Overview

2019 HKDSE Physics &

Combined Science (Physics) Paper Physics CS(Phy)
Mean: 19.2 out of 33 Mean: 9.8 out of 22
1A (MC) (i.e. 58%) (i.e. 47%)
Report on Assessment (2018: 18.0 out of 32*) (2018: 9.8 out of 21*)
1B ~>50% 35%~40%
(2018: <50%) (2018: ~>30%)
Y.T.SZETO ~>50%
Manager (Physics), HKEAA 2 (2018: ~<50%) N.A.
SBA ~>70% (~2017) ~<70% (~2017)
23 Sep & 24 Oct 2019
Candidature ALL: 10692 ALL: 272
K7 ﬁ SCH: 9 866 SCH: 252
: 1 * one item deleted %)

Marking & Grading Marking & Grading

On-Screen Marking (OSM) panels

Physics CS(Phy) W Expert Panel (Examiners, 4 ~ 5 persons) determine level

- 1. boundaries/cut scores based on Level descriptors /
HEA8 Qi & 3, O (BU)) | LB Qully &y Sy S (Eib) Group Ability Indicator (GAI) / Viewing candidate samples.
1B-2: Q.7, 8, 9 (25M) 1B-2: Q.5, 6, 7 (22M)

1B-3: Q.2, 4, 10 (25M)

@ CS(Phy) graded by Common items / Viewing candidate samples.

@ Endorsement by Senior Management/Public Exam Board

2A: Astronomy (20%)

2B: Atomic World (66%)
2C: Energy (84%) Note: GAI is generated from Physics candidates’ actual
2D: Medical Physics (30%) percentage awards in 4 core subjects CEML.

SBA marks stat. moderated (outlying cases ~10%
schools reviewed by Supervisors) 2 4




Results

Cut score difference A =49.3 %

Physics ( | \
Level 5t 5+ 4+ 3+ 2+ 1+
Percentage | 2.7% | 27.0% | 49.8% | 72.3% | 90.0% | 97.7%

No. of MC 31 24/25 19/20 15 11 8
cs(Phy) (Cut score differe?ce A=454 % \
Level St % 5+ 4+ 3+ 2+ 1+
Percentage | 1.1% | 6.3% | 15.4% | 37.1% | 67.6% | 89.0%
No. of MC 18 15 13/14 11 8 5
5
PHYSICS MC
Average No. of Qu.
Topic (No. of Qu.
pic ( Qu.) %o correct | < 50% correct
Heat & Gases (3) 67% 0
Force & Motion (10) 54% 3
Wave Motion (9) 60% 1
Electricity & o
Magnetism (8) 56% 4
Radioactivity (3) 66% 0

Paper 1A
Physics (33 MC)
>70% 50%-70% <50%
4 21 8
<Ea;1 Sy Diffic u:>
CS (Phy) (22 MC)
>70% 50%-70% <50%
0 7 15
<Ea;1 sy Difficult
CS(PHY) MC
] Average No. of Qu.
Topic (No. of Qu.) % correct | < 50% correct
Heat & Gases (2) 48% 1
Force & Motion (8) 38% Vs
Wave Motion (8) 45% 4
Electricity &
Magnetism (4) % 3




“R.

Q- is-the centre- of a-metal plate POR- in- the form- of an- equilateral triangle- with- non-uniform- mass-
distribution. - The plate is suspended from the ceiling at P and then at-Q-as shown.- The centre-of gravity-
of the metal plate is-

A - ato. - . . . . (14%)-
I B. -+ withinthe region POQ. + faveurable distractor (19%”
C. +  within the region- ROQ. - (10%)-
*D. -+ withinthe region POR. - (57%).

Just-over-half* of the candidates- fully- understood-how-to-locate - the- centre- of gravity- of an- object- in-
practice.-
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o
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. smooth-horizontal surface L . .
initialdirection of-4
+ motion-oftheballe| Top-view~
+ .___________>
o
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o
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The- above- figure- shows- a- ball- moving- with- a- constant- speed- along- a- straight- line- on-a- smooth-
horizontal surface. - At-a-certain instant, the ballis-acted on by aforce F for-a very short-time-as shown-
above.-Which subsequent path below would the ball most closely follow 2«
-
- kA - B.-wo
o
- - - - Phy- CS(Phy)+ - ~ Phy+CS(Phy) —+ ©
- - - - (40%) (35%) - - - = (6%)(11%)-
o
o
+ .
o
o
o
“ I D.- favourable distractor
N C.o
- - - - o
o
N - /‘(15%)(15% - (36%)-(38%).
o
.
. o o
o
o
e— iy
Over halfof the candidates did not fully understand the inertial behaviour of objects and wrongly chose- 1 1

-— .

options C-and D.+

TS

Y/

N

Fe—

In-the-above-figure. a-horizontal force F-is-applied-to-a-block - of mass mso-as-to-keep-it-at-rest-on-a-
smooth-melme making an-angle @with the horizontal. - Find the magnitude of /..

- Phy - CS(Phy)-
FA mgsin @ (50%)-(34%).
cosd
<| B. - megsin-fcos-@ - ~ favourable distraetor - - - (19%)-(11%). |
)
C. mg Co8 (14%)-(20%).
sin @
D. - mgsin0 (17%)-(35%).

Half of the candidates managed to-obtain the correct answer usig resolution of forces..
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atrest

On-a smooth horizontal surface. sphere-\" of mass m- travels with speed 4 m-s7'. It collides head-on-
with-another-sphere 1" of'mass 2m. which is-atrestinitially.-Which-of the following -can-be-the-speed-of
I just-after-collision- 2.

(1) I'ms™ (2) 2mst (3) 3mst
Phv - CS(Phv).
A - (lyonly- (12%) - (17%).
. *B. .  (2yonlv- . (27%0) - (36%0).
- €. - (Dand(2)only - favourable distractors - (41%) - (33%). |
D. - (2)yand (3)yonly - . (20%0) - (14%0).

Just over one-quarter of the candidates were able to obtain the correct answer..
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12. Two-blocks  of respective masses 2 kg-and 5 kg are connected by-a light inextensible string - which-
passes- over a smooth- fixed light pulley- as shown.- - The system- is- released - from- rest- when the 5-kg-
block 1s-3-m-above the ground.--What 1s the speed-of the 5-kg block just-when reaching the ground ?-
Neglectairresistance.-(g=9.81m-s7).
Skg.
2kg. 3m-
ground.
Phy - CS(Phy).
*A. -+ 5.0ms?! (34%)-(15%).
B. - 60ms?! (20%)- (20%).
C. - 65ms? - ; . (15%)-(20%).
[ D - 7.7ms? . favourable distractor (31%)-(45%). ]
Over-30% of the candidates just considered the 5 kg -block as a free falling object and- arrived-at-the
incorrect optionD..
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In- the-above- figure, point-charge- ¥"1s- placed - the- middle- of two- identical- positive- point-charges X
and’Z, - with Z being-fixed. -Both-X-and®Y are-in-equilibrium-and-at rest 1nitially.--What -would happen-to-
Xif Y-is-slightly pushed towards-Z-7.

- *A_ - Itmovestowardstheleft- - - - - (34%).
- | B. - Itmovestowardstheright. favourablexdistractor - - (25%)- |
- C. -+ Itremains-atrest. - - - - - - (23%)-
- D. - [Itcannotbedetermined-asthesign-of Fisnotknown. -~ - (18%)-

Not many-candidates fully understood-Coulomb’s-law and managed to-obtain the correct-answer..

15

V4 /- -
p 4 \ & -
Y / - > o - B
14. - The figure shows the displacement-distance graph-at-a- certain mstant- of a- longitudinal - wave - which-
travelsto the right. Displacement to the right is taken to be positive..
directionof'-wave-propagation.
/\ o , distance
0. PN | /K * distance.
i
Atthenstant shown, ‘which-of the following statementsis/are correct 2.
+ (1) +  Pasacentreof compression..
- (2) - Aparticle with its equilibrium position-at-Ois-at rest.
(3) +  Aparticle with-its equilibrium position at R is - moving downwards..
. Phy + CS(Phy)-
' . A+ (Donlys ' ' ' , . o (18%) + (14%),
- - B. -« (3)ouly- -~ - - - - - = (17%) - (24%).
' o *Co v (1)and(2)only ' , : . ' + (35%) » (22%).
- - l D. - (2yand(3)only- favourabledistractor - - = (30%) - (40%). l
Nearly half* of* the candidates- wrongly- thought- that- the- particle- at- B would- move - downwards- for- a-
= longitudinal wave... —
14
” > ™
V4 - /- -
P4 \ & -
Y - > o - -
27. - .«

softron-core.

The figure shows the structure of a motor.- The coil PORS and the two electromagnets are connected to-
a-battery so-that the coil rotates continuously .- If* a- sinusordal -a.c_ - source of frequency - 50 -Hz 15 used-
instead of a battery. the coil will-

- Phy ~ CS(Phy)-
v A+ remain-atrest. o ' ' ' ' ' v (13%) + (13%).
- l B. -+ oscallateatafrequency 50Hz. ~ favourable distractor -+ -~ (23%) ~ (21%)- l
+C.+  rotatetoavertical position-and then-stop. , , + (20%) + (26%).
- *D. - rotatecontinuously. - - (44%) - (40%)-

Less than half of the candidates realised that the diection of the torque always remans the same 1 tlns-




30. -+ Thepower-consumption-of the heating -element of an-electric-heater-connected to-an-a.c. - mains-can-be
increased by

- (1) - 1increasing theelectrical resistance of the heating element..

+ (2) ~+ increasingthe frequencyof'thea.c.voltage..

+ (3) ~ increasingther.m.s.valueofthe-a.c.voltage..

- - | A. -+ (l)onlys - favourable distractor - - - - (26%)- |
- - *B. - (3)only- - - - - - - - (45%).
- - C - (and(2)only- - - - - - - (13%)-
- - D. -+ (2)and(3)only+ - - - - - - (16%)-

v
About-40%-of the candidates wrongly thought that the power-consumption would increase when the heating
element’s resistance is larger-and therefore chose options A-and C. v oeceemcmmames AR (F— B mnasssmmmmmmmanansasss
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Observations

% Candidates were competent in calculations
but misconceptions were revealed in various
questions which require qualitative responses
or diagram drawing.

W Some fundamental physical concepts like
refraction of waves and electromagnetic
induction are not fully understood.

i \Veak or careless in converting units or
scientific notations.

