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Paper 1A: Suggested solution

(

1. D
Eretease
MiceCice A T+ Aml/ =
Mice(2100)[0—(-20)]+(mice—0.03)(334 000)
Mice
2. B
3. B
O=mcAT
Pt=mcAT
So, slope of T-¢ graph: AT_ P
t mc
AT,
ie. X — Px = i
Iy myc, mc
Ay & __2» 1P 1
ty myc,  (2m)(2c) 2 mc 2
4. C

Before the tap is opened,

According the equation of state pV=nRT
for container X, pV =2RT

Vo2
RT p

After the tap is opened,

nx + ny

2 +1

AT,
tx

Eabsarb
MyyaterCwater A T water

(0.08)(4200)(30—0)
0.0535 kg

)

(D)

b

ne +ny
pV+pV
RT RT

2p'(R—VT)

22
P

.. by (1)
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B
Let the distance of the car travelled in one lap be d
- d +d,+d,4 -  d+d+d
c=—*=—= = -
L+l +1 d,d. d
G & G
~ - 3
111
G & G
3
= 77 T 1 1
80 85 ¢
c3= 68 km h’!
D
—a
P — Q = (ma+mp)a
S e & N B
m,+mg
R —Q =(mp)a
a
—_—
P-
R =m(—L=E )40
—> B
P-
—em(2=2 40
2m+3m
_ 3P+20
5
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7. B

For case (a):

T
'S
'S
% : mg sing ~.
mg direction of mg cos0),
acceleration
Free-body diagram resolve forces along and perpendicular to

the direction of acceleration

.". For the case (a), T = mg cosf

For case (b):

direction of
acceleration

resolve forces along and perpendicular to the direction of acceleration

Free-body diagram

.". For the case (b), T cosd=mg

mg
cos®

ie. T=

For internal use only
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NN RN
a 0 vy S1 H

X2>Y
According to equations of uniform accelerating motion,
v =u? +2as
from X to Y (vy)? = (0)* +2(a)s,
b2
= Sl = L
2a
from Yto Z (O)2 = (vY)2 +2(=a)s,
b2
Y
= s, =—
Sy
therefore, S =8,
from Xto ¥ from Yto Z
1
s=ut+—at2 S=vt——a12
2 2
1 2 1 2
= 5 =00 +E(a)t1 s, =(0), —5(—0)&
&
1
= 5 ——allz = 5 =5a122
2 2
= =g (1) = == )
a a
. 2 2
The total time ¢=¢, +1, S ol O [from (1) and (2)]
a a
2s 2s
= : : [ s1=5,]
a a
YUY
a
s +S
= o [ s1=5,]
a
) \ﬁ
a
_ AL
a
6
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B

Reference:

According to the formula for time of flight of a horizontal projectile motion, = 2h
g
The flight times are same since the ball is projected with same height.
a (m s?) u (ms?) v (ms7) s (m) t(s)
0 ui R
1% project t
-g 0 -h
0 us R,
25" project 5]
-g 0 -h
formula proof
time of flight: 2h 1 2
t= ? s, =ut, +anty
1 2
= —h=(0)(1) +E(-g)(t)
2h
=>t= |~
g
range of horizontal projectile motion: 2h 1 R
R=u |— s, =ut, +Eaxtx
g

- R= (u)(t)%(oxt)z

= R=u %
\ ¢

speed of projectile reached the ground:

v=4u’+2gh

[ 2 2
V=4V, +V,
x y

= v= \/(ux +at )+, +at)

= v =)+ OO +[(0)+ ()OI

= v=4Ju'+g’t’

= v= ,L12+g2(\/2—71)2
g

= v=4Ju’+2gh
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10. A
According to the law of conservation of energy,
AKE +APE _+AKE +APE, +W, =0

