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Mean: 19.1 out of 33 Mean: 9.4 out of 22
1A (MC) (i.e. 58%) (i.e. 43%)
Report on Assessment (2020: 17.5 out of 33) (2020: 8.9 out of 22)
1B ~<50% ~<35%
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Marking & Grading

Marking & Grading

On-Screen Marking (OSM) panels

Physics CS(Phy) W Expert Panel (4 ~ 5 Examiners) determine level boundaries/
1. 1. cut scores based on Level descriptors /
RIS Qg o G HERS QL 2, B2 Group Ability Indicator (GAI) / Viewing candidate samples.
1B-2: Q.6, 7, 8 (34M) 1B-2: Q.4, 5, 6 (29M) :
18'3: Q-Z, 5’ 9 (23M) L CS(PhY) graded by Common items & GAI/

Viewing candidate samples.

2A: Astronomy (17%)
2B: Atomic World (64%)
2C: Energy (87%)

@ Endorsement by Senior Management/Public Exam. Board

. . Note: GAl is generated from Physics candidates’ actual
. 0
AAbs Miseliesl] et G2 percentage awards in 4 core subjects CEML
SBA CANCELLED taken into consideration the correlation between

Physics and CEML.
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Results

Cut score difference A =53.2 %

Physics
Level 5k FIE g 3+ P 1+
Percentage | 2.7% | 27.7% | 49.8% | 72.3% | 90.1% | 98.0%
No. of MC 29 20/19 14 10 6
Cut score difference A =48.8 %
CS(Phy) / \
Level Thi 5+ 4 3+ 2+ %
Percentage | 1.5% | 5.9% | 19.9% | 50.7% | 75.0% | 91.9%
No. of MC 19 13/12 9 7 5
= = 5
Paper 2 (MC) = .
Easy ‘ Diffic u:>
Astro >70% 50%-70% <50%
Atomic >70% 50%0-70% <50%
(48%) 0 5 3
Energy >70% 50%0-70% <50%
(62%) 5 5 1
Medical >70% 50%0-70% <50%
(50%) 1 4 3

Average % correct in brackets

Paper 1A

Physics (33 MC)

>70%

50%-70%

<50%

7

16

10

<Ea;1sy

CS (Phy) (22 MC)

Difficu:>

>70%0 50%0-70% <50%
1 5 16
<Ea;1 sy Diffic u> 6
- 3 D P
PHYSICS MC
. Average No. of Qu.
T No. of Qu.
opic (No. of Qu.) %o correct | < 50% correct
Heat & Gases (3) 64% 0
Force & Motion (6) 49% 3
Wave Motion (11) 61% 2
Electricity &
Magnetism (10) 55% 4
Radioactivity (3) 69% 1
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CS(PHY) MC

Topic (No. of Qu.)

Average
%o correct

No. of Qu.
< 50% correct

Heat & Gases (2)

52%

1

Force & Motion (5)

33%

Wave Motion (9)

46%

Electricity &
Magnetism (6)

43%

W | | U

>
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- ’ <
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5. A block is sliding down a rough incline with constant velocity as shown. Which arrow indicates the
direction of the resultant force acting on the block by the incline 7 Neglect air resistance. .

PHY CS(PHY).

A, . (13%) (14%).

B. .

(23%) (32%).

PHY CS(PHY)-
(29%0) (25%).

favourable distractor

‘s‘f;‘d,
(‘o;,‘;zg f-"uw”
ey Wy
Clog; h

iy,

*D.

(35%) (29%).

Just over one-third of the candidates realised that the resultant force from the incline acting on the block
in uniform motion should balance the block’s own weight. .

8
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238

A stationary uranium nucleus “5;U decays to giv

234

¢ a thorium nucleus 23¢Th and an & particle 3He. .

Y / —
- [
- . s
A block of weight W is at rest on a horizontal ground as shown. .
‘ ground
l W.
The force acting on the block by the ground is . Which of the following statements is/are correct ?
(1 R and W are opposite in direction. .
(2) R and W are equal in magnitude. .
(3) R and W is an action-and-reaction pair.
PHY CS(PHY).

Al (1) only (3%)  (5%) .

*RB. (1) and (2) only (43%) (32%).

C (2) and (3) only (1%)  (0%).

| D (1), (2) and (3) favourable distractor (53%) (63%). |
10
o
Y / =
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While over 80% of the candidates indicated knowledge that the momentum of the two decay products is
equal in magnitude, just over 40% of them knew that most of the kineiic energy goes to the lighter

a-particle. .

U —— 4Th + $He.
Which of the following correctly describes the situation about the 23§Th nucleus and the a particle just
after the decay ?.
:E:ﬁ?;::;ﬂﬁlﬂr _ kinetic energy KE. ‘
P PHY CS(PHY).
*A. plTh) = p(a) - KE(Th) < KE(a) - (44%) (23%) - .
B.. p(Th) > p(a) - KE(Th) > KE(&) - (18%) (30%). .
| C.. p(Th) = p(er) - KE(Th) > KE(&) - favourable distractor  (29%) (37%) - .|
D.- p(Th) = p(a)- KE(Th) = KE() - (9%) (10%) - -

12
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20. Submarines employ ultrasound instead of microwaves to detect obstacles in the sea. This is because .
PHY CS(PHY).
Al wavelengths of ultrasound are shorter than those of microwaves. (17%) (15%) .
B. ultrasound travels faster than microwaves in the sea. (24%) (42%) .
*C. microwaves are easily absorbed by sea water. (33%) (16%) -
| D. microwaves diftfract too much in the sea. favourable distractor  (26%) (27%) . |
Just about one-third of the candidates knew the reason why microwaves are not used for detection in the
sed. .
13
o R
7 N e P —-—
Y / > -
24, The figure shows a metallic cube of side length x. How is its resistance R between any two opposite
faces related tox 7.
o—— |
20 PHY CS(PHY)
A R = (45%) (33%) .
B. R xx (15%) (15%) .
C. R & x* (15%) (27%) -
D. R o iz favourable distractor (25%) (25%) .
X

Candidates choosing option D suggests that they have only considered the cross-reaction of the cube and
overlooked the contribution of its length. .
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22, When a point charge +Q is placed at X as shown, the strength of the electric field at ¥'is Ep. .
W&
¥ Y.
X @
Z
If W and Z are each placed with a point charge of +0. what will be the electric field strength at ¥ ?
Note: sin 45° = cos 45° = % v
*A \{z E 0,
L2 (28%).
B Eo (23%).
I C V2 Ey favourable distractor (38%). I
D 2E (11%) .
Less than 30% of the candidates were able to compute the vector sum of the electric fields contributed
by the point charges. .
14
o 4 R —
7~ \ R P -
Y 4 - o o -y B4
26. When a copper rod PO moves with a constant velocity across a uniform magnetic field as shown, an

e.m.f. is induced across the rod. .

¥ o
uniform magnetic
* % L] % “ field (into the paper).
—
b b Q » H H

‘Which of the following statements is/are correct 7.

(1) The magnitude of the induced e.m.f. depends on the length of the rod. .
(2) Rod PQ acts like a cell providing an e.m.f. with P being its positive terminal. -

(3) There is a force acting on the rod to oppose its motion. .
A (1) only (22%) .
I B. (3) only favourable distractor (21%). I
. (1) and (2) only (35%) .
| D (2) and (3) only favourable distractor (22%). |

Over 40% of the candidates wrongly held that statement (3) is correct. They were not aware that no
induced current flows in the rod and therefore no opposing force results. .
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et < — .~ Strengths & Weaknesses

/4 N~ - —_— /4 of Candidates —
33, Which of the following may contain sources of ionizing radiations ? . ﬂ Strengths: : :
0 seawater. - competent in calculations although
@ arocksampl. some employed tedious methods
A oy w0, - most simple questions answered well
I g g; ;)25)’(3} e favourable distractor ﬁg;:;l ﬂ Wea kn esses:
b D @mE a0 - quite weak in handling units
vatous navarel o of rdiations i the oovivommer | ey et ot familiar with he - qualitative responses far from precise
- not paying attention to details when
drawing diagrams
o e o 18
» — ] S e S » — = o S
/ Pointsto-note - Points to note =

@ Paper 1: ~70% core part @ Electives (Total = 80 each) equating using Paper 1

o Me_thOd marks ‘M’ and Answer marks ‘A’ Before equating: Mean 29 to 37 / SD 17 to 21
(with tolerance range) adopted. After equating: Mean 37 to 43 / SD 18 to 21
W Accept BOTH g =9.81 or 10 m s2.
2A Astronomy: iz
2B Atomic World: T
2C Energy: i

2D Medical Physics: 1

19 20



Points to note

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

Wi SBA cancelled for DSE Phy 2022, =
resumed for 2023 cohort (i.e. currently S5) THANK YOU

@i 2022 DSE Phy Exam on 5 May 2022
Markers’ Mtg: Paper 1B 13/5
(tentative) Paper 2 1575

21 22

1. A 150 W immersion heater is used to keep the water in a large beaker boiling
under standard atmospheric pressure. In 5 minutes, 16 g of water boils away.
Neglect any heat loss to surroundings.

(a) Find the specific latent heat of vaporization of water, |. (2 marks)
Pt=ml ) lm L ) ?'t ﬂvlﬂf\
(T _______ A SU _____ T‘....L\mm )(ﬂ,
_ 150x(5%60)
a o>.<01: X D=1 :”“3’] o ()
— 2810 kJ kg'!
Y
L[s.u)(&nro) 2 (0 U\G)}l \/

X



A student puts a small metal sphere in the boiling water. After a few minutes, the
sphere is quickly transferred to a polystyrene cup containing 100 g of water at a
temperature of 20 °C. The cup of water is stirred gently and its highest
temperature attained is 22 °C.

