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Marking & Grading

On-Screen Marking (OSM) panels

Physics CS(Phy)

1B-1: Q.1, 3,4, 6 (31M) | 1B-1: Q.1, 2, 3, 4 (31M)
1B-2: Q.7, 8, 9 (30M) 1B-2: Q.5, 6, 7 (25M)
1B-3: Q.2, 5, 10 (23M)

2A: Astronomy (19%)

2B: Atomic World (67%)
2C: Energy (86%)

2D: Medical Physics (28%)

SBA marks stat. moderated (outlining cases ~10%

schools reviewed by Supervisors) 3

Overview
Paper Physics CS(Phy)
Mean: 18.0 out of 32* Mean: 9.8 out of 21*
1A (MC) (i.e. 56%) (i.e. 47%)
(2017: 21.5 out of 33) (2017: 11.1 out of 22)
<50% ~>30%
1B (2017: >50%) (2017: >30%)
~<50%
2 (2017: ~>58%) N.A.
SBA ~>70% (~2017) ~<70% (~2017)
. ALL: 11 118 ALL: 381
ndidatur
e SCH: 10 605 SCH: 373

* one item deleted

Marking & Grading

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

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

& Endorsement by Senior Management/Public Exam Board

Note: GAI is calculated from Physics candidates’ actual
percentage awards obtained in 4 core subjects CEML.




Results Paper 1A

Physics ( A \ Physics (32* MC)
Level S** 5+ 4+ 3+ 2+ 1+ >70% 50%-70% <50%
Percentage | 2.5% | 25.3% | 49.2% | 73.3% | 90.2% | 97.9% 8 15

9
No. of MC 29 23 19 14 10/11 7 <Ea;1 sy Diffic u>

CS(Ph
) | : \ CS (Phy) (21* MC)

—— SR PR N N >70% 50%-70% <50%

Percentage | 1.8% | 8.1% | 25.7% | 46.7% | 70.1% | 89.8% 7 6 13

No. of MC 19 15 12 9 7 a/5
5 <Ea;1sy Difficult 6

PHYSICS MC CS(PHY) MC
] Average No. of Qu.
Topic (No. of Qu.) o o . Average No. of Qu.
/0ICONNECHIN 5305/ 0ICoMTEct Topic (No. of Qu.) o/ correct | < 50% correct
Xk 0
AEESUEE (EH), 43% 1 Heat & Gases (3*) 47% 1
H 0
R CI(E), 22% 3 Force & Motion (7) 36% 6
H 0
LB LI (), 62% 2 Wave Motion (6) 50% 3
Electricity & . .
. 59% 2 Electricity &
Magnetism (9) Magnetism (6) 56% 3
Radioactivity (3) 59% 1
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4. -+ From-which graph below can one -deduce that the pressure p-of a fixed mass of an ideal gas s inversely-
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-+ Over40%ofthe candidates chose option Cto represent-a directly proportional relationship, which1is-
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-+ Acuniform light rigid rod - OX"is - hinged smoothly to-a-wall-at-one-end O. Its mid-point M"is‘connected:
by-alight-inextensible-string-to-a- point- 1" directly-above O while-a-weight " 1s- suspended- from- the-
other-end-Y of the rod-as shown.-Rod-OX remains horizontal. -The reaction force acting on-the rod-due-
to-the wallis-along the direction+

- - =+ A -+ OP-» = e e - - S (30%)e
- - 4{B. - 00 - favourable-distracter - - - e (39%)-|
- - =*C. - OR- - - s s e - - o e (219%)0
- - =D - OS5~ - s s e - - R (10%)

Just-over-one-fifth-of the candidates were -able to-make use-of the conditions for-static-equilibrium-and-
chose the correct option..
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V4 A\ .
- y = -y,
5. -+ A-block of weight 8 N-is-suspended- from-a-horizontal -ceiling- by light- inextensible-strings-to-two-
different points-Pand Qas shown -The strings are-equalin length «
o
o
o
‘Which of the following descriptions about the tensions 71 and 72 in the two strings is/are correct 2+
o
-+ (1)» -+ Themagnitude of 71 mustbe greaterthan4 N«
-+ (2) - Themaximumvalue of T2 wouldnotexceed 8 N+
-+ (3) - -+Theresultantforce of Tiand Taiszerov
—- -+ -+ -+ —+ -+ -+ PHY
-+ *A []_)only -+ —+ -+ -+ -+ —- (38%)—0
—+ B. - [3)01]_1Y —+ —+ -+ —+ —+ -+ (10%)—0 - -
-+ [ C. - (l)and{(2)only» - favourable distrastor - - (28%)- --(23%};]
—+ D - (Z)and{3)only+ Y Y ey e S (4% 36%)-
—+ +
-+ Lessthan-40%-of the candidates ‘were -able to demonstrate -a-clear understanding-of the vector nature -of-
force
10
>
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V4 A\ .
- y = -y,
8. -+ A-block of mass m-is placed on-a smooth-incline making an-angle- & with the horizontal -as shown.-
When a force of magnitude Fparallel to the incline is applied to the block, it travels up the incline with-
anacceleration.-If the applied force becomes 2 F, what would the magnitude of the acceleration be 2+
o
o
o &
o — o
)
)
‘ G
)
-+ o+ -+ —+ PHY - CS(PHY)U
- o aFA - o geater-thanla-—- e N - -+ (3?%)—.
-+ + 4B - equaltoZa + -, o o o o o -+ -+ (26%)
avourable distractors
-+ + 4 C- -+ betweenwand2a-+ - -+ -+ + = —+ -+ (26%) -+ -
+ =+ = D- - whether-it-is-greater-than 2a. -equal to2a-or between-g-and-2a-depends-on the value-
of°6 -+ + 4 a3 -+ = (11%) - oo (20%)
)
-+ Less-than40%-of the candidates realised -that the component of the-block’s ‘weight remains unchanged-

and deducedthe correctanswer .+
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15. —+ The- figure-below shows-the- displacement-time - graph- of - particles- P- and- Q- on- the - same - transverse-
travellingwaveofwavelength2 -+

|~1%

time s+

<~_.: )

—

-

—  Which of the following statements MUST BE correct ? - Upward displacement is taken to be positive.«

-+ (1)» - Attimet=2s P ismomentarilyatrest«

+

(2)+ -+ Attimet=4-s,O1smovingdownwards.«

—  (3)+ - Theseparation betweentheequilibriumpositionsof Pand Qis0.25..«

.
-

-
.

- PHY — P
A =+ (Qonly - - - - - - (16%—+ ~(19%)
B. - (3)only - - - - - (22%)-- 26%):
*C -+ (Dand(2)only» - = = - - (32%)- 27%N
[D. - (1)and{3)only+ - favourable distsactor - - (30%)—— 77(23%)1

- Qver-half of the-candidates - chose- options- B- and - D- which - suggests - they wrongly - thought- that- the-
separation between the equilibrium positions-of Pand Qwas 0 254 ¢

- N

charged-T
particless

Puo Q.J

P

P g
>

—

uniform magnetic-field:
pointing out-of the paper+

13

P-and-Q-are two particles carrying the same -amount of charge but-of different masses. - They travel ‘with-
the same speed-and-enter-a-uniform magnetic-field-pointing-out-of the -paper-as-shown. -Semi-circular:
paths with- different radii-are  described before they emerge  from-the field.-- Which' descriptions- below
arecorrect 7«

(1)» - Both-P-and-Q-are-positivelycharged.o
(2)» - Pand Qemerge fromthe field withthe same speed.~
(3)+ — The'massof Qis-greater than thatof P.-

-

-

.

-

A. -+ (Dand(2)only—+ - -+ - - o o
[B. - (1)and(3)only— favourable distractor— -+ - o -

cC. (2) ‘HIld'(S)‘OI]1y4 —+ —+ —+ -+ 3 § wesseseseeas (17%)‘_,
#D. - (1).{2)and(3) ~ -+ -+ -+ - - Lo s (36%)e

Nearly-30%-of the-candidates-did-not realise that-the speeds-of the particles remained-unchanged-in-the
magneticfield-and-wronglychose-option B.«

"
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21. -+ Whichofthefollowingis NOTa typical soundintensitylevelthat occursin daily life 2+
-+ —+ —+ -+ —+ —+ -+ -+ -+ -+ PHY —+ QJSLPHY)U
-+ -+| A -+ 130dB:whenanairplanetake-off' fawourable distractor -+ (33%)---
-+ -+ B. - 110dB:atarockconcert:r - -+ -+ -+ (17%)-+ -
- - *C._ - 80dB:havinganormal conversation- - - -+ (39%)-»
-+ -+ D. - 30dB:insidealibrary + - - - = (11%)-+ o
A
Candidatesin-general were not familiar with the typical sound intensity level that occursin dailylife« .
14
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30. » In-the-circuits-below,-if-a-12-V-sinusoidal-ac.-is- applied-across-ab-and-across-x)- respectively. - the-
voltages across cd-and ow-are both -6 V.-Nowif-a 6 V-sinusoidal a.c. is-applied across cd-and -across zw-

respectively, whatwould be the voltages across b and xy respectively 7«

Qe O ps
g +
o+ zv
bo % o dv ¥ we
o
H -+ PHY -+ CS(PHY)«
E voltage-across-ab+ voltage-acrossxys a
-+ Aw 12-Ve 12Ve - (19%) —+ (23%)~
-  *Bo 12-Ve 6-Ve - (46%) » (45%)«
+ Ce 6-Ve 6-Ve - (14%) -+ (18%)~
-+ | D« 12-Ve  favourablg distractor  0-Ve - (21%) -+ (14%)~
)

-+ As-40%-of the-candidates-chose-options-A-and-D,-this-suggests-quite -a-number -of-them-did -not-fully-
understand howa potential-divider-works.«
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32.