1 1 1 1
= (mevx2 —meuxz) +m g(Ah)+ (Emyvy2 —Em},uyz)+ m g(Ah,)+ fs=0

= [KE, —%mx (0)*1+m g(0)+[KE, —%m}, (0)*1+(2)(9.81)(-0.5) +(4)(0.5) =0

=  KE,+KE, =(2)(9.81)(0.5)— (4)(0.5)
= KE,+KE, =7381]

11. C
the area under the velocity-time graph means the displacement,
8x1.5 _[(t=8)+(-10)]x1 v/ms™!
2 2 A
Lt=15 | P \
1L

051

it it bt

CEEE PP Er I///////////.
TR
P P PP
O //////T///////JIA’///////T//////.

suppose the man return to

the starting position at ¢

12. A

v | (1) | gat the equator (Zequator = gpole — Rew? ) should be smaller than g at the poles.

GM

x | (2) 8o = R—ZE which is independent of angular speed w.

x | (3) _ GM
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13. A

Take moment about point P,

Mg (r —h)sin @ = mg(r cos 9)
i h— m(rcos @)
M sin@ r
mrcos @ A
= ‘0
M sin@
h_(l+mcost9)r Xi_.——————e —
- M sin@ (r-h) sin & rcos
R
a mg
v
= A P-
Mg
v
14. B
1 1 1
—_—t—=—
u v f
1 1 1
+ =—
x+f [y f
1 1 1
—_—t ==
5+f f+5 f
S.of=5cm
15. B
. AD . . . ) )
According to Ay =— fringe separation Ay increases as wavelength increases. Since wavelength of red
a
x (D

light is longer than green light, slit separation is increased if green light is replaced by red light. Therefore,

number of fringes on the screen is decreased.

. AD . o . .
x [ (2) | Accordingto Ay= P the width of slit is independent of the fringe separation.

Ay is decreased when distance between the double-slit and the screen D is reduced. Therefore, number of
v 10

fringes on the screen is increased.
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16.

17.

18.

19.

D
Suppose the length of the string is L.

Originally,
Fundamental wavelength Ao = 2L, and fundamental frequency fo= v/2L.

If the length of the string is reduced by half,
the new fundamental wavelength Ao’ = 2(L/2) = L; and

the new fundamental frequency fo’= v/L.

So, the frequencies of the stationary wave which formed on the string with k loops fi” = kfo’= kv/L.

However, the frequency of the vibrator remains unchanged.

ie. fi=f = V2L = kv/L

= k=172 which is impossible.

v | (1) | Sound wave is a mechanical wave.

*x | (2) | Sound wave is longitudinal wave. The vibrating direction is parallel to the propagation direction.

The speed of sound is higher as the wave travels from air to water. But the frequency of the sound is

v 103

unchanged. According to v=f4, the wavelength of a sound wave increases.
A
1 1 1 1 1 1
—t—=— = —t—=—
u v f 02 v -0.05

= S v=-0.04m
m= Al = m= % =0.2
u 02 =
A
Constructive interference occurs at P, the path difference (p.d.) Ax, =A1.
" i wave speed unchanged "

f—)f—2 e > A > A'=24

vl
A . o
Ax, == > which means destructive interference occurs at P.
. . . 1
® Only statement (2) does not affect the relationship between the p.d. and wavelength. i.e. Ax, =(n —E)/I

x

still holds when the amplitude of vibration is doubled

It may be neither constructive nor destructive interference occurs at P. It is because none of the conditions
* 10 1. .

Ax,=niA or Ax,=(n —E)/I is hold.

10
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20.

21.

A

Only amplitude (maximum displacement) and period (time) can be deduced directly from the displacement-time graph.

Vo @)

Since f =% , the frequency of the wave can also be deduced.

* 12

* 13

A

If any two balls attract each other, that means they are positive charged, negatively charged and

neutral respectively.

