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Answer all questions in the spaces provided.

] u 4:02)

1 {a) A cyclist travels at constant speed along horizontal ground. Frictional forces oppose the
motion of the cyclist.
Use Newton's first law of motion to explain why the cyclist travels at constant speed.
T Caelist frod  det gm wels o the o Leinal foras - Howae the
ek fre 150 LBy N wfm[‘ww jut, il cadinve &5 slole of, waiorm, wafin
Mﬂ*@;ﬁﬂmmmwm b R AT DU e
{b) The drag force F acting on the cyclist at speed v is given by
F= %CD pAv2
where @ is the drag coefficient, o is the density of air and A is the frontal area of the cyclist.
Data for the moving cyclist is shown in Table 1.1.
Table 1.1
quantity maghitude uncertainty
F= 22£2 FIN 22 +2
C,= 688 £oof ¢y 0.88 +0.01
Jz (rtorl p/kgm™3 1.2 +0.1
A:0324002 Alm? 0.32 +0.02
Determine the speed of the cyclist, with its actual uncertainty. Give your answer to an
appropriate number of significant figures.
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(¢} (i} Derive, from the definition of work done, an expression for power output for the cyclist in

terms of velocity v. ‘
Wavk dwe s #W-‘( as 1 ‘smdud‘lf ’fEl ﬁﬂ" M’fﬁ dstone  poved w
D= F4

(2]

ist at the speed calculated in (b).
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2 (a)} Define gravitational pofential at a point.
ina] Fold s defiock as fle ok dnw by

(b} The Earth, of radius 6400km, has mass 6.0 x 1024kg.

A global positioning satellite of mass 1600kg is in an orbit of radius 2.7 x 107 m about the
centre of the Earth. The satellite is launched from the Earth's surface.

Calculate the change in gravitational potential energy AE, for this satellite.

f“E:-é-‘fxro{’m Al m f& ‘“(?éf"f’“)zm(%ﬂ‘?éa :m(ﬁ—égu'+%_
m. = Lxto*t . . s i L
mz:“eoﬁ ? : AU éMﬂ [‘,} :;] = /‘éﬁ;xm’ D(éX{o;{j(/gw) "";&;"/" 2_:”(03”]
Fo= Q7 X o7 as Sy 30"

gt O - 7-63x0 "7 ()

" F-62 x0 J 2

(c) (i) Asatellite of mass m orbits a planet of mass M. The mass of the planet may be assumed
to be a point mass at its centre.

Show that the kinetic energy £, of the satellite in an orbit of radius r is given by

Ek=GMm_ >
2r kE*’;{mf _"Q

Fé - FC E 1 & é"hny ?Z
i . - _ y I s
e AL i "k’—“z”’(T)“ EYS oty -
= AV *
.: [21
(i) Use the information in (b} and the expression in{c)(i) to calculate the kinetic energy E
of the global positioning satellite in its orbit.
_ 24 l
ke s (BB )OI g inT - ip x0T (35F)
R ‘262-?)({0?) 4
{
= oo LEXLO J ]

(iii) A student wants to calculate the change in kinetic energy of a satellite launched from the
Earth to its orbit. The-student calculates the initial and final kinetic energies using the

expression in (c){i).

Suggest and explain whetherthe student's method is correct.

lpcorsct. The expressiomn (c3) 02 ity wued thao Ha ofped & pocv'q o obiRC
cirgnlor roution: f g soteliTe B Mrderl s Eotl ufou b e abty hice 52
. \ e fo fe.
horss n Fasgret, cod Hhus potentnl, rsogy. Thecflee) cosecrmtion of eneryy nocde o 8y pet
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3 Two parallel plates are in a vacuum. One plate is positively charged and the other plate is earthed.

A rectangular conductor of width x is placed midway between the plates so that its faces are a
distahce x from each plate, as shown in Fig. 3.1.