-+ X and Y-aretwo radioactive nuclides. - The ratio-of the mass-of an-atom-of X"to-that-of an-atom-of* ¥"is
122, The half-lives-of X"and-F-are T"and 2 'respectively. If two samples consisting of purely X-and- I
respectively-have the-same-initial -mass, find-the ratio-of the number-of undecayed nuclei-of X to-that:

of*Yaftera-period of4T.«
- = -|.A_‘ - 1-:-4 faveurable distrastor + -+ -+ - - - (36%) |
+ 1= 2¥B. - 112 + 4 o o oo - - (40%)-
-~ s Qs s 1l 4 4 4 e e s - - (13%)o
4 0w Do 20D D 4 a4 a4 o N o (11%)e

Only-40%-of the-candidates managed-to-obtain the correct-answer-by ‘manipulating the ratio-of half-
lives-of the two radioactive nuclides.~ AR (F—H)
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Pointsto-note

~70% of Paper 1 from core part.

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

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

Accept using g = 9.81 or 10 m s,

19

Observations

= Candidates were competent in calculations
but misconceptions were revealed in various
questions which require qualitative answers.

% Not quite understand some experimental
procedures and precautions which are subtle.

Wi \Weak or careless in handling/converting units
or scientific notations.

ul \Weaker candidates ~20 — 25%.
" Performance better in Paper 1 than in paper 2.

18

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

Before equating: Mean 38 to 45 / SD 17 to 22
After equating: Mean 43 to 47 / SD 16 to 18

2A Astronomy: 4
2B Atomic World: T
2C Energy: ~ unchanged

2D Medical Physics:  ~ unchanged

20
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; Points to note
Wi Samples of performance of candidates

(Levels 1 to 5) available in late October
(HKEAA website).

@ SBA Conference on 3 Nov 2018
@i SBA Online Submission in Jan 2019

2018
DSE PHYSICS
01,3.4,6

-

THANK YOU

21 22

1. Figure 1.1 shows a domestic water heater. Tap water entering the heater is heated when it passes through the
coil duct and exits as hot water at a certain temperature.

'8 Y
—— — | coil duct
—— Ape—
Figure 1.1 ; !

temperature | |
control panel ——H @

water 4 £ water

outlet fuel gas inlet

for heating

On a certain day in winter, the temperature of tap water is 15 °C. When the heater is in use, it delivers 6 kg of
hot water at a temperature of 50°C in | minute. Assume that there is no heat exchange between the heater and
the surroundings. Given: specific heat capacity of water = 4200 J kg ™' °C™'



1(a)

Estimate the power supplied to the tap water by the heater. (3 marks)

Suggested Solutions Students’ Response

Amount of energy required P(bO) H)[“l—&ou) (o -lS)
E =mcAT P iuwqoow/ |
=6 x 4200 x (50— 15) (1M corr. sub)
=882 000J (or 882 kJ)

oo p_ E_ 882000 (1, PemcIT
t e % _ bla)(5o40)
— 14700 W (or 14.7 kW) (14) =£g7—°"°3

+ This question tested candidates’ knowledge and
understanding on heat capacity and electric
power. It was generally well answered.

+ Some weaker candidates did not know the correct
relation between energy and power.

+ In (b), quite a number of the candidates had
difficulties working out the correct flow rate of
water in kg per minute.

1(b)
Assuming the power estimated in (a) remains unchanged, determine the flow rate of tap

water into the heater, in kg per minute, such that hot water at a temperature of 40 °C is
delivered by the heater. (2 marks)

Suggested Solutions Students’ Response

Let m kg per minute be the water 14700 (boy = M (%200) (4o -1 §7

flowrate M= E G omin /
meAT =Pt 60 4100 = mx 4200 % (&0 - 20¥C
M(4200)(40 — 15) = 14700 x 60 (1) m= 21 k% 0
m = 8.4 (kg min~! or kg) (1A) Ez Pt = pe AT P

LA = m)( gfwa)({fud/}w')

Q2

Read the following passage about braking in vehicles and answer the questions that follow.

Mechanical braking is the most common braking method in vehicles. In this method, wheels of
vehicles are fitted with brake pads which apply frictional forces that inhibit the motion of the
wheels. Frictional braking results in a conversion of the vehicle’s kinetic energy to thermal
energy which then dissipates to the atmosphere in the form of waste heat.

The thermal energy (in J) generated during braking is approximately given by :

thermal energy generated = [, = o

where  F, is the frictional forces (in N), and
¢ is the braking distance (in m).

Applying the principle of energy conservation :
kinetic energy dissipated = thermal energy generated

1. 5
v = F.oxd

From this equation it can be seen that increasing the velocity v or mass m of an object means the

applied frictional forces must be increased in order to bring the object to a stop within the same
distance.




(a) Referring to the passage, explain why there should be a maximum load limit for a vehicle (see the
vehicle label example below). (2 marks)

e TIRE AND LOADING INFORMATION

T T
SEATING CAPACITY| FRONT 2| REAR 3

IMPORTANT: The combined load of
occupants and cargo should never exceed
385 kg.

N -

Students’ Response
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3(a)
Referring to the passage, explain why there should be a maximum load limit for a
vehicle (see the vehicle label example below). (2 marks)

Suggested Solutions

If the maximum load is exceeded, the braking distance will increase if the friction
provided remains the same.
Vehicles would not be able to stop in time in case of emergency (thus dangerous).

OR
A larger friction is required in braking the vehicle within the same distance,
accident may occur if the brakes cannot provide such frictional forces.

Marking guideline

15t mark: maximum friction exists
2" mark: dangerous, not able to stop in emergency

Students’ Response

- Mﬁ»y Lo pasmye, .. 2"’"’ FX f“”“&wg Prous fhn‘msa}&ge«
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(b) (1)

It is known that the brake pads would provide much smaller frictional forces or even brake
failure would occur (i.e. without any friction provided) when reaching a temperature of over
a few hundred degrees Celsius. Explain why it is not recommended for a vehicle driver to
apply the brakes continuously during a long downhill trip. (1 mark)

Suggested Solutions

If the brakes are applied continuously, thermal energy generated will heat up the
brake pads / brakes to too high a temperature that the brakes may fail.

If 13!4\( Jnvoy aflj T/J'l{ ébm)c{j (wn‘tmuasfj c[o\/u- s /‘)
Jawh'\['. 1\9, ‘Dl\x_ Iomlq paJs will WAe’ahjme_ Eﬁ*—----h-"-’---!f-'-'j‘-‘-‘-’f-
brke the cor s o the_driver_ ol _Jogt_costrl € che cor, ().

e Cﬂdfhuwr reakly el poon o Lot of. f’ﬂtm\.....
b P ebice.. Ond T m"wL vl e lagt i
ff»rrhczs,\fronlﬁ-aM}I1m7aws¢ﬂ'feérnie;ea£s+ir\eaidm

over.a fow hoded  dee dogeees O

Loen the Vrakes | appliedl . covitiuesly, tue  fettrwnol bolweern
WQMMSM@WWWQ‘-”@LLM&‘%&DWW‘WW&
ook Yot Towptefiact oy XNRe Wb e o Fue temobeed

MWM&%WW&O

Students’ Response
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(i1) The figure shows an emergency escape ramp (slanting upwards) built for stopping vehicles with brake
failure resulting from the situation described in (b)(i). If such a ramp makes an angle of 30° with the
horizontal and a vehicle with brake failure enters the bottom end of the ramp at a speed of 25 ms™',
estimate how far it will travel along the ramp before it stops. Neglect air resistance and mechanical
resistances within the vehicle. (¢=9.81 ms™) (2 marks)

emergency
escape ramp

downhill road



3(b)(ii) (2 marks) Students’ Response

Suggested Solutions Students’ Response

0205t 2 [§8nd9) (Y
8203

Let D be the distance travelled along ) 5 .

the ramp. 3—(15) = (A.%1) J§|h30/
Kinetic energy of vehicle becomes its R e e S el
gravitational potential energy: (1) d- 637 m /

D=63.710m ~ 63.7 m
(62.5 m for g =10 m s72) (1A)

W\\\“ oy \/ _
| o Tﬂe. a‘emw,‘ AP o K ‘fEH‘ ;fm*o' *4%:.,\;’

OR

i U\ %\)\A = 203) SO S T <<2 fd e/ L ’m
V2 — U2 = 2as applied to motion up the \A ))\ o\ w = W 1t.264 5. talesng d».g;ﬂ.. P car -f-n.q.wry s v
ramp (1) .... 3
OR using 4 equations which can b\SJU\MUL = -%T}f-\‘%{ O .8 2(‘- zf‘!o':)(,v
finally find out the answer (1A) B ) ‘Q% - / = 6/3 7ms

Students’ Response

Ly...covsecratle. :f’ o R . .
_______________ K2 Lot Ll pin A + Candidates’ performance was satisfactory.

el r;/f:
25050 (8T

% = 3/fm{x

+ In (a), many candidates missed the point that

by vPow® tiasy/ if the friction F,remained unchanged (at its
0= bﬁ) + -4 5x ............................ maximum value) while the maximum load
5 EnAm limit was exceeded, the braking distance d
L dll T"*‘”" 3lam bebre iy sy, would be longer according to the equation
_____ WIS N 1 .
’(@56055")'1’{(1 gl)s x EmVZZFer glven.
s= 2384
................................................. =, 23-‘1m L



+ In (b)(i), when explaining why it was not
recommended to apply the brakes continuously,
only the more able ones pointed out that the
thermal energy generated would cause the
temperature to reach over a few hundred degrees
Celsius as mentioned in the passage.

