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Data

speed of light in free space, c = 3.00x10°ms”

permeability of free space, o 4n x 10" Hm™

permittivity of free space, & = 885x10"2Fm

{(1/(36m)) x 107° F m™

elementary charge, e = 160x10"9C

the Planck constant, h = £63x10%¥Js

unified atomic mass constant, u = 166 x 1077 kg

rest mass of electron, Me = 911x10kg

rest mass of proton, Mg = 167x10% kg

molar gas constant, R = 831 JK"mol™

the Avogadro constant, Na = 6.02x 10 mol”

the Boltzmann constant, k = 138x 102 JK

gravitational constant, G =  6.67x 107" Nm?kg™

acceleration of free fall, g = 981ms~?

Formulae

uniformly accelerated motion, s =
Vv =

work done on/by a gas, w

hydrostatic pressure, p =

gravitational potential, ¢ =

temperature, /K =

pressure of an ideal gas, p =

mean translational kinetic energy of an ideal gas £ _

molecule,

displacement of particle in s.h.m. X =

velocity of particle in s.h.m., v =

electric current, ! =

resistors in series, R =

. . 1

resistors in parailel, ] =

electric potential, % =

alternating current/voltage, X =

magnetic flux density due to a long straight wire, B =

magnetic flux density due to a flat circular coil, B =

magnetic flux density due to a long solenoid, B =

radioactive decay, X =

decay constant,

©YIC

9749/02/Y1JC/PRELIM/21

www.testpapersfree.com

ut+ 1af

2
i’ +2as
pAV

pgh
_&m

r

T/°C+273.15

1 N
v )

Syr
2

XoSin el
Vo COS @t

+ @ \J(xZ-x?)

47 ,F
Xosin mt
Hol
2md
u NI
2r
i

Xo expi{—At)
n2
ty
2

[Turn over



3

Answer all the questions in the Spaces provided.

1 (a) Statethe principle of conservation of linear momentum,

........................................................................................................... 2]

(k) Two microscopic particles are travelling along the same straight line in the same
direction, as shown in Fig. 1.1.

280u

400 u

500 m s

Y
Fig. 1.1

Particle X has mass 4.00 v and horizontal velocity 500 m s~ whereas particle Y has
mass 28.0 u and horizontal velocity 340 m s,

After the two particles collide, X has a horizontal velocity of 220 m s in the same
direction as before and Y has horizontal velocity v.

(i) Determine the magnitude of velocity v.

VS ms™ [2)

(i} Deduce whether the above collision is elastic or not. Show your workings clearly.

@YNC 9749/02/Y1JC/IPRELIM/21 [Turn over
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4

(iii) Use Newton’s third law to explain why, during the collision, the change in
momentum of X is equal and opposite to the change in momentum of Y.

[Total: 8}
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2 Fig. 2.1 shows a cross-sectional view of a Formula 1 racing car travelling on a rough track that
is banked such that it makes an angle of 30° with the horizontal. At a certain bend along the
track, the radius of curvature is 50.0 m. The mass of the car is 1000 kg.

.« centre of
circle
Fig. 2.1
(@) Explain briefly how the banked track assists the car in travelling round the bend.
........................................................................................................... [2]
(b} The driver tries to negotiate the bend at its maximum speed without slipping.
(i} InFig. 2.1, draw a free-body diagram of the forces acting on the car. (3]
(ii) Given that the maximum frictional force between the wheels of the car and the
track is 6000 N, calculate this maximum speed.
maximumspeed = ... . .. ms=' [3]
[Total: 8]
evYuc
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(a)

(b)

6

Explain why the internal energy of a fixed amount of real gas is NOT solely dependent
on its thermodynamic temperature.

The pressure of an ideal gas, p, is related to its density, o, by the equation p = p<02>

where <c2> is the mean square speed of the gas molecules.

Using the above equation, show that the internal energy of a fixed amount of ideal gas
is directly proportional to its thermodynamic temperature.

