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Data

speed of light in free space
permeability of free space
permittivity of free space

elementary charge

the Planck constant

unified atomic mass constant
rest mass of electron

rest mass of proton

molar gas constant

the Avogadro constant

the Boltzmann constant
gravitational constant
acceleration of free fall

Formulae

uniformly accelerated motion

work done on / by a gas
hydrostatic pressure
gravitational potential
temperature

pressure of an ideal gas

mean translational kinetic energy of an ideal molecule

displacement of particle in s.h.m.
velocity of particle in s.h.m.

electric current
resistors in series
resistors in parallel

electric potential

alternating current/voltage

magnetic flux density due to a long straight wire

magnetic flux density due to a flat circular coil

magnetic flux density due to a long solenoid
radioactive decay

decay constant
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3

1  Which of the following is considered as a random error?

A Error as a result of using g =10 m s, instead of g = 9.81 m s2.

B  Error in measuring the time duration of a 100 m sprint using a stopwatch.
C Error due to a stopwatch running too fast.

D Zero error of a measuring instrument.

Ans: B

Options A, C and D will cause values to be consistently biased (either always larger or always
smaller) and hence causes systematic errors

2 A tennis ball is thrown vertically upward. It hits the ceiling before it falls down. Assuming the
effect of air resistance is negligible, which graph best represents the variation of velocity v with
time t before and after hitting the ceiling?
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Ans: A

Before hitting and after hitting ceiling, the ball is under free fall, with a constant downward
acceleration of 9.81 m s?, where straight downward diagonal lines are expected. During the
collision with the ceiling, the downward acceleration is greater than 9.81 m s as the ceiling, in
addition to the weight of the ball, exerts a downward foce - hence a more negative gradient.

3 Anobiject is projected with velocity 40 m s at an angle of 60° to the horizontal. Air resistance is
negligible.
What is the speed of the object after 5.0 s?
A 1l4ms? B 25ms? C 35ms? D 45mst
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Ans: B

The horizontal velocity is constant at vx = ux = 40 cos 60° = 20.0 m s™.
The initial vertical velocity is ux = 40 sin 60° = 34.6 m s™.

After5.0s, vy =uy + ayt = 34.6 + (-9.81) (5.0) = -14.4 m s™.

Hence, after 5.0 s, v = /v,? + vy =25ms™h

4 A block with a pendulum bob hanging lies on a rough surface. The total mass of the block and
the pendulum bob is 100 kg. A force of 250 N is applied to the block and the pendulum bob
makes an angle 6 to the vertical axis.

block

250 N

60 N

rough surface

What is the magnitude of 0 if a constant frictional force of 60 N is acting on the block?
A 11° B 14° C 76° D 79°

Ans: A
Referring to FBD of whole system,
>F =ma
250 - 60 =100a
a=1.9ms?
Referring to FBD of bob,
Xk, =ma
Tsind =m, a---- (1)
IF, =0
Tcosf=m,,Qg - (2)
Q)/(2): tanfd=a/g=1.9/9.81
6=11°
5 Which one of the following pair of forces is not an example of Newton’s third law action and
reaction pair?
A The thrust on the rocket and expulsion of hot air due to the burning of fuel.

B The gravitational force by Earth on man standing on Earth and the gravitational force on
Earth by man.

C The upthrust on a piece of wood in water and the weight of the wood.

D The magnetic force on a magnet by a long wire carrying current and the magnetic force on
the wire by the magnet.

Ans: C
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6  Acylindrical block of wood has a cross-sectional area A and weight W. It is completely immersed
in water with its axis vertical. The block experiences pressures p: and pp at its top and
bottom surfaces respectively.

Which of the following expressions is equal to the upthrust on the block?

A (Pp-PPA+W

B (p,-pP)

C  (P,-PYA

D (P,-P)A-W
Ans: C

7 The engine of a boat supplies a constant power of 110 kW to propel the boat forward. The boat
attains a maximum speed of 21.0 m s,

If the magnitude of the resistive force acting on the boat is proportional to the square of the
boat’s speed, what is the resultant force acting on the boat when it is moving at the instant when
its speed is 15.0 m s71?

