www.mtg.in
May 2023
Pages 1003 75

CBSE CUET NEET JEE

warm up!

2023: PRACTICE PAPERS

“m ll NEET(JEE ADVANCED |CUET



Managing Editor
Mahahir Singh

Editor
Anll Ahlawat

Warm up!

[ 5 mucres rieens
NEET | JEE ADVANCED | CUET

Subscribe online at WWW.mtg.in

SUBSCRIPTION PLAN

Subject Format 1 Year 2Years = 3 Years
Individual Print issue 3749/~ | %1349 | %1799/
= Physics = Chemistry Print + Digital 1 | I 1
» Mathematics » Biology 9 31150/- %1850/- 32400/-
Combo of 3 Magazines Print issue 32200/~ | %4000/~ = ¥5400/-
# Physics, Chemistry, Biology Print + Digital | | I
# Physics, Chemistry, Mathematics gia %3000/ %5000/ %6600/-
Combo of 4 Magazines Print issue 72800/~ | ¥5200/- = %6300/
= Physics, Chemistry, = — 1 1 1
+ Mathematics, Biology Print + Digital 73800/~ | 6399/~ = %7800/

Courier Charges o - -
Add to your subscription amount for quicker & traceable delivery 3800/ 3960/ z1440/

Send 0.0/M.0 in favour of MTG Leamning Media (P) Ltd,

Fayments should be made directly to : MTG Learning Mediz () Ltd,
Plot Mo, 89, Sector 44, Guragrem - 122003 (Haryana)

W humin et ppainid sy mubecripfion apait

Printed and Published by Mahabir Singh on behalf of MTG Learning Media Pvt.
Ltd. Printed at HT Media Ltd., B-2, Sector-63, Noida, UP-201307 and published at
406, Taj Apartment, Ring Road, Near Safdarjung Hospital, New Delhi - 110029.
Editor : Anil Ahlawat

Readers are advised to make appropriate thorough enquiries before acting
upon any advertisement published in this magazine. Focus/ Infocus features
are marketing incentives. MTG does not vouch or subscribe to the claims
and representations made by advertisers. All disputes are subject to Delhi
jurisdiction only.

Copyright© MTG Learning Media (P) Ltd.

All rights reserved. Reproduction in any form is prohibited.

VOLUME 31 No. 5 May 2023

Carporate Office:
FPlot 99, Sector 44 institutional area, Gurugram -122 003 (HR),
Ted : 0124-6601200 e-mail ; info@mtg.in  website ; wwwmig.in

406, Ta) Apartment, Near Sadarjung Hospital, New Delh - 110029,

Contents

Competition Edge

NEET Practice Paper 2023 9
CUET (UG) Practice Paper 2023 19
JEE Advanced Practice Paper 2023 30
Unique Career in Demand 46
Are You Ready for JEE Advanced? 47
GK Corner 55
JEE Work Outs 57
Word Grid 62
Quiz Club 63
Class 11
Brain Map 50

Units and Measurements
CBSE warm-up 64

Units and Measurement / Kinematics
Monthly Test Drive 73

System of Particles and Rotational Motion
Class 12
CBSE warm-up 78

Electrostatics
Monthly Test Drive 89

Electromagnetic Induction/Alternating Current

PHYSICS FOR YOU | MAY ‘23



SECTION - A

. If A=3i—2j+k B=i-3]j+5kand C=2i+ j—4k
form amight angled triangle. Then out of the
following which one is satisfied?

@) Z-B4+C and A2 =B? +C2
W 35 e and B =47 467
(c) B=A+C and B? = A% 4+

() B A4 T anil &7 =89 #C°

. A train is moving north with speed 20 m s™. If it
turns west with same speed, then the change in
velocity will be

(a) 20v2 ms™' SW (b) 2082 ms I NW

(c) 40m s ! NE (d) 20 ms™' SE

. Under the action of a given coulombic force the
acceleration of an electron is 2.5 x 10% m s™% Then
the magnitude of the acceleration of a proton under
the action of same force is nearly

(@ 1.6x10%ms? (b) 9.1x 0¥ ms™

() 1.4x10°ms? (d) 16 x 107 ms?

. In a potentiometer experiment the balancing with
acell is atlength 250 cm. On shunting the cell with
a resistance of 2 ©, the balancing length becomes
125 cm. The internal sesistance of the cell is
(@2Q (b 42 (c) 05 (d 1Q

. The dimensions of the quantity Ex B, where E

represents the electric field and B the magnetic
field, which may be given as

(a) (MT] (b) [M*LT A
() (MPLTA™] (d) [MLT?A™

. A coil of 50 turns Coil
carrying a current of 2 A
in a magnetic field of N_‘ 10 cm F
0.5 T. The torque acting
on the coil is 3 om

10

(a) 0.4 Nm clockwise

(b) 0.2 N'm anti-clockwise

(c) 0.4 Num anti-clockwise

(d) 0.2 Nm clockwise

A susceptibility of a certain magnetic material is

400. What is the class of the magnetic material ?

(@) Ferromagnetic  (b) Diamagnetic

(c) Ferroelectric (d) Paramagnetic

The capacitance of a parallel plate capacitor with

air as medium is 3 WFE With the introduction

of a dielectric medium between the plates, the

capacitance becomes 15 pF. The permittivity of the

medium is

@ IC N m?

®) 1B C*N" m™

() 044x 0 '"C* N m™

(d) 8854 x 107" C*N"' m™

We are able to obtaini fairly large currents in a

conductor because

(a) the electron drift speed is usually very large

(b) the number density of free electrons is very
high and this.can compensate for the low values
of the electron drift speed and the very small
magnitude of the electron charge

(c) the number density of free electrons as well
as the electron drift speeds are very large and
these compensate for the very small magnitude
of the electron charge

(d) the very small magnitude of the electron charge
has to be divided by the still smaller product of
the number density and drift speed to get the
electric current.

The displacement-time graphs of

two moving particles make angles

of 30° and 45° with the X-axis.

The ratio of their velocities is.

(@ +3:2 @y 3:3 0

(€) 4:2 @ 1:43

()

Displacement

30°

Time
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11.

12.

13.

14.

15.

16.

(10

Two large thin metal plates are parallel and close
to each other. On their inner faces, the plates have
surface charge densities of opposite signs and

magnitude 27 x 1022 C m™2 The electric field E
in region II in between the plates is

III

(a) 425x 108N C! (b) 6.28x1071°NC!

(c) 3.05x107°NC™ (d) 503x10°NC™!
Two point masses A and B having masses in
the ratio 4 : 3 are separated by a distance of 1 m.
When another point mass C of mass M is placed in
between A and B, the force between A and Cis 1/3
of the force between B and C. Then the distance of
C from A is

@ 2m ® im

3 3

© tm (@ 2
4 7

The pulleys and the
strings shown in
figure are smooth
and of negligible
mass.  For  the
system to remain
in equilibrium, the
angle 0 should be 2m

(a) 0° (b) 30° (c) 45° (d) 60°

A ray is incident at an angle of incidence i on one
surface of a prism of small angle A and emerges
normally from opposite surface. If the refractive
index of the material of prism is u, the angle of
incidence i is nearly equal to

@ -2 ©pa (@ M4
M 2

21
Which one of the following statements is correct in
the case of

(a) shearing stress, there is change in volume.

(b) hydraulic stress, there is no change in shape.
(c) shearing stress, there is no change in shape.

(d) hydraulic stress, there is no change in volume.

The inputs A, B and C to be given in order to get an
output Y = 1 from the following circuit are

A
=D [
Co————]

(2) 0,1,0 (b) 1,0,0 (c) 0,0,1 (d) 1,1,0
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17.

18.

19.

20.

21.

22.

23.

An aeroplane is flying with a uniform speed of
150 km hr™! along the circumference of a circle.
The change in its velocity in half the revolution
(in km hr'Y) is

(a) 150  (b) 50 (c) 200 (d) 300

Two parallel wires 1 m apart carry currents of 1 A and
3 A respectively in opposite directions. The force per
unit length acting between these two wires is

(a) 6x 1077 N m™! attractive

(b) 6 x 107> N m™! attractive

(c) 6x107 Nm™! repulsive

(d) 6x10° Nm™! repulsive

A carismovinginacircularhorizontal track of radius
10 m with a constant speed of 10 m/s. A bob is
suspended from the roof of the car by a light wire
of length 1.0 m. The angle made by the wire with
the vertical is

(a) s s

3 (®) 6

A square card of side length 1 mm is being seen
through a magnifying lens of focal length 10 cm.
The card is placed at a distance of 9 cm from the
lens. The apparent area of the card through the
lens is

(a) 1cm? (b) 0.81 cm?

(c) 0.27 cm? (d) 0.60 cm?

A single slit of width a is illuminated by violet
light of wavelength 400 nm and the width of the
diffraction pattern is measured as y. When half
of the slit width is covered and illuminated by
yellow light of wavelength 600 nm, the width of the
diffraction pattern is

(a) zero and the pattern vanishes

(b) y/3

(c) 3y

(d) none of these

(c) (d) 0°

Which of the following is not true?

(a) For a point charge, electrostatic potential varies
as 1/r.

(b) For a dipole, the potential depends on the
magnitude of position vector and dipole
moment vector.

(c) The potential of an electric dipole varies as 1/r
at large distance.

(d) For a point charge, the electrostatic field varies
as 1/r2.

Starting with the same initial conditions, an ideal
gas expands from volume V, to V, in three different



24.

25.

26.

27.

28.

ways. The work done by the gas is W, if the process
is purely isothermal, W, if purely isobaric and W if
purely adiabatic. Then

(@ W,>W,>W, (b) W,>W,>W,

() W,>W,>W, (d) W, >W,>Ww,

A particle of mass 6m at rest decays into two
particles of masses 2m and 4m having non-zero
velocities. What will be the ratio of the de Broglie
wavelengths of two particles?

(a) 2 (b) 1/2 (o1 (d) 1/4

A cord is wound over the rim of a flywheel of mass
20 kg and radius 25 cm. A mass 2.5 kg attached to
the cord is allowed to fall under gravity. The angular
acceleration of the flywheel is

(a) 25 rad/s? (b) 20 rad/s?

(c) 10 rad/s? (d) 5rad/s?

The temperature of an ideal gas is increased from

27 °C to 127 °C, then percentage increase in v, is

rms
(@) 37% (b) 11% (c) 33% (d) 15.5%

Figure represents in simplified form some of
the lower energy levels of the hydrogen atom. If
the transition of an electron from E, to E, were
associated with the emission of blue light, which
one of the following transitions could be associated
with the emission of red light?

E,

Energy E,

E,

E
(a) E to E; (b) E;to E;
(c) E5toE, (d) E, to E,

A soap bubble formed at the end of the tube is
blown very slowly. The graph between excess of
pressure inside the bubble with time is

Pk Pk
(a) / (b)
S ; N <
Pa P4
(o) -[ (d)
t t

29. A particle of mass 10 g moves along a circle of radius
6.4 cm with a constant tangential acceleration What
is the magnitude of this acceleration if the kinetic
energy of the particle becomes equal to 8 x 107*J by
the end of the second revolution after the beginning
of the motion?

(a) 0.18 m/s’ (b) 0.2m/s®
(c) 0.1 m/s? (d) 0.15 m/s?

30. A block whose mass is 1 kg is fastened to a spring.
The spring has a spring constant of 100 N m™.
The block is pulled to a distance x = 10 cm from
its equilibrium position at x = 0 on a frictionless
surface from rest at t = 0. The kinetic energy and
potential energy of the block when it is 5 cm away
from the mean position is
(a) 0.375],0.125] (b) 0.1257J,0.375]

(c) 0.125],0.125] (d) 0.375],0.375]

31. A high energy a-particle with a ,N'* nucleus to
produce a 8O17 nucleus. What could be the other
products of this collision?

(a) a?y-photon alone

(b) ay-photon and a B-particle
(c) ay-photon and a neutron
(d) ay-photon and a proton.

32. Assertion (A) : A convex lens of glass (U = 1.5)
behave as a diverging lens when immersed
in carbon disulphide of higher refractive index

(u = 1.65).

) NEET

ONLINEFEST SERIES

Practice Part Syllabus/ Full Syllabus
24 Mock Tests

Now on your android smart phones
with the same login of web portal.

Log on to test.pcmbtoday.com

PHYSICS FOR YOU | MAY 23



33.

34.

35.

Reason (R) : A diverging lens is thinner in the

middle and thicker at the edges.

In the light of above statements, choolse the correct

answer from the following options below.