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

(b) Estimate the heat capacity C of the metal sphere. (2 marks)

C100-22) =My Q2=20) /o soe (0-D(46) (32°- 267

_0.100 X 4200(22—20)
(100-22)

C

=10.8J°C"! omeas[= G,
100X (03X 4V00 Xy s Cx>

LLeravo]e 0

(d) In order to reduce the error contributed by the polystyrene cup, another
student suggests repeating the measurements using a copper cup of similar
shape and size. Explain whether the suggestion is justified. (2 marks)

Suggested Students’ Responses
Solutions

g e 40w gatihied L Gpper 8 v e CAV\U"Y).EV
<+
Copper is a A kel Tt il b o cynificemt VO

islosttothe T e =il beyfager them thel £
surroundings prlofents p 88 palasdvrat Cvp )
/ o ‘Saml L e T B et Harn Phse Ay )
Polystyreneisa  +, 4\ swervwndig Sv 0 e g 2
good insulator

so less energy is

lost to the

surroundings

(c) In fact the sphere has carried with it some boiling water to the cup of water.
Referring to this fact, explain whether the true value of C is higher or lower
than the value calculated in (b). (2 marks)

Suggested Students’ Responses
Solutions

Extra energy is
transferred to
the cup of water

. .M“f..ﬂ!.!_[...{kﬂ.(‘f:’r}, goinad cowes (houa... e cottel opere, . the
L eegy. e »U‘i; j&*mef‘m[mhar@_rwofffr Thou. J;i‘aj{
&,

water. /
The final

temperature of [ aded £ iy mlond by e weol splere B shllers”
the cup of water . The frwe i ot € C 7o [omer  fhon nymm i (b
is higher. 2

The true value

of Cis amalter TP e vale A

X
h?.?ghi’*" Than the wloe

than the Lot Cakoldbed o (- T80 Vet fne eeigy
caleulated 1655 from. wetel_papee s logere thon, Shaten

Students’ Responses

oMo Coppe onp i 9ped- neat. conductor than. polystyrene. aip. .
0

th5“+a*stffttl\/fﬁ\svfperlsm}wfacl%fvjﬂw

el o s’/ﬂvﬁ'w{’““ ..... mgde ﬂ"*c"fw/f ..... toder  hew J"E"'%C‘;W'

&‘T,’\?/...._fm(.‘i‘:’:‘.’ﬁi._...‘?kh...ﬁw.[@t....‘fh&_t wl‘e"(h‘ztb\fcdfﬁa‘(/"’{%pm
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3. A volleyball player serves by hitting the ball from rest at a height of 1.0 m above
the end line of the court. The initial speed of the ball is 13.4 m s~! making an
angle of 55° with the horizontal. It moves in a vertical plane perpendicular to
the end line and finally reaches point C on the opposite end line as shown in
Figure 3.1. Neglect the size of the ball and air resistance. (g =9.81 m s72)

B
o
NOT drawn to scale

134ms!

volleyball '/4 50 | net

A

end line end'line
(a) (i) The mass of the volleyball is 0.22 kg. Find the work done on the ball by
the player. (2 marks)
Suggested Solutions Students’ Responses

Work don.e Wz KEsua £ th\ x
=K.E. gained = 2o (54) + r-mnmt fr._._“! rn-ss )
=15 (0.22) (13.4)? e
=19.87J =

(b) The length of the court AC is 18 m and the net is positioned midway between A
and C. It takes time t for the ball to reach point B which is vertically above the

net.
(i) State whether the ball is ascending, flying horizontally or descending at B.
(1 mark)
(ii)) Findt. (2 marks)

Suggested Solutions Students’ Responses

) S Floeg..... hacizotelly

0
X
(ii) 13.4cos55°xt=18/2 by Woe e
t=117s o gYe [§. = |5’ 4((0555") (O
oS e 2 EIA S ]S 0
_________________________________ 1 2:34 5

(i) Determine the speed v with which the ball hits point C on the ground. (2 marks)

Suggested Solutions Students’ Responses

oy comarvationfmechencal | b g 5 )

Yo mv2 - % mu2 = mgh PO - 8T BT

32:_114 3.'141211:si(9'81)(1'0) G s m
L4488 t e
Y51 mst O

§|\

1"

By equations of motion:
vi=ui+2as

= (13.4 sin 55°)2 + 2 (-9.81) (-1)
v, =11.8 ms’!

Speed v = /v,? + v

=,/11.82 + (13.4c0s55°)2
=14.1ms!

(c) Another player suggests that the volleyball can reach point C in a shorter time if
it is served with a similar initial speed but at a smaller angle with the horizontal
(e.g. 13.2 m s7! at an angle of 35°). Without doing any calculation, explain
whether this suggestion is justified. (2 marks)

Suggested Students’ Responses
Solutions
Justified st ce;mcix .

S‘Fm.[ ol Talase lﬂ.\ "tL- uer*.‘tw-\ SPuS uw\\ dﬁlﬂm,
A bal] ETN T T S | W

Horizontal
component of
the velocity
increases and
hence time of

trevellvd  bhoritomtally Gl e angl
flight forthe V- 0esslls A hefher opead e o 0
whole journey is mﬂ"’c““’“é

smaller for the @ The $l~??%‘(5"‘y\ “% Jm’ﬁM bez:au,se,

same horizontal ’Hw h o 'Md’f‘\i SM % 7«,-,,.-&,- Lhan  Leoe

distance. | o RS M T2 T R SR

Tt o gartdud. Matygorigy W it d in




(d) Volleyball players have to jump and land frequently in a game. Referring to
principles of mechanics, explain why volleyball courts with wood rather than
concrete flooring may help to protect the players from injuries. (2 marks)

Suggested Students’ Responses
Solutions

The time of T wood Llooy 3. much st fhan the cucrefe. flosams .
1}111pact for Kless fachon on the . Paver R wack. . i woodfloor. BS Mzﬂ
the wood ?‘@T\& hae.. To. fqnd{mpl ot s kss. fction. vsidone.
floor is -

can yedwe? the dowtjz & Hwe DTMMwth&nmmrj

increased

and hence O
the impact

force is . X

smaller. B\f pewton thid {aw 4.

on qnwn& 2 an Teaction arownd
P'We:. 14 -Farmod 5 the mc«f,s b{—“ conqmﬂ 0
A [Arqef than wood r}k, E=ma o 1he

forie  exeited  will be r‘?e/r* .

(a) (i) After the trolley is released, indicate in the figures below (1) the horizontal
force(s) acting on the loaded trolley, and (2) the force(s) acting on the

hanger. (2 marks)
slotted weights slotted weights
‘ . _'\ . '/_' - ‘| T/tension
TN factlon ) Riction (£) 0
! slotted weights
1
Sen
hanger \/

mg | weight VW

4. Atrolley is connected to a hanger of mass 20 g by a light inextensible string as
shown in Figure 4.1. Four slotted weights, each of mass 20 g, are loaded onto
the trolley. The experiment is designed to investigate the relationship between
the net force acting on the system (trolley and slotted weights with hanger) and
its acceleration. The acceleration a is measured after the trolley is released on
the smooth horizontal runway.

slotted weights
/ \ trolley
horizgg;zloignway = > I string smooth
light pulley
.
hanger (20 g)
—

(i1) Is the tension in the string equal to, greater than or smaller than the weight of

the mass hanging when the system is released ? Explain. (2 marks)
Suggested Students’ Responses
Solutions

Tension is Shanld e YSmolier than . flu. teuon
Smia“hetr han 4o havars bubale. Thive. 12 1o, Saction. & e beleis 5t a5
weight. SsstlA_L T'A\S lower Jdt% Ahe. feudon. O“J be. . k\ll hj Tl u}xp«

By Newton’s RS e
second law,
there is a net
downward force
acting on the
hanger for its :
downward W“’I‘*'"? ‘3 '-‘W“TW ...1?""“"' Jf%ﬁ“" . 1
acceleration.




(i) By considering the motion of the whole system, or otherwise, write an (b) Calculate the slope of the graph. Hence find M using the result of (a)(iii).
equation relating m, a and mass M of the trolley. (1 mark) (3 marks)

Suggested Solutions Students’ Responses
Suggested Solutions Students’ Responses SloPe G (g Sl £ 42 pagl = -f_,é;;‘_?;_

= ——25 (m s kg™

ByF,.,=ma Ma__.__ [m—rM}a\ 0 = aof .'/
) Mo ".""’\‘f ____________
mg=(M+0.)a A Cmsan T,
a (0atAtn) o ‘/"‘ m.=hd)
""""""""""" e = ~.slope of the graph = 25 = A;f(il M= D-332% l"? ...
4’“?‘\ S Cm+ lat?cx‘{’ Cm_ }9 . M=0.292 kg /
430w ‘M&CMJ—@J%\\_)/ 1 “ '-:%s%‘* ﬁmg-}%ﬁ
1 ............. 7,? = 4* 3&’[ (ﬁ‘l)x
Q| ‘fM
N ok Tt 3 W A

2021 HKDSE - Physics
1B - QUESTIONS 6,7 & 8
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6. (a) When red light of wavelength 4 = 675 nm is incident at an angle of 30° from air to glass as Fi 6. (a) (i) What is the frequency of the red light in glass ? ! =

shown in Figure 6.1, refraction occurs such that its wavelength in glass becomes A' = 450 nm ' Ms | @ ® < 2

| while the angle of refraction is 0. | Ao

| EE { 3x10® M IM for correct substitution I
] |  675x10° 1A Not as well
i ' B s =4.444444 x 10" Hz = 444 x 10" Hz answered as i
expected. |

‘ Candidate’s Response ‘ Wi bt Reguenny ofshoted fightin glaes 2
_ = v=tA
Figie s sed light 308 = § ((op?) - 3ef= (415 ¢66")
; ..f......i.....&.x.‘f.‘é..x.m.'.‘f. e .2 % re™ 4,

Make sure that the correct The frequency of ight is
v and A are selected when irrespective of the

using wave equation. medium concerned.

{ 6. (a) (ii) Find 6. ficsn f i 6. (a) (iii) If the red light is replaced by blue light,d will decrease. Compare the refractive index of glass for the Be=
| MS - et red light and blue light. et
1 (i) sz _c_ 4 I
{ sinf v A I | L Lo
| _ers IM IM for correct substitution | MS (iii) The reﬁactl\fe index of glass for blue light is greater (than Accept : 11y > Ny
| Ty : | that for red light). LA E
o | . _ (450 o | o | 1 |
i smS—Hsmiw I i ... I
_ s o 1A pesnes | k
@=19.471°=13.5 ! ‘ Candidate’s Response ‘ !
2| I Well answered
[Candidate's Rosponse | et s 7 565 §or 160 T T Subioe] L
: " rtan et of blae [TH"
ain glens F 530 = 1850 Misconception
\r:L‘}.‘U}w'o'*)tf}SU*Lﬂ"‘] G- 195", dsn@=nd fe D
P LI M;"" A5 = u){(ﬂi) o | B
e 7 B Tt T gt B Be A od blme Goht chovTer  tlow vt of bed |
T TR o | ; Ffvoutive Mo onlA Y€ spupeAler
= £ eo-6) Care needs to be taken
477 in identifying the correct

angles of incidence and
refraction.

11
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6. (b) Figure 6.2 shows a system for projecting a transparent photographic slide O onto a screen. The
slide and the screen are 1 m apart. A beam of white light illuminates the slide. The position of
lens L is adjusted until a sharp image of O magnified linearly to 9 times is formed on the screen.
NOT drawn to scale
lens L
abesmof 3 (m
white light — 5
> J
shide O
(transparent)
Figuse 6.2 e
-
 beam of 5 O
whitelight 5,
—
1m
) &
- X £ ® @
6. (b) (iii) Draw a ray diagram to show how the | MS
image of slide O is formed on the
screen. Locate the focus F of lens L
on your diagram and find the focal
length of L. (Slide O and the principal
axis of the lens have been drawn for you.) principal
Location of F/ 1M le.c.f from (b)(i1)
Correct light rays from object to image M le.c.f from (b)(i1)
Correct position and size of image 1A
Focal length of L =9 cm 1A [Accept - 8 cm to 10 cm
'Withhold 1 mark for
dotted line,
M1SSINE arrow,
incerrect d of light rays etc.
5
!

@

: (')t

-
o~
6. (b) (i) State the nature of this magnified image.
(ii) Find the separation between O and L.

MS (b) (i) real and/or inverted

(i)  10ecm

1A

NOT accept : laterally inverted

Well answered

‘ Candidate’s Response ‘

OO | The im

iy [ _ 1=l
T R )
vERu, u= bim

OL: seeen = {31fq

The. sppeatinn & Thbaen Oand Lz F 2 0.25m

(&}

) |
- s
6(b)(iii)
Candidate’s Response
|
Toa |
FecallsglorL=___ 1. GM Focal longth of £ = 1 em

: (')t




2

6(b)(iii)

‘ Candidate’s Response

e ——

LomE - 18em roctengore = V9, C¥1 = DY

o

)

7. Read the following passage about eddy currents and answer the questions that follow.

e

o

Eddy currents are induced by changing magnetic fields. They flow in closed loops in conductors like
swirling eddies in a stream, perpendicular to the direction of the magnetic field. They are commonly applied
in braking known as ‘eddy braking’.