A 2.7kN B 3.6 kN C 4.7kN D 7.3kN
Ans: C

Drag @ 21.0 ms™ f, = % =5.24 kN

Drag @ 15.0 ms™: fle = (%)2 =1f,"'=2.67 kN

Force of engine @ 15.0ms™: F, . = % =7.33 kN

Hence resultant force = 7.33 — 2.67 = 4.66 kN

8 A crane is used to raise a weight of 200 N at a constant speed through a vertical height of
8.0min4.0s.

The efficiency of the crane is 20%. What is the electrical power needed to be supplied to the

crane?
A 80W B 400W C 1e00W D 2000W
Ans: D
_ _ 200(8.0)
Power to raise the weight = ————= =400 W
400

Electrical power needed = 02 =2000 W
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9 Two discs P and Q of mass m and 2m respectively are placed on a rough, horizontal and level
turntable as shown in the diagram. P and Q are at a distance of r and 2r from the centre of the
turntable respectively. The turntable starts rotating from rest with gradually increasing angular
velocity w.

turntable

Top View

Given that the maximum frictional force acting on P is half of that on Q, which of the following is
correct?

A P will slip first.

B  Q will slip first.

C P and Q will slip at the same time.

D Neither P nor Q will slip.

Ans: B

The frictional force provides the centripetal force = f = MRw?.

When P is about to slip, fmaxp = Mrwmax
wmax P2 = fmax P / mr “““ eqn (1)

When Q is about to slip, fmaxo = (2mM)(2r)w? = 4Mrwmax o>
Wmax Q2 = fmaxo / 4mr ----- eqgn (2)

since fmaxo = 2 fmax p, from eqn (2)
wmax Q2 = 2fmax P / 4ml‘ = fmax P / 2mr “““ eqn (3)

Comparing egn (1) and (3), Wmax o < Wmaxp. Hence Q will slip first.
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10 A powered spaceship is moving directly away from a planet as shown below.

=£>

spaceship

) )

planet

The spaceship passes point P at t = 0. At point P, the thrusters of the spaceship are switched
off but the spaceship remains under the influence of the planet. Which one of the following
graphs best represents the subsequent variation with time t of the velocity v of the spaceship?

A B
Y v
0 0
0 t 0 t
C D
v Y

Ans: C

Gradient is equal to acceleration, as well as gravitational field strength. As the spaceship moves
away from the planet, gravitational field strength must decrease. After the horizontal intercept
where v = 0, the spaceship will be travelling toward the planet.

11 A satellite of mass 200 kg is moved from an orbit where the gravitational potential is
—80 MJ kg™ to another orbit where the gravitational potential is —40 MJ kg™.

What is the increase in its total energy?

A O0OMJ B 2000 MJ C 4000 MJ D 8000 MJ
Ans: C
U=_GMm
r
T~ GMm_U _mg
2r 2 2

ATE =0.5m(¢ — ¢ ) = 0.5(200)(-40 — (~80)) = 4000 MJ
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A small ice cube of mass 20 g is heated and changes from the solid to the liquid state. During
this change in state the temperature of the substance does not change.

Which statement about this change in state is not correct?

A The amount of energy the ice absorbs is equal to the specific latent heat of fusion.
B The average kinetic energy of the molecules remains unchanged.

C The average potential energy of the molecules increases.

D The total mass of ice and water remains constant throughout.

Ans: A

Two identical vessels contain two different gases X and Y with molecular mass myx and my
respectively. The thermodynamic temperature of gas X is twice that of gas Y and the root-mean-
square speed of the molecules in X is three times that of the molecules in Y. What is the ratio of

my .,

m,
A 2:3 B 2:9 C 9:2 D 3:2

Ans: B
Using KE = 3/2 KT = mvims? oc T
m oc T/Vims?

my _(2)(1) _2
m, 1)\3 9
An ideal monatomic gas has 1000 J of heat added to it and it does 500 J of work; its

thermodynamic temperature changes by AT1. When twice the amount of heat is added to it and
it does the same amount of work, its temperature changes by AT,. The ratio of AT,/ AT is

A 1/5 B 1/3 C 3/5 D 1
Ans . B
AU =Qu W, AU o AT
-1000-500 ;1
AU, =Q, +W, 2 2
— 2000-500 T,_500 _1
=1500 J T, 1500 3

NYJC 2021 9749/01/32Prelim/21



15

16

17

18

9

One end of a spring is fixed to a support. A block of mass 2.0 kg is attached to the other end of
the spring, which causes the spring to extend by 5.0 cm.

The block is then pulled down a distance of 2.5 cm and released to perform a simple harmonic
motion of period 0.45 s.

What is the amplitude and angular frequency of the motion?

amplitude / cm angular frequency / rad s
A 7.5 0.45
B 7.5 14
C 2.5 0.45
D 2.5 14

Ans: D
The displaced amount = amplitude of oscillation = 2.5 cm

o =2n/T

Which of the following shows oscillation of decreasing order of damping?
A critical damping, light damping, heavy damping.

B critical damping, heavy damping, light damping.

C heavy damping, critical damping, light damping.

D critical damping, heavy damping, free oscillation.

Ans: C

A wave has a frequency of 5 Hz. It travels through a medium at a speed of 8 km s™.

