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< Overview
Paper Physics CS(Phy)
Mean: 17.5 out of 33 Mean: 8.9 out of 22
1A (MC) (i.e. 53%) (i.e. 40%)
(2019: 19.2 out of 33) (2019: 9.8 out of 22)
~50% ~35%
1B (2019: ~>50%) (2019: 35%~40%)
~<50%
2 (2019: ~>58%) N.A.
SBA ~>70% (~2019) ~<70% (~2019)
. ALL: 10692 ALL: 272
ndidatur
e SCH: 9 866 SCH: 252

On-Screen Marking (OSM) panels

Physics

CS(Phy)

1B-1: Q.1, 3, 4, 5 (32M)
1B-2: Q.6, 7, 8 (26M)
1B-3: Q.2, 9, 10 (26M)

1B-1: Q.1, 2, 3, 4 (31M)
1B-2: Q.5, 6, 7 (25M)

2A: Astronomy (18%)

2B: Atomic World (67%)
2C: Energy (85%)

2D: Medical Physics (30%)

SBA marks stat. moderated (outlying cases ~10%

reviewed by Supervisors)

Marking & Grading

i Expert Panel (Examiners, 4 ~ 5 persons) determine level
boundaries/cut scores based on Level descriptors /
Group Ability Indicator (GAI) / Viewing candidate samples.

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

& Endorsement by Senior Management/Public Exam Board

Note: GAI is generated from Physics candidates’ actual
percentage awards in 4 core subjects CEML taken into
consideration the correlation between Physics and CEML.




Results Paper 1A

Cut score difference A = 47.4 %

Physics Physics (33 MC)
e e Pl < e R R B S >70% 50%-70% <50%
Percentage | 2.6% | 26.3% | 48.9% | 72.6% | 90.1% | 97.9% 4 16 13

No. of MC 30 23/22 18 14/13 10 7 <Ea;1 sy Diffic u>

Cut score difference A =42.4 %

CS(Phy)

- — CS (Phy) (22 MC)
— B e Y S e R >70% 50%-70% <50%
Percentage | 0.5% 5.0% | 10.9% | 35.8% | 68.3% | 88.1% ) 3 17

No. of MC 17 15 14/13 10 8 6
5 <Ea;1sy Difficult 6

PHYSICS MC

CS(PHY) MC
] Average No. of Qu.
Topic (No. of Qu. . Average No. of Qu.
pic ( QU)o correct | < 50% correct Topic (No. of Qu.)| corrgect < 50% cgrrect
Heat & Gases (3) 8% 0 Heat & Gases (2) 48% 1
Force & Motion (7) 59% 1 Force & Motion (4) 47% 3
LT S () 3270 e Wave Motion (9) 40% 7
Electricity & 0 - .
Magnetism (8) 48% g M?Sﬁgtlicsl rtny g) 36% 6
Radioactivity (4) 51% 2




s —~ - P 3
_— ———
- Y / 7. The figure shows that a pair of forces P of constant magnitude is applied at right angles to the handles ™
of a pair of scissors in order to cut an object. «
cut point ¥«

object to be cut«

For a car travelling on a highway, which of the following statements about the safety design of the

i g
headrest is/are % - Which graph below best shows the variation of force F produced at cut point from X to ¥ when the pair

of scissors is closed ? -

(1) As the headrest is soft, it can reduce the force exerted on the passenger’s head during impact. » A . FA . B . & .
2) It can minimise injury of the passenger when the car is struck by another one from behind. « o (8%), L (43%).
3) It can minimise injury of the passenger when the car brakes suddenly. - | i favours
Phy CS(Phv). ! ! avour able
LA (1) only favourable distractor (25%) (31%)T| —i_b distractor
B. (3) only (10%) (11%)« X ro X Yo
®C (1) and (2) only (52%) (42%)« .
D.  (2)and(3)only (13%)  (16%). €. rt b
(20%). (29%).
Over one-third of the candidates did not think that statement (2) could be correct. »
X 1" X Y.

While over 70% of the candidates indicated knowledge that the force is larger at cut point X, less than

30% of them fully understood how the force varies when the pair of scissors is closed. -

9 g 10

e ™ "> ™
) e s — =
g~ 12 The figure shows part of the displacement-distance graph of a travelling wave of period Tat time r=0. ' g >~ A\ N & -
P is a particle on the wave.. Y 4 -~ > o - -
) 16. A transverse wave propagates along a stretched string. Which graph below correctly shows the variation
. displacement of the speed v of the wave with its frequency 27+
. < at 1= 0. . A B. .
v o SRS P . Ve
P. N A 4 N
0 ¥ distance - (45%) (9%).
. +
- ¢
Which graph below correctly shows the variation of the particle’s kinetic energy £ within a period “
starting from 7 =0 2+ o
: A Phy Cs@Phvlp Phy CS(Phy). : .
E 4 (32%) (34%). EA (6%) (6%), “ 0. T fe 0. fo
o +
. C. D.
: “ Vea Vea
i} +— 0 > o
- T 1| T re 0 6%)
. favourable distractor (40%)- ( :
.
- o
C D. o favourable distractor
- E4 (45%)(39%), EA (17%)(21%). ;
- o g o »
. 0« fo 0« v fe
. 1} — 0 — T T . . .
To I Te e 40% of the candidates thought that the speed v increases linearly with frequency fand chose option C,

Less than half of the candidates were able to obtain the correct answer of which the particle’s kinetic
energy is al a maximum at § =10.-

which suggests that some candidates might have assumed the wavelength, instead of the speed, remains

unchanged on a stretched string.

B
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20. The figure shows an enlarged sharp image of an object O formed on a screen S by a convex lens L.«
.
“ object O« lens L+
.
screen S«

Which of the following can give a diminished sharp image on the screen ? -

(1) Keeping the positions of O and L unchanged, move S suitably closer to L.
(2) Keeping the positions of L and S unchanged, move O suitably farther away from L. -
(3) Keeping the positions of O and 5 unchanged, move L suitably closer to S.«

Phy  CS(Phy).
A. (1) only (13%)  (21%).
*B, (3) only (31%)  (23%).
C. (1) and (2) only (14%)  (30%).

| D. (2) and (3) only favourable distractor (42%)  (26%).|

Less than one-third of the candidates were able to answer this question correctly. It seems that many
candidates were not aware that a certain object distance only corresponds to a unique image distance. «

” > ™
V4 ) /.—
4 % & -
Y/ o > o - -
18. . Lo
p
M
v \
. o~ B principal axis
+ i
“ Pae
M
p
p
M
p
Referring to the above ray diagram, what kind of lens is represented by L ? Which point, P or O, can be
its focus ? «
"
E lens L~ focus -~ “
Phy CS(Phy)-
Ao concave - P (45%) (26%)- a
| B.o convexs favourable distractor p, (22%) (33%)- | =
C.s concave - [l (20%) (24%)- =
D.. convex» el (13%) (17%)- -
o
Candidates choosing options B and D suggests that they did not have a basic understanding of the
converging and diverging properties of lenses. «
” > ™
V4 ) /.—
—
V4 3 - P —
 / 26. The figure below shows the magnetic field pattern on a horizontal surface around a long vertical straight

wire carrying a steady current J pointing out of the paper. The Earth’s magnetic field is NOT neglected. .

N\

—_— T
—_— T

What are the directions of the following ?.

the horizontal component of : the magnetic force experienced

the Earth’s magnetic field - by the current-carrying wire.
Phy CS(Phv)
AL < 4. (42%) (23%)."
B.. < favourable distractor T (25%) (34%). '
c. —>. . (13%) (21%)."
D.. >. 1. (20%) (22%)."

Of the two-thirds of the candidates correctly identifying the direction of the magnetic field, just over
40% were also able to get the direction of magnetic force correct. . 1 5

14

> S
& _— d -—
28.0  l
. dh, observer «
falling [~ hollow
magnet ™~ aluminium tube«

t ot ot ot ot ot ot ottt ottt ot ot ot

o

When a small strong magnet falls through a hollow aluminium tube as shown, eddy currents are induced.
Which of the following correctly describes the direction of current induced in the tube when viewed by
an observer from above ?.

Phy CS(Phy)-
A. clockwise both above and below the magnet (17%) (23%)«
favourable B anti—clo_ckwise both above and helovfi the magnet (19%) (20%)«
distractor | C. clockwise above the magnet and anti-clockwise below the magnet (32%) (28%).|
N *D. anti-clockwise above the magnet and clockwise below the magnet (32%) (29%)«
.
— Only one-third of the candidates were able to apply Lenz’s law in answering this problem. « —

16
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> - == > - - e
—— -_— % Observations —
" Strength:
1:2. The decay constant of a radioisotope of an element - - Com petent | N Ca Icu |at| ons
[ A. is random. favourable distractor (22%).;] = o -
B. depends on pressure and temperature. (8%) - mOSt SI m p I e q u eStI O n S a n Swe red Wel I
C. is directl rtional to th ber of nucl in the isotope. (21%)« :
“D. isan idenifying charactersti of that sotope, | (49%). w \Weakness:

Just under half of the candidates fully understood the uniqueness of decay constant. -

Pointsto 'ngté =

W Paper 1: ~70% core part

- weak in handling units
- qualitative responses far from precise

- not paying attention to details when drawing
diagrams

- weak in handling experimental type questions

e 18
&

- Pointstonote -

@ Electives (Total = 80 each) equating using Paper 1

@ Method marks ‘M’ and Answer marks "A’ Before equating: Mean 32 to 37 / SD 17 to 22

(with tolerance range) adopted.

After equating: Mean 36 to 42 / SD 17 to 19

W Accept BOTH g = 9.81 or 10 m s2.

2A Astronomy: ~ unchanged
2B Atomic World: =0
2C Energy: i

2D Medical Physics:  ~ unchanged

1g=s 20



Points to note

W Samples of performance of candidates
available in late October (HKEAA website).

SBA cancelled for DSE Phy 2021 =

2021 DSE Phy Exam on 5 May 2021 THANK YOU
Markers’ Mtg:  Paper 1B 11/5

(tentative) Paper 2 10/5

& &

21 22

1. Inarestaurant, ‘wontons in soup’ is prepared by putting 5 pieces
of cooked wonton at 4 °C into a bowl with 0.60 kg of soup at
temperature 96 °C.