(3]
[Total: 5]
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4 A cylinder of constant volume 3.8 x 10* cm? contains an ideal gas at pressure 2.5 x 10°Pa

and temperature 181 °C. The gas is heated with 2700 J of the thermal energy. The final
temperature and pressure of the gas are T and p.

(a) Calculate

()}  the number of molecules N in the cylinder,

(if) the change in internal energy of the ideal gas.
Explain your working.

changeininternalenergy = ... ... . J 2]

(b) Use your answer in (a} to determine the final temperature T, in Kelvin,

of the gas in the
cylinder.

[Total: 6]
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5 (a) A metalwireina circuit has a damaged part. The resistivity of the metal is unchanged
but the cross-sectional area of the wire is reduced over a 4.0 mm length, as shown in

Fig. 5.1.
4.0 mm
d damaged iength -
current .-
Q50A
cross-section X crogs-secion Y
Fig. 5.1

The wire has diameter d at cross-section X and diameter 0.72 d at cross-section Y.
The current in the wire is 0.50 A.

average drift speed of electrons at cross-section Y
average drift speed of electrons at cross-section X

(i) Determine the ratio of

(i1} if the resistivity of the material of the wire is 1.12 x 10®* Q m and d = 0.21 mm,

determine the resistance of the damaged length.

resistance = ... a [2]

(it} When current flows through the wire, explain why the damaged part of the wire
has a higher voltage per unit length as compared to the rest of the wire.

SYIC 9749/02/YIJC/PRELIM/21 [Turn over

www.testpapersfree.com



9

(b) Fig. 5.2 shows a cell of e.mf. £ and internal resistance r, connected in series with a
resistor of resistance R; and a u

niform metal wire of resistance R2 with length 1.000 m
placed between points B and F.

H : fl-:1 it Ry G
Iy ;
e
metal wire
B J A
fz .

f\I;g _____

Fig. 5.2

Asecond cell ofe.m f, Ez and internal resistance 2

ammeter and is then connected across the wire at
are shown on Fig. 5.2.

Is connected in series with a sensitive
points B and J. The current directions

(i}  Write down the relationship between the three currents at B.

[1]

(i} The connection at J is moved along the wire. Explain why the reading on the

ammeter changes.

QYNC 9749/02/Y1JC/IPRELIM/21
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{iii) The values of the emfs and resistances are as follows.

Ei=45V
E-=12V
n=15Q
r=080Q
R=308
R:=350Q

Determine the length of BJ for which the ammeter reads zero.

[Total: 11]
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11
(a) State Faraday’s law of electromagnetic induction.

........................................................................................................... [1]

(b} Two parallel rails of negligible resistance are placed 15.0 cm apart as shown in Fig. 6.1,
Two metal rods, AB and CD, which can slide smoothly along the rails, are being pulied
by external forces. Rod AB is being pulled at a constant speed of 3.0 m s~ while rod CD
is being pulled at a constant speed of 50 m s in the opposite direction. There is g
uniform magnetic flux density of 0.20 T applied perpendicular to the plane of the rails
into the paper.

A C
— % Z ;
7 !
Oms' ¢ Z Oms-
30ms :(; b 5 S 15.0 cm
Z v
Z A
- ;}” z 1 ¥
B D
Fig. 6.1
()  Calculate the em.f. induced in the loop ABDCA.
inducedemf.=_ ... .. Vo[3)
9749/02/Y1JC/PRELIN/21 [Turh over
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(i} Describe and explain, using Lenz's law, the direction of the induced current in the
loop ABDCA.

(iii) Explain why there is a need for external forces to be applied to allow the rods to
move at constant speed.

[Total: 8]
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7 (a) Statethree pieces of evidence provided by the photoelectric effect for the particulate nature
of electromagnetic radiation.