+ 4+ =
émssk» TAm:m P 1Q
£ ) * |__—conductor

ingie =© +
VM:‘JL: (st +R [ s
positively/ -
charged
plate
Fig. 3.1
(a) The variation with distance from P fo Q of the electric potential along line PQ is shown in
Fig. 3.2.
A
electric
potential
M,
A
N
po-dv
{— N\
\\
0 -
0 X 2x 3x

distance from positively charged plate

Fig. 3.2
On Fig. 3.2, draw a line to show the variation with distance from R to S of the electric potential
along the line RS. 2]
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{b} The varigtion with distance from P to Q of the electric field strength along line PQ is shown in
Fig. 3.3.

electric
field
strength

0 ' -
0 X 2% 3x
distance from positively charged plate

Fig. 3.3
On Fig. 3.3, draw a line to show the variation with distance from R to S of the eleciric field
strength along the line RS. {3]
[Total: 5]
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4 {a) Explain whatis meant by the term diffraction.

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

(c) Alaseris used to produce two-source interference fringes on a screen,

The incident laser light is normal to the plane of a double slit. The plane of the double slit is
paraliel to the screen.

The variation of the fringeswidthma with distance D bhetween the double slit and the screen is

shown in Fig. 4.1. x I s
K gsxo™)
9 1 =/
CM0Bm -+ , - b
4 /@ d_
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(37“‘“%” .8
,ﬁ"
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7 v -
6 w.
’I
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/- 4.-*’5”,’0) /.
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4
1.0 1.2 1.4 1.8 1.8 2.0
D/m
Fig. 4.1

The separation a of the slits is 0.12mm.

é{.': O '/.-lnun

® UCLES & MOE 2020
Printed and published by Singapore Asia Publishers Pte Ltd
(2020)21

H2 Physics
Paper 2

%ﬂ&MWM$Mm@M%%#@@



(i} Calculate the wavelength A of the laser light.

?’3 g/ _ i
fL X;"K/ L
(,u;%f
o (2x/0 ‘3

_ 428 nm
: A
828, (35f)

(ii} A filter is used so that the amplitude of the light from one slit is halved.

Calculate the ratio

maximum intensity of central bright friinge
maximum intensity of adjacent dark fringe

Apual, il = 2A
A&M{,—M = [

A isdoctc—iitind =0
Agh-dkecfol <0 A, Ae fo rmwf/@ ol

P - (:"Sff) " 9.00 (1)
M

o CA.
ratio = ?0‘9 ..................
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5 {(a) A silverwire of length 0.42m has diameter 0.38 mm. The number density of free electrons in
silver is 5.9 * 1028m=3, The drift velocity of electrons in the wire is 7.2 x 10°ms~".

Calculate the charge Q passing a point in the wire in a time of 30 minutes.
- 0 . t/? I__ ,Q-— = H‘U’S
= L] T £ Z
2 E S-?xsgﬁg
Vg=72x0" &> ’Z"]"Jf < (S9x0™ ) (T) o 114007) (#3x007) (L xiy™T) (2056
t‘ 30 X 46

n

/283 C
(25¢ (33f)
El

t

{b)" An a.c. power supply is connected to three resistors, as shown in Fig. 5.1.

o Ny o
8.0Q
L
— L
I
12Q ;) cfoc 12Q
Fig. 5.1

The variation with fime { of the voltage V of the power ?Jpp]y is_given by the expression

shown. Vs W=7
e
V = 9.0sin[120x

(iy For the power supply determine:

1. thefrequency f

L PO w][/
-.][}hﬂ — _éojf(fj( ;
R A e ... ... Hz [1]

2. the root-mean-square (r.m.s.) voltage V, ..

a‘m Vo . 4 = 4'3437

ST A Vo= 626 V1]
=63 V(3f)
&
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(iiy 1. Calculate the peak current I, from the power supply.

> ¢S4 - n-.{‘63ﬂ4 (35f)

wer P dissipated in the resistor of resistance 6.08.

[Total: 9]
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6 (a) Define magnetic fiux density.

%Wﬁm&?mwﬁﬁ"f‘*’ .......... _ W‘“’y“ﬂ"w

{b) A long solencid of diameter 4.0cm has 520 turns of insulated copper wire. The diameter of
the wire is 0.46mm. The wire is wrapped in a single layer with no gaps between each of the
turns. The copper wire has resistivity 1.7 x 10%Qm.

