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B
AtpaintP, F,, =0
GM.m GM,m
rr o (R-r)
_r_ M
R-r \M,

Rearranging and making r the subject,

A

in moving from Q to P,

r
o =5-(-800)
=400 kJ kg™
AGPE = mA¢
=1.0[-800 - (~400)]
=400 kJ

D

From the equation: 8 (K) = 8 (°C) + 273.15
Gradient = 1

y-intercept = 273.15

When the basketball is pumped, work is done on the air in the ball to cause an increase
in pressure. Work done on the gas is positive.

Since this process is a fast pracess, little to no heat exchange happens and hence Q =0

By 1% law of thermodynamics, the internal energy increases which accounts for the
increase in temperature of the system.

15

16

17

18

19

In lightly damped oscillations, the amplitude of the oscillations decreases exponentially.
(i.e. Ao e™)

Since the total energy is proportional to the square of the amplitude, the total energy also
decreases exponentially. (TE o &%)

A

. : P 2000
Intensity received by ear = — = oo

= 0.0262 W m?2

Power received by ear = P X A,q, = 0.0262 x2.1 x 10° =549 x 10° W

D

Using Malus’ Law, / = I, cos? 8,
1=0 when 6 =90°

1=051I, when 8 = 135°

I1=1I, when 8 =0°

B8
Fundamental frequency is fo=v/ 2L

Frequencies of n-th harmonics = nfy =nv/ 2L

D
For first order diffraction, d sing = 4

A/d =sin(28.6°)

For 2™ order maxima, d sind, = 24

8, = sin” [2 sin(28.6°)] = 73.2°

To find maximum n, d sin80 = Nmax A
Nmax = d/ A = 2 (rounded down to nearest integer)

Therefore, maximum number of intensity maxima observed is 5



'@ uondo s Jamsue sy 0s AH = meudy
1
o ANPN) O UNelPN)
S v & 4 o - —>

uay) ‘pajgnop st Arewud ay) Ul SWINY JO J3quInNY ) J|
ANCN)

o ‘A

“Aneny;

a

J8)UB0 BU) 0} (d] Wil 9} WOJj SMO} JuaLnd ay} ‘Dd snipes ay) Buopy

O uey |enuajod oL}oaje 1BMO| B sey d ‘Apuanbasuo)
() Jeueo ay e abieyo aanisod jeu e pue (d) wu ay) je abieyo aanebau jou e ul
Buninsai ‘osip ay) Jo W 8Y) SPIEMO) SUOIDBIE BY) SBAUP 8210} SIY) 'Dd Shipel ayy Buopy

‘p1emino Ajjeiped pajoalip 8010}
aneubew e sousuadxa osip je1ew Bunejos sy) ul suoAdBje dY) “YH1 S.Bulwe4 o) Buipiosoy

\J

e (e ()

aABY BM ‘SJUBJSUOD Ble?g ‘ig ‘F aoulg

‘dadb  ‘gb
=——=J&
Jw AW
4 _ Z,
>E4>cm

18010} Jejaduuao ay) sapiaosd 2004 onaubely “syjed Jejnosp Ul [PARI) SUOI Yjog ‘2g apIsu|
¢g piey anaubew wuojun Buuajue uodn paads suies sy} 8ABY ) pue d SUO| ‘0g

¥
W =A< 3D =AD'g uops|es A0oeA B Lo} ig pue 3

b}

0z ) . I
n =(w g'0)(0s00)z = 7192 = 7€

(wgo)z=(wo)(1g)=
0= shxe joAld 8Y) JNOJE JUSLIOW JaU <= |BJUCZLOY Bwey

X 0} A W04 I JUSLIND JO UONOBJIP BY) BUIULIBIAP 0] 8N Y9) S, Bulwial] esn

wgo

i
1
|
'
i
I
|

wol =8,
NV et
P =
v\ S0 X
92

a
“Aousnbeyy ay) ajqnop LM Aj[epiosnuls seueA 2010}
SIY} pue SJ0JONPUOD BY} USBMIB] SISIXS 8010} BADEME ‘aseyd ul ale sjuaLno ay) sy
-]
"U 02 S 80ue)sisal |ejo} 8y} ‘19YJ0 YIES 0} SOLIS Ul 3. S)asys ay) soulg