+ In (b)(ii), some candidates had difficulties
estimating how far the vehicle would travel up
the ramp by applying either the principle of
energy conservation or the equations for
uniformly decelerated motion. A few even did
not know that the deceleration up the ramp was
gsind.

4(a) During the process from the time when the spring is fully compressed till the
cannon ball just leaves the muzzle,
(1) how much energy is transferred from the spring to the cannon ball ? (3 marks)

Suggested Solutions

K.E. + PE.

- %(0.3)(4)2 +(0.3)9.81(0.2) (1M +1M)

=2.4+0.5586=2.9886 ]
~2.99J (3.0J forg=10ms2) (1A

4. Figures 4.1 (a) and (b) show the cross-section of a fixed spring gun fitted with a small cannon ball,

cannon ball leaving
-1
the muzzle at4 ms

cannon
ball

spring gun (spring
fully compressed)

Figure 4.1(a) Figure 4.1(b)

The fully compressed light spring (Figure 4.1(a)) is released so that the cannon ball of mass 0.3 kg leaves the
muzzle of the gun at a speed of 4 m s~ (Figure 4.1(b)). Neglect air resistance. (g =9.81 ms™)

Students’ Response
%3’6"*”“’\' ts"f’h@l‘"/ .............
= \o. )@ B0y \%—JL\!.‘J(.‘?)
* 2 qRbT Eoemy. trdesal = KE gon o L]

e . CON

CE garn=3mv 0 PE = omgh
PN Vs N A Y 5
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Students’ Response

4(@)(ii)  explain whether the total momentum of the spring gun and the cannon ball is T R T S

conserved. (2 marks)
mb‘v’jfﬂnﬂfwt"‘“-fwwhamo”lg{’f"ﬁ"i*{“}‘“&-tRme.vf&rwfﬁu.mﬁb
Suggested Solutions et R e G R ————
L‘“‘/“"‘*’:'ﬁ"""‘}“*"‘-"lﬁwuﬁg’ﬂ'ﬁfbl'”"*"‘"dﬁirﬂﬁ,ﬁ““Dﬂ"éﬂw

As the spring gun is fixed, there is external force acting on the system / the gun,

total momentum (of the spring gun and cannon ball) is not conserved.

Marking guideline

0 mark : Correct conclusion (not conserved) without correct explanation (there is ey e, \
external force) e x-—“‘\ﬁ..tb‘te\ e Q&-—{in_sﬁr":jjuﬁ_ﬂ-l_ﬂL“l

..b....gﬂ.‘b.&(&&—.&......L.%Cm-..........'.-I.Ln,.......b.tﬁ'!k_.m.ABP!!‘J\!‘-__“A.“R‘H“,M_HES‘I“.ffmd-d_tﬂ[ﬂ.ei.,

*(b) The cannon ball is projected at 50° to the horizontal initially and reaches a point Students’ Response

horizontally away from the muzzle of the gun at a distance R. Find R and the
time of flight t; of the cannon ball to that point. (4 marks)

Suggested Solutions Y : W m_L ___________________________________________________________

. 1
Vertical : s=ut+ Eat2

1
0=4sin50" t,— 5 (9.81t2 M
t,=0.6247 5 (0.6128 s forg=10ms2) _..._tfg )’LLO{;ZS‘"\/
~0.625s (0.613 s forg=10ms32) (1A)

Horizontal : R =4 cos50° x t;
R =4 cos50° x 0.625 (1MV)

=1.6062 m : | e
~1.61m (1.57 mforg=10ms2) (1A)



Students’ Response

Students’ Response

*(c) Ifthe projection angle is increased to slightly greater than 50° while the initial
speed remains unchanged at 4 m s~!, explain, without any calculation, whether

there is any change in t;. (2 marks)
_ qanbo £ 481t
Q. =400 S
.= exg30.313 ¢ Not complete

since the initial vertical velocity / component is greater.

Gz libhm. v

0 mark : Correct conclusion (t increases) without correct explanation (initial vertical
................... velocity increases)

1 mark only : time changes since the initial vertical velocity changes.

1 mark only : correct conclusion (t increases) with incomplete explanation (vertical
= height increases, etc)



Students’ Response
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+ Part (a)(i) was well answered.

+ In (a)(ii), only the more able candidates understood
that as the spring gun was fixed, external force(s) acted
on the system and thus momentum was not conserved.
Moreover, some candidates only mentioned in their
answers that momentum was not the same before and
after the process, without giving any explanation.

+ Part (b) was well answered. However, a few candidates
had difficulties in resolving the initial velocity of the
cannon ball correctly into its vertical and horizontal
components.

+ In(c), only the more able ones reasoned without any
numerical calculation that t; would increase as the
initial vertical velocity vsin® increased.

Students’ Response
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6. (a) You are given a ray box with a single slit (producing a fine light beam), a cylindrical concave lens, a
plastic ruler, a pencil and a piece of paper as shown in Figure 6.1.

y il

pa pa 25 P Z j

Lesia %
To power supply plastic ruler

Figure 6.1 i ﬂ

ray ?OXIW"h a cylindrical pencil

single slit concave lens

paper

Describe how you would use the above apparatus to find the focal length of the lens and state ONE
possible source of error in the experiment. (5 marks)



Suggested Solutions

Place the (cylindrical) lens on the piece of paper and trace its outline, use ray tracing
method e.g.

- direct and trace a light ray towards the lens.

- direct and trace a light ray along / parallel to the principal axis

Direct another light ray parallel to the first one / principal axis (by shifting the ray box)
and trace the path(s) of the (emerging) ray(s) on the paper.

Extend (the path of) the emerging rays backward and locate the intersection point (on
the focal plane containing F).

Measure the distance from the intersection point (or F) to the centre of the lens which
gives the focal length of the lens.

Source of error: (Any ONE)
Scale uncertainty of the plastic ruler (read to nearest mm).

OR Unable to mark the path correctly because of the thickness of the beam of light from
the ray box

OR The ray(s) is/are not parallel (to the principal axis)

OR Any reasonable answer (e.g. light rays not L lens for using rays // principal axis)
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(b) Inthe figure below, /. represents another cylindrical lens. A vertical pin used as the object is placed at ),

the image is formed at / by the lens. The horizontal scale is | cmto 5 cm.

(i) What kind of lens is used ? Explain. (2 marks)
[
; (i1) Draw a suitable light ray to locate the principal focus F of lens L. Find its focal
) “Slem length.
R 4 Focal length=.......................... (2 marks)
(iii) Complete the path for the ray p from point A. (1 mark)

Suggested Solutions
(1) L is diverging/concave.1A)

—— only a diverging lens can produce a (virtual) image between the object and the len(slA)
axis

(ii) Focal length =30 cm (1A)
Correct ray to find F (14)

(iii) Correctray p (1A)

Marking guideline

(1) Accept: only concave lens can produce a image between the object and lens

(i) What kind of lens is used ? Explain. (2 marks)
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Students’ Response Students’ Response

[ L

principal
axis

principal
axis

Focal length =

Focal length =

Students’ Response Students’ Response

S i B R A e I - et

principal
axis

principal
axis

Focal length=.......... g(OCM /

Focal length =



+ Candidates’ performance in (a) was poor. Not
many of them correctly suggested various
methods, using one ray (with the lens position
and principal axis correctly marked on the piece
of paper) or two parallel rays from the ray box to
find the focal length of the concave lens. Weaker
candidates, however, wrongly tried to obtain an
image formed by the concave lens using just a
single light ray from the ray box.

+ Part (b) was in general well answered. Most were

able to draw a suitable light ray to find the focal
length of the lens in (b)(ii). In (b)(iii), however,
some candidates failed to indicate the correct
path of ray p.

Solution Marks Remarks

7. (a) (1) Increase the separation between the double slit and the 1A
screen. D. Well answered
B
(1)  The separation of the bright dots on the screen becomes 1A NOT accept :

larper. thus the percentage error in its measurement is - The dots are brighter
smaller. - The separation of slits 1s smaller.

Not as well answered as

expected



\ 7 (a)(iii) Only five bright dots are observed on the screen such that the ©

separation between the 15 and 5™ dots is 1.56 m. find A.

(i11) The angular position of the 2* order bright dot

Afluss/2)
1.40

&= tan =29.124053"

_ . 107
Grating spacing|d = 200

=25x10%m
Applying dsin é=nk.,
25107 xsin 29.12°

2
=6.08378 10 m
[ = 6.08x10”" m (= 608 nm)|

Wavelength A=

N

Common errors:

. AD
Applying Ay = —fo
find the wavelength
OR
mistaking the order of
diffractionasn=1or 5

(b)(ii) The distance between O and P is found to be 1 m when the signal generator is set
at 750 Hz. By considering the path difference PB — PA, use the results of the

experiment to find the speed of sound in air.

(it)  For the 1% order i
lwavelength A = path difference PB — P4 I
:[J(1+ 0.5 +2° —J(1-0.5)" +2° ]
=25-2.06155281 =043844719m~ 0438 m

speed of sound:
v=7,A=750x 04384
=328.835ms

1M 1M for A = path difference
1M 1M for calculation of path difference
1A

3

N

7 (b)(i) With reference to the above settings, use the fringe separation equation
Ay=AD/a in the double-slit interference to find the wavelength of sound is not |
accurate. Explain briefly.