Wl \Weaker candidates ~25%.

18

Pointsto-note

~70% of Paper 1 from core part.

Method marks ‘M’ awarded to correct
formula / substitution / deduction

In general, numerical ans. with 3 sig. fig.
Answer marks ‘A" awarded to correct
numerical answer with correct unit within
tolerance range.

Accept using g = 9.81 or 10 m s,

19

Points to note
W Equating Electives (Total = 80 each) using Paper 1

Before equating: Mean 27 to 44 / SD 18 to 21
After equating: Mean 39to 45/ SD 17 to 19

2A Astronomy: fle

2B Atomic World: T

2C Energy: ~ unchanged
2D Medical Physics:  ~ unchanged

20
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Points to note

Samples of performance of candidates
(Levels 1 to 5) available in late October
(HKEAA website).

SBA Conference on 9 Nov 2019

SBA Online Submission in Jan 2020

2020 DSE Phy Exam on 16 Apr 2020
Markers’ Mtg:  Paper 1B 25/4

(tentative) Paper 2 24/4

21

THANK YOU
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HKASME
PHYSICS SEMINAR
23-9-2019
&
24-10-2019

DSE PHYSICS 1B-Ql,3,5,6

1. (a) An insulated container of negligible heat capacity contains 1.5 kg

of tea at a temperature of 60 °C.

(i) What mass of ice at 0 °C should be added to the tea so that the
final temperature of the mixture is lowered to 10 °C 7 Assume

that the specific heat capacity of tea is the same as that of water.

(3 marks)

Given: specific latent heat of fusion of ice = 3.34 x 10° J kg!

specific heat capacity of water = 4200 J kg~! °C!




Suggested solution

(1.5)(4200)(60 — 10) = m(3.34 x 105) + m(4200)(10 —0) (2 M)
m = 0.837766 kg ~ 0.838 kg

(Accept: m=0.83 ~ 0.84 kg)

Lﬂ:tm,lammmmfif?muénffd;
e 15X 4200 X(00°= (0° V= 3AKIw A 200%((0°-0°)

..vswooo‘): 3000y v ‘/
S S (15 3 S
&&X&o?sfkyﬁ‘rmuml3

= (1) L%f.z@_,céo:i_a)\_/.................

- kR=ml
Bl = m 30

mzo?iéjcCW%f%fGD

—

€ mea =

(l %)(‘9%0) (&0’?‘ = wm(3.30x (Q"S\}/-{* ([ Stw) (oo ) (L;),

3o 26-3‘? w (077 4 Qrea2 ) bn @109

I A gq\k?(x 1

(i) If the heat capacity of the container is not negligible, explain
whether more ice, less ice or the same amount of ice is needed to

obtain the final temperature of 10 °C. (2 marks)

Suggested solution

More ice is needed

to cool the container as it will release heat/thermal energy as
well.

-’(-\'\-I? Lol e Nt@:ﬂd&& ...... M 'j(' {lﬂnn I‘Es ‘EWPH-EM,MJ_
TM(%%,M“L‘,/M ....... Noneeded . €o absed rnc. touk. .
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(1) Referring to the heat transfer processes, explain ONE feature

of this bag that helps keep the ice cream at a low temperature.

(1 mark)

Suggested solution

Foam is a poor conductor of heat as it minimize heat transfer
from surrounding to ice cream inside the bag

The zipper prevents convection between the hot air outside and
the cold air inside the bag

The shiny inner surface reduces emission of radiation from hot
bag to cold ice cream inside the bag

(b)

Some ice cream at —10 °C is put into a ‘thermal bag’, of which the
inner layer is made of polyethylene foam coated with aluminium

foil. The bag is also equipped with a zipper at the top.

The thermal bag is then brought outdoors on a hot sunny day.

X
Qe Thomal boa . amid M50 codicton. . “fom tho, S 08
...... s et (ﬁju > bes_goited it olumivion, il U

ol Lol gmreduil had ad dbarddd
kr\/,/ rdiaion

sh(.. f'!,L' j( Q... . N 2 [1OV,
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(i) Suggest ONE modification to this bag that would enhance its
ability to keep things stored inside at a low temperature.

(1 mark)

Suggested solution

Thickening the bag
or (Radiation) Make the outer surface (of the bag) shiny.

(any reasonable answers)

12
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3.Read the following passage about life nets and answer the questions
that follow.

A life net is a rescue equipment formerly used by firefighters. It
gives people on the upper floors of a burning building an opportunity
to jump to safety, usually to ground level. It became obsolete due to

advances in firefighting technology.

15

The practical height limit for successful use of life nets is about six
storeys, although a few people once have survived jumps from an
eight-storey building into a life net with various degree of injuries.

The diagrams below explain its working principle.

,,,,, o O

rim of the life net
being held by firemen

When a person hits the net, it deforms and puts the person to a stop in
a longer time as compared to hitting the solid ground.

16

(a) A person falls from a height of 12 m above a life net with negligible
initial speed.

Neglect air resistance and the size of the person. (g =9.81 m s2)

(i) Estimate
(1) the vertical speed v and
(2) the time of fall t of the person just before hitting the life net.
(4 marks)

17

Suggested solution

3@ @) (1) 5™ =mn

vZ =2(9.81)(12)
v=15.344054ms !~ 153 ms!

(v=15.491933 ms !~ 15.5ms ! for g=10ms™)

I >
s=—gt
(2) 29

12 =%(9.81)t2

t=1.564124s~1.56s

(t=1.5491933s~1.55s forg=10ms?)

18
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take dowvinowols s positive
vizursras v P ASPIN N .. S,
vz 042 @80U 2 V- oy, = 2W@88bGw)
T N . - 2
v:155ms _____ (wr 35Ty fig) Mo B A BB A D
................................................................. e —————
""""" ) M-H}ct\/ DJS"""'“”T%O“E‘/l
------ "2 2 = Lsybt L 0sit?
t6.3 =0 +9, | S D e
TR0 QH‘)/ ------------------------------------------------------- 2z a83ef 4lest’
--------- VIS YL 389 ) . = 0048 00 =378 (re3)
. (i1) If this falling person of mass 70 kg is stopped in 0.3 s by the life
- [
_______ v "’\':L'ﬁlkb S'h{‘f’iﬂ-t{/_ net, estimate the average force acting on the person by the net
v 2 f 1@50 L‘ 'L) ' + = 0 l. 1 (ﬁ.ll) t" within this time interval. (3 marks)
.......................................................................... A
* o -
--------- LG RO
F-mg=ma
.............................. T).'x =4266.9793 N = 4270 N
"""" C'L)f3q‘,(:.22‘$ 0 (F=4314.7845N ~4310N forg=10ms2)
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(ii1)) What form of energy is stored by the life net during the

deceleration of the falling person ? (1 mark)

Suggested solution

Elastic potential energy

X

Zh D0

.EEMIZ.Q.@MIM 0




(b) (i) Give a reason why there exists a height limit of using

life nets. (1 mark)

(Greater than height limit, final velocity is too great, hence the
force for deceleration is too large.)

The life net may be torn.
or The falling person may be injured
or The firemen are not able to hold the life net tight.

27

*@1)  The falling person might hit the rim of the net, thus the person or
the firemen holding the rim would be injured. Explain why it is
not easy for a person jumping from a height to reach the life net’s

central part. (2 marks)

Suggested solution

There exists a horizontal velocity when a person jumps and

the horizontal displacement is very difficult to estimate as it
depends on the time of fall, which is usually long.

29
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5. A ripple tank has a shallow region P and a deep region Q. Straight
water wave of frequency 10 Hz is travelling in the shallow region as

shown in Figure 5.1 when viewed from above.

shallow region P deep region Q

6 cm

direction qf
propagatign Top
view

33

(a) The separation between seven crests in the shallow region is found

to be 6 cm as shown.

(i) Find the wavelength of the wave in the shallow region.

(1 mark)
Suggested solution
wavelength A = e
7-1

=0.0lm(=1cm)

34
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(i1) What is the wave speed in the shallow region ? (1 mark)

Suggested solution

speedv=fA=10x0.01

=0.lms!'(=10cms™)

36
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T

V2 ‘fl
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(i) Find the wavelength of the wave in the shallow region.

(i) What is the wave speed in the shallow region ?

.. Vz12
........................................ vzl ) \/ |
U—BUMJ
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(a) The water wave then propagates into the deep region where the

wavelength of the wave is double that in the shallow region.

(1) State the frequency of the water wave in the deep region.

(1 mark)

Suggested solution

frequency = 10 Hz

38
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(i1) On Figure 5.1, sketch the wave pattern in the deep region.

m region P de%n Q

6 cm

-
=

direction jof

propagat

Top view

41

(2 marks)
shallow region P deep region Q
6 cm
directign gf
propagatign Top
view
40
shallow region P deep region 0
6 cm
direction jof
propagation Top view
42
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shallow region P

direction jof
propagation

< 6em

deep region 0

Top view

16




(iii)) Name the phenomenon occurred across the boundary and

explain its cause. (2 marks)

Suggested solution

Refraction

It is due to the change in wavelengths / wave speeds in
different media/depth

47
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6. InFigure 6.1, AB represents the virtual image of an object formed

by lens L. The magnification of the image is 0.4. The horizontal scale

islcmto5cm
L

[ )
I

i B E CRan eI

axis

50




(a) What kind of lens is used ? Explain. (2 marks)

Suggested solution

L is diverging/concave.

Only diverging/concave lens forms diminished, virtual image.

51
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(b) Indicate on Figure 6.1 the position and height of the object. (2 marks)

(c) By drawing a suitable light ray, locate and mark the position of the
focus, F, of the lens. Find the focal length of the lens.