What is the phase difference, in radians, between two points 2 km apart?

A O B C D «

z z
4 2
Ans: C

Use the formula ¢ = x/A x2r and v =f A

A strip of wet cardboard is placed inside a microwave oven. The microwave oven is turned on
for a short time. When the card is removed, a pattern of dry spots is observed on the cardboard.
This is because a standing wave set up inside the oven.

The dry spots are measured and found to occur at 14 mm, 84 mm, 152 mm, 221 mm and
292 mm from one end of the strip.

From this information, what is the frequency of the microwaves?
A 22GHz B 2.6 GHz C 4.3GHz D 5.1GHz

Ans: A
A—-A=1/2)=84-14 (A- A represent antinode to anti node distance)
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19 Monochromatic light of wavelength 600 nm diffracts through a single slit of width 0.01 mm.
What is the angular width of the central maximum of the diffraction pattern?
A 0.0034° B 0.0069° C 34 D 6.9°

Ans: D
Use the formula sin@ = A/b
Angular width = 20

20 Anideal cell is connected across a resistor for an unknown period of time.
Which quantities can be used to calculate the energy supplied by the cell?

A The current in the resistor and the resistance of the resistor.

B The current in the resistor and the potential difference across the resistor.

C The total charge passing through the resistor and the resistance of the resistor.
D

The total charge passing through the resistor and the potential difference across the
resistor.

Ans: D
Use formula: V=E /Q

21 A student attempts to measure the e.m.f. of a test cell using a potentiometer circuit as shown in
the diagram.

150 |12.ov 22 O
— 3 |}---- }~—

_______________________

Test cell

The wire PQ has a resistance of 3.0 Q and the driver cell has an e.m.f. of 12.0 V. He was unable
to obtain an observable balance length on PQ when he connected the circuit. The tutor he
consulted told him that the test cell has an e.m.f. of a few millivolts. What could he do in order
to obtain an observable balance length?

A Reversed the polarity of the test cell at XY.

B Use adriver cell of e.m.f. 20 V.

C Change the resistance of the connected resistor to 1 kQ.

D

Change the wire PQ to a wire of resistance 20 Q.

Ans: C

In the setup, Vpo = 3/ (3+1.5+22)12.0 =1.31 V.

Hence, if the test cell is in range of mV, Vpqg need to be further redueced, thus, increase 22 Q
to 1kQ.
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22 The diagram shows two charged horizontal metal plates X and Z with a potential difference set
up between them. A small sphere Y with charge Q is suspended and remain stationary at the
midpooint between the plates.

I 1 plate X

O sphere Y

plate Z

What will happen to sphere Y when its charge increases?

A Sphere Y will accelerate downwards and hit plate Z

B Sphere Y will move down nearer to plate Z and remain staionary.
C Sphere Y will accelerate upwards and hit plate X.

D Sphere Y will move up nearer to plate X and remain staionary.

Ans: C

Y is stationary as its weight balanced the electric force

mg = qE

when the charge increases, electric force increase and sphere Y will accelerate upwards due to
a resultant force.

23 Four parallel current carrying conductors are placed vertically at the corners of a square WXYZ.
The magnitudes of the current at W and X are I while the magnitudes of the currentat Y and Z
are 21.

z

O is the mid-point between W and X.
If there is to be a resultant magnetic flux density produced at O in the direction shown, which
option gives the largest magnetic flux density?

current into the plane current out of the plane
A W and Z XandY
B X and Z W and Y
C W and Y X and Z
D XandY W and Z
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Ans: A

Let the side of square be d.

B-field due to W = o I/ (211 d/2) = (2 po I )/(217 d)

B-field due to X = po I/ (211 d/2) = (2 po I)/(211 d)

B-field due to Z = o 21/ (21 V5 d/2) = (4/N5 uo I )/(211 d)

B-field due to X = po 21 / (211 V5 d/2) = (4/\5 po I )/(217 d)

For Z, the B field will tangent to the point O when you draw a circle about Z cutting O. To find
the component perpendicular to WX,

B-field component due to Z = (4/\5u. I)/(21T d) sin® = (4/5 po I)/(21 d).

Likewise for Y, B-field component due to Z = (4/5 o I)/(217 d)

The largest magnetic flux density will be W and Z into the plane and X and Y out of the plane.

24 Anelectron P, having a speed v, travels at right-angles to a uniform magnetic field. P then travels
in a circular orbit of period T and orbital radius r.

