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1

From kinetic theory of gas,

._
p= whAo Nv
Since the oxygen gas is 16 times as dense as hydrogen gas, the corresponding root-mean-square
speed of its molecules must be 4 times as slow, meaning that the root-mean-square speed of the
hydrogen molecules are 4 times as fast.

12

By First law of thermodynamics, besides cooling, the internal energy can also be decreased by
mechanical work through expanding the gas, as it does work on its surroundings.

Option D is true only for ideal gas, which has zero microscopic PE.

Option B is true, except during change of state. E.g. when ice melts, its internal energy is increased
because of the increase in its microscopic PE. But there is no change in its microscopic KE, and

thus no temperature change.

Option C Temperature is a measure of the average (microscopic) KE (not KE+PE).

4
~|°oom€n~|o
2 4
oommmum
2
cosd = m
2
a1
g=cos™,|— =45°
2

Either sheet could be moved as both will reduce the intensity by half each time the light passes
through.

13

By Newton’s 2™ law,
Fret ON piston = ma
Since gas exerts an upward force Fret = Fyas — mg where mg is the piston’s weight

Hence Foet = Fgas —mg = ma
Faes =m(g +a)=0.75(9.81 +3.5)=9.983 N

Work done by the gas = Fgas x $ = 9.983 x 0.12=1.20J

14

Using v, =wx;, 3= mmxo giving x, =5.730 cm

2
Using |a| = @”%,, &, = ﬁ%b x5.730=1571cms™

Hence maximum restoring force = 3.0 x 1.571x107 = 47x107? N

Option C: wrong T=15/1.6=10s
Option D: forgot to square omega, and mass multiply by max v = 3.0 x 0.03

15

Since the wave pulse is travelling to the right, the last point on the displacement time graph will be
the first point on the displacement position graph. Correspondingly, the first point on the
displacement time graph will be the last point on the displacement position graph. The sequence
follows through for the points in between.

16

As the light passes through the first sheet half of the intensity of the light is lost.
The second sheet will need to reduce the intensity by another half in order for the emerging light to
be 0.25/,. So,

© & Hwa Chong Institution 3

17 Using small angle approximation,
stars
aperture
e _Nt\ :
a= %!!
Qwoza.._ the stars __ m(.
D..a.: telescope U
NU:G! telesco
Qwaz:.!_ the stars ||U|vo
_ (630x107°)(5.9x10")
45x107
=8.3x10" m
18 The distance from the node to the end of the tube is M(. Since m =017 >1=0.68 m. The
. . . v _ 340
frequency to generate this stationary wave is f = 1-088 " 500 Hz
A 34 54 74 ’

The wavelengths of A are equal to 0.17 m to obtain a next node at the same

position.

The corresponding resonant frequencies would then be 500 Hz, 1500 Hz, 2500 Hz, 3500 Hz,

4500 Hz, 5500 Hz... etc.
19 We cannot use Coulomb’s Law because that is for point charges (or charge distributions with

spherical symmetry), but we have metal plates.

Uniform electric field strength between the metal plates, E = AV v

d r+r,

© £ Hwa Chong Institution 4




s uopmpsu| Buoyd emy - @

Us| ay) 0} J9EjUOS Bulplls By} SAOW O aAeY M ‘04aZ 0 Bulpeal 1sjeLIWE ay) Wnel of

-19yby swoosq
I 31 ssosoe ‘p'd au ‘sidipund Japinp feguajod Aq sny) ‘sour)sisal seybiy sey ysep ay) ul ya

{mo) s1 aourysisas sy ‘Bl Jybuq w st yAT) B BY) uo ¥ By} Ssose

"pd 8y} Jo Jey) o} fenba si 10EU0D Bupls 8y} 4o JyBu By} UO aNIM BY) JO UOROBS ay) ssosoe 'pd
"§9| 8Y) U0 10)sisal paxy ay) ssoioe

"prd ay) Jo Jerp o} Jenba s} joejUOO BuIP)S B} JO B S} UO BIIM 34} JO LIONDBS BY} SO0 ‘pd
‘049Z S| J8jBWiWe ay) usym