(3 marks)
Focal length =

(d) Draw a light ray emerging from the object to illustrate how the
observer in the figure can see the tip A of the image. (2 marks)

54
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Correct ray p from tip of object ‘
,f €t 5 7 rieT Hehtfepkdsbiting 5 cm
N
~ ] /’
A
B 3 fil
Correct ] - =
position 7 - L =
and height y
of object 1 Vi
4
Fr = principal
- axis
f
1
Correct ray to locate F and focus F correctly marked.
16.5 cm (Accept 15.5ecm—17.5 cm)
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2019 HKDSE - Physics

1B-2
QUESTIONS 7, 8 & 9

Solution Marks Remarks
7. (a) |
L
I I L
1A Correct circuit with correct symbol
) +< : — | 1A Correct polanty
. Alternative circuit
~ ﬁ _Q/D_l 1 ' —_—
)
Close the switch and record corresponding ¥ and R readings 1A Q//
Adjust the resistance R to lower/other value(s) and repeat the (14
experiment . ﬁ
Precaution:
- First set the variable resistor to its maximum/a large value N}OT acc‘efpt
- Open the switch after each measurement Any 14 E ;rmge o1 apparatus
Any reasonable answer ONE U;mg thicker connecting wires eic

(b)

Terminal voltage V delivered increases with increasing (loading) (1A Accept
resistance R (or graphical representation)
R g
V= V=é&- r Va
g R+r OR " " R+r W
pSuY > §
0 R
NOT accept
WV 1s directly proportional to R
. V varies linearly with R
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Solution Marks Remarks
@ EarthN () () - Ifone of the lighting sets/circuits fails, the other 1A
(in parallel) can still operate, i.e. both work Any
(Earth) independently. ONE
. ' - Both can work at the rated power.
mains sock z1 1A - Any reasonable answer .
1
YN)
z .
@ popy
(300+450) = 7(220) M 1M for calculating currents in
I=3409091 A~341 A 1A both branches
) 1A for total current (3.41 A)
Thus 5 A fuse should be used. . 4 1A for correct deduction
5
Solution Marks Remarks
© ﬁl‘xm“l energy used per day N (a) (i) By Lenz’s law. an e.n.f would be induced such that it
- 0.500kW x 8h+2kW x0.5h+3kWx2h IM IM for calculating energy used opposes the change. i.e. decrease of magnetic flux (into the[1A 1A for induced emf
E‘ 11 li\:ohg Wb x 11 kW h - 1M for $0.9 x energy used paper) by driving an induced current (clockwise) in the|lA 1A for the change of magnetic flux
ost _ $9.9 1A 1A for correct answer coil/circuit (complete). .
=39, 3
(ii) NA® = NBA
=(20)(0.3)(0.005) N ol ‘
B Accept equivalent unit :
=0.03 Wb 1A Tm?, Vs
_NA® _0.03
At 05 M
=006V (or60mV) . 1A
3
7




(®)

@

(D

The change of (magnetic) flux linkage is double that in|1M

(a)(ii). i.e. 0.06 Wh.

Direction of current : PORS

1A

Thanks

e.c.f. from (a)(ii)

NOT accept
Clockwise/anticlockwise

(©

aluminium plate x

(1) Move/swing to the right initially/momentanily/briefly.

24

1A Correct position (accept just within
1A the magnetic field)
Correct direction (clockwise) with
complete circular path inside the
aluminium plate
2|
1A
1

Candidates’ response -

Circuit diagram

B

Well answered ]

(e 1)




Candidates’ response - 7(a)

Procedure

%zﬂ: MWWWMMJ

. Wik, m»«l

Candidates’ response - 7(a)

Procedure + precaution

................ ﬁ.tsf.‘,.@nne.ct 'Hz\e, cnmu'ﬁ as. S}wwn, ﬁqen aq{_,asi —l'he nsfsﬁmCe
o e vesistor o a.-pxe:( ktopon volie.,hen_dlose.The. guth amsd_cecord.
.down.the. voltige.. shoon.by... e vektmeter. Reped. Pe. proceadune. e at.

least. 3 tirtes, with,..cifferent.. fed. knoon resictance..of. resifor. Then... ot

—neGloph.. ap V aganst R, g fe.dao poducal, o cunes.

Lol lga_r mh&ceoﬁ _chowhs ﬂ\?, relonship_befisegn termina] veltige. V.

AML méfﬂncen e Ylot duse,‘ﬂv,, grcwi‘- Q«-‘fva /mg, or. e]se. )Pﬂ'fllﬂ

efked. moy_ocur i my leed. o inoqunite. welfoge. reedi..

Candidates’ response - 7(a)

Procedure

Comerd e

Vel o Tl pesfnl

vefithacy

Candidates’ response - 7(a)

Precautions

Preconation,

dpun the smituh.. before chavgg. fhe

vl o0
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Precautions that were not

relevant to accuracy or
safety of the experiment

0A



Candidates’ response - 7(b)

i/ I'lrm"r;;bﬂ's L ."Fi K iroé{fwt«ﬁfi'

VW dicatly  Smpptionel £ R.
NN pogr
RC

V= a"(r':i)

Incomplete

. Such ot ihen” sne liging s Bl o fiction dse 4 [short]
[circnio e fhor...com.—sHIL 00k narmally:

5@'%5:?012@5@1@75‘@/%”“/
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Well answered ]

Candidates’ response - 8(a)—!

X
mains socket mains socket
(front view) (front view) ]
Y z

Xvz
A ERN XY
E° N L
. ot TEEE
mains socke
(front view) (IEE) : -
N xrz 1A

(condoned) .
1

Candidates’ response - 8(b)(ii) —=__ Wellanswered ]
D8/1 Do N DVt
R PR
S Loy 2,
5 5 T LS P 5\ Ry> \s3sta
ST ;
ek 3 ¥ 1 T — ?’T z e 20
Iotfie T (mwma‘ — hﬂvhg?rﬁf.;
T - B I%bﬁ\ “' SA %\s" TS ..... F‘V ...... L» ............ %’h L I'\‘ {' }}l)
Unit? 4@ stk 5 '
Sm\AL ...... [ ..{
S A T el bl
TveIr

2202 F (69.1)

16840

7 - M M

: - e norme) mbﬂ_._ﬁwma:{.fs. 0A 0A

! o 3:BA, s o S A A shodd 1A 0A
el beused vl

RL.M:(TET+!J£1>_
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Candidates’ response - 8(c) ~— L Wellonswered ] Candidates’ response - 9(a)(i)
s e chrougthof. magretr. field..is... kM. ...
Ex3boox 5004 0:5.%2000x3k00+ do00x3bo0x2 . o 4“"?’4'5"& To... Faradoy. s lenl. . g i5...an.ddua L. %‘32
1000 X 3600 e . the (1:[
..... =449 Ak coil
%99 chondd € poid per. day. . T

L Aheag. ‘vafvelmdd A Kwh o W entrgy

______________________________ zt $04,

s o close and. cauplefed avet,
ﬁ.tur'hmé ITVCE T i

frmed .
.A.Ccaml%fafa\?_ ..... Josap...n...ctsmrent.is. induee_Fo. oppese. The.........
— . g . zﬂ.ﬁteﬁaﬂus 0s. fre fle. mognehe. - &(Agfa:(ams _______________
oK ” Qoo X1d Lopo X 170
Foosd % |5 g irr—yobd [[ 8. 0s “'3_‘)])‘&‘? constatly)\ &._auved is_jaduced o e col o ¢pfm—3¢ decless=.
Vebfgounter = 05 x8x 0.8 K15 z t% %3514 2.020. %0 in.. gpetic. A
& i st P S
den;}l:ff ;ﬁ, zgﬁi ;,:_j :;:: ﬂ Cmru?f wewld b MJMA s W {/m?[z‘fa vt f
"""" Toka | . Jelt 09 Y " 1 fovmad  Fhus He ‘{'wm\-q MN«‘»" Mlioﬂ?!;r \ﬁ-e.,
oM 0A
<A8LY M oM Shunafn ¥ Hhe popfre R GOSN
o oA zo. owed. B
Candidates’ response - 9(a)(ii) Candidates’ response 9(b)(i)&(ii vt ansiwered a5
mo]wfn. fIuk l?\akaqg A4 = AR xp ' e Ramge in kel - been expected
B = s
..................................... ‘ lr‘M“ 5 Tm a PPy v—
infneed_emfe = N SE
e AT SBA The velue.....of A tofal . mogn€lic
- ‘:’_:‘__I;‘IT;\.-_ ..................... % A %.- N‘_a_t:- {(“\l ;J\nk%f . :I!I I’e‘_m cl do j.]q.‘
006V Ao %ﬂ c_ > o.ces %03 % R f &o:u”? ........... 'ﬂrlv
: i — c__.je R C u&"ﬂ@ﬁt Elag, !,\,&&Je‘-
ﬂ%&w%ww%w ) =o0p6CNv)
= 0.005X20 x 0.3-0 RREBEn R hH 006V
= 0.0{(1) _
R imduced emf e in HRe <k _..Q.mLe...._._;ﬁ}.xﬂ. <l 14.. Qm“’«f{h ..... mmem,:;tf_«. L
S R Vo ctient \~3uce e
Y
= o O:{ ) ) .
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Candidates’ response — 9(c){ij——==__Peorlyanswered |

aluminium plate

OA aluminium plate

aluminium plate IF
— aluminium plate

https://www.mechanicsandmachines.com/?p=489 .
https://phys.libretexts.org/Bookshelves/University_Physics/Book%3A_University Physics_(OpenStax) 2

Candidates’ response - 9(c)(ii)

e e e ey -

__—‘ﬂ.,q, a[ummwwv, ppr.(, Wﬂ[ mm(,"_f_fn "ﬁu, V‘gwf s J‘ﬁ ow«{

T il e dlodkeise...
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2019 DSE PHYSICS
Paper 1B

Q. 2,4 &10

1

QUESTION 2(a)

*2. A weather balloon of volume 0.52 m® is filled with helium gas of temperature 15 °C and pressure 100 kPa at
ground level.

(a) Find the amount of helium gas (in mol) in the balloon. (2 marks)

Suggested Marking Scheme Performance /Common Errors

pV=nRT Some candidates forgot to convert the
(100 %10%(0.52) = n (8.31)(273+15) [1M]

temperature given in Celsius to Kelvin
n=21.727504 (mol) ~ 21.7 (mol) [1A] P 9

scale.

Some candidates mixed up the number of

molecules with the number of moles.

2




QUESTION 2(a) (SAMPLES)

(a) Find the amount of helium gas (in mol) in the balloon. (2 marks)
Let nbe the amount of gas (in mole)

(1000.52 = 1+ 8.31 - (15+273) v/ 1v | Accept wrong order of
n=0.0217 mol ¢ 0A | magnitude of p for ‘M’ mark
By pV'= nRT Accept T=15 ("." no ‘A’ mark in

100 x 103 x 0.52 = nx 8.31 v 1M | other parts using the value of n
=417 mol 0A calculated)
pV=nRT
(100)(0.52) = n(8.31)(15+273) X n = no. of molecules *
n=20.0217
Amount of gas = 0.0217G 602 x 105> oM
=3.60 x 10 mol ¢ 0A
pV=nRT
_RT _ 831(273+15)
= v = 100x1000%0.52 oM
=0.0460 mol X 0A

(b) The following graphs show the variation of air temperature 7 and atmospheric pressure p with height x

29
QUESTION 2(b)

above ground level.