(a) A istrue but R is false.

(b) Both A and R are true and R is the correct
explanation of A.

(c) Both A and R are true but R is not the correct
explanation of A.

(d) A is false but R is true.

Rays from the sun are focused by a lens of diameter
5 cm on to a block of ice. and 10 g of ice is melted in
20 min. Therefore the heat from the sun reaching
the earth per min per square centimetre is

(Latent heat of ice, L = 80 cal g"l)

(a) 2.04 cal (b) 0.51 cal

(c) 4.08 cal (d) 3.02cal

Figure (a) and figure (b) both are showing the
variation of resistivity (p) with temperature (T) for
some materials. Identify the type of these materials.

wily (P}
Resisgiviry (1)

i

e

Figure (a)

Tempermirs TTK)
Figure (b)

(a) Conductor and semiconductor

(b) Conductor and Insulator

(c) Insulator and semiconductor

(d) Both are conductors

Wire having tension 225 N produces six beats per
second when it is tuned with a fork. When tension
changes to 256 N, it is tuned with the same fork, the
number of beats remain unchanged. The frequency
of the fork will be
(a) 186 Hz

(c) 256 Hz

(b) 225Hz
(d) 280 Hz

SECTION - B

36.

@

Attempt any 10 questions out of 15.

In Young’s double slit experiment, the wavelength
of light was changed from 7000 A to 3500 A. While
doubling the separation between the slits, which of
the following is not true for this experiment?

(a) The width of fringes does not changes.

(b) The colour of bright fringes changes.

(c) The separation between dark fringes changes.
(d) The colour of bright fringes does not change

PHYSICS FOR YOU | MAY ‘23

37.

38.

39.

40.

41.

The 6 V Zenerdiode is shown in figure has
negligible resistance and a knee current of 5 mA.
The minimum value of R (in ), so that the voltage
across it does not fall below 6 V is

50 Q
Ay

= 10V R

(a) 40 (b) 60 (c) 72 (d) 80

A system consisting of two masses connected by a
massless rod lies along the x-axis. A 0.4 kg mass is
at a distance x = 2 m while a 0.6 kg mass is at a
distance x = 7 m. The x-coordinate of the centre of
mass is

(@ 5m (b) 35m (c) 45m (d) 4m

On a photosensitive material, when frequency of
incidentradiationisincreased by 30%, kineticenergy
of emitted photoelectrons increases from 0.4 eV to
0.9 eV. The work function of the surface is

(a) 1eV (b) 1.267 eV

(c) 1.4eV (d) 1.8eV

70 calories of heat are required to raise the
temperature of 2 moles of an ideal gas at constant
pressure from 30°C to 35°C. The amount of heat
required to raise the temperature of the same
sample of the gas through the same range at
constant volume is

(Gas constant = 2 cal mol ' K1)

(a) 30 cal (b) 50 cal

(c) 70 cal (d) 90 cal

The x-t graph of a particle undergoing simple
harmonic motion is as shown in the figure.

x(cm)

4
The acceleration of the particle at t = 5 s is

3 - i -
(a) m? cms™ (b) ———cms?
32
2
T ) 3 2 -2
d) —mn" cms
(c) e S (d) 5



42.

43.

44.

45.

46.

47.

48.

A whistle whose air n | g | my | m,
column is open at both i
ends has a fundamental
frequency of 5100 Hz. If )j-’r"“
the speed of sound in air 4

is 340 m 57, the length of
the whistle, in cm, is

(@) 53 (b) 10/3 (c) 5 (d) 20/3
Radon has 3.8 days as its half-life. How much radon
will be left out of 15 mg mass after 38 days?

(a) 1.05mg (b) 0.015mg
(c) 0.231 mg (d) 0.50 mg

The ratio of radii of earth to another planet is
2/3 and the ratio of their mean densities is 4/5. If
an astronaut can jump to a maximum height of 1.5
m on the earth, with the same effort, the maximum
height he can jump on the planet is
(@ 1m (b) 0.8m (c¢) 0.5m

(d) 1.25m

In the given circuit, a

galvanometer with a 700
resistance of 70 Q is L A
converted to an ammeter 5: 50 ho3i

by a shunt resistance of

0.05 Q, total current 51';#,
measured by this device is

(a) 0.88 A (b) 0.77 A

(c) 0.55A (d) 0.99 A

A ray of light passes through four transparent
media with refractive indices n,, n,, n; and n, as
shown. The surface of all media are parallel. If the
emergent ray DE is parallel to incident ray AB, then
(@ n,=n, (b) n,=n,

(d) n, =

1=

n, +ny +ny

3
At what velocity does water emerge from an orifice
in a tank in which gauge pressure is 3 x 10> N m~2
before the flow starts? (Take the density of water

(c) ny=mn,

= 1000 kg m™.)
(a) 24.5ms! (b) 145ms!
(c) 34.5ms! (d) 445ms!

Statement I : A plot of stopping potential (V) vs
frequency (v) for different metals, has greater slope
for metals with greater work functions.

Statement II : As work function increases, it
requires greater energy to extricate the electrons
from the surface of their metals.

In the light of above statements, choose the
appropriate answer from the options given :

(a) Both statement I and statements II are true.
(b) Statement I is true but statement II is false.
(c) Both statement I and statement II are false.
(d) Statement I is false but statement II is true.

49. The mass of a box measured by a grocer’s balance is

2.3 kg. Two gold pieces of masses 20.15 gand 20.17 g
are added to the box. What is the total mass of the
box and the difference in the masses of the pieces to
correct significant figures?
(a) 2.34kg,0g (b) 2.3kg,0.02¢g
(c) 2.34kg,0.02¢g (d) 2.3kg,0g

50. In the circuit shown in figure, C = 6 uF. The charge
stored in the capacitor of capacity C is

4

I

(b) 90uC (c) 40uC (d) 60 uC
| SOLUTIONs
|Bl=V1+9+25=435 c
ICl=a+1+16 =421

Resultant of A and C is, B> = A% + C?

oy

(a) zero

A-C =0 (.., A and C are perpendicular to each
other).
Also, B= A + C

2. (a):Here, ¥, =20 m s7! due north = OA

V, =20 ms~! due west = OB N

Change in velocity A
. - ?

AV =9, =V, =V, +(—V;) 1

=0B+0C=0D :
| A7 |= v} + v} ot

g
= J20)? +(20) =20\2ms”!

v 20
tan®=-2="-=1=tan45°, 0 = 45° SW
V1

3. (c) : The acceleration due to given coulombic force
Fis

F 1

a=- or qgoc-—
m m
%

m
—=, where m, and m, are masses of electron
a, m, P

and proton respectively.
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_am, (2.5%102 ms2)(9.1x107>! kg)
Pom, (1.67x107% kg)

a

=13.6%x108%ms?=14%x10" ms?

4. (a) : If potential gradient = K

€=250K

Vg =¢€-ir=iR=125K
125K 125K

As,i= =

2
Now, € —ir = 125K

250K - 1275 K(r) = 125K r=2Q
-2
5. (b) : Electric field, E = . = [MLT 7 = [MLT A
q T]
-2
Magnetic field, B = r = w = [MT2A™]

Qv [AT][LT™]
.. The dimensions of quantity Ex B
= [MLTA'][MT 2A™"] = [M’LT A7
6. (a): T=mxB or T=mBsind
or T=mB[. 6=90°] or T=NIAB

= 50x2x10x8x107*x0.5
= 0.4 N m (clockwise direction)

7. (a) : As, susceptibility is large and positive, the
given material is ferromagnetic.

8. (c) : Capacitance of a parallel plate capacitor with

. €yA
airis, C= —
d
Capacitance of a same parallel plate capacitor with the
Ke A
introduction of a dielectric medium is, C’' = ;

Where, K is the dielectric constant of a medium.

C’ 15
or —=K or K=—=5 orK=E
C 3 €

or £=Kegy=5x8.854x10"2=044x10""C*N"'m™
9. (b):I=neAv,
v, is of order of few m sle=16x10""¢C,

A is of the order of mm?, so a large I is due to a large
value of n in conductors.

10. (d) : Slope of displacement-time graph gives velocity.
. v _tanB; tan30° 1
" v, tanB, tan45° 3

14
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11. (c) : The value of E in the region II, in between

o 27x107%
the plates= — = —
€ 8.85x10"

12. (a) : Let the point mass C be placed at a distance
of x m from the point mass A as shown in the figure.

M M

P ° o

oy

=3.05x10°NC!

A C
(o -3 pe—— Ly

1m 1
..1

wll
e |

M
Here, A =il
My 3

M, GM
The force between A and Cis F,- = 4

AT L)
X2
MyGM

(1-x)

. (ii)

The force between Band Cis Fy. =

1
According to given problem F,. = > Fge
GMyM _1(GMpM ) (Using (i) and (ii))
x? 3l 1-x)?

4
= x=-m or 2m;onlyx = gmispossibleforthe

AT T 5
| 85

mf2

given case.

13. (¢) : m

| l,r
1 mw2
v g
mg

T=mgand 2T cos 0 = mal'rig

2mg cos 0 = mvEg; cos(—)=—1-— or 6=45°

2

MONTHLY TEST DRIVE CLASS XI F.V\'E))15; 000 4

1. (d) 2. (@ 3. (d 4. () 5. (0
6. (b) 7. (0 8 (b)) 9. (a) 10. (a)
11. (d) 12. (0 13. (d) 14. (a) 15. (a)
16. (b) 17. (¢ 18. (¢ 19. (¢, d) 20. (a,d)
21. (a, ¢, d)22. (bd 23. (a,c d)24. (5) 25. (16)
26. (66) 27. (d) 28. (0 29. (a) 30. (d)



14. (c) : As, refracted
opposite surface, r, = 0
As,A=r +r, rn=A

ray emerges normally from

sini, i i
Now, l=——=—=—or i=UA

sinp n A
15. (b) : In case of shearing stress there is a change
in shape without any change in volume. In case of
hydraulic stress there is a change in volume without any

change in shape.
16. (¢)

17. (d) : The situation is shown in
adjacent figure.

Taking upwards direction to be
positive, then the change in the l
velocity of the aeroplane in half the
revolution is

Av=v - (-v) =2v=2(150 km hr'!) = 300 km hr !

18. (c) : The force per unit length acting between two

parallel wires carrying currents I, and I, and placed at a
Mol I

2nd
Here,I, =1A,I,=3A,d=1m

distance d apart is, f =

- | 1A%  ¥3A
Up=4mx 107" Tm A
(4nx107 Tm A™)(1 A)3 A)
- 27'5(1 m) ‘W
= 6x107Nm’!
As, the currents are in opposite directions, so f is
repulsive.
19. (c) : Let, 0 be the angle made by the wire with the
vertical. 2
tan@=—
g
Here,v=10m/s,r=10m, g= 10 m/s?
2
ano=—00M/ST ) g tanl ()= g

10m (10 m/s?)

20. (a) : Areaofasquarecard=1mmx Il mm=1 mm?

Focal length of magnifying lens (converging lens),
f=+10cm
Object distance, u = - 9 cm

1 1
According to thin lens formula, = — ===
v u f

1 1 1 1 1 1 1

v f u +l0cm —9cm 10cm  9cm
or v=-90cm

y —90cm
Magnification, m=—= =10
u —9cm

.. Apparent area of the card through the lens
= 10x 10 x 1 mm* =100 mm* = 1 cm*

21. (c¢) : In single slit experiment width of central

. 2AD

maximum, y=-——
! ! 600

y = 7\’_ X 2 = X 4 * })/ — 3)/

y a A a2 400
22. (c) : Electrostatic potential for a point charge varies

1
as, Voc—,
r
Potential of dipole depends on magnitude of position
vector and dipole moment.
Pr
V= 2 electric field due to point charge varies as,
4me,r
1
E o ==.
r

23. (a) : The isothermal, isobaric

a}t:d adial}alatics pro;esses are e |
shown in the P.V. graphs. i
As, work done by the gas = area T :D%“t-u, ]
under the P — V graph. ."_Mmt - i .
Here, (Area), > (Area), > (Area), - A
Wy> W, > W,
. 1 APy
24. (c) : de-Brogile wavelength, Lo = = s
p=p, = M=M >

The same THREE LETTERS will complete
these three words.

Can you find the three-letter sequence?
ELECTRO —— —INESCENCE
=== EN
PENDU = = —

Readers can send their responses at editor@mtg.in or post us with
complete address by 10t of every month.