24

‘0l8z
S1 3pOIp B JO 80UE)SISB) BY) PUE SSOIOE P3JISULIOD SI ZA Jey) J0)SISal Buy) YBNosy) SMOy JuaLInd oy

‘018z Y)oq B1e €A pue 2A Jo sbujpeas ayp

[44

‘Buisessoul s1 i ‘onel ay Jo as18AU) By} SNY) ‘Buiseasoap si % 1Z O} A Wol4

"Buiseaep st ‘onjel ay) jo asIaAul 8y} sny) ‘Buisesou) s) % ‘A 0) X Woiq

JUBJSUOO Si Y ‘Ofel 3 JO BSIBAUI BY) SN} ‘JUB)SUOD S) % X O} M Woi4
ydesb ey uo juiod pessep
ey} 0} uibuo woly euj| ey) jo Jueipesd sy; 3’| % onel ay) asAjeue o jo abueyo ay} suluus)ep o)

10 A jo Ojel 8y} S1 Y douUe]SISay

14

9 uopninsu) Buoy) emH g ©
NY = v uolenba sy} Y)m pejercosse sty | @ | 0€
‘sasealoap osfe syead ay) jo Aisuajul
8y} 8ousy ‘seseanap sUORDSIe Jsouusuul ay) Yo Bunpouy uonpale Buruoour ay) jo Apqeqosd sy
‘saseasoul yibusjsaem WnuiUW ‘aousH sesealap
uojoyd Aei-x opabiaus Jsow ay jo ABrous ay) ‘pasessnep sI aousiayip jepusiod syjusym | v | 6Z
“Teubuo ay) uey; ssaj si JUSLIND UOEINJES MBU
8y} ‘sny) "sasealoap osfe saje|d 10}59jj0o ay) Bulyoeal SUOLOA[S JO B)kl BY) PUE ‘SSB] S| UOISSILLS
UoJjo8[d 4O 31 BY] "SSA) SI [ejatl BU} uo juadploul suojoyd Jo ajel ay) Jey) saldusl Asusiul Jomo]
‘awies a|y) surewsas jepusjod Buiddoys
ay) sny) ‘awes sy sulewsl uojoyd yoes jo ABIsue al ‘pasn S| 80IN0sS JojOIABN Swes ay) Buisn)
@~ J4 = A8 ‘uopenbe oupejsojoyd woi 918z
*1amod
abesene awes ay) anb pinom jJey) sbejjon o°p juajeainba sy si abejjon alenbs-uesw-joos ay)
@ suu
NOEC=92C= 0z = A
AOCE=°A | 8 | LZ
AOLX(00- 00 xZ L= e—te IV,
({o)z- (zo))xzL ¢v
» =2 ‘paonpul ywra
¢p :
‘me7sAeperedAg | g | 9z
‘suiny 000% = U @sn ‘v buowm :g uondo
DA 92°€ = O peajsul J 9Z°¢ = & Buom pue swiny go0P = v @sn ‘v Buowm ;5 uondo
UM 92°€ = & JO peS)SUI UJ 9Z°¢ = f sasn y uoido
1 .01xX9Y=
01 %x92°¢
[Aoooomxwe xup)=
09
o
= |u% = ju¥ =
(%o = run g
0L%00¢ _ WYbus| plousjos
Bus| un Jad swin: =& = =u
yibus| } 00002 000% N
"pousyos Jo yibus yun Jed swiny jo Jlequnu sy siv | g | gz
'Jdaou09 Joesye sjuauno ayi, asn Ajbuoim g pue v suondo
"SUOLo8Ip (B Ul O 100 Lo paonpul 3010} onBubew ou st 8184 *ajnJ puey Y|
s, Buiwal4 Aq sousy ‘D 1102 Jo Med yoes uy Juauno ay; o) (a|jesed s| paonpoid pley onsubew siy)
‘uonoalip
BSIMID0[O 3Y) Ul D |09 Jo sousIBjwnolp ay) Buole piay onsubew e seonpoid 4 wjusunoey) | q | ¥z

Jssjealb ay) s| AV “Jaqunu aAnisod ebiie| e s1 *¥A pue ‘Jequinu eanebeu able| e s1 ™4 g

