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11

12

1
E; = > ma®x,?

When particle is mid-way between the eq
2
E, = HSSN ﬁuxbw = HAHSSNX%W = H T

ium position and an amplitude position

2 2) 4
E.:E =14

2
E, nwﬂem X2 |mww nmh“_.:_eNxomuummq

E  E;=3:4
Answer: D

The number of carbon dioxide molecules in one mole of carbon dioxide is the Avogadro
number N, .

Since there are two oxygen atoms per molecule of carbon dioxide, the number of oxygen
atomsis 2N, .

Answer: D

Heat supplied to system by heater = heat gained by water + heat gained by tank
Pxt=mcAf +ml, + CAE
5.2x10° xt =[14 x 4200 x (100 - 30) | + (14x 2.26 x10°) +[ 6500 x (100 - 30) |

t=7000 s
Answer: D

pV =nRT

P _ constant

T

Pressure is zeroat T=0 K.

p-T graph is a straight line graph through the origin if the temperature is in kelvin.

p-T graph is a straight line graph intercepting the T-axis at —273.15°C if the temperature

is in degrees Celsius.
Answer: A

Determining the phase angle at d = 5.0 cm,
y =Y,sin8
1.5=3.0siné

1.5 I3
f=sin”| —|==
st T.Ou 6

Since d = 5.0 cm is in the second quarter of the second wavelength,

T 5
hase angle ¢ =37 - —=2—
phase angle ¢ =37 A m\w

2022/JPJCIPHYSICS/8749 q—.:.: over

13

4
Hence,
Ag_ad
2r A
5
%" _50
4 A
A=35¢cm
Answer: A

Let the intensities of light after passing through X and Y be I'x and Iy respectively.

By Malus Law,

I, =I,cos’8
I=1I,c088

=I,cos* g

Hence, the magnitude of I is the largest when @ is the smallest.

Answer: A
14
N i N 600x10™°
sinf === sinf = ————— = §=0.34378°
b 04Ax10° 3
tang = mxlo = x =3.0xtan(0.34378°) = 0.018
width = 2(0.018)=0.036 m
Answer: C
15
nmsmn:»Uam_zao;ugnvmnw.wan
For highest order,
singd <1
ni
.m»A._nv:Am.m\_mm
highest order = 3
Answer: A
2022/JPJCIPHYSICS/9749
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Option C: A weaker magnet will cause the induced e.m.f. o be of a smaller magnitude,
since the rate of change of magnetic flux through the pipe will decrease.

Option D: The induced magnetic force is the same and the resultant downward force will
decrease due to the smaller weight of the magnet.

Answer: D

26 1, |CLOEIO 5

25

U 0
i
o o

9P,
9(2300)(10)

5
s =

40 ~ * |40
0.9(2300)(10)

ST
(o

Answer: C

<<
It

Rw.n.A|.|.v< nﬁPumwoo
Ny

Pl

-5 =360 A
vi

2
26 KE=tmv? =P
2 2m

Loss in EPE = Gain in KE

2
m<nh.nvbu,\m3m<
2m
PR

deBroghs o = lMa\lEMIJ
¢ =F

photon”“photon = b.E.Eg = __.
photon

c

For photon, Auua, = Auesrogie

c h _cJ2meV

= >,

hoton 3

Answer: A

2022/4PJCIPHYSICS/9749 [Turn over

27 When the atoms of the cool vapour absorbs a photon, it becomes excited and is unstable.
It will de-excite and re-radiate a photon uniformly in any direction.

Answer: C

28 The potential energy gained by the electron = gV = 3.20 x107%y
he _ 3.20x107%5 4
A
A=6.22x10"m
Answer: A

111

29 ,Ag—> "wCd+ 1B
Answer: A

30 Lead plate will remove the count rate due to a-source.

After one half-life, count rate decreased by 70 counts. This implies the a-soutce provided
an original count of 140.