Suppose those three balls are denoted by X, Y and Z which are positive charged, negatively charged

and neutral at the beginning respectively.

charges carry by charges carry by
ball X ball Y ball Z ball X ball ¥ ball Z
At the beginning +q —q 0 +q —q 0
Firstly X touched Y 0 0 0 X touched Z +q/2 —q +q/2
Then X touched Z 0 0 0 X touched Y —q/4 —q/4 +q/2
(1) statement (2) statement
charges carry by charges carry by
ball X ball Y ball Z ball X ball Y ball Z
At the beginning +q —q 0 +q —q 0
Firstly Y touched X 0 0 0 Y touched Z +q —q/2 —q/2
Then Y touched Z 0 0 0 Y touched X +q/4 +q/4 —q/2
(1) statement (2) statement
charges carry by charges carry by
ball X ball Y ball Z ball X ball Y ball Z
At the beginning +g —q 0 +q —q 0
Firstly Z touched X +q/2 —q +q/2 Z touched Y +q —q/2 —q/2
Then Z touched Y +q/2 —q/4 —q/4 Z touched X +q/4 —q/2 +q/4

(2) statement

11
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22. D
(Suppose the electric field towards right be positive.)

At position W, E, :[L 6Q2 1+[- ! ZQZ :ﬁ Q2
4re (3d) 4rze (7d) 147 zed

At position X, EX:[—L 6Q2 + L 2Q2 :_ﬂ Q2
4re (d) 4re (3d) 9 med

Atposition ¥, E, =[-———€ g 120, 1.0

" 4ge 2d) Cdme 2d) 4 ned?

L6Q]+[1 20,10
4re (6d)* dne (2d) T 12 med?

At position Z, E,=[-

which has the smallest magnitude.

23. C

. . 1 1
When switch S is closed, R,, =(—+—)" =99Q
100 R

. . 1 1
When switch S is opened, R',, =(—+ )"

100 R+R

1 1 1 1 1 1 1

VR, =+ T>(—+—)"=99 and R, =(—+ T < (—)" =100
o (100 R+R) (100 R) o (100 R+R) (100)

SL99< R, <100

24. A
For case B, the lighting device always turns on when S is closed.
For case C, the lighting device always turns on either S; or S is closed.

For case D, the lighting device always turns off either S or Sz is opened.

25. D

According to Fleming’s right hand rule, rod PQ induced a current flow from Q to P when the rod move
A towards left initially. i.e. the induced current is in the direction SROP (anticlockwise).

According to Fleming’s left hand rule, there is a leftwards included magnetic force acts on the rod RS when
“ " the current flow from S to R and B-field points into paper.

According to Lenz’s law, there is a force acts on the rod PQ towards right to against the reason (moving to
e left).
v | D The rod PQ decelerates.

12
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Fnel = FE = m; = qE
= ma = (—e)z'f
= a=-2E
m
27. D
. . pl 4pl . . .
According the equation R=7= pr ,only resistance R is affected by the length and the diameter d but only

resistitivty .p.

28. B

According to Fleming’s left hand rule:

v

®
positively charged particles @

13
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29. D
According to the Lenz’s law, the induced current should flows anti-clockwisely to against the increasing of B-field
when the ring when the ring is entering the magnetic field.
According to the Lenz’s law, the induced current should flows clockwisely to against the decreasing of B-field when the

ring when the ring is leaving the magnetic field.

30. B
|
Gre
V=( )(12) =4V
4+(1+1)‘l -
3 6
31. A

The (kinetic) energy of a-particles can be absorbed effectively (weak penetrating power).

32. B
N=Ne" = N = N, “™ = 0.0273N,

33. D
235+ 1=137+95 + kx1
o k=4

Am = (235.043 93u + 1.008 67u) — (136.907 09u + 94.929 30u + 4 x 1.008 67u )
=0.18153u
=0.18153 x 1.661x10%" kg
=3.015x 102 kg

E=mc? = (3.015 x 102%)(3x10%)?
=271x10'1J

14
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Paper I Section B

(a)

(b)

(©)

(a)

(b)

Energy supplied by the stove =Pt
=2300 x 30 x 60
=4.14 x10°]
Energy absorbed by the water= mcAT + m,l,
=4 x 4200 x (100 — 20) + (4 x 30%)x (2.26 x 10%)
=4.056 x 10°)
According to conservation law of energy,
CAT + mcAT + myl, = Pt
C x (100 —20) +4.056 x 10°=4.14 x 10°
C=1050J°C™!

