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Section A
Answer all the questions in this Section in the spaces provided.

1 A small sphere of volume V and density pg is submerged in a liquid of density p,, as shown in
Fig. 1.1.

liquid,
density o
sphere,
density pg
volume V
Fig. 1.1 { 3
(pat™
/

The liquid density g, is greater than the density pg of the sphere.
The top of the sphere is a distance i below the surface of the liquid.

(a) (1} Explain why the liquid exerts an upthrust on the sphere.

fescure Wnreasey woifl dp{a‘]‘f‘ The {\T Tm’rnf JM Opmonas Joumwand,
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(i} Determine,interms ofu;g_, V and the acceleration of free fall g, the upthrust produced by
the liquid on the sphere. Explain your working.

Ba M dimede Randpke,
U- ch‘w‘d ahsr(ﬂwf 12{ vdara —J} Uob{a[ :))1. \/& %

upthrust= ........ Jpva ........ aeremebereneas W [2]
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(b) Complete Fig. 1.2 to show the variation with depth h of:
- the weight of the sphere {labe! this line W) wstanls

*  the upthrust on the sphere (label this line U).

A
force
W@U% u
U=p v
Jr d W
J)L \/-J)S 0 .
U >W ’ 4

Fig. 1.2
(2]

(c) Complete Fig. 1.3 to show the variation with depth h of the downwardsforge on the sphere
due to both atmospherie'pressure and water pressure.

.
force P > FA

p: Jaal\ £ Pofen (Jz'i“’”")

P ‘L'f'm
TR
(ma “"““
#] 0 C .
Fig. 1.3
(2]
fTotal: 9]
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2 Asample of an ideal mona(mic gas has a volume of 4.2 x 10~3m? at a pressure of 3.6 x 10°Pa
and a temperature of 70°C.

(a) Explain why the meamvelogitymof the atoms of the gas isiZeral

The abws, pove i ﬂwsﬁm% fmdom \wofm  (n o U o&wcﬁ?ms-v oa‘hd (x

...........................................................................................................................................

W(&a’% m & Mbm(aa'dh {I ﬂ ""“”{ nd. 5’ 0§I\T. 1lo‘|'£u_ Wigaum Ve,(,ofa

..........................................................................................................................................

(v (xack @ ﬁw&k aﬁ\fa‘-?M Wa O“TL fo g‘ .............

...................................................................................................................

(b) Show that the sample of gas contains 3.2 x 1023 atoms.

tﬂw\ lgV: N(Cﬂ(
5 -3
- N‘_ﬂ- = (M) - 3-[6}241 )“023

)
Canl=K T Crasxio™ ) ls)
- 32 X(023 afom®
x Shown
3]
{¢) Each atom of the gas has a diameter of approximately 2 x 10~®m.
Estimate the volume offifegasatomsa
Uosamse U = Hapay = fa (22 )(;:xtoﬂ
6»«5 0:fmS = [a«-.s atoms 3
= (}qvgq: 5({0
b 3
s34 X ™
-2
VOIUME = 1ovrereneee. [ ’f-xio .................... m® [1]

ideal.

...............................................................................................................................................

[Total: 8]
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3 The piston in a cylinder of a car engine is shown in Fig. 3.1.

cylinder

piston

Fig. 3.1

The piston moves in the cylinder with simple harmonic motion.

The distance x befween the fop of the cylinder and the top of the piston varies from 1.0cm to
B8.0cm. l;
- Oc¢-

At one speed of the engine, the engine completes 4200 revolutions in 1.0 minute. During one
revolution of the engine, the piston moves from the position where x is minimum to where x is
maximum and then back to the minimum position.

The variation with time of the distance x is shown in Fig. 3.2.