Calculate the resistance R of the wire of the solenoid.

&6/: »d’aj'ﬂf R° ;_P&u [.m‘n&_kne_.‘{ ) jm (Q/?fl;‘ﬁfj (Af) _ (M
o= e A T e (onxeT)
Voo - {4843

= | _ ;48205

f:o,'fxe = 023mm

Jow;f-q"'wo'd

{c) The solenoid in (b) is connected to a 24V supply.

Use information from (b) to calculate the magnetic flux density B along the axis of the
solenoid, at its centre. |/

R

(4 X/‘?J(”‘) -3
Rogote I = AoVAl :CPZJL—ﬂfg = 9808Cx0 T
L Do 0 (6:6883)( 0 #ix0”
/ /{) D\‘ﬁ ( = ?8/”7(;%)
Dw}ﬁg'/l/ {51

(d) Acurreni-carrying wire is placed inside, and along the axis of the solenoid in (b). The solenoid
remains connected to the 24V supply.

State and explain the magnitude of the force, if any, experienced by the wire.

;;’&-{39’71'« Comtnt (n 'fﬂ_ Loire. (S % fha M? %&q’wkﬁﬁﬁmﬂﬁ'\i
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7 {a) Explain what is meant by a photfon.

Piserele M o Foonlom

{b) A beam of white light passes through a cloud of gas. The spectrum of the transmitted light

contains a number of dark lines. o &
A&swﬂw /“ﬁ‘““
Explain why these dark lines occur.

Fis is Maéxo?ﬁbhgfﬂ,‘w—v. 4#3/ wh &541“ o Youih Ho ool s,fﬁ

%N T ERaS A I

(c) "Some electron energy levels in a hydrogen atom are illustrated in Fig. 7.1.

n=g
n:
A n=4

n=3 ,_I,r.grj'
energy
n=2 — ’3'7"
Fig. 7.1

The energy E in eV of each energy level may be determined using the expression

-13.8
Eom T2
ne
where 11 is the energy level.
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() Calculate the energy, in eV, of energy level n = 2,

.- (rdellg ~3-40 o/ (358)
4

Z -
o

BNBIGY = eorevreereerere e Cerereareseeresren eV [1]

(i) Determine the wavelength A of light absorbed when an electron in energy level n=2 is
excited to energy level n= 3. A
<

R

]

_ -aF -7
(28700 {scencxn = 6S8m (3f)
=H

(é-fo -/ 519 x [bxo f?/

A =

aeadnstion © die ha pledhic
T eilrnol bouts mi;m,l - Moewvev, by ot EPE 4= [Total: 11]
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8 Read the passage below and answer the questions that follow.
Racing competitions, such as Formula 1, have led to advances in technology that eventually make
their way into road vehicles. Formula 1 teams compete to make the fastest vehicle possible within
strict rules.

Formula 1 drivers expetience large accelerations and decelerations. A Formula 1 carcan stopin a
straight-line distance of 80 m from a maximum speed of 185kmh=1.

High accelerations and decelerations are limited by the friction F between the tyres and the road.
This is related to the weight W of the car by the equation

F= W
where g is the coefficient of friction.

Before use in a race, tyres are kept warm in special tyre blankets. The coefficient of friction varies
with the tyre surface temperature, as shown in Fig. 8.1.

1.8+

coeflicient 1.6

of friction

A

1.2+
1.0
0.8+

0.6

0.4 T 1 i 1 I 1
0 20 40 60 80 100 120

tyre surface temperature/°C

Fig. 8.1

A section through the road surface and a tyre ai 20 °C in contact with the road is shown in Fig. 8.2.

tyre

o =2mm

road surface—"
air gap

Fig. 8.2 {not to scale)
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When the tyre is heated with the tyre blanket, the compound of the fyre becomes softer, increasing
the contact area.

in order to make the tightest circular corner in the Singapore Street Circuit, drivers decelerate
from 220kmh~! to make it around the comer of radius 30m. The tyres have {o withstand lateral
(sideways) accelerations of up to 4g during cornering.