The equation can only be applied for

- A<= a (i.e. wavelength << separation of the two
sotrces). OR A is much smaller than a Any

- a << D (i.e. separation of the two sources << ONE
separation of the sources and detector), OR a is .

much smaller than D
OR
Using the fringe separation equation to find the wavelength
of sound is not accurate for

- Ais comparable to/ NOT much smaller than a } Any

- a is NOT much smaller than D ONE

N

the heater is in ‘heating” mode 2

Note : the order of magnitude of the
wavelength of sound is about 107! m

Common errors:
Poor verbal reasoning

8 (a)(i) To which pairs of terminals, X, Y or Z, should the switch connect to when

(a)(ii) Calculate the current drawn from the 220 V mains supply when the heater:

is in ‘heating’ mode.

Solution

Marks

Remarks

@

(1)  To terminals X

(11) P =
636364 A

Not as well answered

1M
1A

as expected
Correct sub.

Well answered




800 = —_—
R 4R) 4R

2
‘Pk::pingwann
~50063)

1M for the expression of eq.
resistance in heating mode

1M for calculating power
with 4R
1A for corr. ans.

@

Alternative
v: o osp?

800=—+-—— ="
: 4R

(111) Accept using wrong answer in part (1), error carned
forward in this part.
***For candidates selected terminal ¥ in part (i)***

2

1M for finding the value
of R

1M for calculating power
with 4R

1A for corr. ans.

Provided that
the answer to

v 1M o e
800 =~ (a)(i) is wrongly
, v op? selected as
oeni =—=— 1M .
ceping warm = %R “terminalsY”.
\
=800 =5=4000 W . 0A
Alternative
V2
800 =— M
4R
R=15125Q
v:oop?
P _r_v M
eeping warm Raq %R
=220%12.1
=4000 W

0A

Alternative
Power = 1/resistance
OR _‘warm _ Req
—  Pheating 4R

Prarm = Pheating|(

. T
1. L] /4R)
R 4R

\

1M

1M

1M for inverse proportion
relationship

1M for finding the ratio of
resistances

1A for corr. ans.

Many candidates achieved the correct answer to this

question by various routes.

Many incorrect answers seemed to follow a fairly

random method.

Alternative

Power = 1/resistance

Preepingwarm 4R
OR —Frioim ——

phsrxﬁng Raq

-1

P 1,1
Hﬁq)mgwm .Pheaung(“R:‘r[R+4RJ )

Preeping warm = 4000 W




8 (b)(i) What physical quantity does the meter M record 2
(b)(ii) An RCCB is a kind of safety device that cuts off the supply automatically
whenever there is a small difference between the currents in the live (L) and
neutral (N) wires. State, in each of the following situations, which device(s)
will respond (i.e. the fuse blows and/or the RCCB cuts off the supply).
(1) A short circuit occurs between points X and Y.

Q (a)(i) Indicate the direction of I in Figure 9.1.

(2) A short circuit occurs between point Y and the metal case of the appliance. -
Solution Marks Remarks

. . 9. [Accept: Anticlockwise or from Pto @
(b) (i)  Electrical energy (consumed) Accept: through the metal rod
‘Energy’. ‘Energy in kW h’ or Energy Not accept: From P to Q

(kKW h)’, ‘Electricity consumed

Not as well answered (kW by, HHEE AL (kW h)

Well answered

NOT accept:
‘Electricity consumed’, ‘FEF or
& Wh'

(ii) (1) only the fuse blows
(2) only the RCCB cuts off the supply Well answered

as expected

1-

@ (b)(i) Explain why it is only the horizontal component of the earth’s magnetic ©
field that is cut by the mast which gives rise to this induced e.m.f.

\ % (a)(ii) Explain why an external force F is required to maintain the uniform motion®
of rod PQ. Find F in terms of the physical quantities given.

(a)(iii) This set-up works as a generator. By considering the mechanical power
input by external force F to the set-up, show that & = Blv.

(b)(ii) Referring to (al)(iii), calculate the e.m.f. induced across XY and state whether |
the distribution of free electrons along the mast is more at end X, more at
end Y or uniform along XY.

(11) By Lenz's law, a magnetic force Fa acts on the rod that Accept :
opposes its motion, 1A Work done by an external force is
an external force F is needed to balance Fs so as to ded to transfer mechanical energy
maintain uniform motion (or constant v) 1A into electrical energy.

Horizontal (component) 1s perpendicular to the mast /
direction of motion.

OR
Vestical (. ent) is pasalle] to the _ - Well answered

in magnitude) - 1A Accept :F = &l/v
3
(i) mechanical power input = Fv NOT accept: QLV by (a)(ui) using the horizontal
1M Proof by considering the rate of flux = (50 x 10 cos30°) (20) (6) lcomponent of B
cutting. =5196152 x 103V e.g. B cos £/ B cos 30°/ B sin 60°

[power input = power output (electrical)

ILBv=1I¢& 1M

[meelecuonsaxmd,r] .




(iif) No current.

Both the cable and the mast cut the field lines 1n the same

1A 5
way, the em f’s produced are equal and thus oppose each|1A

other.

Poorly answered.

Common errors:
Poor verbal reasoning
Explain with induced current rather than induced e.m.f.

The 1% 1A mark 1s awarded only for
correct explanation.

Accept :
No change in magnetic flux through
the loop of the circuit.
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QUESTION 2(a) QUESTION 2(a

Marking Scheme Performance /

Common Errors

*2. Two vessels. 4 and B. of volumes 37 and 27 respectively are connected by a narrow tube with a tap as shown
in Figure 2.1. Initially the tap is closed and both vessels are at the same temperature. Vessel A contains oV .
helium gas af a pressure p while vessel B contains 0.8 mol helium gas at a pressure 2p. Assume that helium n=—uwpl” (for constant T) 1M Most candidates
gas can be taken as an ideal gas. RT were able to find the
4 B m _ (PXGV) amount of helium
ng  (2pX2T77) gas in vessel A.
t
Figure 2.1 - na=0.75 0.8 mol
= 0.6 (mol) 1A However, some of
them just used
3 and 1 instead of
(a) Deduce the amount of helium gas (in mol) in vessel 4. (2 marks) (2p)2V)=08RT ™M 3p T(nd Viin their
pV —02RT working.
pBFy=nRT
n=3x02-06(ml) A

QUESTION 2(a) (SAMPLES) QUESTION 2(b)(i)

(a) Deduce the amount of helium gas (in mol) in vessel 4. (2 marks)
) (b) MNow the tap is open and a steady state is reached. Assume that the temperature remains unchanged.
Pl. V.i . F;, |/z_ a- P P AT R \/ (i) Find the gas pressure inside the vessels in terms of p. (2 marks)
Pl A e R IM 1 A
Tl T;, ¥ ng

Marking Scheme Performance /

Rpi¥a
peVe
Common Errors

I[7Eamy bY = fal

e 78 .
; .
Ly’ A o m (2p)2V). = 0.8RT. . n=na+ng Not many started
k. X p'GV+20 =p 1) + QRN 1™ with conservation of
= VY . . R =
Lpv=nls r }, fraction accepted, unit can be omitted IM 1A p=14p 1A number of gas
n= -j-:. V' (asked to deduce the amount in mol) molecules.
PV +21) = (0.6 + 0.8)RT Weak ried t
. . M eaker ones tried to
PEn T wrong equation, missing pVv P'(5V) =14RT employ p.7s  pola
t p'=14p 1A -
1R ngR

Vsl B z(z)»m?(wrnx Vessal A2 301D = n(@3)(o-6e1)
"4 OM 0A

=0 6o/ = ¢- 6 a A .
Tze K nEL . to find the answer.
answer from wrong equation




QUESTION 2(b)(1) (SAMPLES)

(b) Now the tap is open and a steady state is reached. Assume that the temperature remains unchanged.
() Find the gas pressure inside the vessels in terms of p. (2 marks)

PresSaas. = w from p'(3V +2V) = p(3V) + (2p)(2V)
' { IM 1A
fooi ikl /.
i ae l/ v

Frm\‘w/\' (Ao, in Yessol A ns (2

Nz ¢ 9 -Hu'z,:«wnu{, V=3fL;J'l/
=,V =2k ] 5% Zﬁ‘é;l"/ﬂ’T IM 0A
1 f GBVE2TV)=(08+1D o £
0z Lf‘I—/ rom p ( ( p]= - .gl-,—
I i I 127
.......... fressonms. 72 X
{7V~'\FT :
GCRT from p'(3V +2V) = (0.8 + 0.6)RT
n,V [ / \/ M OA
r) = [ k/’ X

QUESTION 2(b)(ii) (SAMPLES)

(i1) Account for the pressure change of the gas in vessel 4 using kinetic theory. (2 marks)

hw'u & M‘f“’- m"“\. Dl/ " /V& m C vessel A.understood

L hoentdna, CXpldndthﬂ in terms of colhslons
X with vessel wall required

glkd-{. ha. b S\ PA‘ WCJLS b B Aevtees ,1}4\-
;ﬁ sl QAL& oo, tha wmdd s '6'%*’3(“‘4 1A 0A

............... 3"“ TV o el (Y
more Vlgorously/wolently is not accepted since temperature

(average KE of molecules) remains unchanged.

A“'Vlk il tnerese. Mo no, 4 fae el 3noeak X

Gt cdlasioms feto MLWL»‘T);«M&MA Vx assms.
) AN : 0A 0A
N ALt

with vesset-watl

QUESTION 2(b)(ii

(i1) Account for the pressure change of the gas in vessel .4 using kinetic theory. (2 marks)

Marking Scheme

Performance /

Common Errors

When the tap is open, no. of gas molecules in vessel 4 14
increases due to the (net) flow of melecules from B to A,

the frequency of collision of gas molecules with the p
vessel’s wall increases, pressure increases.