Given: average mass of each piece of wonton =0.02 kg

H K D S E specific heat capacity of wonton = 3300 J kg™ °C™

specific heat capacity of soup = 4200 J kgt °C?
(a) Find the final temperature of the mixture. Assume that the
P H Y S l C S S E M l N A R heat capacity of the bowl and the heat loss to the
surroundings are negligible. (2 marks)

Suggested Solutions Students’ Responses

5x0.02x3300x(T—4)  LetT e tue fmal towpeyatve 7
=060 x4200x (96 ~1)  5x0, 00330 X U4 = 0.6xiponx(46T)
DSE PHYSICS 1IB-Q 1,3, 4, 5 T=85.347368°C~853°C oo 30101320 = 291D2620T

T I I > 1) Eo 1 : 3L

. 1=853 35k



Students’ Responses

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

%w%‘mmll“% 0
Tosb. Ve X

0:00%f x 3200% (T-Y )= 9.0bx krox (4b-1)
3307 - 1500 = WIAL- W]

W PEWE & R Missing 5

L EsmenT
P 0 3‘9-9)(16'&) = amf ;sw)(gyj \/

=

_______ i ok =
bty = x#g ]

____________________________________________ %ﬁ}x

1(b)(ii) A student used the following method to find the heater’s
operating power P: remove the heater from the container and
record the temperature of the 16 kg of soup after 10 minutes. It
is found that the temperature has dropped 9 °C. Estimate P.

(3 marks)

Suggested Solutions Students’ Responses

P x 10 x 60 gt 2m oV fmasty
=2000%x 9+ 16 x4200x 9 PUUKED)'I@XLTM’U‘KOI"\'W‘KQI
7 ?7 Ud
S Pz 1038 1 A
5 L
f__,?s__l_q_?_r_@_:_,__f_b_?s_wo..v.c.f! v 1
PhEmedT

é"f.{ofba) l&[qzoﬂll% q) |
P9I X

(b) The soup in (a) is taken from a metallic container of heat capacity
2000 J °C! containing 16 kg of soup maintained at 96 °C by an
immersion heater.

(i)  Why does that energy have to be supplied by the heater to
keep the soup at 96 °C ? (1 mark)

Suggested
Solutions

Tocompensate A, 4, wop have  hoat. loss £.Y «;m,,lwf

for / balance So _emsgy L.,,,_ to he tomlid to. leeep.. 4l
the heat loss Ak by

(of the

container with Beea.u\s& Wamet login: 't“'\/\«ne swrau\no'k“":?l
soup) to the

surroundings

Students’ Responses

Slm\’f\%azhwg\wh\u**m&um&wwu\%k
\ﬁbhw\m’%m?w“ﬁ &gl pedeioner - )

1(b)(iii) If the student repeats the measurement after another
10 minutes, would the corresponding temperature drop
be larger than, equal to or smaller than 9 °C ? Explain. (2 marks)

Suggested Solutions Students’ Responses
Smaller than 9 °C. e tewneahae dung . Ul ke symelle o 47C

St e Tewmprdme. Sdfvemie Wadwen Y senp ond fhe
As the temperature of o, fempeadua,  hevene Ay tv‘lkak"c}\m-!h&vjtaf#w‘ffm

(the container with) ™
soup drops, the rate of "4 ‘;_
heat loss to the .'ffjjj_'f'__.___..ﬁ___'_jff.ﬁ_f;_-_»__cmeﬁ'"'mffwmms o e g e
surroundings becomes .. oCletey T Hemet the coom frnpeta y .......
lower due to a smaller

B L .'“\r g T Temprcti T8 T s Jz-« .;LJ
temperature difference

(w.rt. the surroundings) e WJ’R”WW‘I SNy S b
______________________ ‘

. smeley \/tbrswn 90 oo A pover. Tieed.
o veat, Xk wRteNICT e WY 1t wedl




3. Read the following passage about a magnetically levitated
(maglev) train and answer the questions that follow.

‘A maglev train car is just a box with magnets on the four corners,
says Jesse Powell, the son of the maglev train inventor. The
electromagnets employed have superconducting coils (i.e. coils with
extremely low resistance). They therefore can generate magnetic
fields 10 times stronger than ordinary electromagnets, enough to
levitate and propel a train.

Two sets of magnetic fields are set up for different functions. One is
to make the train float a few centimetres above magnetic poles P
and Q as shown while the other is a propulsion system run by an
alternating current for moving the train car along the guideway by
magnetic attraction and repulsion. This floating design enables a
smooth movement of the train. Even when the train travels up to
600 km per hour, passengers inside experience less vibration than
travelling on traditional trains.

(b) State the polarities of the magnetic poles P and Q and
explain how this arrangement enables the train to float. (2 marks)

Suggested
Solutions
Pand Q:N The polmaties o Powmtl & pre N-pof€ . —

3 f 2 f i
(north pole) S0 yepulsion Toroe T resulted supn that 1IN Pl ‘y

i . "(Wﬂl‘llh Pw{h?ﬁ\ 1o move T?OVWWVD" D‘WO{ ﬂDD‘I'LT”».*I 0"[1/..

Students’ Responses

Repulsive force

N PR QAYEE M B o) F F bosisit £ FAlIEApE
between like 3 il
ooles SEMis 1D B 1912 80 2 Lo wo B % - \7(1

W QBFUANE AR, 47 E1 6 Eé&*%_*‘ﬁ;f{fﬁim.# BAFH
WIBH AT ... 1

A pla®® > Gowtln. e 0.
“WMpblaﬁl’ff%qmv\fmww!s@hw
T e hople o wnet et

train floats above
magnetic poles P and Q

guideway
magnetic magnetic
pole P pole Q

LEVITATION

(a) Explain why electromagnets employing superconducting coils
can produce much stronger magnetic fields. (2 marks)

Suggested Solutions Students’ Responses

. : ] L

With superconductor/ Svave. A ‘.xw&rwbu»’i‘v-‘ wtls hwt,....?.)dnui,_kq SN L
LR R S " O, S PRSI A o PO LU S

extremely low or > ’

= R W S 1Y apwadie Alatd n At 'p-»gm“!M*-Lf"“"lwﬁ ik
nearly zero resistance, 4 ... __E.W\m_ma_ '.!.s_.:lw\w.. Y

a much larger current
flows in the coils
producing a stronger  qurewt muteics, wy b2 4L, the magntn fros
magnetic field (with Wit ALY AnGRse,

less heat loss due to . Asit iy ns. extiemely ow resistance. with. fower. recistanc., there. il be
the current flow). .,mme,..em.[gsj.)?..mt....ft.,.can...prcduﬁf...nger.,mgnctit.._ﬁeﬁl,=.,.,_().,.,_,...

(c) Referring to the resistive forces experienced by the train, explain
why a maglev train ride is (i) smoother and (ii) faster. (2 marks)

Suggested Solutions Students’ Responses

(i) As the train is not in
On a ‘\omox(mfﬁ,m ..l.t.*‘w.\'-_\...._.!_”ﬂ_e-rrfsn_t_.t both ._}F".'d“'.'-'w

contact with the rail, 3 i )
q Qg from the  reil and wi- resislunce, whilt eayley Eousns flnf
there is no friction / ke S ,V’ =
above s wnils  and hence ani:v expecience Vain reshfance

interaction between the tis nel sebjects fo the fresislive force from the rai ond

train and the rail, thus 4 co bove olomyer mef fore deiving il fommncd . And beca
smoother due to less th ride s sneotle omd fusleo. s
vibration.

(ii) There is no friction /

interaction between the (i) As the tan . dste nat . Gt witl _,..ﬁ.w.....y.u.zdr.-.—v.,_.m. o

. . Fotction... il be i ged . hene The
train and the rail, and {,‘:_' “’{ f""m_ %n. v; S i = 1
......... PR ST T S L S . .nj B L O e S L P

the propulsion of the (it) _ps ho ey Yesutie focec  ds. exfofed G Tl el T
train only needs to work kb it pemet fhe e ol b fiq

against air resistance,
therefore much faster




4. A small sphere is released from rest at point A and runs along a (a) Arrange the speeds of the sphere at points A, B, Cand D
smooth track ABC as shown in Figure 4.1. The track around the respectively in descending order. (1 mark)

lowest point B is approximately circular in shape. Suggested Students’ Responses
S
Solutions

BTV T Vo m VA gpecd ot B B2 speed b C2speed ok D2 speed st p

"

B, ¢, D Ay

The sphere leaves the track at point C where the track makes an
angle of 60° with the horizontal. It finally reaches point E on the ¢
ground. Neglect air resistance. (g=9.81 m s™?) A<D<CB‘/ 1

*(b) On Figure 4.1, use arrows to indicate the acceleration of the Students’ Responses

sphere, if any, at point B and at point D respectively. (2 marks)

Suggested solution

A

ground
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Students’ Responses (c) (i) Describe the energy conversion of the sphere when it goes

along the track ABC. (2 marks)

Suggested Students’ Responses
Solutions

STEVIEMERED — f e o RN g.ﬂwa\ erty . ohectel e
potential energy is bhetic onorigy

changed to kinetic me l'ﬁ;c,, P“*’L & Lieth

energy from A to B, o) ot -
and SR .Y /X2,

some kinetic

energy is changed
back to Fom A Yo B, polenlial eneqqy "is converted to kinely energy
gravitational ._Ef_o_-_-;....P,.,.,.1.'?.,,,C..,,,...!simt‘sxqmgr....i;....mmﬁfﬁv!...‘!'g...poImIi.qf..rnr.‘;g;,
potential energy
from B to C.
(c)(ii)  Hence find the speed of the sphere at point C. (2 marks) *(c)(iii) If the horizontal distance between points C and E is 2.55 m,

. calculate the time of flight of the sphere before reaching point E.
Suggested Solutions Students’ Responses
(3 marks)
I, loce .G (€= G \"( K.Co Suggested Solutions Students’ Responses
U = mgh ) Z = Low

2 ) i 9‘ ;q }"L : Horizontal speed at C s = vl ‘/
ve =2(9:81)(2.2-1.0) T " AT @1- {) iézliséxco_.f1 60° ZSS.-_ """"" quﬁo """"" _{/ \/
vedssmst = 485 n\\f/,r (ont ?m&@ =2443Mms _t’;LOVS;‘S 3
2 Distance
=2.43x1 == -‘#85460"-? . C.-:..‘.?.:&J.)}(-r,..‘..
n +2@\x" L S ke OB sl D

______ L[-gg’m_l S 75§: CH8S n ) £+ 7 E12DE
..... £ .:.*....:.?.’...ftl.ﬂ.sﬂ@ Lorfs 42750
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5. Ablock P of mass 10 kg is kept stationary on a smooth incline by

a horizontal force F as shown in Figure 5.1. The incline makes an (a)(i) On Figure 5.1, indicate and label all other forces acting on P.
angle of 30° with the horizontal. (g =9.81 ms™2) (2 marks)
Suggested Solutions Students’ Responses
00& \
oy Normal Pozr e reacbw;/
P . & p
F reaction R

F

30°
B S S S S S S S S S

Weight W

e e

Students’ Responses

(a)(ii) Find the magnitudes of the force F and the force exerted by
the block on the incline respectively. (3 marks)

Suggested Solutions Students’ Responses

N cos 30° =W = Mg and Lonsider. vertical components of foctes, o

. N R to330"=my 1
N sin 30° =F e RemE = _Ea.f?- ).