Another electron Q travels at right-angles to the same magnetic field. Q travels in a circular orbit
of radius 2r. What are the period and speed of Q?

period speed
A 2T Y
B 0.5T Y
C T 2v
D T 0.5v

Ans: C

For the first electron,
F=Bqv=mvr,r=mv/Bq

Since, w =v/r = Bg/m, T = 2mm/Bq

For the second electron,

Samem, q, B, r'is 2r, v’ = 2v, T is constant.
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25 The diagram shows a V-shaped wire in the magnetic field of flux density B. The length of the
wire in the field is L and the first half of the wire is inclined with an angle 6 normal to the field
direction. The current in the wire is I.

{
L/2 /g -

il B
>

Which row gives the magnitude and direction of the force acting on the wire?

magnitude direction
A BlLcos 6 into of the page
B BlLcos 6 out of the page
C BlLsin 6 into the page
D BlLsin 6 out of the page

Ans: B
Resolve the wire to be perpendicular to the B-field, F = BI(L/2 cosB+ L/2 cosf) = BILcosb
Using FLHR, direction is out of the page.

26 A 120 turn coil of area 5.0 x 10™* m? is placed in a magnetic field of strength 5.0 x 1072 T. The
magnetic flux density B is then varied as shown.

5_
B/1072T

What is the induced electromotive force when t = 3 s?
A 6.25uVvV B 600 pVv C 750 uVv D 1250 uVv

Ans: C
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27 A device that produces a pointer deflection proportional to the heating effect of a current is
correctly calibrated for direct current. What will it read when used to measure an alternating
current of 12 Ar.m.s.?

A OA B 85A C 12A D 17A

Ans: C

28 The diagram shows an iron-cored transformer assumed to be 100% efficient. The primary coll
of the transformer has 4000 turns and is connected to a 240 V r.m.s. supply. The secondary coil
has 200 turns and is connected, through an ideal diode, to a resistive load which is dissipating
energy at a mean rate of 90 W.

primary secondary Q0 W
240V r.m.s. < coil coll P D load
4000 turns 200 turns

What is the r.m.s. current in the secondary coil.

A 0.375A B 0.750 A C 750A D 106A

Calculate the Vs : Vs(rms) = 200/4000 x 240 =12 V

(12)>/ R =180 W Hence R =0.80 Q . The power is 180 W as the diode remove half the power.
I>(0.80) =90 W,

I1=106 A
Ans: D
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29 A metal surface is illuminated with a beam of monochromatic electromagnetic radiation. By the
photoelectric effect, photoelectrons may be emitted from the metal surface.

Which statement about the photoelectrons is correct?

A No emission of photoelectrons occurs if the radiation is of a very low intensity.

B Photoelectrons are emitted only if the wavelength of the radiation is greater than a minimum
value.

C The maximum speed of the photoelectrons emitted increases when the intensity of the
radiation increases at constant frequency.

D The rate of emission of photoelectrons decreases when the frequency of the radiation
increases at constant intensity.

Ans: D

Option A is incorrect because photoelectric effect can occur even for very low intensity but
sufficiently high frequency radiation (above the threshold frequency fo).

Option B is incorrect because photoelectrons are emitted only if the frequency of radiation is
greater than a minimum frequency known as threshold frequency fo; since 44 = % the
wavelength of the radiation must be smaller than the threshold wavelength, which is instead a
maximum value.

Option C is incorrect because the maximum kinetic energy and thus speed of the photoelectrons
is independent of intensity but depends on the frequency of radiation and work function of the
metal, as given by hf = @ + Ey 105

Option D is correct since I = N—:%f at constant intensity and increased frequency, the rate of
photons incident on the metal decreases, the lesser the rate of emission of photoelectrons.
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30 The line emission spectrum of a hydrogen discharge tube when viewed through a diffraction
grating consists of coloured lines on a dark background. One of the coloured lines is marked X,
as shown.

The wavelength scale is linear and increases to the right.

increasing wavelength

v

X

The diagram below represents some of the electron energy levels in a hydrogen atom.

Es —0.38 eV
E5 ¢ —054 eV
E4 -0.85 eV
Es -1.51eV
E, v v -3.41 eV
E,—Y -13.6 eV

Which transition best corresponds to the emission of line X?
A EstoE; B EgstoE> C Eszt0oE> D EstoEs

Ans: C
Since the line spectrum consists of coloured lines on dark background, the spectrum must fall

within the visible light wavelengths of about 400nm to 700nm (1.8 eV to 3.1 eV). Since AE = %

only transitions Es to Ez and Es to E2 will emit photons of wavelengths within the visible spectrum.
Since the visible emission line X has the longest visible wavelength, it must have the smallest
energy difference between the levels, thus Es to E,. Transition E¢ to Ei falls within the UV
spectrum whereas transition Es to E4 falls within the infrared spectrum.

End of Paper
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