Winners’ names will be published in next issue.
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25. (c) : Moment of inertia of
flywheel about its axis,
MR?
2

(20 kg)(25 x 107* m)?
N 2
= 25x25x 107 kg m?
Torque acting on the flywheel,
T = FR = mgR = (2.5 kg) (10 m/s?) (25 x 107* m)

=25%x25%x 10*N m

Angular acceleration of the flywheel,

I=

t 25%x25x1072
(X:—:—_3
I 25%x25x%10

26. (d): v, = PRT
X100

\/3RT
M

=10 rad/s’

% increase in v,

20-17.32
C17.32

x100=15.5%

27. (€) : Ve > Vgeg- If E4 to E, gives blue light, then
the AE for red light must be smaller than (E, - E,).
From the available choice, we can say E; to E, would be
correct.

28. (b) : As excess pressure inside the soap bubble of

radius r, is
48 1
P=— or Poe-
r r

Therefore, as r increases with time, P decreases.

So, the variation of P with time ¢ will be a parabolic
curve as shown is option (b)

29. (c) : Here,m=10g= 1072 kg,
R=64cm=64%x10"2m, K;=8x 1074

K;=0,a,=¢

Using work energy theorem,

Work done by all the forces = Change in KE

Wtangential force T Kf_ K
= Fxs+0=K-0 = ma,x(2x27R) =K,

16

chntripetal force —
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I 8x10~*
= _

22 o

amRm 4 -~ X64X10 251072

= 0.099=0.1ms>

30. (a) : Here,m =1kg, k=100 N m!

A=10cm=0.1m

The block executes SHM, its angular velocity is given by
k  [100Nm™

mw= —_ =
m 1 kg

Velocity of the block at x =5 cm = 0.05 m is

=10rads!

v= O)JAZ —x? =10\](o.1)2 —(0.05)% = 10J7.5><10‘3m st
Kinetic energy of the block,
1 1
K==mv’==x1x0.75=0.375 ]
2 2
Potential energy of the block,
1 1
U= > kx? = S X 100 % (0.05)*> =0.125 ]

31. (d) : By conserving Z and A on both sides
ot + NY— 0+ pl+y

32. (€)= _u_g_£<l
R8s
f ( 1)——i
romf w— R R

As, fbecomes negative.
Therefore, the lens behaves as a diverging lens.

33. (a) : If s calorie of heat is received from the sun per
cm? per minute, the heat collected by the lens of radius
2.5 cm in 20 minutes is
Ql:sxAxt:sxnx(2.5)2x(20):
Heat required to melt 10 g of ice is
Q,=mL =10 x 80 = 800 cal
According to given problem Q, = Q,

(392.75)s cal

392.75s = 800 or s = 2.04 cal cm™> min~!

34. (a) : In conductors due to increase in temperature
the resistivity increases and in semiconductors it
decreases exponentially.

35. (a) : By law of tension, 7 o< JT

225N
256N

Let the frequency of tuning fork be n.
In both cases, number of beats per second is sixand n; <n,
ny=n-6andn,=n+6



n6 15 6n_96=15n490 = n=186Hz
n+6 16
AD
36. (c):ASB=7,

Therefore, when A is halved and d is doubled, B becomes
1/2.

The separation between successive dark fringes reduces.
It does not remain unchanged.

37.(d): 1

T 10V

I
The voltage across 50 Q =10V -6V =4V

The current through 50 Q is,

50 Q

6V R

4V
I= -=0.08 A=80mA
50 Q

The current through R is,
Ip=1-1,=80mA -5mA =75mA
The minimum value of R is,

=0.08x10° Q=80 Q

min

C75%107 A
38. (a): & E =:EI.4I|;5 mlﬂﬂ:ﬁkg »x
2m
Ny

The x-coordinate of the centre of mass is

Xy = myx, +myx, _ 0.4x2+7x0.6 —5m
my +m, 0.4+0.6
39. (b) : The kinetic energy of the electron is
KE.=hv-¢,; hv=KE. +9,
hv =04+ 9, ...(1)

Given, frequency of incident radiation is increased by 30%

30
ho+ —hv =13 hv

100
1.3hv =09+ ¢, (Using (i) ... (ii)
or 0.38=0.30, — by = 0‘338 =1.267 eV

40. (b) : The amount of heat required at constant
pressure is
AQ 70

= == - =7 cal
nAT  2(35-30)

AQ=nCpAT .. Cp

As Cp-Cy=R

Cy=Cp-R =7-2=5calmol 'K}
The amount of heat required at constant volume is
AQ=nC,, AT =2X5X (35-30) =50 cal

41. (d) : From graph, A=1cm, T=8s

2T x(cm)
x=Asinot = Asin?t

4
At t: 5 S, 0 1 515 t(s)
L 2n 4 T J?_) 1
x=1sin—X—=sin—=—cm
8§ 3 3 2

In SHM, acceleration = —*x

am® 3 2n
:——><:"lrjcms2 ( o=—)

T2 2 T

an* 3 S 2
= X —— cm s

(8 2 32
42. (b) : Let L be the length of the whistle.

v v
Fundamental frequency, v=— or L=-——
2L 2v

Substituting the given values , we get

340 1 10
L= - = m = cm
2x5100 30 3
t 38
43. (b) : Here, n=—=—=10
Ty 38
1 n 1 n 1 10
As, N=N,| = :>m=m0(—) =15 x| —
2 2 2
15
= =0.015mg
1024
R 2 4
44. (b):Here, ¢ ==, Pe o2y —15m o p =7
Rp 3 Py 5

PE of person at maximum height to which he can jump
on earth = PE at the maximum height to which he can
jump on planet.

GM, GM,
mgh, = mg,h, or mR—zhe =m s h,
e p
4 3 3
3 TR}p,h, TR,p,h,
or mG 5 =m 5
R; R,

or R,p,h, = R,p, hp
R 2 4
or h,= expexhez X - x15=08m

p 3 5

p p

45, (d) : The equivalent circuit Ry
of the given circuit is shown in
the figure below.
Rgr, 70x0.05 339

Here, R = =
R;+rg  70+0.05
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Ry =0.0499 Q=0.05Q
The total resistance in the circuit is
R=RS+5Q=O.05+5=5.05§2

The current measured by the device
\%4 5
=—=—-=09A
R 5.05

46. (a) : Apply Snell’s law 13

i I
B _sinn ¢

sini
Tn n

. > 3T .
smrmn Smr, |

sinr
3, — 2

sini

1 2 3
ny, X “nyX "ny =1
no N, n
2w B w41 or ny = ny.
n on, N

or

47. (a) : Here, P= 3 x 10° N m™2, p = 1000 kg m~3,

g=9.8ms‘2
As, P = hpg
=B 3x10°
pg 1000><98

2x9.8%x3x10°
1000%9.8

v= g =

=600 =24.495ms ™" =24.5ms™!
48. (d) : Statement-I is false, Statement-II is true.

h w
ev, =i~ wiv,= (o[
e e

For V_vs v graph, slope = h/e = constant.

Velocity of efflux,

49. (b) : Total mass = 2.3 kg + 0.02015 kg + 0.02017 kg
= 2.34032 kg = 2.3 kg
Difference of mass of the gold pieces
=20.17g-20.15g=0.02 g

50. (c) : In the given figure, the two capacitors are in
series. Therefore, their equivalent capacitance is

1 1 1 1 1 3 2C
—=—t——=—f—=— or C,=—

¢, ¢, C, C 2 2C 3
As, the capacitors are connected in series, therefore,
charge on each capacitor is same. Hence,

2C 2X6

q=CxV="2V=""2X10=40 uC

*®
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PRACTICE PAPER 2023

CUET (UG)

Exam on
21 to 31°

May 2023

Section Il of CUET (UG) is Domain specific. In this section of Physics, 35 questions to be attempted out of 45.

SECTION-A

(All questions are compulsory.)

The temperature coefficient of resistance of an alloy

used for making resistors is

(a) small and positive  (b) small and negative

(c) large and positive ~ (d) large and negative

Statement 1 : The electric flux emanating out and

entering a closed surface are 8 x 10> and 2 x 10° Vm

respectively. The charge enclosed by the surface is

0.053 uC.

Statement 2 : Gauss’s theorem in electrostatics may

be applied to verity.

(a) If both statement 1 and statement 2 are true
and statement 1 is the correct explanation of
statement 2

(b) Ifboth statement 1 and statement 2 are true but
statement 2 is not the correct explanation of
statement 1

(c) If statement 1 is true but statement 2 is false

(d) If both statement 1 and statement 2 are false.

When a soap bubble is charged

(a) the radius remains the same

(b) its radius may increase or decrease
(c) its radius increases

(d) its radius decreases.

The angles of dip at the poles and the equator

respectively are

(a) 30° 60° (b) 0°,90° (c) 45°90° (d) 90°, 0°

Assertion : At resonance, LCR series circuit have a

maximum current.

Reason : At resonance, in LCR series circuit, the

current and e.m.f are in phase with each other.

(a) Ifboth assertion and reason are true and reason
is the correct explanation of assertion

(b) If both assertion and reason are true but reason
is not the correct explanation of assertion

7.

(c) If assertion is true but reason is false
(d) If both assertion and reason are false.

In a double slit experiment, instead of taking slits of

equal widths, one slit is made twice as wide as the

other. Then, in the interference pattern

(a) the intensities of both maxima and the minima
increase

(b) the intensity of the maxima increases and the
minima has zero intensity

(c) the intensity of the maxima decreases and that
of the minima increases

(d) the intensity of the maxima decreases and the
minima has zero intensity.

Two point charges A = +3 nC and B = +1 nC are
placed 5 cm apart in air. The work done to move
charge B towards A by 1 cm is

(a) 20x107] (b) 1.35x 107 ]

(c) 27x107] (d) 12.1x107]

Find the current flowing

w0 00
through the given circuit.
(a) 10A Elife]
(b) 0.1A 1!
(c) 40 A a——
(d) 80 A i

In a photoelectric experiment, electrons are ejected
from metals X and Y by light of frequency v. The
potential difference V are required to stop the
electrons is measured for various frequencies. If Y
has a greater work function than X, which graph
illustrates the expected results?
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10.

11.

12.

13.

14.

D

In the figure shown, three ac voltmeters are
connected. At resonance,

R L
| Fim |
s
(a) Vz =0 (b) Vl =0
Match the correct pairs.
Emission Make transitions
series from higher levels

to following levels

A Lyman series
B | Paschen series
C Balmer series
D Brackett series

-H » O o

-R; C-Q;
-Q; C-R;
(C) A_Q) 5 C- S)
(d) A-T; B—S, C-R;

Two parallel long wires A and B carry currents i
and i,(<i;). When i, and i, are in the same direction,
the magnetic field at a point mid way between
the wires is 10 uT. If 7, is reverse the field becomes
30 uT. The ratio i,/i, is

(a) 1 (b) 2 (c) 3 (d) 4

Linucleus has three protons and four neutrons. Mass
of Li nucleus is 7.016005 amu. Mass of proton is
1.007277 amu and mass of neutron is 1.008665 amu.
Mass defect of lithium nucleus in amu is

(a) 0.04048 amu (b) 0.04050 amu

(c) 0.04052 amu (d) 0.04055 amu

UIUUO
oHR®

The inputs to the digital circuit are shown below.
The output Yis

A—.

c‘—
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15.

(a) A+B+C (b) (A+B)C
(c) A+B+C (d) A+B+C
Match the Column I with Column II.
Column I Column II
(A) Ohm’s law is (p) metals
applicable to
(B) Ohm’slawis not (q) greater resistivity
applicable to
(C) alloys have (r) diodes, electrolytes,
semiconductors.
(@) A—-,B-q,C-p (b) A-p,B-1,C—gq
(0 A—-,B-p,C-q (@) A-g¢B-r,C-p

16.

17.

18.

19.

(Attempt any 20 questions.)

In order to establish an instantaneous displacement
current of 1 mA in the space between the plates of
2 uF parallel plate capacitor, the rate of change of
potential difference is

(a) 100 Vs~ (b) 200 Vs~

(c) 300 Vs (d) 500 Vs~

The radius of hydrogen atom in the ground state is
5.3 x 107! m. After collision with an electron, it is
found to have radius of 21.2 x 10™"! m. What is the
principal quantum number 7 of the final state of the
atom?

(@) n=4 (MB)n=2 (c)n=16 (d)n=3

An infinitely long cylinder is kept parallel to a
uniform magnetic field B directed along positive
z-axis. The direction of induced current on the
surface of cylinder as seen from the z-axis will be
(a) clockwise of the +ve z-axis

(b) anticlockwise of the +ve z-axis

(c) zero

(d) along the magnetic field.

