

B ' ' Object distance / cm
o 1 2 3 4 &6 6 7 8

Fig. B6.1

Fig. B6.2 is an incomplete full-scale ray diagram. Using data from Fig. B6.1,
complele Fig.B6.2 for the ul:&actwhan it is placed at a certain distance in front of the
thin converging lens. Show clearly the image position and state the focal length of the
lens. :

i

Fig. B6.2

FOCAIIENGIN = ..o s [4]

SA2 East Spring Secondary School

49



17

B7  Fig. B7.1 shows the positions of particles of a medium at a particular instant when a
longitudinal sound wave, travelling from left to right, passes through the medium,
Before the wave arrived, the parlicles were all spaced equally apart at their original
undisturbed positions which are shown by the vertical lines.

Fig. B7.1
(a) Explain whal is meant by longiludinal wave.

2 et
......................................................................................................... [1]
(b} Given that the distance between P and Qs 10 cm and the frequency of the
sound is 20 Hz. .
{i) Calculste the speed of the wave

(i) Calculate the time taken for the compression at Q to move to the position at R.

TINE T wconiiiansmsnammansamasiirsss )
(c) Describe how the movement of the particle al point P will change when

] A louder sound passes through it.

SA2 East Spring Secondary School
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(i) A higher pitch sound passes through it.

L 1]

B8 Fig. B8.1 shows the cooling fins that are found behind a refrigerator. The back metal
cooling fins help to transfer heat away from the hot fluid which flows through the
metal pipe. As a result, a cooler fluid flows out of the metal pipe.

Black metal cooling fins

Metal pipe —> |48

LAl
A B
i .!i
R
| :I
it
..:Z.I-
Bl
]
i
il |
._| |
i
| I
i

o —> Cooler fluid out
*-"""" Hot fluid in

Fig. B8.1

{a) Describe how heal is transferred from the hot fluid o the cooling fins and then lo

the surrounding air. In your answer, stale clearly the heat transfer processes
involved.
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(b) Explain how the features of the cooling fins aliow heat fo be transferrad easily
away from the hot fluid fiowing in the metal pips.

- (3]

(c) The refrigerator is able to ransfer 36 MJ of heat energy in 4 hours. Calculate the
power of the refrigerator.

SA2 East Spring Secondary School
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Section C [30 marks]
Answer any three questions in the spaces provided.

c1 A sludent carnes out an experiment o study the flow of heal. The student heats a
600 g metal block M in boiling water at 100 "C for 10 minutes until the block has the
same lemperature as the boiling waler as shown in Fig. C1.1.

1 r
= g hd“ng
- waler
200cm*
of water
at25°C
Fig. C1.1 Fig. C1.2

The student then transfers the metal block into a beaker containing 200 om® of water
at 25 *C as shown in Fig. C1.2.

The temperature of water in the beaker is recorded at 30-second intervals. The

student then plots a graph of the temperature of the water against time as shown in
Fig. C1.3.

temperature / °C
3
m 1I I T

A

N

af=f-2-f-, -1

45

b=}

40

s | fad ol A

i
T
1

35 = 1 u

.-I..-.

;
L

30 A

i} T

25 . [ E = Hy a7
0 30 60 a0 120 sneils

Fig. C1.3

(a) Explain why the temperature of the water remains constant at 50 °C after 120
seconds.

v [1]

SA2 East Spring Secondary School
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(b) Explain what is meant by the specific heat capacily of waler is 4200 J/kg"C).

-

(c) The density of water is 1 glem®. Calculate the heat gained by the water In the
first 120 seconds.

(d) Caleulate the specific heat capacily of the metal block M.

Specific heat capacily = ..............coveeveeenccrincvisnnnns [2]
{e) During O s lo 120 s, some water may have evaporated from the beaker.

(i) Explain, using the concept of particles, how evaporation takes placs,

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

it [

(if) Explain how evaporation can cause the value calculated in (e) to be
inaccurate.

. [1]

SA2 East Spring Secondary School
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C2 Fig. C2.1 shows a periscope which may be used to see whal is behind a vehicle
when towing a caravan, Two mirrors should be used, but only one mirror has been
shown in Fig. C2.1.

Mirrar

7 -
-

Fig. C2.1
(a) On Fig. C2.1, draw the second mirror in the correct position. (1
{b) Draw accuralely a ray of light from the
0] top of the object to the eye. [1]
(i)  bottom of the object to the ey, (1

(c) From your answers in part (b), deduce whether the image is upright or invarfed,

e

(d) Triangular glass prisms are usually used in place of the mirrors in the periscope
by causing the light 1o undergo total internal reflection as shown in Fig, C2.2.

Fig.C2.2

(i) Explain why the light does not bend when it enters the glass prism from
air.

.. [1]
(i)  Explain what is meant by the term critical angle of the glass prism.
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(i} Given that the speed of light In alr and glass iIs 299 x 10* m/s and
1.98 x 10°® m/s respectively.

Calculate the critical angle of the glass prism.

Critical angle = .......ccouvemininsarasssisnisonscss [2]

(e) Glass mirrors usually have a layer of glass to protect the reflecting silvered
surfaces from scratches as shown in Fig. C2.3.

Glass

\777777777777777'|

Reflecling silvered surface
Fig. C2.3

Explain how the layer of glass would affect the image seen in the periscope.

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

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

N
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C3 (a) Brownian molion provides evidence thal the molecules in a gas are
moving.

(i) Draw a labelled diagram of an experiment that demonstrates Brownian
motion.

[2]
{ii) Describe what is seen in the experiment
= i |
{iif) - State two reasons why Llhe motion in (aii) is observed.,
. [2]

(b) A filament lamp emils electromagnetic (E.M) waves with a range of wavelengths.
Fig. €3.1 shows the energy emitted per second at each wavelength.

i P
v h\‘\ —

Energy / A
emitted per / \\
second / \

1/ o7

/
/ Wawvelength / nm

00 200 400 600 800 1000 1200 1400 1600 1800
Fig. C3.1
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The wavelenath of visible light is between 400 nm and 700 nm.

(i) Suggest two other E.M waves that are emitled by the flament lamp ofher
than light.

(i) Given thal the total amount of light energy emitted by the lamp was 1.8 MJ
per second and the amount of electrical energy used by the lamp was
3 MJ per second.

Calculate the efficiency of the lamp.

(iii)  The glass casing of the filament lamp can be sprayed with a coating that
will absorb E.M waves of a certain frequency.

By assuming a suitable value for the speed of the E.M waves, calculate

the minimum frequency of E.M wave that should be absorbed so that the

lamp is more efficient.

The glass should absorb EM waves with frequencies higher

SA2 East Spring Secondary School
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C4 A pedulum consisling of a melal sphere attached to a thin thread is shown in
Fig. C4.1. When the thread is vertical, the metal sphere is al A, The metal sphere is
moved to B by a horizontal force of 2.5 M.

D s

16 cm

25N
4 em

10 cm

Fig. C4.1

{a) Draw a fully-labelled free-body diagram to showing all the forces acting on the
metal sphere when il is al B. Mame the forces clearly.

O

{1
(b) The metal sphere is now released so that the pendulum is free to swing.

Explain why the metal sphere begins lo move when released and why it confinues
to move past point A,

............................................................................................................
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(€) The mass of the metal sphere is 400 g.

(i) Calculate the work done to raise the sphere.

Work done = .........ocveineniennnnnnnnnnn[2]

(i) Calculate the moment produced al point B due to its welght,

(d) Explain why the metal sphere eventually comes to a rest at point A after a
while.

. M
(e) A student determines the time for one complete swing of the pendulum. She uses
two methods.
In the first method, she measures the lime for one complete swing,

In the second methnd, she measures the time for 20 complete swings and
divides the total time by 20,

Explain why the second method gives a more accurale result than the firsl
method,

b
-  End of Section G -
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Sec 3 Exp Physics 25E 2016 Marking Scheme
Answers
Gn 1 | 2 | 3 4 5 B 7 8 9 10
Ang A B | C D C B B c D D
Gn 1 12 13 14 15 16 17 18 19 20
Ang B c A D cC c B A A C
Qn 21 22 23 24 25
Ans B B G B B
Qn Answaer Mark
Bla(i) | a=(vu)/lt
Dd=(v-0)/12
v=48mfs
B1a(ii) | Distance = area under graph
=¥%x48x12
=288m
Bia(iii) | Fr=mxa
=20x 0.4
=8N
Fi = F — friction
8=15-friction
Friction=TN
B1b | As the object moves faster, the amount of air resistance acting on
it increases. This will cause the resultant force on the object to
decrease. Since F =m x a, the acceleration will decrease as well.
B2a | Mass is the amount of substance inside a body whereas weight is
the amount of gravitational force acting on 2 body.
B2b W=m=xg
=100x 10
= 1000 N
B2c | Weight is drawn in the middle and pointing downwards.
B2d | Sum of CW moments = Sum of ACW moment

1000 % 1.5+500x25=Frx 3
Fr=81TN

3]
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Total upward force = Total downward force
FreFa= W
817+ Fa= 1000 + 500
Fr=583 N

Baf

Fr will decrease whereas Fa will increase.

" B3a

Py M Parallogram [1m]

Magnitude = 2160 N
(Accept 1944 N 1o 2376 N)
[1m]

Direction = 48" from 1600 N
(Accept 46° to 50")
1600 N [1m)

B3b

=660 N

Minimum Force = 2160 — 1500 ==

Al point A, the roller coaster would have only gravitational
potential energy.

As the roller coaster move from A o B would lose gravitational
potential energy and gain kinetic energy.

At point B, the roller coaster would have both gravitational
potential energy and kinetic energy.

GPE=mxgxh
=400 x 10 % 10
= 40,000 J

Bdc

Ex=Ep

GPEx = GPEp + KEp

40,000 = 400 x 10 x & + % x 400 x v?
v=6.32mis

BSa

It is the ralio of the sine of the angle of incidence to the sine of the
angle of refraclicn,

OR
It is the ratio of the speed of light in vacuum Lo the speed of light in

the optical medium
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B5b n=sinifsinr
1.35=sin70/sinr
r=441"
B5c | Speed decreases. Wavelength decreases. Frequency remain the
same.
B5d | The red light does nol bend as much lowards the normal than the
violet light.
B& A
F
G
R
1 ray drawn passing through C [1m]
Image distance = 2.2 cm [1m]
1 ray drawn passing through lens and then F [1m]
Focal length = 1.4 om [1m]
B7a | A longitudinal wave is a wave which travels in a direction that is
parallel to the direction of vibration of particles,
B7bi |v=1fxA
=20x 20
=400 cmis
BThii | T=1/1
=1/20
=005s.
Time laken for compression to move = 0.05/ 2
=0.025 s.
B7ci | Parlicle P will away from its rest posiion with a larger
displacement.
B7cii | Particle P will oscillate more times in one second.

51
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Heat is transferred from the hot fluid to the metal pipe and then to the

cooling fin by conduction.

Heal is transferred from the cooling fin 1o the surrounding air by
radiation.

B8b

The fins are painted black as black is a good emitter of heat. This
increases the heat lost to the surroudings by radiation.

The fins are made of metal as metal Is a good conductor of heat.
This increases the heat lost 1o the surroudings by conduction.

There are many fins placed behind to increase the surface area.
This increases the heat lost lo the surroudings by radiation.

BBc

P=E/l _
= 36 * 10° / (4*3600)
= 2500 W

Cla

The water and the metal block has reached thermal equilibrium.
OR

There is no net transfer of heal between the water and metal block.

C1b

It means 4200 J of heat energy Is needed to raise the tamperatura of
1 kg of water by 1°C.

Cic

m=0DxV
=1x200
=200¢g

Q = mcAB
= 0.2 x 4200 x (48-25)
=19,320J

Cid

Heat loss by metal biock = Heat gained by water
mcA8 = 18320
0.6 x cx (100-48) = 19320
c=619 Mkg'C

Clei

The particles at the water surface which has enough energy to
overcome the downward attractive forces from the other
particles are able escape inlo the surroundings, leaving behind less
energetic particles in the water.

Cleii

The mass of the water would decrease due to evaporation,
hence the heat gained by the water will be lesser.
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C2a
C2h

C2c

B I otiec
.
Inverted

Cad(i)

The light is travedling along the normal

c2d(ii)

It is the angle of incidence in the oplically denser medium such that
the angle of refraction in the optically less denss medium is 90°

C2d(iii)

n = speed of light in air / speed of light in glass
=299x10*/1.88 x 100
=151

¢ =sin' (1/n)
= sin (1/1.51)
=415 !

As the light enters the glass mirror, some light would be weakly
refiected at the glass surface and most of the lighl would refract
through the glass, reflect at the reflecting surface and then refract out
of the glass.

The weak reflected ray would cause the eye to see a faint image
which would interfera with the actual image.

C3al

Apparatus drawn : light source, microscope, glass box, smoke

C3aii

The smoke moves in & constant and random motion.

C3aiii

The smoke particle is being bombarded unevenly by the air
particles at different speeds.

This Is because the air particles are in a constant and random
mation,

C3bi

Ultra violet and infra red

Efficiency = (1.8 x 10® / 3x 10°) x 100
=60 %

33
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C3biii

f=viA
=3x10%/700 x 10°
=420 x 10" Hz

f=vih

=3x 100/ 400 x 10°
=7.5x10" Hz

The glass should absorb frequency higher than 7.5 x 10" Hz

Fulling force (acting to the right)
Tension force (acling along string, away from sphere)
Gravitational force (acling downwards)

The sphere begins to move due to the resultant force from the
tension and gravitational force. '

The sphere continues lo move past pdinl A as it has kinetic energy.

WD = increase GPE
=mxgxh
=04 % 10 % 0.04
=016J

Cdcii

Moment =F x d
=04x10x0.1
= 0.4 Nm

| All the kinetic energy of the sphere has been converted to heat and
;| sound enesgy as it swings.

Cde

The seacond method reduces the human reaction error as the error
is shared out among the 20 oscillations.
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Section A: Multiple Cholce Questions [30 marks]
Answer all questions and shade your answers on the OMR sheet provided.

1  Which of the following sels consists of only vector?

()  Gravitational field strength
{ii) Gravitalional acceleration
(i)  Density

{iv) Temperalure

A (i) and (ii) only C (W) (W)and (v) only
B (i) and (iv) only D (i) (if) and (iv) only |

2 A man on top of a building throws a ball vertically upwards. After the ball has reached its

maximum height, it starts to fall to the ground floor of the bullding. The following graph
describes the motion of the ball.

» lime

Which of the following correctly represents the y-axis of the graph?

A displacement c velocity
B speed D acceleration

3 Flg. 3.1 shows a velocity-time graph of an object in motion.
velocity 4 W %

0 Z

v -
time

Figad '
Which of the following statements are not corect?
(i} The direction the object is moving during XY is the same as during YZ.
(i)  The object is not maving during WX,
(i)  Both stages VW and YZ involve increasing rate of change of velocity.

A () and (ii) only c (i) and (iii) only
B (i) and (ill) only D (i), (i) and (i)
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4 Fig. 4.1 shows two cars P and Q started fram the same point on a level road st different
speeds.

velocity f ms? ¢ P

10

v

3 4 5 8  lmels
Fig. 4.1
Which of the following statemenis are correct?

=
-
M

(i) Both cars meet at 6.0 s,
(il CarQisaheadofcarPati0s.
(i)  Acceleration for car Q is zero while that for car P is 3.3 mis?.

A (i) and (ii) only [» (1 and._[iﬂ',i only
B (i) and (jii) only D (i), (i) and (i)

5 A stationary uniform ladder of weight (W) is leaning against a smocth vertical wall on a rough
ground. The ladder makes an angle of 30° with the vertical wall, Frictional force (f) and contact
forces (N, and N2) by the rough ground and the smooth wall acting on the ladder are given.
Which diagram carrecily shows the forces acting on the ladder?

L3353 32332 333333200

_r,"\

R R RN R AR LR RE LN
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6 Fig. 6.1 shows a car accelerating along a road. The whee! shown is connected to the engine. In L
which direction is the force of friction exerted by the road on the car tyre?

direction of lravel

Fig. 6.1

7 A 20000 kg airplane travels at a constant speed of 175 ms™, at a constant height of 20 km
above sea level. Its engines provide a constant forward pushing force of 500 kN,

Find the resultant force acting on the airplana,

A 539 kN Cc 200 kN
B S00 kN D oM

8 The table below shows the result of an experiment in which a piece of rubber with a density
of 1.38 glem® is cut into halfl of its original size and Is placed in four different liquids.

Liguid Density of liquid / g em™ | Observation
Mercury 13.6 w

Waler 1.00 A
Benzene 0.880 i
Paraffin 0.700 Z

. Which set shows how the small piece of rubber will behave in the different liquids?

w X ) P F4

A floais sinks sinks sinks
B flcats floats sinks sinks |
c sinks floats floats floats
D sinks sinks floats floats

9 Which of the following objects has the least inertia?

A ball of mass 500 g travelling at 10.0 m/s

A stationary trolley weighing 20 N.

An athlete weighing 700 N running the 100 mrace in 11 &

A car of mass 800 kg moving at a constant speed of 80 km/h.

oOO >
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10 Which of the following sets shows the correct equilibrium position the sphere is In?

b4 Y
X Y Z
A stable neutral unstable
B neulral unstable slable
C stable unstzble neutral
D neutral stable unsiable

11 Ad:wa‘tpnslliunFhashiscentraofgmvﬂy(u.gjaashownhﬁg 11.1. He raises his arms in
position Q and bends his body in position R as shown. -

Centrs of gravity

Which of the stalemenis are trua?

(i) When he raises his arms at position Q, his ¢.g. Is shified upwards.
(i) Al position R, he becomes less stable.
(i  The position of his ¢.g. remains unchanged throughout P, Q and R.

A (i) and (ii) only Cc
B (ii) and (iif) only D

(1) and (iii) only
(1), (i) and (i)
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12 Fig. 12.1 shows a 5.0 kg cylindrical roller being pushed onto a step. Given that the radius of the
roller s 5.0 cm and the step is 2.0 cm high, caleulate the minimum force, F, needed to push the
roller over the step. ( g =10 Nikg)

A B2ZE5N B B6.7T N Cc 75.0N D 833N

13 A toy bird balances on a finger as shown.

Whal Is the purpose of the paper clips?

Raise tha cantre of gravity of the loy for greater stability.
Lower the centre of gravity of the toy for greater stabillity,
Increase the mass of the toy for greater inertia.

Ralse the surface area of the toy for greater stability.

ocOom»>

14 Fig. 14.1 shows a uniform cube of mass m on a rough surface.

F -4
Weight of cube
Fig. 14.1
If the minimum horizontal force F neaded 1o just tilt the cube about its edge is 100 N, determine
the mass m of the cube.
A 50kg B 20 kg C 50 kg D 200 kg
&
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15 Three forces of magnitude 10 N, 10 N and 20 N are applied on a wheel as shown in Fig. 15.1.

10N
10N
20N
Fig. 15.1 :
Which of the statements regarding resultant force and resullant moment are m‘m:!'?
Met Force | Met Moment
A Mor-zero Non-zero
B Zero Zero
C Zaro Non-zero
D Non-zero Zero

16 Ihamtumeufamnmmmmgasmacﬂhdummdmdalamnmntmmeas
shown in Fig. 16.1.

t P . alr
| %= % o e
pRErewCes— 1A i o, o H— pazen
nlli;:ﬁr
Fig. 16.1

Which of the stalements are carrect?

(i) The gas molecules will collide against the inner wall more frequently.
(i} The average distance between the gas molecules will become shorter.
(liy  The gas molecules will move arcund more haphazardly al a higher average speed.

A (i)and (i) only S € (i)and (i) only
B (i) and (i) only D (), (i) and (i)

17 Brownian motion can be cbserved in illuminaled smoke pariicles mntamed in a sealed
transparent cell using a low power microscope.
Which of the following statements are not correct?

{i) The speed of the observed motion Is unaffecled by temperature,
(ii) The random motion of the smoke parlicles is due 1o thelr own collisions.
(i}  Alr molecules are too liny lo be observed through the microscope.

A (i)and (i) only c (1) and (iil) only
B (ii) and (iii) only D (1), (1) and (iii)

T ;:}
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18 A beaker contains water al room lemperature,

-

How can the convection current be set up in the water as shown ahove?

A Flace an ice cube at X C Heat water al X with a heating coill
B Put ice near Y outside beaker D Blow through a straw position at Y

18  In which of the fellowing is an application of thermal conduetion?

A greenhouses c household hol water system
B electric kettles D soldering iron rods
20 The whiteboard in a classroom normally feels cooler than the top of a table because the
whiteboard is a better than the top of the table.
A thermal conductor
B radiator of radiant heat
C reflector of radiant heat
D absorber of radiant hest

21 A resistance thermometer indicates 0.50 O at the ice point and 2.5 O at 650 °C.
What will be the resistance when the resistance thermometer Is measuring the steam point?

A 031 0Q c 0380
B 0810 D 0880

22 The energy required lo change liquid water into water vapour at the same lemperature is called
the latent heat of vaporization. What does this energy do?

It increases the average separation of the waler molecules,
It increases the average speed of the water molecules.,

It increases the temperature of the air near the water,

It splits the water molecules into their separate atoms.

o0 @>»
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23 Twao different liquids of equal masses are heated using the same heater. The graph shows how
the temperature of each liquid changes with time,

Temperature A

+ fime

Which of the following stztements are true?

{i} Liguid A has a higher boiling point than liquid B.
(i)  Liguid B has a higher specific heat capacity than liquid A.
(iif) Liguid A bolls earlier than liquid B.

A (i) and (i) only [>- (i) and (ifl) only -
B (if) and (iil) only D (), (W) and (i)

24 A glass conlaining 50 g of water is left on a table in a room. After some time, only 10 g of the
water remained.

Specific heat capacity of water = 4 200 J kg °C!
Specific latent heat of vaporization = 2.3 » 108 J kg

Determine the energy lost by the water in the glass due to evaporation.
A 82000 J B 23000 J c 16800 J D 42000 J

25 Fig. 25.1 shows the graph of a wave motion.

N AVANAY
JAVARVAE

Fig. 25.1
Which of the following sels is cormect?
Amplitude Frequency
A X Y
B A {2yy!
c X2 Y
D xp2 {2¥y!
g 13
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26 Fig. 26.1 shows a thin converging lens is used 1o produce a focused image of a candle on a
sCreer,

Fig. 26.1

If the lower half of the lens is covered with a piece of black tape, what will happen to the

image?
A It disappears. Cc It appears partially blocked,
B It becomes dimmer. D It becomes vertically upright.

27 Fig. 27.1 shows the paths of two rays of light from an obhject. The object is 10 cm in front of a
lens in the pasition shown,

Position
of lens

Fig. 27.1
Which of the Tollowing sets is comrect?
Type of lens Focal length
A Converging less than 10 cm
B Converging | more than 10 em
Cc Diverging less than 10 cm
D Diverging more than 10 cm
10
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28 A ray of light is incident upon a plane mimor at angle 8. The mimror is then rotated through 20 ©
with tha direction of the ray of light remains unchanged.

incident ray nun'na! incident ray
5. E %% original
mHrTor
position
Fig. 28.1 Hg. 28.2

If the angle of reflection in Fig. 28.2 is 30 ¢, determine the incident angle 8 in Fig. 28.1.
A i0° B 20° C 30+ ) 459

29 Fig. 29.1 shows components in the electromagnetic spectrum.

P | X-rays | Q | visiblelighl | infrared | R | radio waves

Fig. 29.1
P Q R |
A ultraviclet gamma rays microwaves
B ultraviolet microwaves gamma rays
C micTowWaves gamma rays ullraviolet
D aamma rays ultraviolet microwaves

30 A man standing at X sends out a loud sound from a transmitter. A sound sensor is placed at Y

io collect the data of the sound received. When the sound wave travels from air o watatl which
of the following seis of data Is comect?

Water

Pitch Speed Loudness
A Higher Unchanged Softer
B Lower Unchang_a_d Louder
Cc Unchanged Faster Softer
D Unchanged Slower Louder
1 3
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Section B: Structured Questions [40 marks]
Answer all the questions in this section.

31 A parachutist falls vertically after leaping off a plane. Atler falling for some time, he

opens his parachule. Fig. 31.1 shows the velocity-time graph of the parachutist from the
time he leapl off the plane to the time he landed safely on the ground.

velocity / m s
&

55.0

o Flime / s
Fig. 31.1

(a) Identify the point at which the parachute is fully opened and that the parachutist staris lo
experience a nel force of O N, Label this point as P, [1]

(b) Determine the duration from the time he reaches terminal velocity (with his parachute
fully opened) to the time he lands on the ground if the distance covered during this
period is 50 m.

duration = 21

(e) The same parachutist makes another jump. Suggest how he can achieve a bigger
terminal velocity with his parachute open, Explain your answer.

(2]

12
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32 Fig. 32.1 shows a 500 g clock hanging at the mid-point of a horizontal wire strelched
between two nails. The magnitude of the force exerled by each nail on the wire is T.

@ clock
Fig. 32.1

(a) “According to Newton's third law, the action-reaction palr for the weight of the
clock is the resultant force of the tensions in the wire.”
Comment if the above statement s true, Explain your answer.

2]

(b) Calculate the force exerted by the weight of the clock on the wire.

weight W = [1]

{c) By means of a scale diagram, determine the magnitude of the force T in the wire if the
clock is at equilibrium and the angle made by the bent wire is 120 °, (Nole that the
diagram in Fig. 32.1 is nol drawn (o scale)

tenslon T = [2]

13 Lo
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33
(a) State what is meant by inertia.

]

(b) A hole is be drilled through a cube as shown in Fig. 33.1,

Hole to be filled with ] @ )
miaterial X _

Fig. 33.1

Length of each side | 5.0 cm
Radius of the hole 1.0 cm
Density of cube 8650 kg/m?
Density of material X | 7800 kg/m?

da;g.:!ata the density of the compasite cube. (Leave your answer in S.1. unit.)

density = [4]

34  Fig. 34.1 shows a windsurfer in equilibrium with a wind force acting on the sail of his
board. The welght of the windsurfer |s 800 N.
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(a)

(b)

(c)

35

(a)

State the principle of momants that applies to 2 body in squilibrium.

1

Calculate the force of the wind acting on the sail.

force = 2

If the force exerted by the wind on the sail is increased, suggest how the windsurfer is
abls to maintain his equilibrium. Explain your snswar.

12]
A partially inflated balloon is placed under a bell jar as shown in Fig. 35.1.
sealed air-tight
metal tuba . —
To vacuum pump
Fig. 35.1
Explain in terms of molecular motion how the trapped air in the balloon creates a
pressure on the balloon.
i2]
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(b)

(a)

(b)

(c)

SA2 Fuhua Secondary School

= Tk

A vacuum pump Is turned on (air is being taken out from the bell jar) for several minutes.
Suggest and explain what will happen to the balloon.

3]

A plastic cup of negligible mass contains 250 g of fiquid al room temperature of 20 °C.
An immersion heater is used to raise the temperature of the liquid by supplying 8.5 k) of

thermal energy. Temperature / °C 4

50

e e

*time / min

-
Qo

Fig. 36.1
The temperature of the liquid is found to rise in a linear fashion and reaches 50 *Cin10
minutes time as shown in Fig. 36.1. Assuming that there is no energy loss lo the
surrounding.

Calculate the specific heat capacity of the liquid.

Specific heat capacity= 12

In reality, there is anergy loss to the surrounding. In Fig. 36.1, skelch how the
ternperature of the liquid will vary with time. [1]

Suggest a way in which the enargy from the heater may be wasted and explain how
this factor would affect the measurement of the specific heat capacity of the liquid.

% = (&)}

16
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37 Fig. 37.1 shows an art plece displayed in a room.

pier oy __.;\\\\\\\\\\1\\\'

Stands

Fig. 37.1
(a) The art piece Is supporied by a transparent stand. A mirror is placed 1.0 m behind the
art piece to ensura that the back of the art plece can be seen by anyone looking from the
line P. M is a point on the back of the art piece.
(i) On Fig. 37.1, locate the image of point M behind the mirror and label itas X, [1]
(i) Draw two rays of light from point M refiecting from the mirror to show the two
furthest paints at which the visitors at the line P can see the image. Indicate
these two points with the letters A and B. 2]

(b) Fig. 37.2 shows two rays going into an air bubble in water. Complete the ray diagram if

the refractive index is 1.33. Note that the figure below is drawn to scale. 2
+
bubble
Fig. 37.2
17 Ne
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38 An ultrasound device is placed near one wall and it emils an ultrasound wave that
reflects back from the opposite wall. The time between sending out the ultrasound wave
and receiving the reflection is 30 ms. The speed of ultrasound in air Is 340 m/s.

{a) Calculate the distance betwesn the device and the opposile wall.

Dislance = [2]

(b} Explain why ultrasound s nsed in pre-natal scanning instead of using X-rays.

Section C: Free Response Questions [30 marks]
Answer ALL the questions in this section.
Write your answers on tha writing paper and graph paper provided.

39 A heatsink is a davice used to remove thermal energy from a machine. Fig. 39.1 shows
a heat sink with the computer chip placed under i. The heal sink and the computer chip

are in contact with each other.

computer chip

heat
sink

Fig. 39.1
The heat sink Is made of aluminium and the top of the computer chip is made of plastic.
Fig. 39.2 shows the heat sink designed with many fins and alr spaces between the fins.

18
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(a)

(b)

(€)

(d)

air
spaces

Fig. 39.2

Fig. 39.3 shows a graph that llustrates how the temperature difference between the
heat sink and the surrounding air varies with the amount of heat energy released by the
heat sink per second. -

Temperature
difference/*C
N
200 = !: - fopebefo b [ —— G e T
T T T ™1 .-'—L: - r -
| : :
150 1 1 T . 'f-m
EE=— A WA AN
] R o
W R B A YA B R NN A A RS
m | T .—"-’J ] _!'-I
1 i T
! Tuamns +H
T t
50 I - * -
: ] !
T : i ,
I | T
] - : R i - - - “
.ﬂ >
1 2 3 4 5  Thermal
Fig. 39.3 energy
released /Js™

Stale the three procssses involved in transferring thermal energy away from the chip. [3]

Explain how each feature of the heat sink can help in pramoting each process
mentioned in (a). (31

State the conclusion you can make from Fig. 39.3 and suggest a reason for this
conclusion. 121

The room temperature s at 20 °C. If the heat sink is at 100 °C, determine the amount of
thermal energy released in half an hour. 2]

19 W3
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40

(a)
(b)
(e)

(d)

(e)

(n

Fig. 40.1 shows a side view of a water wave produced in a ripple tank. The wave
generalor moves up and down 10 times in 20 5. The horizontal distance between
adjacent crests is 4.0 cm and the vertical distance between the crest and trough is 2.0
cm. Waler waves are classified as transverse waves.

Wave generator

Fig. 40.1

Define the term bransverse wave,
Determine the frequency and period of the wave,
Hence, or otherwise, calculate the speed of the wave,

The depth of the water in the ripple tank |s increased and the speed is doubled.
Determine the new wavelength of the wave.

Assuming no energy lost, skelch a graph of displacement /em against distance fem for
the new waler wave on your graph paper with all values dlearly labelled.

On the same graph, skelch a new wave 1o show how the wave will appear 0.50 s later.

Label this graph as X.

SA2 Fuhua Secondary School
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4

(a)

(b)

(c)

(d)

(e)

A converging lens is used lo produce an Image of an iluminated object on a screen. For
each object position, the measurement of distance between the object and lens {object
distance) and the measurement of distance between image and lens (image distance)
were recorded. Fig.41.1 shows a graph of image distance against object distance.

&0 = '\\ i
imag 0 == 1\ — -
-] “n s \T
nee 30 ==
wi - | r= e
mm

10 - ;

= = : :
20 25 30 35 40 45
object distance, u / mm
Fig. 41.1

From the graph, delermine the focal length of the lens. Explain how you oblained your
answer, [2]

Calculate the magnification m when the object distance is 40 mm. (Given: m = viu) 2]

Describe the nature of the image formed in 41(b). Hence, name the instrument that
would produce this kind of image. 2]

An object with a 4.0 o height is now placed 1.0 cm in front of the same converging
lens. Draw a scaled ray diagram on the graph paper provided and determine the height

of the new image. Label your diagram clearly. [3]
Describe, as accurately as possible, the nalure of the new image formed. [11
End of Paper
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1 2 3 4 5 6 7 B 9 10
A c A D A A D A A B
1" 12 13 14 15 16 17 18 19 20
A B B B D A A A D A
21 22 23 24 25 26 27 28 29 - 30
B A D A D B B A D -
1312 | elncity/ms" |2 |
F
' > time{ s
[
b Duration =50/5.0
=10s
[ He can use a smaller surface parachute. With a smalier surface parachute, he will
experience a smaller upward drag (air resistance), According lo Newton's 2 Law, he | [1]
will experience a smafler net upward force nnrnpamd to the first jumnp. As the upward
drag balances with his weight, his M&m at a bigoer terminal
velocity. (At Answer = Carry something haav:i with him) 1
32a Tl'malzmm&nhafaht. Mtngtnﬂmﬂms&ﬂgﬂ for action-reaction pair, the 1
i ferent bodies. Since both the weight of
the -::lmk and ma resuﬂant force of the tensions are acting on the same body (clock)
and they are different in nature, they cannot be action-reaction pair. [1]
b W=mg
=0,50%x10
=50N (1}
c T=50N
[1] diagram & appropriate scale 1
[1]T=50N 1
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33a | The inertia of an object refers to the reluctance of the object to change its state of rest |

or mofion, due to ifs mass. [

b Volume of cube =50x5.0x 5.0

=125 em?

Volume of hole drilled = x 5.0
=7{1.02x 5.0 -
=157 cm® _ [

Mass of cube after drilling = 8.950 x (125 - 15.7)

=478 g .t

Mass of X in hole = 7.9 x 15,7 ]

=124g :

Density of composite = Total Mass / Tolal Volume 1]
=(978 +124)/ 125 :
= 8.82 g/em? or 8.8 glom?® '
= 8820 kg/m® or 8800 kg/m? (1

34a | Principle of momenis slales thal when a body s in équilibrium, the sum of clockwise
moments about the pivot is equal to the sum of anticlockwise moments about the same

pivot. . (1]
b | By Principle of Moments, ) (1]
Taking moments about pivol P, k (1]

Total ACW moments = Total CW momenis
(800 N)0.5 m) = (Fuing)(1.4 m)

Fuioa = 286 N
c The man can lean further away from the sail where the Jine of action of his weighl is
further away from pivot P. (1]

When he leans further away, he creates a larger anficlockwise moment to balance /.

counteract the bigger clockwise moment created by the wind. (1 |
35a | Air molecules moving randomly collide with the inner wall of the balloon. [1]
This exerts a force which in turn creales a pressure within the balloon since pressure is
defined as the ratio of force exerted to the area it is being exerted on. [1]
b The balloon becomes bigger (or expands). [1]
When the air is removed from the jar by the vacuum pump, the pressure in the jar
hmeﬂ smaﬂg HEI] the m in thg balloon. This pressure differance will cause a | [1]
i1
36a | 8500=0.25xcx(50-20) [
c=1100 Jkg' *C'or 1130 J kg' *C- [1]

of
c=11Jg'*Cor1.13Jg'°C

Lb
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b Temperature /°C

20
4 tirne / min
c Thermal energy is losl to the surrounding.
or
Thermal energy is absorbed by the plastic cup. (Any other reasonable answers)
The specific heat capacity of the liquid will be larger than expected.

Specific heat capacity = Energy supplled / (mass x change in temperature). if same
amount of energy is supplied by the heater and that energy Is lost from the water to
surrounding, the change in lemperature of the water will be then be minimal for the
same duration. This will result in a larger specific heat capacity obtained.

1

(1

(1]

(1

i1

[

(1

(1]

(1
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Let distance betwesn the device and the opposite wall be d.
Spead of sound = Total distance / Tolal Tima

2d
340 "m

2d =102
d =51m(2sf)

X-rays are ionizing and causes mulation of cells which will cause harm to the fostus.

| Hence, ultrasound is used instead of X-rays in the scanning of foetus.

i1l

(1

(1
(1

Conduction, convection, radiation

Aluminium is a mmw it helpa in mndunt[ng thermal anergy away

Theﬂnshavemﬂmmmﬂ HervaE lt minmmw
higher
The air drculahng near the fins gams thermal murgy and conveclion occurs. The air

cooi tha Hns further,
(Accept: Convection current formed will help in cooling the fins)

The conclusion is that the highe : erence between the haatshk and
the surrounding air, the higher ﬂ-:e rate ;.g QQI m . The higher the temperature
difference between the heat sink and the surrounding air, the hiaher the rate of emisslon
of radiant heat (infrared radiation).

From graph, when temperature difference =100-20=80°C,P=2.0J/s
E=Ft

E=20x30x80

E =3600J

(3]

4

i

(1

(1

[

(1
)]

Transverse waves are waves that ﬁwel perpendicular to the direction of the
medium’s particle vibration,

f=10/20=0.50 Hz
T=20M0=20s
v =fh
=0.50x4.0 (allow for e.c.f)

=2.0cm's

40=050xA (allow for e.c.i.)
A= 80cm

1l
(1
(1
(1]
(1

g
[1]
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o Displacement/ cm ; : ; : E;
| RS e M e, S
f : B - : [1]
0 ' ' \! j - X
/E 4 q ’ 8.0 Distance / cm
7 : ; :
o e e o e G
"41a | Focal length is 15 mm. o M
Al 2F, ohject distance of 30 mm is equal to the image distance of 30 mm.
Hence focal length = 3072 = 15 mm. [1]
b | When object distance is 40 mm, image distance is 24 mm as shown in the graph. 1
Hence m = 24/40 = 0.60  (no unit and 2s.F) M
c Image formed s diminished, real and inverted, ]
Camera 1]
d [
.:. 7F = \;\ . R
(1]
Twa real rays from object 1
Arrowheads (1)
Dotted lines and image (Height = 12.0 cm) -
[4]
The image s virtual, upright and magnified. ;
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1 Which of the following represents the longest length?

1.2 % 10 Mm
1.2 % 10° km
1.2 x 10° cm
1.2 x 107 pm

oOmPe

2 Aticker-timer, which puts 40 dots on a piece of paper tape per second, is used to invesligate

the movement of an object. B
X Y Direction of motion
o - -
_l . " 8 B & & @ & L] L] - L]

What is the length of time that corresponds to the distance betwean X and Y on the tape and
the motion of the object?

Time Motion
A 0175s Increasing speed
B 0175s Decreasing speed
C 0200s Increasing speed
D 0200s Decreasing speed

3  The graph below shows the displacement-time graph of a runner from a fixed point, along a
sfralght track.
ght displacement /m

»timels
Which graph below represents the velocity of the same runner over the same period of time?

A vims? B vims?
. i

& k

N/

t/s t/s

s “ tls
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4  Aballis dropped vertically from rest at time t = 0 and accelerales downward with an
acceleration g.

e

What distance does it travel between 1= t, and t= &7

% gh?

Ve gt + &)
Vglt- 4P
% glt® - 17)

=Roli

5  An object of mass 4 kg starts from rest end moves along a straight line on a rough horizontal
surface. A force F acts on the object in its direction of motion. A graph of F against { is
shown below. Assume conslant friction of 2 N.

FN a
14 -
- >t s
0 3 8 .
What is the velocity of the object at t=8s7
A 50m/s
B 65mfs
C 95m/s
D 130m/s

GESS 35X Physics EO0Y 5058 P1 18 VIN
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§ A replica of a wedding cake consists of three tiers stacked on top of one another. A student
baker pulls the cake with a force F as shown. The bottom layer accelerates at1.0 mis?,

Friction = 90N

If the surfaces between each ubi;act are frictionless and the frictional force batween the
10 kg layer and the floor is 9.0 N, which of the following statements is correct?

A
B

c
D

The 4.0 kg and 6.0 kg layer also accelerate at 1.0 m/s?

The acceleration of the 6.0 kg layer will be larger than the 10 kg objectas ilhas a
smaller inertia.

The force, F acling on the 10 kg layer is 19 N.

The contact force between the 6.0 kg and 4.0 kg layeris 4.0 N

7 A block is allowed to slide down a rough inclined plane as shown in the diagram below.
The forces acting on the block include normal reaction force R, its weight W and friction 1.

motion

Which of the following diagrams shows all the forces acting on the block?

B8 While on a mission on the moon, anJunhangsﬂ?ﬂﬂkgnb]actfre&lyandpusrmltfrmn
the side. As compared to on earth, he feels that the object ....

ocoor>

is easier to be pushed on the moon

is more difficult to be pushed on the moon

requires no efforl to be pushed on the moon

requires the same effort to be pushed as on the moon

GESS 38X Physics EOT 5055 P1 16 VIN
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9 The density of a liquid is 1.2 x 10° kgﬂ‘n‘ If 1 cm® of the liquid changes to 600 ¢m® of vapour,
the density of the vapour in kg/m® is... -

A 12
600
B 12x10°
600
c 12x10¢?
D
1.2::&’;‘6“&
10

10 thcr; of the following objects has the greatest Inerlia?

A1 kg object moving at 30 m/s.
A 5 kg object at rest.

A 10 kg object moving at 2 m/s.
A 15 kg object at rest.

oOoor

11 A fiat lamina has four points P, Q, R and S marked on it When the lamina is freely
suspended from P, Q is observed to be directly above P and S is directly below P. When it is

i;a::arsuspendedfmmR;Sisnhsewedtuhadkaﬁlybalnwﬁ.memightafmmhais

Fig. 11
With the lamina now suspended from P and displaced as shown In Fig. 11, what moment will
cause the lamina to swing?

0.300 Nm anticlockwise
0.300 Nm clockwise
0,375 Nm anticlockwise
0.375 Nm clockwisa

ocow>»
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12 The diagram shows a balancing toy pivoted on a stand. If the loy Is lilted slightly, it does not
topple but returns to its original position.

This is because the centre of gravily of the 1y 1S ... .

inside the weighis

exaclly at the pivol

directly below the pivot

within the stand under the pivot

ooom>

13 Auniform circular barrel of weight 1500 N and radius 0.5 m rests against a step of height 0.2

m as shown.
(Mot drawn to scale)

What Is the smallest horizontal force F though the centre O nesaded o push Lhe barrel over
the step?

A Ti25N

B 1200N

C 1875N

D Z2000N

14 A manometer is used to measure the pressure of a gas. Which of the following factors would
affect the reading?

. The density of the liquid in the manometer
. Cross-sectional area of the tube
. Amount of liquid used.

A lonly
B land Il only

C lland Il enly
D I, andiil

GESS 3EX Physics ECY 5058 P1 16 VIN
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15 The diagram shows a column of dry air enclosed in a narrow capillary tube by a thread of
mercury 13 em in length, . ¥

dry air

13cm
Imersury

What is the pressure of the dry air, given that the atmospheric pressure is 76 cm Hg?

13 cm Hg
63 cm Hg
76 cm Hg
89 cm Hg

=Nok b2

16 The diagram below shows a hydraulic system.
200N

What s the load, L that can be raised by a force of 200 N applied untha iston of cross-
sectional area 25 cm®, ’ 4

A  Z20x10°N
B 19x108N
C 12x10°N
D 30x10°N

17 When the pendulum bob of a simple pendulum is swinging, the work done by the tension in
the stringonthe bobis .o

A zero

B the gain in kinetic energy of the bab

C  directly proportional to the length of the string

D  depends on the swinging amplitude of the pendulum.

L]
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48 A ball of mass m is held at resl al one side of a frictionless curved track of height h.
A : c

The ball is released and it rolls down the track from A to B and up to the other side of the
track from B 1o C. Which of the expressions below represent the speed of the ball at the
lowest paint of the track? '

A (2ghf
B Jegh
€ Joh

B Jmgh.

. 19 A block of mass 3 kg is initially at rest on a frictionless, horizontal surface. The block Is
moved 8.0 m in 2.0 s by the application of a horizontal force 12 N. What Is the average
power developed while moving the block?

A 24W
B 32ZW
C 48W
D 96W

20 The following model is used to llustrate the behaviour of gas molecules. When the piston
vibrates more rapidly, the wooden disc is forced further up the tube.

woodan disc

small steel balls
bouncing

~— piston made to
vibrate up
and down

To cause the disc to retumn to its uﬂg{nal poaltlnn weighm are placed on lhe disc. This is
similar to the situation when a gas is ...

A cooled then healed
B cooled then compressed
C heated lhen compressed
D  heated then cooled

GESS 3EX Physics EOY 5058 P1 16 VIN
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21

24

9

Marcus observes the Brownian motion of air mixed with smoke parlicles in a glass cell with a
microscope and he sees moving points of light. These points of light come from 2o .

air parlicles only moving randomly

both smoke and air particles moving randomly
smoke particles only moving randomiy

air movement in the glass cell.

oOowmP

A gas can be easlly compressed because ........oovvvervviins &

A average molecular speeds are low »
B  intermolecular forces are very weak

C the molecules are elastic
D the molecules are very small

Which of the following temperatures is equivalent 1o 501 °C?

-228 K
228 K
774 K
TI5 K

oOm>»

The length of the alcohol thread in a thermometer is 3 cm at ice polnt and Scm ata
temperature of 10 °C. Whal is the length of the alcohol thread when the thermometer is
placed in pure boiling water?

23cm
35cm
46 cm
50 cm

oOm>»

53
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10

25 A thermocouple is constructed by putling two soldered ends (junctions) of two different
metals into. different temperatures. The galvanomeler shows a deflection that depends on
the temperature difference between the junctions X and Y.

140 —
120 - P T

g

temperature difference
between X and Y

a8 888

(1] 5 10 15 20 25 30
deflection on galvanomeler / mV

If X is placed in a substance of 20 °C and Y is placed in another substance of higher
temperalure, a deflection of 20 mV-is seen, what is lhe temperature of Y7

A 20°C
B 80°C
c 100°C -
D 120°C

26 The diagram shows four similar cans. Each can contains the same volume of water initially
al B0 *C. After five minutes, which can will contain the warmes! waler?