The heating effect of eddy currents is used in induction heating devices, such as induction cookers. The
resistance felt by the eddy currents in a conductor causes Joule heating. However, for applications like
motors and transformers, this heat is considered as a waste of energy and as such, eddy currents need to be
minimized.

Eddy currents can be removed by cracks or slits in the conductor, which prevent the current loops from
circulating. This means that eddy currents can be used in detecting defects in materials. The magnetic field
produced by the eddy currents is measured, where a change in the field reveals the presence of an irregularity

in the material.

o

o)
-
6. (b) (iv) When a black-and-white slide is projected onto the screen, the image has colour edges.
Explain briefly. (Hint: the lens is made of glass.)
MS (iv) White light composes of different colours. 1A

Since the refractive indices of glass (the medium of the lens)
are different for different colours (i.e. dispersion),
the sizes of the colour images on the screen are slightly

Not as well
answered as

different. 1A expected.
‘When these images overlap on the screen, colour edges are
seen.
2
- int: the lens is made of glass.) 1 {2 mar]
‘ Candidate’s Response ‘ frgw

. ..dfﬁm.'(.......wlmk?‘..m ......... dffocest . v wlmdine. Tlep
A'\ lase. fo.. e A rnalt ‘!" n‘??tr- Fradran. 1l
b diffaand bl d‘#w‘f waleur

Tt Lons havp vefvadive ndex | et metipu |l oy,
“ylabn . Seme Guale . 0y gk i@ Tovglh thy
o, i, agill. deffim <, diffes it i
g oy gkt s ooy gl Ty

Misconception

e

{o

1e

2

7. (a) (i) In Figure 7.1, a permanent magnet with north pole facing downwards is held stationary. A metal sheet

bﬂ

moves past the magnet (the direction of movement is not shown) and eddy currents are induced as shown.

Briefly explain why eddy currents are induced and state whether the metal sheet is moving forward,

backward, towards the left or towards the right.

stathonary
backward magnet
et J
=D right —
Figure 7.1 forward
& [z
metal sheet
MS | fa} (i)  Eddy currents are induced to oppose the change of 1A Accept “change of magnetic field’

magnetic flux due to the movement of the metal sheet.

Moving to the left 1A

{o

1e

13
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7(2)(i)

‘ Candidate’s Response

Fawalhs.. fo. feff. /\

clhowp e, in

twhy. e eartel Sheef. ... ioawutdy. Ehere. it o

mvbﬂﬂpﬂ‘t fielol . o ke Ih-“ﬂ‘ E?}- Lenze fow, an_eddy

eresdy whl Apaoge.. ihe CN»“}IF i m}jm’ﬂ'*{?&!{, I .

The scheet Lr rdudng fo_tha  left

o

10

2

7. (a) (iii) Although eddy braking has the advantage of being contactless, traditional frictional braking cannot

be totally replaced by eddy braking. Why ?

s |

(1ii) Limitation:
The eddy brakes only work when vehicle is moving.
e.g. The vehicle cannot park in stationary positions/still on |1A
a slope.

Poorly
answered

‘ Candidate’s Response ‘

while

~_ Unditiond frictiond bralry  ca | o__c_!c._.__’-c‘?sc...am_.ﬁ
1A

pb‘fr bk come

Ay Hhe speed of acwr is dewussny the effed ot oddy
biekery is. getny smaller. The. brabin Lf
Lo slop He car

e me

VT @

bj....edd_l’... Lo vents

avses  Joule

[reasting. ... which 35 (onsidered. . & Mﬁeog'emcjg @
Tewrefore, Axodidiove\ Fricione) lbreckivy an be mare. effition

o

10

2

o

7. (a) (ii) State the energy changes in the process in which the metal sheet is slowing down to stop.

ms |

Kinetic energy = Electrical energy
= Internal (heat/thermal) energy

24

‘ Candidate’s Response ‘

T

T Q“'/’:t,-}.._&f'_l}k_.p.hwra fron. tlrtac et Ko Wt gy

Not as well
EUNTCEICHES
expected.

[ Mechai m...Eham.!{]....shn.v.\aﬂ. . eledricdl .| & |\
BT tuevny... (htin.. e Inds.. by vty 0A
@ @
) )
7. (b) An induction cooker of rating ‘220 V, 2000 W’ operates for 15 minutes. How much should be paid if
1 kW h of electrical energy costs $1.1 ?
MS (b) Energy consumed = 2 kW xgh 0.5kWh M
Cost=$ L1 % 0.5 =5 0.55 1A pid  \Well answered
2
‘ Candidate’s Response
__E_'_f__logu_ﬁ__rs_‘ ﬂ-?-- Moo v leoolk = 2l
= [f ooovo g [—_1 " M
-1 2011 =
lort = tguoows / TLoodus I/ | St 1 "
= boss
TDovs b5 H ba oM
0A
....... 4/ ;g.k—‘;

10

10
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7. (d) Eddy currents can be used to detect defects in materials. When there is a crack in a material, how would
s | the magnetic field due to eddy currents change ? Explain briefly.
MS | (c) Lamination, 1A {
L i.e. the cores of these devices are made up of multiple insulated MS

sheets of metal.

7. (c) State a method to minimize eddy currents produced in the iron cores of motors and transformers.

(d) The magnetic field (produced by eddy currents) measured will 1A
decrease (where there are irregularities).

1 5 it It is because the crack will reduce

Candidates should learn
the correct spelling of
scientific words.

{ ‘ Candidate’s Response ‘ { ‘ Candidate’s Response ‘

Nse . [Namentate ol Aty

i)

Lle.. . Conamere  cvacks . ov. .. alds o dw Al
?(M\\S‘ e eulTemt Ioaps
........... £ Lol A el ating -

Cunrhnnn., e vt ur«s‘i'ﬂ‘fnzwm!ﬂn‘s 0A
e ® Q@

BN S e (5 eld | ol b pedead,

... 00k,

comduetos et ege{\r; Cony et P L ) P CL.\-fpd

| Pt A G M T Totteplete . Alee 7).
aos Habe claly. . Todaied .. Lbe . To FU . eretida Pt et
Ee 2 V7

()

The magretre f7eid  chamge s the eddy cureee) B2
was  affecel o, eneed by @ Caw noo meted( B

Try to use correct e
scientific terms rather fs
than a description of them.

¢ . |©® e
: 8. (a) When the switch is closed, the ammeter reads 8.5 mA. !
(i) What is the p.d. between A and B ?

o

8. Figure 8.1 shows a circuit for measuring the resistance of resistor X connected across P and Q.
The resistance of resistor S is 10 kQ. The internal resistance of the 9 V cell and that of the
ammeter are negligible.

MS |(@ (D) Fag=(8.5 % 107 A)x(1 k) M
“8SV 1A Well answered
R(1kQ) of’-%m ‘ Candidate’s Response ‘
4| 1 |
: ! N ’ | =1k "
| ; - :
: 5(10kQ) : pd= 1N Y S8 1w
Figure 8.1 D [t C = gey
<

Make sure that the correct
resistance is selected when
using Ohm's law.

Be sure to know the standard

Sl prefixes and be able to apply
the correct power of ten.




@

8. (a) (ii) Find the current passing through resistor S.

\ﬁ (ii) 85V

Current through §=
27 Toka
=850x 10 A=0.85mA

1M AB//CD, current through §

1
1A =(85x103A
@S 107 A5

‘ Candidate’s Response ‘

TEG oxwew
AoINor

I
[ 3 10y

.._......M.:...S,;.lmztﬂ :

Make sure that when using

V = IR the potential difference
has to correspond to that e
resistor. -

@

: ‘ Candidate’s Response ‘

P_-“-Suﬂn-l

8. (a) (iv) Deduce the p.d. across resistor X. Hence, find the resistance of X. .
MS | (iv) pd acrossX=9-Fp=9-85=05V IM e.c.f from (a)(i)
Current through X'= (8.5 x 107) + (8.5 x 10~
ot through X'=(8.5 x 107) + (8.5 x 107 IM e.c.f from (a)(ii)
=935% 1077 A
05V
Resistance of X =
of 935x 1073 A
=534760Q=5350Q 1A
3
e bt Yaked o poedid
Cowleny  ditated sl e
d: 1-85 = 0.8V £ -
P-4 1 LD e RRE DL
0.5 = (8s+0- 8w x ¢ A s DL2 S8
DA aemy w = 1-8320.5¢ M
M
......................... 0A

& _':@

@

8. (a) (iii) Indicate on Figure 8.1 the direction of current in each of the three branches via C.

MS | iib) _
R(1KkQ) ":,._lgm“"
A —1 \,_A/ B Well answered
S(10 k)
n — 4 C A 2A for all correct
1A for any TWO correct
S ev
S 0
. i — 2

; ‘Candidate‘s Response ‘

ol ROk  O-10mA RO k) -
sy 4 2 A B
| ] |
| S0k 510k
e 1 D ¥ o & AN Fad b — Fad
=) —

1A 1

L]

G5

L
o]

e

&)

8. (a) (iv) Deduce the p.d. across resistor X. Hence, find the resistance of X.

Candidate’s Response

2. aoyors vesidor x. = - 2.3

;G-SV//

-Lu _ RN AP A0
By T bt 9 R= oS

R=1947.01 JL

Ry.=.83:5 Sy

R
TRV o SN R e s

gol= -85 < 28V
e;;r?ﬂ&w{m-{ﬁ'%?.‘:l— RIS RS

@..‘;‘i 3 q‘h‘i;ﬁj PP e rrr s ran e
W o2 - R
R= (240

As simple as
possible




o

)
8. (b) State the purpose of connecting resistor R in series with the ammeter.

MS (b) To prevent the ammeter from overloading (when PQ is shorted
or the resistance to be measured is too small) 1A

. Poorly
I answered
‘ Candidate’s Response ‘

et shact  cirentd. ﬁ 0A ] s

Sk B aeeter o MtasvR, ek AT pAV)
...... "(\\xﬂh?m

i Read the question
To_ensue He _Corpent pZMg Hhoush s Ll same carefully and answer
; ...._.E..t.-}......ﬁa..@s}n.q__ Hll'a.t{gk. : '[r.a fihmedee e e exactly what is asked for

10

D

o
o

Thanks!
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QUESTION 2(a)

2. Adiver makes a sound by tapping a metal cylinder at sea level. Within a time of 0.04 s, the sound goes vertically

to the seabed 30 m below and echoes back to the sea level.
I

(a) Estimate the speed of sound in sea water. (2 marks):

Marking Scheme Candidates’ Performance

Candidates’ performance was satisfactory.

30X2

0.04 Quite a number of the candidates did not
realise that the sound travelled twice the
water depth within the time interval.