Monochromatic  light  is
incident on a glass prism of
angle A. If refractive index of
the material of the prism is
W, a ray incident at an angle
6, on the face AB would get
transmitted through the face
AC of the prism provided

(a) 6> cos™! |:u sin[A +sin~! (i)):l

=

o]
()



20.

21.

22.

23.

24.

22

(b) B<cos™! [Ll sin (A +sin”! (i )]:|

(c) ©>sin! [HSin (A —sin! (l J]:|
u

(d) 8<sin! [u sin (A —sin! (; )]:|

The total energy of a hydrogen atom in its ground
state is —13.6 eV. If the potential energy in the first
excited state is taken as zero then the total energy in
the ground state will be

(a) -3.4eV (b) 3.4eV

(c) -6.8¢eV (d) 6.8eV

Statement 1 : The photoelectrons produced by
a monochromatic light beam incident on a metal
surface, have a spread in their kinetic energies.
Statement 2 : The work function of the metal varies
as a function of depth from the surface.

(a) If both statement 1 and statement 2 are true
and statement 1 is the correct explanation of
statement 2

(b) If both statement 1 and statement 2 are true but
statement 2 is not the correct explanation of
statement 1

(c) If statement 1 is true but statement 2 is false

(d) If both statement 1 and statement 2 are false.

In a p-n junction diode, change in temperature due

to heating

(a) affects only reverse resistance

(b) affects only forward resistance

(c) does not affect resistance of p-n junction

(d) affects the overall V - I characteristics of p-n
junction

A coil has an inductance of 0.7 henry and is joined
in series with a resistance of 220 €. When an
alternating emf of 220 V at 50 cycles per second, is
applied to it, then wattless component of current in
the circuit is

(a) 7A (b) 5A (d) 0.5A

In an n-p-n transistor circuit, the collector current

is 10 mA. If 90% of the electrons emitted reach the

collector

(a) the emitter current will be nearly 9 mA and the
base current will be nearly 1 mA.

(b) the emitter current will be nearly 11 mA and
the base current will be nearly 9 mA.

(c) 0.7 A
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25.

26.

27.

28.

(c) the emitter current will be nearly 11 mA and
the base current will be nearly 1 mA.

(d) the emitter and base currents will be 10 mA and
1 mA respectively.

A paramagnetic substance of susceptibility
3 x 10" is placed in a magnetising field of
4% 10™* A m™". Then the intensity of magnetisation
in the units of A m™" is
(a) 1.33x10°
(c) 12x10°®

(b) 0.75 x 107
(d) 14x10°®

A transmitting antenna at the top of a tower
has a height of 20 m. For obtaining 40 km as the
maximum distance between the transmitter and
receiver for satisfactory communication in LOS
mode, the height of receiving antenna should be
(radius of the earth R = 64 x 10° m)
(a) 30 m (b) 35m
(c) 40 m (d) 45m

Match column I with column II.

Column I Column IT

(A) .Electrical conductivity- (p)  Dimension
of conductor depends (length,

on area of cross
| | section etc.) _
(B) | Conductance of a (q) temperature
_ | conductor dependson | .
' (C) | For a given potential  (r) nature of
differences  applied conductor

across a conductor of
given length, current
| in it will depend on

@ A->{pPq:;B—>{pqr;C—(p,qr)
(b) A= (p);B— (r);C—(p,q)

(c) A= (qsB—(q1);C—(p,1)

(d) A= (@);B—(p,1); C—(q,1)

Assertion : In meter bridge experiment, a high

resistance is always connected in series with a

galvanometer.

Reason : As resistance increases current through

the circuit increases.

(a) Ifboth assertion and reason are true and reason
is the correct explanation of assertion

(b) If both assertion and reason are true but reason
is not the correct explanation of assertion

(c) If assertion is true but reason is false

(d) If both assertion and reason are false.



29.

30.

31.

32.

33.

34.

35.

The gap between the frequency of the side bands in

an amplitude modulated wave is

(a) twice that of the carrier signal

(b) twice that of the message signal

(c) the same as that of the message signal

(d) the sum or difference of the frequencies of
carrier and message signal

Match the following.
Column I C_olumn II
(A) | A convex lens in a denser (p) | converging
medium will behave like a . lens
(B) | A concave lens in a rarer (q) | diverging
L medium will behave like a _ . lens
(C) | A plano-convex lens (r) | concave
silvered on its curved mirror
surface and placed in air
will behave like a

(@) A= (p);B—(p);C—(q)
(b) A—(q);B—(q); C—(r)
() A= (r);B—(r); C— (p)
(d A—=(q;B—=(p;C—(q

A solenoid of length 30 cm with 10 turns per
centimetre and area of cross-section 40 cm’
completely surrounds another co-axial solenoid
of same length, area of cross-section 20 cm® with
40 turns per centimetre. The mutual inductance of
the system is

(a) 10H (b) 8H (¢) 3mH (d) 30 mH

The ratio of resolving powers of an optical
microscope for two wavelengths A, = 4000 A and
L, = 6000 A is

(a) 9:4 (b) 3:2 (c) 16:81 (d) 8:27

A point source of electromagnetic radiation has an
average power output of 1500 W. The maximum
value of electric field at a distance of 3 m from this
source in V.m™ is

(b) 2

3

The half life of radon is 3.8 days. After how many
days will only (1/20)™ of radon sample be left over?
(@) 5 (b) 10 (c) 15 (d) 17

The work function of a substance is 4.0 eV.
The longest wavelength of light that can cause
photoelectron emission from this substance is

250

(a) 500 (b) 100 (d) =

approximately
(a) 540 nm (b) 400 nm
(¢) 310 nm (d) 220 nm.

CASE BASED MCQs

Case I : Read the passage given below and answer the

following questions from 36 to 40.

Amperes law gives a
method to calculate the
magnetic field due to
given current distribution.
According to it, the
circulation ) B-d[ of the
resultant magnetic field
along a closed plane curve
is equal to u,, times the total
current crossing the area

bounded by the closed

curve provided the electric field inside the loop remains
constant. Ampere’s law is more useful under certain
symmetrical conditions. Consider one such case of a
long Straight wire with circular cross-section (radius R)
carrying current I uniformly distributed across this
cross-section.

36. The magnetic field at a radial distance r from the
centre of the wire in the region r > R, is
2 2
Kol Mol HolR Holr
@S O g @ D
37. The magnetic field at a distance r in the region r < R
is
2
I Ir I Wolr
O R ) R i . s
2r 21R 27r 21R

38.

A long straight wire of a circular cross section
(radius a) carries a steady current  and the current I
is uniformly distributed across this cross-section.
Which of the following plots represents the
variation of magnitude of magnetic field B with
distance r from the centre of the wire?

B B

(a) (b)

(©) N (@
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39. A long straight wire of radius R carries a steady
current I. The current is uniformly distributed
across its cross-section. The ratio of magnetic field
at R/2 and 2R is
(a) 1/2 (b) 2 (c) 1/4 (d) 1

40. A direct current I flows along the length of an
infinitely long straight thin walled pipe, then the
magnetic field is
(a) uniform throughout the pipe but not zero
(b) zero only along the axis of the pipe
(c) zero at any point inside the pipe
(d) maximum at the centre and minimum at the

edges.

Case II : Read the passage given below and answer the

following questions from 41 to 45.

In 1911, Rutherford, along with his assistants,

H. Geiger and E. Marsden, performed the alpha particle

scattering experiment. H. Geiger and E. Marsden took

radioactive source (*g3Bi) for a-particles. A collimated

beam of at-particles of energy 5.5 MeV was allowed to

fall on 2.1 x 10”7 m thick gold foil. The o.-particles were

observed through a rotatable detector consisting of a

Zinc sulphide screen and microscope. It was found that

o-particles got scattered. These scattered o-particles

produced scintillations on the zinc sulphide screen.

Observations of this experiment are as follows

(I) Most of the o-particles passed through the foil
without deflection.

(II) Only about 0.14% of the incident o-particles
scattered by more than 1°.

(III) Only about one a-particle in every 8000 o.-particles
deflected by more than 90°.

These observations led to many arguments and

conclusions which laid down the structure of the

nuclear model of an atom.

Vactiam Most tt-particles pass
I] i straight through
5 Beam of »
o —

Some @-particles

,h.....@;f deviate through

About 1 in 8000 x-particles
is repelled back 5

a lurge angle

41. Rutherford’s atomic model can be visualised as
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42. Gold foil used in Geiger-Marsden experiment is

about 10" m thick. This ensures

(a) gold foil’s gravitational pull is small or possible

(b) gold foil is deflected when o.-particle stream is
not incident centrally over it

(c) gold foil provides no resistance to passage of
o-particles

(d) most o-particle will not suffer more than 1°
scattering during passage through gold foil

43. In Geiger-Marsden scattering experiment, the
trajectory traced by an o.-particle depends on
(a) number of collision
(b) number of scattered o particles
(c) impact parameter
(d) none of these

44. In the Geiger-Marsden scattering experiment, in
case of head-on collision, the impact parameter
should be
(a) maximum
(¢) infinite

(b) minimum

(d) zero

45. The fact only a small fraction of the number of
incident particles rebound back in Rutherford
scattering indicates that
(a) number of o-particles undergoing head-on-
collision is small

(b) mass of the atom is concentrated in a small
volume

(c) mass of the atom is concentrated in a large
volume

(d) both (a) and (b).
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SOLUTIONS

1. (a): The temperature coefficient of resistance of an
alloy used for making resistors is small and positive.

2. (a): According to Gauss’s theorem in electrostatics,

0=qle,

g=€,0=885x10"%[8x10°-2x10’]

=53.10 x 10~ C = 0.053 uC.

3. (c): When a soap bubble is charged, the charge
gets uniformly distributed over its surface which results
in repulsion between nearby charges. This causes, the
bubble to expand.

4. (d): Since angle of dip at a place is defined as the
angle 8, which is the direction of total intensity of
earth’s magnetic field B makes with a horizontal line in
magnetic meridian,
At poles B = By, and By, = B sind

sind =1 =98 =90°
At equator B = Band By, = Bcosd

cosd=1=95=0°

1
5. (b): At resonance X; = X, or 0L = == Because
®

of this impedance of LCR series circuit become equal

to resistance of circuit (Z = J R2 +(X . —X¢ )2 ) .

Therefore from I= Z =—, at resonance, current in

LCR series circuit is maximum. Correspondingly phase
angle is also equal to zero. Therefore emf and current
are in phase in LCR series circuit.

6. (a): 1 = (JEW@)Z
o= W -]

Now, initially I, = I, = I, = I, = 4I,
Imin =0

After, the width of one slit is made twice of the other
slit. (Amplitude o< slit width (s))

Ayocs, Iyoc A5, T, =1,

A, o< 25 = [ o< 4s” o< 4A] = 41,

Vo= (VI 4B ) = (alo +41) =1,
lnin = ('JE_\/E)Z = (M‘\%)Z =1

7. (b): Required work done = Change in potential
energy of the system

1 1
= k q4, [F—— r—]
f i

4
max > Imax and I min > Imin

W=Up- U= 0 99
7. .

1
f 7;

W=(9x10")3x 107 x1x107)

{5

4x1072 5x107
=27 %107 x (0.05)=1.35%x 107" ]

8. (b): R,=R, +R,=30+30=60Q

1 1 1 30Q 30 Q
Req Ry Ry 30Q
1 1 1+2 3
60 30 60 60 )—2|l~V—

In pursuit of a magic number, physicists
discover new uranium isotope

While studying the atoms of heavy elements, physicists in Japan
discovered a previously unknown isotope of uranium, with atomic
number 92 and mass number 241, i.e,, uranium-241.
The finding refines our understanding of nuclear physics. What shapes
the large nuclei of heavy elements take and how often (or rarely) defines
the boundaries of models that physicists use to design nuclear power
plants and models of exploding stars.
“The discovery of a new neutron-rich uranium isotope is the first since
1979," Toshitaka Niwase, a postdoctoral fellow with the KEK Wako
Nuclear Science Centre (WNSC), Japan, and a member of the study,
wrote in an email to The Hindu.
The arrangement of protons and neutrons in an atomic nucleus follows
some rules. We know what these rules are based on the nuclei's
properties and structure.
“In general, an atom'’s mass is slightly lower than the sum of the masses
of protons, neutrons, and electrons,” Michiharu Wada, head of the
WNSC and another member of the group, explained via email.
So, systematically measuring the mass of “uranium andits neighbourhood
elements vyield essential nuclear information to understand the
synthesis of such heavy elements in explosive astronomical events”.
The researchers accelerated uranium-238 nuclei into plutonium-198 nuclei
at the KEK Isotope Separation System. The resulting nuclear fragments
contained different isotopes. This is how the researchers identified
uranium-241 and measured the mass of its nucleus.
Theoretical calculations suggest it could have a half-life of 40 minutes,
according to Dr. Niwase.
The team used time-of-flight mass spectrometry to estimate the mass of
each nucleus depending on the time it took to reach a detector. “Precise
mass value is a good fingerprint of atomic nuclides,” Dr. Wada said.
There is particular interest in ‘magic number’ nuclei: containing a number
of protons or neutrons such that the resulting nucleus is highly stable. The
heaviest known ‘magic’ nucleus is lead (82 protons). Physicists have been
trying to find the next such element.
“We'd like to extend the systematic mass measurements towards many
neutron-rich isotopes, at least to neutron number 152, where a new ‘magic
number’ is expected,” Dr. Wada said.
Their work is a “first step” in this direction, he added.
Their paper was published by Physical Review Letters on March 31.