7
x/cm
8 P Pl B 1
¥ N y; N Z N
‘ N 7 N Y,
£ —
o= & — X /
4 ‘ f
ES \“ -4 \y 4
3 7
\Y 1 7
!
2 7 :
A}
% 2 3 Y,
\\ I’I ‘\ d
1 0 T N R N S NN S N B N g NN S N N N N N RN S NS . S N N P SO SN W S U S UL SN U N SN U ———————
0 -
t, t, ty ty ts ts t ty t
time
Fig. 3.2
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(a) Use Fig. 3.2 to state two times at which the piston is:

{i)y atits highest point near the top of the cylinder

(b) Determine, for the piston:

(i) the frequency of oscillation
_ 420 .
g: 420 200 (h)

freqQUENCY = o e Hz [1]

(ii} the maximum acceleration.

ot - | (e

g
2 2 ¢ L -S‘inom/s}'
- |(Aybroy (o) | = £Esbx0 = TE
&

ACCEIETAtON = .ottt ee e enss e eae ms= [3]

(c} Use your answer to (b)(if} fo sketch, on the axes of Fig. 3.3, a graph to show guantitatively
how the-acceleration of the piston varies with the displacement from the equilibrium position.
2

acceleration & 4 84XWw
~
‘\
~
A
N
~
A
.
N
~
0 P
_25m ) displacement
/J
—4&4X(0  Fig. 3.3
(31
[Total: 9]
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4 (a) State how a stationary wave is formed.

....... e e e L e Y

N f»aﬂssfvc Wowed

e greauglibele, werloah s 4,1‘3‘6““ o, pesrd,

(b) Avibrating tuning fork is held above the top of a tube immersed in water, as shown in Fig. 4.1.

tuning fork

fube

Fig. 4.1
Yamiuomt
The tube and funing fork are gradually raised together until a loud sound is heard.

The loud sound indicates that a stationary wave is formed in the tube.
This longitudinal stationary wave is represented in Fig. 4.2,

i fube
Gt
~ [st hamonic
= loxd ()|bc )m'ﬁ vdd [ﬂIMMMw
water

Fig. 4.2

Describe how the representation in Fig. 4.2 illustrates a longitudinal wave:

---------- Teleanrnrnnrarsrnraramnraddtacipasanuiboscestiuaadiaiuirapinpuarsinssssfuvrsssnnushivcosannerrsaraan erssannnennfsrennriannninnnnsansa

The dafim Shows -}E,L"M&ani& ¢ efz Vibretipnel M&Me, poralet, fo e PR The open end- 13 a &zsr(ﬁwff amh nele,
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{c} Complete Fig. 4.3 to represent the lowest frequency of a stationary sound wave in a tube that
is open at both ends.

Fig. 4.3

(2]

{d) The frequency of the stationary sound wave in (¢} is 540 Hz.

The frequency of the sound in the tube is now gradually increased until a stationary wave of
the next highest frequency is formed.

Determine this frequency.
-p! - &"‘fol—{é
‘Fl "Q'F( =2 (_ﬂo) = lo?vﬂé-
&

fIOQUBNEY = covriviiiiectersseseissrissseessaaesmbaraenneas Hz [2]

[Total: 8]
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5 The variation with potential difference (p.d.) V of the current I'in a lamp is shown in Fig. 5.1.

0.4
IIA MEW| -
7 e s
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TIERCE -
[l e
0.2 s
0.1
7
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0 1 |¢ 2 3 4 '\5
Viv
45V

Fig. 5.1

(a) Calculate the change in resistance of the lamp for a change in p.d. from V= 1.5V to V= 3.0V.
v

F-‘DM Olnwes [‘“‘J ) R« 1

: |-$
AR Ry -P; - Ve W2 2 casoa(sh

—_— =

. 0-32 02>
I L

resistance Change = ..o viiiicarerinneniiessreessestosissseniens Q2]

{h} The lamp is connected into the circuit shown in Fig. 5.2.

CO7Ev L ;
i | l r“'“"',:"""li
: II‘" f L_.__..l:
s Y. W ;
500 0.36A
frm— x
= ‘ {,®
) 45\
140
NI
gy B |
(8V 0-4s A
Fig. 5.2
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The hattery in the circuit has an electromotive force (e.m.f.) E of 7.5V and internal resistance r.
The current in the resistor of resistance 5.00 is 0.36A.