114 )
U 9T =948 = ﬁx'wom uoissaudxe ayy Aq uanib si D jo soue)sisay
U0y = Wq uoissaidxe ay) Aq usaib si 4 Jo sauejsIsay
a
‘awes ay)
OS{e S| UOjeiB|aa0e 3Y) 'swes ay) s| seseyds om) ay) Jo M onel sseus 0} abieyo ay) souig
(ew = 3vb "e')) 34 uj aseaUl ay) 0} [enba s 109lq0 YOS UO 9010} JoU BY|
‘piemdn sAow |m sabieyo om; ayy
pue jyblom uewy a1ow mou st 34 'saseasoul 3 ‘Jayjabo) Jasop Jybno.q ale saje|d sy uaym

g fw tw,

7 =75 = 75 Seleyds yjoq Aq peousiuadxs si 3 pioij oL399j9 SWES Ay} 3oUIS
(6w = 3b -21) "wbem
S}l Jo yoea o} aysoddo pue [enba aq jsnw a1syds yoea uo 34 8910} ouBIe premdn eyl
¢4 v

€C

[44

[ 14

(114




27

28

29

30

When the number of tumns in the primary is doubled, then V; will be halved.

Since the load resistor is the same, from Vs = IiR, the I, will also be halved.

Therefore, since ~_u|\ = WHP” due to the change in turns ratio, and Iy is haif of I5, the new
s/ .|

Ipr is Y4 of the original Ip,.

A

Eamerence = m!.nB: = 1T T emxao— =1.96 eV

This energy gap corresponds to the energy difference between W and X

c
axz
Ap
__h_
0.01p
- h
0.01,2m,E
_ 6.63
o.od,\me 67x107)(1.00x10° x1.60 x107)
=2.87x10"? m
A

o particles are easily stopped. So p or y particles are a better choice. To prevent harm to
human and the environment, activity should fall quickly.

C

energy released = total BE of products - total BE of reactants
=2.54x3-2(1.09%x2)
=3.26 MeV
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(b)

(c}

mu

Qq

= 2
4ne,r

(320 x107 )

= 47(8.85x10 2)(2x0.508In3.0°)?
-0.33616
=0.34 N (to 2sf)

Marker's Comment:

Most students knew which formula to apply but often times made
mathematicai errors such as forgetting to square, or did not x 2 alter resolving
for the horizontal distance of the central line o the centre of one sphare

By considering the forces on one sphere,

tang = m
w
m(9.81) = 0.33616
tan3.0°
m =0.65385

=0.65 kg (to 2sf)

Note: Aliow ecf.

Marker's Comment:

Quite a number did not attempt. Those who attempted generally managed to
resolve comrectly either by finding the tension first or use of the tangent
function directly. A small number just simply divided the electric force by g.

M

The electric potential at a point is the work done per unit positive charge
in bringing a small test charge from infinity to that point.

Marker’'s comment:

Generally the responses were missing cerlain key words {e.g. "work
done per unit charge. ") or used wrong key words. (e.g. “bring a small
point charge .7}

c1

A1l

C1

A1

B1

0.026

B1: Correct Shape
B1: Intercept the horizontal axis at the midway point.

Marker's comment:

Varied responses of graphical shapes were seen. Most wrong answers
gave the U-shaped graph above the horizontal axis. Many did not label
the value of the x-infercepl.

Since the electric field strength E is related to the potential as

E= |MMW , and the graph in Fig. 4.2 is E against x.

The potential difference between two points can be found by
determining the area under the graph between the two points.

Marker’s comment:

Not very well done. Most responses suggested that gradient of the
E -~ x graph can be used to find the potentiat difference. Those who
identified correctly that area of the graph is o be used often did not
explain how did they arrive at that method.

B1

B1
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(b)
(c)

(d)

(e}

7 (a) (i)

fluctuations in (measured) count rate B1

The average time taken for the initial number of nuclei (or activity) of that B1

particular radioactive nuclide to reduce to half of its initial value.