Courtesy : The Hindu

D
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= R,=20Q
Current,I=L=£A=0.1A
Req 20
9. (a):eV,=hv-W

o2

V. vs L graph is a straight line with constant slope =

QS

= Xand Y will be parallel.
When V,=0,v, = (I%/J

As Wy > Wy = gy > 0,

It means the v intercept of Y graph will be larger than

the v-intercept of X graph.

10. (a) : Atresonance, V; and V are equal in magnitude

but have phase difference of 180° relative to each other.
V=V, -Ve=0

Hence, voltmeter V, read 0 volt.

11. (a)
12. (b): P2 _Ho2h o7
4T r AW r
Mo .2ﬂ+.u_0.ﬁ:30u'r
4T r AT r

Onsolving iy =20 Aand i, =10 A. .. i}/i, =2

13. (a): Here, m, = 1.007277 amu
m,, = 1.008665 amu, m; = 7.016005 amu

Sum of the masses of three protons and four neutrons
= Smp +4m, =3 x 1.007277 + 4 x 1.008665
=3.021831 + 4.03466 = 7.056491 amu
Mass defect = 7.056491 - 7.016005 = 0.040486 amu

14. (c) : A— )3 Y
B—

¥
¥
c_
Output of NAND gate, Y; =A-B
Output of NOT gate, v, =C
Output of OR gate, Y=Y, +Y, =A-B+C
=A+B+C (- A-B=A+B)

15. (b)

16. (d): I,=1mA =107 A;C=2uF=2x10"°F

d v
Ip=I=—(CV)=C —
p=le= CV)=C0

(26 PHYSICS FOR YOU | MAY 23

-3
Therefore, d—V = Iﬂ = 10
dt  C 2x107°

Therefore, applying a varying potential difference of

=500 Vs !

500 V s™' would produce a displacement current of
desired value.

17. (b): r, o< n’or n o< Ja . If r; is the initial orbital
radius and r; is the final orbital radius, then the principal
quantum number of the final state is

_11\2
Tf 21.2x10
n= = = —_11 :2
7 5.3x10

1
18. (c) : Since the magnetic field is uniform, hence
there is no change in the magnetic flux linked with
cylindrical wire and hence no current will be induced
on the surface of cylindrical wire.

19. (c) : According to Snell’s law, o

sin@ = usinr,

. sin®
= sinr, = — B

1 Ty
. (sine)
or ry=sin"|——
28 B C
Now, A=r,+71,
sin©
r2=A—r1=A—sin_l(T) ()

For the ray to get transmitted through the face AC, r,
must be less than critical angle,

. ! _1(1)
ie,r,<sin"| =
u
) _l(sinOJ . -1 _1)
or A -sin — | <sin
u u

) _l(sinGJ . _1(
= sin T > A -sin

= Sind > sin(A —sin”? ( 1
[ u

(using (i)

Motivational Quote

SUCCESS is ajourney,
Not a DESTINATION!



20. (c) : The total energy in the first excited state is

13.
30 eV=-34¢eV.

4

This consists of the kinetic energy of 3.4 eV and
the potential energy of -6.8 eV. In order to take the
PE here as zero, we add 6.8 eV to all energy levels.
The total energy in the ground state then becomes
(-13.6 + 6.8) eV = -6.8 eV,
21. (c) : Assertion is correct, but the work function
only depends on the photoelectric metal.
22. (d): Due to heating, number of electron-hole pairs
will increase, so overall resistance of diode will change.
Due to which forward biasing and reversed biasing
both are changed.
23. (d): Here, X, = oL = 2m0L = 271 x 50 x 0.7 = 220 Q
R=220Q

Z= JRZ + X% = .\{2202 +2202 =22042 Q

L Vems_ 220V 1
rms 7 20“59 JE
X 22 1
sinq):—L= 2 = —
Z 202 2
. 1 1 1
Wattless current =1, sing =—=X-—==-A=05A
V2 2 2
24. (c) : For a transistor, Iy = Iy + I - .. (i)
90 9
Given that, [r=——Ip=—1
v C7l00 F 10 F

Since I =10 mA

10
IE=10><-§~ mA =11.1 mA =11mA

and Iy =I;-I-=(11.1 - 10) mA (Using (i))
=1.1mA=1mA
25. (¢): [=yH=(4x10"%) x (3x107%
=12x10°%A m™

26. (d): The maximum distance between the transmitter
and receiver for satisfactory communication in LOS

mode is

dy = 2Rhy +4J2Rg

where h; and hjy are the heights of transmitting and
receiving antennas respectively.

Here, d,, = 40 km = 40 x 10° m,
hy=20m,R=64x10"m

. 40%10°m = J2(64><105m)(20 m) +J2(64 x10°m)hy

40x10°m = 16><103m+1,H(128><105m)hR
or 4/(128x10°m)hy =40x10°’m~16x10"m

=24x10°m

Squaring both sides, we get
(128 x 10> m)hy = (24 x 10° m)*
_(24x10°m)*

(128x10°m)
27. (@): A= (p,q):;B—=>(p,q,1); C— (p, g 1)
Electrical conductivity of a conductor depends on
temperature of the martial. It decreases with the
increase in temperature. It also depends upon the
nature of martial.
Conductance (the reciprocal of resistance also depends
upon dimension of material apart from temperature
and nature of material.
] = OE, so current density depends upon electric field.
For a given conductor, 6 is fixed.

lf- Contributed by : Sanodip Pramanik (W.B.) _“\'I

SOLUTIONS TO APRIL 2023 WORD GRID
EjtlelclrlIrliKclulrIR[E]N]T]
L{E|NFEYR|EJE|[FE|A]JL]L]ID|E|F
EfJN|AJREP]QJR|IS|T]A|[B|]C]|D|E
viclali|IN|[E[rR|TFIYalx]|Ylz]U
Elp|clc|Eels|rin]s]i]T]a|Nn]cC
Lla|ofJT|rR|1[clujojGc|Uu|R|[M|A
olalslirjJoln]olefrlrfcr]oflT]r
clalt]ofs]ijr|ejofw]r|T|L]O
1L rRINJEJU[N]I|N]JU|N]IM[O]M
T|r|leE]lafplils]erlefrs]ifo]n
y|lP|E|L|sfFwyT|uksdr]alo]r]
TlE|afrYrR]alNsYE]o|[R|[M]E]R]
RIR|L|R][T]virlr]lT]s|aln]ulnN
aAlM|M|lAa|rR]EJAa]lrR][AJc|M|E]|T]|E
clajalNn]alefn]elr]1]E[x]E]R
cin]c]s]clelclalr]i|T]x|n]Rr
UleE|N]JI1JcfNfE|M][c|LI E]L]s]T
R{NJE|s|Julclolr]yv|a|jr|[a|1]U
aAlr]Tlr]lrfr]s]]y|rIM|{E]O]C
cloli1lofjrAudrt|njalo|[MmM|E|N]E
YylE|shrIs|p|laheda|n|[Mm]|[Ee]T]E
Yy[{s|m|a|m|s|t|p|B|Fr|E[L]N]R
Across Down

1. Freefall 1. Friction

2. Inertia 2. Isotones

3. Transformer 3. Wavelength

4. Current 4. Transistor

\ 5. Dispersion 5. Streamline )
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Current will depend upon resistance, which depends
upon dimension, temperature and nature of material.

28. (c) : The resistance of the galvanometer is fixed. In
meter bridge experiments, to protect the galvanometer
from a high current, high resistance is connected to the
galvanometer in order to protect it from damage.

29. (b): The frequency spectrum of an amplitude
modulated wave is shown in the figure.

The gap between the Carrier
frequency of the side bands 5

(i.e. upper side band and e o
lower side band) is called |

bandwidth and it is given v-vu, v Y+u,

by bandwidth = Vg5 - Vi g5
=(.+v,)-(v,-v,)=v.+v,-v.+v,, =2V,

i.e., Bandwidth = twice of the frequency of the message

signal.

30. (b): A>(qB—(q); C— (r)

A convex lens in a denser medium will behave like a

concave lens or diverging lens.

A concave lens in a rarer medium will behave like a

concave lens or diverging lens.

NN
ily s>

Behaves like concave mirror.

3
LTALLTAAAY A AAAANAALY

Behaves like convex mirror.

31. (c) : Mutual inductance of the system,
M = pyn n,A,l
where A, is the area of inner solenoid
n,=10cm™ =1000m™
n, =40 cm™' =4000 m™
1=30cm=30x107m
A,=20cm*=20x 10" m?
s M=4mx 107 x 1000 x 4000 x 20 x 10™* x 30 x 107
=301.44 x 10° H=3mH

(28] PHYSICS FOR YOU | MAY 23

32. (b): The resolving power of an optical microscope,
_2usin®  RP 6000 3

A " RP, 4000 2

33. (b): Average intensity of electromagnetic waves is

= =18Ezc or Ey= = "
Amr? 2 o 0 2nr280c
Substituting the given values, we get
1500

1/2
{21:(3)2 x [(1/4n><9><109)} x 3% 108 ]

=100 Vm™

0.693
34. (d): A= , Here, T, = 3.8 days

1/2

RP

I=

E0:

A= (%" =0.182 per day

If initially at ¢ = 0, the number of atoms present be N,
then the number of atoms N left after a time ¢ is given by

N=N, e™ or —— e™ or e e™ o M=20
N, 20
Taking log on both sides we get,
At =1og,20 = 2.3026 log, 20
2.3026 log;320  2.3026 log,,20
t= S 810=7 17 days.
A 0.182
35. (c) : Let A,,, = Longest wavelength of light
;—C = ¢ (work function)
" -34 8
km=E=(6'63X10 )X (3x10°) or A, =310 nm.

0 4.0x1.6x107"°
36. (a) : Magnetic field due to a long current carrying
wire at r

Mol

2nr

B

37. (d) :Let I be the current in region r < R

I Ir?
Then, I’= —zn(rz) or I’:L2
TR R
’ 2
So, magnetic field, B= H of ot ol _ M olr
2nr  2gR*r  2mR?

38. (a) : Magnetic field due
to a long straight wire of
radius a carrying current [
at a point distant r from the
centre of the wire is given as
follows




Ir | :
H.:JJL-, for r<ai H:-MU- for r=a
2a“ 2ra
! =
B:HU- for r>a
2nr

The variation of magnetic field B with distance r from

the centre of wire is shown in the fgure.

39, (d): Let the magnetic fields due to a long straight

wire of radius R carrying a steady current [ at a distance

r from the centre of the wire are

_ Bplr
Rk’

. Mol
F R d Byj=—"—
(Forr<R) an B

_.Hi[ R]z Mol

B, {Forr=R)

So, the magnetic fieldat r=E is B = i b
2 R\ 2 4mR
andatr=2Ris B, :-ﬁzﬁ
- Zm(ZR) 4nR
Their corresponding ratio is
B _ (Wol/AmR) _

By  (ugl/4mR)

40. (¢)

41. (d): Rutherfords atom had a positively charged
centre and electrons were revolving outside it. It is

also called the planetary model of the atom as in
option (d).

42, (d): As the gold foil is very thin, it can be assumed
that ct-particles will suffer not more than one scattering
during their passage through it. Therefore, computation
of the trajectory of an o-particle scattered by a single
nucleus is enough.

43. (¢) : Trajectory of a-particles depends on impact
parameter which is the perpendicular distance of the
initial velocity vector of the o particles from the centre
of the nuclens. For small impact parameter o particle
close to the nucleus suffers larger scattering.