"ansod si AV “Jaquinu aageBsu Jejjews & 5| "¥A pue Jaquinu aapebau abuej e s ™A g
0~ AV "b— pue bz+ yjoq woy Juelsipinba Jnoge spus pue sue)s :5
0= AV "b- woy souesip awes ay) Noge spud pue sue)s ‘bg+ wol ejsipinba sAeme :y

'b— 0} 1a1e3U pue ‘sebreyo om) ay) usemjeq s| o1az si [enuajod sioa)e By} aeymiuiod ayp e
"b— 1resu aanebau pue bz+ 1eau aapisod si jenusjod oumos@ay] e
‘Auejod sysoddo saey sebieys ay) eourg

“wred sy jo Juspuadspul si NV
"safueyo Juicd om 3silj ay) o} anp sequajod suy Jo wins 1ejeds sy i Jujod € je jenuajod jau ay}
AVb = v = 30104 fewispxe Aq suop 3iom

(14

Pauo &

Ajejesedes aje|d yoea o) anp yibuais pjey oujoeje pejenoes €9
sebieyo Jujod asom sajerd sy 4 80104 S1498]9 10} BINULIO € g

sebieyo juiod a1am sajed ayy )1 ABisus |eguejod ouyoals Joy Bjnuuol € v
(sweapms 10 uonnios pajsebbns woy saowal) siopensiq

g+Y
AE

( )b=3b= doip jio pabieys uo 8510} ouPs|g







. .N.\(E paldninw Aouenbaig

1
wia) (d'pg) % £2821°0=
mg Au \ ﬁglru:mﬁte =
sbueyooN | (1)(q) 6z’L 6C°1
4dp.B auisod 40 auis - spnYidwo W -1 u|b -1 ‘w=w
S3f 40 40 uorysod wnuqinba sy Woif BupogiIso SIS SSDW 1243aYm udnb S1 uonpuLofu ONy J d
S 09°0 Jo pouted swn pue s w $G'| Jo A}D0jEA WNWIXE e nlbl L 6w = .m —| |Bw
ULIOJOABM [BpPIOSNUIS J d
X (ssew plepue)s uo 3040} Jue)nsay) = x (ajdwes uo as10 Jue)nsaY)
((((((((((((( 9y SSBW PIEPUE]S 0} 8NP JudWOW SsIMjoojolue = ajdwes o} anp Juswow s}
' ‘Jjoald sy Jnoge sjuswiow Bupie; ‘winuqiinba v | (W)(q)
; P
_ 5 hm-@ bui=
e ) 60 W p
1 (5-1)oon-
w B p-B(pA) =
\ \/ n-bw=4
[, 1 S O AN P 1 1snayidn — 5w 108lqo jo Jybiem = 4 9910} Jue)NSaY
‘A 89 198(qo 8yj jo swinjor 3y 197 | (1)(Q)
[44Y) w Z ybd =
SWHG =" = =A< AW =
S U =os 0] ~ " T P S A
> Byyd
(Zy0L)zr o v
- - - - = 2 — o =
(ys)wogL =wo s pl=wipL 0 (005°0)Z X epnyjduy QA\, auINjoA be_m:ovv
v
o . 2C_ o 4 b ||e} @31} JO UONEIBIPOOE X W UWINIOI PINY JO SSEL =
X va oL)(zv ovﬂ . XNSEﬂ =13 v eale
0090 M uwinea ping jo Jyblam
SPRIJpQL = ——— = = Y Jautejuoo Jo aseq Jo eale
b7 %y 2 5010} = piny 8y} u y yidap je d ainssaig )
winwixew sy Je s| ¥ sseus ay) jo ABiaua onaupy ay ‘Q = x uomsod wnuqyinba 3y | (1)(e) ... 7 7 >
$ 0090 = 001/09 = ¥/} = 1 ‘pousd
“gjnuIw Jad sajoAo aa|dwoo gL ale
alay} jey) Bulueaw ‘ajofo e Ul a0y d uomsod wnuqyinba sy ybBnouy) sessed ssew ay )

=

()(e)

suofnjos pajsabbng z Jadeyq
uoneujwexy Areujuiaid Z9 SZ0Z
6v.6 s1sAud ZH 19H




Gravitational potential at a point is the work done per unit mass in bringing a small
test mass from infinity to that point (without a change in kinetic energy)