'K p/kPa
300 150

200 + — —— 100 \ —
100 50

0 5 10 15 20 25 0 10 15 20 25

x/km x/km

L o

The weather balloon 1s released and rises to the upper atmosphere. Assume that the temperature and
pressure of the helium gas i the balloon are the same as those of the air outside at any height x.

QUESTION 2(b)(i)

(1) A student believes that as the air temperature decreases in the first 10 km, the volume of the balloon
decreases. Referring to the graphs above, explain qualitatively why this belief is not correct. (2 marks)

QUESTION 2(b)(i) (SAMPLES)

(1) A student believes that as the air temperature decreases in the first 10 km, the volume of the balloon
decreases. Referring to the graphs above, explain qualitatively why this belief is not correct. (2 marks)

Suggested Marking Scheme Performance /Common Errors

nRT 5 =2 Many candidates knew that the decrease
/ volume J” of the balloon
P in pressure would in effect increase the

[1A]

Since pV'=nRT =V =

depends on both 7"and p,
the (fractional) decrease in pressure p (with height)

is greater / faster than the (fractional) decrease in A few candidates were able to compare
temperature 7. [1A]

volume of the balloon.

the change in pressure with the change in
temperature while some wrongly thought

that the volume remained unchanged.

As the temperature decreases
atmospheric pressure decreases'more Accept T decreases, P decreases

significantly®according to the graph 1A |  Accept decreases more significantly
therefore its volume increases 1A

Because the Tand pis decrease,/ Accept T and P decrease

14
thatpT = constant when pand 7'decrease

the Vshould be increase’as Voc No mark for V increases

~]I'c:| =
[N
>

False. As by pV'= nRT, as the balloon rises
above the ground level, jts pressure in the
surroundings decrease$, thus its volume No mark for P decreases only
increasesgce the temperature in the 0A | No mark for Vincreases

balloon remains unchanged by Boyle’s law. 0A




QUESTION 2(b)(i) (SAMPLES)

(1) A student believes that as the air temperature decreases in the first 10 km, the volume of the balloon
decreases. Referring to the graphs above, explain qualitatively why this belief is not correct. (2 marks)

T/K p/kPa
300 150
2 .\ R ey
300" ; 100
i
100 ' 50
(
IS \
0 T + T T N 0 T ' T —
0 5 10 15 20 25 0 5 10 15 20 25
x/km x/km
% v
By Po%o _ PV
To T
_ IOOVOXE ‘/
288 25
=3.06V,
which shows the new volume is much larger’tian 1A
the original as the pressure decreased. 0A 7

QUESTION 2(b)(ii)(1) N

(1) In fact the weather balloon keeps on expanding when it rises. The air temperature becomes steady at
216 K from a height of 12 km onwards. When the balloon rises further beyond 12 km and its volume
reaches 8 m’,

(1) estimate the gas pressure in the balloon: (2 marks)

Suggested Marking Scheme Performance /Common Errors

pV Well answered.
— = constant

r Some candidates considered the
(100)(0.52) = p@) [AM] temperature to be constant and

(273+15) 216
p =4.875 kPa or 4875 Pa

wrongly used Boyle’s law to estimate

[1A] the pressure.

QUESTION 2(b)(ii) (1)(SAMPLES)

(11) In fact the weather balloon keeps on expanding when it rises. The air temperature becomes steady at
216 K from a height of 12 km onwards. When the balloon rises further beyond 12 km and its volume
reaches 8 m’,

(1) estimate the gas pressure in the balloon: (2 marks)

p(8) = nR(216)
8p(216)\/

Correct method,
n from part (a) -- e.c.f. v

p =4.868829 1M
=487 kPa X 0A Answer from wrongn X
nVi=pV,
0.52 x 100000 = p, x 8 X oM Assume constant T x
p, =6500Pa X 0A

100x1000 (0.52)  p(8) %

216 " 154273
p = 8666.7 oM
=8.67kPa X 0A

QUESTION 2(b)(ii)(2)

(2) hence find the corresponding height reached by the balloon. The variation of atmospheric
pressure p with height x (in km) is given by

p=poe™,

where po is the atmospheric pressure at ground level and &= 0.138 km™. (2 marks)

Suggested Marking Scheme Performance /Common Errors

A few made mistakes when converting

P = poe kx
4.875=100¢ 138 [1M]
x=21.89166726 (km) ~ 21.9 (km) [1A]

units or wrongly took the base e of the
exponential function as the electronic

charge.

10




QUESTION 2(b)(ii) (2)(SAMPLES)

(2) hence find the corresponding height reached by the balloon.
pressure p with height x (in km) is given by
p=poe™,

where py is the atmospheric pressure at ground level and k= 0.138 km™".

4875 = 100000 e0-138x \/
log 4875 =1og 100000 + - 0.138xlog e
log 4875 — log 100000
=-0.138 x
loge
4875
100000 _
=-0.138 x ™
x=302km 3¢ 0A
p=pye’r
4869 = (100 x 1000) 9)-0.138x IC
log 0.04869 = (-0.138x)(log 1.6 x 10-19) 1M
p=4870 e-(0138)x(24) X oM
=177Pa X 0A

The variation of atmospheric

(2 marks)

11

31

QUESTION 4(a)(i)

*4. (a)

Figure 4.1

pendulum bob
of mass 30 g

A pendulum bob of mass 30 g is tied to a fixed point O by a | m long inextensible light string. It is

swirled to describe a horizontal circle uniformly at an angular velocity of 5.0 rad s

Figure 4.1. Neglect air resistance. (g=9.81 ms™)

(1) What is the bob’s rotation rate (in revolutions per second) ?

as shown in

(1 mark)

Suggested Marking Scheme

Performance /Common Errors

Rotati - ® 5.0
otation rate = e [1A/1M]

=(.795775 (revs )~ 0.80 (revs™)

Many candidates had difficulties in
relating the angular velocity with the

rotation rate.

12

QUESTION 4(a)(i) (SAMPLES)

(1) What is the bob’s rotation rate (in revolutions per second) ?

S5rad st
5x180
=286.4"s1
= 0.8 revolution s v/ 1A
r=1c0s23.1=092m
27;r= 5.78m Consider angular velocity to be
_X: 0.885 oM the speed x
5.78

’ Bob complete 5 revolutions per second.3¢ 0A ‘

1
Rotation rate : P X

= 0.2 revolutions/s oM

X

2
T=?=1.26 om

(1 mark)

13

QUESTION 4(a)(ii

(11) Indicate on Figure 4.1 the centripetal force Fe required for the motion of the bob. Find Fe. (3 marks)

Suggested Marking Scheme

Performance /Common Errors

centripetal force
(tension component)

pendulum bob
ofmass 30 g

Fc correctly indicated. [1A]

Fc=mra?
=(0.03)(1 x cos 23.1°)(5.0)% [1M]
= 0.689866 N ~ 0.690 N [1A]
(Fc=0.7033402 N ~ 0.703 N for g=10ms?)

| m long inextensible string|

Most of the candidates were able to

find the centripetal force.

A few candidates did not indicate Fc in
the figure or mistook the length of the

string to be the radius.

14




QUESTION 4(a)(ii) (SAMPLES)

(11) Indicate on Figure 4.1 the centripetal force Fe required for the motion of the bob. Find Fe. (3 marks)

pendulum bob 9 A Accept 1 arrow without label

of mass 30 g

long inextensible light string
—— 2 arrows without labels *
of mass 30 g 0A

1 m long inextensible light string

_____ ~ I m'_\gb 0A

pendulum bob
ofmass 30 g OA

15

QUESTION 4(a)(ii) (SAMPLES) -

(11) Indicate on Figure 4.1 the centripetal force Fe required for the motion of the bob. Find Fe. (3 marks)

By - = 19 A
Y sin® ~ cos@ ccept any correct

F, = (0.03)(9.81) tan 66.9° 1\ | method to find F,
= 0.690 N (fowards centre of circular path) 1A

r(5)2
tan (90° - 23.1%) = 6 F.=(0.3)(0.92)(5)%/ Wrong order of
981 im magnitudeof m v
r=0920m =69NX 0A
v? 52
F,=ma=m— = (0.03) —xo
r cos 23.1 om
=0815N % 0A
F = mro?
= (30 + 1000)(1)(5)? om
=0.75N X 0A
F.= ma?r X
= (0.3)(1 cos 23.1°) (5% 2)? oM
=27235N X 0A 16

QUESTION 4(a)(iii

(111) Explain whether the magnitude of the tension in the string is greater than, equal to or smaller than the
centripetal force Fe found in (a)(i1). (2 marks)

QUESTION 4(a)(iii) (SAMPLES)

(11) Explain whether the magnitude of the tension in the string is greater than, equal to or smaller than the
centripetal force Fe¢ found in (a)(i1). (2 marks)

Suggested Marking Scheme Performance /Common Errors

. . . . . A majority of the candidates tackled
Horizontal component of tension provides the centripetal 1M] fortty

force, thus tension is larger than the centripetal force. [1A] this part by finding out the value of
OR Tcos@=Fc=T>Fc the tension.

Weaker candidates believed that the
tension was the resultant of the bob’s

weight and the centripetal force.

greater than /

since the tension provides £, and overcome\/ 1v | 2componentsof T v/

the weight of the pendulum bob. 1A

Tcos 66.9° = mg v Accept any correct
T'=0.076 N< F,.=0.69N 1V | methodto find T

. smaller than F, ¢ 0A

Tension is greater.& is the resultant om | Correct answer with
of F, and the weight of the bob ¢ 0A | wrong explanation x

Magnitude of tension in the is greater than the

centripetal force £, 3

- The length of the string is larger than the distance oM
between the bob and the centre of the circular path.3¢ 0A

Correct answer with
wrong explanation x

17

T=W=02943N X
By 7= W= mpg, the tension of the string is equal to
the weight of the object. The tension is smalleséhan oM

centripetal force. 0A e




QUESTION 4(b)(i)

(b) The moon is orbiting around the Earth uniformly in a circular path under the influence of the Earth’s
gravitational attraction.