The mass of the water evaporated is negligible.

Marks

IM

IM

IM

1A

1A

The body of the kettle is made of metal; therefore heat can be conducted from the stove to

the water inside the kettle effectively.

1A

The surface of the kettle is shinny; therefore the heat loss from the kettle by radiation is

reduced.
By pV=nRT
3 -6
A= pAV _100x10" x (200 -100) x10™" _ 4.04 % 10° mol
RT 8.31x (273 + 25)

Suck air out of the box through tube X. (Or other reasonable answers)

15

1A

IM

1A
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(a)

® O
(i)

(©)

APE=AKE

mg(h—1)= lmv2 —%m(O)2

2
.2 _
- v =2g(h =) b without condition of 4 reduce 1 mark
Height 4 /cm 4.0 5.0 6.0 7.0 8.0
Speed v/ ms! 0.828 0.939 1.04 1.13 1.21
2/ m?s? 0.686 0.882 1.08 1.28 1.46
v/ m? s?
A
1.5

1.0 /

U - appropriate axis with correct unit
0.5 7 - straight line

- x-intercept = 1

s - appropriate data

’ (each 1 mark)

0 2 1 6 g > h/em

slope of the graph = ——=10.214 (accept from 0.21 to 0.22)

According to the equation V2= 2g(h—1), the slope of the graph equals to 2g.

(8-1)x0.01
. g=107ms? (accept from 10.5 to 11.0)

air resistance / ball’s rotation / other reasonable answers.

16

Marks

IM

IM+1A

4 M

1A

1A
IM
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Marks

a)
( mgh:%mvz =  v=,2gh=42x9.81x2 1M
=626ms’! 1A
(b) miu1 + mouz = (mi+mz)v
70(6.26) + 35(0) = (70+35)v 1M
“v=417mgs’! 1A
(C) 2 2
mgh=tm? = p=2 DT hegem
2 2g  2(9.81)
.". No, they cannot come back to the pier. 1 M+1 A
(d)

mghzémvz = v'=\2gh =y2x981x2 =626ms"

mau'1+ mouz = (m1+m2)v'
(70)u'1 + 35(0) = (70+35)(6.26) 1M

#'1=939ms’!

1 1
AKE =APE = Emv2 —Emu2 =mgh

%;11(9.39)2 —%muz =m(9.81)(2) M
“u=7ms’! 1A
(a) Let T be the tension of the elastic cord, and Ry and Rv be the horizontal and vertical

components of the reaction force acting on the bar at X.
X0=12-08=04m
X0=12x2-08=1.6m

Take moment about X. In equilibrium,

T'sin 30° x 0.8 =50 x 9.81 x 0.4 + 2000 x 1.6 1M
T=8490N 1A
(b) The magnitude of the tension of the elastic cord is 8490 N.
Along the vertical direction:
Rv =Tsin 30°+ 50 x 9.81 + 2000 = 6740 N IM
Along the horizontal direction:
Ru=Tcos30°=7350 N IM

Magnitude of the reaction force acting on the bar at X =4/R,* +R,’

=4/6740° +7350°

=9970 N 1A

17
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(a)

(b)

(©

Marks

1 =
— 1
o «! A\" X ./ v\
N/ Mo

V=1IR
2=(2.4)R 1M
R=0.833Q 1A
e=IR+1) 1M
e=1IR+I
e-I=T
I=-V+e
I=-V+2
( plot a straight line according to the equation /= —} + 2, on the current-voltage IM
characteristics graph)’

current / 4

/
13/A |
0 voltage / 7

5B B2 2 3

LD

pobg

g

I=13A (1.2-1.4 A is accepted ) 1A

18
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Marks

(a)

object

principal axis

10 mm

image

convex lens

3 correct light rays
(Withhold 1 mark for dotted lines or with wrong / no direction)