This part was well answered
though some candidates
considered the whole
system which led to the
conclusion that the volume
of the gas increases.

Candidates were able to use
the terms in kinetic theory.

Weaker ones held a
misconception that pressure
was due to collisions among
gas molecules.

QUESTION 5(a)(i)

5. Figure 5.1 shows the use of a beam balance to measure the mass of a load. Without the load and the counter-
weight, the beam with a scale pan at its left end is balanced and remains horizontal. (g=9.81 ms™)

5.0 cm 10.0 cm
Id—bd—b

beam

load

pivot

Figure 5.1 [\ counter-weight

scale pan

(a) Aload is placed on the pan which is 5.0 cm from the pivot. The set-up is in equilibrium when the counter-

weight of mass 50 g is 10.0 cm away from the pivot as shown.

(1) Find the mass of the load.

(2 marks)




QUESTION 5(a)(i)

(a) A loadis placed on the pan which is 5.0 e from the pivot.  The set-up 1s in equubibrium when the
counter-weight of mass 50 g1s 10.0 cm away from the pivot as shown.,

(1)  Find the mass of the load. (2 marks)

Performance/ Common

Marking Scheme

Errors

mx g x0.05=0.05xgx0.10 1™

Most candidates correctl
m=01kg orl00g 1A Y

considered the balance of
moments. A few of them made
mistakes in the conversion of
units.

QUESTION 5(a)(ii

(ii) If the reading of the counter-weight’s position on the beam carries an uncertainty of +0.1 cm, find the
maximum error that corresponds to the result found in (a)(i). (2 marks)

Performance/ Common

Marking Scheme

Errors

New to most candidates.
) o N Many considered the max and
Co -weight position - 10. CI Cm 0.Lem min values and found their
Percentage error = 100%x( } 1% 1M | difference instead of using
percentage error.
; = %1}1 gto 99 g_ N Some candidates overlooked
Le. maximum error =+ 1 g 1A | that only the error associated
with the counter-weight’s
position was considered or
used 0.05 cm in their
calculations.

QUESTION 5(a)(i) (SAMPLES)

(a) A loadis placed on the pan which is 5.0 cin from the pivot.  The set-up 1s in equilibrium when the
counter-weight of mass 50 g1s 10.0 cm away from the pivot as shown.

(i)  Find the mass of the load. (2 marks)

s (¥) (_‘%,) ?Y ( 70)\/ wrong order of magnitude
{

of counter—weight accepted

m_ = ks X
¢ 1M 0A
e dhe mwf'pg Hhe W.
0 = o. )(mab
mi. K 0( = /\g X
s = o]
v OM 0A

M= 0.0[02 Jcl/ x

QUESTION 5(a)(ii) (SAMPLES)

(1) If the reading of the counter-weight’s position on the beam carries an uncertainty of £0.1 cm,

find the maximum error that corresponds to the result found in (a)(i). (2 marks)
& ~[o®@
M & L‘@r P} 2V = e -12% o s %
. Ve ’ o IM 0A
0-o% @ . 0 ~100 do .S
...M.H‘M g = ,?v 7 AV Lo 7 1 o = LAY
0.6Y

wrong.arder. of magnitude
of uncertainty accepted

Wi earer. z. 0L K KB 0000 T8 N Am ><5_(—) x Al

1000
z9.00| (C-} +......accept without + sign IM 1A
e, MO0 ° ""‘S(V“’t'“‘l ...... aneertanty= 0.05 cm &

e x%{ ___error.on hoth moment
o arms are not accepted.
m.=_ 0. (o ke P

A orras = s lol{—o-] = 0.9 lca OM 0A
7 e S




QUESTION 5(b)

(b) The weight of an identical load is now measured by a spring balance calibrated in newtons. What is the
balance’s reading ? (1 mark)

Marking Scheme Performance /

Common Errors

. . Most candidates were
Spring balance reading = mg = (0.1 kg) (9.81 Nkg™!) 1M/ B
—098] N A able to use W =mg to

~10N find the correct value.

QUESTION 5(c)(i)

(c) The beam balance set-up in Figure 5.1 and the spring balance with the load in (b) are both brought
mto a hft.

(1) The measurements are then repeated inside the lift which accelerates upwards umformly.
State the change, if any, in the measurements respectively. (2 marks)

Marking Scheme Performance/

Common Errors

Only some candidates

counter-weight position spring balance reading were able to correctly
on beam balance state the counter-weight
position on the beam
the zame 1A reading increases 1A balance.
Most were able to

indicate that there was
an increase of spring
balance reading.

QUESTION 5(b) (SAMPLES)

(b) The weight of an identical load is now measured by a spring balance calibrated in newtons. What is the
balance’s reading ? (1 mark)

G-[/ ....... X should be in N. 0A

Toam (220 mzto0q

¥
Fzma _:-(jo«)(‘i-;?') M
=M X[V ?

QUESTION 5(c)(i) (SAMPLES)

(c) The beam balance set-up in Figure 5.1 and the spring balance with the load i (b) are both brought
mto a hft.

(1) The measurements are then repeated inside the lift which accelerates upwards umformly.

State the change, if any, in the measurements respectively. (2 marks)
counter-weight position on beam balance spring balance reading
o henge . P48 p IA 1A
e v J v
-weight position on beam bal; spring balance reading
. i :
,{;u'ﬂ.b\/ :{;ww A P_u(/r jhCaR enl S J 0A 1A




QUESTION 5(c)(ii

(i) A student claims that if the lift falls freely, the beam balance can still be used to measure the
mass of the load.  Explain whether the claim is correct or not. (2 marks)

Marking Scheme Performance/

Common Errors

Very few candidates

were able to precisely
The beam balance would fail to work / to measure the 1A

explain why the beam
mass of the load. bal failed t Ki
as the apparent weight i1s zero, the counfer-weight can 1A alance falled to work in
take any position. a free falling lift. Some
of them wrongly thought

that the beam balance
reading would
decrease.

QUESTION 10(a)(i)

(a) Part of the decay series of radium-226 (Ra-226) 1s shown below. Ra-226 decays to radon (Rn) by
emitting an « particle with half-life 1600 years. The end product in the series is lead (Pb), which is
stable.

1;?[(3—“.‘»-— Rl — ... —Pb

(i) °¥pb, 2pb and ’2PbL are three stable isotopes of lead.  State, with a reason, which isotope
can be the end product in this series. (2 marks)

Marking Scheme Performance/

Common Errors

: Well d.
226 — 206 = 20 (multiple of 4 for @) 1M o answere

206
s> Pb 1s the end product A

QUESTION 5(c)(ii) (SAMPLES)

(i1) A student claims that if the lift falls freely, the beam balance can still be used to measure the
mass of the load.  Explain whether the claim is correct or not. (2 marks)

from wrong explanation

s incomvet ¢ e vouso noasim A udAA e 9x. 0A 0A

7.l
hs. '("H— ,LN(L f’ = & )(T,Bﬁ'?rm wumcr u,W

erHW Jnm y/ &

U .
sz . Fncsa.. wmald 6’fW#Wh-u Pty Wﬂ‘f‘m o 32? f’LG
Ko is )kw'x from wrong explanation 0A 0A

from wrong explanation

A 0 comed Ttk A Jolhe frcle, . e colekine
wehonatiog, fthuwscn . firad Mﬂu oy [N P

wilk Ageamt 0, mem 0A OA
IS TNV Rt

QUESTION 10(a)(i) (SAMPLES)

(1) 2¥pb, 2pb and 2Y8pb are three stable isotopes of lead.  State, with a reason, which isotope
can be the end product in this series. (2 marks)

i-oef- ﬂ\/r{' %Aesj? £ ol .uc,m} v
accept 5a emissions from Ra — 226

IM 1A

¢ 222 4o -+ 206
Ry =i, — e Re AT
accept 4o emissions from Rn — 222
IM 1A




. QUESTION 10(a)(11
QUESTION 10(a)(11 (SAMPLES)

*(11) In a certain laboratory, a Ra-226 source has been used for 50 years. Estimate the percentage *(11) In a certain laboratory, a Ra-226 source has been used for 50 years. Estimate the percentage
of undecayed Ra-226 left after this period. (2 marks) of undecayed Ra-226 left after this period. (2 marks)
: ‘ ; <
Marking Scheme Performance/ (6.02.% !“—“:" ke Gotiz R L0
Common Errors s,
pretgp = ( Tl ¥ IM 1A
% undecayed Ra-226 left = al FRER) L acceptd7.8% (= 97.857%)
N, Well answered.
fn2
_ teoo? M
=e
— (74 ;
=97.857 % N R & (K-
= 2% e oD
97.9 % 1A i L2/ « on
= 4.9
% undecayed Ra-226 left T e( D e
50 I)Mm}tﬂ)&:??‘j 7. x
_ l 1600 1M { ¥ -
2
=97.857 %
~97.9% 1A
- - (b)- Spark-counters - can-show the tomzing power of radiations. - -Figure: 10. 1 indicates - the - main- features of a- (i) Explain why the sparks occur at irregular intervals. (1 mark)

type-of spark counters in school laboratories. -

- Ra-226- )
metal gavze.

: source. |

Figure-10.1. | /

P = B . b

L

EHT. =

+. »>
| \ , Marking Scheme Performance/ Common
fine -metal wire.