Answer: B

2022/IPJCIPHYSICS/9749
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3
| 1] for E;
3(b)(i) energy 8 ’
|
“ [1] for Ex
GMm i
-1 if y-axis not
labelled
h

3(b)(ii) | The gravitational force on the satellite provides for the cenfripetal | [1]

force required to move it in a circular path.
F,=F,
O?MS =mRo*
R
~ 1] for correct
a.ﬂio:xm.oioxfﬁ o uN (1] for col
R® ~{12x60x60 w“cn&m”»_oz for
R=2.66x10" m
h=2.66x10" -6.4x10°

=2.02x10" m Ttor h

~2.0x10" m [1] for

3(b)(ili) | In order for the satellite to orbit at a larger h and orbital radius, | [1}

required in the satellite is larger as it is equals
Hence the work done required on the satellite is positive. [1]

4(a)(i) The waves reaching at AB will have different path length. When | [1] for path
path_difference is nd. the waves will arrive at a point in phase, difference
superpose and have constructive interference to form maxima. 1] for phase
When path difference is (n+0.5)4, the wave will arrive anti-phase | gifference
at a point, superpose and have destructive interference to form
minima.

2022/JPJCIPHYSICS/9749 [Turn over

4
4(a)(ii) I c A2
2
L _(A
Nm bx
2
I 15 [1] for Ar
T2 NM = A, =2.5981cm
A, =2.5981-1.5=1.0981=1.1cm [1] for answer
4(b)(i
®)H mxn»DanMD
Gradient of graph = 2 {1} for gradient
a relationship
(4.0-7.0)x10° A [1] for correct
(2.0-3.5) 0.34x107° gradient
= -7 =
=A1=6.8x10" m =680 nm m‘: for answer
a{b)(ii 100
8.0
t
6.0 H 1T
4.0 =
201
0 s
20 25 30 3.5
When a increases, gradient decreases,
Lower intercept with vertical axis; smaller gradient [1}
5(a)(i) ) 5.00 [1) ans
Voltmeter reading, V = ———————(9.00) =7.20V
9 V=g o051.25 000 =720
(a)(ii)
\ [1} LDR in series
\ with the resistor
[1] LDR // with
—— the lamp
2022/JPJCIPHYSICS/9748
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8(b){v) | Suitable test explained:
PGA < m = PGA = xm_ where k is a constant.

k, =56x1.2=67

k, =120x0.53 = 64

k, =220x0.3 =66

Since k,, k, and k, are similar, the equation is valid.

1

[1] for three
values of k.

[1] for conclusion

8(a)(i) Read-off from Fig. 8.1,
Speed of P-wave = 8.4 km s™ [1] for both
Speed of S-wave = 4.8 km s™ correct speeds
Distance travelled by P-wave = Distance travelled by S-wave ﬂwﬂm_ﬂ mm_._‘moﬁ
(t-170)x8.4=tx4.8 1] f rect
‘Or correc
= {=396.76 ~397s answer
8(a)(ii) distance = 396.76 x 4.8 = 1904.4 =~ 1800 km [1]
8(a)(iii) | S-wave has no_velocity in outer core; [11
It cannot travel through outer core as outer core [1]
8(b)(i) amplitude = 0.014 m 1
frequency = 12 =1.9098 ~1.9 Hz g
2r
)i | umw = (0.014x12)sin(12¢) ~ - 0.17sin(12t) (1
ii)2 1
8(o)(i2 | % =~(0.14x12%)cos(12t) ~ ~2.0cos(12t) 1]
8(b)(lii11 | SHM = a, n_leNxo LV, =ox,; o =2af [1] for correct
expression of ao,
sa, =o(wx,)=av, =27V, voand o
PGA =2xfv, [1] for correct
working
8(b)(iil)2 | PGA=0.90ms™ ;v =0.081ms™" 11
f= peA u|o.w©|l\n._.umwau4.m Hz
2zv, 27(0.081) Ml
Using v, = wx,,
= 0.081=27(1.7684)x, .
= x, =0.0072901~0.0073 m [
8(b)(iii)3 | Resonance takes place when the external driving frequenc of |[1]
the wave from earthquake is the same as its_natural frequenc
of the buildings,
Hence there is maximum transfer of energy, causng large
amplitude [1}

2022/JPJCIPHYSICS/9748
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(Accept —63 J for using 3/2 pV)