A B
dull black polished silver

c [r— D =
dull black polished silver
with lid with lid

27 Which of the following would not produce convection currents in a container filled with waler
at 30 °C?

A Dropping a piece of hot metal into the water

B Floating a piece of ice on waler

C Lighting a candle beneath the container

D Placing 2 100 W [it bulb above the waler surface

GESS 3EX Physics EOY 8059 P1 16 VIN
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11

28 A hollow object is stuck horizontally to a metal plate with wax. A 100 W filament light bulb is
switched on and placed close lo the metal plale. After 2 while, the wax melted and the objec!

fell off.
metal [
pre o X
holiow e o
object g
~ B N
wax ey

Which of the following are correct heat transfer processes that took place?

A Convection and radiation

B Conduction and radiation

C Conduction and convection

D Conduction, convection and radiation

29 A lead builet of mass 1 g at 30 °C is fired horizontally at a speed of 300 m/s into a large
biock of ice of temperature 0 °C, in which it is embedded. The bullet is then left to coal to
0 °C. How much ice is melled? [ Specific heat capacity of lead = 128 J kg™ °C", specific
latent heat of fusion of ice = 336 000 J kg

A 0D121g
B 0.158¢g
C 0.145g
D 0.188g

30 Pure water has a boiling point at 100 °C at 1 atmospheric pressure. Which of the fallowing
best explains the energy of water molecules al bolling point?

A The water molecules are gaining kinetic energy

B The waler molecules are gaining potential energy

C  The water molecules are gaining kinetic and potential energy
D The water molecules do not gain energy.

31 Equal masses of two solids X and Y are heated successively in a well-lagged calorimater,
Heat energy is supplied to each of them at the same rate. A temperature-time graph for the
process is shown below.

&

Temperature °C Legend X
— Y

» Timels
Which statement below is correct aboul X and Y7

Solids X and Y have the same specific latent heat of fusion.
Solid Y has a higher melling point than salid X,

Solids X and ¥ melt at the same temperature.

Solid X has a lower specific heat capacity than solid .

oOow>

63
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32 Atilted basin contains waler. Waler js dripped al a constant rate into the basin as shown in
the diagram below.

Water droplels ?

L —

i Basin
Which of the following patterns of the wavefronls will be observed in the basin®
A | B
Cc ' D

33 The figure below shows a snapshot of a transverse wate,
F -

Y X
S u

w

R

Which pair of points are in phase (moving in the same direction and having the same
displacement from the rest position)?

A PandR
B OCandU
C YandW
D SandT

34 Awave s travelling along the posilive x-axis, The diagram below shows parl of the
displacement-iime graph al a cerlain instant.
* —» direction of propagation

M
M =

What is the shape of the wave between MN after one quarter of the period?

A Y B 7 ' C » D »
“&é:}c"_ z “LCPLJ HF%, HFGH_:
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35 Two prisms made from different glass are placed in perfect constant to form a rectangular
block surrounded by air as shown. Medium 1 has a refractive index of 1.74 while'medium 2
has a higher refractive index than medium 1.

Medium 2
incident 4 -
ray
8 nedivm 1
700

Which diagram below represents the path of the ray after it enters medium 17
-~ A B

A il "] >
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36 Two plane mirrors M. and M: make an angle of ﬁD“ with gach olher. A beam of light from a
ray box is incident on mirror My &s shown.

A

¢

»
M,
What would be the angle of reflection of the ray al mwm{ M:’?
A 0O°
B 30°
C B0°
D @o-°

37 In the diagram below, only three light rays from the object passing through the diverging lens
. are correctly drawn. Which light ray A, B, C or D is incorrectly drawn?

object

38 The diagram shows a light ray entering a glass block of refractive index 1.50 at X and
emerging at Y.

Bem

What is the angle of incidence?

443°
B64.2°
26.2°
7.3°

ocoom>
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39 Waves P and W are components of the electromagnetic spectrum. P has a'fonger
wavelength than Q. Which of the following statements is true about P and Q7

A Qhas a lower freguency than P

B P cantravel faster than Q in vacuum
C P iz radiowave and O s infrared

D Qis ulraviolel ray and P is X-ray

40 An X-ray scanner at an difport emits X-rays that have a frequency of 3 x 10" Hz. What is the

wavelength of these X-rays?
A 10pm '
B 1um
C 1 am
D 10nm
END OF PAPER
£S5
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For

Section A [ 50 marks ] e
Answer all questions.
Write your answers in the spaces provided on the question paper.
1  Ari determines the thickness of a coin by taking a few readings at different positions

of the coin with a micrometer screw gauge and finding the average. Fig. 1.1 shows
one of those readings. Fig 1.2 shows the same micrometer screw gauge when it is

fully closed.
25 | 0
20 45
Fig. 1.4 Fig.1.2

(a) Determine the zero error on the micrometer screw gauge and thereafter, the
aclual thickness of the coin.

ZBr0 @ITOC = ..covvrnssssnenssasnns] 1]
Actual thickness = .......cvceeecinnn1]

(b) Ari uses the thimble instead of the ralchet lo turn the screw gauge during the

experiment. What effect would this have on the accuracy of the thickness
obtained?

¢

2 During a monsoon storm, 8 rock falls off a cliff from rest into soft mud beneath iL.
The rock, of weight 5 N, takes 2 s lo fall before it embeds itself 20 cm into the mud.
Assume alr resistance is negligible.

{a) Calculate the height of the cliff.

GESS 3EX Phy P2 EOY 5053 16 VIN
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2 (b) Calcuiate the time taken of the rock between hitling the mud and coming to
rest inside it.

Time taqui;l.:................m.fz]

(¢) Calculate the average acceleration of the rock in the soft mud.

Average acceleration = _...........ccco....
3 Two beginner figure skaters, Alice and Bob stand at rest on a smooth ice rink
where there is negligible friction. They hold on 1o sach other for support when a
force of 200 N is exerted on them by a third person. The figure skaters move with
an acceleration of 1.6 m/s®. The mass of Alice is 50 kg.

Fig. 3

(a) Calculate Bob's mass.

(b) Calculate the force of Alice on Bob.

Force of Alice on Bob = .......ooccicvinnnnrnnan,
GESS 3EX Phy P2 EDY 5058 16 VIN 5
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4

For
4 Fig 4 shows James swimming at 2 m/s refative to the water in a river. He sets u:j M
50 © to the bank of the river and is carried downstream as he swims since the riv
flows at 1.5 mis.

River flowing
at 1.5m/s

Fig. 4

Using the graphical method of a vector diagram, find the magnitude and direction of
his resuliant velocity.

Magnitude = ..o
DIreclion = ....c.ommusmsmessn ]
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5  Analloy is made of 65 % iron and 35 % copper by volume. It is used as a spare e
part in the International Space Station (ISS). The density of copper and iron is
8.90 g/em® and 6.98 g/em? respectively.

(a) Determine the density of 100 cm® of the alloy.

(b) State and explain what change would occur In the value of (a) if the spare part
was reduced to half its size and brought from Earth to the 1SS. Assume
temperature remains constant.

TP T

wnef2]
6 Fig. 6 shows a paper weight thal has been displaced and is stationary in its new
displaced position. The centre of gravity of the paper weight is clearly shown.
Center of Center of

gm%wm%

Fig. 6

(a) State and explain the type of equilibrium the paper weight is in afler it is
displaced. -

(b) If this paper weight is freely suspended, explain the position of its centre of
gravity.

GESS 3EX Phy P2 EOY 5059 18 VIN
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7  Fig 7 shows a diver snorkelling in the sea. In an attempt to do deep sea snorkelling,
he has extended the length of his snorkel tube. The density of water is 1024 kg/m®
and the atmospheric pressure at sea level is 1.0 x 10° Pa.

]
sedwater

Long
6.0m snorkelling
P {ube

Fig. 7

(a) Calculate the pressure acting on the diver when he is 6.0 m under water,

Pressure = ...l 2J|
(b) The human lungs can withstand a pressure difference of up to one-twentieth

of atmospheric pressure. Calculate how far the diver can swim below the
surface of the sea by breathing through the snorkel tube.

Distan-ca_ under thesea= ......c.cccceeeen[2]

(c) Explain what will happen to the diver when he breathes through the snorkel
tube when he is 8.0 m below the surface of the sea.

T e s L e L L L L LT

Examiners
Usa
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Nicky investigates the principle of conservation of energy by using the pendulum
experiment. He releases the pendulum from & certain height /, as shown in

Fig. 8.1, and measures the speed of the pendulum bab during the oscillation.

Fig. 8.2 shows how the speed of pendulum bob varies with time in the first 2.0 5.

vims?
1.5 - T
1.0
0.5
1] 0.5 10 15 20 25 ;t Is
Fig. 8.2
(a) State the principle of conservation of eneray.
N - G il 1]
(b) Determine the period of oscillation of this pendulum.
Period of oscillation = ... [1]
GESS JEX Phy F2 EOY 5059 16 VN "1

SA2 Gan Eng Seng School

For

Use

118



8 (c) Calulate the height, h, from which the pendulum is released. s

9 Fig. 9 shows Lugman a.tﬁlmpﬁng underwater pholography in a swimming pool.
When he takes a photo with flash, there is a circle of light formed on the water's
surface as shown in the diagram. Assume that the camera flash is a point source of
light represented by point P and that the camera is at a depth of 0.525 m. Take the
refractive index of water lo be 1.33.

Alr

Water

0.525 m
Camera

\

-

Fig. 9

(a) On Fig. 9, two of the light rays are incident on the water at the critical angle.
Continue the rays of light and label the critical angles C on Fig. 9. [2)

(b) Calculale the radius of the circle of light formed on the water surface.

Ratdius = vacasimnmesnaald]
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9 (c) Inorderto continue his pool photography more comforiably, Lugman wantis io E“f_'r::“’“
increase the temperature of the pool water. Explain where he should putthe
heater.

. [2)

10 A small, very brightly illuminated display Is located at the back of a projector. The
projector lens produces an inverted and magnified image of the display on a whits
classroom wall. Fig. 10 is a scale diagram showing the position and size of both the
display and the image on the wall,

Iul!ii!lliilg T

Tom

Pl scale; 1em represants 12.cm
1em Fig. 10

COn Fig. 10, determine the focal length of the lens.

Focal length = .....ooveeveeceenenn. 4]
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10

11 (a) Fig. 11 shows some ol in a ripple tank that has shallow and deep sections. A
machine in the shallow section generates 1800 waves per minute. The waves
in the shallow section move towards lhe deep section in the direction shown.

Shallow Deep

Fig. 11

There is a distance of 0.70 m between the wave crests in the shallow section.

(i} Calculate the velocity of the waves in the shallow section.

VEIOTHY = wvonmicsms sesssissscssnid 2]
(if) State what happens to the wavelength of the wave in the deep section.

T O ———— , |
(ifi) On Fig. 11, draw the wavefronts and indicate the direction of the wave in
the deep section. 1

(b) A radar stalion delects an aircraft flying near it using electromagnetic waves.
The radar siation sends a pulse of the electromagnetic wave every 40 ps.
The pulses are reflected from the aircraft back to the station. These
signals are displayed on the screen of a Cathode Ray Oscilloscope.

1

Estimate the distance between the aircraft and the station.

GESS 3EX Phy P2 EOY 5058 16 VIN
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Section B [ 30 marks ] Examiner's

Uze

Answer all the questions in this section.
Answer only one of the two allernative questions in Question 14.

12 Each year, American families celebrate Thanksgiving Day with a traditional feast
that includes a roasted turkey. A turkey is well cooked when it reaches an internal
temperature of 85 °C, A pop-up turkey timer thermometer is used to indicate that
the lurkey in an oven is cooked. The turkey timer is inserted into the thickest part
of the turkey breast, avoiding bone and fal. When the required temperature has
been reached, the turkey timer pops up. Fig.12 shows a pop-up lurkey timer
thermometer before cooking and after it has popped up.

ALES pamm ey

T e e
H‘!"I"HT"

" Fig. 12

The turkey timer is made of a stick with 2 spring in a case held into place by a soft
metal in the tip of the casing. The metal is solid at room temperature and melts at
85 °C. When the metal melts, it frees the end of the stick that had been trapped In
the metal. The elastic potential energy from the spring tumns into kinetic energy
which pushes the stick up. Assume room temperature as 25 *C.

(a) State and explain the process in which the heal is transferred from the turkey
to the turkey timer.

2]

(b) The turkey cooks for 4 hours in a 4.4 KW oven. Given that the specific heat
capacily of the metal is 0.13 kJ/kg™C and its mass is 150 g, calculate the
specific latent heat of fusion of the metal in the turkey timer.

Latent heatof fusion = ..., [3
61
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Examiner's

12 (¢} On the axes below, sketch the heating curve of the metal in the turkey timer Use

from the time the oven is starled 1o the time the melal meits. Label the axes
accordingly.

L

(]

(d) - Explain why there is no change in kinetic energy of the metal particles when
_+it changes from solid to liquid at 85 °C.

. R o R B A B e L i

(e} A turkey timer is reusable for up to 200 times. Suggest a method to return
the stick to its original position after it has been used.

GESS 3EX Phy P2 EOY 5058 16 VIN
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For
13 Asmall boat is powered by an outboard motor of variable power output P, E":,"""':’
Fig. 13.1 shows the variation with speed P-when the boat carries different loads. - -
PIkwW
E
5.0 -l '3 2 T =T il
(AR AR L R RS S T
_!""'"i‘“"“"“"“"“;'-""‘?'——"—‘;‘ P e : Vo i '..»
R S e R o A 400kg T
il L A
.......-I i I..|_ i |-|-:..! | I-.
4ﬂ h 1 =T IRES : B EE B ST I ST, R S S
TR T "fy SR
as Pl
} {1+
3.0 :
2.5
20
1.5
1.0 77
08 Jr——a—r
0.0 + >
00 05 10 15 20 25 30 35 40
Fig. 131 vims'
The masses shown are the total mass of the boat plus passengers,
(a) For mﬁ.bnathwingnsteadyspeadufz.mm and a total mass of 250 kg,
determine the power of the engine and the resistive foree acting on the boat.
Fower of the engine = .................... [1]
Resislive Force on the boat= .......... |
bl
GESS 3EX Phy P2 EDY 5058 16 VIN
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For

. iner
13 (b) The boat of mass 350 kg moves with a speed of 2.50 m/s. o

(i) Estimate the total energy that the motor provides for the boat to travel for-|
30 minutes.

Tolal aNargY = oo s [2]

(i) The amount of energy given off when 1.00 kg of fuel is mixed with
oxygen in the air is 45.0 M. The efficiency of the motor in converting the
energy released with the combination of oxygen and the fuel is 40.0 %.
Determine the total amount of fuel that would be expended.

Tota!l fusl expended = ............coviieieennns 2]

(e) “Fig. 13.2 shows how the speeds of 2 boats of equal mass vary with respecl
to time. Boat A starts from rest while boat B travels at constant speed.

Epeedrm:;‘.. boal A

1.50 boast B

900 tfs
Fig. 13.2

(i) Both Boat A and B travel the same distance at t = 900 s. Calculate the
veloclty, Vat t = 900 s.

Velocity, V= ... ecererssnsaned 1]

(i) Which boat requires more petrol? Why?

2]
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14 (a) Fig 14.1 shows a pump.

Handle

Barmrel

l

-“\..\‘_-‘___
A Trapped air Nozzle
B

Fig. 14,1

When the nozzle is blocked and the handle is slowty pushed in so that the
temperature of the air in the barrel remains constant, the pressure of the air

rises,

(1) Explain, in terms of the molecular motion, whether trapped air creates a
smaller, larger or same pressure on face A compared to face B of the

pump.

(ii) Explain why the pressure increases when the handle is slowly pushed in.
State one assumption in your explanation.

TR LR g

GESS 3EX Phy P2 ECY 5050 18 VIN
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16

For

14 (a) (iii) The cross-sectional area of the barrel is 1000 mm?. The pump handle is e
pushed in until the trapped air is al a pressure thal corresponds to the
L - shaped tube containing water as shown in Fig.14.2.

From
ump
l Height
difference
Fig.14.2

The difference in water levels is 20.0 cm. Assume atmospheric pressure
is 10 m waler, Calculate the force applied 1o the handle,

Forca= ..., [3]
(b) The difference in waler levels was measured at different lemperatures and

the readings are tabulated.
r Temperature 3o 40 50 60

arc

Difference in 20.0 25.0 35.0 50.0

water levels/

cm

(i) Using kinetic theory of matter, explain why the difference in water levels
increases when temperature increases.

(1) If the apparatus is used to construct a thermometer where the difference
in water level is related lo the temperature of the environment, suggest
two limitations of this thermometer.

.....................................................................................................................
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Examiner's
OR Use
14 Bryant conducts an experiment to find the centre of gravity of a person. He lies fiat
on a uniform plank of mass 15 kg. The plank, with Bryant on it, is placed on a brick
and some bathroom scales as shown in the diagram below.
E ].Hm $
. a
Bryant's toe-to-head distance Is 1.56 m. The length of the plank is also 1.56 m.
Bryani’s mass Is 62 kg,
(a) Identify and label all the forces acting on the system. [3]
. (b) The reading on the bathroom scales is 30 kg. Use this informalion to
determine how far Bryant's centre of gravity is from his toes.
Distance of centre of gravity fromtoes = ..........cccovveensrnn, [3]
{c) Bryant then gets up to sit in an upright position on the plank with his feet stil
aligned to the scales. Explain how the reading on the scale would change,
wensf2]
(d) If the brick is replaced by another bathroom scale, find the reading on the
scale,
Reading on the scale = ..o 2]
END OF PAPER
bl
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_ 2615 Sec 3Ex Pure Phy 5058 EQY Marking Scheme
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o

Notes
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Paper 2

Mo Answer

Marks

1a | Zero emor =-0.03 mm
Actual thickness = 1.23 - (-0.03)
=1.26 mm

1b | Inaccurate as inconsistent force used to tighten the micrometer screw
gauge / Smaller reading obtained due to over-tightening
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Heilght = ¥ x 2 x (final velocity)
h=%x2xv

a=(v-ult

10 = (v)2
v=20mfs

h=%x2x20
=20m

S=05v
0.20=0.5 (20) 1
1=0.020s

2c

a=(v-ulh
= -20/0,020
= -1000 m/s?

F=ma
m=200/1.8
=125kg
Mass of B=125-50
=75kg

F=758x16
=120N

Scale 1 em : 0.5 m/s (or any appropriate scale)
Correct diagram with correct arrows (labelled angles el¢)

Magnitude = 1.56 m/s (1.46 —1.66 m/s)
Direction : 81°w. r to 1.5 m/s (+/- 2 degrees)

et

65 cm? of Iron : Tuin = 6.8 x 65 = 4537 g
35cm’of Copper:  Mogeer = 890x35=3115¢g

Density = (453.7 + 311.5) / 100 = 7.65 glem® or 7650 kg/m?

Sb

There would be no change in the density
Density of a malerial Is fixed

Unstable equilibrium,
The centre of gravity has been raised, but the line of action of the weight
lies directly on the pivol, hence there Is no net moment.

6b

When the centre of gravity is not directly under the point of suspension,
its weight will produce & moment about the point of suspension, causing
the abject to oscillate.

The object comes to rest when the centre of gravity of the object is
directly below the point of suspension. The line of action of the weight
passes through the pivot and hence there is no nel moment.
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Ta

Pressure = Patm + Pwater
= 1.0 x 105 + B{1024)(10)
=161 x 10 Pa

7h

Pressure difference = 1/20 x (1.0 x 10%)
=5000Pa . -

P=hpg

5000 =hx1024 x 10

h=0488m

Fi;

The diver will have difficulty breathing as the pressure difference
between his lungs and the external environment is much greater.

Energy cannot be created or destroyed, but can be changed from one
form to another. -

8b

Periopd=2x2
=45

GPE lost = KE gained
Mgh = la mv®
h=%(1.52/10
=0.113m

b o

"f

'

Amows + comect arlentation
Label of angles.

Critical angle = sin-1.(1/n)
=sin-1 (1/1.33)
=48.75¢
Radius of circle of light = 0.525 tan 48.75
= (.598 m (accept 0.529 m)

Heater should be at the bottom of the pool.

The hot water will expand, and since less dense, will rise. The denser
cool water will sink to fake its place and the cycle will repeat, creating a
convection current.

e e —
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]

) scale 1 cm represents 12em

1em
Straight ray from object to image 1
Vertical line labelled L where first ray intersects principal axis 1
Second ray drawn from arrowhead of object to lens (parallel to principal 1

axis) and straight lo arrowhead of image.
Focal length = 1.8 x 12
= 21.6 &m (19— 23 cm) 1

11ai | Velocity = frequency x wavelength 1
= 1800/60 x 0.70

=21.0mis

11ail | Wavelength increases in the deep seclion.

11alil | Wavelengths wider with correct direction indicated by arrow

Refracted wavelfronts drawn from incident at the boundary, perpendicular
{o direction of refracted wave motion.

11b | Each division = 40ps/8 = 5 ps

e el

Speed = 2dit
3 x 10® = 2d/(6x5 ps) 1
d=4500m 1
12a | Canduction - 1
Since the timer and the turkey are in contact, thermal energy is 1

transferred to the case of the timer and the soft metal therein. The free
electrons and melal atoms have an increased vibrational kinetic energy
and collide wilh adjacent atoms.

12b | Energy from oven = Energy lo raise metal lemperature + Energy 1o mell L

metal

4.4 KW x 4(60x60) = 0,15 x 0,13k x (85 — 25) + (0.15 x k) 1

I =422 000 kJ kg 1
12¢ TemploC

25
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Correct shape
Axes labelled and values of temperature correct

12d

The energy absorbed during the melting process is used 1o overcome
the forces of atlraction between the molecules /increase the potential

energy and no energy goes lo increase the kinetic energy of the
particles.

i2e

Melt the metal by placing it in a beaker of hol water. Huldsumdmnand
let the metal solidify.

13a

P =040 kW
P=Fy
04x10¥=Fx2
F=200N

12bi

Energy = PT
= (1.9 x 10%) x {30 x 60)
=3.42 MJ

13bi

Efficiency = output / input x 100
40/100 = 3.42 x 10* / input energy
Input energy = 8.55 MJ
Total amount of fuel = 8,55 / 45
=0.190 kg

13¢i

Since distance travelled by boat A and B are equal area under both
graphs are equal.

B00x1.5=x900xv

v=3mfs

Boat A,

the energy output from the engine is used lo mm'omnaﬁk:unn as well as
increase the kinetic energy of the boat.

Ei4
al

Same
Number of collisions that molecules make on the wall per unit Hmﬂ /
frequency of collisions with wall are same on face A and B

E14

Assumption is that temperature is constant,
At constant mass, when volume of the gas decreases, rate of mlllsiun
increases and pressure increases.

El4
alil

Pg = hpg + Patm
= 20 cm water + 10 m water
=10.2 m water

F=PA
= (10.2 X 1000 x 10) x (0.001)
=102 N

E14

As the temperalure increases, the kinetic energy of the molecules -
increase and the collisions per unit volume increases. Hence, water level
increases.

E14
bii

The difference in water leve! is not linearly related to the temperature rise

Water has a high heal capacily meaning that large amounts of thermal
energy is needed for a rise in temperature

Or

Water has a low boeiling point which makes the thermometer unsuitable
for the measurement of high temperatures.
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014 ng 1.5 m R*E

of  Weight 4
Reaction forces B8N gf plank -
Weight of plank 1
Weight of Bryant

014 | Taking moments about the brick,
b | 150x0.78 + 620 x d = 300 x 1.56 1
d=05"Tm 1
cq is 0.99 m from toes 1
3

1

O14c | As he gets up, his centre of gravity is shifted to the right closer to the
scale, so the reading increases.
014 | Total up forces = total down forces

d H*ﬂﬂﬂ=ﬁ?ﬁ*15ﬂ 1
R=470 N
Reading on the scale = 47 kg 1
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2 GMS(S)Phyeics/P1/EOY/2016/3E

1 Whatis the correct unit for the quantity shown?

guantity uril
A electromotive force (e.m.f.) N
B latent heat J
c pressure “kalm?
D weight kg

2 Asimple pendulum takes 34.0 s to complete 20 oscillations.

What would be the period of the pendulum if the mass of the pandulum bob was
doubled and the experiment repealed?

A 085s B 1.7s C 34s D ©68s

3  The diagram below shows the speed time graph of a stone released from a certain
height and hit the ground in 4 seconds.

speed/ms”
L

B

» lime/s
At what height was the stone released? (lgnore air resistance)

A 20m B 40m C 80m D 160m

4 A box of mass 2 kg is pushed with a force of 10 N on a rough surface. It
accelerates from rest to a speed to 10 m/s after 5 seconds.

What is the frictional force acting on the box?

A  ON B 4N C 6N D 10N
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3 GMS{S)Physics/P1/EQY/2016/3E
5 The graph shows how the velocity of a ball varies with time.

A

AN

velocity

Which of the following situations is best illustrated by the graph?

The ball is releasad from a height.
The ball is thrown upwards.

The ball is thrown down from a height.
The ball rolls down a slope.

o0 om>»

6 Two tug boats were pushing a sand barge, S, with 5000 N forces each. The
forces are acting at an angle of 120° from one another as shown below.

S000 N 5000 M

What is the value of the resultant force acting on the sand barge?

A 4000 N B 5000N C S500N D GOOON

A
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4 GMS(S)/Physics/P1/EQY/2016/3E

T  Two blocks X and Y, of masses m and 4m respeclively, are accelerated along a
smooth horizontal surface by a force F applied lo block X as shown.

What is the magnilude of the force exerted by block Y on block X during this
acceleration?

A FI5 B 2F/5 C 3F5 D 4F5

8 When a solid X of mass 12 g is immersed in a displacement can filled with water, it
displaces the same volume of water as a solid Y of mass 8 g.

What can be deduced about the densities of solids X and Y7

A Both X and ¥ have the same density

B The density of X is greater than Y by 4 g/em*.

C  The density of X is one and half times the density of Y.
D The density of Y is one and half times the density of X.

9  An object weighs 16 N on the moon where the acceleration of free fall is 1.6 m/s?,

How much will it weigh on Earth where the acceleration of free fall is 10 m/s*?

A 16N B 256N C 100N D 160N

10 The position of the centre of gravity of an object

always lies within the body object.

depends on the weight of the object.

depends on the distribution of mass.

depends the gravitational field strength around the object.

o O @ >

SA2 Geylang Methodist School 139



5 GMS(S)Physics/P1/EQY/2016/3E

11 A stretched spring is attached to one end of a metre rule as shown. A weight W is

hung at the other end. The metre rule is pivoted at the centre and remains
horizontal.

metre rule

/& spring

pivot
+ fixed to floor

The weight W is moved towards the pivot.

How does the force in the spring change?

[ force in spring direction of spring force
acting on metre rule

A increases down

B decreases down

c increases up

D decreases up

12 The figure below shows two identical rectangular wooden blocks X and .
Block Y has a layer of lead attached to its base.
The blocks were tilted about edges PQ as shown in the figure.

Which of the following statements is true?

X and Y will topple together at the same angle.

X will topple over at a smaller angle of filt compared to Y,
Y will topple over at a smaller angle of tilt compared 1o X.
Both will not fopple over.

o0 m>»

30
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6 GMS(S)/Physics/P1/EOY/2016/3E

13 A cart of mass M on a frictionless track is al rest at the top of a hill of height hs, as
shown in the diagram. It starts moving down the first slope towards the second hill
of height hz.

What is the kinetic energy of the cart when it reaches the top of the next hill with a
height of ha?

A Mg(hza=hs) B Mghz C Mg(hi=hz) D Mg (hi—ha)

14 A box of mass 2 kg slides down a slope from rest as shown below.

dm 5m

4m

Given that friction along the slope is 3.2 N, what is the speed of the box at the foot
of the ramp?

A B.63m/s B 7.10mis C 7.75mls D 872mis

15 An electric motor fifts a load of 1000 N through a vertical height of 2.0 m in 10 s.
The input power to the motor is 500 J/s,

What is the efficiency of the crane?

A 10% B 40% C 50% D 60%
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7 GMS(S)Physics/P1/EOY/2016/3E

16 A block of dimension 0.2 m by 0.3 m by 0.4 m rests on the fioor as shown in the
diagram below. The block has density of 6000 kg/m?®.

03m

02m
D4Am

What is the pressure exerted by the block on the floor?

A 1800 Pa B 18000 Pa C 100000 Pa D 1000000 Pa

17 The RSS Archer submarine is cruising at a depth of 65 m. The density of seawater
is 1020 kg/m?® and atmospheric pressure is 1 x 10% Pa.

What is the pressure acting on the submarine at this depth?

A 66300 Pa B 166300 Pa C 663000 Pa D 763000 Pa

18 In the figure below, a column of air 14.0 cm long is trapped in a capillary tube by a
thread of mercury 19.0 cm long. The atmospheric pressure is equivalent to 76.0 em
Ha.

I‘l&ﬂ cm

14.0 ﬂmI

What is the pressure of the air in the tube?

A  14.0cm Hg B 57.0cmHg C 620cmHg D 950cmHg
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8 GMS(S)/Physics/P1/EQY/2016/3E
19 The diagram below shows a constan! volume gas thermometer,

What is the thermometric property used in this thermometer?

valurne of gas

height of mercury

A
B  volume of mercury
c

D pressure of gas

20 A gasis heated in a rigid sealed vessel.

What happens to the intermal energy and density of the gas?

internal energy density
A remains constant remains constant
B remains constant decreases
c increases remains constant
D increases increases

21 Air is enclosed in a cylinder and the piston is pushed down slowly at constant
temperature untll the volume is halved.

Which of the following is true?

A The average kinetic energy of the molecules is doubled.

B  The averaga number of molecules per unit volume is halved.
C  The number of collisions per unit area is doubled.

D

The total force exerted by the molecules on the piston is unchanged.
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22 Which statement describes the motion and the arrangement of the molecules in a
solid?
A Molecules vibrate about fixed positions within an orderly amangement.
B Molecules vibrate about fixed positions within a random arrangsment.
C Molecules move randomly within an ordered arrangement.
D  Molecules move randomly within a random arrangemant.

23 A malch would ignite if it was held 10 cm above a bunsen flame but would not
ignite if held 10 cm to one side of the lame. This is because there is more heat

energy transferred by
A conduclion B corvection
C diffusion D radiation

24 The diagram below shows a glass tube with two thermometers inserted at X and Y.

The air in the glass tube has an initial temperature of 25 *C. The glass tube is then
heated for ane minute.

thermometer

glass tube

tharmometer

smal| hole
in the plug

Which of the following shows the most likely temperatures recorded by

thermometers X and ¥?
temperature at X/ *C temperature at Y / *C
A 25 25
B 25 45
C 45 a5
> 45 45
-4-1
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25 ° In which of the following is most of the heat transferred by conduction?

keeping warm beside a fire place
boiling of water in a kettle
frying of an egg on a metal pan

‘2 0@ >

heating of food in a microwave oven

26 Two blocks of copper, A and B, each receives the same amount of energy E. The
. mass of A is twice the mass of B. The temperature rise of A Is hall the lemperature

rise of B.
Mass =700 g Mass =350 g
Temperature Rise = 40.0 K Temperalure Rise = 80.0 K
A B

fE I E
Which slatemeant aboul A and B is incorrect?

The specific heat capacity of A is the same as the specific heal capacity of B.
The heal capacity of A is the same as the heal capacity of B.

Both A and B have the same specific latent heat of fusion.

The heal capacily of A Is twice the heat capacity of B.

oo w>»

27 Anice cube at a temperature of 0 °C is put into a drink at a temperature of 10 “C.
After a short time during cooling, some of the ice has melted and the drink has
cooled to a temperature 8 °C.

What is the temperature of the remaining ice?

A 0°C B 2°C C 4°C D 8-C
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28 A small amount of alcohol and water are al the same temperature. Which of the
following statement best explains why the aicohol feels cooler when placed on the
hand as compared to water?

Alcohol has a lower boiling point than water.

Alcohol is a better conductor of heat compared to water,

Alcohol has a higher specific latent heat of vaporisation than water.
Alcohol evaporates more readily than water.

L I e N T -

29 A student stands at point X as shown in the diagr-am below.

2

mirror
Which of the pins, 1, 2, 3, 4 or 5, will he be able to see in the mirror?

pins 1,2 and 3
pins 2, 3and 4
pins 3, 4and 5
pins 2,3, 4and 5

o0 m>P

30 A ray of light passes through from air to glass as shown in the following diagram
below (which is not 1o scale).

Given that x = 20° and y = 40°, what is the refractive index of the glass?
A 0.53 B 146 c 153 D 187

End of paper
)
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SECTION A
Answer ALL questions in this section in the spaces provided.

1 A5 kg parcel is dropped off vertically from a helicopter 600 m above the ground at
time t = 0 s. After some time of falling through the air, its parachute is deployed by
remote control. The speed-time graph for the first 25 seconds of its journey through
the air is shown in Fig. 1.1 below.

speed (m/s) S
A :
JTHAELE .',.|_.._jr+4_. [ P e [ .f:
'__I-‘j‘:._____r "“|I 111 : ]-.‘ : 1; {'- :| :-all
a0 |- s e
NEEE AR ENE N AN I3 NN
(A TN s i GeRE Nkt
a'ﬂ _"_Lil PR 1 1I . Bl 1 ']
T L e e i
A S T L S = Nt i e b
T e e T R N T T
10 I'; I.:_.,_;,:.rr.,_.,.:i_. ALRERE AR H — -_':.,..:.;;.4_T |
'_i"r“‘f T r‘:"r" et - + 111 -
1 1 ! E ] ! L H RS NER R
0 5 10 15 20 time (s)

" Fig. 1.1
(a) s the object free-falling at any point during the first 25 seconds?

Explain your answer clearly wilh reference lo Fig. 1.1 above.

[3]
(b) State the time at which the object first achieves terminal velocity.
1]
(c) Explain, in terms of forces, how the object achieves the first terminal
velocity.
3]
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(d) Explain, in terms of forces, why the object experiences deceleration at time
125s.

3)
2 Fig. 2.1 shows a cube with sides 8 cm, made of substance X. Substance X has a
density of 12.5 glcm®.
,""-
/’/{i::;}
8cm
Fig. 2.1
The cube has a hollow spherical centre with a volume of 65 cm?,
(a) Find the mass of the cube with the hollow spherical centre.
mass = [2]

15

SA2 Geylang Methodist School
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(b) The hollow spherical centre is then filled with su_bsfénte Y, which has a
density 5 glcm®.

Calculate the average densily of the block with the substance Y filled in the
centre. :

density = 3]

3 Fig. 3.1 shows a student, of weight W N, standing 0.30 m from end A of a
uniform plank AB. :

¢ 0.50 m -
v 1 %
A7 fx;‘.////fﬁ TITITITT T B

1

0.30 m 0.20 ml
L ' i
I B0 N TOMN !
oW |
=. 20m !

Fig. 3.1

The plank has a weight of 80 N and length 2.0 m. A pivot P supports the plank
and is 0.50 m from end A. A weight of 70 N is moved to balance the weight of the
student. The plank is in equilibrium when the 70 N weight is 0.20 m from end B.

Calculate the weight of the studentL

weight = [3]
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4 Fig. 4.1 shows a conveyor belt moving boxes, each of weight 80 N, A motor is
used to keep the conveyor belt moving continuousty,

motor

Fig. 4.1

(a) Calculate the increase in gravitational potential energy of a box when it
moves from position.A 1o position B.

gain in GPE = [2]

(b) The conveyor belt is able to move 4 boxes from position A to B in 1.0
minute. Determine the power output of the motor.

powers__ I 4 |

5 The stem of a thermomeler is graduated in centimetres. It registers 1 cm when the
bulb is -10 °C and 25 cm when the bulb is in steam at almospheric pressure.

What is the temperature in °C when the thermometer registers 18 em?

3t  temperalure = -2
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6 Fig. 6.1 below shows the armangement of particles of a particular substance as it is

cooled.
Time Temperature | State(s) of
elapsed | Arrangement of particles 1*c substance
| min —
0 50 Al liquid
5 10
10 "
15 10 All solid

Fig 6.1
{a) Complete the table.

(b) Name the process which is occurring from t = 5 min to t = 15 min.

(c) Explain how you arrived at your answer in part (b). Which component of
internal energy has been changing?

SA2 Geylang Methodist School
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T Fig. 7.1 shows a method of heating 2 room using sclar energy instead of conventional
sources of energy during cold weather in temperate countries. A brick wall with a
blackened surface is placed behind a double-glazed window facing the Sun. During
the day, the wall stores energy received from the Sun as thermal energy. At night, the
heat from the blackened surface [s transferred to the air next to it.

2 ceiling ll

gap— o double-glazed
] - o
room ;
waill o surface
1 :
S o ]

Fig 7.1

(a) Explain how the blackened surface helps to heat up the rmm during the
night. "

[2]

(b) Describe how the heated air nexi to the wall is transferred throughout the
room during the night.

(c) The double-glazed window consists of two sheels of glass which traps a
layer of air between them.

Explain how the double-glazed window helps lo reduce heal loss in the
room during the night.

_ 2]

i
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8 The diagram below shows a large reclangular tank conlaining a transparent liquid. A
plane mirror is placed along the bottom of the tank. A ray of light is incident on the
surface of the liquid at an angle of 35° as shown below.

liquid ~———

mirror

F Al i A S A A A T A

Fig 8.1

(a) If the refractive index of the liquid is 1.47, calculale the angle of refraction as
the light ray enters the transparent liquid.

angle of reflection = [2]

(b) Complete the diagram above to show the path of the ray of light until it

emerges from the surface. Indicate all the angles with their respective
normals. (You need not measure the angles to scale).

(2]

End of Section A
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SECTION B
Answer all the questions in this section
Write your answers on the writing papers provided.

9 Fig. 8.1 shows a helicopter with a mass of 1000 kg. Tha rotation of the blades can
produce a maximum upward force of 18 kN. .

Fig9.1

(a) The helicopter is stationary with its stands resting on the ground, The weight
of the helicopter is one of the two forces that form an action-reaction pair of
forces.
Describe the other force of this action-reaction pair. i 2}

(b) Explain using Newton's third Law, how the helicopter pmduoéa an upward
force. . 2]

(c) The piiot flying the helicopter has a mass of 80 kg.

(i) Whatis the minimum upward force the helicopter must produce in
order to fift off? (1

(ii) What is the highest possible upward acceleration using the maximum [2]
upward force? -

(d) Afier applying the maximurm upward force for 10 s, the helicopter is in the
air, The pilot then decidesto hover the helicopter at a fixed height.

Using Newton's first Law, explain how this can be achieved. [3]
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10 Fig.10.1 below shows an electric boller in a kilchen.

bailer

J
7

The boiler conlains 35 kg of water at 28 *C.
The specific heat capacity of water is 4200 Ji(kg °C).
The specific latent heat of vaporization of water is 2.26 MJ/kg.

(a) Calculate the thermal energy needed lo raise the temperature of the water
from 28 °C to its boiling point.

(b) The water in the boiler is heated by a 7200 W immersion heater.

Calculate the minimum time required for the heater to bring the waler lo its
boiling point.

(c) Suggest one reason why the actual time is greater than the minimum time
calculated in (b).

(d) Due to a fault in the thermostal setting, the heater is not deaclivated when
the water reaches its boiling point and steam is produced.

Caloulate the mass of the water left in the boiler 5 minules after steam s
first produced. .

(e) Suggest a mechanical safety feature that would prevent any danger crﬂatati
by the fault in (d).

SA2 Geylang Methodist School
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11 A light ray is incident upon a trianguiar glass block with a speed of 3 x 10° mis as
shown in the Fig 11.1 below (not to scale). It was found that the speed of light in the
glass block is two-third that of the speed of light in air.

B
glass
— block
c
Fig 11.1
(a) Explain what will happen to the light ray as it enters the glass block. [2]
(b) Determine the refractive index, n, of the glass block. Hence, find the angle
of refraction of the light ray after passing through point P. [4]
() Calculate the critical angle of the glass block. 1]
(d) Complete the path of the light ray from point P in Fig 11.1 and show what
happens on the side AC. Indicate all angles and normal clearly, [3]
END OF PAPER
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1  What is the correct unit for the quantity shown?

quantity unit
A electromotive force (e.m.f.) N
: latent heal J
c pressure ka/m?®
D weight kg

2 A simple pendulum takes 34.0 s to complete 20 oscillations.

What would be the period of the pendulum if the mass of the pendulum bob was
doubled and the experiment repealed?

A 085s “1,75 C 34s D 68s

3 The diagram below shows the speed lime graph of a stone released from a cenain
height and hit the ground in 4 seconds.

speed/ms?
.

* timels

) IR

At what height was the stone released? (lgnore air resistance)

A 20m B 40m BDrn D 1680m

4 A box of mass 2 kg is pushed with a force of 10 N on a rough surface. It
accelerates from rest 1o a speed to 10 m/s after 5 seconds.

What is the frictional force acting on the box?

A ON B 4N GN D 10N
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5  The graph shows how the velocity of a ball varies with time.

A

N

velocity

Which of the following situations is best illustrated by the graph?

A The ball is released from a height.
The ball is thrown upwards.

C  The ball is thrown down from a height.

D The ball rolis down a slope.

6 Two tug boats were pushing a sand harge, S, with 5000 N forces each. The
forces are acting at an angle of 120° from one another as shown below.

S000 N S000 N

What is the value of the resultant force acting on the sand barge?

A 4000N Esnuum C 5500N D 6000N

¥

162
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7  Two blocks X and Y, of masses m and 4m respectively, are acceleraled along a
smooth horizontal suface by a force F applied 1o block X as shown.

What is the magnitude of the force exerted by Block Y on block X during this
acceleration?

A FI5 B 2Fi5 C 3F/5 “45*5

8  When a solid X of mass 12 g is immersed in a displacement can filled with water, it
displaces the same volume of water as a solid Y of mass 8 g.

What can be deduced about the densilies of solids X and ¥'?

A  Both X and Y have the same density
B  The density of X is greater than Y by 4 glcm?®.

The density of X is one and half times the density of Y.
D Thedensity of Y is one and half times the density of X.

9  An object weighs 16 N on the moen where the acceleration of free fall is 1.6 m/s?,

How much will it weigh on Earth where the acceleration of free fall is 10 m/s??

A 16N B 256N 1GGN D 160N

10 The position of the centre of gravily of an object

A  always lies within the body object.
B depends on the weight of the object.
depends on the distribution of mass.
D depends the gravilational field strength around the object.
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11 A stretched spring is atlached to one end of a meatre rule as shown. A weight W is

hung at the other end. The metre rule is pivoted at the centre and remains
horizontal.

metre rule

& spring

The weight W is moved towards the pivot.
How does the force in the spring change?

foree in spring direction of spring force
acting on metre rule
A increases down
B decreases down
increases up
D decreases up

12 The figure below shows two identical rectangular wooden blocks X and .
Block Y has a layer of lead attached to its base.
The blocks were lilted about edges PQ as shown in the figure.

x

Which of the following statements is true?

A XandY will topple together at the same angle.
“ X will topple over at a smaller angle of lilt compared fo Y.,

C Y will topple over at a smaller angle of tilt compared to X.
D  Both will not topple over.

g2
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“ 43 A cart of mass M on & frictionless track is al resl at the lop of a hill of height hy, as

shown in the diagram. It starts moving down the first slope towards the second hill
of height hz.

What is the kinetic energy of the cart when il reaches the top of the next hill with a
height of hz?

A Mgihze-hs) B Mghz Mg{h-.—hz} D Mg (h:—ha)

14 A box of mass 2 kg slides down a slope from rest as shown below.

NS

am ™~

.

4m

Given that friction along the slope Is 3.2 N, what is the speed of the box at the foot
of the ramp?

“ 6.83 mis B 7.10m/s C 7.75mls D 872mis

15 An electric motor lifts a load of 1000 N through a vertical height of 2.0 m in 10 s.
The input power to the molor is 500 J/s.

What is the efficiency of the crane?

A 10% Ew% C 50% D 60%

SA2 Geylang Methodist School
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16 A block of dimension 0.2 m by 0.3 m by 0.4 m rests on the floor as shown in the
diagram below. The block has density of 6000 kg/m?®.

03m

D2m

04m

What is the pressure exerted by the block on the fioor?

A 1800 Pa “mﬁDIJPa C 100000 Pa D 1000000 Pa

17 The RSS Archer submarine Is cruising al a depth of 65 m, The density of seawater
is 1020 kg/m® and atmospheric pressure is 1 x 10° Pa.

What is the pressure acting on the submarine at this depth?

A 66300 Pa B 166300 Pa C ©B83000 Pa “?Eamu Pa

18 In the figure below, a column of air 4.0 cm long is trapped In a capillary tube by a

thread of mercury 19.0 em long. The atmospheric pressure is equivalent to 76.0 cm
Ha.

119.(} cm
|

14.0 t:mI

What is the pressure of the air in the tube?

A 140cmHg B 570cmHg C 620cmHg “ 95.0 cm Hg

3
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19 The diagram below shows a constant volume gas thermometer,

What Is the itnermumelril: property used In this thermometer?

A
B
Cc

volume of gas
volume of mercury
heighi of mercury
pressure of gas

20 Aqgasis hea't-ad in a rigid sealed vessel.

What happens to the internal energy and density of the gas?

internal energy density
M remains constant remains constant
B remains constant decreases -
increases remains constant
D increases increases

21 Air is enclosed in a cylinder and the piston is pushed down slowly at constant

temperaiure until the volume is halved.

Which of the following is true?

A

The average kinetic energy of the molecules is doubled.
B  The average number of molecules per unit volume is halved.

(Sl The number of collisions per unit area is doubled,

D

The total force exerted by the molecules on the piston is unchanged.

SA2 Geylang Methodist School
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22 Which statemant describes the motion end the arrangement of the molecules in a
solid?
Molecules vibrate about fixed positions within an orderly arrangsment.
B Molecules vibrate about fixed positions within 2 random arrangement,
C  Molecules move randomly within an ordered arrangement.
D  Molecules move randomly within a random arangement.