Marker's Comment:

The word ‘average' is crucial because individual nuclear decay is

unpredictable. Half-life describes the statistical behaviour of many nuclei, not

a precise countdown for each nucleus. Distinguish: 'nuclide’ = a specific

isotope type {e.9. C-14): 'nucleus’ = individual atomic core. (ii)

(0] activity (of X at time f) B1

i Y is a stable isotope B3

total number of nuclei is constant
o half-life (of X)is 13.6 s

« decay constant (of X) is 0.051 s™* T: 21, =n2/13.6 5-0.051s" |
e amount (of X) at { = 0 is 0.066 mol

[, = Ny /N, = 4.00x10/6.02x 10" = 0.066 mole |
o activity (of X) at t=0is 2.0 x 102! Bq

[A = AN, =(0.051)(4.00x10% ) = 2.0x 10" Bq|

b) i
Any three points, 1 mark each ®) ®
Marker's Comment:
incorrect fo say Y's half-life is longer than X's. Y is stable (doesnt .
decay), 50 the concept of half-life doesnt apply to Y. (ii)

mass of 1 nucleus = (7.3 x 104) / (4.0 x 10%) c1

nucleon number = mass of nucleus / (1.66 x 107%) c1
= (7.3 x 10) / (4.0 x 102 x 1.66 x 10-)

=11 and given as an integer A1

OR
number of moles = (4.0 x 10%) + (6.02 x 10%) = 0.0664 mol
molar mass = (7.3 x 107*kg) + (0.0664 mol) = 0.011 kg mol™' = 11 g mol™

For a nuclide, the molar mass (in g mol™') is numerically equal to the nucleon
number A. Therefore: A = 11 and given as an integer

The photoelectric effect is the emission of (photo)electrons from a cold
metal surface when electromagnetic radiation of sufficiently high
frequency is incident upon it.

Marker's Comment:

State the photoelectric effect as an observed phenomenon first, then
use photon theory to explain why threshold frequency exists in part {if)
- don't mix definition with explanation.

Electromagnetic radiation can exist as discrete guanta of ener:
known as photons with energy E = hf where h is the Planck constant
and fis the frequency of the electromagnetic radiation.

When photons are incident on the metal, electrons in the metal can
absorb and gain the photon’s energy to overcome the energy needed
to bring it to the surface and the work function in order to escape from
the metal surface.

There is a minimum ener
the work function of the metal, which corresponds to the surface-most
electrons being ejected. Since the energy of the photon is directly
proportional to the frequency of electromagnetic radiation, there is a
minimum threshold frequency for the photoelectric effect to occur.

E=hf

work function = 6.63 x10™* x 8.8 x 10™
=58x10"1")

hf =@ + y,mv2,,
6.63x107 x11x10™ =5.8x107"° + 1, x9.11x 10" xv2

Vou =5.7x10° ms™

max

Marker's Comment;
The common errors: using e instead of m. in kinetic energy formula
and calculating stopping potential instead of maximum speed.

B1

B1

B1

B1

c1

A1
c1
c1

A1
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(d)(ii)

(e)(i)

Total mass of ROSA array =2x16.95
=339kg
P=339x120
=4068
=4070 W (to 3sf)

Marker’'s Comment:

Common error was not realising that students are supposed te use the
mass of ROSA, instead the mass used was eilher the mass of fuel burmnt
or mass of DARY

Xenon has a relatively high atomic mass compared to Argon or Krypton.

Hence when the Xenon ions are being expelled at higher momentum for
the same ion speed, the thrust force generated is greater

OR

Xenon has lower ionization energy than Argon or Krypton.

Hence, it requires less ener
thruster

to create Xenon ions to be used in the ion

OR

jons since there are electrons that are further away from the nucleus / less
tightly bound to the Xenon nucleus.

Marker’s Comment;

Most were able to identify that Xenon has either highest mass number or
proton number, but their subssquent explanations often showed
rmisconceptions.

The most common misconception was that a high mass would therefore
mean that Xenon would release the most energy via nuclear fssion.
Another fairly common misconception was that students were unable to
distinguish lonisation energy vs binding energy and students often times
suggested that the binding energy of Xenon is fower and hence it needs
less energy to form Xenon ions.