Errors

- Avspark-counter- consists-of a-fine metal wire-mounted-a-few -mm-beneath-an-earthed - metal - gauze. - The

wire-1s-connected to-the positive terminal of an E.H.T. (Extra-High Tension)-supply-so-that-a very intense- Some answers were not precise, e.g
electric field is-set up between the wire and the metal gauze. - When-a Ra-226 source is-brought near the- e
gauze. sparks- giving out flashes-of light and crackling sound -are produced at irregular-intervals.. Radioactive decay of Ra-226 is a random process 1A the ionizing power is random or the

type of radiation emitted is random.

- (1) - Explain-why the sparks occur-at irregular-itervals. (1'mark).




QUESTION 10(b)(i) (SAMPLES)

(1) E=xplain why the sparks oceur at irregular intervals. (1 mark)

Mirwdﬂwlﬁa\, 'U- M'\AL"M\/"'\ ratime 1A

ﬂﬂ.—vvé Mw"b' o ﬂﬁ-\)k‘(/(.u wM1 M fjrr, Dews/
e, T eamilhom 4, pohiedes 35 .‘,wq,..w e sluwtq 0A
Ao grrons e Apnscutan Iﬁ-ﬂm}«_ Irrugular not accqg_tcd

kubofMLMMx Ra=x26 i _oonhin,

tdndom distribution, direction and
strength not accepted

0A

QUESTION 10(b)(ii
(SAMPLES)

A Ra-226 source used in school laboratories 1s usually said to emit a, 8 as well as yradiations.
(it) Explain why Bradiation is also emitted even though the source is primarily an a-emitter.

(1 mark)

N Rg 24 wnil o ey, nadieie WRM;% 1A
M«}Wfﬁf‘*«L' 5o

other radioactive substances may be
considered to be daughter products

Wi St ... aeddAN o gensthoh ko
meﬂibﬂamﬁhkymw 0A
[onaly an

_§\u¢'r/k4m mm;hu 4’ Lt M.\'&M.‘LJ\AM
g thoy w’yl S Jwsl mdiing electr 2 /3(\494[4"‘/‘”"‘

0A

The swe will bm—wlh b rs«!'au, M W:th% gt oA
M—m’ G2 A {IM‘V‘U

QUESTION 10(b)(ii

A Ra-226 source used in school laboratories is usually said to emit a, § as well as yradiations.

(i1) Explain why 8 radiation is also emitted even though the source is primarily an a-emitter.

Marking Scheme

(1 mark)

Performance/ Common

Errors

Some of the daughter products of Ra-226 are also

radioactive and may emit /3 particles. 1A

Many candidates thought that the
Ra-226 source was not pure and thus

emitted all three kinds of radiation.

It seems that candidates did not fully
understand the mechanism of a decay

series.

QUESTION 10(b)(iii

(111) Why is the sparking mainly caused by a radiation rather than 8 or yradiation ? Suggesta

simple way to verify this.

Marking Scheme

(2 marks)

Performance/ Common

Errors

Reason: weaker ionizing power of g & yradiations 1A

- raise the source fo a distance greater than the

range of & (a few cm) will cease to have sparks. [ Any

- insert a paper between the source and the gauze, | ONE
sparks will cease to produce. 1A

Quite a number of candidates
pointed out that the sparks were
related to the strong ionizing power
of a radiation, but many just using
cloud chamber to distinguish different
types of radiations emitted instead of
describing a way to verify the sparks

were caused by the « radiation.




QUESTION 10(b)(iii)
(SAMPLES)

(1i1) Why is the sparking mainly caused by a radiation rather than §or yradiation ? Suggest a
simple way to verify this. (2 marks)

bozss.... . packde scs hamitor sad oy de Moded

L B i i i Thank You!
Vmadlon o 0A OA

L o s Meds, | y— vﬂow«fuf TN VR .
t ¢ k2 0] [AOA

t tr 7 | LR A
/L Y Aadihoom, crand .

The property of « particles
only, not the way to verify.

Q.1 Multiple-choice questions

A B C D
1.1 26.8 37.6* 24.8 8.7

1.2 36.9* 19.5 17.8 22.5

Paper 2 1.3 12.3 102 | 49.9* | 251
1.4 50.9* 23.2 16.7 7.0

Section A: Astronomy and Space Science 15 153 44.57 22/ 14.5

1.6 4.5 17.9 60.8* 14.3

1.7 8.3 175 12.5 59.1*

1.8 25.5 29.9 17.4 23.7*

* 1 key ; Red colour : most favourable distractor




MCQ. 1.1

An unpowered spacecraft is travelling in an elliptical orbit around the

Earth. Which of the following descriptions is/are correct ?

(1) The acceleration of the spacecraft is always pointing towards
the centre of the elliptical orbit.

(2) The magnitude of the acceleration of the spacecraft is greatest
when it is moving fastest.

(3) The gravitational potential energy of the spacecraft remains
unchanged in the orbit.

A. (1)only 26.82% favourable distractor |
B. (2)only* 37.24%
C. (1)and(2)only 24.76%
D. (2)and(3) only

More than 50%
candidates selected (1)

F=ma, direction of acceleration same as resultant force

MCQ. 1.5

A star of has a parallax of #when observed from the
Earth. Which of the following gives the angular size of the star
with respect to an observer on the Earth ?

4R6

A
1AU

B. X0«  4445% 1
=it dzg, angular size = 2R/d
RO

C. T 22.69% favourable distractor

p. XR¢

2AU

MCQ. 1.2

The escape velocity at the Earth’s surfaceis 11.2 kms~1. A
space probe launched from the Earth’s surface attains a speed of
6 km s—1 when it is very far away from the Earth. Find the
launching speed of the space probe. Assume that the flight is
unpowered except during launching and neglect the effects of
other celestial bodies.

A.12.7km s~ 1 * 36.90%
B. 15.6kms™1
C. 16.4kms~1
B o kme— 22.48%

favourable distractor

required min.K.E. + final K.E. = initial K.E.

MCQ. 1.8

The figure shows the side view of a typical galaxy with a spherical
nucleus of radius R and several spiral arms. Observations show
that the stars in the nucleus are rotating about the galactic centre C
as if the nucleus is a solid body. It is expected that the rotation of
the stars in the spiral arms about C will obey Kepler’s third law but
instead the stars are observed to rotate with nearly the same
constant speed.

galactic centre C

spherical nucleus



Which graph best shows the variation of the rotational period T of
the stars with their distance r from C ? (The solid curve represents
the observed result whereas the dotted curve represents the
expected result.)

A. B.

Q.1 Structured question

(a) X is a distant star and it has a parallax of 0.08 when observed
from the Earth.

T (i) Find the distance of star X from the Earth in ly. (2 marks)
/Afavourable distractor
B:29.9%
4 S > Distance from the Earth =$ pc=125pc=125x3.26ly 1M
¢ o = 40.75 (ly) 1A
' ‘,/ Key D: 23.7%
1.as d;rk matter exists =>Rv T-T1
2. T? oc 13
(a)(ii) The information of star X is given below: Q.1 Structured question
surface temperature = 2900 K
radius = 0.14 R, where R, is the radius of the Sun . e dnR%eT*
Given the surface temperature of the Sun T, = 5800 K,
. . L R\2 /T\4
deduce the luminosity of star X in terms of the s L& R?T* or e (R—S) (Fs) 1M
!umm_05|ty of the Sun, Ls. Hence, or otherwise, state . (=000123 1A
in which region, A, B, C or D, on the Hertzsprung- + Region D A

Russell (H-R) diagram X is located. (3 marks)

1000000 |
100000 i
10000 + |
1000 region 4 i region B
100 - |
i

10
Sun

N SN0 U | 0 & o S WSS ARSI

0.1 4 I
0.01 region C

0.001
0.0001

luminosity (L/Lg)

region D

10000 1000

surface temperature (K)



(ii) Astronomers are able to deduce the orbital period T of Y around
its parent star X indirectly since the interaction between them
causes X to wobble (i.e. small degree of rotation about their

Q. 1 Structured question

e (b) Star X has an Earth-sized planet Y orbiting around it. centre of mass) with the same period. Name the kind of
(i) Why is it difficult to observe Y directly using optical interaction and state what physical quantity of X should be
measured in order to find T. 2 marks
telescopes other than it is very small and extremely far ( )
away from the Earth ? (1 mark) Gravitation / gravitational (force of) attraction / gravity.

By monitoring the Doppler shift of a particular spectral line (from X)

Planet does not emit light / only reflects light, so easily caused by the variation of the star’s radial velocity, period T can be found.

overshadowed (E22R2= %) by the parent star’s flare.

Accept : NOT t: Accept :
ceept: . accept: Measure Doppler shift
The planet is an extremely faint The planet is too small,
source, The planet is dark/dim The change of wavelength/frequency by Doppler effect
Compared to the parent star, the Compared to the luminosity/ NOT accept: _ _ =
planet is too dark/dim, SerE, REE B EFE only red or blue shift.; radial velocity

SERELLE - TSI/ AT

(iii) It has been postulated that a favourable condition for life to

exist on a certain planet is that the power per unit area Q.1 Structured question

coming from the parent star onto that planet /, is within 0.5 S

to 2 times that coming from the Sun onto the Earth /.. ~ 4ma?