LRI
2
B
........................................................................................................... [3]
(b} The work function energies of some metals are shown in Fig. 7.1.
work function
energyfeV
sodium 24
calcium 29
Zinc 3.6
L silver 43
Fig. 7.1
Each metal is irradiated with electromagnetic radiation of wavelength 380 nm.
(i)  Explain what is meant by work function energy.
..................................................................................................... X))
(i) Calculate the energy, in eV, of a photon of electromagnetic radiation of wavelength
380 nm.
energy = ... eV [2]
@YIJC 9749/02/Y1JC/PRELIM/2 1 [Turn over
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(iiiy Determine which metal or metals will give rise to the emission of photoelectrons.
Explain your answer.

{c) Photons of wavelength 380 nm are incident normally on a metal surface at a rate of
76 x 10" s'. All the photons are absorbed in the surface and no photoelectrons are

emitted.
Calculate the force exerted on the metal surface by the incident photons.

[Total: 11]
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Microwaves are a form of electromagnetic waves which has wavelengths ranging from one
meter to one miliimetre with frequencies between 300 MHz and 300 GHz. Microwaves are
very widely used in today’s world. They are used for point-to-point communication links,
wireless networks, satellite and spacecraft communication, cancer treatment, collision
avoidance systems, garage door openers and keyless entry systems, and for cooking food in
microwave ovens.

Microwaves are divided into sub-bands based on their wavelengths. Some bands of
microwaves and their applications are shown in Fig. 8.1.

Band Wavelength range Applications

Used in navigations, GSM mobile
L 15 emto 30 cm phones, and in military applications

Used in navigation beacons, optical
S 7.5¢cmto 15 cm communications, microwave ovens and
wireless networks

Used in long-distance radio

telecommunications as they can

C 20cmto 7.5 cm penetrate clouds, dust, smoke, sSNow,
and rain

X

Ku Used in satellite communications,

25 mm to 6.0 mm broadband communications, radars,

K ) space communications, and amateur
radio signals

Ka

Fig. 8.1

Some properties of microwaves are listed below.

* Microwave transmission is affected by wave effects such as reflection, refraction,
diffraction and interference.

» When microwaves interact with materials, some of the energy can be absorbed or
transmitted while a portion of it can be reflected. The microwave energy absorbed by
the material is converted to heat.

» Metal surfaces are considered reflectors of microwaves while most of the microwave
€nergy can pass through glass and plastics. Rubber-based materials are considered
good absorbers of microwaves.

* Microwaves follow the law of reflection, which states that the angle of incidence equals

to the angle of reflection, where both angles are measured between the beam and the
normal of the surface.

9749/02/YIJC/IPRELIM/21 [Turn over
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There are many different types of experiments which can be used to determine the wavelength
of microwaves. One of the ways is described below.

A monochromatic microwave transmitter T and a receiver R are arranged on a straight line
marked on the bench. A thin metal sheet M is piaced on the marked line perpendicular to the
bench, at the mid-point between the R and T.

Fig. 8.2 shows the side and plan views of the arrangement. The circuit connected to T and the
ammeter connected to R are only shown in the plan view.

side view
metal sheet

microwave

microwave receiver fransmitter

bench

plan view

fine marked on the
surface of the bench

, [~ ammeter

Fig. 8.2

The distance y between T and R is recorded.

T is switched on and the output from T is adjusted so a reading is produced on the ammeter
as shown in Fig. 8.3.

switch closed

Fig. 8.3

@YIJC 9749/02/Y1JC/PRELIM/21 [Turn over
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M is kept parallel to the marked line and moved slowly away as shown in Fig. 8.4.

Fig. 8.4

The ammeter reading decreases to a minimum reading which is not zero. The ammeter

reading depends on the Superposition of waves travelling directly to R and other waves that
reach R after reflection from M.

The perpendicular distance x between the marked line and M is recorded.

{a) State the phase difference between the sets of waves superposing at R when the
ammeter reading is a minimum.

phase difference = ... .. . rad [1]

(b} (i) InFig. 8.4, draw the two paths of the microwaves which results in the ammeter
reading due to superposition at the receiver.