F = Mg x tan 30° = 56.6 N !Z.ﬂ':t:f.r?.!:’!a:.heriszﬂ!.cn?!pa.m.t D(fmﬂ .......... = Rsin3g’ /
R=N= =113 N . Force_exerted by the block on incline = force £xested hy he incling.on bleck
cos30° i e LS
Q’ Ton o= B emdo / ....................................................
Zoonde. o (10) (5.50) Snde 3
N =W cos 30° + F sin 30° e 5.7 §LL’>N/ S
. _ NeE W e FWWSU\/ ________
and W sin 30° =F cos 30° N AT
_______ O 4 px?8 x a3 SL63 a2

..... NoE ANy



Students’ Responses

Feesde = m9sinio o

Feos30°= fox 8,47 x sin 30°

formal peavun: mgcs3o K
o D oX 0] Xeo5 307

Ry SR o0
F = q 8 I( )

Femdo®+ R = mganido”
RN

(b)(ii) Explain whether the force exerted by the block on the incline
would increase, decrease or remain unchanged when compared
with that in (a)(ii). (2 marks)

Suggested Solutions Students’ Responses

there s A
DeEEEse Mm:«..\/h.m)m..._,?\:.55....,.@.m}e.em.r....fnw..a:ff....f,’...._....,

peinthy 1o The Mdme . In te) G2, only Th. chmpoment
force of [/ wonld Exert on t ol Jherchire 160
. feree v ould dxwuﬁfo-\/ D et

as the component of F
perpendicular to the

incline no longer acts on
the block / incline Initial - regwind e = loxiflisse’ +5- 657 115 N

or Final _requind e = X981 53"
— =500 g 9)
W/

i(rm"MMAJ

Tt o\ Yemar andonged  as  the
i __onlﬁ.____gyp,ﬂ}e‘k }\_""‘W“{%u‘y-x 0

as Fis removed, the force
pressing the block /
incline would decrease
(only the weight’s
component left).

12

(b) Now Fis removed and neglect air resistance.

(i) What is the magnitude of the acceleration of the block ?
(1 mark)

Suggested Solutions Students’ Responses

gsing e =ua e
=9.81 sin 30° =, = %o oz 405 wmg™

.................................. L

=491 ms? |

Students’ Responses

e fone gl Ly e Wk AU vommnYdecrms ¢ g
bR vomous Anere ey fo st YQ““Lf";f’
on e mdpt by fine ngvl"' 1

o Bt g x 0
_The__ﬁafc_g__@(_z{fed“L.g._‘Ha_s...é(a_c_/_:__aﬂ___m..c[!ﬂa__kv_t{_{___nf_eaease_...

ool e Ons b F s ek

Ao o el be g 3o ,thw



6(a) You are given a hammer and a metal plate. Use ‘X’ to indicate a suitable location on Figure 6.1
where the hammer should hit the plate so as to generate a sharp loud sound to be received by the

THANKS

microphones in this experiment. State an additional piece of apparatus needed and the

measiirements to he made in thic exneriment

6.

@

fimer

bench top 4 1\ START  sTOP 3
P
H S

Correct location of “X (close to axis and on the side of the
START microphone).

Use a metre rule

to measure the distance / separation D between the two
microphones.

Record the timer reading. which 1s the time interval Af for the
sound to travel from one microphone (START) to the other
microphone (STOP), 1e. 4 to B.

1A

1A

1A

Accept : ruler

Any ONE of the measurements

3 >
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2020 HKDSE - Physics

1B-2

QUESTIONS 6,7 & 8

6 (b)(i) Find the speed of sound in air. Show how you would treat the data obtained in

the calculation.

(b)(ii) Suggest one adjustment to the experimental setting so as to obtain a more

accurate result.

®)

Discard 539 s, Ar =

801+8;8—82I =820 s

The speed of sound in air v= %

0.280

—
820x107° .

=341463415ms!~ 34l mst

(1) Increase separation D between the microphones. .

1M for taking the average value
of Ar and quoting the formula

D
v = —to calculate the speed of

sound, where D is the separation
between the microphones

Accept340m s to 342 ms?




7(a)(i) Find ij.
(i) If i, is just greater than the critical angle of that boundary, est|mate -4

(iii) What phenomenon occurs at point A ? State the condition needs to be satisfied
by ¥ such that this phenomenon fails to occur.

7.

@

(1)  Angle of incidence at 4,
ia=90°-30°=60"°

(1) ny sinc=n, sin%0’

n
L sysar00s w115
n, sinc  sin 60°

(u1) Total mternal reflection.
For light rays from © with 8 = 30°,
they will fail to undergo total mternal reflection.

1A
1A

Well answered

1M for correct equation with angle of
refraction in the cladding = 90°

2
Accept 1.2 or —=
v3

Correct spelling
Accept 6= 30°

7(b)(ii) An engineer suggests changing the refractive index n. of the cladding in

order to reduce the width of the light pulse received. should n_be
increased or decreased ? Or, will a change in n_have no effect on the

pulse width ? Explain your choice.

(1)  The refractive index of cladding should be increased
n
as -5 = - . by making ¢ / sin ¢ larger. only those
ne sine

light rays close to the axis / within a smaller # are totally
mternal reflected,

H.

n
(such that £ getting closerto 1). .
[&

1A

0 A for the explanation if the choice
for the change of n.1s INCORRECT.

Note: More light rays will escape the
optical fibre for a larger n.

7(b)(i) Explain why the light pulse detected is broader (i.e. of a longer duration) and
with lower intensity. Assume that the loss of energy of the light pulse due to

absorption by glass is negligible.

Some light / energy (of the narrow light pulse) taking the
shortest path (1.e. OD) arrives first while the rest of the
energy taking longer paths arrives later.

Therefore the pulse 1s broader and the height of the pulse 15

lower (smaller mtensity).

® ©

8(a) Explain why L, and L, are not lit.

1A

1A

1A for taking different paths
1A for different arnval time

NOT accept:

Some of the energy (going at angles
larger than 30° from the axis) would
be lost due to leakage. thus lower
intensity.

(b)(i) What is the potential difference across the taillight T, ?

14

Because L1 and L (connected in series) are shorted by BCDE

Accept : p.d. across each

8 (a)

b (@) pdacrossTa=12V

low-beam headlight is 0.

1 Well answered




8(b)(ii) Indicate on Figure 8.1 the direction of current in each of the branches AB,
GB and BC. Which branch carries the largest current ?

N
0Q

0Q

(1)
B
4 > . > c
1A
1A
H L
(D 20 30
52 1€
51
) Hy Ly
fuse 20 in
12V _m—
b
F r 13 'p
largest current in branch BC' 1A

Any two currents correctly marked.
All currents correct

8(d) Based on your answer in (c), explain whether a fuse rating of 15 A is suitable

(d)

for this circuit or not.

Since the rating 1s shightly higher than the max current (when
high-beam headlights and taillights are switched on). it is suitable.

—

A

e.c.f from (c)

1A for 12.8 A and correct conclusion

15

8(c) Calculate the power delivered by the battery and show that the equivalent
resistance of the circuit is slightly less than 1 Q in this setting.

(©

. 12?2 | 122
Power supplied P=2x | — + —
30 2
—153.6 W=154 W (3 sig. fiz))

v: 122 1 101
—=—"—=1536 (or —=—+—
Req Regq Req 30 30

Rq=093750~09380x10 (3sig fig) .

1 1
+—+=)
2 2

Thanks

1M for same voltage across each bulb
(T, T3, Hyand A7)
e.c.f. from (b)(1)

1M for all bulbs (T}, T3, H; and H;) in
parallel




Candidates’ response - 6(a)
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Candidates’ response - 6(b)(i)
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V0K
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Candidates’ response - 7(a)(ii)
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Candidates’ response - 7(a)(iii)

. Tofol_infernal_refiocfon.
_....8..ﬁ..gr.i.’(ml...qr.gie..........n

o AL E A ERRIA 2 O K B0 B
A‘u'{'e,&fhal reflection wf Derirf ot puiut A . 7

When 4ne B is swmaller 4man (a0 - pritieal amqie)
T S T T oA

Candidates’ response - 7(b)(ii)
______ he  shold be tomsel . B posinG =R sinB,

I h dsd B romsins constent., fo shodd be
etgesedl o ot to sel o peller Oo,,
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Candidates’ response - 7(b)(i)
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Candidates’ response - 8(b)(ii) Candidates’ response - 8(c)
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- QUESTION 2(a)(i)

2. Figure 2.1 shows a large gas tank connected with a cylindrical pipe open to the atmosphere. The pipe is fitted
with a smooth piston AB. This well-insulated gas tank is filled with high-pressure steam at a temperature of
237 °C under a pressure of 3.10 x 10° Pa while the movable piston is held stationary by a force Fj,.
Given: atmospheric pressure = 1.0 x 10° Pa
well-insulated

gas tank piston

Figure 2.1
cylindrical pipe open

high-pressure steam
to the atmosphere

(237 °C, 3.10 = 10° Pa)

(a) (i) On Figure 2.1 indicate the force Fj. (1 mark)

Marking Scheme Candidates’ Performance

............ . Diston

Well answered.

\ Some candidates did not indicate where
....... the force acts.