23 A match would ignite if it was held 10 cm above a bunsen flame but would not
ignite if held 10 cm to one side of the flame. This Is because there is more heat

energy transferred by
A conduction “ convection
C  diffusion D  radiation

24 The diagram below shows a glass tuba with two thermometers inserted at X and Y.
The air in the glass tube has an initial temperature of 25 °C. The glass tube is then
heated for one minute.

thermometer

small hole
in the plug

Which of the following shows the most likely temperatures recorded by
tharmometers X and Y7

temperature at X / °C temperature at Y / *C
A 25 25
25 45
c 45 35
D] o 45 45
gl
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25 In which of the following is most of the heal transferred by conduction?

A keeping warm beside a fire place
B  boiling of water in a ketile

frying of an egg on a metal pan
D  heating of food in a microwave oven

26 Two blocks of copper, A and B, each receives the same amount of energy E. The
mass of A is twice the mass of B. The temperature rise of A is half the temperature

rise of B,
Mass =700 g Mass=3504¢g
Temperature Rise = 40.0 K Temperalure Rise = 80.0 K
A : . B

I O B

Which statement about A and B is incorrect?

A The spedific heat capacity of A is the same as the specific heal capacity of B.
The heat capacity of A is the same as the heat capacity of B.

C Both A and B have the same specific latent heat of fusion.

D  The heal capacity of A Is twice the heal capacity of B.

27 Anice cube at a temperature of 0 °C is put inte a drink at a temperature of 10 °C.
After a short time during cooling, some of the ice has melled and the drink has
cooled fo a temperature 8 °C.

What is the temperature of the remaining ice?

uﬂc B 2°C C 4°C D 8°C
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28 A =small amount of alcohol and water are at the same temperature. Which of the
following slatement best explains why the alcohol feels cooler whan placed on the
hand as compared 1o water?

A Alcohol has a lower boiling point than water.
B Alcohol is a beller conductor of heat compared to water,

C .- Alcohol has a higher specific latent heat of vaporisation than water.
“ Alcohol evaporates more readily than watar.

29 Astudent stands at point X as shown in the diagram below.

2

mirror
Which of the pins, 1, 2, 3, 4 or 5, will he be able 1o see in the mirror?
A pins1,2and 3
B pins2, 3and4
pins 3,4and 5
D pins2 3, 4and5

30 A ray of light passes through from air to glass as shown in the following diagram
below (which is not to scale).

=
/

glass

Given that x = 20° and y = 40°, what is the refractive index of the glass?

A 053 1.45 C 153 D 187

End of paper
45
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SECTION A
Answer ALL questions in this section in the spaces provided.

1 A5 kg parcel is dropped off vertically from a helicopter 600 m above the ground at
time t = 0 s. After some lime falling through the air, its parachute is deployed by
remote control. The speed-time graph for the first 25 seconds of its journey through
the air is shown in Fig. 1.1 below.

speed (m/s)
* 1
R ER T R T T A TR T -
B R B A R N Y W B S R e N
F U e TR R bl
40 B o X X S 2 B A E S W
. .—i:-l- -_Iﬁ-fu L : ...I..I.'. > 13 _— J!Ia-l ; Fe
C R N e e R
30 - e B -
o : o o e o o
T N T i I
20 § A N =T E R U o B
T T T N
IRF4RERARERERERRARAN K EARBaR, § IR REERRREAES
10 Frim e
N S EE SN Y S Fien N B R ey ena i
0 5 10 15 20 time {s)
Fig. 1.1

(a) Is the objsct free-falling at any point during the first 25 seconds?
Explain your answer clearly with reference to Fig. 1.1 above.

Mo. Free falling means the only force acting on the object is its own

weigh. [1] The graph will show a positive conslant acceleration. [1] The

graph does not show any positive constant acceleration throughout the

25s.[1]

(b) State the time at which the object first achieves terminal velocity.
At 10s. [1]

(c) Explain, in terms of forces, how the object achieves the first terminal
velocity.

As the object starls falling, it accelerales due to the gravitational force. [1]

As its speed increases, air resistance acling on it in the opposite direction

starts to increase. [1] When the air resistance equals the its weight in

magnitude, there is zero resultant force and it falls with constant velocity. [1]
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{d) Explain, in terms of forces, why the ﬁhjec! experiences decelaration at time
125s.

At 12.5 s, the parachule is deployed. [1] The increase in surface arsa

causes the air resistance to increasg-an:i exceeds the object's weight. [1]

This gives a resultant force in the upward direction, causing the object to

decelerate. [1]

2 Fig. 2.1 shows a cube wilh sides 8 cm, made of substance X, Substance X has a

density of 12.5 g/cm®.
.
/-’{E'_:}
65cms—
8cm
Fig. 2.1

The gube has a hollow spherical centre with a volume of 65 cm?®.
(a) ‘Find the mass of the cube with the hollow spherical centre.
vol=8x 8 x B - 85 cm?® = 447 cm?® [1]

mass =447 x 12.5g=55875g [1]

mass = __

81
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(b) The hollow spherical centre is then filed with substance Y, which has a
density 5 glem?®.

Calculate the average density of the block with the substance Y filled in the
centre,

mass of substance Y =65x5g=325q [1]

total mass = 5587.5 + 3259 =5812.5q [1]
average density = 5912.5 / 512 glem® = 11.5 glem? [1]

density =

3 Fig. 3.1 shows a studenl, of welght W N, standing 0.30 m from end A of a

uniform plank AEB.
r 0.50m !
: :
A 2 B
10.30m 20 rr.‘
'F
L \ :
i WN 80N TON E
I 20m i
Fig. 3.1

The plank has a weight of 80 N and length 2.0 m. A.pivot P supports the plank
and is 0.50 m from end A. A weight of 70 N is moved to balance the weight of the
student. The plank is in equilibrium when the 70 N weight is 0.20 m from end B.
Calculate the weight of the student.

Since the plank is in equilibrium, sum of clockwise moments is equal to sum of
anti-clockwise moments about pivot P. [1]

BOx05+70x1.3=Wx02 [1]

W=665N [1]

weight =
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4 Fig. 4.1 shows a conveyor belt moving boxes, each of weight 80 N. A motor is
used lo keep the conveyor belt moving continucusly,

motor

Fig. 4.1

(a) Calculate the increase in gravitational potential enafgy of a box when it
moves from position A to position B.

gain in GPE =80 x6 J [1]
=480 J [1]

gain in GPE =

(b) The conveyor bell is able to move 4 boxes from position A fo B in 1.0
minute. Determine the power output of the motor.

power = work done [ lime

=(480 x4) /(1 xBO) W [1]
=32W [1].

power =___

5 The stem of a thermometer is graduated in centimetres. It registers 1 cm when the
bulbis -10 °C and 25 cm when the bulb is in steam at almospheric pressure.

What is the temperature in °C when the thermometer registers 18 em?
[100 = (-10)}/ (25— 1) = (100 -8) / (25— 18) [1]
6=679°C [1]

temperature =

8
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6 Fig. 6.1 below shows the arrangement of particles of a particular substance as it is

cooled.
time '
elapsed | amangement of particles tempe:rSMra I ::‘Ehi‘:t{:g.i
{ min
;, 0 50 All liquid
5 10 All Liquid [1)
10 10 Liguid & Solid
(1]
15 10 All sclid
Fig 6.1
(a) Complete the table. (3]

(b) Name the process which is occurring from t =5 min to t = 15 min.
Solidification m

(c) Explain how you arrived at your answer in part (b).
Which component of internal energy has been changing?

_The arrangement of the particles is changing from random to arderly. [1]

Internal potential energy is decreasing. [1]
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7  Fig. 7.1 shows a method of heating a room using solar energy instead of canventional
sources of energy during cold weather in temperate countries. A brick wall with &
blackened surface is placed behind a double-glazed window facing the Sun. During
the day, the wall stores energy received from the Sun as thermal energy. At night, the
heat from the blackened surface is transfarred (o the air next to it.

S ceiing
oap | —~dauble-glazed
roam
brick blackened
wall | surface
ﬁj . F,_ 1
e h:' L e R -

Fig 7.1

(a) Explain how the blackened surface helps o heat up the room during ﬁe
night.

Black surfaces are good emitter of radiant heat. [1]

Al night it will radiate heat to the room more efficiently. [1]

(b) Describe how the heated air next lo the wall is transferred throughout the
room during the night.

The heated air being less dense will fise and move through the top gap into

the reom. [1] Cooler air in the room bétng denser will sink and move through

the bottom gap into area next to wall. i".lj This sets up a convection current.

(¢} The double-glazed window consists of two sheels of glass which traps a
layer of air between them,

Explain how the double-glazed window heips to reduce heat loss in the
room during the night.

Alr between the two sheets of glass is a poor conductor of heat. [1]

This help to reduce heat loss from the room to surrounding by conduction.  [1]
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8 The diagram below shows a large rectangular tank containing a transparent liquid. A
plane miror is placed along the botiom of the tank. A ray of light is incident on the
surface of the liquid at an angle of 35" as shown below.

[1] correct angles, [1] comecl arrows

liquid

Fig 8.1

(a) I the refractive index of the liquid is 1.47, calculate the angle of refraction as
the light ray enters the transparent liquid.

sini / sinr = 1.47 [1]

r=sin? (sini / 1.47) = 23.0° [1]

angle of reflection =

(b) Complete the diagram above to show the path of the ray of light until it
emerges from the surface. Indicate all the angles with their respective
normals. (You nead not measure the angles to scale). 2]

End of Section A
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SECTION B
Answer all the questions in this section
Write your answers on the wriling papers provided.

9 Fig. 9.1 shows a helicopter with a mass of 1000 kg. The rotation of the blades can
produce a maximum upward force of 18 kN.

Fig 9.1

(a) The helicopter is stationary with its stands resting on the ground. The weight
of the helicopter is one of the two forces that form an action-reaction pair of
forces.

Describe the other force of this action-reaction pair.
The other force is the attractive force[1] the helicopter exerts on the Earth.  [1]

(b) Explain using Newton's third Law, how the helicopter produces an upward
force.
The blades pushes air down, and based on Newton's third Law,-the air wail
exert an equal force on the blades upwards. [1] This force gives the
helicopter an upward force since the blades are attached to the helicopter.
(1

(c) The pilot flying the helicopter has a mass of 80 kg.
() What is the minimum upward force the heficopter must produce in
order 1o lift off? 7

force = 1080 X 10 = 10800 N [1]

(i) What is the highest possible upward acceleration using the maximum
upward force?
Fret = 18000 - 10800 = 7200 N [1)
a = 7200 /1080 = 6.67 m/s? [1]

(d) Afer applying the maximum upward force for 10 s, the helicopter is in the
air. The pilot then decides o hover the helicopler at a fixed height.

Using Newton's first Law, explain how this can be achieved,

Based on Newton's first Law, there should be no resultant vertical force
acting on the helicopter in order for it to stay at a fixed height. [1] The pilot
need to reduce the upward force [1] until the upward force balances the
weight / is 10800N. [1]

gv
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10 Fig.10.1 below shows an electric boiler in a kitchen.

beodier

% Z
The boiler contains 35 kg of water at 28 “C.
The specific heat capacity of water is 4200 J/(kg "C).

The specific latent heat of vaporization of water is 2.26 MJ/kg.

(a) Calculate the thermal energy needed lo raise the temperature of the water
from 28 “C to its boiling point.
Q = mcab= 35 x 4200 x (100 — 28) [1]
= 10584000 J [1]

(b) The waler in the boiler is heated by a 7200 W immersion heater.

Calculate the minimum time required for the heater to bring the water to its
bolling point.

time = 1058400 / 7200 [1]

= 14705 =24.5min [1]

(c) Suggest one reason why the actual time is greater than the minimum time
calculated In (b).

Heat is lost to the surrounding. [1]

(d) Due to a fault in the thermoslat setting, the healer is not deactivated when
the water reaches its boiling point and steam is produced.
Calculate the mass of the water left in the boller 5 minutes after steam is
first produced.

(1 =5 x 60 x 7200 = 2160000 J [1]
m=Q/k=2160000/2.26 x 10° [1]

=0.956 kg [1]

mass of water left = 35— 0.956 = 34.0 kg (3sf) [1]

(e) Suggest a mechanical safety feature that would prevent any danger created
by the fault in (d).

A release valve Is needed to prevent pressure build up in the boiler when
sleam Is produced. [1]
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11 Alight ray is incident upon a triangular glass block with a speed of 3 x 10® m/s as
shown in the Fig 11.1 below (not to scale). It was found that the speed of light in the
glass block is two-third that of the speed of light in air.

glass
— block

Fig 111

[1] each arrow [1] for correct angles

(a) Explain what will happen to the light ray as it enters the glass block.
Refraction will take place and the light ray will bend towards the normal. 1]

This happens because the speed of light in the glass block is lower than
that in air. [1]

(b) Determine the refractive index, n, of the glass block. Hencs, find the angle
of refraction of the light ray after passing through point P.
speed of light in the glass block is 2/3 of ¢,
usingn=c/lv [1]
=15 [1]
n = sini / sinr
1.5 =sin30 [ sinr [1]
r=sin" (sin30 / 1.5) = 19.5° [1]

(c) Calculate the critical angle of the glass block.
n=1/(sinc)
¢ =sin' (1/1.5)=41.8° [1]

(d) Complete the path of the light ray from point P in Fig 11.1 and show what

happens on the side AC. indicate all angles and normal clearly. i3]
END OF PAPER
A
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Section A Multiple Choice Questions (35 marks)

Answer all the questions in this section on the Multiple Choice Answer Sheet provided.
1.

4.

A pendulum started swinging from position X attime t=0 s,
The period of the pendulum is 1.0 s.

i X
_—-""I
o

A stopwatch is used to record the time t when it starls swinging from position X to position

Y. Which of the following is most likely lo be ths time (7

A D5s B 0.75s C 15s D 30s

Which pair of units both measure the same quantity?

N and kg.m/s?
glem® and Pa
m/s and N.m
WandJ

o0 m>»

Vernier calipers are used to measure the diameler of a ball-bearing.

Diagram 1 shows the calipers when the jaws are closed.
Diagram 2 shows the calipers when the ball-bearing is between the jaws.

cn O

1 em 2 3
J‘lunm;ll‘nn l”“'”!'.';'.'l'ﬂ

IIIIlII |EII|

diagram 1 diagram 2
Whal s the diameter of the ball-bearing?

A 231em
B 241om
C 243cm
D 245cm

How many of the following instrument(s) measure veclor quantities?

=

g
@
B 2 C 3

2

SA2 Innocents' High School

184



5. A sirip of paper tape is pulled at constant speed under a vibrating arm. The ann vibrales
regularly, making 50 dots per second.

20 cm | dot
i
- . . . . . . - . J’Y - .

What is the speed of the tape?

A D4cmis B

100 cmis C 200cm/s D 250cm/s

6. The diagram below is a speed-time graph of a car.

speed / ms?

25 —
20+
154
104
5-..
4]

1 T T T T
0 1 2 3 4 &
time /s

Vihat is the acceleration of the car?

A Oms?

B 5ms? Cc 7.5ms? D 125 ms?

7. Arock Is released from air and falls through waler.

Which row shows the change in acceleration and velocity of the rock immediately after it

enters the waler?
acceleration velocily
A decreases decreases
B decreases increases
4 increases decreases
D increases Increases
3
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8. A ball is released st a height and hits the ground at time 1. The ball then bounces up,
The diagram below is a speed-time graph of the ball.

speed

0 - -
0 t lime

Which of the following is the correct velocity-time graph of the ball?

A C
[ i
velocity ' velocity
0 : - 0
1] t time
B
velocity ? velocity
0 : — 0
R

9. A baby uses his hands to crawi forward,

Which arrow indicates the direction of the force of friction acting on one of his hand?
J"'-_\“\

10. At lift off, the mass of a small waler rocket is 2.5 kg. The rocket experiences an upward
thrust of 45 N. The gravitational field strength g Is 10 N/kg.

Which is the initial acceleration of the rocket?

A 0.055 ms? B Bms? C 10 ms? D 18ms?
g 13
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11. A parachutist jumps off a plane and falls towards the ground.
At this moment, which statement about the forces acting on him is correct?

A There are no forces acting on the parachutist

B The upward force on the parachutist is equal to the weight of the parachutist.

€ The upward force on the parachutist is lesser than the weight of the parachutist.
D The upward force on the parachulist is more than the weight of the parachutist.

12. When an aeroplane lands, it requires to travel some distance before coming to a slop.
Which property of the aeroplane causes this requirement?

A density
B mass

C pressure
D weight

13. A doughnut and bun, of the same thickness and diameter are made from the same dough.

doughnut bun
Compared to the bun, the doughnut has

the same density but lesser volume and mass.

the same mass but lesser densily and volume,

the same volume but lesser density and mass.
lesser mass, volume and density,

OO o>

14, The graph shows the variation of volume with temperalure for a fixed mass of solid.

T I | T I

temperalure | °C
From the graph, It can be seen that the density of the solid reaches
a minimum value al 3 °C.
a minimum value at 5 °C.

A
B
C amaximum value at 0 °C.
D amaximum value at3°C.
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15. A deep ocean vessel of weight 7.00 x 10* N at the surface of the ocsan descends to the
bottom of the ocean. The gravitational field strength changes from 9.81 Nkg at the
surfaca to 9.85 N/kg &t the bottom,

Which are the mass and the waighl of the vessel al the bollom of the ocean?

mass al the botiom | weight at the boltom /
__Ikg N
A 7.11 x 10° 7.00 x 10°
B 7.11 x 10° 7.03x 10
C|  7.14x10 700X 10"
D 7.14x10° 7.03 x 10¢

16. Which statement about gravitational fields is not trua?

A Gravitational fields cause forces on objects because they have mass.

B Only planets and slars have gravitational fields,

C The gravitational field of the Earth acts inwards lowards the centre of the Earth.
D

The gravitational field stirength on the Earth Is more than on Moon because the
Earith has a larger mass than the Maon,

17. The same amount of force is exerled on a bicycle pedal al four different positions.
At which position Is the force exerling the most turning effect on the pedal?

P 4 |
& ® @

18. A container filled with water is resting on an inclined plane.
Where is most likely 1o be the centre of gravity of ihe container?

9y
6
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18, Four balls are placed along a track.
Which ball is &l stable equilibrium?

D

20. A cube of sides X cm each exerls a pressure P on a surface due o its weight.

A larger cube, made of same material, has sides 3X cm.

15 8

x 4|
x[/

-

X

What is the pressure exerted on the surface by larger cube?

A 3P B P c 3P D 27P

21. What is the atmospheric pressure measured by the baromeler?

2em} [ )

|Jroem

A T4cmHg B 76cmHg C B4cmHg D 86cmHg
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22. A hydraulic press is usad to support the weight of a car by applying a 10 N an 2 0.002 m*

piston,

0.002 m?

What is the weight of the car?

A 200N B 2000N C 20,000 N D 200,000 N

23. A bulb is being powered by a batlery.
Whal is the energy conversion in the bulb?

chemical polential energy to light and thermal energy
chemical potential energy to electrical energy
electrical energy to light and thermal energy

electrical energy to chemical potential and light energy

oOo>»

24. Which of the following does not use kinetic energy to generate electricity?

A hydroelectric dam
B solar panel

C lidal wave turbine
D wind turbina

25. Which of the following is an example where no net work is done?

A car moving at constant speed in a siraight line.
A man doing push-ups,

A crane lifting a load.

A bird lifting off from & tree branch.

OO ®m>

26. In a Brownian motion experiment, specks of light are observed and seen lo move around
randomly.

Which of the following best explains the observation?

The specks of light are dust particles which are moving randomly on their own.
The specks of light are air particles which are moving randomily.
The specks of lighl are dust particles which absorb the light 1o move around.

The specks of light are dust particles which are collided by unseen air particles
continuously,

oo m >
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27. Which of the following is not suitable as a thermometric property?

oOm P

volume of a liquid of fixed density

pressure of a gas of fixed volume

resistance of a meial

em.f. across two electrical junctions formed by two different metals

28, A thermometer is used to measure the temperalure of a beaker of waler which is heated
from 30°C 1o 100 °C.
What is the final temperature and temperature change in Kelvins?

final temperature / K temperature change f K
A 100 T0
B 273 343
C a7 70
D 373 343

20. The diagram below shows how the length of an unknown liquid changes with lemperature.

length

| I 1 i T
0 20 40 60 &0 100
lemperalure / °C

Which temperature range will the length of the liquid be suitable as a thermometric
property?

oo o>

0*Cto40°C

0°C to 100 °C
40°C to 80 *C
B0 *C {0 100 °C

30, An astronaut sull is white on the outside. This helps the astronaul o maintain his body
temperature when the astronaut s exposed directly to the sun.
Which of the following best explains how the suil works?

A
B
c
D

VWhite is a poor absorber so the astronaul gains heat slowly.
White is a poor radiator so the astronaul loses heat slowly.
White Is 2 good absorber so the astronaut gains heat slowly.
White is a good radiator 5o the astronaut loses heat slowly.
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31. A chamber with two open ends contains a lit candle and a thin plece of paper suspended
in the middle

=

After some time, the alr in the chamber moves and the paper starts to sway.
Which of the following explains how the paper would sway?

The paper will sway away from the candle as it heats up.

The paper will sway away from the candle as air near the candle sinks.
The paper will sway towards the candle as air near the candle rises.
The paper will sway to and fro as it continuously heats and cools down,

o0 ®>F

32. Four bars, all of different masses, are each placed with one end in boiling water.
The times taken for the temperature of the other end to increase by 5 °C are measured.

Which bar has the highest heal capacity?

mass / kg time/s
A 2 40
B 4 30
c 5 20
D 10 10

33. Which of the following decreases when a liquid Is being cooled above melting point?

the average kinetic energy of the molecules
the molecular size

the molecular mass

the tolal nurnber of molecules

o0Oo >

34. Which statement describes the boiling of water?

A It occurs at a fixed temperature and only on the surface.
It cecurs at a fixed temperalure and throughout the liquid.

B
C It occurs at any temperature and only on the sudace.
D it occurs at any temperature and throughout the liquid.

35. The energy released when steam changes into water al the same temperalure is called
latent heat of condensation.

What happens when this energy is released?

A Separate water atoms combine into molecules.

B The speed of the water maolecules decreases.

C  The temperature of the water molecules decreases,
D The waler molecules become closer to one another,

10 46
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Section B (35 marks)

Answer all the questions in this section in the spaces provided.

1 A motorised gear is used to run a conveyor bell as shown in Fig. 1.1.

Whenever the gear rolates 360°, it makes a click sound and the gear completes one

revolution.

{(a) An accuraie value tor the average lime for one complete revolution is obtained.

Describe whal measurements are taken and how they are used to find the

o %

Fig. 1.1

average lime for one complete revelution.

{b) A student calculates the average power of the gear.

(i) Apart from the measurement in (a) and distance lravelled for one revolution,

siate the olher measurement that is needead.

(i) State, in words, the equation needed to calculate the average power of the

gear.

{c) The gear rolates at a fixed rate which is very fast. Thus it is nol accurate lo
measure the distance traveiled by the bell directly. Suggest a more accurate

method lo delermine the distance travelled.
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2 In space, a rock moves in a straight line at consiant speed, However, the mation of the
rock changes as It approaches Earth as shown In Fig. 2.1.

original path without

path due lo the
Earth

Earth

Fig. 2.1 (not to scala)

(a) The gravitational field strength of Earth causes the motion of the rock to change.

(i)  State what is meant by the gravitational field strength of Earth.

(1)

(i) Describe, In terms of forces, how the gravitational field strength of Earth
cause the motion of the rock to change.

m

(iii) As the rock approaches Earth, it enters the almosphere. The rock
experiences the effects of air resistance and no longer gains speed.

Stale the energy change thal occurs and explain, using ideas about
conservation of energy, why the rock no longer gains speed as it falls
through the atmosphere.

[2]
(b} The rock eventually landed on Earth and found to be spherical in shape.
Its mass and diameter are measured to be 0.5 kg and 4.95 cm respectively.
()  Calculate the density of the rock. Give your answer in glom?,
(Volume of a sphere = 4/3 ar®)
densily = glem® [2]
12 93
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{il) The mass of pure iron of the same volume as the rock is 0.485 kg.
State and explain whelther the rock is made of pure lron,

1]
4 A S50 N cat sils in the middle of a 2 m plank supported by two pivels A and B as shown in
Fig. 3.1. The plank is of negligible weight.
- 2m -
: ik E
A B T e s e e e e 1 B
& plank &
Fig. 3.1 (not 1o scale)
{a) (i) Determine the moment acting on the bridge by the weight of the cat about the
pival A. Also, indicate the direction of this momenl.
moment = N.m [2]
direction of moment = (1
{iiy  There is an upward force acting on the bridge by pivot B.
Determine this fores and state any law or principle you used,
upward force = N [2]
(b) The cat then walks slong the plank towards pivot B.
Explain the change, if any, o the force calculated in (a)(ii).
|
(2]

13
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4 A car has four tyres which support the weight of the body. One tyre of the car is as shown

in Fig. 4.1.
tyre
\@ car body
contact area with ground ~ 08d
Fig. 4.1
Fig. 4.2 shows the contact area of one tyre with the ground 2t different air pressure inside
the tyre.
arealm? A
0.04
-
0 . -
0 100 200 300 400
pressure / kPa
Fig. 4.2

(a) (i) Ona particular day, all four tyres of the car are each inflated with an air
pressure of 200 kPa. Determine the weight of the car.

weight = N [2]

(i)  The contact area of the tyres has found to decrease after the car ravelled
a long distance. Sugges! a possible reason for this.

[1]

(b) A manometer filled with mercury is used to measure the pressure of one tyre when
the conlact area of that tyre is 0.02 m? as shown in Fig. 4.3.

atmosphere

to air inside

tyre

mercury

Fig. 4.3

14 9}
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Some alr Is released from the tyre,
The air pressure inside the tyre now becomes 88,640 Pa,

(i)

(i)

(iii)

Using Fig. 4.2 and 4.3, stale the almospheric pressure.

atmospheric pressure = Pa [1]

Determine the height difference in the mercury levels in both arms.
The density of mercury is 13,600 kg/m®.

height difference = cm [2]
Cn Fig. 4.4 below, draw (to scale) the mercury levels in both arms.

atmosphere

1o air inzide
tyre

Fig. 4.4 (1]

5 A game at a fun fair requires the participant to use a hammer 1o exert a force on a lever
to elevate a mass vertically, in order to hil the bell as shown below in Fig. 5.1a. The
mass is 10,0 kg and the bell is 4.0 m above the mass,

Fig. 5.1b shows the enlarged view of the lever,

bl \C-
i force by
hammer
4.0m mass
farce by
hammer mats.
L 15cm
Fig. 5.1a (nol to scale) Fig. 5.1b (not to scale)
15
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A man uses the hammer to exert a forca of 3000 N on the edge of the lever and the
mass start to rise vertically.

fa) (i) Determine the work done by the man on the lever.

work done = J 1M

()  Slate the amount of energy gained by the mass when the hammer just
struck tha lever.

&nergy gained = 4 1]

(b) (1) The mass rizes and hits the bell.
Determine the amount of kinetic energy that the mass has just before
hitting the bell. State any principle used in your calculation.

kinetic energy = J 8]
(i)  After hitting the bell, the mass is instantanecusly at rest. It then falls back

io the lever,
Determine the falling speed of the mass just before reaching the lever.

speed=___ ms" [2]

%9
16
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Section C (30 marks)

Answer all the questions in this section in the spaces provided.
Answer only one of the two altemative questions in Question B.

6 Two identical chambers are filled with unknown gases X and Y as shown in Fig. 6.1a and
Fig. 6.1b. The chambers are suppariing identical weights through movable pistons.

r

weight

chamber 1 filled

h with gas X

Fig. 6.1a (nol 1o scale)

weight

chamber 2 filled

with gas Y

|

Fig. 6.1b (not to scale)

Gas X has a higher relative molecular mass than gas Y.

(@) The temperatures of the chambers are slowly increased,
The height of the piston of each chamber h is measured al various temperalures.
Flg. 6.2 shows the readings oblained.

SA2 Innocents' High School

temperature / hiam

¢ chamber 1 | chamber 2

0 0.5 0.5
100 1.0 15
200 1.5 25
300 2.0 45
400 2.7 a7
500 2.6 6.0
600 43 6.0
700 4.3 6.0

Fig. 6.2
17
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()  Using dala from Fig. 6.2, describe the relationship between the temperalurs
and lhe height of the pislon of chamber 1.

1. for 0°C 10 300 °C,

2. for 400 °C to 700 °C.

2]

(i) The data in Fig 6.2 provides some evidence of a relationship between the
relative molecular mass of the gas and the maximum pressure exerted by the
gas, State this possible relationship.

(1)

(fii) At the same temperature (except for 0°C), in terms of kinetic model of matter,
explain why the prassure exerted by each gas is different.

2]

(b) The experiment is repeated with smaller chambers filled with the same amount of
gases. Flg. 6.3 shows the new readings obtained at low temperatures.

temperature / hicm

“C

chamber 1 | chamber 2

0 0.7 0.6

100 1.3 18

Fig. 6.3

()  Explain why the values of h at the same temperature are higher In Fig 8.3
than In Fig 6.2.

2]

18
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() Suggest one other difference that is seen when the readings at values of
temperature greater than 100°C are compared o those in Fig. 6.2.

11

(¢) Explain how the extremely small particles of the gases in the chambers are able 1o
support the weights.

(2

19
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7 For an event during the National Day Parade, a helicopter flies past near the stadium
with a flag altached via a cable as shown in Fig. 7.1. The helicopter and the flag move
in a straight line al a constant altitude with a constant speed of 240 km/h.

helicopter

cable

Fig. 7.1

(a) One force, the tension on the flag by the cable, is shown on Fig. 7.2,
The tension is 40,000 N and is 115° from the horizontal,
(The diagram Is not drawn to scale.)

lension 116°
flag
Fig. 7.2
(i) ©OnFig. 7.2, draw and label two other forces acting on the flag. 2]

(i) By considering the forces on the flag, explain why the speed of the flag
remains canstant.

12

el

20
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(i) In the space below, by means of a scale diagram, determine the magnitude
of the two other forces you have drawn in (1),

The magnitudes of the forces are N and N. [4]

(b) Describe the force that is the part of the action-reaction pair with the tension on the
flag by the cable, and state the body on which it acls.

2]

21
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8 Either

A metallic metre rule is held firmly al the 0 cm mark by & metal clamp while the 95 ecm

mark is being healed constantly as shown in Fig. 8.1. The temperature of the rule is
measursed at various pesitions along the rule.

0 cm mark metallic 85 cm mark
meire rule
]
metal clamp I consiant
supply of
.heat
Fig. 8.1 (not to scala)

Fig. 8.2 shows the temperature-position graph of the meltre rule with four -main points

ploited,
lemperatura/*C
200 B I }“{
i = I
%0 e e Erimis Rl e S
—— _.; .
120 b
T .S
= 2 e € e i
80 -e—'—'-__',__.. A i [
i 0 L L L
—-1——|~—— A — =
e wi hela 2 =
40 1 H 5 TS 1L IR | PO I
60 80 100
position f cm

Fig. 8.2

(a) () OnFig. 8.2, draw a line to complele the lemperature-position graph for
position = 0 em to posilion = 85 cm. The line passes through all four points. 2]

(i) State the mode(s) that thermal energy is lost to the surroundings al the 50
cm mark.

(1

1%
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(i) The rate of heat lost at 0 em is much greater than that at 50 cm mark.
Suggest a possible reason.

(21

(b) The metre rule is then removed and immersed complelely into & pail of water to
cool down.

A student then collects the following dala to eslimate the final temperature of the
water as shown in Fig. 8.3,

time taken for iemperature of metre rule to 2 minules
become constant

rate of heat lost by metre rule 3500 Ji=
heat capacity of the metre rule 800 JC

initial temperature of water an=C

specific heal capacily of water 4200 Jifkg °C)
mass of water in pail 25 kg
Fig. 8.3

() Determing the final temperature of the water.

final temperature = *C [3]

(i) Explain if the actual final temperature of the waler will be higher or lower
than the value calculated in (b)(i).

(2]

13
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& OR

A car slows down as it approaches a traffic light as shown in Fig. 8.4.
The values of the lime f when the car passes points A, B, C and D are marked on Fig.
8.4.

B c D
-

e
t=5s t=10s t=20s

Fig. 8.4 (not to scale)

Fig. 8.5 shows the velocity-time graph of the motion with four main points plotted.

40 Nt S —
¥l BEN! IS EE B .T._._:"-"l"__.._.,.'_.'_:.'
: 1 } H T e
' . by i I s (i
i HEm mm
i ' in = |3 E : W s B et
30 = — IL! . L ' T . L B i
velocity ms? (LU T T R T T
A A I a1 o i, b P
O 5 e B
IS pmm i s e O
jt e 1B .!.__.__ .;.i——. L_-.I. " e - E —E |
SRR SR ) ! - : el [ EAPU §
R Y e
ok A 7S e S B 8 e v oo e =
i =By i |
b - 1 1. ~= ".' d ___'__ 2l =i ey ik HA _}C_ i
0 frees 2 l e B ==t > e e :::J:-‘_*-_:::. e
0 5 10 15 20 25

Fig. 8.5

Between A and C there is uniform deceleration. After D, the velocity of the car is
constant.

(a) On Fig. 8.5, draw a line to complete the velocity-time graph from =0 s
tot=25s. [

(b} Calculale the average distance between

(i points A and B,

average distance = m [2]

(i) points B and C.

average distance = m [1]
04 103
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(c) The distance between A and D is 350 m. The displacement of the car is zero at
point A

(il ©On Fig. 8.8, draw a displacement-time graph for the molion, 11
400 S V— : e . ! R S E——
e e o e S T e e
i1 | 1=
‘. R e nae —
I 1I { | : ] -: I.i | —rf:"—
el R S o o o e b P
digpiacement / m - e e e A Hltim ten
Y N US| L LR i Tl S = 4 .
e ,_'_J.L.p- e S 3 o i B e .
Sl = G R A 2 T R L A R
smraiiaes i i n N R IR
1 L] : ! i i r' A
TR NETY RN LA B EER Y EE] RN NAREN
100 | e e e e
e T e I—L T ] it g
S il fl T i B iimiien m il
ComusREmS s
0 T ILH—P_!—F- |‘1 1= FEEet gl ]
1} 5 10 15 20 25
i/s

Fig. 8.6
()  Explain how your displacement-time graph shows that there is deceleration
befare D,

12

(d) The distance between A and the traffic light is 400 m.
(il Determing the time { where the car will reach the traffic light.

time = s [2]

(i) Hence, or otherwise, determine the average speed of the car from A to the
traffic light.

average speed = mis [1]
End of Paper

25
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f 1 ics

section A(30 marks)

Paper 1

Solution

1.

1 complete oscillation would be from X to Y and back to X,
The number of oscilletion in the question Is 4.

2.

F=ma

[N] = [kgjims~]

3

Zero error = - 0.02 cm
Measurement = 243 em
Diameter = 243 - (- 0.02) =245 cm

Only the spring balance/force meter measures a vector (force).
Stopwatch (time)

Thermocouple (temperature)

Barometer (pressure)

time taken for 1 spacing = 1/50
time taken for 4 spacings = 4/50
speed = disttime = 20/(4/50) = 250 cm/s

Acceleration = +ve grad. of s-t graph
={25-10)/(2-0)=7.5ms?

In waler, the resistive force is higher thus the accelerstion will
decrease. However it is still an acceleration, not decaleration. Thus
the velocity will still increase but lesser,

After time 1, the ball is moving In the opposite direction with
maximum speed decreasing lo zero.

For baby to crawi forward, his hands mus! be pulling (backwards) the
ground. Thus the friction will be in the opposite direction.

10,

netF=ma

upward F-W=ma

45 -2.5(10)=25xa

a = 8 ms? (most student will forget about the weight -> 18 ms?)

11.

The parachutist has just starled failing so he could not have reached
terminal velocity,

12.

Inertia (dependent on mass) is the property that causes an object to
be reluctant to change Its state of motion.

13,

Both objects are made of same material so the densities would be
the same,

14.

Density Is inversely proportional to volume, more valume, less
dense. Al 3 °C, the volume Is at maximum thus the density is at
minimum.

185.

Mass =W /g=7.00x10*/9.81 = 7.14 x 10° kg (remains constani)
Al the bottom, W=mg=7.14x10°x985=7.03x 10° N

16.

Any abject with mass will have a gravitational field.

17.

For the mosl turning effact with the same applied force, the
perpendicular distance from lhe pivol must be the longest.

18.

Since the container is not toppling, the weight has to be causing an
anti-clockwise momenl. The C.G. should be around the centre of the
walsr since il has more mass than the conlainer,

18.

For stable equilibrium, the ball would retum to its original position
when slightly displaced.

20.

Big cube can be made up of 27 small cubes
P=F/A=27/{(3x3)=3F
| OR, there are 3 small cubes stacked up for every X2 of the big cube.

(L1
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21.

Patm = level of Hg above the level of Hg in the basin
=84-10=74 cm Hg

PylAs = PolBz
10/0.002 = Wi4
W=20,000N

23,

Main function of bulb is (o convert electrical energy lo thermal energy
and light energy

24,

Al turbines {lr‘ncludiné-i'ffdmaleclric dam) uses kinetic energy as
inpul.

o

25.

Woark is done only if there is a change in state of motion (or
acceleration)

26.

Recall, KMT.

a7,

The liquid should have fixed mass, nol density as both volume and
mass will need to change with temperature so thal the density will
remain constant.

> O F

28.

Final temperature = 100 + 273 =373 K
Change in temperature = 373 - 303 = 70 K

O

The change in length has to be linear (straight line) in order for the
change in length to be appropriate as a thermometric property.

]

| Heat transfer is from Sun to astronaul. Thus the while serves lo

prevent this heat transfer from Sun to astronaut.

1.

Alr near the lit candle becomes healed, less dense and rise. So cool
air from the right opening will flow in and cause the air in the
chamber to move from right to lefi.

Q= Cab

Pt = Caf

C = Ptad

The one that takes the longest will have the highest heal capacity
regardiess of the mass.

OR the one that Is the most difficult to heal up.

33.

No change in state, thus only speed and spacing (only very slightly)
will change.

Recall

&8

State &mng_a, anly spacing will change.

Section B (35 marks)
No.

Take the average of the timing (by dividing 10) to find the
average time for one complete revolution.

(b)(i) Force of gear (by mator) A1

Solulion Marks
1 a)
Using stopwatch, A1 = instrument
time for at least 10 complete revolutions (by start timing when | A1 — at least 10
the 1" dick is heard and slop timing when the 11 click is | osdillations for accurale
heard.) value

A1 — processing of dala
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(if) Average power Is calculated by dividing the produdt of force | A1 - product of F and D
and distance travelled by the average time. A1 - division by {

¢) Determine the circumference of the gear from measuring the | A1

diameter of the gear. It will be the distance travelled by the belt
for one complete revolution,

(Accept any other logical suggestion,)

2 a)i) It is a region where a unil mass will experience a| A1
(gravitational) force,

(ii) The gravitational field causes the rock to experience a net | A1
force. (since the net force on the rock was initislly zero)
(Accept rock experiences weight due to effect of gravitational
field which changes the initial net force)

b)(i) Volume of a sphere = 4/3 ar
= §3.5 (63.51) cr? Al
densily = mass / volume
=0.5x1000/63.5
= 7.87 (7.874) glom® it

(i} The rock is mostly likely made of pure iron within limits of A
experimental (measurement) error. 0495 = 0.5 kg (1 s.f.) }
{Accept any other logical explanation)

3 a)i) M=Fx.d AVe
=50x(2/2) Al
=50 N.m Al

Direction is dockwize, Al
(it} By principte of moment, Al
sum of anti-clockwise moment = sum of dockwise moment
Fax2=50Nm
Fe=25N Al

OR since {he cat is at the middle, Fp=Fs
Then by Netwon's 1% Law, since the plank is not moving,
net force on plank = 0
Fa+Fa—-Wm=0
Fs=25N
b) When the cal moves towards B, the clockwise moment A1
i) .

This causes the anti-clockwise (sbout A) to increase in order to A%
balance lhe clockwise moment.

Thus Es wil increase.
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Als

4 2) () When P = 200 kPaA.0.04 m? A

Ala

Weight of car = 4 x 8,000
= 32,000 N Al

(i) After travelling some distance, the air will have been heated

and exerts 2 larger pressure. (expansion of air will be much | 4.,
more than the lyre)
Using Fig. 4.2, with higher pressure, the contact area becomes | ..

bi)
Based on Fig. 4.2, P = 100 kPa
Using Fig. 4.3, Pain = Pa = 100 kPa

B1
(ii) Since the air in tyre is exerling less pressure than Pam, the
mercury level will be higher in the left arm.
Pai + Prg = Pam
98,640 + (h)(13,600)10) = 100,000 ﬂ}*
h=0.01m Aa
=1cm AV
AVs
c)
A% — 1 an height
difference
A4 — higher in the left
arm
5 a)DW.D.=Fx/id Al
= 3000 x (15/100)
=450 J Alg
(iiy 450 J B1
b)(i) By principle of conservation/conversion of energy, Al
KE + GPE at the bottom = KE + GPE at the top Al
450 J + 0J = KE + mgh
450 = KE + (10)(10)(4)
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KE=50J Al
{if)
KE + GPE at the top = KE + GPE at the botiom
0+400=KE+0D Al
¥emvE =400
vl = A0 Al
v =804 (8.044)ms* A (3sf)
Section ¢ (20 MAarks)
MNo. | Solution Marks
6 a)i)
1. The helght increases uniformly with temperature. A1
2. The height lncreases al non-uniformly and reaches a | A%
600 °C cnwards. A%
(il) The lesser the relative molecular mass of the gas, the | A1
higher lhe maximum prassure exerled,
(Having a maximum pressure al lower lemperature does not
answer the question of the relationship between mass and
pressure. )
(li) With the same amount of kinetic energy (al the same
lemperalure), having higher mass means the gas X paricles
(in chamber 1) will move al lower speed. Al
(i) Amount of maximum height (pressure) will be higher,
OR Ihe maximum height (pressure) will be attained at fower | A1
temperalures.
(b)
There are many particles.
Thus the hiah frequency of the collisions adds up/atiribute to a | Al
sizable amount of forca, Al
T axi}a---l-—r LR = e
A¥s ~ weight from
approximate position of
C.G.
Al ~ label
- A% - air resistance

1.1
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touching any par of the

P fiag, preferably C.G.
A¥e - label
(ii) All three forces balanced out. Al
The net force acling on the flag is zero. Al

Thus the accelerstion on the flag is zero. 1t

{iii) suitable scale (at least 1em : 10,000 N}
. Al - label all 3 forces

Either OR {A¥: if 2 out of 3)

AY% = right angle
riangle/rectangle

A1 — direction of all 3
forces
(A i 2 out of 3)

Al

Weight = 38,000 N (35,000 to 37,000) | A%

Alr resistance = 17,000 N (16,000 to 18,000)

Al
Al
(h) Tension on cable by flag is of same amount but of opposite
direction.
i
B%&mna !)ursf

Al = curve batween D
cm to about 10 cm

A1 — siraight line
between about 20 em o
100 em

=}
3=

LLLLTETE E]
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(i} Conduction and radiation (to surroundings/air) A, AV
iii) The rule is in conlact with the metal ciamp a1 0 cm mark. Al
Emm rnaial is & Mmmhuﬁ A%
L5 - A¥e
b)i)
By principle of conservation of energy,
heat lost by rule = heat gained by water
Pt =mcaA8 Al
3500 x (2 x 60) = 25 x 4200 x (0 - 30) Al
=34°C Al
(it)
The final lemperature will be_lower as A1
there is also heal los! to the surroundings. Al
BOR | a)(i)
40
X Al - straight line from 0
to10s
10 i AY - curve from 10 lo
il 20 s and straight line
a0 i .m--'n--ﬂ-'- from 2010 25 5.
I i {more guided so less
il ﬁ s credit compared lo 8E)
! 20 (R i
&lﬁ I i
10 EI" il Z'.'Z:#]:
Hm o H
T
1
[ it ;
0 i i
b 4 15 2
':::#FE'ET'E n tls
I
b){i) average distance = area under v-{ graph
=% (40 + 26)(5-0) Al
=165 m Al

.m'*
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(if) average distance = % (26 #12)(1
=95m " Al
miv :

i

IR i

; ﬁ*f ik

MU Vi Allow e.cf. fort = 5 and

i 10s.

i Al: — all points correctly
FHITELIR (L1 ETTTR potted including 0 s and
i 1 Eﬁ 20 s. (Allow e.cf. fort =
iR Sand 10 s)
L A% ~ curve around 5 s

i ; 5 1 1 2 2| and straight line around
i Il Fig.
1) i i |1 LETT1 1 !JI B‘E
(ii) The linelgraph is a curve with decreasing aradient. i
Since the gradient of d-l graph represents the velodily, the .
{max A1 if only mention
velocity decreases. change but not
decrease)
di)
From Fig. 8.5, velocity at d (1 =20 5) = 5 ms"
From Fig. 8.6, displacementat D=350m
Displacement/distance between D and traffic light = 400 - 350
Since velocity after D is constant,
displacement/distance = velocity x time
50 = 5 x time
time = 10 seconds Al
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1=20+10=30s

Students can use gradient from Fig. 8.6 at { = 20 s to find the
uniform speed. (but it should be 5 me! since it Is already glven
in Fig. 8.5.)

(No credit # student extend line cutside graph area in Fig. 8.6
1o find directly)

(ii) average speed = tolal distance / tolal time
= 400/ 30
= 13.3ms"

Al

(max A1 if grad. is far
off from 5 mg?)

Al

Allow e.cf, from (1)
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- 2 =
Section A (30 marks)

1 The diagram on the left shows the reading on the vernier caliper when the jaws are
closed. The diagram on the right shows the reading on the vernier caliper when a
plece of nail was placed between the jaws.

0 1 3 4

T J_UJTIIJ%LM[LL

o -] 11!. L] L 10

What is the length of the nail?

A 32Bcm
B 330 em
C 3.38cm
D 3.40 em

2 A ticker tape timer is used to investigate the speed of a loy car. The licker tape
obtained is shown below.

+— Mation of car
— —

Car L L - L] - 5

a J

The speed of the remote control car is

increasing with increasing acceleration
increasing with decreasing acceleration
decreasing with increasing deceleration
decreasing wilh decreasing deceleration

(=Nl
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3 When a rock is dropped on Earth, it accelerates at about 10 ms=, However, when a
rock Is dropped on the moon, it only accelerates at 1/6 of the acceleration on Eanh.