The mass of a typical Formula 1 ¢ar is about 750kg. Greater accelerations and cornering speeds
may be achieved with greater friction between the tyres and the track. Features of the car, such as
rear wings, appear to increase the weight of the car.

When a Formula 1 car accelerates, the weight distribution between the front and rear wheels
changes. The cars are rear-wheel drive, which means the accelerating force is provided through
the rear wheels. When accelerating, the contact force experienced by the rear wheels Increases
and this is called ‘weight transfer’.

The brakes used on Formula 1 cars consist of carbon fibre discs and pads. There is one set for
each of the four wheels. Each set has a mass of 1.2kg. There are at least 1000 small holes drilled
into each disc. These brakes operate more effectively at high temperatures than materials used
for'the brakes on road vehicles. |t is predicted that brakes made from carbon fibre discs and pads
will be the next big change to reach the everyday car market.

(a) 'Calculate the maximum deceleration a Formula 1 driver experiences while braking to restin a

straight line.
Vo o Las o
(35 x (08 N
ate {}l—ul ) O - ( 2(00  Jbsof - _/5’_;‘-;5 (ﬂf)
o —— = - =
28 2( o)
£
deceleration = ............. /6 ................................ ms2 [2]

(b) (i) Determine the maximum speed a Formula 1 car can travel around the tightest circular
corner at the Singapore Street Circuit.

.

a4 - <&

Un o it = [ @ = fpss)(30) = 383003 = 34:3m/s (3sf)
=4

MAXITIUM SPEEA = e et sees e, ms~t [3]
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(i) By reference i0 Fig. 8.1 and Fig. 8.2, suggest and explain why the tyres are heated
before use.

Tl pon by, oy op T o gops. Bl S Lo ook G groecds
: Jetwesn e

Fig. 8.3

The wing deflects air when the car is moving.

Explain, by reference tothe change in momentum of the air, why this air flow appears to
increase the weight of the car.

........................................................................................................................
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(d) Some of the forces acting on a Formula 1 car while accelerating from rest are shown in
Fig. 8.4.

Xp

< - ; T L 13
rear contact | driving force * front contact
force Ny D weight W force Ng

Fig. 8.4

Ng-and N are the contact forces acting on the rear and front wheels, respectively. W is the
weight of the car. [ is the driving force acting on the rear wheels.

The centre of gravity is a vertical distance h above the ground. The centre of gravity is a
horizontal distance x; from the rear wheels and a horizontal distance X from the front wheels.

For the car accelerating from rest:

(i) take moments about the centre of gravity, to show that

Ne = Wi + Dh
Xe £ Xp
N ¢ Nt — D . Ok ®
Tob cwe Tat Aew- o Nexe- (w-Ne)xp + DA
NR R = NFKFT DL FF@ /\/"Q)(R;. W)(,c 'NRXF—f_DA’
Fore @ Mo (%) < O fD’;j
Xpt X
REAE Py
&l
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(if) determine a similar expression to that in {d)(i) for Ng.

Np+Ng =R —D b O = @
Ne X = Np Xe ph —® L tixg — NeXe = Np X +DBl,
Frnd© " Loxe ~ Dh
" /I{Q:N"Mc '“@ S XRtXp
il

[1]

{iii) Use your expressions in (d)(i} and (d}(ii} to show that there is weight transfer between
the front and rear wheels. J
WX + Db HWxg =2

{e} (1) Calculate the maximum temperature increase A& of the carbon fibre brakes when a
Formula 1 car brakes to rest from 185km h~".

The average specific heat capacity of carbon fibre is 1130 Jkg™! K":.

p? o) akE = @78 4 So,a8= Crile m_;%m—)) ~ (&2-SF
—)‘me(?-ffg)ld: 5NV € 48 2 (12)(4) (I1z0) .
Hewa, « 0= mcm(vf*yfjl = /33’5 ( 25/)
Tt A8 £ °C 3]

[Total; 22]
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