Determine:

(1) - the current in the resistor of resistance 14Q
Vi = Vo tl 2@ (036) + 4 = 63V

. / '—EUH,_;é___S_:ﬁ;‘Z{ A28
bl g, Tppe = B2 -0 A

L ] 1 R A [2]

(ii) the internal resistance r of the battery.

E“‘UT'&UP < VTJt I-

o B VT RS0 ey 148008

T 9 45+0°3b

[Total: 6]
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6 (a) State Faraday's law of electromagnetic Induction.

The Mﬁmw ) Mued_euf ”WZ ...... fwrv/ﬁw“fxwﬁmﬁ ................

(b) A coilis placed in a uniform magnetic field, as shown in Fig. 6.1,

‘ coil, area of

/ cross-section 2.4cm?2
e ———— o

uniform magnetic field, { axis of
fluxdensity 8~ 7 HII coil
—_——
Fig. 6.1
N ¢o The coil contains 140 turns of wire and has a cross-sectional area of 2.4cm?.
z 4 %
k=2 -4X(0 W The uniform magnetic field of flux density B is directed through the coil, along the axis of the

coil.

The magnetic flux density B changes with time f as shown in Fig. 6.2.

40 1
f
BimT :
f s
30 { ST S o
A ot
i e
A e
!
20 f A
] Y
]
I F.
|
y
10 A
T
¥
W
/i
T
¥
0
0 2 3 4 &) &)
t's
Ci,0 )
Fig. 6.2
® UCLES & MOE 2020
Printed and published by Singapore Asia Publishers £te Ltd
(2020)43
H2 Physics

Paper 3



(i) Show that the initial rate of change of magnetic flux density at time f = 1.0s is
6.0x102Ts™\.

-
_ -0
> u: i?.xlb_l_. - (QX[GJT/& (s‘uM*)
o =X (¢~
: 4

(2]
(i) Determine the electromotive force (e.m.f.) induced in the coil at time ¢= 1.0s.
A5 |- puslfEE) - (500 o) (07
— 2 -0lb oV
5 obmi ()
emf = 302“ ........................ vV [2]

(iii} On the axes of Fig. 8.3, sketch a graph to show the variation with time { of the magnitude
of the e.m.f. £ induced in the coilfor time ¢ = 0 {o time { = 6s.

A
2-02m\
E
\
N
|
0 | [
0 1 2 3 4 5 B
t/s
Fig. 6.3
(3]
[Total: 9]
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7 Slow-moving neutrons react with nuclei of sodium-23 to form the isotope sodium-24.

The reaction is represented by the equation shown.

23 1 24
7iNa + ;n —> $INa + v

Sodium-23 is stable.

Data for some masses are given in Fig. 7.1.

mass/u
proton Ip 1.00814
neutron in 1.00898
sodium-23 | $Na 2299706
sodium-24 | 33Na 23.99857

Fig. 7.1
The energy equivalent to 1.000u is 931.4 MeV.

(a) (i) State whatis meant by the binding energy of a nucleus and how it is related to the mass
defect.

W%ﬂw‘m of G e awnst

(i) Use data from Fig. 7.1 to determine, to three decimal places, the binding energy per
nucleon, in MeV, of sodium-23.
232 '

— llp + (2 (q:€§l*4M¢U
n N ‘

Meys = 22-1430b 020024 = |€{ oz 2buel

m,ji; (1008w rrlo0gq8 ) ¥ 231113 LbE, | 1865636 o 0us

s b 20024y masS CKE BE albgorbed - N 2 :Q-llﬁgjrlfj
binding energy per nlicleon = 811)‘1 ............................ MeV [3]
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{b) (i) For the absorption of a neutron by a sodium-23 nucleus, show that the mass change is
7.47 x 10730.

My s > 22-97706 t 100818 = gf-oofgo‘f.q
Meys = 23 4485 €U

Am= :F"P:I-XLQ’B :mcsd?e,{:mf o gmjﬂ ‘.dwCQ
4 Shourt -

M

(i} Assuming that all of the energy released in (b)(i) is in the form of the y-ray photon,
determine the wavelength of the y-ray photon.