3x1A

Correct image 1A

b

(b) l+l=i and let d=u+v
u v f

1 1 1

_+ = —

u d-u f

(d-w+u _ 1

uld-u) f
df =u(d —u)
' —ud+df =0 1M

=25+ () -Gy —dr =0

d d 1M

(M—E) =(E) —df

(u—%y >0 = (%)2 ~df 20

dZ

—2d

29

d=24f

u+v>4f 1M

19
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(a)

(b)

(a)

(b)

(©

(d)

(©

(i)

Marks

n,sin@, =n,sino, = (1)sin 60° = (1.52)sin r 1M
LU Yot
1.52
0 =90°-r=55.3° 1M
Since the critical angle C =sin™ é =41.1° < 8, total internal reflection occurs at 4. 1M
Therefore, the light ray will not emerge from 4. 1A
. sin 60°
nsinr = (1)sin 60° sin r —, sin60°  sin90°
nsin @ = (1)sin 90° __ sin90° sinr  sin(90°—r)
sin(90° —r)
= sin60° =tanr = r=4009° M
ML UV 1A
sin40.9° =—
The electric field points upwards. 1M
3
E=K=w=936OOONC'I 1A
d 05x107° =
The magnetic force points downwards. IM
Fp= Fg=qE = (3.2x1071%)(936000) = 3.00x10"* N 1A
Fp=qvBsin §
3.00x10713 = (3.2x10"°)1(1.8) sin 90° 1M
. v=520x10°ms”! 1A
V2
Fe=Fp = =qvB
r
=27 5
N r:ﬂ:(6.64x10 )(5.%;10 )=0.005395m M
Bq (2)(3.2x10™)

S.d=2r=0.0108m 1A
There are two forces, electrostatic force Ft and the induced magnetic force Fs, which are in
opposite direction acts on the electron.

FE:FB < qE:qVB P vz%

When an electron is projected to the selector at the speed in (c), that means net force on it is LML M
J’_

zero since Fr and Fp equals and in opposite. So, the electron can pass without deflection.

The radius of circular path / the rotating direction / period of the circular motion (any two) 1 M+1 M

20
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10. (@ @) " (Parallel and evenly spaced field lines)
’l‘ (Correct direction)
[ ]
Y Y YVY VY VY Y
[ ]
(i)

electric force ||weight

(2 correct labelled forces)

(iii)  The polarities of the parallel plates are reversed.
(b) (1)  Electric force = weight
Eq=mg
_mg
q
~ 1077 x9.81
2x1.60x107"
=3.066 x 108N C!
=3.07x 108N C!
The electric field strength needed is about 3.07 x 10 N C!.
) By E i
d
V=Ed=3.066x10%x0.005=1.53x10710V
The potential difference between the plates required is about 1.53 x 10710 V.,

(iii) The EHT power supply is not suitable for the experiment

since it is unable to provide such a small voltage output.

21

Marks
1A
1A

1 A+1 A

1A

IM

1A

IM+1 A

1A
1A

For internal use only



Marks

(a) Consider the atomic numbers
92+0=36+x+2x0
x =56 1A
It denotes the atomic number (or proton number) of Ba. 1A
(b) The neutrons released in the nuclear reaction continue splitting other 3, U nuclei. 1A
(c) Mass difference in the nuclear reaction
=(235.0439 + 1.0087) — (89.9195 + 143.9229 + 2 x 1.0087)
=0.1928 u IM
Total energy output = Amc? x (3600 x 24)
:(leo5 x—0'1928 jx(3.00x108)2x(3600x24) IM
235.0439
=1.28x10"7J 1A
22
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Paper 11

Section A: Astronomy and Space Science

1. 7.
D B B B B B C B
1 (a) About 7000 K
(b)
a= L - ! :
P 6.00 x 10~
(———)
2
= d=333pc
© @ By Doppler shift AL =i
Ay €

(i)

Marks
1A

IM

1A

IM

By comparing the spectrum of the object with the spectrum of a stationary object, the

radial velocity of Gemini { can be determined.