Which diagram shows the velocity-time graph when rocks of the same mass are
dropped on Earth and on the moon?

A Velocityy B Velocity

Earth Earth
Moon /

—» >
Tune Time
c Velocityy Earth D Veloeity, A
E
% Moo
> -
Time Time

4  The diagram shows an empty lift with mass 400 kg being pulled up by a cable. It is
travelling upwards with constant speed.

cave —|

Lift =

v Weighl
What is the resultant force acling on the lift?

A ON B 400N
C 4000N D E800ON
o
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SA2 Kuo Chuan Presbyterian Secondary 220



== _|l| -
5  Which of the following stalements does not illustrate the effect of inertia?

A When a bus accelerates suddenly from rest, a person sitting in the bus tends lo
jerk backwards.

8 I a pile of coins is placed on a lable, the bottom one can be flicked away without
disturbing the athers.

C Itis easier to slide a heavy box up an incline lo a certain height than to lift it
vertically to the same height.
D It is difficult to stop a shopping trolley full of thmgs when it is moving.

6 A small ball is suspended by two strings. Which of the following arrangements is
impossible?

N
N g

7 Which of the following statements about weight and mass is correct?

A

1 In a gravitational field, the weight on object is directly proportional to its mass.
2  Mass is measured in kilograms and weight in newtons.
3 Both mass and weight do not change with location.

A 1only B Zonly
C 1and?2 D  Allof the above

8 When object A of mass 5 g is immersed in @ measunng cylinder filled with water, it
displaces half the volume of waler as object B of 10 g. What can be deduced about
the densities of A and B?

A and B have the same density.

Density of A is ¥ times the density of B.
Density of A is ¥ times the density of B.
Density of A is 2 times the density of B.

ocoOm>»
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9 The objects are displaced slightly to the left with a force F as shown below. Which of
the following objeci(s) display(s) stable equilibrium when F is removed?

PROAOANS

A t1and2 B Jand 4
C 1and3 D 2and 4

10  The diagram shows a uniform metre rule supporied al the 40 cm mark. When a
downward force of 0.50 N is applied sl the 20 cm mark, the metre rule is balanced.

B e

050N
Determine the weight of the metre rule.

A 020N B 0.25N
C 050N D 10N

11 Which of the following would affect the pressure acling on a submerged submarine?

The depth at which the submarine is
The density of the seawater

The surface area of the submarine
The weight of the submarine

B L) S -2

A 1and?2 B Jand 4
C 1,2and3 D All of the above

(311
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12 The diagram below shows a simple manometer that is filled with mercury.

Which of the following statements s correct?

A

B
Cc
D

Open end

A 100 mm

The pressure of the gas cylinder is 100 mmHg higher than atmospheric pressure,
The 100 mm difference in the mercury height between the right and left arm does
not change when a manometer with bigger diameter is used.

When the mercury is replaced with a liquid with lower density, the 100 mm
difference in the mercury height between the right and left arm decreases.

When the pressure of the gas cylinder decreases, the 100 mm difference in the
mercury heighl between the right and left arm increases.

13 Acylinder with a close-fitling piston contains air at 50°C. The piston supports a small
pan containing some masses,

Masses Pan

Cylinder  Air

Whal happens when the lemperalure of the air in the piston is heated to 60°C?

A The piston moves downwards as the air pressure in the cylinder decreases.
B The piston does not move as the air pressure in the cylinder remains the same.
C Masses has to be added into the small pan to keep the air pressure in the
cylinder constant.
D  Masses has lo be added into the small pan 1o keep the volume of the air in the
cylinder constant.
KCPSS.3E.PHY.EDY. 2018 [Turn over
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14 A small amount of mercury Iraps some air in a long glass tube which is sealed al one
end.

. mercury

I
g

When the tube is rolaled slowly to a horizontal position,

A the air column increases in length because its pressure decreases.

B the air column decreases in length because its pressure increases.

C  the length of the air column does nol change because ils pressure remains the
same.

D the mercury flows out of the lube when the tube is in the horizontal position.
15 Which of the following is equivalent to the unit of power?

A Js B Nm
C kgm?s? D kgmis?

16 A ball being thrown verlically upwards reaches a height of 2.0 m. How high will the
same ball reach if it is thrown with twice the initial velocity?

A 10m B 20m
C 40m D BOm

17 The diagram shows a trolley being pulled from rest along a frictionless horizontal table
by a falling mass. The lrolley's mass Is 1.0 kg and the falling mass is 0.50 ka.

1.0 kg

Frictionless
surface

0.50 kg

What is the maximum amount of kinetic energy of the trolley after the falling mass falls
through a height of 0.5 m?

A 1LTJ B 254
c 50J D 754
1>
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18 In the Brownian molion experiment, which statement besl stales what happens whan
the smoke specimen is being heated?

A The smoke particles expand in size.

B  The smoke particles move more vigorously because the air particles bombard
the smoke particles more rapidly.

C  The smoke particles move more vigorously because the smoke particles gain
kinetic energy with the increase in temperature.

D Noobservable difference in the motion of the smoke particles.

18 A gas is heated in sealed conlainer. Which of the following does not increase?
A Freguency of collisions
B Intermolecular distance between the particies
C  Average force of collisions between particles and walls of container
D  Average kinelic energy of particles

20 In an experiment to investigale the relationship between the volume V of a fixed mass
of gas and the pressure P, a graph of P against V is plofted.

Which of the following graphs shows the correct relationship at constant temperature?

P | P o
A A A A

v

E
< Y

A B Cc D

21 A metal bar with the following dimensions is heated.

')
r

4 A
Heat
Which of the following quantities does nol change?
A Internal energy
B  Heal capacity
C Length, |
D Cross sectional area, A
KCPSS.3E.PHY EOY.2016 [Turn over
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22 The diagram below shows an unlit match held near to & steady Bunsen flame.

air gap

unlit
match

The match does not light up because

A  the flame is not hot enough.

B  the malch head is a poor absorber of radiation.

€ the flame does not radiate thermal energy sideways.
D  airis a poor conductor of thermal energy.

23 The diagram shows the features of a vacuum flask that can help to keep the liguid
Inside hol for a longer period of time.

stopper

#_,F:““-‘Hﬁ

ghverng

Which of the above fealure(s) is/are able 1o prevent heat loss by conduction and

convection?

A Silvering
B Vacuum
C  Stopper

D All of the above

u3
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24 An uncalibrated thermometer placed alongside a ruler has the ice and steam points at
the 6 mm and 206 mm marks respectively. When the mercury level in the
thermometer reaches the 100 mm mark on the scale, the ternperature is

A 40°C B 47°C
cC 50°C D 100°C
25 Three objects, A, B and C, with different masses and temperatures are placed beside
each other as shown.
A B c
2 kg S5ka kg
50°C 3a0eC 20°C
A There is no net flow of thermal energy.
B  There is a net flow of thermal energy from Atlo Bto C.
C  There is a net flow of thermal energy from B lo A and C.
D There is a net flow of thermal energy from Cto B to A,
26 Heat capacity and specific heal capacity have different definitions. Which statement
besl describes the difference?
A Heat capacity depends on mass but not specific heal capacity.

B  Heat capacity depends on the change in temperature but not specific heat
capacity.

C Specific heat capacity depends on mass bul not heal capacity.

D Specific heat capacily depends on the change in temperature but not heal
capacity.

27 Woater is used in a heat exchanger to cool the nuclear reactor in a nuclear power
station. It enters the heat exchanger at 4 °C and leaves at 15 °C. Given that the
specific heal capacity of water is 4200 J/(kg°C) and the rate at which thermal energy is
removed is 1.2 x 10%J per second, find the rate of water flow in the heal exchanger.

A 120
ka/s
420011 ¢
B 12x10"x1)
———re 5
4200 kgf
C  4200x1]
kals
12x10* o
D 4200
v AR °7
1.2=10" =11 g/
KCPSS.3EPHY.EOY. 2018 [Turn over

SA2 Kuo Chuan Presbyterian Secondary 227



- 11 -
2B The diagram shows a ray of light moving from medium 1 to medium 2.

Medium 1
Medium 2

If the two media are glass and air, which of the following is correct?

Medium Medium 2 Refractive index of Glass
A Air Glass sim ez
sin #
B Glass Alr sine
sin §
C Air Glass sin
sin e
D Glass Air sin fi
§1m o

29 A person siands at point X as shown in the diagram. There are 5 objects placed at
various posilions.

3F‘

x| 11, | 4 3

Ll r rrrs
mirror

Which objects will the person be able to see in the mirror from point X?

A 1and4 B 23and4
C 2, 4and5 D 1.2and4
KCPSS.3E PHY EOY 2018 ik
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30 When an object is placed at O, an image is formed at I. Where should the object be
placed such that the image is formed at P?

A B
® ®
* @
0 I
* ™
c D
KCPSS.3E PHY.EOY 2016
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Section B (40 marks)

1 In Eure Cup 2016, Cristiano Ronaldo of Porlugal tries to score a goal while the
defender from the other team tries 1o stop him from scoring. The defender kicks
the ball with a force of 100 N due south west at the same time as Ronaldo kicks
the ball with a force of 160 N due North as shown in Fig. 1.1

1.50 m N
Goal Post l
O / 00N
Fig. 1.1
(a) By means of a scaled diagram, find the resultant force on the ball.
Resultant Force = .........ccccoeeree. [3)
KCPES ZE PHY . EQY. 2016 nE [Turn over
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(b) Henoe, determine if the ball is able to enter the goal post.

(2]

2 A skateboarder is travelling along a level road. It then moves up and down a hill,
The v-t graph of the skateboarder is shown in Fig. 2.1
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(a) Find the deceleration of the skaleboarder as he moves up the hill.

Deceleration = ...occcvcvviiiinnne [2]

(b) Describe the motion of the skateboarder during the whole journey.

(€]
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(e) InFig. 2.2, sketch the distance — time graph of the skateboarder fromt=0 s
ln&0 s,

Distance / m
‘L“!“.:"T“;“T"HH.I" .","T“E"‘:“‘T i E, |i 1 ' rq-Tq....E 2" ..-E
1508 A i 5 1 . ...[.‘13‘::‘%3
4_'11_=_,;_=_1_|_:_g..l'._+§_;h i o
o ---_J_ Jon - .+..%.+.." ; .-.Ii..'."é-."}"-qq F.lé-u ni.u ﬂ?--gr:p—{wtiu !])ﬂ r-.i

A B R S
?J’_-}-: g ?_f"" N -llf--:-{-—ll-: 1= i—:

10 20 a0 40 "51:- [2]
Fig. 2.2

3 Anaslronaul wants 1o determine the density of a piece of rock he has found on
the moon, This piece of rock has an irregular shape.

(a) He uses a beam balance on the moon to measure the mass of the rock. The
mass of the rock is 440 g. Explain whether the measurement of mass will be
different if he uses the beam balance on Earth.

(2]

rl‘ﬂ
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(b) He then uses the water displacement method to measure the volume of the
rock as shown in Fig. 3.1

|

4

B0 cm
40 cm

Fig. 3.1

Dietermine the density of the rock in SI units.

(¢) When the rock is brought to the laboratory, the density determined is lower
than what is calculated in (b). Sugges! a reason why is this so.

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

[
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4 Auniform rule of length 1.0 m and mass 0.080 kg hangs freely from a pivot at
one end. It is pulled aside by a horizontal force F so that the centre of the ruler is
at a horizontal distance of 0.40 m and a vertical distance of 0.30 m from the
pivot. The ruler is at equilibrium as shown in Fig. 4.1.

Pivat

w
F
Fig. 4.1
(a) Calculate the moment due the weight about the pivot.
Moment= ... ... (1]
(b) Hence, calculate the force, F.
Force=........cccoeeee. 2]

(c) Why is the reaction force at the pivol not considered in the calculation in (b).

KCPSS.3E PHY.EQY.2016 g it o
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5  Fig. 5.1 below shows a double walled coffee cup.

Doubled wall

Fig. 5.1

The cup features two walls of glass with air in between.

(a) Explain how the double wall reduces the formation of condensation on the
sides of the cup when it is used to contain cold drinks.

[2]
(b) (i) Peter uses this cup daily for his coffee. He observes that the lop of
the coffee becomes cold quickly while the bottom is still hot. Explain
his observation.
[2]
(i)  Suggest and explain what Peter can do to keep the top of his coffee
hot for a longer period of time.
[2]
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6  Helium s used lo inflate birthday balloons as shown in Fig. 6.1.

Fig. 6.1

(a) Using Kinetic Theory of Matter, explain how the helium exeris a pressure on
the walls of the balloon.

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

[3]

(b) One of the balloons is placed inside a bell jar. The air inside the bell jaris

slowly removed through a vacuum pump.

bell jar
balloon
PR \S====u—.
Fig. 6.2

Describe and explain whal happens to the balloon as air is removed from

the bell jar.

..................................................................................................... (3]
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7  The refractive indices of three transparent materials are shown in the Fig. 7.1.

Me:lh_:m Refractive inda_:&_ n |
Material 1 1.70
Material 2 1.50
Matariql__a 1.30
Table. 7.1

(a) State and explain which material will light travel the fastest in?

(2]

(b) Blocks made of the three materials are slacked on top on another and a ray
of light is shone through them. Sketch the path of light in Fig. 7.2 until it
emerges into air again.

AN .

Material 3
Material 2
Material 1
Air
Fig.7.2 (2]
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(c) Other than refraction, another phenomenon may oceur at the boundary
between Material 1 and air as the ray of light emerges from the block.

Name this phenomenon and calculate the minimum angle of incidence at
the boundary between Material 1 and air for this to occur.

Name of phenomenon: .............

Angle of incidence = ........cccceoeeee. (2]

K@ﬁﬁ.aEFW.EQY.m'EB rrum aver
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Candidate Name: { ) Class:
Secondary Three (Express) Physics

Section C (30 marks)
Answer all questions. Question 10 has a choice of parts to answer.

8 ; toy car with a rocket engine moves along a horizontal track as shown in Fig.
1.

car

Forward Thrust

Fig. 8.1

The rocket engine produces a constant forward thrust of 4.6 N, The car loses
mass continuously as exhaust gases are produced by the rocket.

The velocity — time graph of the toy car is as shown in Fig. 8.2

16 —

e e e N R T S

14

12

[y
=]

Speed f m/s

=31
.

=

139
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(a) As the fuel in the rocket bumns, the car pushes the exhaust gases backwards
and the toy car moves forward. Identify the action and reaction pair that
pushes the toy car forward.

(1]
(b) The mass of the caris 450 g.
(i)  Using Fig 8.2, determine the acceleration of the caratt=20s.
Acceleration = ................... |2]
() Hence, determine the magnitude of the resistive force acting on the
toy car.
Resistive force = ......cccvvnveenen. [2]
() Using Fig 8.2, explain the changes to the resistive force acting on the toy
car.
[3)
KCPSS 3E PHY EOY.2016 [Turn over
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(d) The toy car is re-fuelled and placed on the ground such that it is pointing
upwards.

U] By considering lhe initial acceleration of the toy carat t = 0 s to be 8.0
m/s?, calculate the mass of the oy car.

MaSS = ..oceerercerecs [1]

(iiy Hence, explain if the force produced by the rocket engine of 4.6 N is
- sufficient to lift the toy car off the ground vertically.

(1]

!
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9  Fig. 9.1 shows two setups are used 1o delermine the specific latent heat of fusion
of ice as shown in Fig. 9.1.

0w
Fower

Supply

Fig. 8.1

The power supply to Setup A Is turned on. After melting occurs at a constant rate
for both setups, the melted water is collecled in the beakers for a period of 10.0

mins. It is said that the ice in Setup A is melted by the heater and the
surroundings.

The data shown in Fig. 9.2 are obtained.

Mass of water / g
Selup A B84.7
SetupB 16.6
Table. 9.2

(a) What is meanl by the "specific latent heat of fusion of ice"?

ceeveereernee 1]
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SA2 Kuo Chuan Presbyterian Secondary

243



- 2? -
(b) Whatis the purpose of measuring the mass of melied water in Setup B?

(1]
(e} (N Calculate the amount of energy supplied by the heater to Setup A.

Energy=.........occceeennn. (1]

()  Hence by considering the amount of water that is melted by the
heater only, calculate the specific latent heat of fusion for ice.

Specific latent heat of fusion=................. v [9]

(ii)  Suggest and explain how your answer in cfii) will change if a large
block of ice is used instead of crushed ice.

[2]
(d) When the temperalure of the melting ice in the funnel is manitored, 1t is
observed that the temperature remains at 0°C. Explain why the lemperature
of the melting ice does not increase even when thermal energy is supplied.
12
3
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10 either
The figure below provides information about three telescopes used to examine
different sources of radiation from space.

[ Location Objective Source of Wavelength
Lens radiation detected (A)
Ciameter (D) |
Mauna Kea 100m Sirus 500 nm
Observatories (Hawaii)
Mount Graham (Arizona) 84 m __Polaris 600 nm
McDonald Observatory 8.5m inter-stellar 0.21m
(Texas) hydrogen
Table. 10.1
(a) In alelescope, there are 2 lenses (objective and eyepiece) as shown in Fig.
10.2.
Eyepiece lens
‘\-..___‘\*

Brings the bright image
from the focus and
magnifies il to the size of

Objective Lens

Gathers light and bends it
into focus

Fig. 10.2

(a) (i) Inthe space below, complete the ray diagram lo show how the
objective lens gathers light from the distant object to form an image.

(2}
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(i) How does the ray diagram show that the object is far from the
objective lens?

(1

(i)  The image formed is said lo be REAL. Explain what is meant by a
real image.

[1]

(iv) State two other characteristics of the image formed by the objective
lens.

[1

(b) (i) The smaller the ratio of the wavelength to the objective lens
diameler, the more effective is the telescope in clearly separating the
images of distant sources. This ratio is called the resolving power of
the telescops.

Resolving power = %

Using the data from Table. 10.1, show by calculation which telescope
has the best resolving power,

Telescope with best resolving power: .................... [4]

(i)  Alarge objective diameter improves the resolving power. By studying
the features of the telescope in Fig. 10.2, suggest another reason
why telescope should have a large objective diameter.
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10 or
Fig. 10.3 shows the setup of a reverse bungee jump. A capsule is connected
by two identical elastic cords each attached o a tower 30.0 m tall. The mass of
the capsule when fully loaded with three passengers has a total mass of about
300 kg. When released, the capsule will shoct up at high speed. As the capsule
shoots up, the cords are stretched and unstrelched depending on the position of
the capsule.

om

copuie

Fig. 10.3

(a) Siate the principle of conservation of energy.

[2]
(b) Describe the energy changes as the capsule moves
(i) from the starling position to the peint the cords become unsiretched.
.................................................................................................... [1]
(i)  from the point the cords become unstretched to the highest point of
the capsule.
(1]
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(¢) The elastic potential nergy in the elastic cord is 510 kJ when the capsule is
on the ground.

(i) When the capsule reaches the highesl height, the elastic potential
energy in the cords is said to be also at 510 kJ. Comment on the
validity of this stalement.

[2]

(i) Calculate the gravitational potential energy of the capsule when it is

30 m above the ground.
Gravitational potential energy = .........ccvvvveen. (1]
(i) Hence, calculate the speed of the capsule 30 m above the ground.
Speed = ......cccicaenninae [3]
~ End of Paper ~
oY
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Section A (30 marks)

AT a1 & 1 a | T
| 1 G e E_ ! A 3 -D | 4 __A __"i C
\ 6 c |7 c B [ A 9 D 10 D
EE c 12| B 13 D 14 A (18] B |
16 D | 17 A 8| B |19 B | 20 B
21| B 22 D 23 B |24| B [25]| B
'zﬁi A 27 A 28 2] 201 € |30 D |
Section B
@] N D
|
!
||
|
Scaleused : 1cmic 20N 1
Correct triangle with correct arrow heads direclions 1
Resultant Force = 5.7 cm x 20 N = 114 N £10% 1
(b) From vector diagram, angle of travel for ball = 39° from vertical
Angle of left corner of goal post from postion of ball = tan “(1.5/6.0) = y
| 14¢
| Ball will not enler goal post - 1
] | _ o ik i =5
[2 [(a) a = (v-u)t
_ ={3.0-5.0)/30
| | =-0.067m's’ 1
. Deceleration = 0.067 m/s* - 1
(b) From 0 s to 20 s, speed Is constant. 1
From 20 s to 50 s, speed is decreasing al an uniform rate 1
From 50 s to 60 s, speed is increasing at an uniform rate. 1
i b | =
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(c)

B AR5 X O 3 N 0 3 1 0
220 |~ Frecht 5 s o e B
| = - - -

= i ol 1 i
- R
doscmnapm s -
= 4 e b Lid padeg 1 4., ..
oy e— B e B e
o f o] Fecbe Ll e ko dot | 7 itaera
1W e " " .- "
g = 3
# +

]
_L_ - =
" Ir'.,. i.--t*r-rf--La_-..-i-a:.-—:I -.:'_I-r 1 - s

Correct shape — Straight line 0= to 20s; Curve 20s to 50s
Values on vertical axis

-k =k

The measurement will be the same.
Mass Is independent on location. Hence, the measurement of mass will
be the same,

(b)

Volume = 80 - 40 em? = 40 cm® = 40 x 105 m?

Densily = mass/volume = 0.44 / (40 x 10%) = 11000 kg/m®

()

When the rock is lowered into the measuring cylinder, some of the water
may have splashed on the sides of the measuring cylinder.
Hence, the measured volume is lower than aclual,

4 |(a)

Moment = 0.80 x 0.40 = 0.32 Nm

(b)

Taking moments about pivol,
ACW =CW

F (0.60) = 0.32

F=053N

(c)

The perpendicular distance between line of action of reaction farce
and pivol is zero.
Hence, moments due lo reaction force Is zero.

Thermal energy needs fo be conducted away from air surrounding
cup lo cause condensation.
Alr between walls is a poor conductor of heat.

Thermal energy cannol be conducted quickly enough away from air
surrounding sides of cup.

(b)

i

Thermal energy sfill can be lost quickly from the top of the coffee via
radiation and conveclion

|)-£
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Heat loss via sides of cup is very slow.

(i)

Cover the lop with a cap.
This prevents the set up of convection currents so heal loss by
convection can ha re_r:lucad,

o=

Helium parficles are moving randomly and continuously.
They collide with the walls of balloan, exerting a force.
Average forcer per unit area gives rise lo pressure,

(b)

Pressure of bell jar decreases as air is removed,

Since pressure in balloon is higher, volume of balloon Increases.,
Pressure in balloon decreases,

As the pressure of bell jar decreases, volume of balloon increases

| e

and will burst eventually.

I b e Ay T T S P N e

Material 3.

It has Llhe lowest oplical density as Material 3 has the lowest
refraciive index so light will slow down the least when it travels
into material 3.

Allernative answer:
Since v = &/n and the speed of light In vacuum is constant at 2.0 x
10% mis, light will travel the fastest in the material with the lowes! n,

(b)

N
\ Material 3
\ Malterial 2

\ Mateial 1
\

Bend lowards normal at each boundary
Emergent ray parallel to incident ray.

(€)

()

Total internal reflection
n=1/snc
1.70=1/sin¢c

c = 38:1°

Section C (30 marks)
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B |(a) Force on exhaust gas by car r

Force on car by exhaust gas 1

(b) | () | Tangent drawn correctly at 2.0 s 1

I a = gradient of tangent = 2.68 m/s? 1
(1) | Resultant force = 0.450(2.68)

=1.206 N 1

Resultant force = Forward thrust - resistive force
1.206 = 4.6 — Resistive force

Resistive force = 340 N 1
(c) Fig 9.2 shows the gradient of graph decreasing. The acceleration of toy car

decreases,

Resuliant force decreases. 1

Resistive force increases since forward thrust is constant,
(d) | () | Att=0s,

4.6 N = m(8.0)

m=0.575kg '

()| Since the initial weight of the toy car is greater than 4.6 N, the toy car
cannot be lifted off.

10

g |(a) It is the amount of thermal energy needed to change 1 kg of ice from solid to
liguid state or vice versa without a change in temperature.

(b) To determine the amount of water melted by the surroundings / without the use
of heater.

@) |a=pt

= 30010 x 60)

= 18000 J 1
(i} | Mass of water melted by heater alone = 64.7 — 16.6 = 481 g ER

_n.l_..

Ly = (mass of water melted by hester alone)(l)

18000 = (48.1)())

Li=374 Jig

(ii)) | The value will increase.

Less mass of water is collected in the beaker if the same amount of energy is
used. / More energy is needed o mell the same amount of ice.

{d) The thermal energy abscrbed by ice is used to overcome the forces of
aftraction between the particles so that the ice change ils state into water. 1
Average kinetic energy does not increase so temperature does not increase.

(5N JRENNE W [ N—

10
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10 (a) | (1) I
gither -
\‘
be [ S
3
- I
@ h,
N
by )
=
Image formed on focal plane 1
Correct refracted rays 1
(i) | The incident rays are parallel to each ather. 1
{iii) | The image can be captured on a screen. 1
{iv) | Inveried, diminished 1
(b) | (i)
Location Objective Lens | Wavelength | Resolving
Diameter (D) detected (1) power
Mauna Kea 10.0m 500 nm =500 | 50x 108
Observatories x 10°°m 1
{Hawaii)
Mount B.4m 600 nm =600 | 7.1 x10%
Graham %10%m
{Arizona) 1
MeDonald 9.5m g21m D.022
Observatory
(Texas) 1
Mauna Kea 1
(i) | The image will be brighler as more light rays will pass through the lens. 1
10
100r | (2) Energy cannot be created or destroyed but must be converted from one 1
form to another.
The total energy of the system remains constant. 1
(b) | (i) | Elastic potential energy in the elastic cords is converted to gravitational
potential energy and kinetic energy of the capsule. 1
(i) | Kinetic energy of the capsule is converted to gravitational polential energy 1
and elastic potential energy.
{c) | () | The elastic potential energy should be lower than 510 KJ. 1
When the capsule is at the highest height, it would have gained GPE. Some
4 of the initial elastic PE would have been converted to GPE
Page 6
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(i)

Gain in GPE = mgh
= 300(10)30)
= 80000 J

{iii)

Elastic potential energy at the start = GPE + KEat 30 m
5100600 = 90000 + KE

KE = 420000 J 1
KE=12mw?
420000 = 4 (300) v*
v=529m/s L
10
- of
Pape 7
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- Ris Cresh Sec 3 Pwt Physics (505%) EoY 2ol

Take g = 10 m/s* for all relevant questions.

1 A pair of vernier calipers is used lo measure the thickness of a dictionary. Fig. 1.1
shows the reading when the outside jaws closed without the dictionary. Fig. 1.2
shows the reading when the dictionary is held between the oulsids jaws.

0em 1
hlulnninutuidnfnnlﬂnlﬂnl
JLLALELAL
0

Fig. 1.1
0cm 3
h}HIHHhIHHJHhIIHHLhHIIH
[TTTTTTTTT
]
Fig. 1.2
What Is the actual thickness of the dictionary?
A 218cm B 225cm
C 228cm D 235cm

2 Fig. 2.1 shows the reading on a micrometer screw gauge when the anvil and
spindle are fully closed. Fig. 2.2 shows the reading when measuring the thickness

of a coin.
T s T—e"
= o =1 45
] |
= | —
= T 40
—— 45 =
=H =pk
S —a ]
Fig. 2.1 Fig. 2.2
What is the thickness of the coin?
A 283mm B 293mm
C 541 mm D 543mm

lﬁ
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3 The graph below shows how the displacement of an object varies with time.

"
displacement/m P Q

Which of the following statements about the motion of the object is correct?

The object is fravelling with constant velocity during the interval PQ.
The object is moving away from ils starling point during the interval QR.
The object Is travelling with constant velocity during the inlerval ST,

The object has constant acceleration during the interval TU.

caomd»

4 A gravitational field is

a region is which a mass experiences a gravitational force.
a gravitational force which Is exerted on a mass,
a force which acts against gravity,

a region in which a mass experiences inertia which affects its state of rest or
motian.

ooOm>»

5 A parachutist falling vertically opens his parachute. Immediately afler opening his
parachute, he decelerates uniformly for a shorl interval of time., Which of lhe
following statements correctly describes whal happens during this short interval?

His weight is lesser than the alr resistance force opposing his motion.
As he decelerates, the air resislance opposing his motion increases.
His weight is greater than the air resistance force opposing his motion.

As he decelerates, the air resistance opposing his motion remains equal in
magnitude to his weight.

ocoOo>»

] A rover sent to the planet Mars has a weight of 532 N on Mars where the
gravitational field strength is 3.8 N/kg. What is the weight of the rover on earth if the
gravitational field strength of the earth is 10 Nfkg?

A 53N B 140N
C 200N D 1400N
Page 3of 12

SA2 Pasir Ris Crest School 259



7 Two motorcycles X and Y start from the same point on a level road at different
speeds, a5 shown in the graph below. The motorcycles travel in a straight line.
speed | X
mi/s

A | e s o e e

15

|
I
[
I
1
|
1
I
I
1

v

] 2 4 6 8 10 12 timels

What is the time that the two motorcycles meet?

A 43 B 6s
C 8s D 12s
8 The diagram below shows the velocity-time graph of 2 1500 kg car that moves off
from rest from a traffic junction.
velocity 4
m/s
20 pemmmmmmmmees '
|
0 5 >

timeJs

What is the total frictional force acting against the car in the first 2 s if the forward
engine force of the car is 6500 N7

A BON B S500N
C &000N D 12500 N

9 A brass ring is used to imitate a real gold ring. Il has a compaosition of 12 g of
copper and 4 g of zinc. If the density of copper is 2.0 g/cm® and the density of zinc
is 7.1 g/em®, what is the density of the ring?

A 6.5 gicm? B 8.1 glem?
C 88 glem® D 17 glem®
139
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10 The table shows the result of an experiment in which a solid object is placed in four
different liquids. The solid object does nol dissolve in the liquids.

liquid density of liquid / kgm™ observation
mercury 13600 floats
water 1000 floats
kerosene 810 sinks
organic compound 450 sinks

What is the density of the solid object?

Between 1000 kg/m® and 13600 kg/m®
Between 810 kg/m® and 1000 kg/m®
Exactly 1000 kg/m®

Exactly 810 kg/m®

OO m>»

11 Two constant forces of magnitude 3.0 N and 9.0 N act on a body at rest. Which of
the following forces cannot be the resultant force of these two forces?

A 51N B 75N
C 88N D 1IN

12 The diagram below shows a marble of mass 25 g at the top of a slope at point X.
Assume that friction is negligible. Gravitational field strength is 10 N/kg.

Y

What is the amount of kinetic energy that must be given to the marble such that it

can reach point Y7
A 010J B 0254
C 075J D 10J

Page 5 of 12
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13 The diagram shows three forces acting on an L-shaped uniform metal bar pivoted
at P.

3N 5N

A A

7 Ne—TJa
I

Assuming the weight of the bar Is negligible, the bar will

turn anti-clockwise.

remain in equilibrium,

turn clockwise.

turn clockwise followed by anti-clockwise.

oOomP

14 The diagram below shows a lightrope walker camrying a long pole.

i

i

i
T
%

Why does he camry the long pole?

A To raise his centre of gravity to make him more stable.

B Toallow him to keep his centre of gravity over the rope.

C Sothat his contact with the rope is greater, preventing him from toppling over.
D Toincrease the frictional force between him and the rope.

i3l
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15 An object of weight 600 N is placed on a uniform, rigid, horizontal plank supported
al points X and Y as shown below. The plank weighs 800 Nand is 1.2 m long.

600 N

& A

X 20cm
—

What is the force exeried on the plank by support X7

A 150N B 450N
C 950N D 1100N

16  The diagram shows a plane circular lamina with three equal-sized holes drilled in it.
In which quadrant is the center of gravity most likely to be?

17 A car moves at a constant speed of 18 m/s on a road. The frictional force opposing
the car’s motion is 150 N. What is the power developed by the engine of the car?

A B3W B 130W
C 180W D 2Z700W

18  The diagram shows a simple hydraulic jack used to lift a car of mass 2000 kg.
Gravitational field strength is 10 N/kg.

F plﬁlﬂn J( pigtun Y
y
Area of ' Area of
piston X piston Y
4.0 em* 20 em?
oll

What s the force F required to lift the car?

A 1000 N B 2000 N
C 4000N D B000N
Page 7 of 12
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19  The diagram below shows a faulty mercury barometer that has some air trapped at
the top. The atmospheric pressura is 76 cmHg. What is the pressure al point X7

f“'"‘f,..-lrapped air

T3 cm

A 28 cmHg B 31 cmHa
C 73cmHg D 789ecmHg

20 ‘The diagram shows a man lying fiat across the thin ice and crawling to rescue his
dog that has fallen inlo the icy water.

Why does the man lie down on the ice as he crawls across it7

To lower his centre of gravity to make him more stable.

To increase the rate of conduction of heat away from him.
So that the line of action of his welght is within his base area.
To reduce his pressure exerted on the ice.

oo m>»

21 Which of the following is not a suitable thermometric property?

Weight of a fixed mass of solid at constant pressure
Volume of a fixed mass of liquid

Electrical resistance of a piece of metal

Pressure of a fixed mass of gas at constant volume

o0 m>P

3>
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22  The diagram shows a gas enclosed in a container with a movable piston. The

weight of the piston is negligible. Homer notices that when the gas is heated, the
piston moves from X to Y.

movable piston —

L

aas

Which of the following statements aboul Homer's observation is correct?

The average distance between the gas molecules remains constant.
The average kinetic energy of the gas molecules remains constant.
The pressure of the gas remains constant.

The average size of the gas molecules has increased.

oo m>»

23  The diagram shows a piece of paper wrapped around an iron rod and placed above
a luminous Bunsen flame. Bart notices that the paper does not catch fire although it
Is placed above the flame for some time.

paper

[ 1§ e

Which of the following statement besl describes why the paper does nol catch fire?

The paper radiates thermal energy away.
The iron red conducts thermal energy away from the paper.,
Convection currents in the air carry thermal energy away from the paper.

Air at high pressure near the paper moves towards the low pressure air around
the rod, carrying thermal energy away.

oOm>

24 A liquid is healed and its temperature rises. Which of the following statements
about the particles of the liquid is correct?

A The kinetic energy and intemal energy of the liquid particles remain constant.

B The kinetic energy of the liquid particles remains constant but the internal
energy of the liquid particles Increases.

C The kinetic energy of the liquid particles increases but the internal energy of
the liquid particles remains constant.

D The kinetic energy and intemal energy of the liquid particles increase.

Page 9 of 12
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25 The diagram shows two cubes made of the same material but of different masses.
Cube Y has twice the mass of cube X,

TR

X
Which of the following statements is correct?

Both cubes have the same heat capacilies.

Cuba X has a larger heal capacity than cube Y.

Cube Y has a larger specific heat capacity than cube X,
Both cubes have the same specific heat capacities.

oom>»

26 The graph below shows how the volume of gas in a container varies with
temperature.

volume T

(4] >
temperature

Which of the following statements cormrectly describes the gas?

The pressure of the gas is decreasing.

The pressure of the gas remains constant.

The pressure of the gas is increasing.

The pressure of the gas remains constanl for a while and then decreases.

oom>»

1_3‘}
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27 A man stands beside a small fire to warm his legs and hands.

How does most of the thermal energy reach his legs and hands?

Legs Hands
A radiation convection
B convection radiation
C conduction radiation
D radiation radiation

28  The graph shows how the temperature of a solid X of mass 400 g varies as il is
heated by a heater of power 200 W,

£l
temperature/*C

0 10 25 time/min
What Is the specific latent heat of fusion of X7

A 5000 Jikg B 12500 J/kg
C 300000 Jkg D 450000 J/kag
Page 11 of 12
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29  The diagram shows a heat sink that is used to cool hot components In a computer,
The sink Iz attached by its base to the components and consists of protruding fins.

fins

base—
What is the purpose of the fins?

A To allow more thermal energy lo be conducled from the base.
B Toincrease the surface area and rate of radiation of thermal energy.

C Toincrease the surface area so thal more thermal energy can be absorbed
from the surrounding air.

D To allow more thermal energy to be conducted from the surrounding air to the
surface of the fins.

30 The diagram shows an abject O placed in front of a8 plane mirror M. Bowser sees
the image of O in the mirror M. Which of the reflected rays drawn is correct?

0
]

Bowser's
M eye

NG

~

End of Paper
L
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SECTION A For
Examiners

Answer ALL the questions in this section.

1 A remote-controlied car starts from rest att = 0 s and travels In a straight line. Fig. 1
shows the velocity-time graph for the car for the starting part of its Journey.

10 : T 13
. = : SR AR IEE
: 11 S H +HH i
Fy i} -
] : T T : E
. T+ T }
L IE 2 - L] 1 ] i
T -, L ]
5= = T 3
Y T T - e
I T7 = —— '|[.
valocity Ly 1 ) L
- 1 :; 1
" Bf ] H g o f
o RS 5 8 E S 12
14 T ]
s ¥ PR
T 2 S 4 8 - ; -
: i i + 10 - time/s
N I i
o T L 1 1 ! s -
[ ) ; - . —1 ]
] [}
I T T v
i l|_- 1 T
-5 e — - e
1 T & ™ ;
t 3 T L i
s I A s } -
i H i 1 r:- | AN YT :
B Wi ] ) 1} (MR E
o : :-I, i |:'I:'= i 1| ‘I: t
(L] T 0 i | ] i r 1 ¢
0 S S o O 1 ey :
_1u L 1 | ] T | | P : JI|‘I-

Fig. 1
(a) Define acceleration.

(1
(b) Calculate the acceleration of the carfromt=0slot=2 5.

(c) Describe the motion of car from t = 4 s to L = 10 s, stating all relevant values of
velocity and time.

. iy
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(d) Calculate the total displacement of the car fromt=0slot=12s. For

total dISPIBCEMBNLS .. cveieiiesieiimransesssnesnssennes |8}

2 Fig. 2 shows a man pushing two boxes X and Y across a rough floor by exerting an
6.0 N constant horizontal force on box X.

80N

rough floor
Fig. 2
Box X has a mass of 1.8 kg and box Y has a mass of 0.60 kg. The boxes accelerale

uniformly along the rough floor. The frictional force acting on box X s 2.0 N and the
frictional force acting on box Y is 1.2 M.

{(a) In the space below, draw the free body diagrams for both box X and box ¥, showing
only the horizontal forces. 2]

() Calculate the acceleration of the boxes.

BCOHIRTINON B .. uviciiisesarissssivsivinissnnsionannsise 12}
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{€) Determine the force that box Y exerts box X. Far
Examiner's
Lige

3 Fig. 3 shows a 5.0 kg block at rest on an incline at X. A constant force of 50 N is used
to push the block 6.0 m up the incline and il reaches the lop at Y with a speed of 2.5
m/s. Point Y Is 4.0 m vertically above point X. Gravitational field strength is 10 N/kg.

40m

(a) Calculate the tolal work done by the 50 N force,

WO D0NE= [ vnuinansnusmrssknnaas: 1)

(b) Calculate the gain in kinetic energy of the block from X o Y,

gain in kinelicenergy = .........ccooieiniciicciiriesinienaen. [2)

{c) Caleulate the gain in gravitational potentizl energy of the block from X 1o Y.

gain in gravitational polential energy = ............cccvciivnnicniiciiiciic,. [2)
i X3
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{d) Calculate the frictional force opposing the mofion of the block, assuming it is For
constant. Use

frh:llcnalfurce= 2]

4 Fig. 4 shows a mercury manometer used lo measure the gas pressure of a gas
container. The density of mercury is 13600 kg/m®, gravitational field strength is 10
N/kg and atmospheric pressure is 1 x 10° Pa,

Fig. 4

(a) The pressure of the gas container is 140000 Pa.
Determine h.

(b} Describe and explain, using the Kinelic Model of Maller, the change to h, if any, when
the gas in the container is healed.

13
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(2)

(b)

(€)

(d)

(e)

Fig. 5 shows a relort stand with a mass holder held at the clamp. The centre of
gravity of the stand is al X,

gt o

mass
holder

80 om

]

X i

——

12em 34cm

Fig. 5

State the Principle of Moments.

Mario notices that the relort stand is about to topple when the mass added is 600 g.
Calculate the mass of the retort stand.

MASE S . iritimsasisesrressienssecccsnnranense

Stale one assumption thal was made when answering part (b).

Luigi suggests lowering the mass halder so that the retor stand is able to hold more
than 600 g In the hoider. Explain why this will not work.

State two methods that the student can usge to allow the retort stand to hold more
mass in the holder without toppling over.

S RS S RS EE A e R e e B e
- B S A SE SRS R T O R B T eSS
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(@)

(b)

(&)

(b)

(e)
(i)

Rosalina observed the motion of pollen paricles suspended in water through a

microscope. Fig. 6 shows her observation of one pollen particle.

polien

eye piece of
microscope

Fig. 6

Rosalina abserved one pollen paricle and noticed that it moved continuously and
randomly. Explain why the particles move about in such a manner.

Stale whal Rosalina would observe if the pollen particles were larger.

When one junction of a thermocouple is removed from melting ice and placed in
steamn above boiling water, the voltage reading of the thermocouple changes from
0.24 mV 10 3.33 mV.

Explain why the thermocouple must be placed above the bolling water, and not in the
boiling water.

Detarmine the voltage reading of the thermocouple when it is placed in a fiquid of
temperaiure 58°C. .

Thermocouples are known lo have low heal capacilies.

Define heat capacily of a substance,

Page 7 of 12
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(i) Explain how this is an advantage in the use of thermocouples as thermometers. For

i1

i'ﬂ
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SECTION B . Lq'w.’

Lise
Answer ALL (he guestions in this section.

8 A 550 g copper block is healed to a temperalure of 100 °C. The copper block is then
immediately transferred 1o a polystyrene cup containing water at a room temperaiure
of 26°C as shown In Fig. 8.1 below.

copper block

Readings of the water temperature are taken at intervals of 10 s iImmedialely after the
copper block is lowered into the water. The mass of waler in the cup is 130 g. Fig. 8.2
shows the graph of the variation of the temperature of water in the cup against time.
The specific heat capacity of waler is 4200 J/(kg°C).

80 T ‘ o :
W .t I e i * T
- 1 ! - I
- ¥ I
i 1 :,I 1
o I I 1 o i
40 b " .
RS T A L L L [ !
Wﬂlﬂr -._'-_| :Iﬁ' 7 .t rl'; - I T
lemperature |21 /A : T i |
rC A T e B mas
30 T
lIIII1 i 1
T T I
| L I H i 1
) tr T 1 |I T 1
S  —
e T =1t M 3 X ;
20 P T : B
b 13 1 L B
- ! E 11t
P i i m |
L3 1 L ] I i 1] Ll
s Eea R A o EREssEIiis
0 1'.....-: . e | i ; # R i
0 10 20 30 40 50 G0
time /s
Fig. 8.2
(a) Explain, in terms of heat transfer, why the waler temperature remains constant after
50s.
- M
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(b)

()

(d)

(e)

f

Explain why polystyrene is chosen as the material for the cup.

Dmcﬁﬁbe how heat is transferred in the waler as the water is haated up by the copper
block.

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

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

Calculate the heal gained by the waler in the cup.

heatgained bywater=..........._................coeenee

Hence, calculale the specific heat capacity of the copper block, assuming that the
initial temperature of the copper block was 100 °C.

heat capacihly of COPPEr = .o s

Siate one assumption in your caloulations in part (&),

a9

Page 10 of 13

SA2 Pasir Ris Crest School

2]

2]

(1

LUze

278



g Fig. 9 shows a ray of light entering a transparent prism ABCD al X, totally internally For
reflected al Y and then lravelling along side CD after being incident at Z, Use

B Y C

{Eh Define critical Bﬂﬁﬂ‘ [1]

(b) Determine the eritical angle of the prism,

orilical aNgIB = .......occimviinareiisanssanisisrisissnsen 1

{e) Hence, calculate the refractive index of the prism.

(EIrECHIVE INDEX = ....ovoveerrrcecsresnncnnnnscsseens (2]

() Calculate the angle of incidence of the light ray at X.

angle of inCidence = . ..o [2)

(e) Determine the speed of the fight ray through the prism.

Page 11 ol 13
SA2 Pasir Ris Crest School 279



i) State the two conditions for the light ray 1o be totally internally reflected at . i Far
Lise
(2]
10 Fig. 10 shows an air bubble 55 m below the surface of a lake.
= ‘.
= |
Fig. 10
The atmospheric pressure is 74 cmHg, density of the lake water is 1050 kg/m?, the
density of mercury is 13500 kg/m® and the gravilational field strength is 10 Nfkg.
{a) Calculate the atmospheric pressure in Pa,
; 12
BIMOSPhEric PresSUNe = _.........cooiisimsmisissensnssasssnn
(b) Calculate the pressure exerled on the air bubble when it is 55 m below the surface of
the lake.
PIOBSUIE = ........cocmmmmnsnssssrsssneesssnssesenrnee |2}
ad
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(c) The bubble then rises to the surface of the lake and remains there. Describe and

axplain the change, if any, to the pressure exerted by the water on the alr bubble
as il rises,

2]

(d) The volume of the air bubble increases and the air pressure inside the bubble
decreases as il rises up the lake,
Explain, in terms of the kinetic model of matter, why the air pressure inside the
bubble decreases as the volume of the bubble increases. Assume the temperature of
thi take waler is constant throughout.

(e) The volume of the air bubble 55 m below the surface of the lake is 0.50 cm®.
Calculate the volume of the air bubble at the surface of the lake.

VOIUME = ..oooiivseermneeaeerreesmsnnssserensanees 2]

End of Paper
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Take g = 10 m/s* for all relevant questions.

1 A pair of vernier calipers is used to measure the thickness of a dictionary. Fig. 1.1
shows the reading when the outside jaws closed without the dictionary. Fig. 1.2
shows the reading when the diclionary Is held between the outside jaws.