(b))

To just reach the neutral point from the Earth,
gain in gravitational potential energy GPE = Loss in kinetic energy

AU = mAg = ~AKE
10.0A¢=6.10x10° J
A¢$=6.10x10" J kg
Preutrat point ~ Poarth surtace = 6.10x107
&35_.._ point — 6.10x10 + Dearth surface
Froutpom = 6.10x107 +(-62.3x10%)

Broutral port = —1-3 x10° J kg (2s.f)
OR

total energy at Earth surface = total energy at neutral point
KE, +U, . sutace = KE, +U

earth surface neutral point

6.10x10° +10(~62.3x10°) =0 —10.0 X frp i poic
¢, =-1.30x10° J kg (3 5.f)

eutral point

neutral point

{c)ii)

B W\M _ 2r
T 342x10°
Consider the star of mass M,

) =1.837x107° rad s

The gravitational force due to star of mass 2M provides the centripetal force for the orbit
of M.

Fs =Ma,
GMEM) _ pioRy,
(3R)
R=3 @
90°

[6.67x10""(3.14x10%)
| o(tearxio®)
=4.10x10° m

(b)(ii)

The rock from the Moon must have enough energy to go past the neutral point, then
resultant gravitational force of the Earth-mass system on the mass will accelerate it to the
Earth.

gravitational potential difference between the Moon’s surface and the neutral point

Ag= ﬁ:osqn_ point &38: surface

=-1.30x10° -(-3.90x10°)
=2.60x10° J kg™

Hence, the minimum kinetic energy needed to send a 1.4 kg rock from the Moon to the
neutral point is mAg HG.AXM.mox._oJ =3.64x10°Jor3.6 x 105J (2sf)

{c)(i)

The gravitational force exerted on one star by the other star provides the centripetal
force for each orbit.

This pair of forces is an action-reaction pair (Newton’s 3rd law), always equal in
magnitude (and opposite in direction).

OR
The gravitational force between stars provides the centripetal force for each orbit.
GM(2M)

By Newton’s Law of Gravitation, the gravitation force between the stars= A%VN|

thus the two stars experience the same magnitude of centripetal force.
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U_qmozm: of the electric field at x = 25.0 cm _m(,oim&m _rm _.6!.
Electric field is always directed towards lower potential.
OR

Direction of the electric field at x = 25.0 cm is towards the right.

The potential gradient is negative at this value of x as can be observed by drawing a
tangent to the curve at x = 25.0 cm.

Since E is (the negative) of the potential gradient, E takes on a positive value, which
means the electric field is directed towards the right.

OR

The ion will oscillate between the points x = 25.0 cm and x = 42.0 cm.

(a)(i)

900
VIV
800

700

600

500

400

300

200 = > - T B T
0 10 20 30 40 50
x/cm

Draw a tangent to the curve at x = 25.0 cm

Potential gradient av _545-200 -8.12 (3sf)
dx 0.0-425
. av -
Electric field E = T 8.12 V cm™ (acceptable range: 7.3 -9.7)

(a)iii)

Mobile charge carriers within a conductor will always re-distribute until a certain
equilibrium state where the electric field within it is zero.

Zero electric field means that there is zero potential gradient, and hence constant
potential.

(o)

The ion will accelerate to the right until x = 35.0 cm, then the ion will decelerate and
momentarily come to rest at x = 42.0 cm,

and accelerate back to the left and momentarily stops at x = 25.0 cm before accelerating
to the right again, repeating the motion.
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. u . . .
The energy E of a photon is proportional to its frequency (E = hf).

The atom can only absorb a photon of energy equal to the difference in two ener
levels.

From Fig 8.2, we see that the rubidium atom has discrete energy levels, and thus has
discrete energy differences, thus only certain frequencies of photons can be absorbed.