=1500m s




QUESTION 2(a) Sample QUESTION 2(b)(i)

(a) Estimate the speed of sound in sea waler, (2 marks) . sea level (1.0 atm, 27 °C)
30 metal cylinder of |
i
v= —‘>< /I compressed gas 0
0.04 Figurc 2.1 (0.012 m?, 18.5 atm) 30 m |

=750ms1X
 seabed (4.0 atm, 20 °C)

1
;( u+vjt

The metal cylinder of volume 0.012 m® contains compressed gas under a pressure of 18.5 atm is initially at sea
level, where the pressure is 1.0 atm and the temperature is 27 °C. The diver then brings the cylinder to the
seabed where the pressure is 4.0 atm and the temperature is 20 °C. Assume that the volume of the cylinder
remains unchanged. Given: atmospheric pressure 1.0 atm = 1.01 x 10° Pa

v=1500 m s-! X *(b)(i) Show that at the seabed the pressure in the cylinder becomes 18.1 atm. (1 mark)

%(0+ 1(0.04) X

Marking Scheme Candidates’ Performance

1
By s= ut+ —at
2 D1 D2 i
—= = Most were able to apply ideal gas
T Tz equation to answer although a few

18.5 D2 1M candidates forgot to add 273 in

30 = u(0.04)+ =(-9.81)(0.04)2%

m T 273420 converting temperature in degree
p, = 18.068333 atm ~ 18.1 atm Celsius.

u=750.1962
~750 ms1 X

QUESTION 2(b)(i) Sample QUESTION 2(b)(ii)

*(b)(i) Show that at the secabed the pressure in the cyvlinder becomes 18.1 atm, (1 mark) Jovel (1.0 atm, 27 °C)
- . sea level (1.0 atm, 27 °
By Py — P_2 metal cylinder of :
Ty Ty compressed gas :
_ Figure 2.1 (0.012 m?, 18.5 atm) 30m
18.5x1.01x10" P2 5
274273 204273 v ]
2 L
p= 1824901.667 Pa seabed (4.0 atm, 20 °C)
= 18.0683 atm The metal cylinder of volume 0.012 m® contains compressed gas under a pressure of 18.5 atm is initially at sea
~18.1 atm level, where the pressure is 1.0 atm and the temperature is 27 °C. The diver then brings the cylinder to the

seabed where the pressure is 4.0 atm and the temperature is 20 °C. Assume that the volume of the cylinder
remains unchanged. Given: atmospheric pressure 1.0 atm = 1.01 x 10° Pa

(0.012)18.5x1.01x105 = 2(8.31)(27+273)

*(b)(ii) Explain the pressure drop in the cylinder using the kinetic theory. 2 marks
1n=28.99 mol (b)) Exp pr rop i yli g 1y. ( )

8.99(8.31)(20+273) Marking Scheme Candidates’ Performance

pressure at the seabed = = = v4 /
1.01 x10°

= 18.1 atm

As the temperature decreases, the speed
/Kinetic energy of the gas molecules

decreases. 1A

A lot of the candidates were competent in
using kinetic theory to explain the
pressure drop.

They collide less frequently and/or

185 _ Pz violently with the wall of the
27 20 container/cylinder.
p2=18.1atm Thus, the pressure decreases.




QUESTION 2(b)(i) Sample

(i1) Explain the pressure drop in the cylinder using the kinetic theory.

(2 marks)
When the metal cylinder of compressed gas reaches

the seab ed/\the average kinetic energy decreases, X

the gas particles collide less frequently with the

cylinder Wall,\tﬁe pressure drops

As volume remain unchanged, the temperatureg
decrease so the gas molecules moves slower'in the
cylinder and COlllSlOl}{leCI‘CaS{! X Therefore
pressure drop.

v Temperature decreases
~ Internal energy of gas molecules decreases
~ Speed of molecules decreases

~ By pV= %ch_'?"

X
«+ ¢Zdecreases, Vconstant
~ pdecreases

QUESTION 2(c)(i)

*(¢)The diver then inflates identical balloons each to a volume of 0.015 m? by using the cylinder of compressed

gas at the seabed. Assume that the balloons are inflated slowly so that the temperature of the gas remains
unchanged and the final pressure in the balloon equals that at the seabed.

balloon inflated to 0.015 m* | Hofdraw tuscale
(pressure equals that
= metal
at the seabed) ~ / O~ EliAes
Figure 2.2 balloon being inflated at the

seabed by compressed gas
(i) Show that the gas pressure in the cylinder decreases by 5.0 atm after inflating onc balloon. (2 marks)

Marking Scheme Candidates’ Performance

ny=nm + n, 1M
o=+ pl,
18.1 x 0.012 = p, x 0.012 + 4 x 0.015 1M

Candidates employed different
approaches including mole ratio or
pressure ratio.

p;=13.1atm
(i.e. Ap=15.0 atm)

QUESTION 2(b)(ii)) Sample

(i1) Explain the pressure drop in the cylinder using the Kinetic theory.

(2 marks)

As the volume and mass of the cylinder stay
constant, the pressure is directly proportional to
the temperature in Kelvin of the cylinder. %
Therefore, as the temperature of the cylinder drops,
the pressure drops too.

QUESTION 2(c)(i) Sample

(i) Show that the gas pressure in the cylinder decreases by 5.0 atm after inflating one balloon. (2 marks)

By pV= nRT
4x%0.015

RT
4x0.015

—&r_<RT xRT\/‘/

Change in pressure = =5atm
0.012

Change in no. of moles of gas =

no. of mol of gas in cylinder before inflating a
balloon

18.1%1.01x105%0.012 21937
RT ~RT
no. of mol of gas after inflating one balloon

21937 4x1.01x105%0.015 15877
RT RT ~  RT

15877
= —_— 18.1\6/13.1 atm
21937

decrease in pressure =18.1 -13.1 =5 atm

19



QUESTION 2(c)(i) Sample

(i) Show that the gas pressure in the cylinder decreases by 5.0 atm after inflating one balloon.
for 1 balloon,

4x1.01x105x0.015 + (20+273) = nR=20.6826
for the cylinder originally,

18.5x1.01x10°x0.012 + (27+273) = n'R=74.74
for cylinder after inflating 1 balloon,

px1.01x105x0.012 = (74.74 - 20.6828)(20+273)

p=13.0683 atm

decrease in gas pressure = 18.0683 - 13.0683
= 5.0 atm

(2 marks)

mh=mb
0.012(18§5x1.01x105)20'012p+0.0 15(4x1.01x105)x

.
1.01x105

=135

p=13.5atm
decrease in gas pressure in cylinder =18.5 - 13.5
= 5atm

QUESTION 2(c)(ii)

*(¢)The diver then inflates identical balloons each to a volume of 0.015 m? by using the cylinder of compressed
gas at the seabed. Assume that the balloons are inflated slowly so that the temperature of the gas remains
unchanged and the final pressure in the balloon equals that at the seabed.

balloon inflated to 0.015 m? l Napdeawtscale
G s e
Figure 2.2 balloon being inflated at the
seabed by compressed gas
(ii) Hence, find the total number of balloons that the diver can inflate completely. (2 marks)

The pressure decreases by 5.0 atm for inflating
one balloon. assume kballoons can be inflated
completely:

Quite a number of candidates did not

realise that the pressure of compressed
18.1—4.0 gas needed to be greater than the

18.1-5.0k24.0 or ks———=282 1M | pressure outside, i.e. 4.0 atm at the

k=2 1A seabed.

OR

18.1x0.012=4xF, V=0.0543 m?
0.0543 - 0.015x k> 0.012
k< 2.82 k=2

QUESTION 2(c)(i) Sample |

(i) Show that the gas pressure in the cylinder decreases by 5.0 atm after inflating one balloon. (2 marks)

- gas temperature remains unchanged, by Boyle’s law.
Let xbe the pressure change
(18.1- x(0.012) = 18.1(0.015) X
(0.012)(18.1- x) = 0.2715
x=-5.0atm

(0.012)(18.068) = (0.012+0.015)p X
0.216816 =0.027p
p=28.030 atm
.".The decrease in pressure is 18.068 -

By Boyle’s law

nh=mh

4 x 0.015=m x 0.012 X
2 =>5atm

QUESTION 2(c)(ii) Sample

(ii) Hence, find the total number of balloons that the diver can inflate completely. (2 marks)

Total 3 balloons (including the balloon in (i)) can
inflate completely. 3

Let n be total number of balloons diver can inflate
completely,
5n<185 ¥
n<s37
» total number of balloons diver can inflate
completely is 3. ¢

(18.1)(0.012)

8.31(273+20)
S(o01s)  ~2896 X

8.31(273+20)

~total numberis 2. ¥




QUESTIONS(a)@))  QUESTION 5(a)(i) Sample

5. A rocket carrying an artificial satellite is launched vertically from the Earth. When the rocket is at a certain (a) (i) Assuming that the speed of the rocket is negligible, estimate v.

height from the Earth’s surface, it expels 2.60 « 10° kg of gas per second with a certain speed v towards the

Earth’s centre. As a result, an average thrust of 5.20 « 10° N is produced. Neglect air resistance. F=ma

|
|
\ 5.2x106 = (2.6x10)a €
(a) (i) Assuming that the speed of the rocket is negligible, estimate v. (2 marksh 2000 ! -
a= myse

Marking Scheme Candidates’ Performance v=u+ at
v=2000m/s X
F=ma
Candidates’ performance was fair in _
m(v—u)
t
— =il 3 g
v=2000ms™ 1A | Some candidates failed to relate the  2.60%103(v—0)
average thrust to the rate of change of 5. 20%106 =———
momentum of the exhaust gas

2.60 X103 xv 6
= ——F—= 5.20x10° 1M general. =

1
y=2000m s-l‘/

F
v= = X
5.20x10°
T 2.60x10%
2000 mst X

QUESTION 5(a)(i) Sample QUESTION 5(a)(ii)

(a) (i) Assuming that the speed of the rocket is negligible, estimate v. (2 marks) 5. A rocket carrying an artificial satellite is launched vertically from the Earth. When the rocket is at a certain
height from the Earth’s surface, it expels 2.60 x 10° kg of gas per second with a certain speed v towards the |
P Earth’s centre. As a result, an average thrust of 5.20 x 10° N is produced. Neglect air resistance. i
=1V
(a) (ii) At a certain instant, the total mass of the rocket and the artificial satellite is 3.60 x 10° kg while tha|
acceleration due to gravity at the rocket’s position is 8.56 m s, Estimate the acceleration a of the rocket

 § :
5(2.()}(103) 1w =(5.2x109) vy at this position. (2 marks)
v= 4000 ms! 3 Marking Scheme Candidates’ Performance

E
pP==
t

In applying Newton'’s laws of motion to
find the rocket’s acceleration, weaker
1M | candidates omitted the weight mg

) s or wrongly took the net force as
=5.884444ms? ~588ms* 1A Fy + Mg




QUESTION 5(a)(ii) Sample

(ii) At a certain instant, the total mass of the rocket and the artificial satellite is 3.60 » 10° kg while the
acceleration due to gravity at the rocket's position is 8.56 m s>, Estimate the acceleration a of the rocket
at this position. (2 marks) |

F=ma
5.2x106 = 3.6x1052 X
a=144ms? X
5.20%x10%43.6x10° x8.56
a= - X
3.6x105°
=124ms2¥

F=ma-mg

5.2x106 = 3.6x105(a2-8.56) &
a~23.004
~23.0ms2 X

F=ma N
3.6x105(9.81 - 8.56) = 3.6x10°a X

QUESTION 5(a)(iii) Sample

(iii) Suppose the rocket keeps expelling gas at the same rate for a few scconds.
acceleration increase, decrease or remain unchanged in that duration 7 Explain.