(1) Explain why the speed of the moon remains unchanged although it is acted upon by gravitational
force. (2 marks)

Suggested Marking Scheme Performance /Common Errors

- _ 5 ; . | Some candidates failed to point out
T'he gravitational force is perpendicular to the moon’s .
motion/velocity, [1A] | that no work is done by the

thus no work is done on the moon by this force (k.e.

gravitational force acting on the
unchanged) [1A]

Moon while weaker ones failed to
realise that the centripetal force is
actually the gravitational pull and
stated that the net force acting on the

Moon is zero.

19

QUESTION 4(b)(i) (SAMPLES)

(b) The moon is orbiting around the Earth uniformly in a circular path under the influence of the Earth’s
gravitational attraction

(1) Explain why the speed of the moon remains unchanged although it is acted upon by gravitational
force. (2 marks)

TheGpeedof moon is perpendicular to the 3¢ direction of speed

gravitation force. No work is dor?to the 0A

moon such that it remains a constant speed. 1A
The gravitational force acted on moon is balanced, ¢

thus there is no net force acted on the moon so the 0A
moon undergo uniform motion. 0A

GMm mv?

For uniform circular motion,

T2 T
GM
v= |[— ..the speed remains unchanged. X OA
r 0A
The gravitational force only changes its direction, 3¢
Therefore the velocity of the moon is constantly 0A
changes, but the speed doesn’t change. X 0A 20

QUESTION 4(b)(ii

(i) A student claimed that as the moon is much less massive than the Earth, it exerts negligible force on
the Earth. Comment on the student’s claim. (2 marks)

QUESTION 4(b)(ii) (SAMPLES)

(11) A student claimed that as the moon is much less massive than the Earth, it exerts negligible force on
the Earth. Comment on the student’s claim. (2 marks)

Suggested Marking Scheme Performance /Common Errors

(The claim is incorrect) as, by Newton’s third law of [1A] Most of the candidates were able to

motion, gravitational force of the same magnitude (but in mention an action-and-reaction pair or

& YL A s s , 1A
opposite direction) is acting on the Earth by the moon. [1A] use Newton’s Law of Gravitation to

explain.

The force between the moon and the earth acts as
an action and reaction pair.,Although the moon is
much less massive than the earth, there is also a 1A
force exerts on the Earth by moon. X 0A

Action-reaction pair v’

The claim is wrong. €
The force acting on Earth by moon equals t?/ 0A
The force acting on Moon by Earth. 1A

No, as the forceii; due to the gravitational force

GMm
which is 7 both earth and moon experiences 1A | gravitation force (on moon &

force from each other. 3¢ 0A | Earth) = GMm/r* v

21

X 6cMm
correct. 2
T

m is the mass of the moon. mis much smaller than

, GM  GMm
M and hence the difference between r_2 and 2

is not big. X 0A 22

where Mis the mass of Earth and




QUESTION 10(a)(i)

10.  (a) The equation below represents nuclear fission of uranium-235 (U-235).
23

U+ o0 o UBa+ L Kr+x g n+ 200 MeV

(1)  What is the value of x ?

(1 mark)

34

QUESTION 10(a)(ii

(i1) State a necessary condition for chain reaction of fission to occur. (1 mark)

Suggested Marking Scheme Performance /Common Errors

Suggested Solution Common Errors

x=3 [1A] Well answered

QUESTION 10(a)(i) (SAMPLES)

|x=235+1-141-92=3 / 14 |

’ 2354+1-141-92-1=3 X 0A ‘ Answer from wrong equation X

1235-141-92=2 X oA |

]3\/ lA‘

23

More neutrons are produced in each fission for triggering Not many candidates gave the crucial
further fissions, i.e. x > 1. [1A] | condition that the number of neutrons
produced in fission must be greater
than ‘one’ for a chain reaction to be

sustained.

Weaker candidates may have thought
that slow neutrons had to be the

products of the fission reaction.

24

QUESTION 10(a)(ii) (SAMPLES)

(i1) State a necessary condition for chain reaction of fission to occur.

’ Neutrons are emitted v/

There is neutron generated after each nuclear

fission of particle. X 0A
- Assume > critical mass after
’ There are abundant uranium-235 \/ 1A ‘ each fission v’
’ The neutron is slow. 3¢ 0A ‘

A fast moving neutron has a collision with
the uranium. 0A

The reaction chamber must be in very high
temperatureﬁqd uranium-235 nucleus must
capture the neutron. 0A

Very high pressure  §¢ 0A

(1 mark)

1A ‘ Neutrons = more than 1 neutron v’

25

QUESTION 10(b)(i)

Scientists found evidence in Oklo, Africa that natural nuclear fission occurred two bilhon (2 x 10”) years ago
I'he uranium mineral ore mined from Oklo at present is found to have 0.6% concentration by mass of U-235
(see the table below), which 1s much lower than usual.

(b) The table gives the information of U-235 and U-238 in a sample of uranium mineral ore found in Oklo.
Given: half-life of U-235 = 7.04 x 10 years

2 x 107 vears ago at present

U-235 mo kg 0.060 kg (i.e. 0.6% concentration by mass)
U-238 13.556 kg 9.940 kg (1.e. 99.4% concentration by mass)
*(1) Estimate the amount ny (in kg) of U-235 in the sample 2 x 107 years ago. (2 marks)

Suggested Marking Scheme Performance /Common Errors

m= moe ™ Most of the candidates managed to find the
k= l.rn__ =9.846x10710 yr-! amount of U-235 in the sample.
%
IWETS
0.06 = mo e IaEY [1M]

mo = 0429882832 (kg) ~ 0.430 (kg) LA 2




QUESTION 10(b)(i) (SAMPLES)

*(i) Estimate the amount myg (in kg) of U-235 in the sample 2 x 107 years ago. (2 marks)
0.06 .
The amount = T X109 \/ Accept any c9rreFt method with
05 Z.04X108 1 | correct substitution

=0.0430kg X 0A

Half life that U-235 has experienced
2X10° 2.809 =~ 3 halfli

=—— 2 ~ 3 half lives

7.04X108 M

m. = 0.06 x 23 ’—/0.48 kg v/ 1A | Acceptno. of half-lives = 3

Present mass and concentration of U-

x 100% = 0.6% X

me 235 was used -- total mass at present
0.06 6% 107 was calculated
my oM
m, =10kg X 0A
13.556 Present concentrations of U-238 & U-
9.94% 0.6% % om | 235 were used to find the total mass &
=0.0818 kg X 0A | mqrespectively .

W

QUESTION 10(b)(ii

(i1) Hence determine whether natural nuclear fission of U-235 was possible 2 x 10" years ago. For
fission of U-235 to happen, its concentration by mass in the uranium mineral ore has to be at
least 3%. (1 mark)

Suggested Marking Scheme Performance /Common Errors

0.430 Many candidates could not obtain the correct

————————=0.03073691 ~ 3.1 %> 3%
13.556+0.430 [IM/1A]

Thus natural nuclear fission was possible.

value of the concentration by mass.
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QUESTION 10(b)(ii) (SAMPLES)

(i1) Hence determine whether natural nuclear fission of U-235 was possible 2 x 10" years ago. For
fission of U-235 to happen, its concentration by mass in the uranium mineral ore has to be at

least 3%. (1 mark)
0.42988 Accepted mass of U-238 ~
x 100% = 3.17% > 3%
(.13.555 0\7 0 0 1M total mass
. mo
Concentration ==52x 100% X Total mass at present used to
calculate the concentration x
0.430
= x 100%
10
=4.30% .. Yes, it was
> 3% possible. oM

Critical mass =(0.06 + 0.6%)x 3% = 0.3 kg ¢ Total mass at present used to

< 0.430kg om | calculate the critical mass x

t
1\2 X109
0'032(5)2 107 %
t=1.01x1010 &
BEE 1.01x1010 & 4 v iE 3%
RN oM 29

QUESTION 10(c)

There must be underground water in the vicinity of this uranium-rich mineral deposit for natural nuclear
fission to be possible. Since water can slow down the fast neutrons from fission, these neutrons can easily be
captured by U-235.

(¢) In fact the chain reaction stopped even before the concentration by mass of U-235 dropped to 3%.
Explain why this occurred. (2 marks)

Suggested Marking Scheme Performance /Common Errors

Underground water might run dry. Poorly answered.

OR Energy released by fission drys up the underground water.
[1A]| Very few candidates were able to
Therefore, fission might stop without slow neutrons. [1A]| relate the energy of fission with the
dry up of underground water, which
led to a ceasing of the supply of slow

neutrons.
Wrong answers included:

The neutrons were not energetic

enough or the concentration of the fuel

was not high enough. 30




QUESTION 10(c) (SAMPLES)

(¢) In fact the chain reaction stopped even before the concentration by mass of U-235 dropped to 3%.

Explain why this occurred. (2 marks)
The water is evaporatedﬁue to the intense heat Accept evaporated /
Given out. No water was there to slow down the 14 | decreases
fast electrons. 9 0A
There is no or littleﬁlderground water in the area. 0A | No water/Little water x
No slow neutrons to start the chain reaction.,/~ 1A
As water cool down the environmen%o more
nuclear fission can undergo. Since no neutron 0A
releases%hain reaction stops. 0A
The speed of neutrons may not be fast enough ¢
and hence do not have sufficient energ&for the 0A
chain reaction to occur. 0A
Although the neutrons moved slowly, the U-235
is not concentrated enou nd hard for neutrons 0A
to hit it and have a chain reaction. ¢ 0A -

Thank Vou!
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Paper 2

Section A: Astronomy and Space Science

Q.1 Multiple-choice questions

A B C D
1.1 | 37.2 | 16.9 | 15.2 | 29.3%
1.2 | 113 | 71.5% | 10.0 | 5.4
1.3 | 312 |47.2% | 141 | 5.2
1.4 |53.3%| 122 | 229 | 9.7
1.5 11.3 | 16.2 | 17.7 | 52.6*
1.6 |51.2% | 8.9 10.3 | 275
1.7 16.4 | 11.4 | 21.2% | 483
1.8 12.8 | 14.8 | 39.3*% | 30.3

inlifin

* 1 key ; Red colour :

most favourable distractor




MCQ 1.1

1.1 The size of atomic nucleus is of the order of 10~ m, The size of cluster of galaxies is of the order of 10° p¢
The volume ratio of an atomic nucleus to a cluster of galaxies is about .

[ A 10 favourable distractor | 37.16% A B C D
B_ 10—60
10 o O O O
[xp. 10 | 29.31%

R,~ 10 m

Rg ~ 108 pc ~ 10° x 3.09 x 10%% ~ 3.09 x 102 m
Va _ (R)® (1073

Ve  (Rg)®  (3.09x1022)3

MCQ 1.3

1.3 Rigel is a star260 pe from the Sun. What is the shift in angle on photographs of Rigel taken_six manths

apart ?