[# correctly marked]  [1A]

QUESTION 2(a)(ii

*(ii) By considering the force acting on the piston due to the difference in pressure, find the value of /.
The piston has a cross-sectional area of 0.67 m-. (2 marks)
= —

Marking Scheme Candidates’ Performance

Quite a number of them mistook

£, =(3.10 x 106~ 1.0 X 10°) X 0.67 [1M] | | ,
force = pressure /area’.

=2010000 N = 2.01x106 N [1A]
Some calculated the force by the steam

or the force due to atmospheric
pressure instead of the force keeping
the piston stationary.

QUESTION 2(a)(i) Samples

(a) (i) On Figure 2.1 indicate the force F. (1 mark)

'

S’
well-insulated

]

v Accept force without label [1A]
cylindrical pipe open
to the atmosphere

well-insulated
gas tank

piston &—Fp x

cylindrical pipe open
to the atmosphere

Not showing where the force acts

well-insulated
gas tank

. piston

cylindrical pipe open ~f ~

to the atmosphere
-

u ~’

L=

QUESTION 2(a)(ii) Samples

*(ii) By considering the force acting on the piston due to the difference in pressure, find the value of /.

The piston has a cross-sectional area of 0.67 m°. (2 marks)
o —
~ 3.1x10°-1x10° x
~ rF= 0.67 N Force = Ap/area [OM]

Wrong answer [0A]

=448 x [0°N X

(0.67) .

Fp = force by the steam [1M]
= (3.10x10°) x 0.67
Wrong answer [0A]

=2077x10°N X

Fp = force against atmospherie/pressure [OM]
-----| Wrong answer [0A] £
e’

1 x10°%x067=F, X J
Y

F,=67000N X

e Z0

not in contact with the piston) [OA
( P ) [0A] §



'QUESTION 2(a)(iii

*(111) Estimate the volume of the gas tank which contains 570 kg steam. You may treat the steam as an
ideal gas. Given: mass of one mole of steam = 0.018 kg. (3 marks)
— —

Marking Scheme Candidates’ Performance

_ nRT A few took the temperature of steam to
pV=nRT= V =——
p be 273°C or the Celsius temperature
plus 237.

_(570/0.018)(8.31)(237 +273)
3.10x10°
=43.292419 m3 ~43.3 m3

Vv [1M+1M]

Some wrongly took the number of mole
[1A] nto be 1.

/ e

QUESTION 2(a)(iii) Samples

*(111) Estimate the volume of the gas tank which contains 570 kg steam. You may treat the steam as an

ideal gas. Given: mass of one mole of steam = 0.018 kg. (3 marks)
.

570&

s ‘Moleof steam-=———%=-57000----eseeeee
r T Wrong equation (R not

pl 'i.h,” substituted & wrong answer) [OM]

I—57000R(237} x Wrong answer [0OA]

3.10x10°
=362m'%

QUESTION 2(a)(iii) Samples

*(111) Estimate the volume of the gas tank which contains 570 kg steam. You may treat the steam as an
ideal gas. Given: mass of one mole of steam = 0.018 kg. (3 marks)

(3.10 x 109V =n(8.31)(237)
~ 570
-{-3;-}9-)(—-%{}{’-H-'-z-"""""""-/{;g::}H{Q—S-?—)Qé-----------‘----- Correctn [1M]
0.018 Correct equation (correct values of P,
M i e o nand R, accept T = 237) [1M]
____________ V=20.1 ]8 Wrong answer [0A]
=20.1 cm® ¢

By pV'=nRT
(3.10 x 10%) x V= lxx 8.31 x (273°C+273°C)
V'=1463632258 m*

Wrong n [OM]
Wrong equation (wrong T) [OM]
Wrong answer [0OA]

pV=nRT

. - e 570 Y ----‘-- corredn [IM] e
2T e TSR Wt 20 R TS R . O M C 1
B-10-%-1097 (0 018)1&.31 (2374237 B G
V= 46348 m’

Wr’ng answer [0A]
____________________________________________________________________________________________ ey

=463 m’X I

~ QUESTION 2(b)

(b) This set-up can be used as a “steam catapult” to launch jet fighters from an aircraft carrier. A jet fighter in
position to be launched is connected to the piston via an inextensible cable as shown in Figure 2.2. When
the holdback behind the jet fighter is released, the high-pressure steam in the gas tank expands and pushes
the piston which in turn helps to accelerate the jet fighter.

jet fighter

cable attached
to the piston

deck of the aircraft carrier

1.46 x 10° m* 3¢ -

Figure 2.2

holdback (for keeping
the fighter stationary
before launch)

cylindrical pipe

In a trial run of the catapult. a jet fighter (with its engine shut down) acquires a final speed of 54 ms ! in
1.5 s after running a distance horizontally on the deck. The mass of the jet fighter is 2.6 = 10* kg.

20



QUESTION 2(b)(i)

(i) Find the work done by the net force on the jet fighter during launch.

'
— —

(2 marks)

Marking Scheme

Candidates’ Performance

Work done = K.E. gained
=15 (2.6 X 10%) 542 [1M]
=3.7908 x 107 ] ~37.9 MJ [1A]

Most managed to find the work done by
considering the gain of kinetic energy of
the jet fighter.

Many candidates, who employed work
done equals force x distance, wrongly
used the initial force and/or mistook the
distance travelled as the product of the
final velocity and time taken.

Weaker ones only found the net force
instead of the work done or considered the
work done as mass x acceleration or

force x velocity.

21

QUESTION 2(b)(i) Samples

(i) Find the work done by the net force on the jet fighter during launch.

T —

(2 marks)

Workdone =F xd=ma xd

.. workdone =

Wrong equation
(d=v,.,x1 [0M]

| Wrong answer

(value & unit) [0A]

= 75816000 N ¢
dp Work = Fy s

Wrong equation
(F = calculated F

max

) [OM]

Wrong answer [0A]

\‘

/!

QUESTION 2(b)(i) Samples

-
(i) Find the work done by the net force on the jet fighter during launch.

(2 marks)

v=u-+at F=ma
=26x10*x36

54=1.5a
a=36ms~

=936x10°) %

No equation for WD [OM]
WD not calculated [0A]

By W=Fwv
W = (ma)yy ¥

Wrong equation
(WD = power) [OM]

Wrong answer [0A]

I
|
h
=
L
X
L—

workdone=ma % || mv-mu -
(2.6 x 10%)(54) | Wrong equation '
: """""" U 2.6x10%(54—0 (WD = average force) [OM
............. 140400[] =eeee G ( ) Wrong answer (va [0A]
=1404x1°N%) S o)
=936 x 10° NX -t

©=162810000%¢

S
Wrong-equati
(F=F

max ! d = VmaxX ') [OM]
| Wrong answer
(value & no ur?l") [0A] ~

/!

QUESTION 2(b)(ii

(ii) Calculate the average acceleration of the jet fighter during launch.

Bl

T —

'
— —

(2 marks)

Marking Scheme Candidates’ Performance
Average acceleration a Candidates did well in this part.
V-u 54-0
=277 M s 4
= i 15 ome struggled to obtain ‘an average
A value’ for the correctly calculated
— —2
=36ms [14] average acceleration !
— ~



QUESTION 2(b)(ii) Samples

(ii) Calculate the average acceleration of the jet fighter during launch.

e

T —

(2 marks)

F=ma

] 201 x10°=26x10*a X

Wrong equation
(equation for initial acceleration) [OM]

Wrong answer [0A]

v:=u?+2as

L0=54+2a(54x15) %

Wrong equation
(wrongu & v, s =v,_ . x1) [OM]

Wrong answer [0A]

1 Wrong equation
(average acceleration =

‘acceleration’/time) [OM]
Wrong answer (que unit) [0A]

a=-18ms? X
v—u ) R
b -e=e - 3’6111 g-
N ot 36 % P
verage acceleration = —— =24 m s~
=
—

\/

QUESTION 2(b)(iii) Samples

*(i11) State whether the acceleration of the jet fighter
Explain vour answer.

-

N —

" is increasing, decreasing or uniform during launch.

(3 marks)

Decreasing. v/As the piston is pushed, the pressure

Correct answer [1A]

No explanation for

decreasing pressure [0A]
Decreasing force [1A]

Correct answer [1A]

No explanation for
increasing air resistance [0OA]

Decreasing force [1A]

Correct answer [1A] S—
| No increasing resistance [0A
Force reduce

force of jet is also reduced X F = ma. _

.also decrease.

Hence, a_|

(not @crea ing) [OA]

22

QUESTION 2(b)(iii)

*(ii1) State whether the acceleration of the jet fighter is increasing, decreasing or uniform during launch.

Explain vour answer.
-

S’

—

(3 marks)

Marking Scheme

Candidates’ Performance

Acceleration is decreasing (i.e.
maximum at first).

[1A]

(According to kinetic theory,) once
the steam expands, i.e. volume

increases, its pressure decreases, [1A]

thus the (pressure) force acting on
the piston at A decreases, hencea [1A]
smaller acceleration.

Most candidates knew that the
acceleration was decreasing but not
many were able to give a clear
explanation.

Some confused ‘decreasing’ with
‘decreased’ and stated that

‘friction reduces the speed and hence
acceleration is decreasing’.

-/

QUESTION 2(b)(iii) Samples

*(ii1) State whether the acceleration of the jet fighter is increasing, decreasing or uniform during launch.

Explain vour answer.
-

S’

—

(3 marks)

Correct answer [1A]

decrease during launch. X

--| Wrong explanation (speed
increases at a decreasing
rate NOT decreases) [0A][0A]

Increasing. X As there’s external force acting

increasing it’s speed, thus accelerating.

Wrong answer [0A]

Wrong explanation
(accelerating # acceleration
increasing) [0A] [0A]
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QUESTION 9(a) QUESTION 9(a)

. . . (a) On Figure 9.2, sketch the electric field lines due to the potential difference across the plates. (2 marks)
Two small metal spheres are attached to the ends of an insulating rod of length 5.0 cm. They carry charges +0 —
and —Q respectively of equal magnitude as shown in Figure 9.1. The insulating rod is suspended horizontally e - b
between two parallel metal plates, 4 and B, which are connected to an E.H.T. (extra high tension) supply.