Would the rocket’s
(2 marks)

As the rocket keeps expelling gas, the mass of it will
decrease. The gas is kept expelljng at a constant
rate, the thrust will be constant” By Newton's 2nd

law of motion, the acceleration will increase. ./

Increase;}q the acceleration due to gravity is lower as
the rocket goes further, the weight of the rocket will
decrease and so the acceleration of the rocket
increase.

Increasg/when the distance between the rocket and

the Earth increase, the gravitational force act on Ke
rocket decrease, so the acceleration will increase,

QUESTION 5(a)(iii)

5. A rocket carrying an artificial satellite is launched vertically from the Earth. When the rocket is at a certain
height from the Earth’s surface, it expels 2.60 x 10° kg of gas per second with a certain speed v towards the
Earth’s centre. As a result, an average thrust of 5.20 x 10° N is produced. Neglect air resistance.

(a) (iii) Suppose the rocket keeps expelling gas at the same rate for a few seconds.
acceleration increase, decrease or remain unchanged in that duration ? Explain.

Would the rocket’s
(2 marks)

Marking Scheme Candidates’ Performance

Candidates performed poorly. Not many
were able to point out that the average
thrust remained the same while the
rocket’s mass decreased.

The acceleration would increase. 1A

Although the thrust remains the same, the

mass of the rocket and/or gdecreases. 1A

QUESTION 5(a)(ii) Sample

(iii) Suppose the rocket keeps expelling gas at the same rate for a few seconds.
acceleration increase, decrease or remain unchanged in that duration ? Explain.

Would the rocket’s
(2 marks)

Acceleration will increase,/ As it moves away from
the earth, the acceleration due to grayjty decrease
while acceleration due to expelling gas is the same.
The resultant acceleration will increase.

The rockets acceleration increasg/as rocket keeps
expelling gas and by newton 31 law of motion, the gas
provide a force to put the rocketand accelerate

Incrcasq/ Since the mass of rocket decreases and
the net force remains unchange*g = [/ mincreases.

22



QUESTION 5(b)(i)

*(b) The artificial satellite is put in the geostationary orbit of radius # around the Earth. It appears to be always

stationary above an observer at the equator.
(i) State the period of this satellite.

Marking Scheme

24 hours / 1 day / 86400 s

QUESTION 5(b)(ii)

*{b) The artificial satellitc is put in the geostationary orbit of radius # around the Earth. It appears to be always

stationary above an observer at the equator.

(ii) Show that r is approximately 42000 km. (g=

Given: radius of the Earth = 6.37 x 10°m

Marking Scheme

24X60%X60

=9.81x (637 x 1092 X (————)% 1M

r=4.222197 x 10’ m ~ 42000 km

(1 mark)

Candidates’ Performance

A few candidates mistook the period of
the satellite around the Earth as 1 year
or 365 days

9.8l ms?%) (2 marks)

Candidates’ Performance

Only the more able ones knew how to

GM
make use of — = g to tackle this
R

part.

QUESTION 5(b)(i) Sample

(i) State the period of this satellite.

365 days X

The time to make one complete revolutio

QUESTION 5(b)(i)) Sample

(ii) Show that r is approximately 42000 km. (g=9.81ms™?)

Given: radius of the Earth = 6.37 « 10°m
Sord = gt
2T 2
q w1002 = v
9.81(6.37x109)? = r1 (5 ——==) p
ri=42.2x10m
=42222 km
~ 42000 km

M=596447x10%* kg

GMm

=
mawm-r 2

r

4m? G(5.96447x10%%)

(86400)2 (6.37x106+71)3

(1 mark)

(2 marks)




QUESTION 5(b) (i) Sample QUESTION 5(b)(ii)) Sample

(ii) Show that » is approximately 42000 km. (g=9.81 ms %) 2 marks) (ii) Show that »is approximately 42000 km. (g=9.81 ms%)
Giiven: radius of the Earth = 6.37 « 106 m Given: radius of the Earth = 6.37 ~ 10°m

GMm - ro?=981
= mro?

N atin v
M 2m, (F)"=981
=G

(2 marks)

; 2 _~2
GM (1)  2m, £ =38ls 86400)
= (?_) - (? r’ =1.85x10° m
g _ (2_11)2 X r = 1.85x10°+ 6.375x10°
T T

=1860000 km
9.81

v2
6.37x106 =g

41
(24 x 3600)2 =

gR?

r=42000 km

QUESTION 9(a)(1) QUESTION 9(a)(i) Sample

9. Potassium-40 (§5K) is a natural radioisotope of potagsium.

(a) (i) What kind of decay does j9K undergo if it decays to 30Ca ?

(a) (i) What kind of decay does ng undergo if it decays to 330a ? {1 mark) :

227

Marking Scheme Candidates’ Performance

f decay / beta decay The performance of candidates was good,

OR most candidates knew that £ decay

occurred.
40 40 0
10K = 30Ca + _1B




QUESTION 9(a)(ii) Sample

(i) As banana is rich in potassium, a student claims that the radiation emitted by 19K after cating a few
bananas can be detected outside the human body. Explain whether this claim is justified. (1 mark)

QUESTION 9(a)(ii)

9. Potassium-40 ($3K) is a natural radioisotope of potagsium. ‘

(a) (ii) As banana is rich in potassium, a student claims that the radiation emitted by fl‘gK after eating a few :

bananas can be detected outside the human body. Explain whether this claim is justified. (1 mark) ‘

Marking Scheme

Justified: the penetrating power of beta
radiation enables it to penetrate body’s
organ/skin. 1A

OR

Candidates’ Performance

Candidates’ performance was fair.

Some explained in terms of ionizing
power or range of S particles instead of
penetrating power.

Not justified: the activity is low and is
comparable to background radiation / S
radiation is (largely) shielded by the human
body

QUESTION 9(a)(ii) Sample

(ii) As banana is rich in potassium, a student claims that the radiation emitted by 9K after cating a few
bananas can be detected outside the human body. Explain whether this claim is justified. (1 mark)

* 49K has along half-life
16K will not decay immediately after been eaten

. No

No. As is very stabl%nd less likely to undergo
decays.

Beta particle has high ionization power, they can
can be detected outside the human body.

No. £ particle is blocked by 5 mm aluminiung
Thus g particle cannot be detected outside the
human body.

No, as occurrence of decay is slowo‘radiation
would not be detected even after the potassium
in banana is 7 7 the human body.

As potassium-40 undergoes f§decay, S particle Is
emitted. As f particle is too largg(to pass
through human body, radiation emitted will not
be detected outside the human body. The claim

is not justified.

QUESTION 9(b)(i)

*(b) A banana typically contains 0.45 g potassium in which 0.012% by mass is fg’K while the rest is igK
Given: half-ife of 12K = 1.25 x 10% years
1 year =3.16 x 107 seconds
molar mass of 3K =400g

(i) Estimate the number of moles of 19K in a banana. (1 mark)

Marking Scheme Candidates’ Performance

0.45 X 0.012%
40.0

= 1.35x 1076 (mole) 1A Well answered.

Some candidates forgot to multiply
0.012% or multiplied 0.012 instead of
0.012%




QUESTION 9(b)(i) Sample

(i) Estimate the number of moles of '{gh in a banana. (1 mark)

Mass of 10K inbanana =0.012% x 0.45
=5.4x10% g
5.4%x1073

40
=1.35x10- mole X

No. of moles of #9K inbanana =
19

0.45 x 0.012% = 5.4x10° X

0.45
No. of mole = T =0.01125 X

0.45%x0.012%

6.02x1023) = 8.127x1017 ol
St x (6.02x1023) X *10

QUESTION 9(b) (i) Sample

% = £ = (125x10%)(3.16x107)
k=1.45x10-17
A= Nk
0.45%12
- ( 1000

)(1.45 x10-17)
=7.90x1021Bg K

_ In2
"~ 1.25%10?
Activity = 5.545x1071% x (1.35x10°6)(6.02x1023)
=4.506x1020 BqX

= 5.545x10'1v

t!‘k
=1.75:10-17(1.35-104)
=2.361021 Bq X%

QUESTION 9(b)(ii)

*(b) A banana typically contains 0.45 g potassium in which 0.012% by mass is 181( while the rest is 3;31(.

Given: half-life of 13K = 1.25 x 10° years
1 year = 3.16 x 107 seconds
molarmass of K =400g

(ii) Deduce the activity, in Bq, of a banana.

(2 marks)

In 2
k= 1.25 x 109 (3.16 x 107) e
= 1.754803 x 10717 571
Activity = kN
=1.754803 x 10717
X (1.35 x 1076 X 6.02 x 1023)

=14.261284 (Bq) ~14.3 Bq 1A

Many candidates knew how to tackle this
part.

However, quite a number of them made
mistakes in units conversion or mistook
N as the number of moles of radioactive
nuclides.




Paper 2

Section A: Astronomy and Space Science

MCQ 1.5

Stars X and Y are of equal apparent brightness. Parallax of

star X is twice that of star Y. What is the ratio
luminosity of star X 9

luminosity of star Y

=

*A. " 46.2%
B. =
2
C. 2
|D. 4 favourable distractorl 26.7%

, Twice of parallax = distance / 2
Ix _1
Ly - 4

distance of a star o«
parallax

Luminosity = 4nR? oT* ,

Q.1 Multiple-choice questions
A B C D
1.1 8.6 G43) | 175 19.6

1.2 13.9 (52.6%) 15.2 18.3
1.3 18.9 14.4 13.8 (52.9%)

1.4 8.0 8.7 279 | 206
1.5 | (4629 14.0 13.1 26.7
1.6 17.8 14.7 225 (45.0%)
1.7 | (o2 [ 226 21.0 17.2

1.8 16.9 19.4 28.6 (G5.1%)

* : key ; Red colour : most favourable distractor

MCQ 1.6

The figure shows a snapshot of a group of galaxies.

f%’a&l distance A. (1) only

B. (1) and (3) onl
greatest | # %‘ (1) (3) only favourable
distance C. (2) and (3) only |distractor 22.5%

! ’
’
‘S‘z smallest distance *D. (1)’ (2) and (3) 45.0%

Which of the following statements is/are correct ?

(1) For observers in Galaxy 1, the absorption lines of Galaxy 4
shows a greater red shift than those of Galaxy 2.

(2) For observers in Galaxy 2, Galaxy 4 is moving away at a
higher speed than Galaxy 1 is.

(3) For observers in Galaxy 3, Galaxy 1 and Galaxy 4 are moving
away at roughly the same speed.

Hubble’s law: the recession velocity of a galaxy is
directly proportional to its distance
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MCQ 1.7

What information of a star can be deduced from its absorption

spectrum ?
(1) its spectral class
(2) its radial velocity

3) the chemical composition of its core

*A. (1) and (2) only 39.2%

B. (1) and (3) only favourable distractor

C. (2) and (3) only
D. (1), (2) and (3)

22.6%

The chemical composition of the surface of the star.

Q.1 Structured question

In our galaxy, there is a strong radio wave emitting source known
as Sgr A* which is located at a distance 7940 pc away from the
Earth. A star Xis found orbiting around Sgr A* in an elliptical

orbit with a period of 16.0 years.