A, 0.0038" favourable distractor 31.20% A B C D
B. 0.0077" 47.16%

C. 13()]' O O O O
D. 260"

d= 260 pc
1

p=5-=3.846 x 1073 arcseconds (*)

Angle shift =2 p=0.0077"
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MCQ 1.7

1.7 The figure below shows the radiation curves from different stars.

relative intensity v —— T

The colour of T; about yellow.
The colour of T, about red.
Therefore T, is the Sun’s
temperature

1

P 0

" wavelength

P and Q denote the lower and upper wavelength limits of the visible spectrum respectively. 7 and 73 are
femperatures of the respective radiation curves with one of them belonging to the Sun. Which of the
following is correct ?

A, P = red: O = violet; T is the Sun’s temperature
B P=red: O =violet: 7> is the Sun’s temperatire

*C.  P=violet: O =red: 7) is the Sun’s temperature 21.19%
D. P = violet; O = red; Tz is the Sun’s temperature  fayourable distractor 48.31%

|
relative intensity

intensity 1=414 nm

A =580 nm

P Q wavelength
A =967 nm

/

I 1 1 | I
500 1000 1500 2000 2500
wavelength / nm




MCQ 1.8

1.8 What can we mnfer about the location of dark matter from the rotation curve of galaxies in the figure below ?

rolation velocity

L 4

distance from the galactic centre

A Dark matter is mainly distributed near the galactic centre.

o o

Dark matter is distributed more at a large distance from the salactic centre. | 39.30%

D. The rotation curve snggests dark matter exists but does not give us information about its
distribution. favourable distractor 30.27%

o

Velocity

Distance

Rotation curve of a typical spiral galaxy:
predicted (A) and observed (B).

Dark matter can explain the 'flat’ appearance of
the velocity curve out to a large radius.
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Q.1 Structured guestion

Figure 1.1 shows a space station S revolving in a circular orbit at a height of 400 km above the Earth’s surface.

Diagram NOT drawn to scale

Figure 1.1

elliptical
orbit of the
spacecraft

A spacecraft is launched with speed 8.02 km s~ from A at the Earth’s surface to meet the station § through an
elliptical orbit with 4B as the major axis. The spacecraft’s rocket engine 1s shut when it coasts from 4 to B along
the elliptical orbit. Assume that the two orbits are in the same plane.
Given: GM =4 x 10° kin* s, where G is the universal gravitational constant and M is the mass of the Earth.

Radius of the Earth = 6400 km

(a) (i) Using conservation of total mechanical energy, or otherwise, find the speed vg of the spacecraft when it
reaches B. Neglect the effects of the atmosphere. (2 marks})

3 Ms?- v4?)= GMmM(- — )

1 2 — 1 1
2 m(vg*- 8.027)= GMm(6400+400 6400)

vg = 7.55 km s
1M  Correct sub. for v, , r, and rg

1A
Most candidates knew how to find the speed of
the spacecraft at B using conservation of total
mechanical energy though a few made mistakes
in-units conversion.




Q.1 Structured guestion

(i) Show that the spacecraft takes about 2663 s to travel from A to 5. (2 marks)
2 4m2a®
=~ GM 1M: Correct expression for
? d
— @3 = T Kepler’s 3™ law
=2n |= Wwherea =-—
gt (6400) + (400 + 6400) 1M: Correct semi-major axis
2 2
= 6600 km

7= Lo L) [ 6000 | 6339625 ~ 2663
4B =5 =5V 1105 | ' s~ s

Some candidates failed to answer (a)(ii) correctly
as they did not know that the semi-major axis of
the elliptical orbit should be employed in the

rfoUHGEHIH

Q.1 Structured guestion

(i) Explain why an astronaut in the orbiting spacecraft would experience ‘weightlessness’. (1 mark)

Any one:

- The gravitational force acting on the astronaut is (all) used
for accelerating the astronaut.

- The astronaut and the spacecraft are under the same
acceleration due to gravity

- The gravitational force (weight) acting on the astronaut is
used for centripetal force

NOT accept:
- They have the same acceleration
- The acceleration of gravity is used for centripetal force

Not-many were able to-explain the‘weightlessness’
phenomenon in (a)(iii). A few had a misconception that both
the astronaut and the spacecraft moving at the same
acceleration would-necessarily result in-weightlessness.

aCl gmi=fp=0 X
A - S
ol \}ﬂ‘f
U b%Eoo KM ; o
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2 AmsT A §00R 2 VA 112 s
a) ;) 5\' CO Sl tiu L oo, //j Lt 8 Agm
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Trur (e ) 2w G
2 e ITN _ Y xe0*
_____.._{ Fo2)* ':_.._C._.MM _> 2 (V)l - {‘{zy;ﬁbo#) \/

Ve 78 Lo s x

??)@ﬂ;m;;f only_z Qﬂ’%@ v _— L
: b

BJ‘ MM L"Y) ’T L__.:’_ é’}_ _._x _____ &ﬂﬂv ,ﬂ"fnr
" Yo gk ged

Answers written in the inamins will aol { markad
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Q.1 Structured guestion

(b) The space station S travels at a constant speed of 7.67 km s™! in the circular orbit with a period of 5570 s.

(1)  If the spacecraft is to meet the station S exactly when it reaches B, use the result in (a)(ii) to show that
their angular separation @ (shown in Figure 1.1) when the spacecraft has just launched at 4 should be

Q.1 Structured guestion

(i) In order to make the spacecraft’s speed vg found in (a)(i) exactly the same as that of the station S when
they meet at B, a student suggests to slightly adjust the launching speed of the spacecraft at 4. Comment
on the feasibility of the suggestion. (2 marks)

If the launching speed at A is slightly higher (or lower),

the length of the elliptical orbit’s major axis will be 1A
longer (or shorter).

Thus the two orbits will no longer touch at B. 1A
Accept:

The shape of the spacecraft’s orbit will be changed. Thus two
orbits cannot meet at B.

40

slighty less than 8°. (2 marks)
2570 7663
=2 x360°= 7.8850987°~7.89° 1M ;1A
5570
Quite a number of the candidates managed to
find the angular separation @ required in (b))
using various methods.
Q.1 Structured guestion
(iii) Suggest one simple way for the spacecraft at B fo travel with the same speed as station S. (1 mark)

The spacecraft has to fire its rocket briefly at B so as
to boost up its speed to the required speed. 1A
(i.e. from 7.55 km s*1 to 7.67 km s1)

NOT accept: - change the speed
- start the engine

Poorly answered. It seemed that most candidates did not know
that the initial launching speed of the spacecraft at the Earth’s
surface would eventually determine the shape of its trajectory
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Paper 2

Section C : Energy and Use of Energy

Q.3 Multiple-choice questions

A B C D
8.4 | 63.7% | 196 8.2
20 | 77.5% | 6.3 14.2

31.0% | 7.3 493 | 12.4 v/
6.4 179 | 16.8 | 58.8%
224 | 379 | 13.0 | 26.6* |V

72.5% | 7.5 3.2 16.8

3.7 12.4 4.4 | 81.3*% | 1.8

3.8 10.9 | 18.8 | 52.0% | 18.2

* 1 key ; Red colour : most favourable distractor

3.1
3.2
3.3
3.4
3.5
3.6

MCQ 3.3

3.3 Which of the following descriptions about a hybrid car is/are correct ?

(1) The motor and the combustion engine of a hybrid car can be turned on at the same time to drive the
car.

(2) A hybrid car 1s said to be environmental friendly as it does not emit pollutants directly.

(3) If the battery of a hybrid car cannot be charged via a wall socket, it can only be charged through the

regenerative braking system during deceleration.

[« A (1) only | 30.949% A B C D
B. (2) only

l C. (1)and (3) only favourable distractor I 49.33% o O O O
D. (2) and (3) only

Candidates do not know that a hybrid car can recharge its batteries
through the regenerative braking system or while driving on engine
power.
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MCQ 3.5

energy flow [
— ==U
A wall 1s composed of layers X and T of U-values U and U7 respectively.  Both layers have the same
thickness and dimensions. and there is no air gap between them. Which expression gives the U-value of the
wall 7
Al U+ U, Q
i = —UAAT =U,AAT =U,AAT
| R
B. 5 (W +U>) favourable distractor 37.84%
2 AT = AT +AT,
) 200U,
R /N _1r. 1
TRTRTA
HUs
<D T 26.55% g

Candidates do not understand the definition of U-value.
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Q.3 Structured guestion

(a) The total power of the Sun is about 3.86 = 10°° W, which radiates evenly in all directions. The Earth is at a

mean distance of 1.50 = 10" m from the Sun.

(i) Estimate the solar radiation power per unit area that can be obtained at the same distance of the Earth
from the Sun. (2 marks)

Ps 386x102° W Accept: 1360 — 1370 W m-2

P0= —
47R3  4n(1.50x10'1)2 m? / M

= 1.365195734 x 10° W m=2 = 1365 W m2 1A

Part (a)(i) was in general well answered. Some candidates failed to
realise that the power of the Sun distributes evenly on a spherical
surface according to the inverse square law.

g proiet per it ana
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B Q%0 @ FoTh 4 B T)us .

Q.3 Structured guestion

(11)  State a reason why the maximum solar radiation power per unit area received on the Earth’s surface

normal to the Sun is only around 70% of that found in (a)(i). (1 mark)
Loss due to absorption by the atmosphere. 1A
Accept:

absorption / reflection / scattering
by ozone layer

In (a)(ii), quite a number of the candidates were unable to account
for the energy loss of the solar radiation power through the atmosphere.
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Q.3 Structured guestion

(b)  In the domestic energy storage system shown in the simplified schematic diagram below, energy from the Sun

reaching a solar panel can be stored in a battery.

solar panel

Figure 3.1

battery

The solar panel of area_1.65 m* is connected to the battery via a charger controller (not shown in Figure 3.1).
The solar panel delivers 300 W when it 1s normal to the Sun on a sunny day. Given: solar radiation power per

unit area received on the Earth’s surface = 1000 W m™?