Marking Scheme Candidates’ Performance

metal plates | Top view

—

[
S
~

Although most candidates were able to
show the correct direction of the electric

B 4
4 field, many failed to draw evenly
spaced, parallel field lines properly.
- [Correct direction (from A to B) [1A]
+ .
Figure 9.1 Figure 9.2 Perpendicular to plates,

parallel and evenly spaced] [1A]

The rod is parallel to the metal plates when the E.H.T. is off. After the E.H.T. is switched on, an electric field
is set up between the plates and the rod is twisted by an angle of 20° as shown in Figure 9.2. = = =

/!

QUESTION 9(a) Samples QUESTION 9(a) Samples

(a) On Figure 9.2, sketch the electric field lines due to the potential difference across the plates. (2 marks) (a) On Figure 9.2, sketch the electric field lines due to the potential difference across the plates. (2 marks)
T — e
‘/?Ef' Correct direction [1A] Correct direction [1A] =) Wrong direction [0A] Wrong direction [0A]
§ p‘Q = | Perpendicular to Unevenly spaced [0A] = 'fl‘a'Q Perpendicular to Wrong pattern [0A]
— plates, parallel d d o plates, parallel
A $ I B and evenly A 5 I and evenly
spaced (Accept -o& spaced [1A]
1 or 2 slight i
mistakes) [1A] x
Correct direction [1A] Correct direction [1A]
Evenly spaced not Not perpendicular to —
shown (only 2 4 B plates, not parallel
lines) [OA nd unevenly
DEIEY e Baced [0A] & e
L= ~ = w/ . -




QUESTION 9(b)(i)

(b) The potential difference across 4 and B is 5.0 kV and the separation between the metal plates is 10 cm.
The force due to the electric field acting on each sphere is 2.0 107 N, find

(1) the moment acting on the rod as shown in Figure 9.2 due to the electric forces on the charged spheres.

(2 marks)

Marking Scheme

Candidates’ Performance

QUESTION 9(b)(i) Samples

(b) The potential difference across 4 and B is 5.0 kV and the separation between the metal plates is 10 cm.
The force due to the electric field acting on each sphere is 2.0 107 N, find

(1) the moment acting on the rod as shown in Figure 9.2 due to the electric forces on the charged spheres.

F x d= (2.0 x 1075)(0.05 cos 20°) [1M]
=9.396926 x 107 N m
~9.40%x 107 Nm [1A]

Not many were able to use the correct
component of force or moment arm to
find the moment acting on the rod.

Many mistook the length of the rod as
the moment arm.

A few considered the moment to be the
product of force and the separation of
the plates.

Some mistook J or N as the unit of
moment.

]

QUESTION 9(b)(i) Samples

(b) The potential difference across 4 and B 1s 5.0 kV and the separation between the metal plates is 10 cm.
The force due to the electric field acting on cach sphere is 2.0 x 10° N, find

(1) the moment acting on the rod as shown in Figure 9.2 due to the electric forces on the charged spheres.

S

(2 marks)

Moment = F x d

(2“”(30)@"(

Correct equation
(accept no component of F &
moment due to force on one
charge) [1M]

=5%x107"Nm X

....... Wrong answer [ 0A]

; Wrong equation
Frscgh=(2-x M IS (moment arm = separation
100 between plates) [OM]
-5 Xl()(’ N x Wrong answer (value & unit) [0A] S
S
e
'
o \/ S

(2 marks)
P
----------------------------------------- sorsseem el Correct equation [1M]
' Wrong answer
; (value & unit) [0A]
Moment = F

Moment = Fd

=1x10°NsX

Correct equation
(accept d as moment arm or wrong

component of F) [1M]

2% 10° N x (5 +2 + 100) x sin 20° ¢

Wrong answer ~
(value & unit) [0A]
'

=1.7101 x 107 N/m J

1.7101 x 107 x2=34202 x 107 N/m ¥ ~ (S

QUESTION 9(b)(ii

*(i1) the strength of the electric field £ due to the potential difference across the metal plates.
T — “"‘d

(2 marks)

'

Marking Scheme Candidates’ Performance

e \Y Most candidates answered correctly.
d
_ 5.0x10° [1M] Wrong units for the electric field were
0.1 found occasionally.
=50000VmlorNC?! [1A]

50 kVm—orkN C?

(
b |
(



QUESTION 9(b)(ii) Samples

*(ii)the strength of the electric field £ due to the potential difference across the metal plates.

TG 10121 M

01
-------------------------------------------- 5.0x1000
=50000 T % o e o e
0.1
LV e —
2= = 50000 ¢B X
5000 -
~10=100 e g - 150\/_ 0-5-3C-
=50 000N X

—

5x1000

= 50000 VX

5000
50000 NI
0.1

olmn

QUESTION 9(b)(iii)

(ni) the magnitude of the charge ¢ on the spheres.

s

L

T —

(2 marks)

Correct equation [1M]

Wrong answer
(wrong or no unit) [0A]

M
=
e
~ «

(2 marks)

b2 =
<
Marking Scheme Candidates’ Performance
E = F Many candidates wrongly employed
I? 2 0x10-5 equations of force or electric field due
Q=—= 1M to a point charge to tackle (b)(iii
E~ 500107 [1M] P g (b)(iii)
=4.0x1010C [1A]
— ~

QUESTION 9(b)(ii) Samples

*(i1)the strength of the electric field £ due to the potential difference across the metal plates.

= —

5x1000

=V 500 H00 N9

B BRI L
"""""" Q2 """""""""""""""""""""""""""""""""""""""""
e )
4 e,
Q 4rear<F
__ﬁ!__ 1as- - massssssssdessstang - P s snsesasss nensnnsasssenssesaenses]

(2 marks)

Correct equation
(accept wrong order of
magnitude of d) [1M]

| Wrong answer [0A]

Wrong equation [OM]

Wrong answer
(value & unit) [0A]

M
Wrong equation [OM]
Wrong.answer
(value'& unit) [0A]
A
~ -
/

QUESTION 9(b)(iii) Samples

(ni) the magnitude of the charge ) on the spheres.

Q1Q2
Force= S
deyT
- e
e Q )
47eyT? )
= L(On)

0=342x102C X

A

4re,12

Q1 X

(2 marks)

Wrong equation
(wrong force) [OM]

Wrong answer [0A]

M

e e (Yrng ] oy mnam Wrong equation [O#]
' 47(8.85x10712)(5)2 F/Wrong answer

(value & unit) [0A]
'

—
1

25



QUESTION 9(b)(iii) Samples

(iii) the magnitude of the charge O on the spheres.

----- 50000=

0 =785x105 %

7(5.0x1000)(0.05)?

S

Wrong equation [OM]

Wrong answer
(value & unit) [0A]

QUESTION 10(a)

(a) Whatis X'?

'

~1X =aproton v/

—

Accept ‘proton’ with wrong symbol [1A]

Accept ‘hydrogen atom’ [1A]

‘Isotope of H’ or ‘H,* not accepted [0A]

Correct atomic no. & mass no. without
correct name or symbol not accepted [0A]

Gamma particle %X

Wrong answer‘fOA]

= e

\/

(2 marks)

(1 mark)

QUESTION 10(a)

mass of proton C =1.0073u
mass of « particle  =4.0015u
mass of "IN nucleus = 13.9993 u
mass of ];0 nucleus = 16,9947 u

10. Given:

When a stationary "N nucleus is bombarded by an « particle, the following nuclear reaction can be triggered

with products 70 and X fly off:

a+ ¥N—>10+ X

(a) Whatis X'?

(1 mark)

Marking Scheme

Candidates’ Performance

proton / %H / p / hydrogen nucleus [1A]

Well answered.

Some candidates were unable to identify
the product X despite they had found the
correct proton and mass numbers.

QUESTION 10(b)

*(b)Based on energy consideration, estimate the minimum kinetic energy, in MeV, of the « particle required

for such a nuclear reaction to occur.

-
- —

(2 marks)

Marking Scheme

Candidates’ Performance

Change in mass
Am=(16.9947 + 1.0073)
-(13.9993 + 4.0015)
=0.0012u

[1M]

Energy = 0.0012 x 931
=1.1172 (MeV) » 1.12 (MeV)
[1A]

Most managed to find the mass defect
correctly.

Some failed to convert the mass defect to
energy in MeV.

Weaker ones mistook the energy
equivalent of the mass of o particle as
the minimum kinetic energy

or

omitted the o particle or the proton in
finding the minimum kinetic energy.
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QUESTION 10(b) Samples | QUESTION 10(b) Samples

*(b)Based on energy consideration, estimate the minimum kinetic energy, in MeV, of the & particle required *(b)Based on energy consideration, estimate the minimum kinetic energy, in MeV, of the « particle required
for such a nuclear reaction to occur. (2 marks) for such a nuclear reaction to occur. (2 marks)
~’ i et ! il -
X
.. .. ] _ Wrong Am
minimum kineticenergy (-enerey = (16.9947 + 1.0073 = 13.9993) X 931..] “(mass of & omitted) [oM]
= Amc* =3730 MeV X Wrong answer [0A]
= (10073 + 16.9947 — 4.0015 — 13.9993)% 1.661x10"7 x (3x10%)? :
Correct Am [1M] The requlred KE
= 179x108 % Answer not converted to MeV [0A] X Wrong Am
Z(4.0015 % 13.9993 —16.9947) x 931 ] (mass of proton omitted) [OM]
5 5 Wrong answer [0A]
AE = Amc- =937 MeV (3sD) XK

=(16.9947 + 1.0073 — 13.9993 —4.0015) ><‘/(3><l{)”2)2 x 931

=1.00548 x I(JIT__MCV X Wrong answer (wrong method) [OAL O
. . . _ Wrong Am~—~ 4
___1_11_1_1_1_;__1<__1__1}f_¢_t_4_~';_911¢_rgy 40015 x931 X | (mass of a particle only) JOM] -
of o Y b -’
e 231293965 MV, | |Wrona amswer] -
. / . /
QUESTION 10(c) | QUESTION 10(c) Samples
(c) However, when conservation of momentum is also taken into account, the @ particle must possess a (c) However, when conservation of momentum is also taken into account, the ¢ particle must possess a
kinetic energy greater than that found in (b) to bring about such a reaction. Explain. (2 marks) kinetic energy greater than that found in (b) to bring about such a reaction. Explain. (2 marks)
© - - o T — — —
Some momentum is converted in to the momentum Product(s) has/have
Marking Scheme Candidates’ Performance A .| ~momentum [1A]
b 17 of a particle KE of product(s)
ofthe aQ../ ... ......]  not mentioned [0A]
By the conservation of momentum, Candidates’ performance was poor.