Ocm

[|||I]I|:I||[|tul||| J;|||I IJI|IIII|IJI

] Zero error = + 0.04 cm
0 Actual reading = 2,39 — (+0.04) = 2.35 em

Fig. 1.1

Gcm 3

|rutlmll|||r11||!h| ARRIRANNNRARED
ITT]TTIT

Fig. 1.2
What is the actual thickness of the dictionary?

A 218cm B 225cm

C 228cm D 2:55%m

2 Fig. 2.1 shows the reading on a micrometer screw gauge when the anvil and
spindle are fully closed. Fig. 2.2 shows the reading when measuring the thickness

of a coin. Thickness = 2,91 — (-0.02) = 2.93 mm
— - )
=1 | 5
= o B
0 =
- =
- TTT 40
= 45 =
= = *
| E&_‘_—_‘__ -
Fig. 2.1 Fig. 2.2

Whal is the thickness of the coin?

A 288 mm
C 541 mm

14!
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3 The graph below shows how the displacemenl of an abjec! varies with lime.

displacement/m ¢

timels

e
L 4

Which of the following staterments aboul the motion of the object is correct?

The obiect is travelling with constant velocity during the interval PQ.
The object is n'!mring away from its starling point l:lunng Ihe imgwal QR.

1J1L "r,_.“'_-u-lh Ir.' | yit r4 DRI in e LI!I; T

OO >

The object 1135 ccrnstant acceleration during the Intenral TU

4 A gravitational field is

e [ e ||J-|i‘.},l 1 J_:,.
a graﬂtaﬂ-::-nal furr::e whi::h is exertad on a mass.
a force which acts against gravity.

a region in which a mass experiences inertia which affects its state of rest or
maotion.

o0 mes

5 A parachutist falling vertically opens his parachute, Immedialely afler opening his
parachute, he decelerates uniformly for a short interval of time. Which of the
following statements correctly describes what happens during this shorl interval?

As ha decelerates, 1h:e air msistanr:e oppnsing his mmhn ’mreases
His weight is grealer than the air resistance force opposing his motion.

As he decelerates, the air resislance opposing his motlon remains equal in
magnitude lo his weight.

O o

i A rover sent to the planet Mars has a weight of 532 N on Mars where the
gravitational field strength is 3.8 N/kg. What is the weight of the rover on earth if the
gravitational field strength of the earth is 10 Nikg? W =mg

532=mx3.8
A 53N B 140N E:_::"“
C 200N M908  w =140 x 10 = 1400 N
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T Two motoreycles X and Y starl from the same point on a level road at different
speeds, as shown in the graph below. The molorcycles travel in a straight fine.

speed | X
m/s

- |

15

|
|
|
|
|
|
|
I
I
i

0 2 4 6 8 10 12 tmels }
Att= 122 s, distances (area under

Whal Is the time that the two motorcycles meet? graph) covered are equal.

A 4s B 6s
c 8s 5 728

8 The diagram below shows the velocity-time graph of a 1500 kg car that moves off
from rest from a traffic junction.
F=ma=1500x 20/5 = 6000 N

velocity 4 6000 = 6500 —f
mis f= 500 N
]
0 - »
5 timels

What is the total frictional force acting against the car in the first 2 s if the forward
engine force of the car is 8500 N?

A GON B BOGIN
C 6000N D 12500 N

9 A brass ring is used lo imitate a real gold ring. it has a composition of 12 g of
copper and 4 g of zinc. If the density of copper is 9.0 g/em® and the density of zinc
is 7.1 g/lem?®, what is the density of the ring?
volume of copper=12/9=1.3cm?

.5 glem? ) 3 volume of zinc = 4/7.1 = 0.56
% %& g f‘; icn:: density = 16/(1.3 + 0.56) = 8.6 glcm’
i
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10  The lable shows the result of an experiment in which a solid object is placed in four
different liquids. The solid object does not dissolve in the liquids.

liquid [ dms% of liquid / kgm™ observation
mercury 1'55011 floats
waler 1000  floats
kerosene 810 sinks
organic compound 450 sinks

Whal is the density of the solid object?

Between 1000 kg/m®

Between B4 8kl s

Exaclly 1000 kg/m®
Exactly 810 kg/m®

and 136

00 kg/m*®

AT,

o oim>»

11 Two constant forces of magnitude 3.0 N and 9.0 N act on a body at rest. Which of
the following forces cannot be the resultant force of these two forces?

B EER B 75N
C 98N D 1IN

12  The diagram below shows a marble of mass 25 g at the top of a slope at point X.
Assume that friction is negligible. Gravitational field strength is 10 N/kg.

Y KE given = gain in GPE = 0.025 x
3 10x1=025J

What is the amount of kinetic energy that must be given to the marble such that it
can reach point Y7

A 010J B
C 0754 D
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13 Tih; diagram shows three forces acting on an L-shaped uniform metal bar pivotet
a
5N

'

7 N+——

:
@\
U

Assuming the weight of the bar is negligible, the bar will

tUantEClockwiss:

remain in equilibrium.

turn clockwise.

turn clockwise followed by anti-clockwise.

=B i+ I

14 The diagram below shows a tightrope walker carrying a long pole.

B

f
pr

; . =i (Rl J i"nl,‘!{' Wi 1.,.'r 18]
Sc:- thal his contact with the rupa 15 greater, pravaruing him from toppling over.

To increase the frictional force between him and the rope.

o 0im >

43
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15  An object of weight 600 N is placed on a uniform, rigid, horizontal plank supported
at points X and Y as shown below. The plank weighs ap0 N and Is 1.2 m long.

600 N Taking moments about X,
Xx1.2=600x1+900x06
X=950N
A 7N
X 20cm Y
e
What is the force exerted on the plank by support X7
A 150N B AS0N
€ BsEN D 1100N

18  The diagram shows a plane circular lamina with three equal-sized holes drilled in it
in which quadrant is the center of gravity most likely to be?

17 A car moves at a constant speed of 18 m/s on a road. The frictional force opposing
the car's motion is 150 N. What is the power developed by the engine of the car?

P = Wdh
A 83W B 130w P=e(fxdit=fxdit=Ffxv
C 160W 0 e P=150x18=2700 N

18  The diagram shows a simple hydraulic jack used to fift a car of mass 2000 kg.
Gravitational field strength is 10 N/kg.

F piston X piston ¥ Fi4 = 20000/20
§i _& v F = 4000 N
Areaof [ Area of
piston X piston Y
4.0 cr? 20 cm?
oll

\What is the force F required to [ift the car?

B 2000N
D 8000 N

Page 7 of 12
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18 The diagram below shows a faulty mercury barometer that has some air trapped at
the top. The atmospheric pressure is 76 cmHg. What is the pressure at point X7

trapped air
Pur=76-73=3.0 cm Hg
Px=3+(73-45)=31cmHg

1.

73ecm

A 2BcmHg
C 73cmHg

20 The diagram shows a man lying flat across the thin ice and crawling to rescue his
dog that has fallen into the icy water,

. -

Why does the man lie down on the ice as he crawls across it?

To lower his centre of gravity to make him more stable.
To increase the rate of conduction of heat away from him.
So that the line of action of his weight is within his base area.

Tolfediice fispressiire exarted on e aa:

oo m >

21 Which of the following is not a suitable thermometric property?

A

Elecirical resistance of a piece of metal
Pressure of a fixed mass of gas at constant volume

OO oE

ihaf
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22 The diagram shows a gas enclosed in a container with @ movable piston. The
weight of the piston is negligible. Homer notices that when the gas is heated, the
piston moves from X to Y,

movable piston ——————— X

Which of the fallowing statements aboul Homer's observation is correct?

The average distance between the gas molecules remains constant,
The average kinetic energy of the gas molecules remains constant.
G _-1':._-"._;.1_'.}':. _ ::_'-'L,'-:-"i-:-.-'- CaTanT '.?:.‘-E'._r:ﬂ?;

Ehei PSSR E e A T e It
The average size of the gas molecules has increased.

e 3

c@eo >

23 The diagram shows a piece of paper wrapped around an iron rod and placed above
a luminous Bunsen flame. Bart notices that the paper does nol catch fire although it
is placed above the flame for some time.

paper

L (e

A The paper radiates thermal energy away.

SETys

B THelfohrsdeondictSipeimaken e icawa i mnHhosganer

€ Convection currents in the air carry thermal energy away from the paper.

D Air at high pressure near the paper moves towards the low pressure air around
the rod, carrying thermal energy away.

24 A liquid is heated and its temperature rises. Which of the following slalements
about the particles of the liquid is correct?

A The Kinetic energy and internal energy of the liquid particles remain constanl.

B The kinetic energy of the liquid particles remains constant but the internal
energy of the liquid parlicles increases.

C The kinetic energy of the liquid parlicles increases bul the internal energy of
the liquid particles remains constant.

2

The Kinelcenerg e and miernarelegyopinel quipapeesine edse;
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25  The diagram shows two cubes made of the same material but of different masses.
Cube Y has twice the mass of cube X.

X
Which of the following statements is comrect?

Both cubes have the same heat capacities.
Cube X has a larger heat capacity than cube Y.
Cube Y has a larger 9paciﬂc: haat capadty than cuba X.

Bom»

26 The graph below shows how the volume of gas in a container varies with
temperature.

volume 4

—
temperature

Which of the following statements correctly describes the gas?

A The pressurs of the gas is decreasing.
B Tha pressure crf !ha gas mmalna mmtam.

IHE
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27 A man slands beside a small fire to warm his legs and hands.

E En A ot DO S el £

B convection radiation
C conduction radiation
D radiation radiation

28  The graph shows how the temperature of a solid X of mass 400 g varies as it is
heated by a heater of power 200 W. Q= Pt=ml

20015 x60=04x|;

—/ Iy = 450000 Jikg

A
temperature/C

0 10 25 time/min
What is the specific latent heat of fusion of X7

A 5000 J/kg B 12500 J/kg
C 300000 Jikg D 45000007

Page 11 of 12
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29  The diagram shows a heal sink that is used 1o cool hot components in 8 computer
The sink is attached by its base to the components and consists of protruding fins.

fins

base

What is the purpose of the fins?

i SV e S e :
To increase the surface area so that more thermal energy can be absorbed
from the surrounding air,

D Toallow more thermal energy to be conducted from the surrounding air to the

surface of the fins.

O i >

30  The diagram shows an object O placed in front of a plane mirrar M. Bowser sees
the image of O in the miror M. Which of the reflected rays drawn Is correct?

End of Paper

b
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SECTION A For

i
Answer ALL [he guestions in this section.
1 A remote-controlled car starts from rest at t = 0 s and travels in a straight line. Fig. 1
shows the velocity-lime graph for the car for the starting part of its journey.
&
1{} Ol : X v = L | ;
T ' - = T i
—+1- , - it T i
e N S
5 ' T
velocity : L i n s
mis [y asEmy '
A ] L - ] P, ﬂ : 12
0 P E v
I [N H] 4, E § ‘Irl 1“’ Iq'" EITIEFS
T 1 | | I
- - A - : i
I . \\.
i ; " ;
'5 1 [] 1 1 i
s o yam e
: ‘: = : TR
¥ 1 ! e S ¥ i o
ol e o + DL
Fig. 1
(a) Define acceleration.
Rate of change of velocityichange of velocity per unit time. 1]

(b) Calculate lhe acceleration of the carfrom l=0stat=2 s.

a=(v-u)t
a=75/2 [1]
a=38m/s? [1]

acceleration = ... veeeeeene 2]

(c) Describe the motion of car from | = 4 s 1o t = 10 s, stating all refevant values of
velocity and time.

From1=4stol= 5.8s the car.decelerates unifermly fram 7,5 mis to.rest. [1)..
It then reverses direction and accelerates uniformly from rest to a velocity of
T 11 T i R R RO, S e L B LA e e Ao ST R

..................................................................................................................
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{d) Calculate the total displacement of the car from L =0slol =128, |  For

-
displacement 1=12x7.5x(2+76)=36m ]— [1] Use
displacement2=-12x5x44=-11m

Total displacement =36-11=25m )|

total displacement = ......cvvcvinnirs s niisinensraminees 18]

2 Fig. 2 shows a man pushing two boxes X and Y across a rough floor by exerling an
8.0 N constant horizontal force on box X.

BON

rough floor
Fig. 2
Box X has a mass of 1.8 kg and box Y has a mass of 0.60 kg. The boxes accelerale

uniformly along the rough floor. The frictional force acting on box X is 2.0 N and the
frictional force acting on box Y is 1.2 N.

(a) In the space below, draw the free bedy diagrams for both box X and box Y, showing

only the horizontal forces. [2]
m force on  force on
XbyY Y by X
" y By Y
20N 1.2N
—— -

(b} Calculate the acceleralion of the boxes.

F=8-2-12=48N 1
F= ma

48=(18+06)xa
a=2,0ms M1

Page 3o0f 13
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(c)

(a)

(b)

(e)

Determine the force that box Y exeris box X,

F=ma
F=06x2=12 1
f-12=12

f=24N

e RO |

Fig. 3 shows a 5.0 kg block at rest on an incline at X. A constant force of 50 N is used
io push the block 6.0 m up the incline and it reaches the lop at Y with a speed of 2.5
m/s. Poinl Y is 4.0 m vertically above point X. Gravitational field strength is 10 N/kg.

40m

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

Calculate the total work done by the 50 N force.

Wd=fxd
Wd=50x6=300J

WK OO B i shanay

Calculate the gain in kinetic energy of the block from X to Y.

Gainin KE=%xm xv?
=%x5x25[1)
=16J [1]

gain in kinalic 8nergy = ...........cccvvvveiierrennns

Calculate the gain in gravilational potential energy of the block from X to Y.

Gain in GPE = mgh
=5x10x4 [1]

=2004 1
gain in gravilational potential @NErgY = .......coiiiiiisie e
4§
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(d) Calculate the frictional force opposing the motion of the block, assuming it is

constant.
Wd against friction = 300 - 200 - 16 = 84 J 1]
84=tx6
f=14N (1
frictional force = ......ccoocniviiminisiesinnrannns
4 Fig. 4 shows a mercury manomeler used to measure the gas pressure of a gas

container. The density of mercury is 13600 kg/im?, gravitational field strength is 10
M/kg and atmospheric pressure is 1 x 10° Pa,

(a) The pressure of the gas container is 140000 Fa,
Delermine h.

100000 + Pp.= 140000

Py = 40000 Pa 11
40000 = phg
40000 = 13600 x h x 10
h=029m [1]

(b) Describe and explain, using the Kinetic Model of Matter, the change to h, If any, when
ihe gas in the container is heated.

h will increase [1]. The gas molecules will gain KE and move at greater
“speéads’[1], colliding against the Walls 'of the container moré frégquently and
vigorously, exerting a greater force per unit area and pressure [1].

Page Sof 13
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5

(2)

(b)

(e)

(d)

(e)

Fig. 5 shows a retort stand with @ mass holder held at the clamp. The centre of
gravity of the sland is at X.

mass
; halder

60 em ':

i

!

X ;

! S

12em 34 cm
Fig. &5
State the Principle of Moments.

.For a body in equilibrium, the sum of the clockwise moments about 3 pivot is

equal to the sum of the anticlockwise moments about the same pivot.

Mario nolices that the retort stand is about to topple when the mass added Is 600 g.
Calculate the mass of the relort stand.

acw = cw
mxgxi2=06xgx34 [1]
m=1.7 kg [1

MBEE = .. .irneirniss

State one assumption that was made when answering part (b).

The mass of the mass holder is negligible/the weight of the mass is at the
Eanire o the Boldar e e e e A e
Luigi suggests lowering the mass holder so that the retort stand is able to hold more
than 600 g in the holder. Explain why this will not work,

..The perpendicular. distanse from.the. line. of action of the weight of the mass ...
remains the same. Hence the clockwise moments Is still the same.

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

State two methods that the student can use 1o allow the retort stand 1o hold more
mass in the holder without toppling over.

. Adjust the mass holder nearer to. X [ incraase the hase area of the stand / add...
more weight to the base of the stand

.H‘T.. R TR R S a Ra s B d e
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B

{a)

(b)

(a)

(b)

{c)

Rosalina observed the molion of pollen particles suspended in water through a
microscope. Fig. 6 shows her observation of one pollen particle.

pollen

eye plece of (7

microscope
Y

Fig. &

Rosalina observed one pollen partficle and noliced that it moved continuously and
randomly. Explain why the particles move about in such a manner.

_The water molecules are moving sentipyvously and.randemly [1). snd they sre...
bumhardlpgr‘_:nllidmg__gamst mw_rg_gﬁ contin uousry and
randomly [1)...

2]
Siate whatl Rosalina would observe if the pollen particies were larger.

The pollen particles would move slowerlappear to be less agitated. 1]

When one junction of a thermocouple is removed from melling ice and placed in

steam sbove boiling water, the voltage reading of the thermocouple changes from
0.24 mV 1o 3.33 mV.

Explain why the thermocouple must be placed above the boiling water, and not in the
boiling water.

The.temperature, of the. heiling watet may net. be 100°C at every peint............... 1

Determine the voltage reading of the thermocouple when it is placed in a liguid of
temperature 58°C.

8 = (Vs - Vo)}/[V100 — Vo)

58 = (Vg - 0.24)/(3.33 — 0.24) x 100 [1]
Vy=20mV (1]

vellaOe & .o aiarei L)
Thermocouples are known to have low heat capacities.
Define heal capacily of a subslance,

The.ameaunt.of thermal energy required to.change the temparature. of the,
substance by 1 K.

Pege 7 of 13
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{ii) Explain how this Is an advantage in the use of thermocouples as thermometers.,

-A small.change in.thermal energy. supplied to or. removed from.the... ... e
thermocouple will cause a large change in temperature shown by the

.thermacouple, making it responsive OR it.can detect smallchanges in ... ...
temperature quickly.

(1]
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SECTION B Por
Answer ALL the guestions in this seclion,
8 ASﬁﬂgmpparbluckisheahdhalwnpmMmuHﬂD’C.Thempp&rhlndﬂsh&n

immediately transferred to a polystyrene cup confaining water at a room temperature
of 26°C as shown in Fig. 8.1 below,

Readings of the water temperalure are taken al intervals of 10 s immediately afler the
copper block is lowered into the water. The mass of water in the cup is 130 g. Fig. 8.2
shows the graph of the variation of the temperature of water in the cup against ime.

The specific heat capacity of waler is 4200 J/(kg®C).

5u Ll ;IT .r il T
I.',.: LI | = e
T 55 :
a0 = AP a -
= ¥ i B - -':
water P Ao EXERARERAN |
temperature s = 1 AmE s i
f°C s H i T 3 ; i 1
" | -
I 3]
T b - L
'i : : : i : 1[ ]
2{' ] L'} i 1 i I
] 1 L] T
I Ll | L
17 1
= i i : f
H 1 11 L] !{_ |: )
o CEEEETHET - e
0 10 20 30 40 50 60
lime /s
Fig. 8.2

(a) Explain, in terms of heal transfer, why the waler lemperalure remains conslanl after
50s.

..................................................................................................................
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(b) Explain why polystyrene is chosen as the material for the cup. g For
_Polystyrene is.a poor. conductor of heat [1] and reduces the conduction of e
heat from tha water to the surroundings [1].
[2]
(c) Describe how heal is transferred in the water as the water is heated up by the copper
block.
The heated water at the bottom expands, becomes less dense and rises [1],
while the cooler water at the top, being denser, sinks to replace it, l
forming convection currents [1).
2]
(d) Calculate the heat gained by the water in the cup.
Q= mecAB
Q=0.13 x 4200 x (50 - 26) [1]
Q=13000J [1]

heat gained by waler = ................cocimniiasionn [2)

(e) Hence, calculate the specific heal capacity of the copper block, assuming that the
initial temperature of the copper block was 100 °C.

Q = mcAd
13000 =0.55x c x (100 - 50) i1
c =470 Ji{kg °C) 11

heal capacity of copper=.........ccccevieeeciccricsiicecenes. 2]

(f) Slate one assumption in your calculations in part ().

There is no heat transfer from the water to the surroundings/no heat is gained
B N TR AR DA ot S

(1

i5l
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(a)

(b)

(c)

(d)

(e)

Fig. 9 shows a ray of light entering a transparent prism ABCD at X, totally internally
reflecied at Y and then travelling along side CD &fter being incident at Z.

C

17°

o
s Fig. 9 \

Define critical angle.

The angle of incidence of the light ray in the optically denser medium which
“gives an angle of refraction of B0° n the opticaliy less dense medium.

Determine the critical angle of the prism.
c=117"-90° = 27°

Hence, calculate the refractive index of the prism.

n=1lsinc
n = 1/sin 27° [1]
n=22 [1]

refrachive INAEX S oo aeeieenrerens

Calculate the angle of incidence of the fight ray at X.

n=sinilsinr
22=sinif/sin25° [1]
i = 68° (1

angle of INCHBNEE B . . siasi s
Determine the speed of the light ray through the prism.
n=clv

22=3x10%!v 1
v=14x10"mls 1]

Page 11 of 13
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speed = ....

fn State the two conditions for the light ray to be tatally internally reflected at Y, i For
.The light ray must be travelling from an aptically denser medium towards an . e
optically less dense medium [1].
The angle of incidence at Y must be greater than the critical angle of the
akarial ebthe PR Hd i e
10 Fig. 10 shows an air bubble 55 m below the surface of a lake.
Fig. 10
The atmosphearic pressure |s 74 cmHg, density of the lake water is 1050 kg/m?, the
density of mercury is 13500 kg/m® and the gravitational field slrength is 10 Nkg.
(a) Calculale the atmospheric pressure in Pa.
P=phg
P = 13500 x 10 x 0.74 1
P = 100000 Pa [1]
2]
BEMOSPhAMC PrESBUM = ... . covuivsisissssinssinrnrsssspinssnses
(b) Calculate the pressure exeried on the air bubble when it is 55 m below the surface of
the lake.
P = 100000 + (1050 x 55 x 10) 1]
P = 680000 Pa 1
PRI o i a et aRa oAb faNnomn [2]
15>
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(c) The bubble then rises to the surface of the lake and remains there. Describe and
explain the change, if any, to the pressure exerted by the water on the air bubble
as il rises.

%ga

. The pressure exerted by the water.on the bubble decreases [1]. ...
As the bubble rises, the height of the water above the bubble r.recreases [11.
.causing the water pressure.on the bubble to decreases 1oo....

[2]

{d) The volume of the air bubble increases and the air pressure inside the bubble
decreases as it rises up the lake.
Explain, in terms of the kinetic model of matter, why the air pressure inside the
bubble decreases as the volume of the bubble increases, Assume the lemperature of
the lake water is constant thraughout.

_As the volume ingreases the number of air molecules per unit volume
decreases, and the air molecules collide against the wall of the bubble less

frequentiy [1]..exerting lesser farce.perunitarea [1]. ..o

12]

(e) The volume of the air bubble 55 m below the surface of the lake is 0.50 om’.
Calculate the volume of the alr bubble at the surface of the lake.

PiVi=P: V2
100000 x Vy = GBO000 x 0.50 11
V,=3.4cm’ 1

T T R e s SN BT ] |

End of Paper
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2

Section A: Multiple Choice (30 marks)
Answer all the questions in the OTAS Answer Sheet provided.

1 Which of the following is a suitable estimate for the radius of the Earth?
A Bnm B Gpm C 6Mm D &6Gm

2 Fig. 2.1 shows the reading of a pair of vernier calipers when its jaws are tolally closed.
Fig. 2.2 shows the reading on the same pair of vernier calipers when it measures he
diameter of a rod,

0 mm 10 mm 50 mm 60 mm
MR
RERRNERREE ERERRRRRRR
0 5 10 ] b 10

Fig. 21 Fig. 2.2
What Is the diameler of the rod?
A 534 om B 5.38cm C 50.34em D 50.38 cm

3 Brownian motion can be observed In illuminated smoke particles contained in a sealed
transparent cell using a low power microscope. Which of the following slalements is
incorrect?

A The speed of the observed motion is affected by temperature.

B The observed motion is caused by random motion of the smoke particies moving by
Ihemselves,

C  The observed molion is caused by random motion of the air molecules hitting the
smoke paricles.

D  Air molecules are loo liny 1o be observed through the microscope.

4 A mercury column is 5.0 cm long at 0 °C and 30.0 cm long at 100 °C. When it is placed in
a convection oven, the mercury column was measured to be 40.0 cm long. What is the
lemperature in the convection oven?

A 100°C B 140°C C 13C D 167°C

SA2 Peirce Secondary School 306
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5 A cross-seclion of a solar panel is shown below. In the labelling, three kay words have
been replaced by the lstters, R, S-and T.

glass panel

temperature

e
<A

A metenal

Which of the following best describes R, S and T7

R s T
A conduciing lead black
B insulating iran white
(v insulating copper black
D conducting zine silver

6 Thermal energy is supplied at the same rale to 100 g of paraffin and 100 g of water in
similar containers. Why does (he lemperalure of the paraflin rise more quickly?
A The paraffin is less dense than waler,
B The paraffin is more dense than water.
C  The paraffin has a larger specific heat capacity than water.
D  The paraffin has a smaller specific heat capacity than water,

T A vibrating source moves up and down in a ripple tank. What will happen if the vibrating
frequency is Increased?
A The wave peaks will be higher and the troughs lower.
B  The waves will be closer together,
C  The waves will be further apart.
D  The waves will move fastar across the tank,

5%
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8 The diagram shows Paul standing in fronl of a glane mirror at a distance of 5 m.

Whal is the distance between Paul's initial posilion and his final image if Paul moves
backwards by another 5 m?

A

B
c
D

9 A periscope uses lwo 45° prisms o refled the light ray into the observer's eye. Which of
lhe following ks a possible refractive index of the prism's malerial?

o 0O w >

SA2 Peirce Secondary School

Paul

4

mirror

5m

10m
15m
20m

1.00
1.39
1.41
1.44
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10 Below are four statements about the applications of the components in the eleclromagnetic
spectrum. -
= Gamima rays are used lo treat cancer.
+ Infrared radiation is used in intruder alarms.
* Microwaves are used in salellite televisions.
* X-rays are used in medical Imaging.
How many of these slaiements are correct?
A 1 B 2 C 3 D 4

11 The diagram below shows the duration for ultrasound to return back to the receiver on a
ship. The ship travelled from painl X to point Y along the surface of the water. At which

position is the water deepest?
time / ms
s
B
A ~—a
c
x Y

12 What |s the approximate range of audible frequencies for a healthy aduit?
A 20Hzto100Hz
B 2 Hz to 20 000 Hz
C 20 Hz to 20 000 Hz
0] 200 Hz to 2000 Hz

13  Atuning fork produces a sound wave with a frequency of 1 kHz. If the speed of sound is
340 mis in air, what is the distance between the centre of a rarefaction and the centre of an
adjacent comprassion on the wave?

A 008m B 017m C D03m D 068m

14  Acircular disc has 100 holes. Il rofales al 300 revolutions per minute and air Is blown
across the holes. What is the frequency of the sound produced?
A b5Hz B 180H=z C 300Hz D S500Hz

55
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15 A ticker tape timer vibrates at 100 Hz. The tape in the diagram below shows the distance
moved by a trolley. What is the average speed of the trolley for the whole interval?

2cm Jem 4 cm 5ecm
- S i e >
A D4 emis
B 056cmis
C 2bcmis
D 350cmfs

16 The displacement-time graph of a man travelling along a straight, horizontal road is
shown below. What is the tolal distance travelled by the man in 50 57

displacement / m
1D_u-‘-.".....,.",.--..,,I----,..-....-...-.. 5
] LTI, : e :l_._: E'"‘I
0 = m SIE] time /s
A 35m B 50m C 135m D 250m

17  Two cars P and Q started from the same poinl on a level road at different velocities, Their
velocilies are shown in the graph below.

velocity f mis 4 P

20

10

v

00 10 20 30 40 50 6.0 time /s

What is the time thal the two cars meel?
A 30s B 40s Cc 50s D 6.0s
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18  The diagram below shows the velocHy-time graph of a truck travelling along a straight
road.

velocity / m/s
A R

2 .
- * fime/s

Which of the following statements is correct?
A The truck is moving backwards from R 10 §.

B  The truck moved back to the original position.
C  Thetruck accelerated unformly throughout
D  The truck moved at zero acceleration at R.

13 When the rigger of a rifle is pulled, the force exerted on the recoiling rifle Is just as great as
the force that drives the bullet along the barrel,

Force on bullet
.

Why does the bullet undergo more acceleration than the rifle?
A The bullet is smaller in size.

B  The bullet has a smailer mass.

C  The bullet is free to move while the rifle is held down.

D  The bullet explodes before it leaves the rifle.

20 Box Aof mass 4.0 kg is stacked on top of box B of mass 2.0 kg. A force of 12.0 N is
applied on box B, Assume that the surface between the boxes and the tahle top ara both
frictionless. What will happan o the motion of boxes?
A Box A accelerates to lhe right at 3.0 m/s? while box [ J
A

B accelerates at 6.0 mis?,

B  BoxB accelerales lo the right at 6.0 m/s? while box 120N 7
A drops down vertically, ————y P ]
C  Both box A and box B accelerate to (he right at
2.0 mfs?,
D  Bolh box A and box B accelerate to the right at 6.0 mi/s?,
x4
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21 The diagram below shows a system of 5 strings and a beam of mass 1 kg holding a 2 kg
mass, What are the tensions Ty and Ty in the two strings shown below?

[Take g =10 N/kg]
SOMNONNONNNNNTY, ceiling
T - 5Tings
'] .-__.___________,.-'l—
72 Mauss of beam is 1 kg
2kg Siringe
T:/N TaiN

A 6.7 10
B 8.7 20
c 10 10
D 10 20

22  Two forces X and Y of constant magnitudes act al the same point as shown below.

a
4

Y

When the angle 8 between the forces X and Y increases from 0° to 180°, the magnitude of
the resultant force

A

B
c
D

increases and then decreases.
decreases,
increases.

decreases and then increases,

23 The pressure on the tyres of a sedan car is P. The contact surface of each tyre with the
fioor is A. Caleutate the new contact surface of each tyre when air is released from the tyre
and the pressure of the car is reduced to 0.75 P.

A

0.333A B 1.33A C 4A D BA

SA2 Peirce Secondary School
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24 A thin lube contains a thread of mercury which traps air at the end of the tube, The other
end of the tube is open lo atmospheric prossure:

Frapped i in vbe
Ihread of metoury
Irapped airinjube
"-..‘_-““ )

When the tube Is turned upside down, the valume of the trapped air increases. Which of the
following statements explains this?

A

B
c
3}

The pressure in the trapped air is reduced.

The air gets hotter when the tube is turmed upside down.

The almospheric pressure is less when it acts upwards on the mercury,

The trapped air molecules hil the mercury harder when travelling downwards.,

25 Fig. 25a and Fig. 25b show an open-ended and a closed lube manomeler respectively
connected to the same gas cylinder,

A

Fig. 25a Fig. 25b
The atmospheric pressure is 760 mmHg. Whal is the height, A, of the mercury in Fig 2567
80 mmHg
760 mmHg
800 mmHg
840 mmHa

B
c
D

SA2 Peirce Secondary School 313



10

26 A glass, full of water, is covered with a card and then inverted. When the glass is held in
the air, the card will not fall off and the water will not escape. What is the reason for this?
A The atmospheric pressure prevents the card from falling off.
B The card makes a walter tight seal to prevent the water from escaping.
c The pressure In the glass Is ralsed because it is filled with water.
D The waler remains in its position because of inertia.

27 Which of the following statements is incorrect?
A A2 kgiron block has twice as much inerliaas a 1 kg block of iron.
B A2 kgiron block has twice as much volume as a 1 kg block of iron,
C A2 kgbunch of bananas has twice as much volume as a 1 kg loaf of bread.
D A2 kg bunch of bananas has wice as much mass as a 1 kg loaf of bread.

28 Identical pieces of wood are placed in four different liquids, P, G, R and S.

Which liquid has the largest density?
A P B Q C R D 5

28 A mass of liquid of density p is thoroughly mixed with an equal mass of another liquid of
density 2p. The two mixtures are immiscible (they do nol mix). What is the density of the

composite liquid?

#

A 3P
3

B EP
5

[ 39
D p
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30 A pendulum hangs from the ceiling of a stationary bus.

The bus suddenly starts to move towards the left. Which of the following diagrams show
the position of the pendulum immediately after the bus starts to move?

iy

"

SA2 Peirce Secondary School
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Candidale Name !

Section B: Structured Questions (40 marks)
Answer all the questions in lhe spaces provided.
1 A siudent has an open tank for storing water outside her house. The lank is painted black
and Is in direct suntight,
The cross-sectional area of the tank is 3.0 m®.
The density of the water is 1000 kg/m,
The specific heat capacity of waler is 4.2 kJ/kg"C.
The specific laten! heat of vaporization of water is 2.2 x 10° J/kg.
The specific heat capacity of the metal cup is 462 Jkg*C.

water

water tank with biack
surface

{a) State how the thermal energy is transferred from the sun to the waler.

- [1]

{b) If the water tank was used to store heated waler instead, slate two changes you

would make to reduce heat loss

— i2]
(c) The sludent notices that the water leve! in the tank falls by 0.50 em In 11 hours,
(i) Calculate the energy used to evaporate the water.
BIVBION ™ vuirassnssininssnsnsspanias J2)
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(i) A 1200 W microwave is used lo heat 0.7 kg of water at30"Cina 13 g cup.
The final temperature of the water and the cup is B2 *C. Find the time reguired
to heat the water 1o this temperature.

time required = ... ..........c..c.c..e.. [3]

2 A U-shaped tube, with a constant cross-sectional area, contains some water of density
1000 kg/m?. Oil is then poured into the right-hand side of the tube and does riot mix with
the water. The diagram below shows the levels of the water and the ofl when equilibrium is
reached.

(a) Points X and Y are at the same horizontal level. X is 0.066 m below the lop surface
of the water and Y is 0.075 m below the top surface of the oil. Calculate the pressura
at point Y due to the liquid above it.

Pressure = ........covaiiinaniins [2]
(b) Hence, calculate the density of the oil.

SA2 Peirce Secondary School

317



14

3  The diagram below shows a ray diagram with

an objed, O, in front of a canverging lens,

drawn 1o scale. Given that the image formed Is virtual, upright and double in-height,
complete the ray disgram to find the focal point of the lens. Label the image | and the focal

point of the lens with an F.

12

4 The figure below shows a giass block XYZ in

the shape of a quadrant wilh cenlre at X. Aray

of light is incident al T on side XZ and traveis through the glass block before hitling side XY

at § and emerging from surface XY. pd
T
2l
Y 358 X
{a) Calculate the refractive index of the glass.
refractive index = ..........ooieieianienns [2]
(b) Calculate the critical angle of the glass block.
critical angle = .......cceueiienvnnnnanie [2]

(c) On the diagram above, compiete the path of the light ray on XZ before it hits T. 1]

SA2 Peirce Secondary School
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5  The diagram below shows a bicycle pump.

handle shaft viled leather washer
. _.
r , trapped air nozzie
—~
barrel

{a) Explain in terms of molecular motion, how trapped air creales a pressure on the ofled
leather washer.

(2]

{b) When the nozzle is blocked and the handle is slowly pushed In, the pressure of the
trapped air increases. Explain why the pressure increases if the temperature of the
air in the barrel remains constant and there is no leakage of air,

(2]

{e} Aforce of 75 N is applied on the pump handie when it is pushed into the barrel. What
is the pressure of the trapped air if the cross sectional area of the barrel is 250 mm?
and the atmospheric pressure is 1.0 x 10° Pa?

ko
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6  The diagram below shows a lorry of mass 6500 kg. It is stuck in soft ground. Two jeeps are
used to pull the lorry forward, Each jeep exeris a foree of 2500 N at an angle of 15° in the
direction in which the lorry is supposed to move.

2500 N

Draw a suilable scaled diagram, stating the scale used, to determine the magnitude and
direction of the resultant force that is pulling the lorry forward.

sCalE =i

magnitude of resullant force = ...,

direction of resUllanL fOTCE = ...c.ovieeiiiimmnrrmsinrsmssssssrtinsasisa s s snas
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7 For safety reasons, the minimum separstion between two moving cars is determined by
lhe reaction time of the drivers, the speed and deceleration produced by the braking
systems of the cars.

B &

Car B Is moving at a constant speed of 12 m/s. The driver notices that car A stops
suddenty. Car B travels 18 m before the driver applies the brake and decelerates uniformly
for a further 30 m before it stops.

(a) Calculate the reaction time of the driver of car B,

reaction ime = ..........ccovveeinnnnnn. [2]

(b} Calcutate the total time taken lor car B to stop from the moment he saw the car A
stops suddenly.

total time taken = ........cccccnvninienn. [2)
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8 {a) The following waveforms are produced when different instruments are played in front
of the microphone. Each instrument is played-in the same place each time,

IEI_/I\..A._(‘;.;

Tim A recorder
“"’ I{I‘ A’f h’ f saxophoneg
[ / |
i | V |
g
. | b - clarinet
N\ e 4R l{_

(i) Which instrument is producing the loudest sound? Explain your answer.

{1

{ii) From the wavelorms produced, how do we krnow that all inslruments are
producing a nole of the same pilch?

1

{b) There are two walls X and Y which are 120 m apart from each other. A boy slanding
at 40 m away from wall X claps his hands once. Il the speed of sound In air is
330 m/s, whal is lhe lime interval betwaen the firsl and |he second echo thal he
hears?

timeinterval = .oooecvecinecicennn [2]
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] The diagram below shows part of the eleclromagnetic spectrum.

Y-rays and ultra- infra- microwaves
x'f'ﬂﬁ 'U'H'ET I'Hd
I
|
visible flight

{a) MName one type of radiation that has a lower freguency than visible light.

(1]

(b) The speed of the radiation is halved as it enters a medium of different density. State
if the medium Is denser or less dense, and explain how the wavelength is affecied.

2]

SA2 Peirce Secondary School
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Section C: Free Response Questions (30 marks)
Answer all the gquestions in the spaces provided.

10  The position-time information shown below Is for a trip on a very small rolier coaster, The
position information describes horizontal movemenl parallel to the ground and vertical

movement up in the air,

time/s horizontal position / m vertical position / m
1 0 "
2 1 "
3 2 1"
4 4 B
5 T 5
6 11 ]
T 17 0
B 21 d
9 22 5
10 ©2 a8
11 17 10
12 13 8
13 12 G
14 13 2
15 17 0
16 " 0
17 24 0
18 27 3
19 29 5
20 3] 7
21 33 T
22 35 b
23 38 2
24 40 0

SA2 Peirce Secondary School
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(a) Piot the horizental posilion-time graph in the space below. [2)

e e

iy I
ol Her _ne

Describe the horizontal velocity of the roflercoaster during the 24 s.

(c) Plot the vertical position — horizontal position graph in the space below, [

Rt L L e TET LT

R R e L EE TET S
' ’ # ¥

; i e e T T L LR L

W B R

"
L --{;-_I._ __:__.1_ o,
1

o e L S B

-

i
sdmafumfefasks

1

-:-r-
"

L] L L] i ' w - L] ¥ 1] L] k) v " . 1 " " " .
s bt T T, {-,.1,..1.-.1..-!--%_!“-:.. O T .1..;}-,:..._-;..:\...{.“:._.:.":\... i
3 W " - ] ¥ L " r ] ] . " ¥ ¥ " . i 3 * " " 3 3
.....{...-E.u : :-,,!..{..1..1.. e Rt T R T R B B B e
" aow w o

[ R S TR e IR R | "
sdscdecdrsdsvdasbacbocbheckhesh oot e oo dlnaiy.
4 F, & A AR T I P e ke ol ™

£l

r-u-JI--r-‘---!-.--‘h...l._‘,_Ji.J.....j..
I T T Tt el
4

bashe
S S O O S S O

%@-?ﬂﬁlﬁqﬂim

W

FreTTepEapee

T T ey
T e ]

"
-EA fO E
R

IR 3o TR ot A

horizontal position / m
(i)  Whal does the shape of this graph represent?

[1]

163
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(i) At f=24s, aconstant braking force was applied to the rollercoaster that brought it to
a stop in 4 s. Given that the deceleration is 10.79 m/s?, calculale the braking force
given that the rollercoaster has a mass of 3500 kg.

braking force = .....coccviinininiannin [2)

11 During lift off, a rockel produces 7 x 10° N of thrust. The rocket has a mass of 3.2 X 10 kg.
The gravitational field sirength on Earth Is taken as 10 N/kg.

(a) On the diagram above, draw and label \he forces acting on the rocket upon lift off [2]
(b) Determine lhe weight of the rocket. '

Welght = oo [2)

(c) Calculate the initial acceleration of the rockel upon lift off.

initial acceleration = ... 3]
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{d) The rockel descends vertically toward the surface of planet X with a constant speed
of 2.0 m/s. Assume that the gravitational strength on planet X is 0.7 N/kg. Calculate
the upward thrust on the rocket as il descends.

upward thrust = .........ccccciieeenne. [2]

() The rocket has landed on ihe surface of planet X, State the reaction force of the
planet X on the rocket

reactionforce = . .........c.covieenciincineanen [1)

12 (a) Thediagram shows a hydraulic press with a force of 150 N being exerted on a
smaller piston with 2 cross-sectional area of 9.5 cm?,

air-filled -
flexible plastic - o
150N coniainer L0

95cm? liquid X

waler

As the smaller piston is depressed downwards, the larger piston moves up and
compresses an air-filed flexible plastic container attached to . A manometer filled
with liquid X is connected to the plastic container to measure the pressure difference
between the air inside and the atmospheric pressure outside.

(i)  Explain how pressure is transmitted in the hydraulic press above.

1]

L4
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(i) Calculate the pressure in Pa exerted on the air-filled flexible plastic container.

PreSsSUre = . ooeveeriaaanrnarnensreneeeees |2)

(i) If the atmospheric pressure is 10° Pa, calculate the density of liguid X in the
manometer,

density of liguid X = ..o [d]

(b) The full scale diagram on the next page shows how the positions of particles in a
medium changes with time while a longitudinal wave, travelling from left 1o right,
passes through the medium. At time t = 0 s, before the arrival of the wave, all the
pariicles are at their original undisturbed positions.

(i) State the amplilude of the wave,

ampllude = ....ooiiiciiicrienasinimenal 1

(i) ©On the diagram on the next page, indicale the position of particle 2 at
t=0.18s. (1]
(il Determine the perlod of the wave.

POFIOH = siin s sarassisssrrrmsmverss o)
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l=0s

=

t=0.02s

i=004s

t=0.06s

t=00&s

1=0.10s

t=0.12s

"
L
L
L ]
[
L
L
[

t=0.14s -

t=0.16s

t=0.18s

B e e e e il (TSI EERNE E—p— ERPE———
|
3
4
b
y
3
b

End of Paper

b8
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Section A: [30 marks]

Answer all the questions in the OTAS Answer Sheel provided.

1 Which of the following is a suitable estimate for the radius of the Earth?
A Gnm B 6pm C 6Mm @ B Gm

2  Fig. 2.1 shows the reading of a pair of Vemnier Callpers when Iis jaws are totally closed.
Fig. 2.2 shows the reading on the same pair of Vernier Calipers when it measures the
diameter of a rod.

0 mm 10 mm 50 mm &0 mm
MR
TTTTTIT T
0 5 10 0 5 10
Fig. 21 Fig. 2.2

What is the diameter of the rod?
(&) 534cm B 538ecm C€ 5034cm D 50.38cm

3 Browrian motion can be cbserved in lluminated smoke pardicles contained in a sealed
transparent cell using a low power microscope. Which of Lhe following stalements is
incorrect?

A The speed of the observed motion is affected by temperalure,
The observed motion is caused by random motion of the smoke particles moving by
themselves. )
C  Air molecules are observed to be moving about in random motion.
D  Air molecules are loo tiny to be observed through the microscope.

4 A mercury column s 5.0 cmirung al 0 °C and 30.0 cm long at 100 °C. When it is placed in
a convection oven, the mercury column was measured Lo be 40.0 cm long. What is the
temperaiure in the convection oven?

A 125°C 140°¢ € 150°C D 167°C

SA2 Peirce Secondary School
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8 A cross-seclion of 2 solar panel is shown below. In the labelling, three key words have
been replaced by the letters, R, Sand T.

glzss panal

What are the best words to replace these letters?

R 5 T
A conducting lead black
B insulaling iron while
© insulating copper black
D canducting zine silver

6 Thermal energy is supplied at the same rate lo 100 g of paraffin and 100 ¢ of water in
similar containers. Why does the temperature of the paraffin rise more quickiy?

A
B
c

®

The paraffin is less dense than waler,

The paraffin is more dense than water,

The paraffin has a larger specific heat tapacﬂir than water,
The paraffin has a smaller specific heat capacity than water,

7 Avibrating source moves up and down in a ripple lank. What will happen if the vibraling
frequency is increased?

A

®
c
D

SA2 Peirce Secondary School

The wave peaks will be higher and the troughs lower.
The waves will be closer logether.

The waves will move slower across the tank.

The waves will move quicker across the tank.
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8  The diagram shows Paul standing in front of a plane miror at a distance of 5 m.

Paul

mirror

5m

- ——

What is the distance between Paul's initial position and his final image if Paul moves
backwards by another 5 m?

A 5m
B 10m
@ 15m
D 20m

9 A periscope uses two 45° prisms lo reflect the light ray into the observer's eye. Whal isfare
the possible refractive index of the prism's material?

90‘4

Inl

A 100

B 139

c 1M

®) 144
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10 Below are four statemants about the uses of eleciromagnetic radiation,

= Gamma rays are used io treat cancer.
* Infrared are used in intruder alarms.
* Microwaves are used in satellite televisions.
* X-rays ars used in medical imaging.
How many of these statements are correct?
A B 2 c 3 @ 4

11 The diagram below shaws the duration for ultrasound to return back to the receiver on a
ship. The ship travelled from paint X 1o point ¥ along the surface of the water. At which
position is the waler deepest?

time /ms

!

x _",}

12 What is the approximate range of audible frequencies for a healthy adult?
A 20Hzto 100 Hz
B 2Hzio20000 Hz
(C) 20 Hzto 20 000 Hz
D 200 Hz to 2000 Hz

13 Auning fork produces a sound wave with a frequency of 1000 Hz. If the speed of sound is
340 ms™ in air, what is the distance between the centre of a rarefaction and the centre of
an adjacenl compression on the wave?