(a)ii)

Energy of photon,

AE _pfhe Am.awioév?.ooxs_v
A 795x10°

=2.502x10™" J (=1.56 eV)

Energy difference,
E, —E o =AE

E,—(-4.18)(1.60x107%)=2.502x10"

E,=-4.186x10" J
=-2.62eV

12
{c) It is the (average) time that the atom stays in that state before it de-excites to another
state.
(d)(i) | Using the de Brogiie relation,

h 663x10*
=222 —B8.34x10% k -1
Prown =7 = 795%10° ) gms
OR
E= :»u@hlun
From Amx__v. E=2502x10"J
E 2502x107°
=S EeX T _834x10® kgms™
Portn = = 3005107 04> 107 kams

By the principle of conservation of momentum, taking right as positive
U-BE - ﬁg&g = bh?:_
APy = Pltom = Patom = ~Pphoton
Thus|Ap,n| =|-(8.34x10°2)
=834x10* kgms™

(a)(ii)

The photon is in the infrared part of the electromagnetic spectrum, outside the visible
range, so it cannot be seen with the naked eye.

OR
The visible spectrum is from 400 nm to 700 nm / 750 nm, thus the photon's wavelength
lies outside the visible range.

OR
The visible spectrum has wavelengths on the order of 107 m, and the photon’s
wavelength is near the edge of this range.

OR (not intended solution but accepted due to phrasing of the question)
A single photon reaching the eye has a very small intensity, thus it will be hard to
see/detect with the naked eye.

(d)ii)

The photons are emitted in randomly in all directions. Since momentum is a vector
quantity, the average change in momentum from this process is the vector sum

~ >P+>t~+ +>bz..mu
4= N N0

(d)(iii)

From Table 8, the lifetime of the atom in state A is 27.6 ns.
Since from (d)(ii) we know that, on average, only absorbing a photon causes a change in
momentum, therefore,

F_2p
At
_ 8.34x1072
T 27.6x10°
=3.02x10® N

(b)

3kT  |3(1.38x107°)(1000)
m T\ 869x166x107
=53572~536ms™
OR
PV = NKT = mzsA%v

3
3(1.38 ﬁo&xsos

»\‘ u».ﬂ
mm T869x1.66x107

= mmm.ﬂm =536 ms™

(d)(iv)

The photons required to excite the atom to state B have shorter wavelength and hence
greater momentum, thus each interaction causes a greater decrease in momentum of the
atom.

OR
The lifetime of state B is shorter than state A, so it can absorb more photons per unit time

OR
the average force on the atom is greater.

(o)

From Fig. 8.4, when the temperature decreases to Tc, the densi
increases significantly, suggesting that the particles are overlapping.

OR
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@ | F,= w oC,AV?

- We .moxo.uoxn.msh

=405 N

Smxsooun
60 x 60

AF, Ap AC, AA 2Av
—E=—+ +—t—

F, p C, A v

AF, _0.05 002 005, 2(2)
405 120 0.30 250 108
AF,=70N (1s.f)

Fa+AF;=410£70N

Qa

(b) velocity of car Arelative tocar B, Vg =V, —Vg

400 kmh' q35°

(@

Let mass of Planet Z be M, mass of argon molecules be m,
Consider an argon molecule escapes from the planet’s surface to infinity.
By conservation of energy,

Loss in KE = Gain in GPE
\Amu_i-oo - \Ama = Qs - C:i!.,o

WS_\N |on0|ﬁ|9§=u

r

2GM
<nA\|
r

A\mmawnb (shown)

(b)

<MA\WQ~:‘NB

= z\ma.ﬁxs.ziﬁu x10°2(5500)

=724 ms™

By Cosine Rule, Y8 = J40.0% +50.0° - 2(40.0)(50.0)cos 135°

=83.2kmh"*
By Sine Rule, sing _ E hence 8 =25.1°
50.0 83.2

direction: bearing = 90.0° + 25.1° = 115.1°

(c)

Assume that escape velocity v is equal to the root-mean-square speed ¢ms of the argon
molecules.

By Kinetic Theory, average KE of one argon molecule = 3/2 kT

Average KE of one mole of monatomic gas is therefore 3/2 RT.

1 .

m;nwﬁ = mmﬂaa where is M,the molar mass of argon.
.Nl = g\h”—.k

" 3R
_(40x10°)(724)’

3x8.31
=841K

@

The root-mean-square speed of argon molecules will be less than escape velocity when
temperature decreases.

However, due to the random distribution of speeds, some molecules will have speeds
greater than the escape velocity and would be able to escape.
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(a)

The binding energy E of a nucleus is the energy required to separate the nucleus into its
constituent free neutrons and protons.