As momentum of the system should be conserved

as before the reaction occurs the o Only a few were able to give a correct

4 . . Law of conservation of
particle has momentum, the total explanation based onHEECESENE _before and after the reaction. % |®omentum only [0A]
t f th ducts (= momentum. .. . . KE of product(s) not
ﬁgﬁgg;ﬁ gf ch gmar‘iicdseg st So kinetic energy is required to compensate the R [(o}\]
p 1A] Popular explanations included i ) ) X
also be non-zero, energy loss when a particle collides with nucleus.

e ‘extra energy is needed because of |  |..miX

i.e. the total KE of the products inelastic collision or binding energy’, - : : — %
must greater than 0, thus the a ® ‘to compensate for the energy lost to It is an inelastic collision,

Inelastic collision [OAL_

. ) L. . ; . KE of product(s) not
particle should have a larger KE. [1A] surroundings’ or kmetIg:_ energy are not COHSCI}-’ed in tl:l_lS reactlon_x medtioned JOR

® ‘to overcome repulsive forces’.

| cenerg

. 1 KE of product(s)
lsneededx ./ not mentioned [OA]__

L v L



QUESTION 10(c) Samples

(c) However, when conservation of momentum is also taken into account, the a particle must possess a
kinetic energy greater than that found in (b) to bring about such a reaction. Explain. (2 marks)

~

— —

|..To break the bonds holding the molecules. X

# Greater kinetic energy is required to overcome the

electrostatic repulsive force betwéen o particle and 13N.

Since greater energy is required to overcome the nucleic

s needed. X

Paper 2

Energy to break
the bonds [0A]

KE of product(s)
not mentioned [0A]

Energy to overcome
repulsive force [0A]
KE of product(s)
not mentioned [0A]

Section A: Astronomy and Space Science
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THANK YOU!

i — N @,

Q.1 Multiple-choice questions
A B C D
1.1 215 4.9 118 | 60.3*
1.2 26.6 16.9 307 | 237+
1.3 13.8 139 | 62.9% 7.4
1.4 14.2 44.1% 15.7 24.1
1.5 13.2 16.5 54.5% 12.9
1.6 9.0 56.5* 5.7 27.2
1.7 23.7 159 | 452% | 130
1.8 | 517 9.6 25.0 11.9

* : key ; Red colour : most favourable distractor

N



MCQ 1.2

Two satellites X and Y are revolving in clockwise direction about the Earth as shown.
The diameter of the circular orbit of X equals the length of the major axis of the
elliptical orbit of Y. The two orbits intersect at P and Q.

pra s P
At the instant shown, the two satellites and the Earth
are on a straight line. Which deductions are correct ? I /’/Eanh ’
(1) X and Y have the same acceleration when they A T P A o
pass P.
(2) The speed of X is greater than that of Y at the instant &
shown. ‘\-’./_,_,5/__-———’

(3) The satellites will not meet each other at P or at Q.

A. (1) and (2) only
B. (1) and (3) only

[ C. (2) and (3) only favourable distractor | 30.9%
*D. (1), (2) and (3) 23.7%

MCQ1.4

The luminosity of star P is double that of star Q. The brightness of P is eight times that
of Q. What can be deduced about the respective distance of stars P and Q from the
Earth ?

A. P’s distance from the Earth is 2 times that of Q.

*B. Q’s distance from the Earth is 2 times that of P. 44.1%
C. P’s distance from the Earth is 4 times that of Q.

| D. Q’s distance from the Earth is 4 times that of P.  favourable distractor | 24.1%

Pp
L= total power 2 2 d
Brightness— T2taLpower g-2Tdp _,% .20
4md? - PQ - d2 dp
— P
4TEdQ

* At P, two satellites are at equal distance from the Earth.

* According to Law of Gravitation, the acceleration of X and Y is equal at P (applying
also Newton’s 2" [aw)

e . (1)is correct

* Asthe diameter of the circular orbit equals the major axis of the elliptical orbit,
the circumference is larger for the circular orbit.

* Since the period is the same, average speed (circular) > average speed (elliptical)
which is also greater than its lowest speed v, along the orbit (by Kepler’s 2" law)

e . (2)iscorrect
* According to Kepler’s 3 law, the period of Y is the same as that of X.

* Two satellites never meet at Por Q
* . (3)iscorrect

MCQ 1.7

A star, which is 4.2 light years from the Sun, is observed from the Earth 6 months apart.
Estimate the maximum angular difference in the observed positions of this star.

| A. 0.8 arcseconds favourable distractor |23.7%
B. 1.3 arcseconds
*C. 1.6 arc seconds 45.2%

D. 2.6 arcseconds

1pc=3.26ly
L1_42
-5 " 326 pc=1.29 pc
1 4
p = 1—29 =0.8

i.e. 1.6 arc seconds after 6 months

29



Q.1 Structured question

A certain star X at a distance of about 50 kpc from the Earth exploded a very long time
ago and became Supernova 1987A (SN 1987A). The light from this supernova first
reached the Earth in 1987.

(a) Estimate how long ago the above explosion took place. (Give your answer in
years to 3 sig. fig.) (1 mark)

* Distance 50 kpc = 50000 x 3.26 ly = 163000 ly
*  Thus the explosion of the star took place 163000 years ago im
* Note: 2020 — 1987 = 33 years can be ignored.

Most candidates knew how to find when the explosion occurred although some of
them made mistakes in units conversion.

(b) At maximum brightness, SN 1987A has an apparent magnitude of +2.9. Is the
absolute magnitude of SN 1987A at maximum brightness smaller than, larger than
or equal to +2.9 ? Explain your answer. (2 marks)

SN 1987A at 50 kpc, being much farther away than 10 pc, would be much

brighter (than that corresponding to +2.9) if it were placed at 10 pc. 1A
No mark awarded without ‘placed at 10 pc’

Hence (the numerical value of) its absolute magnitude is much smaller

than +2.9 / the apparent magnitude. 1A

Some candidates failed to point out that the absolute magnitude corresponds to
observing the star as if it were placed at 10 pc.
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Before the explosion of star X, its luminosity was about 40000 times that of the Sun
and its surface temperature was 3.1 times that of the Sun.

(c)(i) Use Stefan’s law to show that the radius of the star X is about 20 times the Sun’s
radius. (2 marks)

Correct expression derived from Stefan’s law
LS = 0‘(4‘[‘[R§)TS4 and LX = O'(4‘ITR)2()T;(1'

2 4
L | Rx || TIx
Ls | Rs | [Ts ™
2
40000 :{RX} [3.1]4 Correct sub. into the correct expression

1M
RX _20.81165 ~20.8
Rs

Well answered. A few candidates forgot to start with Stefan’s law.

(c)(ii) In which region, A, B, C or D, on the Hertzsprung-Russell diagram was star X
located ? Explain whether or not this star can be classified as a ‘red giant’.

(2 marks)
1000000
100000 4 :
2 10000 i
é 1000 - region A i region B
< 100 |
ERTS i Sun
|| R —
E o1 - i ;
= region C i region D
0.01 A .
0.001 1 E
0.0001 3 1
10000 1000
surface temperature (K)
Region A. 1A
Not a ‘red giant’ as the temperature of star X is (much)
higher than that of the Sun. / 1A

Red giants are in region B

Well answered. Most were able to identify features of star X that ruled
out the possibility of classifying it as a ‘red giant’.
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(d) A special feature of SN 1987A is that a circular ring of gas surrounds the supernova.
The gas was ejected by the star X some time before it exploded. As shown in
Figure 1.1, each point on this ring is expanding outwards at a constant speed from
the supernova.

Top view s supernova red L, L, violet
-<< """"""""""""""" P R L,
distant 7 .
observer expanding / 3 spectral line from

the ring of gas

ring of gas

Suppose a distant observer on the plane containing the ring views a certain spectral
line from the ring of gas and finds that it covers wavelengths between the limits L,
and L, as shown in Figure 1.1. L, is the wavelength of that spectral line when
observed in the laboratory. State the respective wavelengths that originate from
point Q and point R on the ring. Explain your answer. (3 marks)

Lo shidd be Qa5 Al mokment - B
s .ﬁf%; nather ¢losec

| _ v A obstver Ll
A9 UML_ mr..’.UL . 5 péﬁ”ff«@[ x

Lo ZIEGFQEe0AK, Blh a4 345 7S 2 5% A%

St

hEEE, At FiE 2 A G4 T, TR EBBEEN

v %

RS P S S Sy———

Q: L, or R: L, 1A
According to Doppler effect, gas at R receding from the observer

gives rise to red shift (vice versa for P)
Accept: Moving away from the observer

While there is no velocity component for gas at Q (and S)
towards / away from the observer, no Doppler / blue / red shift
Accept: No velocity along the direction toward the observer.
The velocity of Q is perpendicular to the line joining
Q and the observer
NOT accept: no relative velocity between Q and observer

Some candidates had a misconception that there was no Doppler effect
as the distance of the star from the observer did not change.

Paper 2

Section C : Energy and Use of Energy
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Q.3 Multiple-choice questions

A B C D
3.1 12.2 | 65.3* | 16.1 6.3
3.2 | 83.0%| 6.8 7.3 2.8
3.3 7.2 11.6 8.2 | 72.9*
3.4 13.1 85 | 54.6*% | 23.7
3.5 | 65.0| 6.1 11.1 | 17.9
3.6 56 | 24.1* | 56.5 | 13.5
3.7 8.2 309 | 13.2 | 47.7*
3.8 | 853* | 11.0 0.7 3.0

* : key ; Red colour : most favourable distractor

MCQ 3.7

3.7 A simplified schematic diagram of a refrigerator 1s as shown.
At expansion valve, liquid refrigerant expands.

expansion refrigerator
valve /-7:\' > !
) !
)
condenser _ H Y evaporator !
¥ H 4 i
outside : refrigerator |
C compartment ,
1
COMPTESSOT Lo oo d o oemmemmmmmmmmmmmmmm e i

Compressor compresses vaporized refrigerant to a high temperature and high pressure.