Considering the forces acting on the bob, [1] explain
since the circular motion of the bob is in the horizontal plane, Tcosé=W,,
the vertical component of the tension T must balance the
weight of the bob, i.e.
19 AT
Tcosf =W, !
W,
0= bob
cos =
_(0.100)(9.81)
(0.400)(9.81) Woos
=0.25
Hence,
8 =75.52° [1] correct
~ 76° answer
3(c) The horizontal component of the tension T provides for
centripetal force.
Tsing=F, [1] equation and
2 substitution
_mv
Tor
. (0.100)v*
0.400)(9.81)sin76° = —— ————
(0-400)(9-81)sin76° = 15 301 sin76°
v (0.400)(9.81)(0.30)sin’ 76°
(0.100)
=3.33 , [1] correct
~3.3ms” answer
4(a) The internal energy of a gas is the sum of a random distribution
of kinetic and potential energies associated with the molecules | {1]
of the gas.
4(b)(i) 3.3x10%)(1.8x107° [1] for correct
N= A X X X v substitution and
(1.38x107°)(37 + 273.15) showing
23
N =1.39x10% molecules 1.39x10
N =1.4x10® molecules
4(b)(ii)1 3 [1] for correct
AU == NkAT substitution
3 [1} for correct
AU ==(1.4x10%)(1.38x 10 )(15-37) answer
2 Minus one mark
AU =-63.756 J if there is no
AU =-64 J negative” sign
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4
4(b)(ii)2 | AU=Q+W [1] for correct
64=0-85 substitution
1 [11 for correct
Q=21J answer
4(b)(il)3 | r.m.s. speed T
Ratio [1]fo t
15+ 27315 roor oC
NIO+eld. 1o substitution
J37+273.15
=0.9639
~0.96 [1} for correct
answer
Allow other
method.
5(a) Progressive: There is a net transmission of energy from the [1]
wave source to points away from the source.
Transverse: The direction of the oscillation of the particles in 1
the wave is perpendicular to that of the wave propagation.
5(b)(i) intensity = P , [1] substitution
4rr
30 [1] answer
" 4n(3.0)
=0.265
=0.27Wm?
SOMD | irtensity 7 « (amplitude A)? o« [ substitution
r
Ao M
r
AL [1] answer in
A decimal
2.0
=15
5(b)(iii) | The concave mirror redirects the light, such that all the energy | [1]
from the bulb is concentrated onto a smaller area.
This will lead to a light from the torchlight having a larger 1
intensity than that in (b)(i).
2022JPJC/PHYSICS/8749
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(b)(iii)

Toom.ﬂm:o:
A

v

[
onelquarter time
of _u_wzoa

'

[1] correct shape

[1] negative

{c)()

At the equilibrium position, the upward tension force is equal to
the downward weight. When the pendulum is displaced
leftwards along a circular arc, the component of the weight

]

7
8(b)(ii) 2= In2 =785 x 10-10 &' [1] value for 2
28(365)(24)(3600)
hscs
A=AN=AN,e*=(7.85x10710)(2.36 x 10¥) e 28 (]
ans
=1.56 x 10% Bq
9(a) Simple harmonic motion is defined as an osciliatory motion in 1]
which the acceleration of an object is directly proportional to the
displacement of the object from its equilibrium position, and the "
acceleration is always directed towards that position.
. -981ms2 [1] only accept
b)) negative answer
When the plate is accelerating downward at9.81 m s, the sand
will be undergoing acceleration of free fall. At this acceleration, | [1]
the gravitational force acting on the sand particle is just sufficient
to_cause the acceleration of the sand particle and thus normal 1]
contact force equals zero.
; Gradient of graph = —@? &1} corract
(b)(in. 125 g m_._m&om%_.ﬂ ot ik
—— = T inl
25x10 from gradient to f
LR
25x107 [1] correct
f=3.56 Hz answer
(b)i)2. | KE= w mv?
2
= WSA?\X% -x* v
=1 (1.2x10%)(500) (0.025% - 0.010?) 11 cormect
2 substitution
=1.58x107 J [1] correct
answer
®)i)3. | X =%osin(2zft) (] for
2.0 =25sin{27(3.56)t) substitution
£=0.0415 s [11 for answer