Q.3 Structured guestion

(1) Describe the energy conversions during charging in this domestic energy storage systen. (2 marks)

Solar energy — electrical energy — chemical energy 1A
1A

NOT accept:
light and heat energy — electrical energy
light — electricity

Not many managed to describe the energy conversions in (b)(i) correctly.
Some wrongly thought that it was electrical energy instead of chemical
energy being stored in the battery while a few believed that heat or heat
and light energy were being converted by the solar panel.
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Q.3 Structured guestion

(1) Find the efficiency of the solar panel. (2 marks)

_ power output «100%

~ solar power input

=% 100%
1000 x1.65 iM

=18.1818 % =~ 18.2 % 1A

Most managed to find the efficiency of the solar panel in (b)(ii).
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Q.3 Structured guestion

(111) The capacity of the storage battery 1s *100 Ah 12 V', How long would it take for the solar panel to fully
charge the battery, which is completely discharged mitially, if 20% energy loss oceurs during charging ?
(3 marks)

State one assumption in your calculation.

_ totalenergystored

powerinput | - 100 Ahx12V
iM —
100 Ahx12V ST 300w

300 Wx0.8 1M
= 5 hours 1A

The sun rays are (always) normal to the panel
Or Clear sky / not cloudy. 1A

Candidates’ performance in (b)(iii)) was fair. Some candidates did not
realise that the capacity ‘100 Ah 12 V' of the battery actually gives the
maximum energy 1.2 kW h which can be stored. Many failed to get
the correct answer as they wrongly multiplied this energy by the time
of charging or made mistakes in the charging efficiency.
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Multiple Choice Qn. 2.1

Qn. 1 2 3 4 5 6 7 8 2.1 There are dark lines in the Sun’s spectrum becauselights at certain wavelengths emitted by the Sun are
A 13.5% 9.3 64.9° 1.9% 51.8° 14.9% 11.6%  70.0° A completely absorbed by the Sun’s atmosphere. A B C D
D70 70 92770 770 22970 770 070 18.070 B completely absorbed by the Earth’s atmosphere. O O O O
C partly absorbed by the Sun’s atmosphere.
B 21.3%  35.3% | 17.8% | 55.5% | 10.5% 3.3% 37.9%, 5.8% D partly absorbed by the Earth’s atmosphere. favourable distractor

C 22.8%  29.6% | 13.2% | 1.7% @ 1.7% | 27.6% | 22.5% @ 8.6%

Answer : C (22.8%)

Best distracter: D (42.2%)
o, (V) o, o, 0, o, o, 0,
D 424%  254%  3.6% | 34.7%  29.7% 53.7% 27.5%  153% Most candidates think that the absorption spectrum is caused by the Earth’s
atmosphere. Not many candidates know that the Sun also has an atmosphere and the
spectrum provides information about the atmosphere of the Sun.

KEY: underlined

Qn. 2.2 Qn. 2.5

2.1 The set-up below is for investigatingthe maximum kinetic energy of photoelectrons in photoelectric effect.

2.5 The energy diagram for an atom 15 shown below,
monochre il{lc'l]l“f']ll.\-f\_,u
Energy
"'Jl Ay
Al ™
The electron transitions shown give rise fo emission lines of wavelengths 4y, Ay, Ay and A, respectively
Monoshromatic light of fixed intensity is shone on the sathode € of a photossll, The p.d. Fapplied asross 1 Which of the following is/are correct ?
photocell is adjusted and the comesponding carrent Jis measured. What will be the eranh of T azainst FF7? I A (1) only I
1 1
A I B Ij C. i D i) ()] —_—c— B. (2) only
C. (1) and (2) only
5 . .
2 l D (2) and (3) only I favourable distractor
(3
o 0 o ¥
’ v ’ v r Answer : A (51.8%)
Answer : D (25.4%) favourable distractors

Best distracter: D (29.7%)

Best distracter: B (35.3%), C (29.6%) It seems that some candidates mistakenly mix up frequency and wavelength. The
Not many candidates realise that V is a retarding voltage. Therefore the graph is the effect of energy change is reversed. The best distracter is the negation of the
negative part of the graph in the textbook, not the positive part (so they choose B). Some answer.

even mix the graph of stopping potential v.s. frequency with this (so they choose C).




Qn. 2.7
C

[ 5]
-

Two point sources of red light at a distance of 160 m from an observercan just be resolved by the naked eyes.

If they are replaced by point sources ofviolet light. how should the observer move from the original position
such that the two sources can just be resolved?

A move about 280 m further away from the sources
B. move about 120 m further away from the sources
C. move about 120 m towards the sources 5 .
. ) favourable distractors
D. move about 70 m towards the sources

Answer : B (37.9%)
Best distracters: C (22.5%), D (27.5%)
This problem uses the Rayleigh criterion. Some candidates cannot catch this idea

and got stuck with the thinking that the second situation (violet light) should have a

lower resolution so that the observer should move towards the source. Therefore
half of the candidates choose C and D.

Q.2 Structural question
|

(ii)  Since the charge and mass of an atom in Thomson’s atomic
madel are evenly distributed, the alpha particles should not

Poorly answered. More than half of the candidates held the belief that the

majority of the alpha particles would be rebounded backward if the
Thomson’s atomic model were true.

Q.2 Structural question
.|

(a) In Thomson’s ‘plum-pudding” model of atoms,an atom consists of a lump of positive material embedded with

negatively-charged electrons distributed throughout.

(i) In order to test this atomic model, an experiment was performed such that a beam of « particles was
shot at a gold foil and the deflections of the ¢ particles were measured.State the result(s) of this

(2 marks)

scattering experiment.

(ii) Thomsen’s atomicmodelcannot account for the resultsof the scatteringexperiment in (a)(i). Why ?

(a) (1)  Most alpha particles passed (straight) through the foil, [1A
some were only slightly deflected.

. |
Asmall number of alpha particles were scattered at large ITA
angles and a few even rebounded backward.

It seemed that most candidates knew the results of Rutherford’s scattering
experiment, however, some failed to provide a concise description regarding the
degree of deflection and the amount of alpha particles being deflected.

(1 mark)

4¢

Q.2 Structural question
.|

(b) The diagram below represents some energy levels of a hydrogen atom.The ground state energy Ep of hydrogen
atomis —13.6eV.

E-=0
n=38 E; (7% excited state)
n=2 Ej (19 excited state)

Figure 2.1

Diagram NOT
drawn to scale

Ey (ground state)

Y




Q.2 Structural Question
]

(i)  All energy levels of a hydrogen atom take negative valuesexcept E=. State the physical significance of
energy levels having ‘negative values’ and the implication of an electron being at E-.. (2 marks)

(b) (i)  The electron is bounded by the nucleus, 1A
i.e. energy/work must be supplied in order to remove the
¢lectron from the atom/ionize the atom.

An electron at E-is not bounded by the attractive force 1A
from the nucleus, i.e. free.

Weaker candidates did not know the physical significance according to the
energy change. Some tried to relate it with the force of attraction between
electrons and the nucleus. Some said that E is negative as E is lower than
E. , which is 0.

Most candidates can give the meaning of an electron being at E_ .

Q.2 Structural Question
o]

(i) What is the wavelength of electromagnetic wave emitted from a hydrogen atom which undergoes a
transition from its7™ excited state (n = 8) to the 1% excited state(n = 2). (3 marks)

(i) AE=E -E,
. 1 1
=-13.6 8_‘4 - 2—2 1M
3.1875cV= 3.1875 = (1.60 = 1077} ]

he  (6.63%x107¥)(3x10%) ™
AE 31875 % (160 x 10-19)

3.9« 107 m=39%0nm 1A

Candidates’ performance in (b)(ii) was satisfactory. Most knew how to
find the energy difference AE corresponding to the electron transition
though a few failed to obtain the correct wavelength 4. Some candidates
had difficulties of +/- sign and the correct use of e=1.6 x 101 C.

Q.2 Structural Question
]

(iii) Find the minimum energy required to ionize a hydrogen atom from its3™ excited state (not shown).
(2 marks)

(i) . 13.6 .
£y = = 0,856\ M
Energy required = 0 - (-0.85)

0.85¢V or 1.36 < 107]

Some candidates just took the energy of the 3™ excited state instead of the
difference between this value and E__ as the energy for ionizing an atom at
that particular energy level (they quoted ‘Energy required = E; = 0.85 eV’
and get a correct numeric answer). Some candidates mistakenly used n =3
for the 3" excited state.

The End
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OQn. 4.1

1. John suffers from long-sightedness. After wearing
suitable corrective spectacles, how would his near-
point distance and far-point distance be affected ?

-- near-point distance | far-point distance

A 6% increased increased
B 29% increased unchanged
C* 20% decreased decreased
D 45% decreased unchanged | favourable distractor
3
I ___TT——

Multiple Choice Questions

6% 7% 40% 22% 60% 1% 10% 13%

B  29% 43% 24% 7% 13% 14% 13% 63%
C 20% 25% 26% 15% 15% 54% 15% 15%

D 45% 25% 10% 56% 12% 21% 62% 9%

. _T—
[ ]
Qn 4.1 Answer
; D

image formed behind |
far pOInt the eyeball at the
/ near point
Distant object
object further away than the near point,
in focus on the retina
Cormrecton
D
"
—_—
correction of long sight using a convex lens
4
. _T—




Qn. 4.2

2. An object is placed 20 cm in front of a concave lens.
The magnification of the image is 0.5. Find the power

Qn. 4.3

3. The maximum sensitivity of human ear to sound of
frequency 3 kHz is about 0.5 dB, which is the minimum
change in sound intensity level that can be detected
by the ear. This corresponds to a change of sound
intensity of approximately

-- Change in sound Intensity

[A*  40% 12%. |
B 24% 6%.

LC 26% 3%. | favourable distractor
D 10% 1%.

of the lens?
|| | Poweroflens
A 7% +20D
[B* 43% 5D |
C 25% 10D | :
favourable distractors
D _25% -20D
| s 3 T
[ ]

OQn. 4.2 Answer

o A dioptre is a unit of measurement of the optical power of a lens or
curved mirror, which is equal to the reciprocal of the focal length
measured in metres (1 dioptre = 1 m™). It is thus a unit of reciprocal
length.

1 1
=—+4+ -
u

1

f v
1 1 i 1
f —10cm 20cm

—-2+1 -1 -1
20 cm 20cm 0.2Zm

t

f
|
—

On. 4.3 Answer

Iy
L= 1OlogI— dB.
0

I
0.5dB = 101091—1 dB.
0

I, = 10%95], = 1.122 I,.
I =1
I,

=0.122 = 12%.

where:

L, — sound intensity level,

I — sound intensity [W/m?],

I, — reference sound intensity 10-12 [W/m?Z].