A 0.085m 017m € 034m D 29m

14 Acircular disc has 100 holes. It rotates at 300 revolutions par minule and air is blown

across the holes. What is the frequency of the sound produced?
A 20Hz B 180Hz € 300Hz (D) 500Hz

18}
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15  Aticker tape timer vibrates at 100 Hz. The tape in the diagram below shows the distance

moved by a trolley. What is the average speed of the trolley for the whole interval?

2cm Jcm 4cm Scm
o€ et et -
A 0.4 cmis
B 056cmis
C 25cm/s
(D) 350 cmifs

16 The displacement-time graph of a man travelling along a straight, horizontal road
is shown below. What is the total distance travelled by the man in 50 s7
Displacement / m

1u_uh.... - T
0 i

0 20 £
A 35m B 50m c 135m (@) 250m

17 Two cars P and Q started from the same point on a level road al different speeds. Their
speeds are shown in the graph below.

velocity fms? | P
20
10
0 1 2 3 4 5 6 time/s
What is the time that the two cars meet?
A 30s B 40s c s50s (D 60s
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18  The figure below shows the velocity-time graph of a truck travelling along a straighl road.

velocity / ms!

S\

* lima/s

Which of the following statement is correct?

A The truck is moving backwards from R fo S.

B The truck moved back to the original position,

C  The truck acceleraled uniformly throughout.
@ The truck moved at zerc acceleration al R.

189 When the trigger of 2 rifie is pulled, the force exerted an the recoiling rifle is just as great as
the force that drives the buliet along the barrel.

=

Why does the bullel undergo more acceleration than the rifle?

Force on bullet
S~

A The bullet is smaller in size.

(B) The bullet has a smaller mass.
C  The bullet is free to move while the rifle is held down.
0  The bullet explodes belore it leaves the rifle.

20 A 4.0kgbox Ais stacked ontop of a 2.0 kg box B. Aforce of 12.0 N is applied on box B.
Assume that the surface thal the surfaces batween the boxes and the table top are both
frictionless. Whal will happen to the motion of boxes?

A Box A asccelerates 1o the righl a1 3.0 me? while bax B
accelerates al 6.0 ms?, 20 N
(B) Box B accelerates to the right at 6.0 ms* while box et
A drops down vertically.

Both box A and box B accelerate to the right at 2.0 ms?

A
B

D Both box A and box B accelerate 1o the right at 6.0 ms2.

1L1
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21 The diagram below shows a system of 5 strings and a beam of mass 1 kg holding a 2 kg
mass. Whal are the lensions Trand Tain the two strings shown below? Take g = 10 Nikg

ANONOSOSOOSNNNN, cefling
T; e Stringe
£ Mass of beam s 1 kg
2kg
T /N lr:r IN

A 6.7 5
@ 6.7 10
[ 10 5
D 10 10

22 Two forces X and Y of constant magniludes act at the same point as shown below.

X
1]
Y
When the angle 8 between the lorces X and Y increases from 0° to 180°, the magnilude of
the resultant force
A increases and then decreases.
decreases,
c increases,
D  decreases and Llhen increases,

23  The pressure on the tyres of a sedan car is P. The conlact surface of each tyre with the
floor is A. Calculate Lhe new contact surface of each tyre when air Is released from the tyre
and the pressure of the car is reduced to 0.75 P,
A 125A (B 40s C b50s D 60s
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24 A thin tube contains a thread of mercury which traps air al the end of the tubs. The other

end of the tube is open to the atmosphere,

happed air inlube

lrapped air in _ltﬂe

When the tube is lurned upside down, the volume of the trapped air increases. Which
slatemen! explains this?

@ Thie pressure in the trapped air is reduced.

B The air gets hotter when the tube is lurned upside down,

c The atmosphere pushes less when it acts upwards on the mercury.

D The trapped alr molecules hit the mercury harder when traveliing downwards.

25 Fig. 25a and Fig. 25b show an open-ended and a closed lube manomeler respectively
connected to the same gas cylinder,

Fig. 25a Fig. 25b
The atmospheric pressure Is 760 mmHg. What is the height, h, of the mercury in Fig. 2367
A 60 mmHg
B 760 mmHg
C  B800mmHg
@ 820 mmHg-

26 Aglass full of water is covered with a card and then inverted. When the glass is held in the
air, the card will not fall off and the water will not escape. What is the reason for this?
(A)  The atmospheric pressure prevents the card from faliing off,
B The card makes a water tight seal to prevent the water from escaping.

C The pressure in the glass is ralsed because it is filled with water.
SA2 Peirce Sgeondary, School. aine in its position because of inertia, 170 339
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Which of the following statements is incorrect?
A A2 kg iron block has twice as much inertia as a 1 kg block of iron.
A 2 kg iron block has twice as much volume as a 1 kg block of iron.

/@

A 2 kg bunch of bananas has twice as much volume as & 1 kg loaf of bread.
A 2 kg bunch of bananas has twice as much mass as a 1 kg loafl of bread.

=

identical pieces of wood are placed in four different liquids, P, O, R and 3.

Which liquid has the biggest density?
A P B Q c R D 5
A mass of liquid of density p is thoroughly mixed with an equal mass of another

liquid of density 2p. No change of the total velume occurs. What is the density of
the liquid mixture?

®

2

i

B
C
D

A pendulum hangs from tha ceiling of a slationary bus.

LEFT * RIGHT

The bus suddenly starts to move towards the left. Which of the following diagrams show
how the pendulum will be hanging immediately after the bus slarts o move?

°ry]  "[d
T IS
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Section B [40 marks]

Answer all the questions in the spaces provided.
1 A student has an open tank for sloring water outside her house. The tank is painted black

and is in direcl sunlight

waler

black water tank

(@) Stale and explain how the water is transferred from the sun 1o the walar. [

Radiation

f the waler lank was used lo slore healed waler instead, state two changes you
would make to reduce heat loss. (2]

Paint tank white — white/ silver is a bad emitter of radiation
Lid = reduce evaporafion

Use Styrofoam - bad conductor of heat {any two answers with principle)

(b} The student notices that the water level in the tank falls by 0.0050 m in 11 hours.
The cross-sectional area of the tank Is 3.0 m2,
The density of the water is 1000 kgm.
The specific heal capacity of waler is 4.2 kJ kg™ "G,
The specific latent heal of vaporizalion of water s 2.2 x 100 Jkg?!
The specific heat capacity of the metal cup is 462 J kg™ *C-",
(i)} Calculate the average rate al which the energy is used lo evaporale the wates,

2]
Volume = 0.005 x 3 = 0.015m* (1/2m)

Mass = density x volume = 1000 x 0.015 = 15 kg (1/2m)
Energy = ml = 15 x 2.2 x 10% = 33 000 000J (1m)

1%

SA2 Peirce Secondary School 341



12
{ii) A 1200 W microwave is used |o heat 0.7 kg of water al 30 “C in a13 g metal

cup. The final temperalure of the waler is 82 "C. Find the time taken o reach
this temperature. 13

Heal provided by the microwave = Heal absorbed by the waler + heal absorbed
by the metal cup

Px 1= mcAB + mcAf

1200 x 1 (1m) = (0.7 x 4.2 x 1000 x 32) + (0.013 x 462 x 32) (1m)

b= {1m)

2 A Ushaped tube, with 2 constant cross-sectional area, conlains some waler of
density 1000 kg/m?3. Oil is then poured into the right-hand side of the tube and does
not mix with the waler. The figure below shows the levels of the water and the oil
ﬁhan equilibrium is reached.

Points X and Y are at the same horizontal level, X is 0.066 m below the top surface
of the water and Y is 0.075 m below the lop surface of the oil.
a) Calculale the pressure at point Y due to the liquid above it. (2]

Pressure at Y = Pressure al X

= hpg
= (0.066 x 1000 x 10
= 6680 Pa {accept 660 N/m?)

(students can wrile 660 Pa above atmospheric pressure. However, not to
guess the value of atmospheric pressure)

b) Hence, calculate the densily of the oil, [2]

P, =hpg
660=(0.075)(10)
660

= H

Pag =
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3 (a) The diagram below shows a ray diagram with an object, O, in front of & converging

lens, drawn lo scale. Given thal the image formed is virtual, upright and double in
height, complete the ray diagram to find the focal point of the lens. Label the image |
and the focal point of the lens with an F. i3]

&

e

\l:\

L

(b) Stale two changes lo the image if the object is placed beyond the focal point of the
lens.

Riminished/ inverted! real {any two one mark)

1]

TheﬂgurabefmushuwsagamhhdnmmUmshapaufaqmdmﬂwaunHdadrda.

with centre X. A ray of light is incident at '§ on side XY and travels through the glass block,
siriking side ZX at T,

a) Calculate the refractive index of the glass. 12}

n=sini/sinr
n = sin 55%sin 368° [1]

n=1.39 (1]
b) Calculate the critical angle of the glass block. [2]
sinc=1n
sinc=1/14 [1
c=44.0¢ 1

c) Draw ihe incidenl ray on TZ on the figure above.

[1]
s
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5 The diagram below shows a bicycle pump.

Handie Shaft Oiled leather washer
K} —
0 ’ Trapped air \—-_ Nozzle
T
Barrel

a)  Explainin terms of molecular motion, how trapped air creates a pressure on the offed
leather washer, [2]

The trapped air molecules collide with the walls of the washer [1m] and
the average forced exerted per unit area on the walls is pressure, [1m]

b)  When tha nozzle is blocked and the handle is slowly pushed in, the pressure of the
trapped air increases. Explain why the pressure increases if the temperature of the
alr in the barrel remains constant and the there is no leakage of air. [2]

When the handle is pushed in, the volume of trapped air decreases. [1m]
This increases the frequency of collisions of air molecules against the walls
of the barrel, |1m] hence increasing the pressure.

c) Aforce of 75 N is applied on the pump handle when it is pushed into the barrel. What
is the pressure of the trapped air if the cross sectional area of the barrel is 250 rmm?
and the almospheric pressure is 1.0 x 10° Pa? [2]

Pressure = Force | Area

Let trapped air pressure be P
(P—1.0x10%) = 75/ (250 x 10°6)
P=4.0x10%°Pa

SA2 Peirce Secondary School
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B The figure below shows a lorry of mass 6500 kg. Itis sluck in soft ground. Two
jeeps are used to pull the lorry forward. Each jeep exerts a force of 2500 N at an
angle of 15° in the direction in which the lomry is supposed to mave.

pulled by
jeep 2500 N
puiled by
jeep 2500 N
Draw a suilable scaled diagram, stating the scale used, o determine the magnilude and
direction of the resultant force that is pulling the larry forward. [4]

15° - - P
15°
-“.--'-
-l"—--'
.r"'".---
‘-__..*"'
.-""-

Scale 1em:250 N {1m)

Shape/ arrows! double arrows (1m)

All forces labelled with correct units {(1m)
Answer + direction (1m) 4800 N

Scale = ..,

Magnitude of resultant force = .....................

Direction of resultant force = ... s oo
133

SA2 Peirce Secondary School 345



16
T For safety reasons, the minimum separation between two moving cars is determined by

the reaction lime of the drivers, the speed and deceleration produced by the braking
systemns of the cars,

Car A

Car B is moving at a constan! speed of 12 ms™'. The driver notices thal car A stops
suddenly. Car B travels 18 m before the driver applies the brake and decelerates uniformly
for a further 30 m before it stops.

a) Calculate the reaclion time of the driver of car B, 2]

Reaction time=d /&
=]8/12
=15z%

b) Calculate the time laken for car B 1o stop from the momenl he saw the car A slops
suddenly. 2

14 (12) (1) = 30
t=5s
Total ime taken=15+5=65s
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8 a) The following wavefronts are produced when different instruments are played

in  front of the microphone. Each instrument is played in the same place each

{ime.

The oscilloscope confrols remain unaitered.

| |
— | | % —
nat 4 A
/ {
/)

Wiy / I\ L 5
AR AN

recorder

saxophone

clarinat

) Which instrument is producing the loudest sound? How can you tell?

Saxopbone, largest amplitude

(1

il  How can you lefl that all instruments are producing a note of the same pitch?

They have the same frequency of 2.5 squares.
The waveform is repeated every 2.5 squares,

(1

b)  There are two walls X and Y which are 120 m apari from each ather. A bay standing

al 40 m away from wall X claps his hands once. If the speed of sound in air is 330

ms*, what is the time interval between the first and the second echo thal he hears?

2]

160

Time mterval = —
330

80
=330 = U-242s(to 3s.1.)

T
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g8  The diagram below shows part of the electromagnetic spectrum.

18

rays and ultra- Infra- microwaves
i,mﬁ violel red
|
-+
visible light

a) Name one type of radiation that has a lower frequency than visible light, and state an

application for it.

Infrared - tv control / sunbeds
| Microwave — cooking/ satellite communication

(2]

b) State a difference between the waves in the electromagnelic spectrum and sound

waves.

Longitudinal/ transverse / Direction of vibration of particle/ speed in vacuum

1]

¢) The speed of the radiation is halved as it enters a medium of different density. Stale
if the medium i denser or less dense, and explain how the wavelength is affected.

] Denser (1m) V = &, wavelength halved

12}
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Section C [30 marks]

Answer all the questions in the spaces provided.

10 The position-time information shown is for a trip on a very small roller coaster. The positian
information describes horizontal movement parallel to the ground and vertical movement up

in the air.
Time (s) Horizontal position (m) Vertical position (m)

1 0 11

2 1 1

a 2 11

4 4 8

5 7 5

6 1 1

7 17 0

8 21 2

9 22 5

10 21 8
11 17 10
12 13 8
13 12 5
14 13 2

15 17 0

18 21 0

17 24 0

18 27 3

| 19 29 5
20 3 F

21 33 T
22 35 5
23 38 2
24 40 0

5
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a)  Plot the horizontal position-time graph in the space below, 2]

B e LT T

sepreieaches

.:,...-...1._."__ _la.a.a.a.}--l{-l -.-}--- --a.n.!.-a.-

Em i

i
N R
g -

x50 e £y A Lo e S S e
) ] 1 L

time (s}
(b) Describe the horizontal velocily of the rollercoaster. [3]

i) 0Ostw10s:

i) 11stoids

iii) 15sto24s:

(€) Plot the vertical position — horizontal position graph in the space below. (2]

3

i

H

H

L .

i i i

I

R e oeE SEE SR

I i

I O i

HE a4
i '
=

®

e S sdaadandeedas

Goednded
O 8 W O S, HE s R SN R
R R db g b} Py
. 1 T 1

Horizontal position (m)

i) What does the shape of this graph represent? 1
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i) All=24 s, a constant braking force was applied to the rollercoaster that brought it to

a slop in 4 s. Given thal the deceleration Is 10.79 ms?, calculale the braking force.
2]

Weight = mg = (3.2 x 104)(10) = 3.2 x 10° N

11 During lift off, a rocke! produces 7 x 10% N of thrust. The rocket has a mass of 3.2 X 10* kg.

The gravitational field strength on Earth is taken as 10 Nkg.

a)  On the figure above, draw and label the forces acting on the rocket upon lift off.  [2)
b) Determine the weight of the rockel

Weight = mg = (3.2 x 104)(10) = 3.2 x 105 N

¢) Calculate the initial acceleration of the rocket upon fift off.

Fr=Tx 10r—3.2 x 10= 6.68 x 1(*N

Fr=ma
668x10r=32x 10xa
a=209m's(3 5.f)

d)  The rocket descends vertically toward the surface of Planet X with a constant speed

of 2.0 ms™'. Assume that the gravitational strength on Planet X is 0.7 Nkg. Calculate
the upward thrust on the rockel as it descands. [2]

Upward thrust =32 2 10* x 0.7 = 22400 N

itk
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e)  The rocket has landed on the surface of Planet X. State the reaction force of the

Planet X on the rockel. .
Reaction force ... 22400 N \ 1]

12  a) The diagram shows a hydraulic press with a force of 150 M being exerted on a smaller
piston with a cross-sectional area of 9.5 cm®.

air-filled -
flexible plastic =
150N contamer L 5o

9.5 crm? - iquid X

waler

As the smaller piston is depressed downwards, the |larger piston moves up and
compresses an air-filled flexible plastic container attached to it. Aliquid X manometer is
connected to the plastic contalner to measure the pressure difference between the air
inside and the atmospheric pressure ouiside.

i} Explain how pressure is transmitled in the hydraulic press above. [1]

When the 150 N force is exerted on the small piston, a pressure is applied in
the water. The pressure is then transmitted uniformly throughout the water 1o
the larger piston,

ii)y Calculate the pressure in Pa exerled on the air-filled flexible plastic container.  [2]

Pressure applied at the small piston = Pressure applied at the large pision
(Pressure in the air-filled plastic container)

P=FIA
= 150 / (9.5 + 10 000) [1)
= 1.58 x 105 Pa [1]

iily  If the atmospheric pressure is 10° Pa, calculate the densily of liquid X in the
manomeler,

a1
Since pressure is transmitted uniformly, a pressure of 1.58 x 10° Pa is applied
on the left side of the manometer.

Using P =hpg,

105+ (px 10x0.30) = 1.58 x 10°

3p=058x10°f

p =19 333 kg/m?
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b)  The full scale diagram below shows how the positions of particles in a medium
changes with time whilst a longitudinal wave, travelling from left to right,
passes through the medium. At time t= 0 s, before the arrival of the wave, all

t=0s

t=0.02s

t=004 s

t=006s

t=0.08s

t=0.10s

t=0.12s

t=0.14s

t=0.16s

t=0.18s

i)

0 1 2 3 4 5 6 7 B8 9 10
t - - * .- - b - =
I
P A )
f . . P——— .
0 1 —
1 - - * . - +
I
p 0 102
: = - e o - - * 4
| 6 1 2 3
i <J C— . sy
! 0 1 2 3 4
e - . - - .
]
8 1 2 3 45
' . - A — S
0 1 2 3 4 5 6
— - . - -~ — & * . .
|
0 1 2 3 4 5 6 7
. I e e - * * -
)
]
[]
State the ampiitude of the wave.
1.1em0.1em J
amplitude=_________.[1]

i) On the figure above, indicate the position of particle 2 at t = 0.18 5.

iit)

]

Determine the period of the wave.

Direclly below particle 1 when parlicle 1isalt1 =012 s

half oscillation = D12s

one oscillation
= 0.12x2=024s

113

period=

SA2 Peirce Secondary School
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- End of Paper-
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Section A (30 marks)

Answer all questions in this section. For each question, there are four possible
answers A, B, C and D. Shade your choice in pencil on the Multiple Choice
Answer Sheel.

1 A pair of vemier calipers is used to measure the outer diameter of a metal ring. Fig.

1.1 shows the jaws closed with no metal ring, and Fig. 1.2 shows the jaws closed
around the metal ring.

1 1
r.‘,,,_|1|||||i|]||:|1|1\ "“‘|'|Il Illjlllllllllll

10

Fig. 1.1 Fig. 1.2

What is the outer diameter of the ring?

A 1.00 cm
B 1.08cm
C 1.10cm
D 1.18 cm

2 The figure shows the velocity-lime graph of a body.

Va

N\
Ay e

Y
In the section XY of the graph, the body is

¥

acceleraling with decreasing acceleration.
decelerating with decreasing deceleration,
accelerating with increasing acceleration.
deceleraling with increasing deceleration.

oOm>
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3 The figure represents the velocity of a body over time.

-

1.0

velocity ' \ 64 12
0 : : >
mis 4 5\5 time / s
-14 ’

What is the average velocity of the body over the 12 seconds period?
A -0.1Bmis B -0.36m/s C 1.08mfs D 111m/s
4  Which of the following statements is true?

A If a body travels at constant speed, ils velocity will be constant

B I a body is speeding up, its acceleration will be increasing

C A body with zero acceleration will be at zero velocity

D A body whose acceleration is decreasing, will still be speeding up

5 The figure shows the dots made on a ticker lape that was pulled by a loy car moving
towards the right.

| ® ® ™ *® & sssee |,

Which of the following statements correctly describes the motion of the toy car?

A It accelerates then moves at constant speed.
B It decelerates than moves at constant speed.
C It moves at constanl speed then accelerates.
D It moves al constant speed then decelerates.

6 Two toy cars, M and N, are joined by a siretched spring. Car N has twice the mass of

LT e TR

When the cars are released, car N accelerates to the left at 2.0 m/s2. What is the
initial acceleration of car M to the right?

A 1.0m/s?

B 20ms?

C  3.0mis?

D 4.0mis? a9
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7 A tennis ball, with a mass of 0.060 kg, is thrown vertically upwards with a force of
20 N. Al a particular point in lime, the ball is travelling with an acceleration of
-15 mis?.

What is the total air resislance acling on the ball at that instance?

A 030N
B 15N

C 197N
D 203N

8 The mass of an object A Is 200 g and its volume is 60 cm®. A molten substance B has
a density of 2.5 glem®. Object A is melted down, and is mixed with 0.10 kg of
subslance B.

What is the density of the resulting mixture, assuming that there is no substantial
change in volume as a resull of melting or solidification?

A 0.97 giecm® B 1.9glem® C 298 g/lcm? D 3.0glem?*
9 Which of the following quantities will change when the gravitational field strength
changes?
(1) Mass (1) Weight (111} Inertia (IV) Acceleration of free fall
A (l)yand (1) C (ll)and (IV)
B (I} and (NT) D (), (1) and (IV)

10 An irregular shaped lamina is suspended from a pivot point P as shown. The object is
al rest,

Which of the following points is its centre of gravity (CG)?
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11 The figure shows a toy monkey left on the edge of a tabie, by a girl, at point P, By
altaching a lump of plaslicine at the end of its tail, the girl is able to balancs the toy.
When displaced, it oscillates and comes to rest at this position,

(2 plasticine
How does the plasticine help the toy to attain this state of equilibrium?

A ltincreases the weight of the toy.

B It moves the centre of gravity to be located exaclly at P.
C It moves the centre of gravity directly above P,

D It moves the centre of gravily to be directly below P.

12 The figure shows a CD-ROM pivoted at the centre so that it slays at rest in a vertical
plane.

Al which position can a piece of plasticine be attached to the CD-ROM to generate
the greatest turning effect about the pivot?

. ituti - 359
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13 The figure shows a crane that can camy a heavy load. The jib (horizontal section AB)
of the crane has a weight of 5.0 kN, and ils centre of gravity is 7.0 m from the fulcrum
(pivot). The weight of the counterbalance s 22.0 kN, and it is 9.0 m from the fulcrum.
The counterbalance keeps the load and the weight of the jib of the crane in
equilibrium.

(st Yo scale)

Whalt is the distance, d, of the load from the fulcrum?

136 m
16.5m
16.8 m
184 m

ocom»

SA2 St. Joseph's Institution ' 360



14  The diagram shows the variation of the speed of a ball falling through air with time.

Speed
A

—

|

Which of the following statements best describes the relationship between the change
in gravitational potential energy, kinetic energy and work done against air resistance
as the ball falls?

A The loss in gravitational potential energy is more than the gain in kinstic energy.
B The loss in gravitational potential enargy is equal to the gain in kinetic Bnergy.

C  The loss in gravitational potential energy Is the work done against alr resistance.
D

The loss in gravitational potential energy is less than the work done against air
resistanca.

15 A motor takes 8 minutes to raise a 3500 kg load through a height of 5 m. Which of
the following gives the power of the motor in watts?

A 3500x 5
8

B 3500x10

Ax 60

c 3500x10x5
8

D 3500x10x5
8x60

&
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16 - A ball is thrown vertically downwards, with an initial velocity of 3 m/s from a helght of
24 m. Applying the principle of conservation of energy, what is the velocity of the.ball
just before it reaches the ground, assuming negligible air resistance?

A 1T1.imis
B 156mis
C 21.7m/s
D 221im/s

47 The diagram shows a hydraulic system, where the cross-sectional area of the master
cylinder is 12.0 ecm? and that of the slave cylinder, 8.0 cm?. A 60 N force is applied to
the master piston,

Master Cylinder
area = 12.0 cm?

Slave Cylinder

Master piston

Slave piston

What is the force experienced by the slave piston and the pressure experienced by

the slave cylinder?
Pressure at slave cylinder / Nem®  Force at slave cylinder / N
A 33 40
B 33 a0
c 5.0 40
D 5.0 90
8
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18 The figure shows .2 mercury barometer. The space above the top of the mercury
inside the tube is a vacuum.

vacuum

The barometsr is brought to a mine shaft 3.5 kilomelres below sea level,
Which of the following lengths will increase?

A PQ
B QR
C RS
D PS

19 The graph indicates properties of a fixed mass of gas.
A

>
Which of the following could describe what is plotied on the graph?

Vertical axis Horizontal axis Condition
A Density Temperature Constant pressure
B Pressure Volume Constant temperature
Cc Volume Temperature Constant pressure
D Volume Density Constant temperature
|4
_B
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20 A student has a beaker of waler, and he wants to set up a convection current.

Which of the following would do this?

A HeatingstR
B Healingats
C Codlingats
D CoolingatT

| water

21 An experiment was carried out by using four bars, all having the same size, and with
each placed one end in water that is at 80 °C. The time taken for the temperature to
rise by 2 “C on the other end of the bars are recorded:

Material Time for2°Crisel/s
Aluminium 10

Copper 5
I;i-t;s;glass &600
Polystyrene 1000

To make a metal tank with the least heat loss, which material should be used for the

tank and its insulation?

Tank Insulation
A Alurminium Fibreglass
B Aluminium Polystyrene
c Copper Fibreglass
D Copper Polystyrene
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22 The resistance of a resistance thermom

and 45 Q when the temperalure is 100°C.

Determine the temperature of a cup of water if the resistance

thermometer is inserted into the water.

A 435°C B 53.5°C C 59.5°C D B63.5°C

23 Which of the following best defines specific heat capacily of & subsiance?

A

c

D

Specific heat capacity is the amount of thermal &nergy required lo change the
lemperature of a unit mass of the substance by 1 K or 1 *C.

Specific heat capacity is the amount of thermal energy required lo change the
temperature of a unit mass of the substance.

Specific heat capacity is the amount of thermal energy required to change the
temperature of the substance by 1 Kor 1 “C.

Specific heat capacity is the amount of thermal energy required to change the
temperature of the substance,

24 A substance which is originally a solid is being heated strongly for some time. At one
stage, the energy given to il is used as latent heat of vaporisation,

What change does the energy cause at that slage?

A
B

C
D

It makes the molecules move faster and so the temperature rises,

It makes the molecules move faster but there is still a strong attraction between
them,

It breaks the bonds holding the molecules together, The sclid becomes liquid.

It breaks the bonds holding the molecules together. Molecules escape from the
liquid.

k3

11
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25 |ce at-10 °C is being heated at a constant rate until it is water at +10 °C.

Which graph shows how temperature changes with time?

A B
Temparature |/ °C Temperature / °C
+101 +10 1
0 + fime 1] — — time
10 -10
c D
Temperature / "C Temperature [ °C
+10+ +10+
0 » tirme 0 + tima
-10 -10

26 The diagram shows a barrier placed at right angles 1o a plane mirror with four lamps
placed at positions A, B, C and D.

Which of the lamps can be seen by the observer's eye?

"*'“""" L A B c 1]
yo
barrier
12
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27 A ray of light passes through a block of Perspex.

What is the refractive index of the rectangular Perspex block shown in the diagram?

ocom>»P

28 A student conducts an experiment to determine the angle of incidence y for light

exiling a glass block al various angles of refraction x as shown. A graph of angle y
against angle x was plotied.

1.156
1.31
1.50
1.56

normal

.e-.-'i.‘r

SHHHHHHHHAHE
L] L} o
su L] ¥ 3 i L] i ¥ Ll L
S R R WU T R SO U g R
4D i 3 B L L 3 i
] i [} ] ]
N 0 0 QLIS PR IR e 38 R OO 1
0 = B B S
B .yJ-:-..:....nl\..-:.--:.--.
R ; ;
B P W N U I T R
TD ¥ L) Ll L] L] [] L L L
NP RSN RS EEREEREEREY EW N
.Irl - i i - A :

10 20 30 40 50 60 70 80 %0

What is the critical angle of the glass used in the experiment?

A

ocooOom

0*
29°
43°
20
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29 A converging lens is used lo focus Iha light rays from a ulslanl tree, The nature of
focused image would be

A

B
c
D

inverled, real, and diminished.
inveried, virtual, and diminished.
upright, real, and diminished.
upright, virtual, and diminished.

30 An object Is placed in front of a diverging lens, as shown in the scaled diagram. The
principal focus F is marked on each side of the lens.

At which position will the image be formed?

| object |
A B

14

SA2 St. Joseph's Institution

368



Name: . Class: Index No. :

ST JOSEPH'S INSTITUTION

SECONDARY 3 (O-LEVEL PROGRAMME)
2016 END OF YEAR EXAMINATION

5059

28 September 2016
2 hws 30 min
Additional Materials:  Mulliple Choice Answer Sheat (0BOO — 1030)

READ THESE INSTRUCTIONS FIRST

Write your name, class and index number on the cover page of this Question Paper.
Wrile in dark blue or black pen on the Question Paper.

‘fou may use a soft pencil for any diagrams, graphs or rough working.

Do nol use staples, paper clips, highlighters, glue or correction fluid.

Section A
Answer all questions by indicating your choice on the Multiple Choice Answer Sheet.

Sections B&C i
Answer all guestions on the Question Booklel.

Candidates are reminded thal all quanlltative answers should include appropriate units,

Candidales are advised to show all their working In & clear and orderly manner, as more marks are awarded
for sound usa of Physics than for comect answers,

Electronic calculsiors may be used in this paper,

Unless otharwise statad, lake gravilational fisld strangth, g, to be 10 MNikg.

Al the end of the examination, fasten all your work securely fogether.
The number of marks s given in brackets [ ] al the end of each question or part question.

Section B
1 2 3 4 | Section A 130
Section B 1 40
5 6 7
Section C 130
Total /100
Section C
8 a 10

Sections B and C of this Cuestion Paper consists of 30 printed pages. )
_— 15
SA2 St. Joseph's Institution 369



Section B (40 marks)
Answer all questions in this seclion.

1 A small spacecraft is about o land on planet Mars.

The spacecraft enters the planet's atmosphere, and when it is reaches a speed of
1600 km/h, Il deploys a parachute to slow its fall. The spacecraft eventually reaches
a steady speed, and finally hits the surface.

(a) In the graph provided in Fig.1.1, complele the speed-time graph for the

spacecraft. The parachute opens at time fy, and the spacecraft hits the surface
of Mars at time {2

Speed
km/h
4

1600 4

4 > time

: ; >
|
|
|
/
.q‘ = —— o e ol 2
!

Fig. 1.1 [2]

(b) The mass of the spacecrait is 70 kg. The gravilational field slrength of Mars is
3.0 N/kg and the total upwards force on the spacecraft is 500 N.

(i) In Fig. 1.2, draw the two forces representing the spacecrsft's weight and
atmospheric resistance it experiences. Label the vectors W and F, respectively.

towards
Mars'
surface

[
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(if) Determine the weight of the spacecraft.

weight=................... [1]

(iif) Determine the resultant force on the spacecraft.

resultantforce = ..o 1]

(iv) Determine the deceleration of the spacecraft.

deceleration= ... _..................[2

2 Fig. 2.1 shows two men, X and Y, carrying a load using a uniform pole that is
4.0 metres long, and has a mass of 5.0 kg. The ends of the pole rest on each man's
shoulder, and the pole is kept in a horizontal pasition.

e 40m —>

: @k

Fig. 2.1

The load has a mass of 16 kg, and is suspended by a rope of negligible mass.

(a) Explain what is meant by moment of a force.

-1

8L

17
SA2 St. Joseph's Institution

371



{b) (1) Along the journey, Y injures his fool, so X adjusts the position of the load such
that the vertical force on his shoulder is twice as great as the vertical force on
¥'s shoulder,

Fig. 2.2 shows the load being shified to the new position,

————— 40m —;-ir

ke &

Fig. 2.2

Fig. 2.3 is a free-body diagram showing the contact forces of the men on the
pole.

Fig. 2.3
In Fig. 2.3, draw the two forces, representing the weight of the pole, and the
approximate position of the load. Label them W and L, respectively. 2]
(i} Calculate the value of F.
F= . [1]
§ 18
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(iii) Let / be the distance from the CG of the pole, to the point where the load is
fixed. Taking moments about X, calcuiate.the value of l

PE. . vmviamaecis L)

3 Fig. 3 shows a diving platiorm at a height of 10 m above the water surface of a
swimming pool. A platform diver of mass 65 kg jumps up into the air before diving
vertically towards the water. The height between the highest point he reached and
the diving platform is 0.8 m, as shown. Assume air resistance is nealigible.

Diving platform i 0.8m

water

Fig. 3

(a) State the energy conversions involved from the point the diver takes off, to the

point just before he enters the water. Take the water surface to be the reference
level.

-2

19
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(b) Calculate the total energy of the diver when he is at the highest point of his dive.

total energy = .......cocecineniiniennnns (2

(¢) If he reaches a depth of 4.0 m in the water, determine the resistive force acting
on the diver.

resistive force = ......oooeveieeiiin [2]

4 Fig. 4 shows a manometer used to measure the pressure of air inside a flexible plastic
container. A pressure difference of 100 Pa causes a one centimelre difference in

water levels.
= A
force F
00|
platform rad | |
area 0,15 m? | i manometer
flexible 5l 18
plastic
container u |
30) | water
2ol 8
”. 40| "

Fig. 4

(a) (i) Using Fig. 4, determine the pressure difference in Fa shown by the
manometer.

pressure difference = ... ........ocooc e [1]

20
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(i) The pressure differance measured by the manometer is caused by the force
F. This force is the weight of 2 boy standing on the platform. The area of the
platfiorm is 0.15 m?,

Calculate the weight of the boy.

weight= ... .. . 2]

(iii) State what changes, if any, occur to the difference in fluid level if a liguid
denser than water is used in the manometer.

1)
(b) The water in the manometer is now replaced with oil, and attached to the same

plastic container. Taking the density of the oll as 833 kg/m?®, calculate the new
height difference in the oil levels.

height difference = .......................... [2)

it

21
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5 Fig. 5 shows the side view of a black colour metal heat sink firmly attached to the lc:p
of a computer chip. The heat sink keeps the computer chip cool. The computer chip
is mounted on a printed circuit board.

Black metal
fins

Heal sink

Computer
chip

Printed
circuit board

Fig. 5

(a) Describe one way in which thermal transfer process via conduction Is differant
from radiation.

1
(b) State how the design and material of the heat sink enable greater thermal
transfer via

(1) CONAUCHION ..ovvevasemaiiescieisian e s ss s aaes s s v aea aa a0 nd ans e a s ehmaan s
(1]

(il) convection .................. S e e S WAk A SRR A B
1

(B1) FRAIBLION ..e.vveeeresse s men mes e e e b s sas e s s b s b b s
1]
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6 A 200 W immersion healer is used to heat 180 g of liquid benzene in an insulated
container. The temperature of the benzene increases from room lemperature of 22°C
to 80°C in 1.5 minutes. The heater is removed and the benzene cools 1o room
temperature in 10 minutes,

(a) Fig. 8 shows the cooling curve of the benzene.

> timin
Fig. 6

(i) With reference to Fig. 6, explain why the temperalure changes with time as
shown.

wee1]

(if) Explain what is meant by thermal equilibrium, and suggest how the curve
shows that thermal equilibrium is reached.

O 1
(iii) Describe the change in molecular behavior as liquid benzene cools.

8
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(b) Calculate the heat capacity of the benzene.

heat capacity = ..........ooeiecncieranenns [2)

7  Fia. 7 shows a cross-sectional view of a simple digital camera, used to photograph an
object.

The lens forms a focused image of the object on the CCD (charge-coupled device).

lens . cco

camera

Fig. 7

{a) Explain what is meant by the term focal fength.

i

(b) (i) Draw two rays from the top of the object to show how the lens forms the
image on the CCD. 2]

(i) Locate the focal point of the lens, and label it °F". M

(e) The object is moved closer to the camera. State how the lens will need to be
adjusted to keep the image in focus.

.1

- 24
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Section C (30 marks)
Answar all questions in this section..

8 Two motorcyclists, A and B, set out on the road. Fig. 8.1 shows the distance travelled
over a 20 second interval,

Distance travelled / m
Time/s | Motoroyclist A Motorcyclist B

0 0 0

5 80 60

10 170 120
15 370 240

20 380 380

Fig. 8.1

(a) State and explain briefly how the average speed of motorcyclist B compares with
that of motorcyclist A over the 20 seconds Interval shown in Fig. 8.1

(2]

{b) Motorcyclist A was accelerating from t = 0 s till t = 20 s. At 20 s, he starled
moving at constant speed.

On Fig. 8.2, mark with an '), a possible position of the centre of the front wheel of
the motorcycle at t = 25 5. With a dotted line, indicate clearly the position of X

relative to the scale shown. M
distance / m
0 100 200 300 400 500 600
IR TR R RN NN AR AN NRRR A A RN SR NRRRNEARE
t=0s Fig. 8.2
10
25
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(c) ALl=25s, when motorcyclist A was moving at constant speed of 22 m/s, he saw a
child run onto the road in front of him. He applied the brakes after a reaction lime
of 0,80 s, His motion is shown in Fig. B.3.

20

4 ]
%:— 10 -

0
25 286 27 28 28 a0 3
time/s
Fig. 8.3

(i) Calculate the distance he travelled from the moment he saw the child till he
stopped his motorcycle.

distance travelled = [2]

(ii) Calculate the deceleration of the motarcyclist after he applied his brakes.

deceleration=______ _.....[2]

(fii) In Fig. 8.4, with the help of the values obtained in (c)(i) and (i), sketch the
displacement-time graph of the motorcycle fromt=25stot = 30.3 s, indicating
clearly the significant timings and corresponding displacement values. 3]

displacemnent / m
L

Fig. 8.4
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9 Fig. 9 shows the apparatus used to observe Brownian motion using pallen grains

suspended in a liquid.
Lo

~——— microscope

g =)

| <= light

\ﬂ-nllen grains
suspended in a liquid

Fig. 9

() (i) In the space below, draw the motion of one pollen grain, as seen by the
observer under the microscope. 1

(if) State two conclusions that may be deduced about the liquid, from the motion
of the poilen grains observed with the microscope.

o
(iii) Suggest how the motion of the pollen grains could be increased.

&1

27
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(b) In 1924, Howard Somervell and Edward Norton set a new altitude record when
attempting to climb Mount Everest. They managed to dlimb to a vertical height.of
B570 m above sea level by breathing naturally.

(i) Using ideas aboul molecules, describe and explain the relationship between
pressure and volume of a gas at constant temperalure as volume increases,

131
{ii) Explain why it is challenging to breathe in natural air at a height of 8570 m.

(iii) The air temperature was measured to be -33 *C. The thermometer used to
measure the temperature on the mountain reads 2°C in pure melting ice and
102°C in steam above boiling water at sea level. State the comect temperature
of the air on the mountain.

temperature = _..._..........oooeennnnnn [1]

28
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10 Fig.10.1 shows a boy and a girl standing in front of 2 shop window. The boy stands at
point A. He sees the reflection of a girl standing at point B in the shop window.

B

L

o
k-

1

-

i

Fig. 10.1

(a) (i) On Fig. 10.1, mark accurately, with a letter In, the position of the image of the girl
formed by reflection in the shop window. Ignore the thickness of the shop window -
refiection happens at the frant surface of the shop window. 1]

(i) On Fig. 10.1, draw a ray of light to show how, by reflection, the boy sees the girl.
1]

(iii) The boy moves further away from the gir, in the direction shown, towards Y. By
means of a ray diagram, indicate the point P in Fig. 10.1, the furthest position where
the boy can move, such that the girl and he can still see each other by reflection in the
shop window. (2]

93
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(b) Fig. 10.2 shows a spherical droplet of water in air. A ray of yellow light is incident at
the water droplet as shown, Water has a refraclive index of 1.33 foryellow light.

alr water droplet

yellow light

Fig. 10.2

(i} State the criteria for which total internal reflection can occur.

(1]
(i) Calculate the angle of refraction in the water droplet.
angle of refraction:..............[2]
(iii) Calculate the critical angle, Custer.
critical angle:...............[2]
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(iv) Fig. 10.3 shows the same yellow ray incident (at the same angle) on a spherical

air bubble in water. Show how the ray moves afler hitting the air bubble. State all
necessary angles. [1]

air bubhle

Fig. 10.3

- End of Paper -

Byt
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st. -1»“?":5

Answer
Section A
¥. C 11. D 21. B
2, A 12. A 22, D |
3. B 13. A 23 | A
4, D 14. A 24, D
5. C 15, D 25, B
Tz - 2 D 16. D 26, [ o]
7. A 17. C 27. B
8. D 18. B 28. C
g, Cc 19, [&] 249, &
10. B | 20 C 30. C
Section B
" Speed
kmih
)
1600 4 --———= , sleeper slope
1
I
|
: constant
| speed sudden drop in
H spesed on
! Impact
| /
[
i
I
+ > lime
ty _/fz
exact endi
atl,
bi).

1b(ii). weight =70 kg x 3.0 N/kg = 210 N

1biii). resultant force = 210 ~ 500 N = -290 N
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1b(iv), deceleration = 290 N / 70 kg
= 4.14 m/s*

2a.  The moment of a force Is the product of the force and the perpendicular dislance
from the line of action (of the force) to the pivot.

2bi. oF

-

2bii. 2F + F = S0N + 160N
JF=210N
F=70N

2biii. Let ] be the unknown distance from CG to rope.
Taking moments about X,
Sum of clockwise moments = sum of anti-clockwise moments
[160N x (2 - )m] + [S0N x 2.0m] = [FON x 4.0m]
320Nm — 160/Nm + 100Nm = 2B0Nm
140Nm = 160/Nm
[=0.875m

da.  As the diver jumps, his KE is converted to GPE. Al the highest point, all his KE is
converted to GPE. When he starts falling, GPE is converled back lo KE. At the surface of
the water, his total GPE at the highest peint is converted to KE.

3b.  Energy = mgh
= 65kg x 10Nkg x 10.8m
=7020J

3c.  KE of diver just before he hits surface of water = 65kg x 10N/kg x 10.8m = 7020 J
GPE of diver at water surface = 65kg x 10N/kg x 4.0 m = 2600 J
Work done against water resistance =-F x 4.0 m
-F % 4.0m = Loss in GPE + loss in KE = -2600J — 7020J = -8620 J
Fx4.0m=9620J
Resistive force, F = 2405 N = 2400 N

4ai. Pressure difference = 50cm x 100 Pa/cm = 5000 Pa
4aii, Pressure =F [ area

5000 Pa = weight / 0.15 m?

Weight = 750 N

4aiii. The difference in fluid level will be less/lower.
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4b.  Pressure difference = 5000 Pa=pxgxh
. 5000 Pa = 833 kgim® x 10 N/kg x h
h=0.60 m or 60 em

Sa.  Conduction takes place through a medium while radiation can {ake place without
a medium.

5bi  Thermal energy is conducted quickly through the metal from the computer chip to
the air particles next to the heat sink fins.

Sbii  The metal fins have more surface area of contact with the air, hence increasing
the rate of thermal transfer.

Sbiii  Black surface is a good emitter of radiation.

Bai  As temperature difference between benzene and surroundings
decreases/temperature of benzene decreases, the rate of cooling would also decrease
hence curve slopes more gently.

Baii  When thermal equilibrium is achieved, the net transfer of thermal energy is zero.
This is shown by the steady temperature reached.

Gaili  As the temperature of the benzene decreases, the internal KE of benzens
molecules decreases and their speeds would also decrease,

Bb. Pl=CxAB
200W x (1.5 x 60)s = C x (80 - 22)°C
C =310 Jikg

7a.  The focal length is the distance between the optical centre of the lens to the focal
point.

7hi & ii.

CcD

388
SA2 St. Joseph's Institution



7c.  The lens will have to move towards the object (further away from the CCD).

CCD

camera
/

Original obj dist image dist

CcCcD

) Original
Original obyj dist image dist

8a.  They have the same average speed.
They travelled the same distance in the 20 seconds,

8b.
distance [m
0 100 200 300 400 500 600
llllll.ll!III|lIJIllJIJIHIIIlIlIlHIIIII'IIlIlI]III:IIIHHIIIIIIII
25 |
Iﬂll‘.:rs Fig. 92 l

Anywhere to the right of 480m — [1]

Bci  Distance travelled =% x (0.8 + 5.3)s x 22m/s
=671 m

8cii  Deceleration = (22 -0)mfs /4.5s .
= 4.89 m/s?
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Bciil

displacement / m
'y B
T B it =1 ;
h
A :
176 |-# '
0 H —
25 25.8 3 s

Fig 9.4

Dai.

Sail.  Liquid is made up of particles/molecules
Molecules are in constant random motion

aiii. Increase the temperature of the liquid.

9bi.  The pressure of a gas is inversely related to its volume. When volume increases,
the number of particles per unit volume decreases, frequency of collisions decrease, force

per unit area, which is pressure, therefore decreases.

8bii. The air pressure at this helght is about 1/3 (much lower) of that at sea level. This
means that the number of air molecules (oxygen molecules) per unit volume is also 1/3
(fewer than) that at sea level. The lack of oxygen would cause the climber to inhale more

frequently which would tire him out more easily.

Shiii. Correct temperature = 0°C - 35°C = -35°C

46
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10aifi i B

L
il

j

10bi  Total internal reflection happens in the optically denser medium and the angle of
incidence in the denser medium is greater than the critical angle.

lin

10bii n=sinifsinr
133=sinS50/sinr
r=352°

10biil ¢ = sin” (1/1.33)
=48.8°

10biv
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SECTION A : [20 marks]

Each question is provided with four possible answers (A, B, C and D), Salect the most
appropriale answer and shade your choice on the Optical Answer Sheet provided.

1 Joyce wanted lo measure the thickness of a resistance wire. She wound the wire

around a cylinder, of diameter 5.0 cm, 50 times and took the following
measurements as shown in the figure.

10.5 om cylinder

]

resistance wire

50cm

Which one of the following is the thickness of the wire?