Deduce whether this condition is satisfied for planet Y using — o= (L_x) (d_E)z 1M

the result in (a)(ii). Given that the distance between X and Y a2 Ig  “Ls”dy

is 0.04 AU. (Note: the power per unit area coming from a . ¥ _ 0766

parent star onto its planet is given by ! =2 Where Lis the Ig - = . _
luminosity of the parent star and d is the distance of the * The planet satisfied the condition for the existence of life.

planet from its parent star.) (2 marks) 1A



Thank You

Q.2 Multiple-choice questions

Paper 2

Section B : Atomic World

Q.2 Multiple-choice questions

2.1

In Rutherford’s scattering experiment, the
distance of closest approach of an « particle to a
gold atom can be deduced. This distance is a
good estimate of the upper limit of

A B C D
2.1 13.2 31.3 46.1% 8.9
2.2 13.9 11.5 22.9 51.2*
2.3 12.6 11.3 28.2 47.7*
2.4 15.0* 64.8 11.1 8.6
2.5 7.2 24.8 56.8* 10.8
2.6 18.6 61.5* 9.8 9.4
2.7 9.3 8.9 61.6* 19.7
2.8 313 25.7* 22.6 20.0

* : KEY ; Underlined

: most favourable distractor

A. the radius of an « particle. (13.19%)

[ B the radius of a gold atom. (31.31%)
C. the radius of a gold nucleus. (46.10%)*
D. the thickness of the gold foil.  (8.88%)




Q.2 Multiple-choice questions

2.4 According to the Bohr model of an atom when the electron
of a hydrogen atom undergoes transition from an inner orbit
to an orbit of larger radius, the hydrogen atom may have

A. absorbed a photon, and the electron’s kinetic energy

decreases. (15.02%)*
B. absorbed a photon, and the electron’s kinetic energy
increases. favourable distractor (64.82%)
C. emitted a photon, and the electron’s kinetic energy
decreases. (11.11%)
D. emitted a photon, and the electron’s kinetic energy
increases. (8.59%)

Q.2 Structured guestion

The set-up shown in Figure 2.1 can be used to measure the maximum
kinetic energy of photoelectrons emitted from sodium metal when
electromagnetic radiations of the same intensity but having different
frequencies are incident on a sodium-coated cathode.

sodium-coated electromagnetic radiation
cathode

photocell
{— d.c. power supply
t e — (voltage adjustable)
(a) Briefly describe how the maximum kinetic energy of

photoelectrons can be measured using this set-up for a certain
frequency (above the threshold value) of radiation. (2 marks)

Figure 2.1

Q.2 Multiple-choice questions

2.8  Which statement below is INCORRECT ?

favourable Nano particles of silver show a colour different from
distractor the colour of silver in bulk form. (31.33)

B. Diamond is a poor thermal conductor and a poor
electrical conductor as it does not have free

electrons. (25.66%)*
C. A carbon nanotube is much stronger than steel of the
same size. (22.58%)
D. Carbon buckyballs such as C, are formed by carbon
atoms arranged in hollow cages. (19.96%)

Q.2 Structured guestion

(a) Briefly describe how the maximum kinetic energy of
photoelectrons can be measured using this set-up for a certain
frequency (above the threshold value) of radiation. (2 marks)

Increase/adjust the voltage just until there is no current passing
through the circuit (no photoelectrons to complete the circuit),

1A
record the voltage V_ which gives the maximum kinetic energy of
the photoelectrons = eV,

1A




Q.2 Structured guestion

2 Fuea cefoin {\teau?Mw D,E codntina @( o

FeSiva ﬂ\? Q&Qtiﬁ C mj(éﬁilﬁm M( S{DD D\W\
Poﬁ%*&m\ Vs) & m‘ie_ 'Kl\{ ?‘M{U E’[ﬁJm

Cougeent fo beegee. 0 X
The PR (A \Ul\QJ\“L QU\‘QWg pkﬁﬁ dﬁ(‘,‘tﬁ}@

= e\s a\\e.ce_ e s fhe c\\me_cj me‘edm
I v

Q.2 Structured guestion

(1) State the part of the electromagnetic spectrum from which
radiation was used in obtaining data point P. (1 mark)

Ultra-violet (UV) radiation (light) (~278 nm)

accept: UV / (41l / Shboe 1 %ohsy

Q.2 Structured guestion

(b) The graph in Figure 2.2 shows the results of the experiment.

w

Figure 2.2

maximum kinetic energy
of photoelectron / eV

—

4 5 6 7 8 9 10 11 12 13
frequency / 10 Hz

Q.2 Structured guestion

(b) (i) Find the slope of the graph and deduce its physical
meaning. (3 marks)

3.3-0
(13.4-5.4)x10"

slope of the graph = M

=4.125x105eVs (= 6.6 x10#Js) 1A

NOT accept without steps!

The slope gives the Planck constant h. 1A




Q.2 Structured guestion

Common mistakes

- incorrect/no units

- forgot to include 10'* for the frequency in their calculation.

- chose one point from the graph together with (0, 0) to find
the slope.

Q.2 Structured guestion

(c) State the change, if any, in the graph obtained if the
experiment is repeated with electromagnetic radiations of
lower intensity. Explain. (2 marks)

Unchanged, i.e. the same graph. 1A

The (max.) kinetic energy of photoelectrons depends on the
energy of each photon, which is proportional to the
frequency of radiation.

1A

Q.2 Structured guestion

(b) (i11) Calculate the work function of sodium in eV. (2 marks)

Threshold frequency f=5.4. x10'* Hz
Work function of sodium

= hf,, 1M
= (6.6 x1073%) x (5.4x10'%)

=3.564 x10°19]

=2.2275 (eV) 1A

=~ 2.20 = 2.40 (eV) (Accept)

Many different approaches found from the scripts.
If the threshold frequency is read incorrectly,
- T used must be defined as the threshold frequency.

Q.2 Structured guestion
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Paper 2

Section C : Energy and Use of Energy

Q.3 Multiple-choice questions

A

B

D

3.1

51.8%

6.9

29.6

11.6

3.2

11.5

57.9%

9.9

20.6

3.3

28.4

24.2

37.3*

9.9

3.4

15.0

37.2

10.3

37.4%

3.5

79.2%

7.7

10.9

2.0

3.6

3.4

11.5

32.6

52.4%*

3.7

5.7

22.5

60.2%*

11.3

3.8

12.5

62.2%

15.5

9.4

* 1 key ; Red colour : most favourable distractor

MCQ 3.4

3.4 Which of the following contribute(s) to cooking with a microwave oven ?

MCQ 3.3

cooling capacity . . . A
_ SOOMECAPATY  — 3 has a cooling capacity of 746 W. Estimate the rate at
electrical power input ()

which thermal energy is being|released to the environment nutsi(lc_l

3.3 An air-conditioner with
The energy of microwave is only absorbed by the food’s surface and then transferred to its interior by

conduction.
(2)  Water molecules are polar due to non-uniform charge distribution within each molecule.

favourable distractor I 28.359%

I ;;‘ ;jr: : A B ¢ D 3 I'he electric field of microwave is continuously changing.
I*IC)- :ii‘*i 3 | 37.33% e e 0 I A___(1)only | A B C D

# ' B. (2) only favourable distractor | 37.16%
C. (1) and (3) only e 0 O ©

| % D.  (2)and (3)only | 37.37%

. 3 heat ) .

cold-region 0 pump Q Botregion Candidates did not know that the changing E-field of microwave

£ = forces the water molecules to vibrate.

WT Qu = Qe +W =1.5Qc

Candidates were not familiar to the concept of Heat Pump.




(a)

Q.3 Structured guestion

(1)  Incandescent lamps are far less energy efficient than other light sources like fluorescent lamps or light
emntting diodes (LEDs). Explain why this is so in terms of how incandescent lamps produce light.
(2 marks)

Incandescent lamps: by heating a (tungsten) filament to a
high temperature / red hot via joule heating (of a current), 1A

most of the energy becomes thermal energy / heat or only

a small portion is converted to light output. /1A

1A for high temperature / red hot
1A for more thermal energy / less light energy
/ more IR / less visible light

In (a)(i), candidates in general knew that most of the energy became
thermal energy in incandescent lamps, but many of them failed to state
that these lamps produced light by joule heating of a tungsten filament
at a high temperature.
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Q.3 Structured guestion

Two light sources of identical size and shape emit white light and green light respectively. If the light
output power of them 1s the same, briefly explain which light source looks brighter. (2 marks)

As the eye is most sensitive to green light, 1A
a green light source (having the same light output power)
would appear brighter compared to a white one
(comprises of different colours).

Accept: 1+1

+ most / more sensitive to green light

+ higher luminous flux for green light + luminous
flux depends on human eye sensitivity

Candidates’ performance in (a)(ii) was satisfactory though quite
a number of them did not realise that luminous flux depends on
the sensitivity of the human eye to light of different wavelengths.

Q.3 Structured guestion

(b) Figure 3.1 illustrates the simplified lighting arrangement within a tunnel in which two lamps each of luminous
flux 10000 lumens are installed on the ceiling.
Sm
e ———
2] ! -
| , ceiling
|
|
Figure 3.1 lamps |
|
| 10m
|
|
|
|
|
0 ! v ground
|
|




Q.3 Structured guestion

(1) Caleulate the illuminance around point O on the ground mud-way between the two lamps, Take the
lamps as point light sources and reflection is assumed negligible. (3 marks)

5m
2.5 10 o
tan 0= — [/ cos9=—— 1M
10 V102 +2.52
0= 14.036243° ~ 14.0°
= E xcos’@x2 Excos@x2 10 m
= ad or P iMm
= 14.532045 lux
~ 14.5 lux or Ix 1A 0 , ground

1M for finding 6
1M for correct expression

or correct substitution of I
1A for 14.5 Ix

In (b)(i), most candidates were able to calculate the angle 9 correctly,
but some of them failed to apply the correct expression to find the
illuminance.