What is the direction of flow of the refrigerant through the expansion valve 7 Which component, X or ¥,
contains refrigerant at a higher temperature ?

direction of flow of the
refrigerant through the
expansion valve

component that contains
refrigerant at a higher
temperature

A. X=21V=>Y X

L_B. X2>V>Y Y __ favourable distractor | 30.9%
C. Y=>V-=X X

|=D. Y=>1-=2>X Y | 47.7%

33
MCQ 3.6

A room is kept cool by an air-conditioner of cooling capacity P. The temperatures inside and outside the
room are 27 °C and 31 °C respectively. The rate of heat flowing into the room by radiation through windows
and that by conduction are in the ratio 1:4, If the cooling capacity is raised to 2P while the temperature
outside the room 1s still 31 °C, estimate the temperature mside the room. Assume that the rate of heat flowing
into the room by radiation is unchanged.

AL 21°C A B C D
xB___22 C ] 24.1%
L 23°C favourable distractor | 56.5% O O O O
D. 25°C
= UAAT £+ = X
¢ —Q , %
%=UAAT, 2p="% 4 2
t t
540 _Q
4 t £ t

(a)

9
%X UAAT= UAAT'-UAAT AT ZZAT =9°C

Q.3 Structured guestion

Pressurized water reactors constitute the majority of the world’s nuclear power plants. In the reactor, energy is

o ; ; 2 . 2380, g mE o - 1
produced by the fission of uranium-235 nuclei ( 53U ). A typical fission reaction is as follows:
235 1 14 90 1
nU+ gn— (Ba+ Kr+2;n
(a)  Referring to the binding energy curve in Figure 3.1, explain why uranium-235 nuclei tend to undergo fission.
(2 marks)
binding

energy
per nucleon

Figure 3.1

mass number

The fission products / nuclides are with higher binding |1A 1A for comparing the binding
energy per nucleon than uranium-235.

Therefore, energy 1s released in fission and the resulting |1A
nuelides are more stable.

energy per nucleon before and
% o £ ~ 235
after fission of 33U

1A for more stable after fission
5




30) Becouse,  the. owum B ds  (ower andrnq"enerqq .
™on  the cm\xghtfxs SO s NERds t do” Q.3 Structured question
?SSKO“ I OI\/I (b) The binding energy of a uranium-235 nucleus is 1783 MeV,
) RIS =14 5P 2 BE SIS AT ) Sy i
LE X TR ZTLX AT S 1M :

Given: Binding energy per nucleon of '}; Ba nucleus = 8.27 MeV per nucleon

Binding energy per nucleon of ) Kr nucleus = 8.59 MeV per nucleon (2 marks)
(a7 E’?‘W M sz M&‘w M _‘é" Aﬁm M(/CM L\/Uéé — (b) (i)  Ttrepresents the energy required to separate all 1A Aceepl:

- . nucleons (protons and neutrons) of uranium-235 to Energy released by  combining
W L""“M JALY. P Woﬁ&m o the wuedows oy 4 rapart | separate completely. protons and neutrons (nucleons) into
1 - C 1 M = = a single nucleus
Al - 8g NOT accept: separate the nucleus into independent / individual nucleons 1

U W MMC‘/&M /m\sm ywc/&w' L 'f/hﬂm {'/( 22 (i)  Binding enerey (B.E.) of %3U nucleus = 1783 MeV IM  for calculating the total binding
B.E. of '#Ba nucleus = 8.27 x 144 = 1190.88 MeV energy of 5gBa & 3Kr from
Oﬂw E@ M 2'?\1— [/LMM W _ég W/{&?ﬁ ) E 2t o : } M the binding energy per nucleon

B.E. of JiKr nucleus = 8.59 x 90 = 773.1 MeV
C“w{/ﬂ p Hence. energy released in fission Accept
(FW*'"‘ = _t“’ GEMW' ot a" m’”’/&" awed Oﬁu“”ﬂﬂ - = (1190.88 + 773.1)— 1783 150 - 181 MeV
= 180.98 (MeV) = 181 (MeV) 1A (2.88 -2.90) % 10717 ]

(]

In (&), not many were able to mention that an atom or a nucleus is
more stable if it possesses a higher binding energy per nucleon.

L’)lt) Tlma enel edw_en asletiales M vied cleus ﬂnm‘ loids Fh i
nuutews. r?’féiw l T_Q__I\/I_ Q.3 Structured question

} é /\ 3 53(% (¢) (i) In the reactor of a nuclear power plant. a total energy of 130 = 10°” MeV would be released if all
%_ )';Sﬁ z z/\a" t uranium-235 nuclei in the fuel rods have undergone fission. Given that the mean power output of the

ﬁ ' power plant is_500 MW and the efficiency in converting nuclear energy to electrical energy is_40%.
@‘ é C* ?&/ﬂ 2 m %é:}_gr % ‘;A ‘K‘ %ﬂ i ?%ﬁ Estimate the time, in years, for which the fuel rods can be used. (Take | vear=3.15 < 10" s) (2 marks)

(11) State a reason why the fuel rods are usually replaced before the time estimated in (¢)(1) has elapsed.
(1 mark)

In (b), many candidates did not fully understand what ‘binding energy’
means and failed to state its physical meaning of ‘energy required to

separate the nucleons completely’. Weaker ones held that it was the © @ Totalenergy released x efficiency M for G2t
amount of energy needed to ‘bind’ the nucleus from its constituent Power output

nucleons. (1302107 x10°)(1.6x10"1)(0.4) IM
S [
. 300210 1A Accept: 5.28 — 5.30 years
i 7) YIYgg -Yéx <P -1-7 3{)( CP ‘I—j O M = I.GGJH}@M; ~ 528 years Note:
> (1.30%10%%%10*)(L.6x1071") . o
=t 2 63 xjo -/J(F.V 3 o (13010%) | 1102 7y(3-108y2 500x10° 13.2 years

93] (0.4) = 5.30 vears (1.30%10%"x10%)(1.6x10"1%)
500+108 ST

33 years
S00x10%(0.4) -

. < 2
i) Eneiyy releosed = 1183 8210 &.ﬁxﬂﬁ b1y M WOM
(11)  The concentration of uranium-2335 nuclei will decrease 1A Accept:
For the calculation in (b)(ii), some incorrectly multiplied the binding with time and chain reaction cannot be maintained when | concentration / mass / amount
: the concentration is too low. NOT accept:

energy per nucleon by the difference of mass number and atomic number.

reaction slows down
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Less than half of the candidates obtained the correct answer in (c)(i).
Many made mistakes in units conversion or in manipulating the efficiency
of energy conversmn

(i) f-“f :,'sl ST A - Bt why A TG

- 8)
D wunfrmman T, OM

(3D} Reguwsl ““\‘b ﬁ [.QY}%J\'H"J”V" u'P W eninm 135
@ w&xaﬁ M\ \/ Jusen © e (snwntrdnn
S8 ooy Seps te bl by $28 Yurs

In (c)(ii), few were able to mention that chain reaction could not be
sustained when the concentration of U-235 in the fuel rods was too low.

"oh) '_.J,t $luW _ o{pwvl ‘{ﬂne hwtn)( Oﬁwmﬁ f)fjiunprazarf;__
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In (d), most candidates knew the function of moderator in a fission reactor
though a few wrongly stated that ‘electrons’ or ‘atoms’ were to be slowed
down.

For those who pointed out that control rods were to absorb neutrons, some
did not further explain that they were for controlling the rate of reaction.

(d)

Q.3 Structured guestion

(d) Explain the role of the following in a fission reactor:

(@

(i)

(i)  meoderator

(1) control rods

(2 marks)
moderator: 1A
to slow down the fast neutrons produced in fission. |
1
control rods: 1A 1A
to control the rate of nuclear fission / reaction by absorbing neutrons + controlling
absorbing the neutrons or slowing down the chain reaction
for shutting down the reactor in case of emergency. Or
absorbing neutrons + shutting down
|the reactor
1

Paper 2
Section B: Atomic World
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Multiple Choice

A 389% | 4.0% 294%  91% | 40.2% 42.4%  11.2% 8.1%

19.8% 28.6% | 61.3% 43.6%

B 167% 6.0% 65) 42.1%

C 64% 74.5% | 9.5%  25.0% 21.3% | 15.8% 12.6% | 15.5%

D 15.2%  14.6%  33.6% (22.9%) 17.9% 12.1%  14.7% (32.0%

Qn. 2.1
C ]

2.1 Which of the following statements about Rutherford’s scattering experiment is/are correct ?

(1) Thin gold foil was used so that each & particle would most likely be scattered by one gold nucleus
only.
(2) If § particles were directed towards the gold foil instead of a particles, they could be deflected by both
the gold nuclei and the electrons in the foil.
(3) Gold foil was used because gold contains free electrons.
[ A (1) only | favourable distractor A B C D
B. (3) only
| C. (1) and (2) only | o O o O
D. (2) and (3) only

Answer : C (28.4%)
Best distractor: A (38.9%)

Many candidates did not understand alpha particles being more massive is the
key of the theory behind scattering experiment. They therefore failed to apply
the concept to an unfamiliar case of beta particles.

KEY: underlined

Qn. 2.3

2.3 The figure below shows the emission lines of the hydrogen spectrum associated with electron transitions from
excited energy levels to the ground state (# = 1). It is known that the energy level of the ground state is

Ey=-136eV.

Which statement is correct 7

X

A Spectral line .\ has the highest freq . A B C D
B. The shortest wavelength of the lines in this spectral series

is about 90 nm. O O O O
C. These spectral lines are in the infra-red region.

Some of these lines also appear in other spectral series of

favourable distractor

the hydrogen spectrum.
Answer : B (26.5%)
Best distractor: D (33.6%), A (29.4%)
Not many candidates were able to find the correct wavelength corresponding to an
energy change of 13.6 eV.
It is worth to note that 1/3 of the candidates thought that the spectra of n=1, n=2
etc. have common lines.

Qn. 2.4
G

24  Which statements about the Bolr atom model are correct ?

(1) It can explain why e particles can be rebounded by a thin gold foil.
(2)  Itcan give the atomic spectra of a singly ionized helium atom (He").
(3) A postulate of this model is that the angular momentum of the electron in an hydrogen atom is
quantized.
. (1) and (2} only A B C D
| B. (1) and (3) only | favourable distractor
C, (2) and (3) only O O O o
[D. (1), (2) and (3) |

Answer : D (22.9%)

Best distractor: B (42.1%)

Many candidates did not know that Bohr model can be applied to any single-
electron atom or ion. They were not familiar with the reason behind the

1
formula — =

md,
n*8h*g

36



Qn. 2.8
.