Can accept if
use x=1.95

2022/3PJCIPHYSICS/9749
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tangent to the arc acts towards the right and is parallel to its | [1]
displacement. This component provides the restoring force
At equilibrium position, the upthrust equals to weight. As the
block is displaced downwards from its equilibrium position, the
volume of water displaced increases and hence, upthrust
increases. The restoring force for the floating block is the
resultant force due to the upthrust on the block by the water and | [1]
the block’s weight.
M
(©)(iD) Resonance [1}
Driving frequency of the water waves is equal to the natural 1]
frequency of the oscillation of the block.
10(a))) | 6.0x10® =B(4.2)(7.2x10?)sin53° (1] for correct
substitution
B=00248 T
B=0025T [1] for correct
answer
10(a){ii) | The change in reading is a decrease. M
The magnetic force acting on SR is upwards in Fi [1]
OR
The magnetic force acting on SR is out of the plane of the paper
in Fig. 10.2.
2022JPJCIPHYSICS/9748
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Apparatus List

Odd bench
Question 1

1.5V dry cell with holder

Switch

Resistor Y (10 Q resistor with value hidden)
80 cm of 34 swg constantan wire fixed at 10 cm and 90 cm marks of rule

200 cm of 34 swg constantan wire (wound round a card of dimension 21 ¢cm x 15 cm)

5 wires

Ammeter (400 mA d.c.) (nearest 0.1 mA)
Voltmeter (40 V d.c.) (nearest 0.01 V)

Rheostat (22 Q)

Question 2

2 x retort stands, bosses, clamps
3 x identical springs attached to a ring (diameter 3 cm)

1 x 100 g mass hanger

3 x 100 g slotted masses

1 x set square
1 x 30 cm rule
2 counterweights

Even bench
Question 3

2 x retort stands

2 x bosses

2 x clamps

2 x half-metre rules

2 x shorter string loops
2 x longer string loops
1 x metre rule

1 x stopwatch

1 x metre rule

2022/JPJC/Prelim/9749
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Apparatus List (For Students)

Odd bench
Question 1

1.5 V dry cell with holder

Switch

Resistor Y

Wire on metre rule (from 10 cm to 90 cm marks)
Wire wound round a card (do not cut this wire)
9 wires

Ammeter (400 mA d.c.)

Voltmeter (40 V d.c.)

Rheostat

Question 2

2 x retort stands, bosses, clamps

3 x identical springs attached to a ring (diameter 3 cm)
1 x 100 g mass hanger

3 x 100 g slotted masses

1 x set square

1 x 30 cm rule

2 counterweights

Even bench
Question 3

2 x retort stands

2 x bosses

2 x clamps

2 x half-metre rules

2 x shorter string loops
2 x longer string loops
1 x metre rule

1 x stopwatch

1 x metre rule

2020/JPJC/Prelim/9749
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3
Suggested Solutions
No. Solution Remark
1(a)(iv) | Vo=0.27V [112d.p.inV
1(a)(v) | first ammeter reading = 92.8 mA [111d.p.inmA
second ammeter reading = 87.1 mA
1(b)(iii) | x=30.0cm 1
I=108.2 mA - d.p. and units
-29.0cm<x<31.0cm
1(c) x/cm I/mA 1 pp— [1] headings and units
X
200 | 1538 | 0.0500 [116 sets of data
30.0 | 108.2__|0.0333 (min range of 50cm)
40.0 90.4 0.0250 .
50.0 78.4 0.0200 [1] d.p.and units of raw data
60.0 69.9 0.0167
70.0 629 0.0143 [1] s.f. of processed data
[1] correct calculation
1(d) Refer to attached graph. [1] axes: units, scale
[1] plotted points accurate to
half of smallest division
[1] best fit line
1(d) . 140 -74 [1] - Big triangle
gradient = o = 50185 - 240 - substitution of gradient
P=2490 mA cm coordinates
[1] P with units
Substitute (0.045,140) into the equation, _ '
140 = (2490)(0.045) + Q [1]Q with units
Q=279 mA
1(e) 2490 mA cm [1] L with units
b= 7oma 892cm Om<L<2m)
1(F)(ii) | x=40.0cm 39cm<x<41cm
I=89.3mA
1(f)(iv) | Z agrees with the pattern set by the other points | [1] for (f)(ii), f(iii) and
on the graph as it is very close to the best fit line. | statement based on scatter
of Z from best fit line
Comparing with (a)(v),