= 421-4mey
s by Craxio™™)
o BB celased = (F47xi0™) (4214) (10°) (1[0
= 13209 ]97
(-‘}8?Xio’}r -5 %
?F E':’L‘C . ?\" t‘_('_ - err = ]'?'8672((0 = {"16{)([/0 m(?g‘p
e Y LAY (1132090 " 4
wavelength = .......... ( HMO/ ........................... m [3]

{c} The isotope sedium-24 is radioactive.

A sample of sodium=24 takes 65 hours for its activity to be reduced to % of its initial activity.

Determine the probability per hour of the decay of a sodium-24 nucleus.

/
7

A: Aaah%t

o)
20

ke laon bofl cides

| orobabiity= ... 2.0%6( . hour=! [2]
: *30'?) - lnC%) [Total: 11]
. %: b '0?&08
=6 -04b] he' ng)
A
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Section B
Answer one question from this Section in the spaces provided.
8 (a) State whatis meant by an inelastic collision between two objects by reference to:

(i} the speedof the objects

Wﬁ‘nﬁwvmwiwo&ﬂ*@@vf(lw)%%wfﬂmm*’@

(if} " the energy of the objects.

(b} Two spheres A and B are suspended by threads from fixed points so that, when the spheres
are at rest, they are touching with their centres on the same horizontal level, as shown in

Fig.8.1.
Z % /K// g
150ecm
[Sees 2|
sphere B, sphere B
mass M @ /
sphere A,
mass 896g
Fig. 8.1 (not to scale) Fig. 8.2 (not to scale)

Sphere A has mass 969 and the mass of sphere B is M.
The vertical distance of the support from the centre of sphere A is 150cm.

Sphere A is displaced to one side so that the thread supporting it is at an angle of 21° o the
vertical, as shown in Fig. 8.2.
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Sphere A is released. Show that the horizontal speed with which it strikes sphere Bis 1.4ms™.

EH WE, GPE (oss tkﬁaaﬂ;
;%3"\ - Ly

-
R e F&ah z \]Ca)(Mi]@'@( [—wszl) = 1"%18
- 1o (>sf)

% Shoaw -

(3]
{¢) The spheres in (b) collide.

Sphere A rebounds with a horizontal speed of 0.79ms™". Sphere B moves off with a horizontal

speed V. During the collision, 14% of the initial kinetic energy of sphere A is transferred to
other forms of energy.

For sphere B immediately after the collision, determine:
() the magnitude p of its momentum
TP = ot )

(m)(“?g) T 0= :oaf](“n'ﬁ) t g

- p-2lp0
N

=020 ka'ﬂs’l& (3st)

(i} its kinetic energy.

by o ) Bt KED =Tt KELA By

mo)@s‘gg fo - (IM)( H)Jr ey 1 ot (£) (o, CI??S)

" Keg= 00507207

zp-6S0¥ 7(3¢f) _
A kinetic energy = 0.950% J 2]

......................................................
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(d} Use your answers in (¢} to determine, for sphere B:

(i} its initial horizontal speed

b
,E,__@f)(;f) PB‘.;MBU'B Vg-._.;l. =

& b-4z< e
speed = 0485 ............................. ms~1 [2]
(H) its mass M.
2 ot
,_tl— . " = *‘L > __9_3{—0——\ =0 43¢%F = Oﬂrklaflﬁg)
kﬁ - =3 - Q_CKE’) 7'( 0‘050:") 51
M= o, (o 2 Y kg [1]

{e) State and explain whether, during the collision between the two spheres, both spheres are
stationary at the.same time.

Jusk

3
Mot s O, wWhich (| nof ible , doefo e viofation 91E Hs mevaﬁmf ﬂw Mo mLufom -
(f) Calculate the magnitude of the impulse on sphere A during the collision.

[3+{5-¢) :lm,,,(v,t.-w)):j B)(-oH-1m)|

lbso
( ’— p-2( 00[
:‘FU'Z‘U '\'ﬂ" ’I'((“'Q')
A
mpulse = ...l e, kgms-! [2]
(g) By reference to the direction of the impulse in(f}, explain why, for the initial speed of sphere B

to be in a horizontal direction, the centres of the spheres are on the same herizonta! leve! at
the time of collision.