(a) (i) The semi-major axis of the orbit, a, of star X is known to
have an angular size of 0.125". Determine the value of a

in units of AU.

0.125 T

angular size 8= 0.125" = X —
60X60 ~ 180

(1 mark)

= 6.06 x1077 rad

a=dx @ =7940 x 206265 x 6.06x107"=992.5 AU

Or By definition: 1" = 1 AU/1 pc
Hence, the semi-major axis

a=0.125" x 7940 pc = 992.5 AU = 993 AU (991 ~ 994)

MCQ 18‘ A. (1) only

power per unit blackbody B. ( 1) an d (3) on |y

area per o
P radiation curve

wavelength for a station favourable
/szu?csea " C.(2) and (3) only|distractor 28.6%

*D. (1), (2) and (3) | 35.1%

>

]
visible light

Which of the following statements about the Doppler shift of the
blackbody radiation from a source moving away from the Earth
is/are correct ?

(1) The peak of the blackbody radiation curve observed shifts to
the right.

(2) The temperature of the source inferred from the observation
is cooler than the actual value.

(3) The colour of the source observed looks different from that
of a stationary source.

The star moving away from Earth shows red shift = longer wavelength

The colour of the source inferred from observation is more red, i.e.
cooler than the actual situation.

wavelength

Revealed that many candidates did not fully understand the
concepts of parsec and angular size. Quite a number of them
were not aware that the angle must be in radian when
calculating the angular size.
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(ii) Hence use Kepler’s third law for elliptical orbits, T? = 41;# , In (a)(ii), most candidates were able to start with Kepler's third law

to show that the mass of Sgr A* is about 3.82 x 106 times the but less z.;lble ones fa!led to compare the Sgr A*-X and Sun-Earth
systems in order to find the mass of Sgr A*.

observer on Earth

mass of the Sun. (2 marks)
| ;v'ﬁ’f-. - N7 ':g\ .
. R e A ~—aher VA
Consider the Earth and the Sun, we have U s - yat 1*
a=1AU M=Mgand T =1 year ' T Mg e
M aBav, lo® . S . émm,_ ............. X
= 12‘3‘}{ = 3.819017 X 106 ~ 3.82 X 10 2 Tl Tt
’ Cryr lyr ) ___Ta}_,‘,' ( 2o ga_,ﬁi\ b
T; ra L ﬁs J M V
e : :
1 M : Compare the two systems using Kepler's third law. : Cf-—}-—.« W m/) ‘MS e v
1M : Correct substitution (0 M if a(i) is incorrect) W P g Ly
b. As shown in Figure 1.1, an observer on Earth is aligned with the _ o
semi-major axis of the elliptical orbit ABCD of star X. The ;‘
variation of the radial velocity Vv, of X along the line of sight is ‘“ !
shown in the graph below: v, is taken to be positive for an object .|
receding from the observer while a negative v, implies an ] .
approaching object. The possible locations of Sgr A* are s 0 00
positions 1 or 2. (i) Give one method to determine v,. State the difference in
o observation for positive and negative values of v, in your
proposed method. (2 marks)
observing al.o:[g 3
<( *************** e T e Radial velocity v,: measured by Doppler shift of

spectral lines (emission / absorption lines) of star X.

—_—
positive direction of v,

For positive v,, the observed wavelength of the

spectral features will be redshifted (larger wavelength 1A
or lower frequency) or blue shift (shorter wavelength

or higher frequency) for negative v..

Figure 1.1
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In (b)(1), candidates knew that the radial velocity could be
deduced using the Doppler effect.

V) omE s x Bek A nn s FEL R Gy

Ve, S5Ar#aes P38 4 6% 14 5
o WAK o b Vr o, s B b n26EY

b1 | &fmuﬁh,_. ,D.«,j,jz}s_c__sélﬁ:h_x/ﬂﬁ&e ute_ hefveen piflve |

ond npjuﬁvt vibes o re;:raea"f G,"j"”:"ft s

y{'!f{ flom x_

In (b)(i1), most knew that star X was at D around the year 2002.
However, few could correctly explain the fact that Sgr A* is at
position 2.

Some candidates confused radial velocity and orbital speed.

e B
(,'ﬁ) (@H Dosrtion 2. Sines odore ow\zl e,

ez O, Speed 35 o

X
@) B Ss B v foomtd ol positin 3 W v berawst e wehoty

¥ ooty whew ar X pavt Aom K o B e

b(ii)) State where star X is located, A, B, C or D, around the
year 2002. Hence determine the location of Sgr A*

(position 1 or position 2). Explain your choice.
(2 marks)

At position D (around 2002). 1A

Sgr*A at position 2

In 2002, v, of X changed from a large positive value to a
large negative value, indicating that it was affected by a
great gravitational force.

Accept: X moves faster when it is closer to the Sgr A*. 1A

(c) For a spherical celestial body of mass M and radius R, the
escape velocity from its surface is given by - /@

where G is the universal gravitational constant. Scientists believe
that Sgr A* is a black hole, which is supposed to have an
extremely strong gravitational field on its surface that even light
cannot escape. Using the above equation and the result of (a)(ii),
estimate the radius of this black hole (assume spherical mass
distribution) in units of AU. Given: GMg = 1.33 x10>°N m? kg!,
where Mg is the mass of the Sun. (3 marks)

30



OF . 2GM
As escape velocity v = <

26M
we have R=——.
v . :
Setting v as the speed of light ¢, radius of black hole . IM. Taking .
ZGMSgl, A . escape velocity = speed of light .
Rpy 5 -
¢
B = 2(1.33%10™ x3.82x10%) IM. Correct substitution: GM, x 3.82x10°
(3x10%)?

= 1129022 % 10 m= 113 % 10°m . _
= 0.0752681 (AU) = 0.075 (AU) (NOT accept in metres). 1A.

In (c), a considerable number of candidates mistakenly used the
radial velocity as the escape velocity to calculate the radius of

the black hole.

Paper 2

Section C : Energy and Use of Energy

e v+ F%f

J e \]
e ) e )
X - puime IR

R Axds 4 LAty
o
2T i 1o Teflale,

e = _leaM

X 2 - [ B3X1e%°
.......................... tgoo aX ]ogg;& =

r

r=2.96Xlo' ' m %

Q.3 Multiple-choice guestions

A B C D
3.1 4.7 19.0 |G2.8®| 3.2
3.2 9.4 23.8 |(61.4®

5.3

3.3 25.4 |65.89| 5.8 2.9

34 | 101 | 21.2 |@85®| 19.2

35 |(B5.09| 144 | 14.0 | 165

3.6 6.7 | 13.8 (735D | 5.8
5.0

3.7 &0.3% 39.2

5.4 .
38 |((636®»| 63 | 251 | 5.1

* : key ; Red colour : most favourable distractor
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MCQ 3.4 MCQ 3.7

3.4  The figure shows a conerete building of dimensions{35 m x 40 m = 50 i 3.7 The figure below shows a hydroelectric power plant.
It is given that the Overall Thermal Transfer Value (OTTV) of a building )
should not exceed 24 W m™®. Find the maximum number of windows, “'a‘e"l lle‘:'ﬂ "‘I‘
each of size|2 m = 3 m| that can be installed on the walls of the building if UPRELLCSeIVOIr
the equivalent temperature difference between the interior and the exterior A generator
of the building 15 10°C. E )
Given: U-value of the concrete of the building =2.0 Wm™2 K! 50 m urbine oo Jevel of
U-value of the glass of the windows =357 Wm= K™ lower reservoir
40m
35m
A. 960 A B G D
598 favourable distractor | .29 i i ; ;
:Ej 160 ‘21% . 302 O O O O Which factors below can atfect the maximum power output of the plant 7
D. 120 (1) The height difference between the water levels in the upper and lower reservoirs, /1.
(2) The distance between the turbine and the water level of the lower reservoir, d.
A= (35x50+40x50)x2+35%x40—2%X3 XN (3)  The rate of water flowing through the turbine.
A= 2x 3 x N d () onl A B C D
A (1) and (2) only £ :
2.0XA1+5.7XA5)X10
OTTV:24:% B ()andG)only ] 50.3% O O O O
e C.  (2)and (3)only
N =160.3 | D. (1).(2)and (3)  favourable distractor | 39.29%

Z.,'u Jé.’;a.uu. ‘ﬂw.‘; Lisess ad /4 s (auﬁ‘gt e T[e fie et s p’f K' ;-’E,,uf.Jow_ .
Q.3 Structured question Moo ecerp, ir roqured (to duie) velile A wdee Te oo vecge
{ Mo T N

{awyga_yt'v‘. '{ﬂ vdf.."o(f E F?mn?qun. o(r}.h-; Carbegy & ¢/1¢ r..( -f.t{.a-{df-ﬂ ﬂu

Some information of electric vehicles 4 and B is tabulated below: ) o o OM )

1t oA .

Jectric . i . i
: LhLl EL battery capacity / kW h maximum driving range | km mass | kg
cnicic

i - — — ! o) T myss  of baftery A e —HReavier. wlove
5| 6 m __ 1620 ] erAy 15 neotled, !
{ .

R LA
(a)  Although the battery capacity of A4 is higher, its maximum driving range is shorter than that of B. State a Q‘QIIQ .H"Q’ Ch. Wi
possible reason and explain why. (1 mark) '\-)
(a) The size of 4 is larger. more energy is used to overcome air|l Accept: .
resistance / friction. The mass/weight of A4 is larger and| ()
OR therefore the friction is larger. P =
The mass of A is larger, more energy is dissipated in accelerating The efficiency of the battery in A is| ,) a ﬁtj é. .3- éi g‘ ! 3% b gi
and/or decelerating the vehicle. lower and more energy is lost during| wr 1 I\/I
(Accept reasonable factors relating to conversion efficiency) Elergy conversion.
- Mass of 4 is larger and more energy / ﬁ ’ & ﬁ% “% aﬁ iﬁ & g ¥
1A for state & explain greater force is needed to accelerate /
decelerate.
NOT acomnt In (a), very few candidates were able to point out that a more massive
accept: . . . .
Mass ijﬁs Jarger and more cnergy is vehicle required a larger force/power for acceleration/deceleration.
required for A to maintain the speed. A common misconception was that a larger force/power was for

1 maintaining the speed of a more massive vehicle.




Q.3 Structured guestion

(b) (i)  Suppose a charging voltage of 220 V is provided, estimate the minimum charging current required for
charging the battery of vehicle 4 from completely discharged to fully charged in 12 hours, (2 marks)

(i) Explain why in practice the charging current required is larger than that found in (b)(1). (1 mark)

() () 95x10Wh=220VxIx12h
I=35084848 A~ 360 A

(i1)  The charging efficiency is not 100% / energy is lost in the

charging process. \

Not accept: electricity lost, current lost, voltage lost I

1M IM forP=VI AND E=Pt
1A Accept: 35.9A-36.1 A

2
1A Accept:

Energy is lost as heat/thermal energy.
Heat/thermal energy is produced
during charging.

NOT accept:
Because of the resistance of the wires.

Q.3 Structured guestion

The table below shows more information about the electric vehicles:

electric time required to accelerate sake pawer] BV
vehiele from0to 100 kmh™' /s peak pa

A —33. 300

B 6.5 150

(¢)  Referring to all the information given, estimate

(1) the energy efficiency of vehicle 4. You may assume that the vehicle is operating at its peak power.