2022/JPJC/Prelim/9749
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. £ _92.8—87.1_3 A
error in values of / = 2 =om [1] for valid justification using

Point Z is within +1 mA from the BFL in the graph | (8)(V)- Accept any logical

and thus it is within £3 mA above. reasoning.
il
% Z ! e
( s ge) |/
) 1,@. .
4
EERF 4§
ik
:
&4
ERP.
J
AL
v
o o4
v,
MRV
y ;
P
orof 0, 61 902 diok 0 T
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No. Solution Remarks
2(a) S=5.0cm
2(b)(i) |S1=278cm [1] for correct measurements
with units
Range :
S2=17.6 cm g
23.0cm < 8:<34.0cm
14.0 cm < S2<22.0cm
2(b)(ii) |p=17.8cm [1] for correct calculation
with units
g=126cm
2(c)(i) |k=254Nm’ [1] for correct calculation
2(c)(i 2,2 1] for correct linearization
I D [
4
p2 gz
(—4— + qz) = k_2m2 [1] for correct gradient
pz
Plot (— +q2] vs m?,
4
2
gradient is %2
S0 k can be determined.

2022/JPJC/Prelim/9749
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No. Solution Remarks
3(a)(i) d=40.0cm [1] correct to
nearest 0.1 cm
i . 1] fi t
3(a)t) percentage uncertainty in d = 400.20 x100% =0.5% Lgr:;nﬁgg:c
uncertainty
(1or2s.f)
— abs uncertainty
0.2~0.3 cm
3(a)(iii) | /,=26.6 cm [
_ - repeated readings
[ =26.5 cm - correctto 0.1 cm
[=26.6 cm
i 1
3(@)iv) percentage uncertainty in / = 2‘)6.26 x100% =0.75% ~ 0.8% Lgr?ern(’iggg ct
uncertainty
(1or2s.f)
— abs uncertainty
0.2~0.3cm
3(b) N=40 [1]
£L=299s - repeated t
! readings
t,=298s - t and t, recorded
T t+t, 298+ 29.9 _ 0.746 s '(20000.1 s, at least
2N 2(40) VS
- Tcorrectto 3sf.
3(c) d=30.0cm [1)fordand/
- repeated /
_ readings
l=41.7 cm - correct to 0.1 cm
I,=41.7 cm
=417 cm [forT
- repeated ¢
readings
N=20 - t; and t; recorded
t,=248s to 0.1 s, at least
200s
t,=249s - Tcorrect to 3 s.f.
T=t1+t2=24‘8+24'9=1.24s _
2N 2(20) E.c.f. applies from
3(a) and 3(b)
3(d)(i 2 2 1
(d)(i) K = 0.746” x0.400% _ ) ooc 2 [1]
0.266
2 2
k, = 124 x0800° _ 4 535 o2m [1] _
0.417 Ignore units

2020/JPJC/Prelim/9749
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3(d)(ii) 0.335-0.332

0.332

percentage difference = =0.9%

supports the suggested relationship.

The percentage difference of 0.9% between the two k values are
very close to the percentage uncertainties of d and /, at 0.5% and
0.8% respectively. As such, the results of my experiment

Tutors to exercise professional judgement for acceptable

[1] valid
evaluation based
on comparing
percentage
difference with
both percentage
uncertainties of
dand/

between T and L.