A 0.050 cm B 0.100 cm C 0.105 cm D 0.210cm

2 The graph shows how the velocity of a car changes with time.

velocily

lime
Which one of the following can be deduced from the graph?

A The car decelerates until it stops.

B The car accelerates at an increasing rale,

C The car first accelerates and then moves with a steady velocity.
D The car first decelerates and then moves with a steady velocity.
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3 The figure shows a series of photographs of a ball roliing with constant velocity.
The camera was capturing images at a constant rate of 10 per second.

@ 0 © © @ o
T Z2m

What was the speed of the ball?

A 1.0mis B 20m/s C 40m/s D B.Om/s

4 The figure shows a car moving to the right. Some forces are acting on the car.

—~

Yw

The reduction of which force(s) will cause the speed of the car to decrease?
A Y only B Zonly C XandZonly D WandV

5 The total weight of a gas-filled balloon is 1200 N. The balloon rises at a constant
speed of 2 m/s. What is the resultant force acting on the balloon when it is rising?
A ON B 60N C GOON D 2400N

6  Aforce of 12 N acts on block A and block B of mass 2 kg and 4 kg respectively as
shown.

12N

B A >

4 kg 2kg

Given that the floor is smooth, what is the tension of the string between block A

and block B?
A 20N C 80N
B 40N D 120N

98
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7  The table shows the density of some substances,

substance density (ka/m*)

ebonite 1150 _
glass 2500
glycerine 1260
kerosene 800
rubber 1300

Which one of the following statements is not true?

A Rubber sinks in glycerine.

B Glycerine floats on top of kerosene.

C Glass sinks in both glycerine and kerosene.

D Ebonite solid sinks in kerosene but floats in glycerine.

B8  The figure shows four shapes, cut from the same piece of card.

Which shape has its centre of mass nearesl (o the base line?

C

—_—l
i M-
O — o ——

|
| |
|
A

9  Randy pushes a shopping cart of mass 14 kg for 10 m. The work done by Randy Is
2kJd.

Calculate the force exerted by Randy on the cart.

A 020N B 143N C 140N D 200N

SA2 St. Patrick's School 395



10 The figure shows two identical marbles X and Y enter two types of irajectory A and
B respectively with the same initial speed of 1.0 m/s. Assume all the surfaces
involved are frictionless,

Track B

Given that Track A and Track B are miror images of each other, which one of the
following statements is true?

A The final speed of X is higher than Y.

B X reaches the other end of the track before Y.

C Y reaches the other end of the track before X.

D Both X and Y reaches the other end of the track at the same time.

11 Which of the following statement(s) isfare correct?

I. Power is the rate of work done.
Il. Power is created in the power station.
HI.  Power is only found in electrical circuits,
IV. Power is a measure of the efficiency of objects.

A | only. C llland IV enly.
B lland IV only, D | Hand IV only.
t*ﬁ
5 396
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12 The figure shows a hydraulic press used in a workshop to lift up heavy objects.
Applied force Lifting force

Piston area, A Plston area, 4A

Transmission liquid

Which one of the following could be a correct combination of the applied force,
lifting force and the distance moved by both pistons?

Applied force Lifting force Distance moved  Distance moved

by small pistan by large piston
A 10N 40N 2 om Bem
B 10N 40N 8 cm 2cm
c 40N 10N 2cm &em
D 40N 10N Bem 2cm

13  The figure shows a simple manometer. Side X is connected to a gas supply. Side Y
is open to the atmosphere.

What pressure is the length h used to measure?

A The gas pressure R.

B The atmospheric pressure S.

C The sum of the gas pressure R and the atmospheric pressure 5.

D The difference between the gas pressure R and the atmospheric pressure S.
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14 The figure shows a mercury-in-glass thermometer. The distance belween the
-10 *C and the 110 °C markings is 25 cm.

15 em -

H — " m
-10°C 110°C -

25cm

At which temperature is the end of the mercury thread 15 cm from the -10 °C
mark? '

A 50°C B 60°C C B2°C D 72°C

15 Three liquids with their respective freezing and boiling points are shown in the

table.
Freezing Point/°C | Boiling Point / °C
Aniline -6 184
Alcohol -180 78
Mercury -39 357

A thermometer that can record both -40 °C and 42 °C should be filled with
A alcoholonly B aniline only C mercuryonly D alcohol or mercury

16 Pauline gave some description on how a vacuum flask minimise heat loss.

Which of the following statements does not describe how a vacuum flask minimise
heat loss?

| The double-glass walls prevent heat loss through radiation.
Il The stopper is made of plastic which is a poor conductor of heat,
Il The vacuum flask is sealed to reduce heat loss through evaporation.
IV Heat loss by convection is negligible as it only accurs when the plastic
stapper is removed during use.

A landll B landll C I lland Il D All of the above

2o?
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17 The graph shows the amount of energy used lo heat up a liquid X and the
corresponding increase in temperature. The mass of the liquid is 0.40 kg.

energy / k J
| | e
]
I
0L :
| |
| i
L] L]
1 i .
0 5 10 increase in lemp / K

What is the specific heat capacity of liquid X7
A 20Jkgk B 50 kgK C 20000/ kgk D 5000 J kgk

18 Air is blown into ether through a tube as shown in the figure. After some time, il is
observed that the film of water freezes into ice.

blown air —

glass tube

film of wat

\
-

e

Which of the following best describes the processes that result from the blown air?

rate of evaporation of average energy of temperature of ether
ether remaining molecules
A increases increases rises
B decreases increases falls
Cc increases decreases falls
D decreases decreases rses
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18 A 150 em tall pillar stands in front of 2 20 cm plane mirror which is 80 cm above the
ground as shown in the figura.

150 em

80 cm

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

How much of the image of the pillar could be seen through the mirror?

A 20cm B 40 cm C 140 cm D 150 cm

20 The figure shows some light rays as they pass through a converging lens.
A

Which light ray is drawn wrongly?

2o\
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SECTION B : [50 marks]

Answer ALL guestions in this section. Show your working and write your answers in the
space provided.

1 {a) Fig. 1.1 shows the reading of a pair of vemier calipers when ils jaws are
lotally closed. Fig. 1.2 shows the reading of the same pair of vernier calipers
when it measures the diameter of a steel rod.

Ocm S5cm

||H|1|||}||| ’||||I1|I|\|||H}m

5 10 0 5 10

Fig. 1.1 Fig. 1.2

(i) State the purpose of closing the jaws of the vernier calipers before
measuring the diameter of the steel rod.

1
(ii) State the reading shown in Fig. 1.1.
reading = 1]
(iif) What is the diameter of the steel rod?
diameter = 2]
(b) State the effects (decreases, increases or unchanged) on the pericd of an
oscillating pendulum in Table 1.3. [3]
Table 1.3
change made to the pendulum effect on period
angle of oscillation increases
length of pendulum decreases
mass of bob decreases
10
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2 A powerboat is used to pull a parascender at a constani speed and height.

parasail

Fig. 2.1 (Diagram not drawn to scale)

The weight of the parascender is 900 N. A rope exerts a force of 1200 N on the
parascender at an angle of 20° to the horizontal. Another force, F, is exerted on the
parascender by the parasail.

(a) The resultant force acting on the parascender is 0 N.

()  State what is meant by the resultant of a number of forces.

1]
(i) By scale drawing or otherwise, determine the magnitude and direction
of, F, the force exerted on the parascender by the parasail.
magnitude of force =
20> direction of force = (4]
11 402
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(b) The parascender releases the rope and initially rises higher.

Explain, in terms of the forces acling, why the parascender rises.

2]
3 While on Planet X, a goldsmith checks the purity of a small, uniform bar of gold by
measuring its density.
The mass of the bar as 176.8 g and the weight of the bar as 1.80 N.
The dimensions of the bar are as shown on Fig. 3.1.
Fig. 3.1
(a) Define gravitational field strength.
[1]
(b) Calculate the gravitational field strength of Planet X,
gravitational field strength = 2]
(¢) Calculate the density of the bar. Give your answer in glcm?®.
density = 31
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(d) The density of pure gold is 16.281 g/om?®. It Is concluded that the bar is made
of pure gold.

Suggest a reason for this conclusion to be valid.

[1]
4 Fig. 4.1 shows a system for raising a heavy piece of metal into a vertical position.
A man pulls on the rope with a horizontal force T. The piece of metal has a weight
of 2000 N and is freely pivoted at A. The system is in equilibrium.
Bo— !
rope
piece of
metal
8.0m
1 A
— Ol
Fig. 4.1
(a) Explain what is meant by the moment of a force.
1
(b) By taking moments about A, calculate T,
503
r= — [2

1
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(¢) The force T and the force that the rope exerts on the man are relaled by
Newton's third law. State the relationship between these forces.

[2]

5 (a) Jen is helping her mother decorate her restaurant. She places two glass
ornaments on a display shelf. One of the omaments is empty while the other
is filled with coloured glass marbles as shown in Fig. 5.1.

glass filled with
coloured glass
marbles

Fig. 5.1

State which ornament is more stable. Explain your answer.

[2]

14
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(b} A waiter in the restaurant places two wooden boxes filled with coffee beans
standing on a counter top with a rough surface. The counter top is hinged so
that it can be flipped open to allow servers io access the kitchen as shown in

Fig. 5.2.

Fig. 5.2

When the counter top is slowly tilted, the boxes do not slip.
State which box falls over first and explain why.

[3]

6 Fig. 6.1 shows an illuminated smoke cell to demonstrate the Brownian motion of
smoke particles.

microscope

BAMP  air cell containing
smoke particles

Fig. 6.1

FOLS

15
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(a) State two reasons why collisions between air molecules and smoke particles
result in the haphazard motion of the smoke particles.

(2]
(b) When the temperature of the air in the cell increases, the air molecules move
faster. Explain why this increases the pressure of the air.
[2]
T (a) The Celsius scale is commonly used in calibrating liquid-in-glass
thermometers. Simple experimental procedures are often carried out to
determine the ice point and steam point.
(i) Explain the term "ice point™.
[1]

(ii)  In determining the ice point, crushed ice are used during the experiment
instead of ice cubes. Explain why this is so.

(1

(b) Scientist uses thermocouple thermometers to measure the temperature of
volcanic lava.

(i) State two advaniages of a thermocouple thermomeler other than the
scienlist being able o obtain indirect reading.

(2]

16
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(i)  When one junction of a thermocouple is placed inside melting ice, and
the second junction in steam, the millivoltmeter registers a reading of 24
mV. The reading changes to 40 mV when the second junction is placed
inside the fava, with the first junction still inside melting ice.

Calculate the temperature of the lava.

temperature = [2]

(iii) i another substance X is found 1o be 30 °C, calculate the reading that
should be shown on the millivoltmeter.

reading = [2]

8 A pot of water is heated on an electric stove, as shown In Fig. 8.1.

wooden handle

metal potl

SA2 St. Patrick's School L
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(a) Explain why the outer surface of the metal pol is often polished.

[21

(b) “Although both metal and wood are thermal conduclors, metal is a much
belter conductor of thermal energy than wood.”

Discuss this statement in terms of thermal energy transfer at the molecular
- level for both metal and wood conductors.

(3]

(c) Describe the process of convection by which the water in the pot is heated.

12]
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SECTION C : [30 marks]

Each question is worth 10 marks, Answer ALL questions in this section. Question 3 is an

EITHER / OR QUESTION. SELECT ONLY ONE PART OF THIS QUESTION. Show your

working and write your answers on the spaces provided,

2] An experiment is set up to determine the relationship between the angle of
elevation of a 2 m long ramp and the final speed achieved at B when a 20 kg block
Is released from rest at A. The efficiency of energy conversion from gravitational
potential energy to kinetic energy is also determined.

block
2m block  reaching
bottom of ramp
rarmp B
B =2 ‘—b'
Fig. 9.1
Svarags final GFEatA | KEatB | efficency
ar timatis speed / speed / I
q . 1d I %
ms ms

20 1.61 1.24 248 137 62 45.3
30 1.11 1.80 3.60 200 P 65.0
40 0.80 222 q 257 197 76.7
S0 0.79 2.53 5.06 306 256 r
a0 0.72 278 5.56 346 309 B9.3

Fig. 9.2

In this experiment, the raw data measured are the angle of elevation 8 and the time

taken 1. The rest of the data are processed data.

(a) Explain how the average speed and final speed are determined,

SA2 St. Patrick's School
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{(b) Find the missing data in Fig. 9.2. Show your workings in the space provided
below. Follow the precision of the data found in the same column.

y= [4]

(¢) The efficiency of the experiment is not 100 %. Suggest why the efficiency of
the experiment is not 100 %.

[1]
(d) (i) Based on Fig. 9.2, what can be said about the Kinetic Energy at B as
the angle of inclination, 8, increases?
(1]
(ii) Explain why this is so even though the same ramp is used throughout
the experiment?
[2]
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10 Fig. 10.1 shows an electric food steamer.

Fig. 10.1

To cook food, some water is placed in the lower compartment so that the sleamer
will heat the water automalically. The steamer changes the water o steam. Steam
rises through the holes in the base of the food compartment and the food will be
steamed.

(a) May poured 0.40 kg of water of 25 °C in the lower compariment of the
steamer. Determine the amount of energy necessary to raise the temperature
of the water from 25 °C to 100 °C.

(Specific heal capacity of water = 4200 J/kg°C)

amount of energy = [21

(b) Broccoli and fish need 600 kJ of energy to be steamed. Given that the power
rating of the stearner is 800 W and that the specific latent heat of vaporisation
is 2.3 x 10° JXkg, calculate

(i) the time required to steam the broccoli and fish afier the water has
reached 100 eC,

>0 lime laken = [2]
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(ii) the mass of water that has been converted to steam during this period of
fime.

mass of water = [2]

(e) Will the fish be cooked evenly? Explain.

[2]

(d) Do you think the food will cook faster if it is placed in boiling water instead of
using the steaming method? Explain your answer.

(21
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EITHER

11 Fig. 11.1 shows a simplified brake mechanism that utilises a hydraulic system.

brakt] fluid brake drum

= i _E[l

Fig. 11.1
(a) Il a driver exerts a force of 50 N on the brake pedal, and given the ratio of the

cross seclional area of the larger piston at the brake drum to the small piston
located at the brake pedal is 24:1, calculate the force exerted on the brakes,

force = 1

(b) Explain why the presence of air bubbles in the brake fluid will cause the
system to be inefficient.

[2

z0%
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(¢) Atmospheric pressure can be measured using a simple mercury barometer.

Draw a labelled diagram of a simple mercury barometer. Explain clearly how
the value of the atmospheric pressure is read from the baromeler.

[3]

(d) State how the value of the atmospheric pressure is affected

(i)  if the cross sectional area of the tube is increased.

[

(i) if the barometer is taken 1o the bollom of a deep quarry below ground
level. (Assumption: temperature remains constant)

(1

(e) Using the concept of atmospheric pressure, explain how we are able to drink
water from a cup using a straw.

(2]

24
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OR

11 (a) Fig. 11.2 shows a simplified diagram of a projector used to project the slide
AB onto a screen,

lens
A

O —>

W

Fig. 11.2

(i) By using a suitable focal point, complete the ray diagram. Indicate the
possible position of the image as A'B’, [3]

() When the projector is lurned on, the image is out of focus.

What can be done lo bring the image into focus?

[1]
(b) Fig 11.3 shows a small light source placed at the bottom of a 2 m deep
swimming pool.
water T
2m
\\‘
— 0 /_.-/-"" W
small light source
Fig. 11.3
The small light source emits light in all directions. However, due to total internal
reflection, the light emitted forms only a circular spot on the water surface.
391
“ 416
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(i)  Explain what is lotal internal reflection.

= [2]
(i) Given that the refractive index of water is 1.33, delermine the critical
angle of waler.
critical angle = [2]
(ilf) Explain using the idea of total inernal reflection, why a circular spot of
light is formed instead of an illumination of the whole water surface.
[2]

END OF PAPER
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*/
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(b) | The upward force exceeds the weight 1] ]
Which results in an upward resultant force. 1
3 | (a) | Gravitational field strength is defined as gravitational force per unit mass. G I
(b) | m=176.8g=0.1768 kg
W =mg 1
1.80=01768xg
g= 10.18 N/kg
= 10.2 Nkg 1
(c) | volume = 4.01 x 2.04 x 1.12 = 9.162048 cm? 1 =
density = mass/volume
= 176.8/9.162048 1
= 19,296095606222538890868067925425
= 19.3 glem® 1
(d) | There could be error in the measurement of length of the gold bar and the
dimensions used to calculate the density are only given to 3 significant
| figures and that some error is possible. 1
4 | (a) | Moment of a force is the product of the force F and the perpendicular 1|8
distance d from the pivot 1o the line of action of the force.
(b) | Tx8.0=2000x20 1
T=500N 1
(c) | The forces are equal in magnitude, 1
act IF opposite direction on mutually opposite bodies., 1
5 |(a) | The empty glass 1|5
The glass marbles in the glass has raised its centre of gravily, causing it to
be less stable. 1
(b) | Box A 1
The line of action of the weight of box A will lie outside the base area first. 1
Once the line of action of the force lies oulside the base area, it results in an
anti-clockwise momenlt about the pivol which topples the box. 1
6 |(a) | The air molecules are moving at random directlions. 114
Thus when they collide with the smoke particles from different directions,
the resultant force will be random in magnitude and direction. 1
(b) | The molecules hit the walls of the container more frequently. 1
They also exerl a larger force when they hit the walls. 1 B
7 |[(a) | (i) | “lce point"is the temperature which pure ice mells. 118
(ii) | Crushed ice has a greater surface area which will enable the bulb of
the thermometer to be fully covered with the ice. 1
(b) | (i) | It can measure high temperature. 1
It is sensitive to temperature change. 1
(i) | 40/24 x 100 1
= 167°C 1
(ili | ©/24 x 100 =30 1
) 0=72V 1
8 |(a) | Polished surface is a poor emitler of radiation 117
which this would minimise thermal energy loss to the surroundings by
radiation. .. 1
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|

(B)

In both metal and wood, molecules at the heated end will gain kinetic
energy and vibrate more vigorously,

colliding with the neighbouring molecules and transferring thermal energy.
Metal has free electron which helps to transfer thermal energy faster.

(c)

Water nearer the bottom of the potis heated, becomes less dense and
rises to the top while water near the top of the pot is cooler is denser and
sinks o the bottorn.

The difference in density sets up a convention current.

(a)

Average speed = distance divided by time
Average speed = (final speed — 0)+2

(b)

v=222x2

=444 m/s
KE=0.5x20x 3.62

=130J

Efficiency = 256/306 x 100%
=83.7%

All working shown

—

(c)

Some energy is used to do work against friction.

(d)

(i) | K.E. increase as 8 increases.

(ii) | As 8 increases, the vertical height of the poinl of release increases.
This leads to the block possessing a higher G.P.E, resulting in a higher
K.E. at the end of the ramp.

el B o I ey

-

10

(a)

Q = (0.40) (4200) (100-25)
=126 000 J

(b)

(i) [ 600 000 = 800t
t = 7508

(i) | 600 000 = m (2.3 x 105)
m = 0.26 kg

(c)

It will be evenly cooked
as a conveclion cumrent is set up in the compartment.

(d)

Food will cook faster using the steaming method.
Steam has more energy than bailing water of the same mass.

e el L = PSRN B —

11

(a)

50x 24
=1200 N

(b)

Air bubbles are compressible.
Therefore the pressure transmitted to the brake drum will be lesser that the ||
pressure applied by the pedal, hence the system will be inefficient.

(c)

Diagram

indication of vacuum it

P = density x g x height of mercury

a
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(d) | (i)

Mo change

(if)

Increase

(e} | Suction causes the pressure al the mouth o decrease.
Atmospheric pressure, which is higher will exert a force which pushes the
water into the mouth.

11 {(a) |0

|
lens

A i

L

Suitable focal point
Correct ray dingram (with arrow)
Image imverted and magnified

(i1}

Move the screen further or closer 1o the lens.

el | == = =l

(b) | ()

It is the reflection of light within the denser medium, when light travels
from a denser medium to a less dense medium,
such that the incident angle is larger than critical angle.

(ii)

.

Sinc=1/n
¢ = sin-1(1/1.33)
c=48.8"°

(iil)

The circular spot Is formed when light emits at an angle of incidence
smaller than the critical angle

as light Is refracted out of the water surface.

Beyond the critical angle, light is reflected back inlo the water,
resulting in no light emerging from the water surface.
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2

1 The bob of a simple pendulum is pulled to one side and released. A portion of the
motion during its swing is shown on the graph below.

distance from the
point of release / cm

g1 - limel/s
06 1.2 18 24

What is the period for this pendulum bob?
A 06s

B 12s
C 18s
D 24s

2  An aircraft heads north-west at 400 km/h. The wind is blowing from south-west at
150 km/h.

Which vector diagram represenls the correct way to obtain the resultant velocity of
the aircraft?

R
o

N
B W E
5
D y
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3

3 What is the order for the diameter of a coin and the diameter of the Earth?

diameter of coin diameter of Earth
A 22 mm 10 Gm
B 22 nm 10 Mm
c 22 mm 10 Mm
| D | 22 nm 10 Gm |

4 A coconut is dropped from a tree. As the coconut falls, air resistance has a noticeable
effect on its motion.

Graph 1 and 2 are displacement-time graphs. Graph 3 and 4 are velocity-time

graphs.
Graph 1 Graph 2 Graph 3 Graph 4
displacement displacement velocity velocity

i time . time time Duhma

Which graphs represent the motion of the coconut?

A graph1and3
B graph 1and 4

C graph2and3
D graph2and 4

What is the distance travelled when the troliey is moving at constant speed?

75m
25m
375m
50m

oCOomk®

it
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4

6 The graph shows how the speed of a model car varies with time.

speed / ms
F.
pe
Ed fobef Biamq 4 ¥ ERE| =
o
4 ==
NN e
g7 B
e ' > time / s
0" 1 2 3 4 5

The resullant force on the model car is 0.60 N.
Whal is the mass of the car?

0.03 kg
0.06 kg
0.3 kg

1.2 kg

oOm>»

7 A lift moves upwards at a constant acceleration of 2 m/s?. The mass of the lift is
500 kg and the gravitational field strength is 10 N/kg.

+ tension, T

Lift a=2mls
500 kg

lWeight,W

What is the tension in the cable holding the lift?

1000 N
4000 N
5000 N
6000 N

oO0m>»
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5

8 A wocoden block is pushed across a table at constant speed.

B RHE lable

Which statementl Is correct?

ooOm>

The frictional force increases as the block moves at constant speed.
The frictional force is equal and opposite to the pushing force.

The frictional force is greater than the pushing force,

The frictional force is less than the pushing force.

9 A car, initially at constant speed along a road, drives onto a large patch of oil. The
driver applies the brake to stop the car.

Compared to braking on a dry road, which of the following statements is true?

A

B

The car takes a longer time to decelerate to a stop because of the increasad
friction between the tyres and the road.

The car takes a longer time to decelerate to a stop because of the reduced
friction between the tyres and the road.

The car lakes a shorter time to decelerate o a stop because of the increased
friction between the tyres and the road.

The car takes a shorter time to decelerate to a stop because of the reduced
friction between the tyres and the road.

10 Which property of a body resisis a change in its state of rest or motion?

ooOm>

SA2 Yio Chu
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mass
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11 Three objects are cut from the same sheel of metal. They are of different shapes but
they all have the same mass,

square

B

Which object has the greatest density?

A the square

B the 7-shape
C thedisc
D

they all have the same density

12 An object has a weight of 250 N on Earth and 575 N on Jupiter.

What is the mass of the object and the gravitational field strength on the surface of

Jupiter?
mass { kg gravitational field strength / Nkg™’
A 29 10
B 25 23
c 57.5 10
D 57.5 23

13 A light aircraft stands at rest on the ground. It stands on three wheels, one at the front

and two further back.

Which point could be its centre of mass?

SA2 Yio Chu Kang Secondary School
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7

14 An object can be suspended in equilibrium from three different positions as shown.

CGand____ Lg
point of
suspension

point of
suspension |r

C.G.

point of
suspension

R

Which of the following matches the figures with their respective types of equilibrium?

P r Q R
A neutral slable unstable
B stable neutral unstable
Cc stable unstable neutral
D unstable sfable neutral

15  The diagram below shows the cross-section of a regular pyramid of weight 15.0 N.

What is the minimum value of the force
about the pivot point P?

A 0.133N
B 75N
C 15N
D 30N

SA2 Yio Chu Kang Secondary School
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16 When a 400 N force is applied to a box weighing 800 N, the box moves 3.5 m
horizontally in 20 s.

U= 400 N

P
! 35m

800N

What is the average power?

7OW
140'W
1400 W
2800 W

oOomP

17 A batlery supplies 500 J of electrical energy to a motor. The motor produces 200 J of
heat.

What is the maximum efficiency of the motor?
A 40%

B 60%
C 6B67%
D 100%

18 A ball is dropped from a height as shown.

%, ball
. @ position 1
@ position 2
@ position 3
R e A

Ignoring the effects of air resistance, the total energy of the ball is

greatest al position 1.
greatest at position 2.
greatest at position 3.
the same at all positions.

oOwk>
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9

19 A farmer has two carts. The carls have the same weight, but one has four narrow
whesls and the other has four wide wheels,

© €

narrow whes| wide wheal

Which cart wheel sinks more into soft ground, and what is the reason?

cart wheels reason
A Narrow greater pressure on the ground
B narrow lesser pressure on the ground
C wide greater pressure on the ground
D wide lesser pressure on the ground

20 The diagram shows a simple barometer,

0.15m 3 4 diagram not drawn to scale

The density of mercury is 13 600 kg/m?.

If the base of the container is 2.0 x 10-3 m?, find the force exeried on the base of the
barometer,

A 408x10'N
B 1.66x 102N
C 207 =x10%N
D 248=x 102N

1’4'6
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21 A worker is preparing a granite table top for a kitchen. The lable top has dimensions
of 2.0 m by 0.8 m by 0.03 m and has a weight of 1300 N.

The worker rests the table top on the ground as shown.

ground

What is the pressure that the table top exeris on the kitchen fioor?

A 0.03x08
1300
B 08x20
1300
C 1300
0.03x0.8
D 1300
08x2.0

Pa

Fa

Pa

22 A wave moves across the surface of the water in a ripple tank. In 1.0 minute, a
wavefront moves a dislance of 24 wavelengths.

What is the frequency of the wave?

0.2 Hz
0.4 Hz
2.5 Hz
1440 Hz

oOw>

23 Which of the following gives an example of a transverse wave and longitudinal wave?

transverse wave longitudinal wave
A light radio
B radio light
C sound waler wave
D water wave sound
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24 The diagram shows how displacement varies with time and distance as a wave
passes a fixed point. .

displacement / m
4

TN N
ﬂ\/1 2\/3 . »distance / m
_GJ_

Which of the following correctly shows the amplitude and wavelength of the wave?

amplitude / m wavelength /m
A 6 2
B 6 4
c 12 2
D 12 1

25 Animage is formed in a plane mirror as shown.

Which statemenlt is correct?

A Angle w is equal to angle z.

B Distance di is more than distance do.

C The image formed is real.

D The sum of angle x and angle z is 180°.

11?
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26 An object is placed at the 2F position from a thin converging lens as shown.

L
A
objectT | -
|
O

v

What are the application and characteristics of the image formed by this thin
converging lens?

application image
A camera real, inverted and diminished
B|  eye virtual, upright and magnified
C | photocopier real, inverted and same size as object
D projector real, inverted and magnified

27 Two rays of lighl strikes a diverging lens, L, as shown.

N

F1 Fz

™

Which statement about the rays after they have passed through the lens is correct?

A They appear to come from F1
B They appear to come from Fz.
C They appear to come from C.
D They meet at F.
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28 The diagram below shows different regions of the electromagnetic spectrum.

13

radio
waves

p

visible
light

gamma
rays

Which of the following statements about P is correct?

A P has a higher frequency than radio waves.

B P has a higher speed in alass than in air,
€ P has a shorter wavelength than gamma rays.

D Pis damaging to health,

29 Given that the wavelength of the infra-red radiation is 2 x 106 m
the frequency of this infra-red radiation.

A B7x10Hz
B 2x105Hz
C 3x10%8Hz
D 1.85x1013Hz

30 Which of the following is not a property of electromagnetic waves?

OOmE

SA2 Yio Chu Kang Secondary School

All electromagnetic waves can be reflected and refracied.
All electromagnetic waves carry charges.
All electromagnetic waves carry energy.

All electromagnetic waves obey the wave equation.

sl

in vacuum, calculate

434



SA2 Yio Chu Kang Secondary School 435



Name: l Index Number: | Class: '

YIO CHU KANG SECONDARY SCHOOL
END-OF-YEAR EXAMINATION 2016

SECONDARY THREE EXPRES

PHYSICS ' 5059/02
Paper 2

Friday | 7 October 2016 1 hour 30 minutes

No Additional Materials are required.,

READ THESE INSTRUCTIONS FIRST

Write your name, index number and class on the cover page.
Wite in dark blue or black ink,

You may use a soft pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.

Section A
Answer all questions in the spaces provided,

Section B
Answer all questions in the spaces provided.

Candidates are reminded that all quantitative answers should indude appropriate units,

The use of an approved scientific calculator is expected, where appropriate,

Candidates are advised lo show all their working in a clear and orderly manner, as mora marks are
awarded for sound use of Physics than for comrect answers,

The number of marks is given in brackets [ ] at the end of each question or part question,

You are advised to spend no lenger than one hour on Section A and no longer than 30 minutes on
Seclion B, At the end of the examination, fasten all your work securely together,

For Examiner's Use

Section A /50|
Section B /20
Total / 70

Parent's / Guardian's signature

>l
Name of Sefter:  Ms Teo HH ‘1
This document consists of 19 printed pages and 1 blank page.

436
SA2 Yio Chu Kang Secondary School



2

SECTION A
Answer all questions in this seclion in the spaces provided,
1 (a) A student uses a metre rule to determine the diameter of a golden sphere.

Fig. 1.1 shows five golden spheres lined up beside each other with two
wooden blocks supparting them at the sides.

wooden block golden spheres

Fig. 1.1

() Determine the average diameter of one golden sphere.

average diameter = .......cccccvienennn [1]

(i) He realised that this method is not accurale.

Siate the instrument he should use instead and explain why it is better to
use this instrument to measure the diameter of one golden sphere.,

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

..............................................................................................
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1 (b) Fig. 1.2 shows the dimensions of a gold bar.

Fig. 1.2

The mass of the bar is 77.9 g and the weight of the bar is 0.779 N.
() Explain the difference between mass and weight.

- 2]

(if) Using the data from Fig. 1.2, calculate the density, in g/em?, of the bar.

density of bar=..................o.. glem?® [2]
(iif) The density of pure gold is 19.3 g/em3.

State and explain whether the bar is made of pure gold.

o [1)

30
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2 Fig. 2.1 shows a car of mass 2000 kg moving to the right with a forward driving
force and air resistance acling on it.

[ '> direction of motion

air resistance farward

driving
force

Fig. 2.1

Fig. 2.2 shows the variation of the forward driving force and resislive force that acls
on the car with time.

for lorward driving force.

Legend:
force I N e

I - — — = for air resislance,
Emﬂ "'_:?'::."Frﬁ:__._;"'___"'_i.'i T i
i

Ifnm'ard driving force | e il :
4000 +=—+ _'. ":"._"_*“_*.'..'. = ‘“ - e

3000

2000 e e e Er A

DERSRARD ] IR R T H | 18 ek AR 1M\‘“air resistance
so00 LEREE B e

Iip o R e R R

LA UGN E L1 (L

4] TS S A 4 A

- == T . . *time /s
0 5 10 15 20 25 30 35 40 45 50
Fig. 2.2
(a) The car is initially al rest.

Calculate the initial acceleration of the car.

inifial acceleration = .........covccevvireeicinnns [2)
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2 (b) The air resistance acting on the car increases uniformly in the first 20 s.

Describe and explain how the acceleration of the car changes in the first 20 s.

gz I
(c) (i) State the resultant force acting on the car after 20 s.
resultant force = .........ccc.ccccree.. N[1]
(i)  Describe the acceleration and the velocity of the car after 20 s.
. {2]

32l
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3 Fig. 3.1 shows an armow being fired vertically upward into the air by an archer.

amow

T——string

Fig. 3.1

The string of the bow is pulled back a distance of 55.0 cm using an average force
of 120 N. The arrow has a mass of 0.18 kg.

(a) State the Principle of Conservalion of Energy.

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

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

(b) Calculate the work done in pulling back the string in the bow.

work done = .......coecvveerve e [2)
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3 (c) When the string is released, 75% of the energy stored in the bow is
transferred fo the arrow. The gravitational field strength, g = 10 N/ka.

Ignoring air resistance, determine

(i)  the initial speed with which the arrow leaves the bow,

speed of amow = ..........cocvinnnennnnnnn [2]

(i) the maximum height reached by the arrow.

223
maximum height = ... [2)
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4 Fig. 4.1 shows a mercury manometer being used to measure the pressure ina
chamber conlaining gas and water. The height of the mercury column is 50 mm.

|

—— i mercury

manometer

(a) State what Is meant by atmospheric pressure.

[

(b) If the pressure due to the gas trapped in the chamber is 810 mmHg, calculate
the atmospheric pressure in mmHg.

atmospheric pressure = .............. mmHg [1]

(e) If the height of water in the chamber is 0.20 m and the density of water
is 1000 kg/m?, calculate the pressure at T, in Pascal, due lo the waler only.
The gravitational field strength, g = 10 N/kg.

pressure at T due to water = .................... Pa [2]
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4 (d) The manometer tube is now replaced with another tube with a diameter
half that of the original.

State if the new height of the mercury column Is greater than, smaller than or
equal to the ariginal height of mercury column in the manometer.
Explain your choice of answer.

- 2]

:13
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5 Fig. 5.1 shows a series of floating buoys connected to a light string and are 1.5 m
aparl.

A sea wave is approaching the buoys as shown.

-/ ave direction

oo 2L ] Fig. 5.1

(a) Sea wave is a type of transverse wave. Part of the sea wave is shown in the
dotted box in Fig. 5.1.

(i) Explain what is meant by a lransverse wave.

. [2)

(i) Explain what is meant by a wavefronl.

)

(b) Indicate in Fig. 5.1, the direction that buoy 1 will move when the sea wave
reaches il. (1

(e¢) Itis observed that buoy 1 takes 5.0 s lo make 6 complete oscillations.

Determine the frequency of the wave.

frEQUENCY = .ovvveeeeceeenieeercacaninnees [1]
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5 (d) Buoy 8 staris to move when buoy 1 just finishes a complete oscillation.

Determine

(i) the wavelength of the wave,

wavelength= ... ..o [2]
(i) the velocity of the sea wave.

vkt

VROBILY = i iniiiassianaee s e 2]
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6 Fig. 6.1 is drawn to scale. A thin converging lens, L, is used 10 produce a virtual
image, which is 5 cm from the lens L.

| 1 [ L L L] ] L F L]
L, Ld ] L] _,,I[ ]! L 1 | 1 '
1 Irl Tt i i ; Ilu L rs LI 1
i : i i T !
§ Ti1H S IEEEE WY NAEEF TN ++ N - -] _:H_ i ¥ -+ H
i rn I 1 I i1
[l T T L
g ] : i
i I
-] G N NESQEEE RN Y RN RN EREEN L ;
=1 -1 EEER RS T A E 1‘1': Ik
L 1I:a—. ;_._ JEN UL ey LM 4114 H o L e T L
: 1 E : L] L
| g L ] 'l
I -+ Image HF 4+ —=-C : F ; F
T : T o
ry [ oA B ¥ T T
H & 3 N I8 = - ¥
i S s aNiiER]
- ‘f ] = : 1: <pgl-|
i |-+ i i 1 M 1 4 ] ] ]
s : 3 [ L S A i
] 1 = 1 Lt i ¥
T ) 1 T T ¥
L1k | { | | i = 1 I 1
1em T ! } £ 3 1
7 I w3

-1
A

Fig. 6.1

(a) The lens has a focal length of 3 cm.

State what is meant by focal fength.

(b) On Fig. 6.1, draw rays from the top of the image lo locate the position of the
object. Label the object clearly in your drawing. [3]

(e) (i) Describe the image formed.
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6

(¢) (i) State one application of the thin converging lens as shown in Flg. 6.1.
- [1]
(d) The object is now moved closer to the lens.
Stale one change to the image formed,
-[1]

525
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7 {a) Electromagnetic radiation can be used for sending television signals lo
different parts of the Earth.

Fig. 7.1 shows two methods of sending television signals 1o points on the
surface of the Earth.

ih

signals senl via satellite

signals sent direclly

Y1) )))

receiver

Fig. 7.1 (not to scale)

One method is to transmit waves directly to the receiver by a television mast.
A second method is to send the signals via satellite in space by a transmitter.

(i) State which region of the electromagnetic spectrum is used for each
method of transmitting television signals.

Sstond Mathodt ccnisianmiaisinsmn oyl

(i) Between the two types of eleciromagnetic radiation which you have
stated in (a)(i), which one has a higher frequency?

)

SA2 Yio Chu Kang Secondary School 449



15
7

(a) (i) A transmitier on Earth sends out signals of frequency 6000 MHz. The
speed of electromagnetic waves in vacuum is 3 x 10% m/s.

Calculate the wavelength of the signal from the transmitter.

wavelength = .........c.ocooemvmnnnnn, [2]
(b) Describe one harmful effect if too much electromagnetic radiation is absorbed
by a human body.
[

g:\.é
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SECTION B
Answer all questions in this section in the spacas provided.

(a) State the Principle of Moments for a body in equilibrium.

-1

(b) Fig. 8.1 shows the essential features of a vehicle’s hydraulic braking system.

rotating wheel o
e .

foot at pivot T
brake pedal W 7 %' .
v, e /hydraulc flid
N @ =
P 7 = 1)
e e .-..
: .
masier piston . 7
contact area i
=1.5cm? slave piston
contact area = 4.5cm?  brake pad

Fig. 8.1

A force of 500 N is applied by the driver on the brake pedal.
Show that the moment produced by this 500 N force about the pivol is

(i)
150 Nm.

[
451
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8 (k) (i)

(iif)

(iv)

v)

(vi)

17

The moment produced by this 500 N force is translated to the moment

. produced by the force, Fm, on the master pislon.

Using the answer obtained in (b)) and applying the Principle of
Moments, calculate the force, Fm, exeried on the master piston when
the driver exerts a force of 500 N on the brake pedal.

force, Fn = ..o, [2]

Hence, calculate the pressure in Niem?, exerted on the fluid by the
master piston.

pressureonfluid= .. ..............._. Niem? [2]
The hydraulic fluid is effective in transmitting the pressure exerted by
the master piston to the slave piston.
Stale the pressure exerted on the siave piston.

pressure on slave piston = PSS

Hence, calculate the force, Fs, exerted on the brake pad.

Suggest one modification to this system to minimise the force exerted
by foot at brake pedal to brake the car.

452
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Fig. 9.1 shows two light rays lraveliing through an optical fibre made of glass.

ray 1

\
/

VAN

S L
\/ -

Fig. 9.1 (not drawn to scale)

The two rays travel in different paths as they enter the optical fibre with

different angles of incidence. Fig. 9.2 gives information about the angles of the
two rays and their paths in the optical fibre.

angle of incidence / © | _angle of refraction / ®
ray 1 0 X
ray 2 35 y
Fig. 9.2

{a) The refractive index of the glass is 1.49.

Using the data in Fig. 9.2, determine the angle of refraction for
iy rayt,

angle of refraction, X= ... ® [1]
(i) ray2

angle of refraction, ¥ = ...c.ccceciviivnsinns 2]
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9 (b) (i) State what is meant by critical angle.

(i)  Determine the critical angle of optical fibre.

critical angle = ........

(c) State and explain what happens to ray 2

()  atpointE,

(i) atpointP.

SA2 Yio Chu Kang Secondary School
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Y10 CHU KANG SECONDARY SCHOOL

MARKING SCHEME
Exam: End-of-Year Exam 2016 Subject: 5059 Pure Physics Level: 3E
PAPER ONE (MCQ):
1. | B | Time taken for 1 complete oscillation
= Time between 2 successive crests (or trough) =(1.2-0)=1.2s.
2. |B
3. | C | Diameter of coin =2.2 cm = 22 mm
Diameter of Earth=1%x 10" m=10x 105 m = 10 Mm
4. | C | Gradient of displacement-time graph gives velocity while gradient of velocity-time
graph gives acceleration. As coconut falls from the tres, velocity increases from
zero  (graph 2). As coconut falls, acceleration due to gravity decreases until
it reaches terminal velocity where acceleration is zero (graph 3).
5. | B | Constant speed fromtime=3sto 8s.
Distance = Area under speed-timegraph=5x(8-3)=25m.
8. | C | Acceleration = gradient = =" = =0 = 2 /s,
Since resultant force = ma, mass = §= Eff =03kg
7. | D | Weight of lift in downward direction = mg = 500 x 10 = 5000 N,
Since lift is moving upwards, resultant force = ma
=> Tension in upward direction — weight = ma
=> Tension — 5000 = 500 (2)
=» Tension = 1000 + 5000 = 6000 N
8. | B | Constarnt speed = zero acceleration
So resultant force acting on the block is zero.
The frictional force is equal and opposite to the pushing force,
9. | B | Ol reduces friction between tyres and ground as compared lo braking on a dry
road. It will take longer to come to a stop.
10.| B | Inertia is directly proportional to the mass of an object to resist a change in ils
stale of rest or motion. The greater the mass, the greater the inertia.
11.| D | The density of all the 3 objects will be the same as they are made of the same
material.
- W
12.| B | Mass of object = i i:'; = 25 kg. Mass on Earth is same as mass on Jupiter.
. - Weight on Jupiter __ 575 _
L f'" Jupiter = S =5 23 N/kg
13.| B | C.G. must be within the base between the wheels.
14.| A | P: Object is in neutral position since C.G. and point of suspension coincides.
Q: Object is stable if the verlical line through the C.G. of the object is through the
point of suspension and C.G. is below the point of suspension.
15.|B The perpendicular distance between weight and pivot = (E‘-E—E) =0.025m
By Principle of Moments, S.C.M. = S AM.
F=0.05=15%0.025
i B oo (15%00025Y
Min. F = (22322) = 75N
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Waork done Force xdistance in direction of force 400 %3.5
i roness time taken - time taken - 20 =W
7.1 B | efficiency = SStfuloutput energy . ;npgq = 590-209) 1 009% = 60 %
Total input energy 500
18.| D | By the Principle of Conservation of energy, tolal energy remains constant at any
point of the drop.
19.| A | Narrow wheel: Base area in contact with the ground is small, so greater pressure
Is exerted by the wheel as compared to the wide wheel since both type of wheels
have the same weight. .
20.| D | Force exerted on base of barometer
= Pressure x Area in contact
= huy x pry % § % Base area of container
=(0.76 + 0.15) x 13 600 x 10 x (2 x 10-9)
= 24752 N
= 24752 « 102N
=248 =x102N (tlo3s.1.)
Weight ofworkto
i [ FrRagiE = Area iﬂil:lnh]ft with I:'lnur
22.| B | 24 wavelengths in 1 min = In 60 5, 24 complete waves are produced.
=In1s, % = .4 complete wave produced.
s f=04Hz
23.| D | Sound wave s a longitudinal wave. The rest are transverse waves.
24.| A | Amplitude is the maximum height of crest from the rest position. A=6m
Wavelength Is the horizontal distance between 2 successive crests (or troughs).
A=2m.
25.| A | By Laws of reflection, angle of incidence = angle of reflection.
Soangle w = angle z.
26.| C | If object is placed at 2F position, image formed is also at 2F position on the other
side of the lens => real, inverted and same size as the object.
27.| B | The parallel rays will diverge (split) after going through the diverging lens and the
rays appears to come from Fz position.
28.| A | P is an Infra-red radiation. Radio waves have the longest wavelength and lowest
frequency in the EM spectrum.
20| D | Speed of EM waves = Speed of light = 3 x 10* m/s,
f=t= 30 510 He
A z2x1p5
30.{ B | Electromagnetic waves do NOT carry any charge.
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PAPER TWO
[=1 mark] from OVERALL for missing working or poor presentation without formula:
[~1 mark] from OVERALL for missing 3 s.f. or units.

Section A:

1 (@) | Average diameter of one golden sphere ={i5§—i:-' =07cm | [1] —I

(i) | He should be using a micrometer screw gauge as it is (1] d_;
more precise or can measure up to 0.01 mm or 0.001 cm. .! &)
Or

Vernier calipers as itis more precise or can measure up to

0.01cm.

(b)(i) | Mass is the amount of matter in the object. m
Weight is a force due to gravitational pull. 1
(i) | Volume = (4.01 x 2.04 x 1.12) = 9.1620 cm”, ST
| " density of bar = ~5=. - ;% |
, = 8.5025
: = 8.50 glem® [1]
(to 3s1)

(iii) | Since density of bar is less than the density of pure gold } ]
| given, this bar is NOT made of pure Gold,

] ey
2 |(a) | ResultantF =ma
. Initial acceleration g SECIMNETOVS
= 2000 [1]
Z000 [1]
=2 m/s?
| (b) As air resistance increases, the resultant force actingon |
I the car decreases. [
| Since resultant force = ma, therefore the resultant [1]
acceleration of the car decreases.