(2]

(i} By considering the principle of Superposition, explain why the minimum reading of
ammeter is not zero.

©YlJC 9749/02/Y1JC/PRELIM/21 [Turn over
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(c} When M is moved further away, the reading increases to a maximum then decreases to
a minimum.

At the first minimum position, a student labels the minimum n = 1 and records the value
of x.

The next minimum position is labelled n =2 and the new value of x is recorded. Several
positions of maxima and minima are produced.

(i) Describe a procedure that the student could use to make sure that M is parallel to
the marked line before measuring each value of x.

(i} There is a phase change of = radians upon reflection at the surface M. By
considering the path difference of the waves arriving at R, show that the equation

nl= Jaxt+y*—y

holds when the ammeter reading is a minimum, where 1 is the wavelength of the
microwaves and y is the distance defined in Fig. 8.2.

QYIJC 9749/02/Y1JC/PRELIM/21 [Turn over

www.testpapersfree.com



19

(d)  The variation of /4x% + y2 with 1 is shown in Fig. 8.5.

1.650 ¢~

1.600

1550t

1.500 =

1.450+—
VAl +y2 im
1.400+
1.3504-
1.300 i
1.250
2 4 6 8 ) 12 14
n
Fig. 8.5

The student estimates the uncertainty in each value of ./4x2 + y2 to be 0.025 m and
adds error bars (as indicated by the vertical lines at each point) to the graph.

@YiJC 9749/02/YIJC/PRELIM/21 [Turn over
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Determine

{i) the maximum gradient Gmax of a line that passes through all the error bars,

{(ii) the minimum gradient Gwi, of a line that passes through all the error bars,

(iii} the average value of 2,

AT m [1]

................................................................................................... [1]
(v) the percentage uncertainty in value of 2 found.
percentage uncertainty = ... % {2]
O©YNC 9749/02/Y1JC/PRELIM/21 [Turn over
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(e} Another student performed a separate set of experiments by varying the values of y to

obtain the different values of x for which the first minimum reading is obtained by the
ammeter.

The set of readings obtained is shown in Fig. 8.6.

l y /cm 4.5 22.3 55.5 99.5
' x /cm 2.9 5.8 9.0 12.0
Fig. 8.6

The student proposed that x and ¥ are proportional to each other.

Use the values in Fig. 8.6 to conclude whether this student's proposal is valid.

(f)  The experiment is repeated by a third student who has initially ptaced the thin plate M
very close to the transmitter T instead, as shown in Fig. 8.7.

switch closed

Fig. 8.7

Plate M is again moved away parallel to the marked line over a small distance. Explain
why the ammeter reading does not vary.

[Total: 23}

@YNC 9749/02/Y\JC/PRELIM/21 [Turn over

www.testpapersfree.com




22

BLANK PAGE

www.testpapersfree.com



23

BLANK PAGE

www.testpapersfree.com




24

BLANK PAGE

www.testpapersfree.com



2021 JC2 H2 Preliminary Examination Paper 2 Suggested Solutions

1

(a)

The principle of conservation of finear momentum states that the total
momentum of a system of interacting bodies remain constant provided no
external force acts on the system.

(b)

{i)

By the principle of conservation of momentum,
My iy + Myliy = Mxvx + My vy
4.0(500) + 28.0(340) = 4.0(220) + 28.0(v)

v=380mg!

(i)

Relative speed of approach = ux— uy = 500 — 340 = 160 ms~'
Relative speed of separation = vy — vx = 380 — 220 = 160 m s~

Since the relative speeds of approach and separation are the same, the
collision is efastic.

Or

Check whether total final kinetic energy equals the total initial kinetic
energy.

(iii)

The forces on the two bodies {oron X and on Y) are equal in magnitude
and opposite in direction

The duration of impact for both forces is the same and force is change in
momentum / time

www.testpapersfree.com
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(a)

On a banked track, the normal contact force by the road on the car will be tilted
to the vertical at an angle equal to the angle of inclination of the track.