Accept: calculating a, s then KE=m a s I

: 2
() @ Iy Ixesoox(a)  sessoexio’
Power out = =288

55 S
=1.753648 x10° W ~175 kW
Efficiency 2% X 100%
= 58.454920% ~ 58.5%

1M

1A

(2 marks)

Accept: 58% — 59%

b D wf_f) = L %dboo v
noOUL) e ‘/L/_ oM
: I -=-3b0p w0l 3.5:‘5..1-.-5
i) Some. powes will be loss A rigdle.
fronemiosion  alowe tle  framsmiseion Jive .

K l&!@ﬁ&._..wmn‘t_ B vequred. fo  tompensate 1M
the _powe loss .

G A ZHE R = 95 Kk = 340000k]
 NEIPEERENE D, - :g\/

oSy S I S u3’-°‘ SRR 1M

s M

________________ R.f‘f.in‘_z : s :
Aje. Wb 2o b 1, Charging voltage??

I 3956330

2396y K

o Rk eH, AN RN P it us ’?’u%?{ﬁm&. Ao
BAEHAN DHEABN AR @m@emm,_lM

Part (b) was well answered. A few candidates mistook 220 V as the
peak voltage while weaker ones treated kW h as a unit of power.

Tt £
e (00 CRR T =27, 7 ms T

izorEn  OM

_ & .05 ms>
Poma r‘,ufxzrvv**llb""'?hf

—pesfben] e K
L S— o X0 ® ¥
Maximum driving range’” offel~ey = ::rfbfl ;.rm: 7% 6??’
. & - ¥ - ] .
95 x 326
QM
@Gy R & s %\%\ x\eoXe ONA
45040 “ o '/L) V EC .
- Jeo x 326 e Sl
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Q.3 Structured question

Some information of electric vehicles 4 and B is tabulated below:

electric e s i s i s
vehicle battery capacity / kW h maximum driving range | km . mass | kg |
4 95 326 2500 |
&1 e al’ = ! 1620 ]
(i) the average output power from the battery of vehicle B if its average speed is 70 km h™! in the maximum
driving range test. (2 marks)
(11) Titla:‘l time taken for maximum driving range test M 1M for % or591h

——5914286h;=591h

Power output = % " N
=11.159420 KW ~ 112 kW 1A Accept: ILOLW —11.5 kW

Q.3 Structured gquestion

(d)  Discuss in which of the driving modes below the regenerative braking system has the highest effectiveness:
(2 marks)

‘ Mode 1 [ driving at a few km per hour in often stop-and-go traffic conditions

‘ Mode 2 [ driving in a city with smooth traffic regulated by traffic lights

Mode 3 | driving on a highway

(d) Mode 2 (driving in a city with smooth traffic regulated by traffic |IA+1A |1A  for Mode 2

lights) as (regenerative) braking can utilize the (relatively large) 1A for explanation
kinetic energy of the vehicle, say. when stopping at traffic lights.
OR Mode 2:

Mode 1 (driving at a few kan per hour in often stop-and-go traffic |0A+1A  |The regenerative braking system only
conditions) as (regenerative) braking needs to be applied often. works when the KE / speed is large.

Mode 1:
The brake is applied very frequently.

D kTh R = Lk
L | To x+14 OM

(D) 46x 1005 = (44)= 11200 Qv ")
Wrong unit 1M

Candidates did poorly in (c). As candidates had to tackle the questions
from first principles using relevant data from the information given,
not many were able to answer (c)(i)(ii) correctly.

Weaker ones mixed up input and output powers or made mistakes
in unit conversions.

o

ld) i A fﬂhﬁfulqimfﬁmﬁwnw
DR EAE o a0k vh P10k L. g8

— J LW

$, 9 l/ﬂf%ﬁw m@e B,
Fisti Pﬂzgﬂ»ﬁm@ ‘N l{/l

Cd) /ﬂode,lﬁ s th Aghtst R oy converted
g t of KE. wf/( lost during bruking bt rot,
o Qfectical enrgy gnd stored i
. Mere kingtic eremy 15 lost'n mede | (S
-f/u b;gszfp iz mere ar‘fcn For mode3, there i :]_l\/l

almost Ne brakimy When dn on o Aghnsg,
No_kinedic eneryy mlfﬁ&e 5&}5?% N bettery B

Candidates’ performance in (d) was fair. It seems that they did not
fully understand how a regenerative braking system works.

Quite a number of them wrongly chose Mode 3 (driving on a highway)
to be the situation in which regenerative braking would be the most
= . . : X
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Paper 2 Multiple Choice

Section B: Atomic World

2

A 17.9% (50700 22.3% 21.1% 14.7% (35.6%)\ 22.4%  19.0%

B 16.1% 133% 14.9% @.33 14.9% 202% 16.1% [35.8%
P

C  /56.0%\ 102% 23.5% 11.1% (5429 184% 9.9%  18.5%

D 97% 255% [38.5%\ 8.3%  16.0% 25.2% (51.3%)\ 26.4%

KEY: Circled and underlined

HKDSE 2021

2.2  The figure shows an electron diffraction mube that can reveal the nature of electrons.

2.3 When monochromatic lights of wavelengths A and 24 are incident on a metal surface, the maximum kinetic
energies of the photoelectrons emitted are in the ratio of 3:1. Find the longest wavelength of monochromatic
light that can trigger photoemission for such metal.

A. 28 favourable distractor 22.3% A B ¢ b
- O O O O
B. 34
Electrans liberated from a heated filament F are accelerated by a high voltage V. between Fand anode A. The C. 1A favourable distractor 23 5%
electrons then pass through a thin graphite film 7 and form bright and dark ie rings on a fl il 2 °
screen s shown. Which descriptions about this experiment are correct 7
D. 0
{1} Itdemonstrates the wave nature of fast-moving electrons, r 44 I 3 8 . 5 A)
(2) Electrons are diffracted by the graphite film.
(3) IL 1, increases slightly, the radin of the rings would increase.
[ @) enly ] 50.7% . . . . oo . )
- :::ﬂ{i: :}y . A BB ol This question requires setting up a pair of simultaneous equations using
C. 2) and (3) onl 6 o o O KE.ax = hc/A — @. Also the longest wavelength is corresponding to KE,,, = 0.
[P0 @ad G favourable distractor ] 25.5% Most candidates cannot handle this and the outcome is rather random.

The most common mistake comes from (3). Some candidates did not realise
an increase in V, = decrease in 1 = smaller degree of diffraction = smaller circles.



2.6 When an electron of mass m and charge ¢ is accelerated from rest by a voltage 1, its de Broglie wavelength 4 is

given by A= th—p' . where h is the Planck If A is exp i in (nm) and V" in
me
kilovolt (kV), then 4 is approximately equal to
0.04 A B C D
A —. 35.6%
(;'({_2 O O O O
B. 5 20.2%
0.4
D. % . favourable distractor 25 2%

The performance in this question was surprisingly poor. Candidates failed to
understand that the formula is correct only if the unknowns are in Sl units.

The easiest way is to replace 1 by 42 x 10-9; V by V x 103in the formula and then
substitute the standard values of h, m and e to get the answer.

Q.2 Structural question

(a)  Rutherford’s planetary model of the atom failed to account for the stability of atoms. Why ? (1 mark)

(a) Inthe model the orbital electron gradually loses its energy (via
radiation) and
spirals inwards until it finally crashes into the nucleus, i.e. the
atom collapses.

Performance: Satisfactory

Common mistakes:

* The atom will collapse/is unstable according to Rutherford’s model (no reason).
* The electron is attracted by the nucleus and hits the nucleus finally.

2.8 A nano material

(1) has a higher volume to surface area ratio than the same substance in bulk form.,
(2)  has at least one dimension less than | nm.
(3)  is chemically more reactive than the same substance in bulk form.

A (Donly 19.0% A B [ D
(B ®yonky ] 35.8% O 0 O 0O
C.  (l)and(2)only 18.5%

| D. (2) and (3) only favourable distractor | 26.4%

Option (1) - Candidates may be careless as the opposite of this statement is correct.
Option (2) - Nano material has dimensions of order of nm, not necessarily smaller than 1 nm.

Q.2 Structural question

atoms only has four visible spectral lines (4 to D) as shown in Figure 2.1.

: C D

Figure 2.1

increasing wavelength

All these lines belong to a series that corresponds to transitions to the first excited state (n = 2). In this series
there are no spectral lines beyond 4. The wavelengths A (in nm) of all the spectral lines in the series are given
empirically by the formula below.

"2

x:am.s[ .
-2

] where n=3,4,5, -

(i) Which spectral line (4. B. C or D) comes from the electron transition between energy levels n = 5
andn=27 (1 mark)

[ ) LineCromn=510n=2 |
Performance: Not satistactory
» All four options (A, B, C and D) are commonly found. Answers are quite random.
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Q.2 Structural question

(i) 2
A = 364.6) —

5°-2
= 434.047619 (nm) = 434 (nm) or 435 (nm) 1A
Colour — violet / blue / indigo 1A

Performance: Good
Common mistakes:

*  Wrong colour (e.g. red)
* Use wrong n (e.g. 4).

Remark:

(i) Find the wavelength of the spectral line in (b)(i) and state the colour of this line.

(2 marks)

* A few candidates did not use the provided formula and employed 13.6/n?

to find the answer.

Q.2 Structural question

(iv)  Initially a group of hydrogen atoms are in the third excited state (n = 4). [llustrate with the aid of an
energy level diagram ALL possible electron transitions that would produce emission lines. Mark a

letter “V" against the transition(s) that give(s) rise to visible spectral lines.

(3 marks)

(iv)

—]j_“_‘i
n=3

e
Al

— . ¥¥Y o

Ty
"

"

2A

(Total number of spectral lines = 63

1A for at least two spectral groups
(end at n =1, n=2orn = 3) correct:
2A for all correct

Two visible lines correctly marked
(must have indicated 3—2. 4-—+2)

Performance: Fair
Common mistakes:

*  Only showed the transitions among 2, 3 and 4.

* Failed to mark the ‘V’ for transitions of visible spectra correctly.

*  Did not show arrows or arrows are reversed.

* Did not draw the spectra in groups or spectral lines are duplicated.
(Mark is not deducted here for this year.)

Q.2 Structural Question
o]

(iii)

The remaining numerous invisible spectral lines in the series beyond line [ are getting closer and closer
until they finally converge to a limit of 364.6 nm. Suppose a photon of wavelength shorter than 364.6 nm
collides with a hydrogen atom in the first excited state (m = 2). State what would happen to the incident

(iii)

photon. the hvdrogen atom and its orbital electron. (3 marks)
The incident photon is absorbed. 1A
The hydrogen atom is ionized/becomes a hydrogen ion. 1A
The orbital electron becomes a free electron,
(i.e. liberated with some kinetic energy) 1A

Performance: Fair
Common mistakes:

Did not mention all three things happen to the atom, the electron and
the photon (which is required by the question).

The photon loses some energy to the atom and left. The atom is excited.
The electron jumps to a higher energy level.

The atom can only absorb certain amounts of energy. As the energy of
the photon is not those amounts, the photon leaves and nothing happens.