It is related to the mass defect Am by the formula, E = Ame?.

(b))

The energy equivalent of 1.00 u is given by,
=1.00uc?
=(1.66x1077)(3.00x10°)" J

|T.mmx8&xw.8x3,% ey
- (1.60x107)(10%) ©

=933.75 MeV
=934 MeV

(b)(ii)

For Nitrogen-14,

Binding energy E =(7(1.007276)+7(1.008665) - 14.003074)uc*
=0.108513(934 MeV) =101.35 MeV

101.35

Binding energy per nucleon = 4

=7.24 MeV per nucleon

Q6
(a)i) For any given metal, electrons are emitted only when the frequency of incident light is
above some minimum value. This frequency is known as the threshold frequency.
(@) At threshold frequency, energy of photon matches the work function.
hc
Hence, ® = —
&-a
Ey —hf-o=PC_BC_pefl 1
A A A A
(b)) | Extend line to the x-axis. The x-intercept is »P
1 o
—=2.3x10
\&0
A, =4.35x10"m
(b)) ﬂmwm“_w”,mmw%ﬁ re
= h(3.00x10°)
Aw.mw -2.8)x10
h=6.7x10Js
(c) Same gradient
Higher y-intercept, x-intercept more to the left.
(d) As electrons escape the surface, the sphere becomes more positively charged and the

potential at the surface increases.

It comes to a point when the electrons with maximum kinetic energy lose all the energy at
almost infinite distance and they are attracted back to the surface due to the electric fieid.
The system is finally in dynamic equilibrium. The rate of retum is equal to the rate of
emission, keeping the total charge constant at the surface.

Thus, electric potential energy gained by an electron at infinity = Eyax lost

Qs - Cu:;foo = m§k

OI|0A|ImIvH30 Hlul
dre,r 4
Q- hemerf1 1

e A A

o

(o))

The energy released in the reaction

= final binding energy - initial binding energy
=17(7.530)-[14(7.24) + 4(6.836)
=128.01-128.70

=-0.694 MeV

Hence there is actually a gain of mass in this reaction and 0.694 MeV of energy needs to be
provided.

()i

We need at least 0.694 MeV of energy from the kinetic energy of the alpha particles as the
oxygen nucleus and proton may also have kinetic energy after the reaction.

Since the kinetic energy of the alpha particle is only 0.300 MeV, it is clearly insufficient and
hence the reaction cannot proceed.
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11 12

vims' Q9 ﬁ

(a) | () | As the coil rotates at constant angular speed o, the component of magnetic flux density 8
perpendicular to the cross-sectional area A of the coil varies sinusoidally.

0.21%. Since the magnetic flux linkage & varies sinusoidally, the rate of change of flux linkage will
: be sinusoidal. For instance, if @ = NBAsinat, then d® /dt = NBAwcosal.

By Faraday's law, the magnitude of the induced emf is directly proportional to the rate of
change of magnetic flux linkage. Thus emf induced in the coil will be sinusoidal.

(i) | 1. (6.8cmx0.050Vcm')2
m =047V

2. T=5cmx80ms=40ms

—0.21¢
f=1/(40 x 10%) =25 Hz
. The plane of the rectangular coil is perpendicular to the plane of the paper (i.e. minimum
: flux linkage), when maximum e.m.f. is induced in the coil.
i 2 ) o
(i) V= ox, = h 2z u % . OR coil rotated 90
T ™) [ E=NBA®
7o27x _27(0.026) .0 0.17 = 120 x B x 0.0013 x 2r(25)
v 0.21 B=6.94x10°T
o 1 , 1 2 {b) | (i} The root-mean-square value of an alternating current is the equivalent constant direct
Total initial energy = M5< = MAo.MJXO.N\_v =0.0046 J current that will dissipate the same amount of heat per unit time in a given resistive load.
energy (ii) | @=2af=377
F-377 _60.0Hz
2r
W), Y _240
™ V2 2

Power dissipated in heater,
Ahv - Ao\i_- v»
R

Sl (%) )
v : 2 ) \38
AL =758 W
K
Q H
0 0.39's 0.78s time

Correct period labelled (2 cycles)
Correct shape of U
Correct shape of K
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