The horizontal components of both the normal force and the frictional force by
the road on the car contributes to the required centripetal force to keep the car
moving in a circular path. This increases the centripetal force, which would

otherwise be provided by just the frictional force alone.

{b)

(i)

Normal force, N

Frictional force, F

¥ \Weight, W

[1] - One mark for each correct force.

* Allow two normal contact forces and two friction forces between
the two wheels and the road.

* Minus [1] for not naming any force in full

* Minus [1] if centripetal force is drawn into diagram

(i)

Horizontally, the resultant force towards the centre of the circle is the
centripetal force,
2

N'sin30° + Fcos30° = TV
;

2
0.5N + Boooﬁ _1000v
2 50
N = 40v% —10392.3 — — ——(1)

Vertically, there is no resultant force,

Ncos30° - Fsin30” -mg=0

J3

5N -6000(05) ~1000(9.81) =0

2
A

N =147917

N =-—“-(3000+ 9810)

Substituting into {1),
14791.7 = 40v? — 10392.3
v=250r251ms”

www.testpapersfree.com




(a) | Internal energy is the sum of microscopic kinetic energy and potential energy of | 1
all the molecules in the gas
Microscopic potential energy for a real gas is not equal to zero as there is 1
intermolecular bonding between the molecules. S0 internal energy is not only
dependent on temperature.
b) | p=t o2y 1My - -
®){p 3 p<C > 3V <c > where M = total mass of the ideal gas 1
V = total volume of the ideal gas
1 ag/az
Epv =5 M(c )
Em‘%‘T = 1M<t22> = Total KE of gas 1
2 2
Since internal energy, U = total KE of ideal gas, as PE of ideal gas = 0 1
LU T
(@ | (i) | pV=NKkT
(2.5 x 10% x (3.8 x 1079 = N x (1.38 x 107%%) x (181 + 273) 1
N=15x10% 1
(i} | From first law of thermodynamics, increase in internal energy = heat
energy supplied + work done on the system
Since the process took place at constant volume, work done=0Q 1
Thus, increase in internal energy = 2700+ 0= 27004 1
(Since it is an increase in the internal energy, the change in internal
energy is positive 2700 J)
{b) AEx=3/2 NKk(AT)
2700 =3/2 (1.5 x 10%%) (1.38 x 1072) x AT 1
AT =87
T=181+273+87=541K 1
(a) | () |Givens= nAve,
since /, n, e are the same for Cross-sections X and Y,
vy A _rdil4 & 1
Ve A xdl/4 o2
= (—~d—)2 =1.93 1
0.72d
{ii) p_Pl_ (112 x 10°)(4 x 10) 1
= e— =
A (072 <021 X 3077
4
1
=0.250 O . J
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(iii) | When the cross-sectional area is smaller, its resistance per unit length is
larger.
With the same current through entire wire,
the voltage per unit length of the damaged part is larger.

(b) | () |h+]a=1I

(it) | p.d. across BJ of wire changes
so there is a difference between the p.d across wire points BJ and p.d.
across cell E

i)y R g 3% _ 45-1.96875V

R +R,+r, 30+35+1.5
by By By - 12 _,40-0610m
Ior Ve Vi, 1.96875
L

I

(a)

Faraday's law of electromagnetic induction states that the magnitude of the
induced e.m.f. E is directly proportional to the rate of change of the magnetic flux
linkage.

(b)

)

Rate of increase in area of loop ABDCA
= [3-(-5)}x 0.16=12 m? st

Induced e.m.f. = 2 = (0.20)(1.2)
=024V

Alternatively,

¢ = Blvag + Blvep
= 0.20(0.15)(3) + 0.20(0.15)(5)
=024V

(i)

[The magnetic flux ¢ = BA] Since the area of the loop is increasing, the
magnetic flux is increasing. By Lenz’s law, the induced current in the loop
will create a magnetic field that is acting out of the paper to oppose the

increasing flux.