The End
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Elective: Medical Physics

MCQ 4.1

Which part of the ear
discerns frequency ?

quuenues Frequencies
A 24%  eardrum
B 11% semi-circular canals
© 14%  ossicles
D* 51% cochlea

http://hyperphysics.phy—astngsu.edu/hbase/Sound/ears?ns.html

nerve

Wwallauonofmm -out eachlea

signals

\ \‘. omdcs semi-circular canals

\
cochlea
ﬁ w ) \/ a‘nditory nerve
/ .
—Q

Pakisver
\\\ /TN Y

\ 8 cardrum’ \
|

\
N

l
R

favourable distractor

Multiple Choice Questions

24% 15% 11% 15% 3% 17%

B 11% 21% 18% 18% 23% 17%
C 14% 20% 23%@ 21% ‘ 7% 19%

D 26% 29% 22% 10% 8% 5%

KEY: Circled and underlined

()

MCQ 4.2

Each optical fibre in an endoscope consists of a core enclosed by a cladding.
The core and the cladding are made of two different transparent materials.
Which descriptions about an optical fibre are correct ?

(1) The refractive index of the cladding is smaller than that of the core.

(2) The core-cladding boundary gives a smaller critical angle compared to a
core-air boundary.

(3) Without cladding, some of the light rays would pass between optical fibres
at points of contact.

| L
T
o

=
&
\\
e s e

https://www.savemyexams.co.uk/notes/a-level-physics-aga/3-waves/3-5-refraction/3-5-3-fibre-optics/
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MCQ 4.2

Each optical fibre in an endoscope consists of a core enclosed by a cladding.
The core and the cladding are made of two different transparent materials.
Which descriptions about an optical fibre are correct ?

(1) The refractive index of the cladding is smaller than that of the core.

(2) The core-cladding boundary gives a smaller critical angle compared to a
core-air boundary.

(3) Without cladding, some of the light rays would pass between optical fibres
at points of contact.

A 15% (1) and (2) only
B* 39% (1) and (3) only
20% (2)and (3) only
26% (1),(2)and (3)

O O

favourable distractor

MCQ 4.3

Which descriptions about A-scan and B-scan of ultrasound imaging are
correct ?

(1) B-scan is more useful for locating tumours.
(2) B-scan is employed for viewing the movement of an organ in real time.

(3)B-scan has a higher resolution.

A* 27% (1) and (2) only

B 21% (1) and (3) only
C 23%  (2)and (3) only
D 29% (1), (2) and (3) favourable distractor
| I

Focused ultrasound in ophthalmology, Ronald H Silverman, Clinical Ophthalmology 2016:10 1865—1875
|

MCQ 4.3

Which descriptions about A-scan and B-scan of ultrasound imaging are
correct ?

(1) B-scan is more useful for locating tumours.

(2) B-scan is employed for viewing the movement of an organ in real
time.

QM aviso V- 3.0.0 — 09 Mar 2016
Gain =103 dB Dyn =81 dB Tgc =20 dB

(3)B-scan has a higher resolution.

#1AC=360L=402V=2625 ¢

Speed AC =1,532 L =1,641 V =1,532 (m/s)

Avg AC =3.60 L =4.02 V =26.25 TL =33.87 (mm)
Std-dev AC =0.00 L =0.00 V =0.00 TL =0.00

MCQ 4.4

When diagnosing brain injuries, doctors use computed tomography (CT)
scans to locate positions of internal bleeding. With reference to this context,
which reasons given below for NOT using the respective imaging methods
are correct ?

(1) X-ray radiography: due to its insufficient resolution.
(2) Ultrasound scanning: as ultrasound cannot penetrate through the skull.

)
(3)Endoscopy: as there is no cavity in the brain for inserting an endoscope

A 11% (1) and (2) only

B 18% (1) and (3) only

C* 49% (2)and (3) only

D 22% (1), (2) and (3) favourable distractor
— |
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MCQ 4.5

A narrow beam of ultrasound of intensity I, travels through three media of

different acoustic impedances Z;, Z, and Z; as shown. A* 51%
B 18%
Zy Z Zs
. favourable distractor C 21%
0 — >
B D 10%

Assume that attenuation and absorption of ultrasound are negligible. What is
the intensity of the ultrasound reflected from the interface between the

media of acoustic impedances Z, and Z5 ?

2 2
. h@entle-n? ¢ (ZZ_ZI)Z{I_(Zs—Zz)Z}h
. .
' (Zy+Z))* |(Z3+2,)* (Za+2)7|  (Z3+Zy)
2 2
Z-2) L2, N {1_(2221)2}{]_(2322)2} .
Lyt 2, (Z3+2y) Z,+Z) | (Z3+Zy)
9
M | —
|

MCQ 4.6

The intensity of an X-ray beam is decreased by 25% after passing through a
metal plate of thickness 0.01 m. Find the corresponding half-value
thickness for this X-ray beam.

[ =
nZ3 uTy/2 :l_ i =ln_§ (—0.01)
in(2)=-0014 (%)

A 15% 0.005m
B 23% 0.020m favourable distractor
C* 54% 0.024 m
D 8% 0.042m

MCQ 4.5

A narrow beam of ultrasound of intensity I, travels through three media of

different acoustic impedances Z;, Z, and Z3 as shown. A* 51%
‘ B 18%
Z V43 Zs ;
favourable distractor C 21%
lo —_ >
B D 10%

Assume that attenuation and absorption of ultrasound are negligible. What is
the intensity of the ultrasound reflected from the interface between the

media of acoustic impedances Z, and Z; ?

(Zy -2 | (Z3-2,)°
lty =" a2 L) ] A - Io
t ( R (Zy+Z)* |[(Z3+Z,)°

23 _ 23r1= ~28 12

Ig" = ag’l;* = ag” (1 — ag)l,

10

| . TS
[ |

MCQ 4.7

Radionuclide imaging uses only y radiations as

(1) » can be deflected by a magnetic field to incident on the patient at any
angle.

(2) y has low ionizing power and causes less harm to cells.
(3) y has high penetrating power and is detectable outside the body.

A 3% (1) only
B 17% (3) only favourable distractor
C 7% (1) and (2) only

D* 73% (2)and (3) only




MCQ 4.8 Q.4(a)

The radiation weighting factor of different radiations for calculating the
effective dose are listed below:

Roger is suffering from eye defects and he has to wear the spectacles shown in
Figure 4.1. The upper and lower halves of each lens are of powers —1.0 D and

a radiation 20 +2.0 D respectively. LoD
S radiation 1

y radiation il Figure 4.1

X-rays 1 220D

a is given a much larger radiation weighting factor because it
e 2 Iy With the spectacles, Roger’s near point can be corrected to 25 cm from his

eyes while his far point is corrected to infinity. Assume that the lenses are

A 17% has a low penetrating power. very close to his eyes.
B* 59% has a strong ionizing power.
C 19%  hasarelatively larger mass since it is a helium nucleus. (1) State which half of the lens enables Roger to see distant objects clearly.
D 5% is particle in nature. favourable distractor Find the far point distance of his unaided eyes. (2 marks)
13 14
B | EE |
[ ] [ |

Q4(2) Q.4(b)

(i1) Figure 4.2 shows a point object O placed at 25 cm in front of the (b)An ultrasound transducer is used to scan an eye as shown in Figure 4.3.
corrective lens which is represented by a dotted line. The pulses reflected from interfaces A, B, C and D are recorded in the A-scan
display below.
| ABC ?
Figure 4.2 e ﬂ i i : I f
O\EH U Figure 4.3 | I “h“
! l}’ﬂnsduccrl ‘\ ~ optic P
COmLtive lens —a=aiy *k-_—\\L axis 05 105 20 25 30 =~
(1) Copy Figure 4.2 to your answer book and complete the path of the ray
from O to show how it reaches the retina. Indicate the near point N of (1) Estimate the thickness of the eye lens along the optic axis.
Roger’s unaided eyes in your diagram. Assume that refraction in the eye is Given: velocity of ultrasound in the eye lens = 1520 m s™!. (2 marks)
due to the eye lens only. (2 marks) (ii)Explain which frequency of ultrasound, 3 MHz or 15 MHz, is preferred for
scanning the eye. (1 mark)
(2) Calculate the distance of N from his eyes. (2 marks) (iii)Apart from forming images in a diagnostic scan, name ONE medical
application of ultrasound. (1 mark)

| . TS | . TN 4]



MS-Q4(a)(1)

-1.0D

+20D g
Roger

T

|
|
<—-25 cmﬁa: ﬂ

MS-Q4(a)(1)

Far Point Near Point
oo |
N O\)\‘| U
g
corrective lens
|
[

Alternative method 2:

©  Deyeball

(2) — (1) gives

e i R
WD -on)
d=1.0m

1 1
Foye Sieth——wn (1) d = Far point of unaided eyes
d Deyeball
1 il D = Diameter of eyeball
Peye — = (2) eyeball A

MS-Q4(2)(1)
(a)(i) upper half
Power=-1.0D
i Povter ==1.0m

Far point distance = 1.0 m =100 cm (correct unit)

Alternative method 1:

1

P=s=_+

8|~
QIR

SR e
T

where v refers to the far point (virtual image) of the
unaided eyes

MS-Q4(a)(1)

The converging /
. o )
corrective lens brings !
o the near pointto 25 ¢cm !
Near point of i
. '
unaided eyes ¢ :

50 ¢m

1
corrective lens

Alternative Method 1:
Py ¥ 1 Object distance = 0.25 cm

A Virtual image distance = —d

==
0.25

2.0 = +_id=>d=0.5m

Near point distance d of the unaided eyes = 0.5 m = 50 cm

iy



MS-Q4(a)(1) MS-Q4(b)(1)

Alternative method 2: g i T 4 Accegtoz .
Peye = % + % (1) d = Near point of unaided eyes i I : : ggt % 1 5 57208;0 E:
Poye +2 = SN 1 | @) Deyenan = Diameter of eyeball - m“—zd“_cerrni‘__ _____ 25::: 5 5

0.25 = Deyeball ‘X

(2) — (1) gives

1 il
25028 T a
d=0.5m
0O 5 10 15 20 25 30 time/us
| | L |
. ] I ]
MS-Q4(b)(1) MS-Q4(b)(11 & 111)
Accept: (i) 15 MHz should be chosen for higher (axial) resolution, OR 15 MHz gives
= 2@ S a shorter wavelength ( ~ 0.023 mm) than 3 MHz ( ~ 0.11 mm) for higher
tc = 7.5 0r 8.0 s (axial) resolution.
At = 4 ps to 5pus The ultrasound pulses detect structures near surface, absorption and

attenuation are small.
Speediotlitrasagnd = v " (iii) Any ONE of the applications:
Thickness of eye lens (d) = 3 -Break up stones in kidney, gall bladder etc.

o) ”, £ Ve A -Break down crystalline eye lens in cataract surgery
d= 2 (1520 ms™)(5x107° m) = 3.8 mm/0.38 cm/3.8x10*m -To remove calculus from surface of teeth in dentistry.
OR: -High intensity ultrasound to destroy tumours (surgery).
d= %(1520 m s~ 1) (4x107® m) = 3.04 mm/ 0.304cm/3.04x103m -Speed up bone healing after a fracture.

-Therapeutic uses:

reduce pain, increase circulation and increase mobility of soft tissues,
reduce inflammation and healing of injuries and wounds

| . | | - 43
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The End
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