2.8 Which of the following statements about materials in bulk form and in nano size are correct ?

(n Most materials exhibit different colour in the states mentioned above.

(2) Most materials in nano size have lower melting point.

(3)  Materials in nano size are usually more efficient in serving as catalyst.

AL (1) and (2) only I A B C D
B.  (1)and (3)only favourable distractor

C.  (2)and (3) only O O O O
D.  (1).(2)and (3) |

Answer : D (32.0%)
Best distractor: B (43.6%)

Many candidates did not know melting point depression effect of
nanoscale materials.

Q.2 Structural question
|

(a)

(a)

(1)

(i)

(1)

(i)

State the part of the electromagnetic spectrum (ultra-violet, blue, green, red or infra-red) that the
incident light belongs to. (1 mark)

According to wave theory, there should be a “time delay’ for photoelectric emission to occur. However,
the experimental result shows that photoelectric emission is immediate. State the implication of such an
experimental result, (1 mark)

ultra-violet (UV) 1A

Light {(energy) is (transferred to electrons of the cathode)

in packets or quanta (i.e. quantized). IIA

In (a)(ii), most candidates misunderstood the question. Instead of giving

the implication of the experimental result, they tried to explain why there
is such a result. Some candidates’ explanation was not precise or not
relevant, such as one-to-one process.

37

Q.2 Structural question
.|

In order to demonstrate photoelectric effect, the electrodes 4 and C of the photocell in Figure 2.1 are connected to a
potential difference ¥ which can be read from the high-resistance voltmeter. This potential difference can vary
from0Vio 25V,

monochromatic

light
A C
vacuum

O

4

!

Figure 2.1

4
1

I

When monochromatic light of wavelength 300 nm is incident on electrode C, the microammeter of negligible
internal resistance shows a reading.

Q.2 Structural question
.|

(b) The applied potential difference is adjusted until the microammeter reading just falls to zero when V= 1.7 V.

(i)  State and explain whether the microammeter reading would change if an incident light of the same

wavelength but higher intensity is used. (2 marks)
(ii) Calculate the work function, in eV, of electrode C. (3 marks)
(b) (i)  Microammeter reading remains zero, 1A

energy F of incident photons remains unchanged, although
intensity T causing more photons incident but no effect on |
maximum KE of the electrons emitted or on |[1A
photoemission.

(]

For (b)(i), some candidates also misunderstood the question. They did not
answer the question based on the voltage = 1.7 V. Many said that the current
increases as there are more photons, i.e. the situation before the voltage is
setto 1.7 V.



Q.2 Structural Question
]

3 he
) Energy of photon = —n—
A

_(6.63x10 Myi3x10%) 5
300x1077
=6.63%107°]
=4.14375 (eV) = 4.14 (eV)
Work function @=4.14 - 1.7 M
=2.44375 (eV) = 2.44 (eV) 1A

Performance of (b)(ii) is satisfactory. Common mistakes:
* some candidates simply took the photon energy hf as the work
function.

« some candidates had difficulties in conversion between joule and eV.

Q.2 Structural Question

(i) 1.7-08=09(eV) or 4.14-24-0.8=0.94 (eV). 1A
Electrons inside cathode C (not on surface) need an amount
of energy more than the work function to escape / be emitted| 1 A
from C.

For first 1A, many candidates did not have a solid concept about the
meaning of different energies. Even though the answer can be obtained
simply by subtracting the two values given, they cannot figure out the
correct way to find the answer.

For second 1A:

* Some candidates thought the variation is caused by things happen
when the photoelectrons move from cathode to anode (rather than the
process when electrons escape from the metal surface).

* Some other candidates employed the concept in Bohr model of
hydrogen atom to explain what happens in metal.

Q.2 Structural question
.|

(c) Now the applied potential difference is adjusted until "= 0.8 V and the microammeter registers 0.4 pA.
(1)  Estimate the number of photoelectrons reaching electrode A in one second. (1 mark)

(i) State the maximum kinetic energy, in eV, of the photoelectrons reaching 4. Explain why not all

photoelectrons reaching A possesses this amount of kinetic energy. (2 marks)
(¢) (i)  No. of photoelectrons reaching 4 in 1 s
6
(. 0 2
iR = =2.5%10" 1A
1.6x10 |

Performance in (c)(i) is fair. Some candidates did not realise the
number of photoelectrons can be directly found from the current given.
They tried to find the answer by photon energy, work function, etc.,
which is indeed not possible.
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Multiple Choice Questions

9% 13% 5% 16%  15%  24% ‘

13% 3% 55% 36%

C 12%  59% 8% 27%  29%  76% 5% 13%

B 20% 14% 28%

D 59% 14%  59% 14% 12% 6% 16% 14%

KEY: underlined

Qn. 4.5

Using the information given below, find the proportion of
energy transmitted when ultrasound is incident from air to
skin.

_ acoustic impedance / kg m=2s!

air 430

soft tissue 1.5 x108
A. 16% 5.7 x 10

[B.* 43% 1.1x10% |

| C. 299 2.8 x 103 | favourable distractor
D. 12% 1.0 x1072

16

Qn.4.4

Which of the following statements about the piezoelectric
crystal inside an ultrasound transducer is/are correct ?

(1) The piezoelectric crystal converts electrical signals into
mechanical vibrations and vice versa.
(2) The thickness of the piezoelectric crystal is arbitrary.

A* | 46% Only (1) is correct. |
B 13% Only (2) is correct.
C | 27% (1) and (2) are correct. | favourable distractor
D 14% (1) and (2) are incorrect.
15
[ |
S —

Qn. 4.8

The figure shows a simplified diagram of the cross-section of
human arm. The medullary cavity is the central cavity that is
filled with bone marrow. The linear attenuation coefficient of
bone marrow is roughly the same as that of muscle.

ASE N

muscle

medullary cavity (filled
with bone marrow)




Qn. 4.8 Q.4(a)

Which figure below best represents the X-ray radiographic (a) State briefly how X-rays are produced.
image of the arm ? i
A B. Lovable diacor o XGHRLRAT BE B Y K BERR , SakfEHAL 141K ¥4

S ) $951 .

37% 36%

EYTNL 112X SNy Ty R
X SR EE A bk, KR F: R R

. E— AN—
l“ i l] %\md\ﬁb‘z{ﬁ&\éiﬁb\ x

c quﬁ VAR
13%
19
B . T T
[ | [ |
Q.4(a) Q.4(b)(i)
s arg WM b fgﬂzmyj ..&{.e,{;hw (b)The table below shows the linear attenuation coefficients of soft tissue
1:;% \Lﬂfj-ﬁ.'-' / and bone for an X-ray beam.
e senoncostcen |
F‘O\Q{ e d‘m-J elecArong Wt Ut waet w\_ , ‘a(—krm.« 5 owe soft tissue p, =0.51 cm?
prodn @ d X bone Wy = 2.46 cm'?
VoS h . / (i) State one factor contributing to a higher linear attenuation
X{ 13} IS f) 0(“560( @ m})m( A&W %ﬁw %F dﬂ&{hns %D gle X coefficient of bone compared to soft tissue. (1 mark)
_ T

21



Q.4(b)(i) Q.4(b)(ii)
 Beanst benrk s Wagr sdemiity  than peft tiviwe "‘*-"‘3‘*““// (b)The table below shows the linear attenuation coefficients of soft
Wt\ﬂt_pM tvongh  totile. tissue and bone for an X-ray beam.
e sty V' pp e TRy [ et oo
= soft tissue s =0.51 cm
B BEUFE NS, X
bone pp = 2.46 cmt
Thene ave Wty SimoM Wl s wn howne X
: S (i) X-ray beam of intensity |, passes through soft tissue that is
Bmu.& ore mainly go_lrd__,, Hhave = heoxly ro 5._6 cm in thickness and _is attenuated to intensity I. What
N, o nuates X- Mo thickness of bone would yield the same degree of attenuation
8"‘5- -y atte m’:j of the same X-ray beam ? Show your calculation. (2 marks)
~Soft %ujii whredt are iifm {,w#umﬂj X
as d
R R }

[ . | B |
[ ] [ |
Q.4(b)(ii) Q.4(b)(ii)

T L Sosise) o i ~2.88b T m2iyp X
Nanl 10% =3t v 1 & be the th '
- - - S - - A
eSS c auex Y L% e 1"’0 05l 5.4 iobhtss o bme. '3‘; L= Lo
o X = Glbew b S e s S X L=1,e s
_?\:}'L_N:b\_eﬂ_i"f- Lome i [{&LM .z 27,0 omy, L3_S-_‘Pl) R i x
tr) & gm émquzm Thokiess .
1?6__ p. 1f 2 S 5‘{{;!5'”: X(Z'ff)
o X = 1§47 L 382-7)2
£ Tiddea t_\;;; vuloe Thodibay : ""“"5:' o (7_) " %, [lo -5 22 : 2 %b “g3;.z+l))b
. da= L lgeme 5 ! = Dot
A el F5 | Tk 93§
I- ()% - eete T VAR A3V TY, FotEb——— o SRS
o514 1o = 1, ()7 - 0 : X
LA R
[ . |




Q.4(b)(iii)

(i) Explain why X-ray radiographic imaging of the breast usually employs X-
rays of lower energy (~20 keV) while examination of bony structures
employs X-rays of energy around 100 keV. (2 marks)

ik
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Q.4(b)(iii)
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Q.4(b)(iii)
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Q.4 (c)

People are often concerned about the radiation exposure
during medical examinations like X-ray radiographic imaging
and computed tomography (CT) scans. Some information
about the radiation dose is given below:

Taking an X-ray radiographic image

0.1-0.2 mSv

A CT scan 1-10 mSv

Average weekly natural background

about 0.05 mSv
dose for a person
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Q.4(c)(i)
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Q.4(c)

(i) State one potential hazard of exposure to ionizing radiation on
human bodies. (1 mark)

(i) Explain why the equivalent dose of a CT scan is higher than that
of taking an X-ray radiographic image. (2 marks)

(iii) Name one source contributing to the natural background dose.

v

(2 mark)
:
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Q.4(c)(ii)

(ii) Explain why the equivalent dose of a CT scan is higher than that
of taking an X-ray radiographic image. (2 marks)
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Q.4(c)(iii)

(iii) Name one source contributing to the natural background dose.
(1 mark)
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The End
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