0, E%AMBMWM@WW;MWﬁﬂ{‘"&rﬁﬂdww“* ......................................... 2]
[Total: 20]
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9 ({a) () State whatis meant by a field of force.

mfi”‘*'fﬁ@{ﬂﬂgm%%ﬂufww‘““”“w“°51"f{aosse&wdmf‘“ﬁw(h

..................................................................................................................................... 2]
(ii) State the name of the field, or fields, of force that would give rise to a force on:
1. a moving uncharged particle
7
2. a stationary charged paricle.
Bl foit 8 Coitel QU e
[2]

(b)Two parallei metal plates A and B are separated by a distance of 2.4cm in a vacuum, as
shown in Fig. 8.1.

#0960V
plate A
k I‘ | ;__.__] _—
|
path ofelestrons, _#ﬂf% ~
speed 6.7 x 107ms™1" 2.4cm d= )4
\fe. > Q'lxtolm(s' - 2L i l A -

1['——
/
)

[4)]
vz}

Fig. 9.1
The ptates have length 12cm.

The electric field may be assumed to he uniform between the plates and zero outside the
plates.

An electron with speed 6.7 x 10"ms™! enters the region between the plates. The initial
direction of the electron is along the mid-line between the plates.
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For the electron between the metal plates, calculate:

(i} the time for the electron io travel a horizontai distance equal to the iength of the plates

0
S=uk +% S 4yz0

3 A2
S S L  xeTs s (Flasa GoE)
6 3xlo”

(i} the magnitude of its acceleration.

.F'OM N2l—; Fnd"““"“ : G
~19
Rt fe  §F _ frav i("ﬁ*"’h () (%" °) . 3025 X0
L T YR ?(_’Zﬁ)* e od )" quxe™ C'\??) _F-03 X© m[s Gsh
. £
acceleration = 103’“0[ ................... ms2 [3]

(c) Use youranswers in (b){i) and (b)(ii) to determine whether the electron will collide with one of
the metal plates as it passes through the region between the plates.

Vu{wﬂa S;ez’rlwt ) ux=o

-t lS \00 - [8{_ 8’ ns
ermw‘g

50

' _ .[ =0
Hm;mwa; S=uk 4zt | Ax "

8= (b 7ot (I ¥4 xqu) = 6258w
= (2-Faem Cast)

e wm/{- wllide  with F{"T@
e

Qunce  hory- ‘““a’- e Lr“"‘f"\
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(d) Singly charged particles travelling in a vacuum at a speed of 4.6 x 10*ms™ pass into a
region of uniform magnetic field of flux density 0.090T.

The direction of the magnetic field is into the page.

The charged particles enter the region of the magnetic field at right angles to the edge of the
region, as shown in Fig. 9.2.

region of uniform magnetic field ino the page,
flux density 0.090T

(= F 4w 14.8cm

path of particle,
speed 4.6 x 104ms™!

Fig. 9.2

The path of the particles in the magnetic field is a semicircle of diameter 14.8cm.

() Explain why the path of a particle in the magnetic field is circular.

Mme ﬁ;: mas i IQ( et

{i) Dete s, in U, of a particle,

{g&iju"
[

e E[{): = (0-01) (b0 )¢ v 0%4) - z.}[u‘xto'?%a .
v 460t

b
- -gl
Sol Uy M= ii‘ﬁg’r  iShnc (40U, (23t)
(+bbxto”

MESS = 1esteereeenne A0 e ereree e u 4]
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rod =

(e) Other particles having the same speed and moving along the same initial path as those in (d)

now enter the region of the magnetic field in (d). Ali particles have the same sign of charge.

Suggest, by comparison with the path in (d), the path followed in the magnetic field by
particles that have:

(i} asmaller mass but have the same magnitude of charge as those particles in (d)

Smaller padius »,f armlar puotion -

..................................................................................................................................... [1]
(ii} the same mass but with double the charge as those particles in {d).
Give a guantitative value for the diameter of this path.
HOlf A, tudius of cocalor vtion, . dnuef@ 7460
..................................................................................................................................... {2
[Total: 20}
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