8




Qn. 4.4

4. Which of the following is/are non-invasive medical
imaging method(s) ?
(1) endoscopy
(2) computed tomography (CT) scan
(3) radioactive tracers

-- Non-invasive methods
A 22% (1) Only favourable distractor

B 7% (3) only
C 15% (1) and (2) only
[D* 56% (2)and (3) only |

OQn. 4.6 Answer

The areas where the radionuclide collects in greater amounts are called ‘hot
spots.’ The areas that do not absorb the radionuclide and appear less bright
on the scan image are referred to as ‘cold spots.’

Areas without _ 2
normal blood flow » ; .

Normal lungs

\
\\

\
N\

. d
- Pol .

Figure 1 Figure 2

- [

Case 2: metastases

Qn. 4.6

6. Which statement about a ‘hot spot’ and a ‘cold spot’ in
aradionuclide image is correct ?

.- Correct statement

1% A cold spot indicates the degree of abnormality of a
0 particular organ but a hot spot does not.

Both indicate the concentration of artificial contrast

14% L .
medium in a particular organ.

Both indicate the concentration of the radioactive

54% . .
tracer in a particular organ.

Both indicate the degree of reflection of the radiation

0,
21 by the abnormal part of an organ.

favourable distractor

10

A
B
c*
D
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Q.4 (a) Structural question

(@)An endoscope is made of a bundle of optical fibres with each
optical fibre having a glass core surrounded with a cladding as
shown in Figure 4.1. The endoscope can be inserted through
natural openings of a patient in order to view internal organs.
The refractive index of the glass core and that of the
surrounding cladding are 1.5 and 1.45 respectively.

cladding n’ = 1.45

glasscoren=1.5
Figure 4.1




Q.4 (a) Structural question

(i) Find the critical angle c for the core-cladding boundary.

(1 mark)

(i) Explain why a light ray entering the glass core at an angle a as
shown can be guided through the core without leakage only if a is
less than a certain angle a,,.

(2 marks)

(iii)A patient suffers from stomach ulcer (i.e. a wound on the
stomach lining). State ONE advantage and ONE disadvantage of
examining the stomach using endoscopy over radiographic
imaging using X-rays.

(2 marks)

Q.4 (a) Marking Scheme

(a) (i) qin o= 145 1A
1.5
c=752°
(a) (i) For a larger than a,,.,,, subsequently the light ray 1A
incident angle at the core-cladding boundary would be
less than c, thus total internal reflection fails to occur. 1A

Note: There are two boundaries involved: air-core and core-
cladding. Candidates need to state explicitly which boundary
that total internal reflection occurs

OR  Fora less than ap,,,, subsequently the light ray incident 1A
angle at the core-cladding boundary would be greater

than c, thus total internal reflection occurs. 1A
Correct description, but without mentioning core-
OR \ 1A
cladding boundary
15
| T

Q.4 (b) Structural question

(b) The table shows information relating to the transmission of
sound through different types of body tissues.

Speed of sound / m s™! | Acoustic impedance / kg m2 s7!

Bone 3780 7.15x10°0
Muscle 1590 1.65x10°
Fat 1450 1.37x10°
(i) Estimate the density of bone. (1 mark)

(i) When ultrasound is incident to a ‘muscle-bone’ boundary, find the ratio
of the intensity of ultrasound reflected from the boundary to that
incident to the boundary. (2 marks)

(iii) Explain why in an ultrasound scan a ‘muscle-bone’ boundary is easier to
be distinguished compared to a ‘muscle-fat’ boundary. (2 marks)

14

Optical fibres

1.5 x sin ¢ = 1.45 x sin 90°
1.45 cladding n’ = 1.45

sin ¢ =——
1.5

c=752°

Iy

glass coren = 1.5




Q.4 (a) Marking Scheme
st | s

(a) (iii) When comparing to X-rays radiographic imaging:

Advantage: Any ONE

- direct view of the stomach lining / inside / wall
(situation/condition/function of inner structure of

stomach) 1A
- perform biopsy (getting a tissue) /surgery during
examination if necessary

- without exposure to ionizing radiation by X-rays

AND Disadvantage: Any ONE
- requires fasting (for a few hours) prior to examination.
- endoscopy is an invasive procedure / having a risk
of causing patient internal bleeding /discomfort / unwell
- anesthetic may be needed
- X-rays imaging is non-invasive
17

Q.4 (b) Marking Scheme
| lsomton | Marks

(b) (iiiy - The difference in acoustic impedances of a muscle- 1A
bone boundary is greater than that of a muscle-fat
boundary (or vice versa),

- therefore giving a larger intensity reflection 1A
coefficient a,, (~39%) / larger intensity reflection ratio

(or vice versa), so more clear / easier to be

distinguished.

Note: coefficient, ratio, percentage, proportion

OR @muscie-fay = 000859 = 0.86% as a supporting

statement that 2, e fat) IS 1€5S than ., scie pone) 1A

19

Q.4 (b) Marking Scheme
| fsowton | Marks

(b) (i) Zg=pcC 1IM/1A
7.15x10% =p (3780)
p=1890 kg m=3 ~1900 kg m-3

Wz ~Z)* (115-1.65) M
(Z,+7))*  (1.15+1.65)
I 301 = [V
o, :E:0_390625z0_391739_1,4) a,=0.39 ~ 0.391 1A
OR B (5.5)2 25 n
“~\gg) " 64
18
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4a(11) Sample answers

1. If a is less than a certain max angle, light ray in the
glass core can be guided through the core without
leakage.

2. 'internal reflection’, ‘total reflection’.

Total internal reflection occurs if a is less than «,,,,, -

It is because an angle larger than a,,, will lead to
angle of incidence of core-cladding boundary larger

than the critical angle of boundary. The light ray is
leaked out of the endoscope and cannot be guided.

5. a < a,. , then angle of incidence at core cladding
boundary will be less than critical angle, so total
internal reflection occurs so, light will not leak out.

20
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4a(11) Sample answers

6. When a increases, corresponding angle at core-
cladding boundary will decrease, when smaller than
critical angle, no total internal reflection.

ARy a /NFRERS S Qa4 BEETT ZPISES

8. a FTVI G » IRy o B (EBH A 17 BL 7R T F
NS Ry 15.2° > WIGF REEFRA 1 a DHY amay 7 > 22
SRATEEE TS AT AN 14.87 > ¢ R 75.2°
B ENNETEE > A ERE -

~
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4a(111) Sample answers

8. Endoscopy can give 3D image but X-rays can only
give 2D image.

9. The patient may feel inconvenient as the endoscopy
need to go inside into the body.

10. Advantage: ‘could prevent harm by radiation’.
11. Endoscopy has a narrow field of view.

12. Disadvantages 7 5 il 5 2RV IREG AL E / fi#] 1
WG E -

23

4a(111) Sample answers

1. Endoscopy is more expensive than using X ray.
B E EHE SRR -

3. Endoscopy can view the function of the inner
structure.

Endoscopy has no "ionizing power*.
Endoscopy is non-ionization / non-radioactive.

6. Advantage is endoscopy wouldn’t cause cancer, but
X-ray can cause cancer as it ionizes cells.

/. Disadvantage: It can see the overview of the outside
structure/surface of the stomach.

N

ok

4b(11) Sample answers

( 2. -2,
&{:_;—‘:- i——--"':. ):
g L2 +E0)

— _g. — . — —
(1St = [HERT)

(706 Lo b 4 L1080
B (). 4§ xif-s:'g ENY A
e b oy paeptyr T ° .'.F.S‘. T
_ri__ — ___cl_é_i__i:__ﬁ_ o ._d_'.__._...-?._f-_g.-.._; '"JLLZ o
e, 6.0f27 - -
24
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4b(11) Sample answers
d_ .:, .'Ll'-i*tn:‘ﬂ.ﬂt. ' |

TGRUTIL i

k> 066 34,

. As bone has a higher acoustic impedance than that

o _{(ex (0~ J,'-sfrﬂﬂ";}l , Q\ﬁq}
Cllorio” + (6xw’)  BEpg - —

P R A

ST
Gt E  MHEESE = 25 . 4
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4b(111) Sample answers

6. Because muscle and fat has similar acoustic
impedance... @ sqe.rayy = 0.00859 = 0.86%, which
is much smaller that of & scebone POUNdary.
Hence muscle-bone boundary is more easier to be
detected.

7. RBAILARIRE RS F S H S SR B - BN Im
g - ERAVERRELT - [EHEES AR - 17
RHET L ARV R - E RS
it LSRR > BE &R -

8. NEIHER FtE - HEEHE R 3780 mst - HEHHL
ALARY 1590 m st K AERHY 1450 m st AHFES K &
Z57 71 ° 7

4b(111) Sample answers

Amplitude of reflected ultrasound is larger.

Difference in acoustic impedance is larger, ... so the
reflective index will be higher.

of fat, ... muscle-bone boundary reflection...

It is because the difference of Z between muscle and
bone is larger than the difference of Z between
muscle and fat. The ratio of reflecting ultrasound to
incident ultrasound is larger in muscle-bone
boundary.

Higher intensity of ultrasound is reflected from
muscle-bone.

The End




OQn. 4.5 Qi AT

5. Which statement about radiographic imaging and 7. The effective half-life of a certain radioactive tracer X

computed tomography (CT) scan is correct ? is 6.9 hours. If the biological half-life of X is 2 days,
find its physical half-life.

T et T
A

A* 60% Bot.h make use of the differ.ent degree 'of attenuation of the 10% 2.8 hours
radiation beam through various body tissues. B 13% 6.0 hours
B 13% The. X-rays uged in radiographic imagir}g are ionizipg. I 15% e
radiations while CT scans employ non-ionizing radiations.
D* 62% 8.1 hours
C 15% CT scans produce images of relatively higher resolution
because gamma radiation is used.
D 12%  CT scans cannot be used for organs with cavity.
29 30
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OQn. 4.8

8. A gamma source Y is used externally for treatment of cancer. At
a certain point from source Y the equivalent dose rate is 24 uSv
per hour. Itis found that 242 mm of concrete shielding is needed
to reduce the equivalent dose rate to 1.5 uSv per hour at the
same point. The half-value thickness of concrete for gamma

radiation is
|| | Half-valuethickness |
A 13% 48.4 mm.
B* 63% 60.5 mm.
C 15% 80.6 mm.
D 9% 121.0 mm.

31