44. (b): At minimum impact parameter, & particles
rebound back (8 = m) and suffers large scattering.

45. (d): In case of head-on-collision, the impact
parameter is minimum and the ¢-particle rebounds
back. 5o, the fact that only a small fraction of the
number of incident particles rebound back indicates
that the number of «-particles undergoing head-on
collision is small. This in turn implies that the mass
of the atom is concentrated in a small volume. Hence,

option (a) and (b) are correct.
ool

Unscramble the words given in column | and match them with their explanations in column Il

A light wave whose parts are all in phase with each other.

Property of a material that allows to regain its original shape.
Instrument used to measure atmospheric pressure.

Negative electrode of an eleciron tube.

Property of substance whereby it is fully repelled by o magnet.
Interaction between moving objects that lasts for certain time.
Object thrown into space at some angle under the action of grovity.
Point of no disturbance of a standing wave.

Branch of physics which deals with behavior and properties of light.
Electric process which converts alternating current into direct current.

1. ERROMEBTA (a)
2. EITCOEPLIR (b)
3. EDNO (c)
4. TITYCISAEL (d
5. ONCATIECFITIR (&)
6. CETHOAD 0
7. OCSITP @)
8. LLONSIOC h)
9. HEROCTEN (i
10. AIDGNSMITAME 0

Readers can send their responses at editor@mtg.in or post us with complete address by 10™ of every month,

Winners' names and answers will be published [n next [ssue.
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SECTION 1

This section contains EIGHT (08) questions.

The answer to each question is a NUMERICAL VALUE.

For each question, enter the correct numerical value of the
answer using the mouse and the on-screen virtual numeric
keypad in the place designated to enter the answer. If
the numerical value has more than two decimal places,
truncate/round-off the value to TWO decimal places.

Answer to each question will be evaluated according to the
following marking scheme:

Full Marks : +3 ONLY if the correct numerical
value is entered;

Zero Marks : 0 In all other cases.

1. The figure shows a snap photograph of a vibrating

L

»

30

string at ¢t = 0. The particle P is observed moving

up with velocity 2083 cm 7!, The tangent at P
makes an angle 60° with x-axis. The total energy
carried by the wave per cycle of the string, is
nm?* x 107 J. The value of nis . [Assuming that
U, the mass per unit length of the string = 50 g m™']

AY(in 10-2m)

gl
22 ﬁﬂ

0] 15\ 35 55\/‘15

A diatomic ideal gas is heated at constant volume

px (in 102 m)

until the pressure is doubled and again heated at
constant pressure until volume is doubled. The
average molar heat capacity for whole process is
nR

= The value of n is

As shown in the figure, a battery of emf € is
connected to an inductor L and resistance R in
series. The switch is closed at t = 0. The total charge

PHYSICS FOR YOU | MAY ‘23

that flows from the L R
battery, between
t=0andt =t (t is
the time constant of

el
the circuit) is —
eR"

where the value of n is

A large square container with thin transparent
vertical walls and filled with water (refractive

index % ) is kept on a horizontal table. A student

holds a thin straight wire vertically inside the water
12 cm from one of its corners, as shown
schematically in the figure. Looking at the wire
from this corner, another student sees two images
of the wire, located symmetrically on each side of
the line of sight as shown. The separation between
these images is cm.

Line of sight @

2cm'!

A thin uniform annular

disc (see the figure) of P

r
mass M has an outer radius
4R and an inner radius 3R. AR
Th? work required Fo takea . —
unit mass from point P on IR

its axis to infinity is

2GM (4«4"'_ 5). The value of x is

A c1rcular disc X of radius R is made from an iron
plate of thickness t, and another disc Y of radius 4R



is made from an iron plate of thickness #/4. Then
the relation between the moment of inertia I, and
I, is given by I, = nl,. The value of n is

Two soap bubbles combine to form a single
bubble. In this process, the change in volume and
surface area are respectively V and A. If P is the
atmospheric pressure, and T is the surface tension
of the soap solution, the relation which is true is
given by nPV + 4TA. The value of n is

The bob of a simple pendulum executes simple
harmonic motion in water with a period ¢, while
the period of oscillation of the bob is ¢, in air.
Neglecting frictional force of water and given that
the density of the bob is (4/3) x 1000 kg m~>, true
relationship between ¢ and ¢ is t = xt, where the
value of x is

SECTION 2

This section contains SIX (06) question stems.

There are FOUR (04) options (a), (b), (c) and (d). ONE OR
MORE THAN ONE of these four option(s) is(are) correct
answer(s).

For each question, choose the option(s) corresponding to
(all) the correct answer(s).

Answer to each question will be evaluated according to the
following marking scheme.

Full Marks : +4

Partial Marks : +3

Partial Marks : +2

Partial Marks : +1

Zero Marks : 0

Negative Marks :

9.

32

ONLY if (all) the correct option(s)
is(are) chosen;

If all the four options are
correct but ONLY two options
are chosen, both of which are
correct;

If three or more options are
correct but ONLY two options
are chosen, both of which are
correct option;

Iftwo or more options are correct
but ONLY one option is chosen
and it is a correct option;

If none of the options is chosen
(i.e. the question is unanswered);
-2 In all other cases.

Two wires A and B have equal lengths and are
made of the same material, but the diameter of A is
twice that of wire B. Then, for a given load

(a) the extension of A will be four that of B

(b) the extensions of A and B will be equal

(c) the strain in B is four times that in A

(d) the strain in A and B will be equal.
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10.

11.

12.

13.

Two fixed charges -2Q and +Q are located at points

(=34, 0) and (+34, 0)

(a) points where the electric potential due to the two
charges is zero, lie on a circle of radius 4a and
centre (5a, 0)

(b) potential is zero at x =0 and x = 9a

(c) If a particle of charge +q is released from the
centre of the circle obtained in part (a) it will
eventually cross the circle

(d) Electric field at origin is along x-axis.

For the circuit shown in the figure,

2kQ ER,

2wy T 6kQER, R E15kQ

(a) the current I through the battery is 7.5 mA

(b) the potential difference across R, is 18 V

(c) ratio of powers dissipated in R, and R, is 3

(d) if R, and R, are interchanged, magnitude of
the power dissipated in R, will decreases by a
factor of 9.

A particle of charge g and mass m moves
rectilinearly under the action of an electric field
E = o - Bx. Here, o0 and P are positive constants
and x is the distance from the point where the
particle was initially at rest. Then,

(a) the motion of the particle is oscillatory

(b) the amplitude of the particle is (o/3)

(c) the mean position of the particle is at x = (at/P)

o
(d) the maximum acceleration of the particle is 1
m
In figure, Ris a fixed conducting

ring of negligible resistance

. . . P Q
and radius a. PQ is a uniform {’
rod of resistance r. It is hinged R

at the centre of the ring and rotated about this
point in clockwise direction with a uniform
angular velocity ®. There is uniform magnetic field
of strength B pointing inward and r is a stationary
resistance. Then

(a) current through r is zero

2
(b) current through ris 2B®a

5r
(c) direction of current in external resistance r is

from centre to circumference.
(d) direction of current in external resistance r is
from circumference to centre.



14. When a point light source of power W emitting
monochromatic light of wavelength A is kept at a
distance a from a photo-sensitive surface of work
function ¢ and area S, we will have
(a) Number of photons striking the surface per

unit time as WAS/4 mthca?

(b) The maximum energy of the emitted
photoelectrons as (1/A)(hc — A)

(c) The stopping potential needed to stop the
most energetic emitted photoelectrons as
(e/A)(hc - M)

(d) Photo-emission only if A lies in the range

0 <A< (helo).

SECTION 3

This section contains FOUR (04) Matching List Sets.
Each set has ONE Multiple Choice Question.

Each set has TWO lists: List-I and List-II.

List-I has Four entries (I), (II), (III) and (IV) and List-1I has
Five entries (P), (Q), (R), (S) and (T).

FOUR options are given in each Multiple Choice Question
based on List-1 and List-1I and ONLY ONE of these four options
satisfies the condition asked in the Multiple Choice Question.
Answer to each question will be evaluated according to the
following marking scheme:

Full Marks : +3 ONLY if the

corresponding to the correct

option

combination is chosen;

Zero Marks : 0 If none of the options is

chosen (i.e. the question is
unanswered);

Negative Marks : -1 In all other cases.

15. Match the following.

Column I | _Column II

I. | Radius of orbit depends on | P. | increase
principal quantum number as

II. | Due to orbital motion of | Q.| decrease
electron, magnetic field
arises at the center of nucleus
is proportional to principal
quantum number as

L

If electron is going from 'R | proportional
lower energy level to higher 1

. to
energy level, then velocity of 2

electron will

IV. | If electron is going from | S.  proportional
lower energy level to higher to n?
energy level, then total
energy of electron will

- o S F— —

T. | proportional

Y 1
O_
W

(@ 1—>(Q),II1—(P),III - (S),IV—(T)
(b) I—=(S), I - (T), 1T - (Q),IV— (P)
(c) I—=(Q), I I— (P), III = (S),IV— (R)
(d) I->(T),I—(Q), Il - (P),IV— (R)

16. Column I contains a list of processes involving
expansion of an ideal gas. Match this with column IT

describing the thermodynamic change during this

process.
Column I Column IT
I. |An insulated container has two| P. The
chambers separated by a valve. temperature
Chamber I contains an ideal gas of the gas
and the chamber II has vacuum. decreases
The valve is opened.
| 1l
pchenl s T vaciem
d 1 : |
II. [Anideal monatomic gasexpands| Q. The
to twice its original volume such temperature
1
that its pressure P o< —, where f)f the gas
2 increases.

V is the volume of the gas

III. |An ideal monatomic gas expands| R. ‘The gas
to twice its original volume such loses heat
that its pressure P OCV —
where Vis its volume

IV.|An ideal monatomic gas S. The gas
expands such that its pressure gains heat
P and volume V follows the
behaviour shown in the graph

[/ y—
T. The
J temperature
| of the gas
Vi 27, remains
constant
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(@) I—(Q),II— (P), III — (S),IV— (T)

(b) I—=(B,S),II - (T), Il = (Q,S), IV — (P)

(©) T—(Q), I — (P), Il — (S), IV — (R)

(d) I=>(T),I— (R,R),IITI—(P,S),IV—(QS)
17. The string and pulley are ideal. Given : mass of the

block is m, T is the tension in the string shown,
is the acceleration of the movable pulley in

4

each case, a= g where g is the acceleration due to

apulley

gravity. T is the force on the fixed support.

Il Column I Column II
a
1. P. Aok S 4
II. Q. Bpulley <a
III. R T>mg
3
IV. S. | > 5 mg

18.

@ I—-EQR),II—(QRYS), I — (P, Q),
IV—>(R,S)

() 1= (Q,R,S),II— (P QR),III— (P,QR,S),
IV—(PQ)

(c) I=(Q), I > (P),I—(S),IV—(R)
(d I-FQ,I—(QR),III—(P),IV—-(PQR,S)

The trajectory of a projectile in a vertical plane is

y=3x-2x7. [g=10m s

Column I Column II

I. | Maximum height, H | P. “E

2
II. | Range OA Q. | 60°
. . 3
III. | Time of flight QI =
10
' _— ' 3
IV. | Angle of projection S. B

(@ I—=(S),II—(P),III— (R),IV—(Q)
b) I—=(S),II—=(T),III - (Q),IV— (P)
() I-(Q),II— (P), IT - (S), IV — (R)
(d) I—(T),II - (Q), Il = (P), IV— (R)

PAPER - I

This section contains EIGHT (08) questions.

The answer to each question is a SINGLE DIGIT INTEGER
ranging from 0 TO 9, BOTH INCLUSIVE.

For each question, enter the correct integer corresponding to
the answer using the mouse and the on screen virtual numeric
keypad in the place designated to enter the answer.

Answer to each question will be evaluated according to the
following marking scheme:

Full Marks : +3 If ONLY the correct integer is
entered;

Zero Marks : 0 If the question is unanswered;

Negative Marks : -1 In all other cases.
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1.

A man of 80 kg is standing on the rim of a circular
platform of mass 200 kg. The platform rotates
about its axis at 12 rpm. The man moves from rim
to centre of the platform. The system rotates at the
rate of 11x rpm, then the value of x is . (The
moment of inertia of man at the centre may be
negelcted)

A parallel plate capacitor has T
separation d = 8.85 x 10*m. The '
plate area is 0.04 m?. A slab of
dielectric constant K = 9 is placed
inside the capacitor as shown.The
capacitor is then charged to a




potential difference of 110 V. The work done by an
agent is 4.84 x 10™ J, then the value of n is .