line cutting the origin, the results show direct proportionality

e With d fixed, using planks of very small iengths and very

variation.
3(e) Without masses [1] presentation
d/cm N ti/s Lls T/s of data for
35.0 25 26.7 26.5 1.06 experiment
30.0 20 24.8 24.9 1.24 without masses
25.0 15 22.5 224 1.50
20.0 15 27.7 275 1.84 [1] presentation
of data for
With masses experiment with
d/cm N /s t/s T/s masses
35.0 20 24.4 24.4 1.22
30.0 20 25.3 25.3 1.27
25.0 20 26.8 26.9 134 || [1] comrect
20.0 20 29.6 207 148 | | evaluation for d,
with explanation.
d should have a value between 25.0 and 30.0 cm for the value of
T to be the same for both cases.
3() [1] presentation
mlg N Lis bls T/s of data for
0 20 26.8 26.9 1.34 experiment
50 20 23.2 234 1.17
100 20 20.8 20.9 1.04 [1] correct T
150 25 23.9 23.9 0.956 values
200 25 22.1 22.1 0.884
[1] correct
When the mass at the centre, that equivalent to more children | €valuation
seated at middle, m increases, the period 7 decreases.
3(q) e Set up the apparatus as per Fig. 3.1. Measure the length of | [1] step for
the bottom plank L using a metre rule. Repeat (a)(i), (a)(iii), | taking data
and (b) to achieve a set of readings for L, d, T and /.
o Keep d and / constant, and repeat the steps (a)(i), (a)(iii), | [] control of
and (b) to get 5 additional sets of data while varying L. Vary | variables
L by using planks of different L values to be used in the set
up.
e Based on the equation T = kL, plot a graph of T against L, [1] plot graph
where k is the gradient. .
e If the plotted data follow a clear linear trend, with the best fit El:gowmg

propottionality

large lengths will lead to unstable oscillations, and cause the | L11difficulty
period readings to be very small and large respectively.
There is also a limit to the length of ruler allowed between
the retort stands.
2022/JPJC/Prelim/9749 [Turn over
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Solution

Remarks

Aim: To determine the values of n and m, based on the
equation C=kp"t"

Experiment 1 — determine n

Independent variable : density of material p, calculated using
mass

length x width x thickness

boards of different materials.

Dependent variable: count rate C, measured using a Geiger-

Mutler (GM) tube

Controlled variables: thickness of board t, radioactive source,

distance between board and source, and between board and GM

tube

of the boards. This is done using

p:

Diagram : ;
>
GM tube
O g g |
radioactive
source
[ | data logger
board
Procedure :

a) Measure the mass of a board using a digital mass balance.
Measure the length and width of the board using a meter rule,
and the thickness of the board using a pair of vernier calipers.

b) Calculate the density of the board

mass

length x width x thickness -

c) Set up the apparatus as shown above.

d) Determine the count rate of the radioactive source through the
board by reading data logger connected to the GM tube.

e) Repeat steps (a) to (d) while using boards of different
materials and same thickness, to get 5 additional sets of

readings of p and C.
f) Based on the equation IgC =nlg p+lg(kt™), plot a graph of
Ig C against Ig p, where n is the gradient.

p:

[1] correct
variables for
Expt 1

[1] feasibile
setup

[1] labelled
diagram

[1] calculation of
density

[1] detail - for
measuring
thickness, length
and width using
proper
instruments

[1] detail - for
correct and
detailed
procedure to
obtain first set of
readings

[1] using boards
of different
materials to vary
density

[1] correct graph
plotted

2020/JPJC/Prelim/9749
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Experiment 2 — determine m

Independent variable : thickness of board f, measured using
Vernier calipers

Dependent variable: count rate C, measured using a Geiger-
Muller (GM) tube

Controlled variables : material of board (density of board p),
radioactive source, distance between board and source, and
between board and GM tube

Procedure :

g) Repeat steps (a) to (d) by while using boards of varying
thickness t and of the same material, to get 6 sets of readings
of tand C. This will keep the density of the board p constant.

h) Based on the equation IgC = mlgt +Ig(kp"), plot a graph of
lg C against Ig t, where m is the gradient.

Precautions for accuracy
1. Take repeated readings of C for each set of readings, and
determine the average value of C for greater accuracy.

2. Ensure that the board is perpendicular to the radiation,
and that the board is clamped securely using a retort
stand.

Precautions for safety
1. Never point the radioactive source towards another
person. When doing the experiment, the source should
always be directed towards a direction where there is no
people. Ensure that people do not walk in the path of the
radiation

2. Wear personal protective equipment to minimise
exposure to radiation.

[1] Independent
variable and
controlled
variable for
Expt 2

[1] correct graph
plotted

[1] at least one
accuracy
precaution

[1] at least one
safety
precaution
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