Q.3 Structured guestion

(iii)  Figures 3.2(a) and 3.2(b) illustrate two arrangements of tunnel lights. In Figure 3.2(a), more lamps
each with relatively lower luminous flux are used. In Figure 3.2(b), less lamps each with relatively
higher luminous flux are used. The resultant average illuminance on the ground is the same in both
Ccases,

L'_'_'_'_'_'_l_'_'_l l—' -] U -] '_‘

ground ground

Figure 3.2(a) Figure 3.2(b)

Q.3 Structured guestion

(1) The specification of two kinds of lamps 4 and B are given below. In terms of efficacy, recommend

which one the tunnel company should choose. (1 mark)
lamp rated power luminous flux
A 150 W 11000 lumens
B 135 W 10000 lumens
11000

Efficacy (A) = |59 = 73.333333 Im W

Efficacy (B) = % = 74.074074 Im W

Lamp B is recommended. \ 1A

Calculation is necessary.

Part (b)(ii) was well answered.

Q.3 Structured guestion

State one advantage and one disadvantage of the arrangement in Figure 3.2(a) over that in
Figure 3.2(b). (2 marks)

Advantages:

« Variation of illuminance smaller

« Effect of individual lamp failure smaller

* Less glare 1A

Disadvantages:

* More frequent change/replacement of lamps

* More expensive as installation cost increases

* More wiring involved

« More installation cost/time 1A

In (b)(iii), not many candidates were able to state explicitly the
advantage and the disadvantage of the two arrangements of tunnel lights.
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Qn. 1 2 3 4 5 6 7

A 16.9% | 11.7% | *46.2%  14.2% | 18.8%  *66.7% | 13.8%
B 5.5% 27.7%  332% | 203% | *53.9% @ 11.4% | *571%
C 122% | 15.6% @ 13.6%  *41.6% | 16.2% @ 11.0% | 19.3%

D *63.7% | *433% | 6.6% 23.2% | 10.7% @ 10.7% 9.5%

*56.7%

14.1%

17.4%

11.9%



Qn. 4.2 Qn. 4.3
.

4.2 John's vision has a near-point distance of 20 ¢cm and a far-point distance of 250 cm. If he wears spectacles
that correct his far point to infinity, what should the type of spectacles be and what is his near-point distance sound intensity-level /-dB.

4.3 - The graph below shows. the threshold of hearing for two persons -Pand .

after wearing the spectacles ? P
type of spectacles near-point distance
(with spectacles) 1
Al convex lens 18.5 cm A B C D
[ B concave lens 18.5 em favourable distractor] frequency- Hz.
C. convex lens 21.7cm O O O O
[*D. concave lens 21.7cm |
Which statements below MUST BE correct ™.
(1) - Pand @ have the same heanng sensitivity for sound of very low frequencies.
. 0, < {2) - “Pdoesnot usually hear sound of high-frequencies unless the sound wave is large in-amplitude.
Answer : D (433 A)) (3) - @ suffers froma hearing loss.
Best distractor: B (27.79 :
. ( %) o . . . [k A ()and(2) cnly. ] o] A B C D
Most candidates knew that this situation is short sight and concave lens is needed. [ B, (Dand(3)only- frvourable distractor ) 1 a ol olo
However, some candidates cannot apply the lens formula correctly. They have wrong ? (n :f;-:ﬂ:‘: lﬁzj&:r;l;- ’ )
L, L2 ) Al 3

sign for u and f. =
Answer : A (46.2%)

Best distractor: B (33.2%)
Confuse the meaning of high SIL in the graph (lower sensitivity)

Qn. 4.4 Qn. 4.5
C ] C

4.5  As shown below the optical fibre used for an endoscope is cladded with material of refractive index different

4.4 A small loudspeaker emits a suunfi' The sound intensity level measured .al 3 I away frpn:l it is 40 dB. _Tllc from that of the fibre core to avoid light leakage. The maximum angle of incidence iy is 35.4° for no
power output of the loudspeaker is then reduced to half and the sound intensity level is measured again at leakase of light. Find the refractive index of the cladding material.
10 m away. By what percentage has the sound intensity level changed ? Giver refractive index of the fibre core = 1.55 h
A 12.5% A B C D air
B. 15.1% i
claddin
kO 22.6% O O O O fibre cmi
D35 o e

0% favourable distractor | v = 38.4°

Answer : C (41.6%)

Best distractors: B, D (20.3%, 23.2%) A 169 favourable distractor A B C D

Do not know the relationship between intensity and distance. %B. 142 O O O O
) ! C. 133

Do not know how to find dB change from a ratio. O Lle

Answer : B (53.9%)
Best distractor: A (18.8%)
Confuse the refractive indices of the two media. Reverse n, and n,.



Q.4 Structural question

(a) Piezoelectric transducers can generate as well as detect ulirasound. Figure 4.1 shows the basic constmction
of a piczoelectric transducer in which the thickness of the piezoelectric crystal is r.

piezoelectric

4
crystal <> metallic electrodes

Figure 4.1 electrical signal pulse

. ; = —

mput/output - - " .
incoming/outgoing
ultrasound pulse

(i) The crystal has a maximum response for a certain frequency f of the electrical signal applied such that ¢
is about half of the wavelength of the ultrasound in the crystal. The speed of ultrasound in the crystal is
4000 m 5%, Estimate £ if ¢ = 0.4 mm. {1 mark)

(i)  An ultrasound pulse produced by the piezoelectric transducer is reflected back from an interface as an
echo. Explain how the transducer detects this echo. (2 marks)

Q.4 Structural question
|

(b) For medical imaging using an ultrasound beam. the resolution (in mm) along the beam direction (axial
direction) in soft tissuc varies with the frequency (in MHz) of the ultrasound used as shown below.

35
3.0
2.5
2.0
1.5
1.0
0.5
0.0
012 3456 7 8 91011

frequency / MHz

weial resolution /num

(i) Explain the importance of axial resolution in ultrasound imaging. (2 marks)

(i) In fact the axial resolution is inversely proportional to the frequency of ultrasound used. Make use of
one or two points of the graph to deduce the axial resolution of imaging when using 12 MHz
ultrasound. (2 marks)

Q.4 Structural question
.|

4. (a) (i) The frequency fis

¢ 4000ms™
f==""0  —snuy 1A
A 2x04x10°m

(ii) The piezoelectric crystal is forced to vibrate/change shape |1A
when the ultrasound echoes hit the crystal.
‘When the piezoelectric crystal is compressed or extended |1A
(deform/change shape/change size/pressure variation), it
produces a potential difference/voltage across its ends.

Candidates’ performance in (a)(i) was fair. A few did not realise that the
wavelength was twice the crystal’s thickness (even though this is given).

Many candidates failed to give concise explanations in (a)(ii). Few pointed out
explicitly that the vibration of the crystal generates a ‘voltage’. Some candidates
tried to explain how the ultrasound is reflected, which is not asked here.

Q.4 Structural question
L |

(b) (i)  With better resolution, the ability to detect, as separate, two [1A
objects / points at different distances along the path of the
beam (axial direction) is higher / points at a closer distance
can be distinguished as two separate points.

Resolution is a measure of the smallest detail (structure) 1A
that can be detected in an image / the image can have more
details (is finer / has smaller pixels / is formed by smaller
points).

Many candidates did not understand what (b)(i) asked for, particularly the
meaning of ‘axial resolution’. Most candidates just answered how the
frequency affected resolution and penetration or used generic terms such as
‘clear’ to describe the effects of a higher resolution.



Q.4 Structural question
L |

(i)  Given the relationship (inversely proportional):
axial resolution x frequency = constant
ie. 1.5 mm = 2 MHz =3 mm MHz (using one data point) |1M

Thus, at 12 MHz the axial resolution = i =0.25 mm 1A
12

In (b)(ii), some candidates were not able to manipulate the calculation of
inverse proportion. Even though the relation

axial resolution x frequency = constant
is given in the question, they still did it as a direct proportion

(axial resolution + frequency = constant).

Q.4 Structural question
.|

(¢) (1) The round-trip travel time of the ultrasound pulse through
the 2 cm of fatand 8 cm of softtissue are respectively,

M
t= Lm_l =27.5862069 pis ~ 27.6 is
1.45x10° cms
t= 28 103896104 s~ 1039 s
1.54x%10" cms

Echo time 7= (27.59+103.90) us
=131.482311ps~ 131ps 1A

(c)(i) was well answered though a few candidates omitted the
factor ‘2’ for a round trip.

Q.4 Structural Question
o]

(¢)  Figure 4.2 shows the sct-up for studying a tissue interface underneath a 2 cm thick fat layer and a 8 cm thick
soft tissue layer. The speed of ultrasound in the fat layer is 1450 m 5™ while that in the soft tissue layer is

1540 ms™.
ultrasound
transducer
coupling gel -__
Figure 4.2
- 2cm fat
soft
dem tissue
"(;“_ fissue
~interface

(i) Calculate the echo time T for the ultrasound pulse going to and from the tissue interface at C. (2 marks)

(ii)  The depth of the tissue interface is computed using a device which takes the whole echo time T as being
spent on propagating to and fro in soft tissue only (i.e. calibrated at a speed of 1540 m 57%). Determine
by how much this computed depth differs from the actual depth of the tissue interface. (1 mark)

Q.4 Structural Question
o]

(ii)) The computed depth is
1.54%10° cm s~ x131.48 us

2
i.e. the depth of tissue interface is computed 1.2 mm deeper
. .- IM/1A
than its actual position.

=10.124138 cm~ 10.12 cm

Candidates’ performance in (c)(ii) was fair as they did not realise that the
true depth was 10 cm. Weaker candidates simply did not understand the
relationship between the computed depth and the calibration speed.



The End