3. Ablock of mass m moving with speed v compresses

a spring through a distance x before its speed is
2

halved. Spring constant is given by then

gx’
the value of g is

4. The relative density of a material is found by
weighing the body first in air and then in water.
If the weight in air is and weight in water is then,
find the maximum permissible percentage error in

relative density.

5. An equilateral triangle {

of side length [ is /\

formed from a piece /

of wire of uniform "‘-

resistance. The current I ,"j = \\

is fed as shown in the - — \ ¢
. i S

figure. The magnitude J)( Y

of the magnetic field at
its centre O is

6. A pendulum clock looses 12 second a day at 25 °C
and gains 3 second a day at 15 °C. The coefficient
of linear expansion of the wire of pendulum, is
3.47 x 10 nm, than the value of x is

7. 'The largest wavelength in the ultraviolet region of
the hydrogen spectrum is 122 nm. The smallest
wavelength in the infrared region of the hydrogen
spectrum (to the nearest integer) is 8235 x 10~ nm,
than the value of x is

8. A man in a balloon rising vertically with an
acceleration of 4.9 m/s® releases a ball 2 sec after
the balloon is let go from the ground. The greatest
height above the ground reached by the ball is
7.35x, than the value of x is .(g=938 m/s?)

SECTION 2

This section contains SIX (06) questions.

Each question has FOUR options (a), (b), (c) and (d). ONE
OR MORE THAN ONE of these four option(s) is (are) correct
answer(s).

For each question, choose the option(s) corresponding to (all)
the correct answer(s).

Answer to each question will be evaluated according to the
following marking scheme:

Full Marks : +4 ONLY if (all) the correct option(s)
is(are) chosen;

Partial Marks : +3 Ifallthe four options are correct
but ONLY three options are
chosen;

Partial Marks : +2 If three or more options are

correct but ONLY two options
are chosen, both of which are
correct;

Partial Marks : +1 Iftwo or more options are correct

but ONLY one option is chosen
and it is a correct option;

Zero Marks : 0 Ifunanswered;
Negative Marks : -2 In all other cases.
9. An infinite number of charges each equal to g are

10.

11.

placed along the x-axisat x = 1, x = 2, x =4 and so
on. A charge g/2 is placed at x = 0. Then

(a) the potential at x =0 is 4
4me,
(b) the potential at x =0 is !
2me,,
2
(c) the potential energy is
4me,
2
(d) the potential energy is -
8me,,

A simple pendulum is vibrating

with an angular amplitude of 90° ; [ ; ;
as shown in figure, then =

(a) 6 =0, acceleration directed downward

(b) 6 =0, acceleration directed upward
(c) 6=90°, acceleration directed downward

(d) 6 =cos! (-J_%) , acceleration directed

horizontal

The spring balance A reads — <“ssacsgaassassas:
2 kg with a block m suspended

from it. A balance B reads 5 kg

AALA A
VWY
S

when a beaker with liquid is

put on the pan of the balance.
The two balances are now so
arranged that the hanging

mass is inside the liquid in

the beaker as shown in

the figure. In this situation:

(a) the balance A will read more than 2 kg

(b) the balance B will read more than 5 kg

(c) the balance A will read less than 2 kg and
B will read more than 5 kg

(d) the balance A and B will read 2 kg and 5 kg
respectively.
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12. Two short bar magnets of magnetic moments M
each are arranged at the opposite corners of a square
of side d such that their centres coincide with the
corners and their axes are parallel. If the like poles
are in the same direction, the magnetic induction at
any of the other corners of the square is

Wy M Wy 2M
LI b 2V
(a) P (b) PP
Wy M Mo M’
£ M. dy S0
(©) 41 243 @ 47 243

13. Two 30 kg blocks rest on a massless belt which
passes over a fixed pulley and is attached to a 40 kg
block. If coeflicient of friction between the belt and
the table as well as between the belt and the blocks B
and C s p and the system is released from rest from
the position shown, the speed with which the block
B falls off the belt is

Im 3
' 30 kg .":-I 1 a0 kg
X

&) '

() 242 m/sifu =02 (b) +2 m/sifu=0.2
(¢) 2m/sifpu=0.5 (d) 2.5m/sifu=0.5

14. Two identical p-n junctions may be connected
in series with a battery in three ways, as shown

in figure. The potential drops across the two p-n
junctions are equal in

(e M s
ezl [dled | [l el

1
EH
EH
EF

|y
1 If 1!
Circuit 1 Circuit 2 Circuit 3

(a) circuit 1 and circuit 2
(b) circuit 2 and circuit 3
(c) circuit 3 and circuit 1
(d) circuit 1 only.

SECTION 3

This section contains FOUR (04) questions.

Each question has FOUR options (a), (b), (c) and (d). ONLY
ONE of these four options is the correct answer.

For each question, choose the option corresponding to the
correct answer.

Answer to each question will be evaluated according to the

following marking scheme:
Full Marks : +3 If ONLY the correct option is

chosen;

If none of the options is chosen
(i.e. the question is unanswered);

In all other cases.

Zero Marks : 0

Negative Marks : -1

15. The rms value of the electric field of the light
coming from the sun is 720 N C!. The total average
energy density of the electromagnetic wave is
(a) 33x10°Jm>  (b) 458x10°Jm™
(c) 637x10°Jm~  (d) 81.35x10?Jm™.

16. Standing waves are produced by the superposition
of two waves y, = 0.05 sin(37¢ - 2x) and y, = 0.05
sin(3mt + 2x) where x and y are in metres and ¢ is
in second. What is the amplitude of the particle at
x = 0.5 m? Given cos 57.3° = 0.54.

(a) 2.7cm (b) 54cm
(c) 8.1cm (d) 10.8 cm

17. The two slits are 1 mm apart from each other and
illuminated with a light of wavelength 5 x 107 m.
If the distance of the screen is 1 m from the slits,
then the distance between third dark fringe and

fifth bright fringe is
(a) 1.5 mm (b) 0.75 mm
(¢) 1.25mm (d) 0.625 mm

18. A gaseous mixture consists of 16 g of helium and
16 g of oxygen. The ratio C, /C,, of the mixture is
(a) 1.4 (b) 154 (c) 1.59 (d) 1.62

SOLUTIONS

PAPER - |

1. (16):A=4x103m,A=55-15=4cm
Slope of tangent at point P,

Q)’_ =tan60°= \E
ox

For the particle P,

36
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a_y__(_a_y)
ot \ox

— +2083=-v3) = v=_20cms!

y 20 cms !
—=————=5Hz
A 4 cm

f=



Energy carried in one wavelength

1 1 50 _ 4
E=—pA20*h=—Xx——x(4x1072)* X (107)* X —
2 21000 100

=16m?x107]

2. (19): Let initial pressure, volume, temperature be

V> T, indicated by state A in P-V diagram shown
in figure. The gas is then isochorically taken to state
B(2Py, V,, 2T,) and then taken from state B to state
C(2Py, 2V, 4T,) isobarically.

Total heat absorbed by 1 mole of gas

AQ= C (2T - T, + Cy(4T, - 2T))
1

. 2T, 4T,

S Rikepern
Total change in temperature ~ ° |B ol
from state A to Cis plll=———= T :

© Ay 0 i
AT = 3T, i :
". Molar heat capacity 1 Ve TR
19

_8Q_ 50 19

AT 3T, 6
3. (2):In case of charging, i=1i,(1 - e )
where, T=L/R=t,
tC tC
So, charge g= '[z'dt = Jio (1—e'lfe)dt

0 0
el € t
== [a=-ee)dt == |:t+t e‘”tC]C
Ry RL ¢ 0
8 — _
[(t +teteley (04t e 0)]
"R
€ € 4 € L el
—[(t +te ) -t ]=—t.e =—X—=;q=
R[( h-t] R Re R1 eR>

4. (3):Let the two images of object O formed be
I, and I,
In APOQ, ZPOQ = 45°

12
PO =0Q cos45° = —=

sszI‘l’l

1 apparent depth

Now, =
Ha original depth
1P
P
4/3 PO I
3.12 9 ot
fed PI = v Ny == e CIT)
LERRANY A o X Q

" Ol =OP—PI; =—= — —==—= cm

Hence, the distance between two images,

2X%3
LL=21X= =3cm

5. (7) : Mass per unit area of the disc,
_ Mass M M
Area TC((4R)2 - (3R)2) 7nR?

Consider aring of radius
x and thickness dx as
shown in the figure.
Mass of the ring,

dM = o2mxdx

_ 2mMxdx

7R’
Potential at point P due to annular disc is

Y _'[ 1||(4R) +(x) ,|||16R +x°

Solvmg, we get
_2GM (4 5o )

GM2r 4R
T iRz 2 | =
3R
Workdone in moving a unit mass from Ptoeo=V_-V,

7nR?
—2GM _2GM 5

GM 21t
71R?

VP:

EXAM ALERT 2023

Exam Date

NEET 7t May
MHT CET PCM 9 to 13 May
MHT CET PCB 15% to 20" May

KCET BM 20t May

KCET PC 215 May
CUET 215 t0 31 May

KCET Language Test 22" May
BITSAT Session | 22" to 26t May

JEE Advanced 4" June

BITSAT Session Il 18 to 22" June

PHYSICS FOR YOU | MAY 23 @



7. (3):Let radii of two soap bubbles are a and b
respectively and radius of single larger bubble is c.

4T AT AT
P.=P+-—,P,=P+—,P, =P+—

c a b

4 4
and V, =§na3,Vb = gnb3 ()

4
and V_ = nc’
3
[Now as mass is conserved, .. n, +n,=n]

PaVa Pbe PCVC
+°00 = PV=nR
rr, " rr, " rr, FVENRD

Cc

ie.,
As temperature is constant,

Ta + Tb = TC, So, PV, +PV, =PV,
From equation (i) equation (ii) becomes

g
frr)oe)

ie, 4T (@ +b> -2 =P -a*-b’)

..(i1)

4
Now, V = 3n(a3+b3 —) and A = 4n (&2 + b2 - &)

. -Tiq:——3 VP or 4TA+3 PV =0
i 4T

8. (2): The time period of simple pendulum in air

g

Where, [ is the length of simple pendulum.

In water, effective weight of bob

W’ = weight of bob in air — upthrust

= pVgg=pVg-p'Vg=(p-p)Vg

where p = density of bob, p” = density of water

p—p’ p’
" Geff = g= 1——)g
o

t

=21 —

to

~ 1 ~ 4

B . 1ooo “\la-3
(4/3x1000)

9. (a,c): Area of cross section, A= T

where d is the diameter of the wire.

(38 PHYSICS FOR YOU | MAY 23

4FL
Therefore, [ =~ 5
nd“Y
Since F, L and Y are the same for wires A and B
1
ol —
d2

i.e., the extension is inversely proportional to the square
of the diameter. Hence, choice (a) is correct. The strain

I 4F 1
is —=——— Thus, strain o —

L rd°y d
Hence, choice (c) is correct.
10. (a,c,d) : For V, =0
" 2Q B kQ P(x, y)

J(x+3a)2 +y2 ~J(3a—x)2 +y2 =0 +Q
(-34,0) (34,0)

= 4(3a-x)?+4y* = (x+3a)? + )
= x*+y*-10ax +9a*>=0
= (x-5a)+y*=16a’
locus is a circle of radius 4a and centre (54, 0).
Let potential 0 for x = x on x-axis.

= . Ol
'(x+3a) (47[80) (x—3a) 47t80_

or 2x-6a=x+3a= x=9aonly
Centre is on x-axis at (54, 0), at this position net force
on +q is
-2
p=——2% _, -
4me, (8a)” 4me, (4a )
Particle will move in positive x-axis and eventually

cross the circle.
Electric field at origin is along negative x-axis.

=+ve

11. (a,d) : Total resistance of the circuit
6X%1.5
6+1.5

R=2+ =3.2kQ

Now [=- =75%10 A

32x10°

-3
5% X
Currentin Ry, j = LR =6x10"° A

(6+1.5)

Power, P|,=i?x R, = (6 x 107)?x 1.5x 10 =54 x 107 ]
1

After R, and R, interchanged, total resistance

2X%1.5
R=6+ =6.86 kQ
2+1.5
24 _
Total current, I = P = 35%10°A
6.86%x10



14. (a,b,d) : The energy of each photon is hc/A, so

, 3.5%107° x2 . Lo
Now currentin R, =—————=2x10 A that the number of photons released per unit time is
(2+1.5) W/(hc/A). These photons are spread out in all directions

Power, P] = (2 x 10~ ) x1.5x10°=6x10"3%] over an area 47ma?, so that the 'share' of an area S is a
Clearly P Py =09. fraction S/47ma? of the total number of photons emitted.