(e)(i) After time = 20 s:
Since forward driving force has the same value (4000 N) as

the air resistance, the resultant force actingonthe caris | [1]

i ON. |
- !
(c)(ii) | Resultant acceleration is zero. ']
' =>The car is moving with constant velocity. 1]
B ) “T'marks

| o
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3 | (a) Princ_iﬁl_a of cons;\rﬁtiun of energ; states that ana;gy
| cannot be created nor destroyed, but can be converled
1 from one FORM to another. 1
| The total energy in an isolated system is constant. __
(b) Work done in pulling back the string in the bow
= Pulling force x distance in the direction of force
55
=66J - 1]
(e)i) By Conservation of energy, i
Gain in K.E. for arrow = I—:.% % Energy stored in the bow i
s, A |
S mV = #bih J .
! %0.18 x vi = 49,5 £}
3 X0.18xv" =49, ecf for
B [i'u.r: ;c_Z] working
- 018
' = 23.452 L
| =~ 23.5 mls | [1] with
! (to 3sf) ecf
| -.Speed of arrow = 23.5 m/s i1
| (c)(ii) | By Conservation of energy, ¥
| Gain in GPE = Loss in KE
| - 75
mgh --‘Tuxﬁﬁ L [1] with
018 x 10 x h=49.5 ecf for
_ 495 :
h= m working
| =27.5m - b
~.Maximum height reached by arrow =27.5m Efw“
4 |(a) Atmospheric pressure is the garessure exerted by the g.k
molecules on the surface of Earth. (11
(b) Height of mercury column = 50 mm _

Pressure = 810 mm Hg
Patm + Pig = 810 mm Hg

| . Paim = (810 — 50 ) mm Hg [1] with
- = 760 mm Hg working
' (e) Pressure at T due to water only
= hiwater X Pwater X @
=0.20 x 1000 x 10 (]
| = 2000 Pa [1]
(d) The new height of mercury column is equal to the original | [1]
height of mercury column in the tube.

Reason: Since pressure in liquid = hxg * pug * g, pressure

is independent of the diameter of the tube in

| manometer. | [1] ]
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5 | (ali) A transverse wave is a wave which transfers eneray by
vibrations from one place to another without transferring | 1)
the medium.
l The transverse wave travels in a direction perpendicular | [1]
to the direction of the vibrations.

(if) | Wavefront is an imaginary line on a wave that joins all
adjacent points that are in phase. (1]

(b) Ball 1 will move downwards when the wave reaches it. [1

- \\5ve direction

| | ,
| (€) |In §'s, 6 complete oscillations are produced.
=In1s, ?5_:-. 1.2 complete oscillations are produced.

~T=12Hz « MUST write this N

_{d}m Distance between buoy 1 and 8 = one wavelength
No. of gaps between buoy 1 and 8 = 7 gaps.

Wa\ralangm =7Tx15m [1] .
=10.5 m. (1] |
[
(i) |v=Ffar |
=1.2%10.5 L3} with
= 12.6 mis el
: [1] with

131 [

SA2 Yio Chu Kang Secondary School 460



6 |(a) Focal length is the distance between the optical centre of | [1]
the lens and the focal point.
(B)
AT - EHTEF AT A R R R H R -
o L 1 : =R -
I e 1 : MREEY = H = [ERREREREE
TS : fasan
: Sy AR EEEN TS e EESERERE
T T e e . T B R :
i : o me =L RN LK
I H 83 e e e B RS
Image F TObject 1 CITE FoFREalE 2F HH
TR bt R T T s e T
.I W BN A 8 n B
e - - : : e |
i TRt EE e et g e e e e s |
= S : i |
1='“I_m--~[ e e e e e e REEH
!
tem Fig. 6.1

[1] for ray through optical centre of L.

[1] for ray through F on the right of L.

[1] for position of object WITH labelling.

[-1] for wrong types of line (dotted or solid line) or missing (or wrong) amows.

I =
(c)Mi) _|Image formed is virtual, upright and magnified. (1]
(e)ii) ing glass. 1

Note: Only magnifying glass will produce a virtual, upright
and magnified image.
(d) When object is moved closer to the lens, height of image
will decrease. [
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| (a)i)

First method: Radio waves

11

. Second method: Microwaves 1 .
(ii) | Microwaves have higher frequency as compared to radio | [1]1with |
waves. ecf

(iif)

Jf=6000 MHz = 6000 = 10° Hz = 6 x 10° Hz
_v_ 3x10%
l"f' 6x10%
=0.05m

(b)

!':|-[11

[1] with
ecf |

The. ionising effect of some electromagnetic waves will

damage the cells and tissues when the human Is

overexposed to it, causing health problems such as|
cancer.

equilibrium, the sum of clockwise moments about a pivot
is equal to the sum of anticlockwise moments about the |
| same pivot. |

The Frlnciple of Moments states that when a body is In

Moment pmducad hy 500 N force

= Force x maximum L distance from force to pivot
=500N=0.3m

= 150 Nm (Shown)

i1

Moment by Fm on master piston = Moment by 500 N force

Fm x 0.1 =150 [
. P 159 ]
- m= o1
=1500N 1
.. Force Fm =1 500 N. ~ |
(iii) | Pressure exerted on fluid by master piston
= Force . 1500N
Areaincontact  15cm® [1] with
=1 000 N/cm? ecf
[1] with
ecf
(iv) | Pressure on slave piston = Pressure from master piston (1] with
1w
= 1:!11]0 N/em? |t
(v) Pressure on slave piston = Pressure by master piston |
Force on brake pad 3 I
Base area of slave piston 1080 Nisss |l [1] with
F, | | ecf
15 = 1000 |[
.' - Fs=4.5x 1000
f‘ =4500N [1] with
| = ecf
|
3>
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8 | (b)(vi) | To minimise the force required to brake the car: Either
« Increase perpendicular distance between brake pedal  ©n€ |
and pivot; (1]

« Decrease the contact area of master piston;
» Increase the contact area of slave piston.

9 |(a)(i) | Rayft: 1
Since £i=0° £ r=0° [
(ii) | Ray2: Z1=2inair=235° .
— sin(<inalr) I
n _'rin{zmahﬁ}
149 = sin 35° 4
T simr 1
-: ___ sin 35° :
i sinr= 149 l |
in 35°
- | R B
| < r = sin (3149)
= 22.640°
=22.6° 1
| _ (to1d.pl)

(b)(i) Critical ai'lgle is the angle of incidence in_an opticall
denser medium for which the angle of refraction in the

optically less dense medium is 90°. [1]
R RE
T sinc

1
L= sln“[ —]
n

1
= ﬁin"[ .. ] -
1.49
= 42.155°
[ ~42.2° [1]
(to 1 d.pl.)

{c)(iy | AtpointE,
| Ray 2 will bend towards the normal as it enters an | [{]
optically denser medium.

] (i) | At point P,
Ray 2 undergoes total internal reflection, 11
as it is travelling from an optically denser medium to an
optically less dense medium.

The angle of incidence is greater than the critical angle.
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Section A
Answer all the questions in this paper.
The total mark for this section is 30.

1. The dimensions of a rectangular block of wood are measured as 130 mm, 4.0
mm and 3.21 mm. What are the measuring instruments used to obtain such
readings?

(i) metre rule
{ii} wvernier calipers
(iii) micromeler screw gauge

A. (i) and (i) only
B. (i) and (iii) only
C. (i) and (iii) only
D. (i), (i) and (iii)
Fa Gmym,
2. Newlon's Law of Gravitalion is given by r’  where m; is the mass of

particle 1, mz is the mass of particle 2, F is the gravitational force, r is the
distance between the two parlicles and G is the universal gravitational constant.
Which of the following is the unit for G?

kg® m* s2

kg s?/ m?
m3/ kg s
kg*m?/ s?

Do®>

3. A cyclist, riding at a speed of 5 m/s, brakes with uniform deceleration and stops
in 3 m. How long does the cyclist take lo stop?

A D6s
B. 12s
C. 1.33s
D. 30s

4, A stone is thrown vertically upwards from the top of a building with a speed of 10
m/s. The stone reaches the ground below after 3 s,
What is the height of the building?

A 5m

B. 10m
C. 15m
D. 20m

SA2 Yuying Secondary School
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2

Section A
Answer all the questions in this paper.
The total mark for this section is 30,

1. The dimensions of a rectangular block of wood are measured as 130 mm, 4.0 mm
and 3.21 mm. What are the measuring instruments used to obtain such readings?

(i) metre rule
(i) vemier calipers
(iii) micrometer screw gauge

A. (i) and (ii) only
B. (i) and (iii) only
C. (i) and (iii) only
D. (1), (ii) and (iii)

F - Cmim,

2. Newton's Law of Gravilation is given by r? where m1 is the mass of
particle 1, me is the mass of particle 2, F is the gravitational force, r is the distance
between the two particles and G is the universal gravitational constant.

Which of the following is the unit for G?

A, kg*m3s?

B. kgs?/m?
C. m?lkgs?
D. kg*m?/s?

3. A cyclist, riding at a speed of 5 m/s, brakes with uniform deceleration and stops in 3
m. How long does the cyclist take to stop?

A. 06s
B. 12s
C. 133s
D. 30s

4. A stone is thrown vertically upwards from the top of a building with a speed of 10
m/s. The stone reaches the ground below after 3 s.
What is the height of the building?

A. 5m
B. 10m
C. 15m
D. 20m

234
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7. A ticker tape timer vibrates at 50 Hz. The tape in the figure shows the distance
moved by a trolley.

icm 2com 3cm 4 cm
. | g 8

Whal is the average speed of the trolley for the interval shown?

A, 05cms?
B. 12cms?
C. 20cms?
D.

125 cm st

8. A child of mass 20 kg slides down a rope which hangs vertically from a tree. If her
acceleration is 2.0 ms®, what is the frictional force between the child and the rope?
(Take the gravitational force on a mass of 1 kg to be 10 N.)

A, 40N ,

B. 100N L
C. 160N

D. 200N

9. The propeller on a boat pushes water backwards with a force of 2000 N. The boat
moves through the water against a total resistive force of 1800 N.

Direction of motion of boat

Resistiva force ———»
1800 N

- Force of propeller
2000 N on waler

Using Newton's Third Law of Motion, what would be the forward force on the

propeller due to the water?
A, 200N

B. 1800N

C. 2000N

D. 3800N
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10. An object is moving under the influence of F1 on a smooth surface. A while later, an
. opposing force Fz of the same magnitude acls on it.

1.

5

F1 Fz Fi1

“
/ —- - ENEEET

What will happen to the object?

A. 1t will slow down.

B. It will move in the opposite direction.

C. It will come to rest immediately after the opposing force acts on it.
0. It will continue to move but with a constant velocity.

The diagram shows a pillion rider moving backwards when the molorcycle
accelerates. Which option correctly explains the backward movement of the pillion

rider?

A. the pillion rider having an inertia

B. the forces on the riders being zero

C. the moment of the pillion rider

D. the conservation of total energy of the riders

SA2 Yuying Secondary School
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15. Which of the following statements about a bag of ice on the Earth is correct?

A. Its weight is measured in kilograms.

B. Its weight is one of the forces acting on it.

C. Its mass is inversely related to its inertia.

D. Its mass at the North Pole is different from its mass at the Equator.

16. The same mass of four different liquids is placed in some measuring cylinders.

A, B. C. D,

Yem® [ Yem® [ N em® & cm®
25— 25—

10— 10—
20— 20—

B_..
15 — 15—

B—

Which measuring cylinder contains the liquid with the greatest density?

17. The density of a silver bar, of volume 10 cm?, is 10.0 gem3. What will be the density
of the silver bar when a hole of volume 1.0 em? is drilled into the bar?

A. 9.0gcm?

B. 10.0gcm®
C. 10.5gcm?
D. 11.0gcm?
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18. The diagram below shows a force applied in several different directions at the point
P on a hinged beam. In which direction will the force produce the largest moment
about the hinge?

18. The diagram illustrates three uniform objects of the same external diameter.

O O O

(1) hollow sphere (2) solid sphere (3) hollow sphere
mass 100 g mass 100 g mass 200 g

Which objects have the centre of gravity at a similar point?

A. (1)and (2) only
B. (1)and (3)only
C. (2)and(3)only
D. (1),(2)and(3)

20. The figure below shows a box being pushed using a constant force of F through a
distance d. The box has a weight of W and there is a total resistive force R acting
against the box.

P———

W

=
Y <
w d

What is the useful work done on the box?

A. Fd-Rd-Wd
B. Fd+Rd+Wd
C. Fd-Rd
D. Fd-Wd

SA2 Yuying Secondary School
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21. A wooden block of mass 30 kg is pulled up a rough inclined plane at a constant
speed by a force of 70 N. When the distance moved along the-plane is 12.0 m, the
increase in height is 1.0 m.

What is the work done against friction for every 1.0 m increase in height?

A. 300J
B. 360J
C. 5404
D. B40J

22. Assuming that there is no energy loss, calculate the minimum value of initial speed
required for the ball to reach point C as shown in the figure.

1.75m

1.0m

A, 206mg?
B. 387ms?
C. 450mzg"
D. 521ms" 33f

471
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23. The diagram below shows the displacement-distance graph of a transverse wave
traveling to the right at a certain instant.

displacement

p distance

Which of lhe following stalements is corect?

A. Particle P is moving downwards,
B. Particle Q is momentarily at rest.
C. Paricle R is moving to the right.
D. Particle S is moving downwards.

24. Circular water waves are produced by a dol vibrator. The wave pattern at a certain
instant is as shown in the diagram below.

&

12 em

If the speed of the water waves is 0.6 ms™, what is the time taken for the wave 1o
travel from A to B?

A, 005s
B. 067s
C. 50s
D. 67s

25. Which of the following devices does not make use of electromagnetic waves in its
operation?

A. camera

B. loudspeaker

C. television remote control
D. sun-tanning machine

SA2 Yuying Secondary School
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26. The diagram below shows the plan view of an object O in front of a plane mirror.
Which one of the reflected rays of light appears to come from the image of O7

I,

T A A A AALTLRLLELL L

27. A piece of glass was placed on top of a polished mirror surface as shown in the
figure below. What is the critical angle of glass?

A. 28.1°
B. 41.6°
C. 450°
D. 58.5°
28. A pupil did an experiment on a thin converging lens. The distance between the

lluminated object to the centre of the lens is recorded as the object distance.

He measured and recorded the image height as shown in the table. All the
images oblained are real and inverted

Object height / em 3.0 3.0
Object distance / cm 9.0 1.0
Image height /cm 3.7 25

Which length is most probably the focal length of the lens?

A. 50cm

B. 90cm

C. 10.0cm ::-fi
D. 11.0em

473
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29. The diagram below shows some apparatus set up in a Physics Laboratory.

screen with a
M ;
light source triangular slit plane mirror lens

E L as an object

The following is a list of steps taken by a pupil to find the focal length of a convex
lens.

I 1

(1) Move the object to and fro until a sharp image is formed side by
side with il on the screen.

() Place a plane mirror behind the lens.

(3) Measure the dislance between the lens and the screen.

(4) Measure the distance between the light source and the plane
MImor.

Which is the correct order of steps for the pupil to take in order to find the focal
length of a convex lens?

A (1),(2),(3)
B. (2).(1).(3)
C. (2),(1)(4)
D.  (4).(1).(3)

30. Which option correctly describes what happens when sound waves pass through

a liquid?
A. A convection current is produced throughout the liquid.
B. Molecules vibrate faster about fixed points.
C. Molecules vibrate perpendicularly to the direction of travel of the waves.
D. Molecules vibrale parallel to the direction of travel of the waves.
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Section B
Answer all the questions in this section,
The total mark for this section is 40.

1. During the National Day Parade, parachutists from the Red Lions free fall vertically
downwards from a height of 10 000 fi (3 048 m). The figure below shows a
parachutist during his descent after his parachute has opened.

The graph shows how the speed of the parachutist varies with time for a section of
the flight in the air.

50 D
sSpead \
Fi;ﬂ- A0 —f— ..-"""..’.‘H

- el \

2“)/ \\‘
A |

0 8 16 24 32 40 48 56 64 72

time/s

a. Slate the value of the terminal velocity before and after the opening of the

parachute.
I. before opening of the parachute, terminal velocity = ... ..., 1]
ii. after opening of the parachute, terminal valogity = ......ccevviiinncrennn. [1]

b. Describe the motion of the parachutist between poinis A and D.
(2]

o470
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c. Explain how the velocity changes from the point the parachutist began his
descent till just before the parachute was opened.
(3]

2. Aring is supported by two strings that hang from a rod as shown below.

rod

The ring has a weight of 3.0 N
a. State the direction and the size of the resultant force of the two tensions T1 and
Ta. &)
angle between resultant force and T2 = 3

size of the resultant force = M

b. On the plain paper provided, draw a labelled scaled diagram to determine the
size of the two tensions T1 and Tz in the strings.
[4]

SA2 Yuying Secondary School
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3. A space research organisation plans to send astronauts to Mars o examine rocks
on its surface. The organisation will produce a report containing information about
conditions on Mars. The gravitational field strength on the surface of Mars is
3.7 Nkg.

While still on the surface of Mars, the astronauts will measure the mass of each
rock collected. Fig. 3.1 and Fig. 3.2 show two instruments that the astronauts will

use.

Balance X and a set of brass
discs.

The mass of each disc is
accurately determined on Earth
and the value is marked on it

Balance Y which is accurately
calibrated on Earth and the
mass values are marked on the
vertical scale.

rock _

a. A rock of mass 0.50 kg is dropped on Mars and it falls to the surface. State the
acceleration of the falling rock, Assume that there is no air resistance on Mars.

(1]

=13
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b. When the two instruments are used on Mars, they will give different readings for

C.

the mass of the same rock.

i. Explain the difference in readings by the two instruments.
121

ii. Which instrument, balance X or Y, will give the corect reading of the mass
of the rock? Name this instrument. '
(]

The astronauts will also determine the density of each rock. Explain if the
density of the rock found on Mars differs from its density when brought back to
Earth.

2]

4. A newspaper collector uses a trolley to move his newspaper with ease.

a.

1m A pile of

newspaper
Cr——r [oem B Aw

Each pile of newspaper has a mass of 5 kg. Calculate the amount of work
needed fo vertically lift 3 piles of newspaper onto the trolley a pile at the same
time.

[2]

SA2 Yuying Secondary School
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b. Wil it be more efficient to lift the piles of newspaper together as shown in Fig 4.1
instead of liting 1 pile at a-time as shown in Fig 4.2? Explain your answer. -
2]

% EBE= 11 11 |
—

Fig 4.1 Fig 4.2

c. The trolley is then tilted before being moved. The radius of the wheel of the
trolley is 5 cm and W is the weight of the papers and trolley.
Calculate F, the minimum amount of force, needed to ready the papers for
movement as shown above. The mass of trolley is given as 1 kg.

[2]

d. Should the trolley be tiited more or less to move the paper more efficiently?
Explain your answer.

3]

2>
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5. Fig. 5.1 shows a cross-section of a piece of glass which has a refractive index of
1.60. A ray of light is incident normally at the top surface as shown. -

130°

B
Fig. 5.1

a. Find the angle of refraction of the ray at the boundary AB.
(2]

b. A piece of diamond of refractive index 2.40 is cut to have the same shape as the
glass in Fig. 5.1, Explain briefly why the diamond seems to ‘glow’ whereas the
glass piece does not when light falls on it.

(2]
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6. Microwaves are waves in the electromagnetic spactrum.

a. State the name of the waves in the part of the electromagnetic spectrum that
have wavelengths longer than microwaves.
[1]

b. Explain why the frequency of these waves is lower than the frequency of
microwaves.
[1]

7. A boy, holding a microphone, is standing & distance d from a wall.

bay

% "

-l -
d

The microphone is connected to a cathode ray oscilloscope (C.R.0O.) with four
controls. When the boy claps once, the sound is received by the microphone and
the audio signal is displayed on the C.R.O. as shown below.

1 division
_..': E..__.
1 25 1 2.5
0.5 @ 10 0.5 @ 10
Y-gain time base
V | division ms / division
O O 283
Y-shift X-shift

- 481
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a. Determine the frequency of the sound due to the clap.

2]

b. If the speed of sound in air is 330 ms™, determine the distance, d, between the
boy and the wall.
[2]

¢. Another student then adjusts the display controls of the C.R.O. Part of the signal
is given as shown below.

1 division
] h-__
i i

1

1.2 5 25
n.s@m n.s@m

Y-gain time base
V [ division ms / division
@ O
Y-shift X-shift

In the display above, complete the signal with the new setlings.
[2]

SA2 Yuying Secondary School
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Section C
Answer all the questions in this section in the spaces provided.
Question 10 is in the form either/or
and only one of the altematives should be attempted.
The total mark for this section is 30,

8. Fig. 8.1 shows a 1.2 kg trolley being pulled along a rough horizontal bench by
means of tension, T, in the thread fastened lo the trolley. The other end of the
thread is attached to a mass-hanger of mass 200 a.

Trolley
Bench :

Pulley

Mass Hanger

Fig. 8.1

a. Draw the free body diagram ilustrating all the forces acting on the trolley.
(2]

b. The frictional force between the wheels of the trolley and the surface of the
bench is 0.5 N. Calculate the acceleration of the trolley.

[3]

Ca Ul

SA2 Yuying Secondary School

483



23

¢. From your answer in (a) and (b), describe in delail, the maotion of the trolley.
[2]

d. Suggest a way in which the friction between the wheels and the bench can be
reduced.
[1]

e. If the trolley is loaded with sand, compare the change in speed of the loaded and
unioaded trolley.
[2]
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9. Ultrasound is-a type of high frequency sound used in medical diagnosis. Important
information about the internal structures of the body can be obtained by using a
detector to analyse the reflections from the internal structures,

Fig. 9.1

Fig. 9.1 shows an ultrasonic scanner used to monitor the development of the baby
of a pregnant woman. As an ultrasonic wave travel through the body tissues,
energy is lost (attenuated) and the amplitude and intensity of the ultrasonic wave
reduces.

Attenuation is measured in decibels per centimetre (dBem) of tissue and is
represented by the attenuation coefiicient of the specific lissue type. The higher the
altenuation coefficient, the more attenuated the ultrasonic wave is affected by the
specified tissue,

Attenuation is an important concept as it limits the depth of the image that can be
oblained via ultrasound.

The table below shows the altenuation coefficients and speeds of ultrasonic waves,
transmitted at 1 MHz, through different body tissues.

body tissue attenuali;:élc cn?gfﬂciant.-' speed | ms"
water 0.002 1484
fat 0.83 1450
liver 0.5-0.94 1570
i bone 5.0 4080

Sources: hitp:/iusra.caftissue.php & hitps:fwiki.engr ilinois.edu

aks
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a. Describe how ultrasonic waves are transmitted from the scanner, through the
body tissues, to the baby of the pregnant woman.
2]

b. Describe one difference between an ultrasound and electromagnetic waves.
[1]

¢. By studying the values in table, estimate the attenualion coefficient of human
blood for an ultrasonic wave transmitted at 1 MHz.

(1]

d. Describe two properties of sound waves that confribute to the attenuation of
ultrasonic waves in body tissues.

i2]
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e. bExglain why ultrasound is often not used in the medical diagnosis of bones in the
ody.
(2]

f. Calculate the wavelength of ultrasonic waves in the fat of the body of the
pregnant woman.
[2]

akb
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Either

10a. Stale what Is meant by the moment of a force and state how it can be calculated.

(2]

10b. Fig. 10.1 shows a non-uniform rod PQ of length 35 cm attached to two strings A
and B of equal length. The tension in string A is 5 N and that in string B is 2 N.

A P BT A A A P AL A S L A A L

A B
5N ¢ * 2N
p ‘fw__’_’___.’__—l—ﬁ’-) Q
B 35 cm '
Fig. 10.1
Determine the following:
i. the weight of PQ,

(1]

il. the position of the centre of gravity of PQ from the end P.
[2]
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10¢. Figl 10.2 shows a sheet of metal suspended from a hole in one comer at A. The
weight of the metal is 0.10 N and the centre of gravity is at G. The metal sheet
swings freely and comes to rest.

. In the space next to the given figure, sketch a diagram of the sheet in ils final
rest position. Mark points A and G on your diagram.
(1]

010N

Fig. 10.2

ii. Explain why the sheet remains at rest in this position.
[2]

10d. The metal sheet is placed on a table. State two reasons why it is more stable
when it is placed flat on the table than when it is placed on the table in a vertical

position.
2]

awy
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Or
10a. In an experiment to find the focal length of a convex lens, the following readings
were obtained.
distance of object 400 | 315 | 270 | 230 | 175 | 155 | 120
from lens, ulcm
distance ofimage | 454 | 155 | 150 [ 17.6 | 225 | 250 | 30.0
from lens, vicm J

i, Using a scale of 1.0 cm to 2.5 cm for both axes, plot a graph of u/cm against

vicm on the graph paper provided.

[3]

ii. Use the graph to find the value of u and v when they are equal by drawing

the line u=v.

iii. Using the relationship,
1

f

determine the focal length of the lens.

1
u

1
4 =
v

value of u=

value of v =

(11
cm

om

[2]

10b. In what way(s) are the images formed by a camera and a slide projector similar

and in what way(s) are they different?

(2]

SA2 Yuying Secondary School
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Section A
Answer all the questions in this paper.
The total mark for this section is 30.

1. The dimension of a rectangular block of wood is measure as 130 mm, 4.0 mm and
3.21 mm. What are the measuring instruments used to obtain such readings?

()  metre rule
(i) vernier calipers
(i) micrometer screw gauge

A. (i) and (ii) only
B. (i) and (jii) only
C. (i) and (iii) only
D. (i), (ii) and (iii)
¢ _Gmm,
2. Newton's Law of Gravitation is given by " where my Is the mass of

particle 1, mz is the mass of particle 2, F is the gravitational force, r is the distance
between the two particles and G is the universal gravitational constant.

Which of the following is the unit for G7

A, ka*mPs?

B. kgs?/m?
C. m¥lkgs?
D. kg*m?/s?

3. Acyclist, riding at a speed of § m/s, brakes with uniform deceleration and stops in 3
m. How long does the cyclist take to stop?

A. 06s
B. 12s
C. 1.33s
D. 30s

4. A stone is thrown vertically upwards from the top of a building with a speed of 10
m/s. The stone reaches the ground below after 3 s. What is the height of the

building?
A, 5m
B. 10m
C. 15m
D, 20m
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7. A ticker tape timer vibrates at 50 Hz. The tape in the ﬂéum shows the distance
moved by a trolley. - -

1em 2cm 3cm 4 cm
S0 s ge s o

What is the average speed of the trolley for the interval shown?

A. 0.50cms?
B. 12emst!
C. 20cms?
D. 125¢m st

~, what is the frictional force between the child and the rope?
(Take the gravitational force on a mass of 1 kg to be 10 N.)

40N
100 N
160 N
200 N

com>»

9. The propeller on a boat pushes water backwards with a force of 2000 N. The boat
moves through the water against a total resistive force of 1800 N.

direction of motion of boat

resistive force —— — force of propeller
1800N

2000N  onwater

Using Newion's Third Law of Motion, w

hat would be the forward force on the
propeller due to the water?

A. 200N

B. 1800N
C. 2000N
D. 3800N

350
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10. An object is moving under the influence of F1 on a smooth surface. A while later, an
opposing force Fz of the same magnitude acts on it.

% F1 Fz % F1
/ - -

What will happen to the object?

The object will slow down.

The object will move in the opposite direction.

The object will come to rest immediately after the opposing force acts on it.
The object will continue to move but with a constant velocity.

com>

11. The diagram shows a pillion rider moving backwards when the motorcycle

accelerates. Which option correctly explains the backward movement of the pillion
rider?

the pillion rider having an inertia

the forces on the riders being zero

the moment of the pillion rider

the conservation of total energy of the riders

cow»
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12. A fire-fighting helicopter is flying at constant speed along a horizontal sfraight-line

carrying a bucket of water as shown in the diagram below. The rope-to the bucket
makes a fixed angle with the vertical.

———= constant speed

buckel of waler

Which of the following diagrams is the correct free body diagram of the forces acting
on the bucket?

A B.

/

s

¥ 251 L]

495
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13. Five blocks of equal masses V, W, X, Y and Z are connected by four identical
strings as shown in the diagram. They are pulled by a steadily increasing force F.

ForceF =t
—a ¥ B W B X . Y D Z

Which of the strings A, B, C or D is most likely to break first?

14. The diagram below shows a man of weight 800 N standing in the middie of a
uniform, rigid, horizontal plank. The plank weighs 1000 N.

Which of the following diagrams show the forces on the plank?

B.
A. 200N 800N
! {
i ! 1 1
Q0ON 1000N 900N 1000N
C. [,
800N 900N 800N 900N
! } { 4
i &
1000N 1000N
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15. Which of the following statement about a bag of rice on the Earth is correct?

The weight of a bag of rice is measured in kilograms.
The weight of a bag of rice is one of the forces acting on it.
The mass of a bag of rice is inversely related o its inertia.

The mass of a bag of rice at the North Pole is different from its mass at the
Equator,

eow>

16. The same mass of four different liquids is placed in some measuring cylinders.

A.

D.
) oem® [ ~ om? [,
25—
10—
20 —
15—

Which measuring cylinder contains the liquid with the grealest density?

17. The density of a silver bar, of volume 10 cm?, is 10.0 g cm®. What will be the
density of the silver bar when a hole of volume 1.0 em? is drilled into the bar?

A. 9.0gcm?

B. 10.0gem?
C. 105gcm™
D. 110gem™®

i

SA2 Yuying Secondary School 497



9

18. The diagram below shows a force applied in several different directions at the point
P on a hinged beam. In which direction will the force produce the largest moment
about the hinge?

B

hinge D

) B

T e L T e O L LN T e i

¢q-$
s

19, The diagram illustrates three uniform objects of the same external diameter.

O O O

(1) hollow sphere (2) solid sphere (3) hollow sphere
mass 100 g mass 100 g mass 200 g

Which objects have the centre of gravity at a similar point?

A. (1) and (2) only
B. (1) and (3)only
C. (2)and (3)only
D. (1),(2)and(3)

20. The figure below shows a box being pushed using a constant force of F through a
distance d. The box has a weight of W and there is a total resistive force R acting
against the box.

L |
l,_.ﬁ : :

W d

What is the useful work done on the box?

A. Fd-Rd-Wd
B. Fd+Rd+Wd
C. Fd-Rd
D. Fd-Wd

SA2 Yuying Secondary School
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21. A wooden block of mass 30 kg is pulled up a rough inclined plane at a constant

speed by a force of 70 N. When the distance moved along the plane is 12.0 m, the
increase in height is 1.0 m.

What is the work done against friction for every 1.0 m increase in height?

A. 300J
B. 360J
C. 540J
D. 840J

22. Assuming that there is no energy loss, calculate the minimum value of initial speed
raquired for the ball to reach point C as shown in the figure.

1.75m

A. 2.06 ms-1
B. 3.87ms
C. 450ms?!
D. 521ms?

353
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23. The diagram below shows the displacement-distance graph of a ransverse wave
traveling lo the right at a certain instant.

displacement

P
¢ S '
0 I » distance

R

Which of the following statements is correct?

Particle P is moving downwards.
Particle Q is momentarily at rest.
Particle R is moving to the righl.

Particle S is moving downwards.

oOo@»

24. Circular water waves are produced by a dot vibrator, The wave pattern al a certain
instant is as shown in the diagram below.

If the speed of the water waves is 0.6 m s, what is the time taken for the wave to
travel from A to B?

A. 0.050s
B. 0.67s
C. 50s
D. 67s

25. Which of the following devices does NOT make use of electromagnetic waves in its

operation?
A. camera
B. loudspeaker
C. lelevision remote control
D. sun-tanning machine
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26. The diagram below shows the plan view of an object O in front of a plane mirror,
Which one of the reflected rays of light appears to come from the image of O?

A B /c D

CHA AL L LR AP LT T

27. A piece of glass was placed on top of a polished miror surface as shown in the
figure below. What is the critical angle of glass?

A5°

Glass
Bgif

A, 281°
B. 416°
C. 450°
D. 58.5°

28. A pupil did an experiment on a thin converging lens. The distance between the
illuminated object to the centre of the lens is recorded as the object distance, He
measured and recorded the image height as shown in the table. All the images
obtained are real and inverted.

Object height / cm 3.0 3.0
Object distance / em 8.0 11.0
Image height /em 3.7 2.5

Which length is most probably the focal length of the lens?

A. 50cm

B. 90cm

C. 10.0cm 54
.D. 11.0cm

SA2 Yuying Secondary School
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29, The diagram below shows some apparatus setup in a Physics Lab.

_ screenwitha
light source triangular slit plane mirror

B e j ﬂm

The following is a list of steps taken by the pupil to find the focal length of a
convex lens.

(1) Move the object to and fro untif a sharp image is formed side by
side with it on the screen.

(2) Place a plane mirror behind the lens.

(3) Measure the distance between the lens and the screen.

(4) Measure the distance between the light source and the plane
mirror.

Which is the correct order of steps for the pupil to take in order to find the focal
length of a convex lens?

A (1).(2), (3)
B. (2),(1).(3)
C. (2),(1),(4)
D.  (4),(1).(3)

30. Which option correctly describes what happens when sound waves pass through

liquid?
A.  aconvection current is produced throughout the liquid
B. molecules vibrate faster about fixed points
C. molecules vibrate perpendicularly to the direction of travel of the waves
D. molecules vibrate parallel to the direction of travel of the waves
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Section B
Answer all the questions in this section,
The total mark for this section is 40.

1. During the National Day Parade, parachutists from the Red Lions free-fall vertically
downwards from a height of 10 000 ft (3 048 m). The figure below shows 2
parachutist during his descend after his parachute has opened. The graph shows
how the speed of the parachutist varies with time for a section of the flight in the air.

m's 40 | el

wl LA \[
s \
odh ] 4

0 8 16 24 32 40 48 56 64 72

lime/s
a. State the value of the terminal velocity before and after the parachute opens.

speed ] /_...--"'" \
\

i.  before parachute opens, terminal velocity = ..o [1]
ii. after parachute opens, terminal VOIOEHY = i i o [1]
before parachute opens, terminal velocity = 50 /s Al1]
after parachute opens, terminal velocity = 5 m/s Al1]

503
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h. Deséribe the motion of the parachutist between A and D.
[2]

The speed is increasing at a decreasing rate. A[1] for each
bold word

¢. Explain how the velocity changes from the point the parachutist begin his
descend till just before the parachute is opened.
[3]

Initially, the amount of air resistance experienced by the parachutistis | A[1]
zero. Thus the resultant force experienced by him is due to his weight.
Thus will create him fo experience a large value of acceleration since A1/2)
F=ma
As the amount of air resistance increases over time, the resultant force | A[1]
experienced by him gradually decreased.
Thus the acceleration experienced by the parachutist is reduced over | A[1/2]
time,

2. Aring is supported by two strings that hang from a rod as shown below.

= =

The ring has a weight of 3.0 N

a. State the direction and the size of the resultant force of the two tensions T1 and

Ta.
[2]
angle between resultant force and T2 = 5
size of the resultant force = N
angle between resultant force and T2 =30 ° ) A1)
size of the resultant force =3 N Al1]

b. In the plain paper provided, draw a labelled scaled diagram to determine the
size of the two tensions T1 and Tz in the strings.
[4]

SA2 Yuying Secondary School 504



16

3. A space research organisation plans to send astronauts to Mars to examine rocks
on its surface. The organisation will produce a report containing information about

conditions on Mars. The

3.7 N kg,

gravitational field strength on the surface of Mars is

While still on the surface of Mars, the astronauts will measure the mass of each
rock collected. Fig. 3.1 and Fig. 3.2 show two instruments that the astronauts will

use:

o — |}
i
| T
Fig. 3.1
-z
i

rock

Fig. 3.2

rock

Balance X and a set of brass
discs:

The mass of each disc is
accurately determined on Earth
and the value is marked on it.

Balance Y which is accurately
calibrated on Earth and the
mass values are marked on the
veriical scale.

a. A rock of mass 0.50 kg is dropped on Mars and it falls to the surface. State the
acceleration of the falling rock. Assume that there Is no air resistance on Mars,

1]

| acceleration = 3.7 ms?

[A[1] J

SA2 Yuying Secondary School
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b. When the two instrumerits are used on Mars, they will give different readings for
the mass of the same rock.

i. Explain the difference in readings by the two instruments.
2]

Mass remains the same when It Is being measured on Mars. Al1]
Weight is dependent on the gravitational field strength and will be Af1]
different when measured on Mars.

i, Which instrument, balance X or Y, will give the correcl reading of the mass
of the rock? Name this instrument.
11

Balance X Al1/2]
Beam Balance A[1/2)

c. The astronauts will also determine the density of each rock. Explain if the
density of the rock found on Mars differs from its density when brought back to

Earth.
2]
Density will remain the same. Al1]
It is dependent on the mass and the volume if the rock and not the Al1]
weight.

4. A newspaper collector uses a trolley to move his newspaper with ease.

im A pile of
newspaper

-{-- R — Tw

a. Each pile of newspaper has a mass of 5 kg. Calculate the amount of work

needed to vertically lift 3 piles of newspaper onto the trolley a pile at the same
lime.
[2]

["Work done = F x d
Work done = 3 x (50 x 0.1) Af1]
Work done = 15 J Al1]
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5. The figure below shows a cross-seciion of a piece of glass which has a refractive
index of 1.60. A ray of light Is incident normally at the top surface as shown.

-
w
A 65"
130°
B
a. Find the angle of refraction of the ray at the boundary AB
[2]
nsini=nrsinr
1.6xsin25=100xsinr Al1]
| sinr= 06762
r=425° Al1]

b. A piece of diamond of refractive index 2.40 is cut to have the same shape as the
glass in the figure. Explain briefly why the diamond seems to ‘glow’ whereas the

glass piece does not when light falls on it.

[2]

When the refractive index is higher, the critical angle will be reduced
as shown in the calculation.

A[112] *

sinc=1+n
sinc=1+24
c=246°

A[1/2]

With a smaller critical angle, it is more likely for the light rays to

surface of the diamond.

undergo total internal reflection and be refracted back into airat the top

Alt]

>5¢
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6. Microwaves are waves in the electromagnetic spectrum.

a. State the name of the waves in the pan‘uf the electromagnetic spectrumn that

have wavelengths longer than microwaves.

(1]

| Radiowaves

| A]

b. Explain why the frequency of these waves is lower than the frequency of

microwaves.

(]

As all the waves in the electromagnetic spectrum travel at the same
speed in vacuum,

A/Z]

The frequency is lower when the wavelength is larger according to the
relationship v = fA

A[112]

7. A boy, holding a microphone, is standing a distance d from a wall,

boy

\

wall

i
-

d

k

The microphone Is connected to a cathode ray oscilloscope (C.R.0.) with four
controls. When the boy claps once, the sound is received by the microphone and

the audio signal is displayed on the C.R.O. as shown below.

1 division

1 2 5 1 2 5
05 @ 10 0.5 @ 10
Y-gain time base
W [ division ms [ division
&) &)
Y-shift X-shift

SA2 Yuying Secondary School
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Section C
Answer all the questions in this section in the spaces provided.
Question 10 is in the form either/or
and only one of the alternatives should be attempted.
The total mark for this section is 30.

8. The figure shows a 1.2 kg trolley being pul!ad along a rough horizontal bench by

means of tension T in the thread fastened to the trolley. The other end of the thread
is attached to a mass-hanger of mass 200 g.

Trolley N

i e

l Mass Hanger

a. Draw in the space below, the free body diagram illustrating all the forces acling
on the trolley.
[2]

from 1" wheel

T Mormal force

Frictional force

W=12N

| - m if no label of force
-¥4 m if no value for weight

b. The frictional force between the wheels of the trolley and the surface of the
bench is 0.5 N. Calculate the acceleration of the trolley.
(3]

F — frictional force = ma
02x10-05=12xa Al
a=1.25mis? Al1]

SA2 Yuying Secondary School
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c. From your answer in (a) and (b), describe in dataii,-lhe motion of the trolley.

[2]
Since there is a resultant force acting on the trolley, the systemis not | A[1/2]
balanced.
In accordance o Newton's 2™ |aw, the trolley will experience an A[1/2]
_acceleration.
|_The speed of the trolley will increase at 1.25 m/s for each second. Al1]

d. Suggest a way in which the friction between the wheels and the bench can be

reduced.

(1]

Use lubricants or il

Use material of lower friction for the wheel and the ground

Use roller, ball bearings or wheels — not accepted

Any 1 of thee

suggested
answers.

e. The trolley is loaded with sand. Compare the change in speed of the loaded and

unloaded trolley.
12]
The mass of the trolley is now increased. Al1/2]
With the same resultant force experienced by the trolley, the value of A[1/2]
the acceleration will be reduced for the Ioaded trolley
This is in accordance lo the relationship, F = ma Al1/2]
Thus the velocity of the loaded trolley will be lower than that of the Al1/2]

unioaded trolley.

3-5‘
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9. Ultrasound is a type of high frequency sound used in medical diagnosis. Important
information about the internal structures of the body can be obtained by using a
detector to analyse the reflections from the intemal structures.

The figure above shows an ultrasonic scanner used to monitor the development of
the baby of a pregnant woman. As an ultrasonic wave travel through the body
tissues, energy is lost (attenuated) and the amplitude and intensity of the uitrasonic
wave reduces.

Attenuation is measured in decibels per centimetre (dBem-1) of tissue and is
represented by the attenuation coefficient of the specific tissue type. The higher the
attenuation coefficient, the more attenualed the ultrasonic wave is by the specified
tissue.

Altenuation is an important concept as it limits the depth of the image that can be
obtained via ultrasound.

The lable below shows the attenuation coefficients and speeds of ultrasonic waves,
transmitted at 1 MHz, through different body tissues.

[ body tissue attanuan;?;c t:nuffﬁclent! speed / ms!
water R - 0.002 1484
fat 0.63 1450
liver 0.5- D.Qﬂ; 1570
bone 5.0 4080

Eaurcas; hilp-fusre.catissue php & hitps =ikl argr.inois,edu
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a. Describe how ultrasonic waves are transmitted from the scanner, through the
body tissues, to the baby of the pregnant woman.
[2]

Waves are caused by vibration of the particles. A[1/2]
Ultrasonic waves are longitudinal waves. A[1/2]
As the ultrasonic waves travel through tissues, they will caused the Al1]

tissue particles to vibrate parallel to the direction of the wave motion.

b. Describe one difference between an ultrasound and electromagnetic waves.
' [1]

Fltrasunic waves are longitudinal while electromagnetic waves are A1) J

transverse,

¢. By studying the values in lable, estimate the attenuation coefiicient of human
blood for an ultrasonic wave transmitted at 1 MHz
[1]

Since blood is thicker than water, the attenuation coefficient is between Al1]
0.002 and 0.63 dBcm™.

d. Describe two properties of sound waves that contribute to the attenuation of
ultrasonic waves in body tissues,
[2]

Ultrasonic waves can be reflected by the body tissues into the original | A[1]
medium upon incidence.
Ultrasonic waves can undergo absorption as they travel through soft | A[1] '

tissue. The particles vibrate and cause friction and a loss of sound
energy occurs and heat is produced

e. Explain why ultrasound is often not used in the medical diagnosis of bones in the
body.
[2]

Ultrasonic waves may not be strong enough to penetrate the bones to Af1]
give detailed images for diagnosis purposes,

The reflected waves may be too weak to be detected. A[1]
f. Calculate the wavelength of ultrasonic waves in the fat of the body of the
pregnant woman.
[2]
v=fi
1450 = (1/1 000 000) x % Al1]
A=1.45x10m Al1]

513
SA2 Yuying Secondary School



27

10. Either

a. State what is meant by the moment of a force and state how it can be calculated.

(21

Moment of a force refers to the product of the force and the A1} ]
perpendicular distance measured from the pivot to the line of
application of the force.

|M=Fxd A[1]

b. The figure shows a non-uniform rod PQ of length 35 cm attached to two strings A
and B of equal length. The tension in string A is 5 N and that in string Bis 2 N.

Determine the following:

P B L i S P i AR e A A A A A S S 3

35 em
i. the weight of PQ,
[1]
 Upward force = Downward force
W=5+2
W=7N Al1]
i. the position of the centre of gravity of PQ from the end P.
(2]
"CW moments = anti-CW moments )
7 xdist=2 x 35 Al1]
Dist = 10 cm away from P Al1]

SA2 Yuying Secondary School
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c. The figure below shows a sheet of metal suspended from a hole in one corner at
A. The weight of the metal is 0.10 N and the eentre of gravity is at- G. The metal
sheet swings freely and comes to rest.

Il In the space next to given figure, sketch a diagram of the sheet in iis final rest
position. Mark points A and G on your diagram, -

010N

li. Explain why the sheet remains at rest in this position.

2]

Al the rest position, the t will act through the pivot. Af1]

There is no perpendicular distance between the pivot and the force, A[1]

thus no moment is created.

d. The metal sheet is placed on a table. State two reasons why it is more stable
when it is placed flat on the table than when itis placed on the table in a vertical

position.
i2]
The CG will be lower. A[1] ]
| The base area will be wider. Al1]

26>
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Or

a. In an experiment to find the focal length of a convex lens, the following readings
were obtained.

Distance of object

from lens, ulcm 400 | 315 | 270 | 230 | 175 | 165 | 120

Distance of image

e T v || 10D | 128 150 | 175 | 225 | 25.0 | 30.0

i. Using a scale of 1.0 cm to 2.5 cm for both axes, plot a graph of u/cm against
vlem on the graph paper provided.
[3]

u against v
45
a0 |
s
a0 !
L] | . | . e an _I. - . " - IO S ey

‘].EI . el e s e i T SIS __u.-.-._.-.—_'..-_-...-.—-a'—-._--.-..—c:

0 5 10 15 a0 25 30 as 40 45

All points correctly plotted A[1]
Smooth curve drawn Al1]
Both axes labelled correctly Al1]
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ii. Use the graph to find the value of u and v when they are equal by drawing

the line u= v,

[1]
valueof u= G

valueofv=__  ¢m

value of u = 20 cm A[1/2]
value of v = 20 cm A[1/2]
iii. Using the relationship, i
11,1
f u »
hence determine the focal length of the lens
[2]
B
fu'y
LT 5 Al
f 20 20
f=10cm Al1] ]

b. In what way(s) are the images formed by
and in what way(s) are they different?

a camera and a slide projector similar

(2]

Similar — Real and Inverted

A[1/2] each

Difference — Size of image

Al]

»(3
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c. It is possible for parallel inc.idani rays to either converge to a point or appear 1o
be diverging from a point by action of a piece of lens. .

i. Draw ray diagram to illustrate the aclion on parallel incident rays by a
converging lens.

[1]
convenging lens |
i i
2 > A :
™ -
| ]
:' i
> & :
'
light rays % '
o > .
H
= q

P

g

.

focal lengih

i. Draw ray diagram lo illustrate the action on parallel incident rays by a
diverging lens.

1

S

b

W

L'

g

2ty
END OF PAPER #10D |
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