By the right hand grip rule, the induced current will flow in the anti-
clockwise direction of ABDCA

(Cannot use Fieming’'s Right Hand Rule as an explanation in this case
as question specifies using Lenz's law.)

(iif)

By Fleming's Left Hand rule, the induced current will lead to a magnetic
force that is in opposite direction to the velocity of the rods. This will cause
the rod to slow down.

www.testpapersfree.com
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In order to keep the speed constant such that the net force is zero, an

external force (equal and opposite) is required to counter the magnetic
force.

(a)

1. The existence of a threshold (minimum) frequency below which no
photoelectrons are emitted no matter how intense the EM radiation is.

2. | Above the threshold frequency, the maximum kinetic energy of the

photoelectron {stopping potential) increases with the frequency and is
independent of the intensity.

3. | There is no appreciable time delay between the incident EM radiation and
the emission of photoelectrons even for very low EM intensities.

(b)

() | Work function energy refers to the minimum energy required to fiberate
an electron (escape) from the metal surface.

i
(i) Photon energy = “h_c

[

__(563x104j(&oox108)
380x10~°

=523 x 10710

=327 eV

{iii} | Sodium and calcium {both must be listed) (allow ecf)
The incident photon has energy greater than their work function energies

(c)

From de Broglie’s equation, p =g

6.63x10™
" 38010
=1.74x10% N g
From Newton’s 27 |qw
F = %L = _A_{ A
Af t
{rate of photons incident on metal){change in momentum for one photon)
= (7.6 x 10)(1.74x10?77)
=13 x1012N
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(a)

n radians

(b)

(i)

Award 1 mark for each correct path.

(b)

(it)

Resultant displacement/amplitude is the vector sum of the resultant
displacement/amplitude of the waves.

(It is “considering”, hence, do not need to be too strict on the words)

The two waves reaching the receiver have different amplitudefenergy/
power/intensity.

Because (any one of the possible reasons)
1. the distance travelled by the two waves are different.
2. some energy is absorbed upon reflection.

Hence no complete cancellation / resultant displacement/amplitude is not
zero.

(c}

Measure the distance of the two ends of plate M

And adjust (make sure) plate M such that the two ends are equidistant from
the marked line.

OR
Use a set square to align a ruler to be perpendicular to the reference line.

Move the set square along the ruler to align plate M at the new position.
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(ii)

Recognising the path difference

Path difference = 2z — ¥

1 mark to recognise the path difference

=2 x>+ 2oy

1 mark to be able to write the equation in terms of the hypothenuse of the
triangle
VA4 (y) -y

Since there is a phase change at the surface, for destructive interference
Path difference = nj

1 mark to explain why path difference is equated to nt

www.testpapersfree.com
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G line is drawn through bottom of n=3 error bar and through top of n=11
error bar.

Gradient Gmax = 0.0312 to 0.0327

(ii) | Gmin line is drawn through top of n=5 error bar and through bottom of n=13
error bar.

Gradient Gmin = 0.0242 10 0.0257

Gmaxtmin

(iii} | average 2 = %

Allow ECF

{iv) | 'tis in band C. (allow ecf)
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(v)

Al = Gmax — lave = 036 x 10-2

Percentage uncertainty in 2 = % x 100

=126 %
Allow ECF
(e) y = kx
4.5=k (2.9 223 =k (5.8) 55.5 = k3 (9.0) 88.5 = k4 (12.0)
k1 =15 k2=3.8 k3=6.1 k4=8.29

Conclusion: Since the k values are significantly different, y is not
proportional to x.

(1 mark for showing at least two & values with correct calculation
1 mark for conclusion)

(f)

Because the wave reflecting from plate M will not reach the receiver.
Hence, there will not be any superposition of the waves at the receiver.

Or if student mentioned about angle of incidence = angle of reflection for
the second mark.
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