2mr 2mr
v, =—

v, = 620=—————— = r=199x10"m
T (233x86400) 0
The range of radius of the star R = 60R .+ r
= 60x695500x10%+ 1.99 x10°

= (4.173x10'9+ 1.99 x10%) m —(60+2.86) R,

ie. 3.974 x10"m < R <4.372 x10'm or 57.1R.< R <62.9R.

By Stefan’s law, L = 4zoR* T*
Minimum luminosity = 47(5.67x107%)(3.974x10'%)? (7000)*
=240x10%J ¢!
Maximum luminosity = 47(5.67x107%)(4.372 x10'%)? (7000)*
=3.27x 10 57!
ie. 240 x 103 s=! < L. <327 x10%J ¢=L

23

IM+1 A

1A

1A

1A

1A
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Section B: Atomic world

1. 3 5 7. 8
A D C A B D D
2 (a) Transmission electron microscope

(b) An electron gun consists of a cathode and accelerating anode.

(c) After the electrons released from the electron gun and hits the specimen, some electrons are
scattered and some others will pass through the specimen. The amount of electrons passed
through is affected by the density of the specimen. Hence the amount of electron passed
through can reveal the details of the specimen.

The electron beam is deflected by magnetic objective lens and magnetic projecting lens after
passing through the specimen.
Finally, the electron beam is focused on the screen to form an image.

(d) For an transmission electron microscope to resolve a length of 0.25 nm, the wavelength of
an electron A = 2.5 x 10719 m.
p= % = —62"653:1100_114 =265 10%kgm s’

Kinetic energy gained by electrons is provided from the potential difference between the
cathode and anode. Hence,
eV:lmv2 = V= v’ = (2.65x107)"
2 2me  2(9.11x107°1)(1.60x107")
=241V
(e) Increase the potential difference between cathode and anode.

24
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Marks
1M
1M

IM
IM

IM

1M

1M

1M

1A
IM



Section C: Energy and Use of energy

(a)

(b)

(©)

(d)

25

Marks
A building envelope consists of walls and windows. IM+ 1M
The building gains heat through the walls by conduction IM
The building gains heat through the windows by radiation of sunlight. IM
31
(3)(530x4x )(42—24)
Qc _HAT _ 31+13 — 80656 W M
t d 1
Fe _ L%l =54 Wm? LA
530x4x
31+13
or (&) (ﬂ)
Fo "1’ " a " _KAT_(BMA2-24) 0 IM+1A
0, 13
=(530x ———x4)(30) =18800 W IM+1A
t 31+13 B
OTTV=80565+18800+4080 37 AW m IM+1A
530x4+650 =

For internal use only




Section D: Medical Physics

1 5. 7
A B B C A B A C
Marks
4.
@) Half-value thickness :ln_
Y7,
In2
=— 1M
4.0
=0.173 cm 1A
) (@)  PRTe>iTe+y 1A
(11) It emits y radiation only, which causes very little amount of cellular damage 1 A
and can emerge from inside the patient to be detectable externally. 1A
Also, the decay product (technetium-99) is stable as it has a very long 1A
half-life.
O S U
tejj’ tphy tbio
P 11y
lgp=| — +—— —(—-i——] = 4.8 hours 1M
Loy hio 6 24
24 hours =5 x 4.8 hours (= 5 half-lives) M
1 5
Activity after 24 hours =4 x 108 x (Ej =1.25x10"Bq 1A
(c) Radionuclide imaging 1A
26
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