Cc1

A1

B1

B1

B1

B1

B1

B1

(i)

(e)(iii)

Electrode Electrode

3

4

Xe ion beam

|

A

3

B1

« 6 horizontal parallel lines, equally spaced apart pointing leftwards

Note: 0 m for free-hand drawings

Marker's Comments:
Most drawings had an issue with the equal spacing. Many had a much
larger space between the middie 2 fisid lines compared to the others.

By Conservation of Energy,

Gain in KE=Loss in U,

1.2
—mv:=qV
3 q

Since the Xe ion has 131 nucleons and has a charge of +1.60 x 10"° C
due to having 1 electron removed,
W:Ei.mmxs‘: )(40000) = c.moxs.;? c1

V=1087.3V
=1100 V (to 2sf) Al

Marker's Comment:
Many did not attempt. Common errors were to assume that the charge of
Xeron ion is +54e or did not convert 40 km s tom s
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(a)

(i)  Since net horizontal force must be zero, Fi = 2.5 x102 N
Since net vertical force must be zero,

Fy=8.0x9.81+12.0x981=20x 102N
F=32x102N

tan8=Fv/Fy
= 39°, anticlockwise above horizontal.

Marker's Comment:

Mosl were unable to give the right definition of momenl. Quite a number were
also unable to take moments of forces correctly and solve for the value of the
tension.

(i) The internal energy of a substance is the sum of the random
distribution of kinetic and potential energies associated with the
molecules of a system.

Marker’s Comment:

Many responses were not specific enough to associate internal energy
with the molecules of a system. A handful stated the first law of
thermodynamics rather than the definition of intemnal energy

(i)  Atthe same temperature, water vapour and water have the same total
kinetic energy of molecules but water vapour has higher total potential
energy of molecules (due to weaker intermolecular forces of attraction)

Hence the internal energy per unit mass of water vapour is higher than
that of water

Marker’s Comment:

Not very well done, many misconceptions were surfaced Most
common misconceplion was reasoning that having  stronger
intermolecular forces of aftraction would result in higher potential
energy.

Another common misconception was o compare the particle motion of
liquid vs solid (molecules sliding past each other vs moving around at
high speeds). Students would often reason that because of this
difference, water vapour molecutes would have higher kinetic energy
instead of linking it to the concept of temperature.

A1l

c1
A1

B1

B1

B1

LU m =nR = constant

T
P|S = b~<~
L
101000(15000) _ 890xV, c1
288 ~ 228
V, =1.3476 x10°

=1.35x10° m* A1

Most common error was not realising that 7 is not a constant, and using
PV = paVy for the caloulalion instead.

(i1} 3
KE, = 5KT
= W: 38x10%)(228)
=472x107 J B1

(i) AU=U, -y,

3 3

=3 PV, - MPS

= meo: 23476 x10°) - (101000)(1 mooe_ ¢
=~ 4.7345x10°

=-473x10° J A1

Marker’'s Comment:

(b){it) was well done in general. However, (b){iii} was not, with a fairly
wide range of errors. Comman errors include:

«  Using {initial ~ final) to compute change.

» Using wrong formula (e.g. AU = p/Vr — p2V)

o _Finding difference between average KE rather than U

(@ (i) Constant phase difference B1

Marker’s Comment:

Many did not know the definition with many different variants of wrong
answers, These include comparing the frequency, wavelength, type of
wave, speed or slated that the sources must always be in / have the
same phase for coherence.
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I, A?
e
) A1
)n
e = T /
A
-h 1Y,
NEY
=0.17863 1
=0.1817
Marker's Comment:
Students found this challenging. Many left this blank or did not know
where io start from. A handfol got values of more than / for dark fringe,
this is impossible. Common misconception was to merely do a
subtraction of the intengities from siit A and B to get the intensity of the
dark fringe.
(a) (i) non-zero horizontal straight line from Xto Y B1
fiux linkage
% v
position
(iiy  constant flux density (inside coil) B1
either (magnetic) flux linkage proportional to flux density B1
or @ =BAN and B, A and N are all constant
Marker's Comment:
Very few were able to explain the constant flux linkage even though the correct
ling was drawn.
(i) o=-8AN c1
=0.080x0.71x107* x 64
=3.6x10™ Wb A1

(iv) sketch showing:

e Eis zero from time O to time t and non-zero after time ¢ B1
» Ehas constant non-zero magnitude between time t and time 4t B1

« E has same constant non-zero value of one sign between time ¢ B1
and time 2t, and opposite sign between time 2f and time 4¢

(b) current in spring creates a magnetic field around the spring B1

either (magnetic) fields around adjacent tums interact to cause a force tobe M1
exerted (between the tums)

or current in one turn interacts with (magnetic) field due to adjacent turns to
cause force to be exerted (between the tums)

(magnetic force) is attractive so distance (between turns) decreases A1

Marker's Comment:
Faraday's Law was applied to explain the change in distance which was wrong. A
few managed to explain this part well.

(a) number of cycles per unit time B1

Marker’s Comment:

Poorly done. Common errors include referring frequency to the number of
times the current changes direction, not being able to distinguish between an
oscillation, wave or rotation with cycies, and also using the period as a base
to define frequency {e.g. inverse of period, time taken for one complete
oscillation etc.}

(b) (i) period=2x/40x=0.050s=50ms A1

[ Marker’s Comment: |
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(i)

iv)

When the tension in the rope is less than the weight of the person, the
resultant force acting on the person is in the same direction as his
velocity, causing the person to speed. When the tension in the rope is
more than the weight of the person, the resultant force acting on the
person is opposite in direction to his velocity, casing the person is slow
down.

Consequently, the person will achieve maximum speed when the
resultant force acting on him is zero, accompanied by a corresponding
acceleration of zero.

Man is moving at maximum speed when resultant force acting on him
is zero.
mg = ke
_mg _80.0x9.81

>e X - 120 =6.54m
Applying Principle of Conservation of Energy:
total energy before stepping off = total energy at maximum speed v

o+o+3n?+¢vnws<~+mxmm+o

where L is the natural length of the rope.

2x80.0x9.81x(25.0 +6.54) 120 x (6.54)°
80.0

=236ms™

Let x to be the extension when the person is at the lowest point

Applying Principle of Conservation of Energy:
GPE at highest point = EPE at lowest point

Sh?+xvuw§w

80.0x9.81(25.0+ x) = 2(120)°

60x? —784.8x -19620=0
x=258m

1. At highest point,
GPE=mg Q. + xv =80.0x9.81x(25.0 +25.8)

=3.99x10*J

Straight GPE line with correct labels on y-axis and x-axis.

B1

B1

c1

c1

A1

c1

A1

Cco

B1

9

2. Quadratic EPE curve with correct start and end points
(s =25.0 m & s = 50.8 m respectively).

3. KE.= ws_m nwx 80.0x23.62 =2.23x10° J

Straight line from s =0 m to s =25.0 m.
Curve from s =25.0 m to s = 50.8 m, with correct label on y-axis

E/10'y

3.99 : y

0 s/m

Marker's Comment:

Energy graphs must show correct curvature direction. EPE varies as
Y:kx?, giving a concave up (U-shaped) curve, not concave down, and
KE changes in a curved manner once the rope stretches. Include
numerical energy values and key displacement markers (natural
length, at maximum KE, and maximum extension}.

(a) By varying the resistance of the variable resistor R from its maximum

{b)

(i

resistance to zero

False, because the resistance values are not constant. Each point on
the graph represents a different resistance setting. To test Ohm's law
(V o [ for constant R), the resistance must remain fixed while voltage
is varied.

OR

False. To test Ohm's law, the same resistance value must be used
throughout the experiment. Here, the variable resistor is set to different
values at each measurement, so we cannot conclude it doesn't obey
Ohm's law from this data.

OR

B1

co

B1

B1

B1
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Fig. 9.4
Connect a resistor across the lower branch to allow current to flow
through r so that its value can be determined from V,, =E‘+Ir".
From Q=1It,
-SAh =
2000x10 >:|Ao.omo>vn c1
=t=25h
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