F
12. (a,byc,d) : a=—=2"=1 (¢~ px) (i) w( S ):ﬂ or 1o WSk

m m m dma®) M t  4mhea’
a=0 at x= o The maximum energy of emitted photoelectrons is

B

i.e., force on the particle is zero at x =

hc 1
E =hc-0=——0=—(hc-\
ax =he =0 ====0=5(hc - A9)
The stopping potential is given by, eV =E

=R

o

So, mean position of the particle is at x = — E 1
P P Hence, V, = =% = — (hc - A0)

e e

Equation (i) can be written as v dv_q (0~ Bx) For photoemission to be possible, we have hc > ¢.
dx m he hc
v g = Hence, — > ¢ or A<
g Jvdv=— f( —Bx)dx =V ( ) A o
0 m s Thus, the permitted range of values of A is 0 <A <
Hence, the correct choices are (a), (b) and (d).
o
Ny 7 (oc . x) v=0atx=0and x=5 15 (5): (0= (95 () - (D5 (@5 (V) - ()
m
20 2
So, the particle oscillates between x = 0 and X = F r, = 0'5229;1 A
with mean position at x = & So, (I) = (S)

Maximum acceleration of the particle is at extreme

positi‘ons (.at x=0orx=20/p)anda_, =qo/m [from

equation (i)]

13. (b,d) : Equivalent circuit ON LINE TEST SEHIES
Practice Part Syllabus/ Full Syllabus
24 Mock Tests for
(ii)
Induced emf, €= Bor’ :(Bu)a ) (. radius = a) E E Mﬁ | n
2 2

By nodal equation 4(x—§)+(x—0):0
r r

5x =4¢ - (\
4e  2Bwa® x 2Bod? P J
= x=—= andI=—=

5 5r € 5r
Also direction of current in ‘r’ will be toward negative Now on your android smart phones
terminal, ie., from rim to orlgln.e Alteilgately, by with the same login of web portal.

equivalence of cell (Figure (ii)), [ =——=—
r+2 > Log on to test.pcmbtoday.com
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3
Magnetic field, B= 12'552 T

n
So, (IT) — (T)
6
22%x10°Z 1
Vy=——— =V, = nTan
n n
So, (IIT) — (Q)
~13.62°
Total energy, E, = 3—2eV; ant E, T
n

So, (IV) = (P)

16. (d) : () —(T); (M — (BR); () — (B S);IV) >(QS)
(I) An ideal gas expands in vacuum, no work is done
(W = 0). Also the container is insulated therefore no
heat is lost or gained (Q = 0). According to first law of
thermodynamics
AU=Q+ W AU=0
= There is no change in the temperature of the gas
(II) Given PV? = constant
= V x T = constant
As the gas expands its volume increases and temperature
decreases.

(P) is the correct option.
To find whether heat is released or absorbed, let us find
a relationship between Q and change in temperature
AT.
We know that Q = nCAT
where C = molar specific heat
Also for a polytropic process we have

R
C=C,+ 1— and PV" = constant
-n

Here PV?2 = constant. Therefore n = 2

R
- C=C,+—=C,-R

3
For monatomic gas, C, = ER

. C:T%-R—R:B;QZHXBXAT-
2 2 2

In this case the temperature decrease i.e., AT is negative.
Therefore Q is negative. This in turn means that heat
is lost by the gas during the process. Thus, (R) is the
correct option.

Proceeding in the same way we get,

(III) VY3 x T = constant

= As the gas expands and volume increases, the
temperature decreases.

Therefore (P) is the correct option.

(30
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4
In this process, x = 3
R 3

 C=C +——==
4 2

3

-1 2 2

As AT is negative, Q is positive. This in turn means that
heat is gained by the gas during the process, thus (S) is
the correct option.

A(PV)

IV) AT=—+"
(IV) R

Here A(PV) is positive .. AT is positive
Temperature increases. So, (Q) is the correct option.
Work done is also positive, so Q is also positive

17. (b): (I) — (Q’R)S)5 (II) - (P’Q’R); (III) -

(P’QaRaS); (IV) — (P’ Q)
(@) > (QR,S):ay,y =2a

Aplock > 4
T- mg = m(2a)
T =mg + 2ma = 5%
apulley =a.= apulley sa
T, =T
ma Ty A
(b)%(PaQaR)T—ngT r! Tl
7m
= T= e T
6 T
a/d
T 7 I
T=2 =8 g
2 12 2

a
(00— (P, QR,S): Apulley = 2 = Oplock

7
T—mgz—:>T=gmg
T—ﬁ—zm >—m
I S

a
(d) —> (P, Q) apuuey =X = g
Aplock =xT
20m
T+——mg=nﬂ ; =—g,T1=
3 27



18. (a) : (I) = (8); (IT) — (P); (III) — (R); (IV) — (Q)
@M= (S): y=y3x-222

Maximum heights Z—y =0 (At P)
x

= J?:—le:O or x=.\—i|;—5

2
R URLESE
4 4 8 8
(II) > (P): AtA,y=0andx=R
NE

3R—2R* = R=-="
2
(ITI) = (R) : v, = u, (constant)

= ,ﬁvx —4xv, = (q"?’; —4x)v,

o,
u:vaz +yy2 = J1+(J§)2 U, =2u,
Att=T,r=R, y=0; vy =(«J'§—4R)ux

vy =iy, -gr'= (£—4R)ux :Jgux —gT

Att=0,x=0,y=0; vy

4R
= T=—tx —f( D,

. 2_ & || I|
. Txlx _Z Oru =

o

av) — (Q) : Angle of projection
My J_u

tanf=—==
ux x

PAPER - Il

1. (2) : If r is the radius of the platform and M is its

mass, M2
Moment of inertia of platform about the axis =

-3 - 0=60°

Moment of inertia of the system with the man at the rim

Mr? , 20077

=—+mr°, = +80r° =180 72
2 2

Moment of inertia with the man at the centre is

Mr?
——=1007r

(42] PHYSICS FOR YOU | MAY 23

By conservation of angular momentum,
180 * , = 100 * m,
180 180 %12

W, = W) =— =21.6rpm =~ 22 rpm
27100 ' 100 P p
AR2)e AR2)Ke
2. (5) : The capacitance (C) = ( d) L +( c)l 0

0.04x8.85x107 12
2%8.85x107*

Age
= 9 (1+K)= [1+9] =2x 10°F
2d

.. The energy stored (U, = ; cv?

1
= E>< 2x 1077 % (110)*=1.21 x 107°]

After the slab is removed:

The capacitance, C, = y
_0.04x8.85x10"
8.85%107*
The charge on the plate, Q = CV =2.2. x 107 C
2
". The energy stored, Uf— R =6.05x107]

4x10°10F

0
. Work done by the agent, W = U;- U

=(6.05-1.21) x107°] =4.84 x 107°]

1
3. (4) : Initial kinetic energy = > mv*

2
1 (v 1, .,
Final energy = - m + kx
7y (2) 2

By principle of conservation of energy,

1 1 v 3mv?
mv? = mv + kx* o k= iddd
2 2 4 2 4x°
w w
4. (5): Relative density =——%— p=-—4
a _Ww w

where p is relative density, Wa weight in air and w is loss
in weight.
Ap AW, Aw

p W w

a
Ap AW, A
For maximum error, P_2" L
p w w

a
For maximum percentage error

A AW A
2P 100= 22 %100+ 22 %100
p W, w
Given AWa = 0.1 gmfand Wa =
w=10.0 - 5.0 =5.0 gmf

10.0 gmf



Aw=AWa+ Aww=0.1 +0.1 =0.2 gmf

A .1 2
20 X100=(0—)X100+(0—)><100 =1+4=5%
P 10.0 5.0
5. (0) : Refer figure, the magnetic field induction at O
due to current through PR is

a4/

\

21/3 21
Blzuo 213 6in30° + sin30%) = 0.2
4T r 4T 3r

It is directed outside the paper.

The magnetic field induction at O due to current

through PQR is

B,=2x Mo (I73)
4T 1

It is directed inside the paper.

Resultant magnetic field induction at
OisB, - B,=0

_ Mo 2I

[sin30° + sin 30°]
41 3r

6. (5): dT=%0cA6T
Time lost or gained per day, dT = (% o AS) 86400

12= ; 0. (25— 0) 86400 ()

3= % o (6—15) 86400 (i)
Solving eqns. (i) and (ii), we get

12 25-6
3 0-15
Putting © = 17 °C in eqn. (i), we get

or 40-15)=25-0 = 0=17°C

1
12= 5 0(25—-17) 86400

24

o= = K™ =347 x 105K}
8x 86400 28800

or

7. (1) : The series in UV region is Lyman series.
Longest wavelength corresponds to minimum energy
which occurs in transition from n =2 to n = 1.
1/R

1 1

P 2
The smallest wavelength in the infrared region
corresponds to maximum energy of Paschen series.

. 122= ()

1/R .
xz-l : ...(ii)
32 e

From (i) and (ii), A = 823.5 nm
8. (2) : For balloon, u=0,a =4 % 9 m/s? t =2 sec,
v=u+at=0+(4%x9)x2

y=9X8m/s ..(i)

For ball, initial velocity = 9 X 8 m/s

final velocity = 0, at top.

oo vi=ut +2gH

0=(98)2-2x9x8H

(9.8
2X%X9.8

Height in 1% two seconds when balloon rises,

=49m ..(ii)

or H

1
S=ut - +at?
2

1
H =0+ 2-><(4><9)(2)2

H,=9.8m
Total height =H + H; =4.9+9.8 =147 m

9. (b, c) : (b) The potential at the point x = 0 due to
given set of changes is

V= —N 28 BN Gy
ane, |n 13 1

o oo
FIRST LAW OF CARTOON PHYSICS

%: >

...(ii)

H‘ L 04y

"GRAVITY DOESN'T WORK UNTIL
YOU LOOK DOWN"
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1
- Llag,a,0, L [LLLL ]
ey 1 2 4 8 amggll 2 4 8

q [1 1 1 1 ] q 1
= |+ + +o.|= ~
dmey|l1 2 4 8 4me, 1-(1/2)
(using the formula of sum of infinite G.P.)
q

2me,
(c) If a charge g/2 is placed, potential energy,

2
PE 9% .9
2me, 2 Ame,

10. (b,c,d) : At 0 = 90°, v = 0,

V2

a,=— =0anda,=g¢gsin90°=¢
r
At any angular position 0, h = cos 0
v?=2glcos 0
V2 2gl cosB
ad = = = =———

. l =2gcosOanda,=gsin0
,

Thus tan = °% or ﬂZch—ose
a, cos®  gsin®

or 2cos’?0=sin20=1-cos’0O

1
cosf = —=
J3

11. (b, ) : When the hanging mass is inside the liquid,
the liquid will apply an upthrust on the mass. Hence
the balance 4 will read less than 2 kg. Infact m loses
a weight when dipped in a liquid.

An upthrust acts on block m.

By reaction, an equal force will be exerted on the liquid
contained in beaker in the downward direction.

Hence B will read more than 5 kg.

Hence (b) and (c) both are correct.

Infact (b) is contained in (c). So it is adequate to say that
(c) holds good.

12. (a) :

PHYSICS FOR YOU | MAY ‘23
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Magnetic induction at point E due to magnet at F (axial
point) is B= o2
an 43
It acts along EF.
Magnetic induction at point E due to magnet at D
(equatorial point) is B,= Ho A—;I
It acts along FE. nd
Resultant magnetic induction at point E is
HoM
4nd’
13. (a, ¢) : Maximum possible
acceleration of block will be e -
=Nng
(i) When p = 0.2, maximum
acceleration possible so that

L Ll [
|
block does not slip is 2 ms™

Now acceleration of system assuming block don't slip is
a= 40g - 2umg =3.8ms 2
100

u=0.2
as 3.8 > 2. Hence the assumption is wrong and blocks
will slip on the belt.

maximum force applicable on block B is wmg

Acceleration of block = 2 ms™.
Hence velocity of B when it strikes pulley is
v,=0x2+2%x2x2 or, v,=8m/s™".

v=242 ms".
(ii) When p = 0.5 maximum
acceleration possible so that
block does not slip is 5 ms™.
a= 40g — 2lmg =1ms 2

100

w=0.5
as 1 < 5 hence, blocks do not slip and acceleration of
block Bis 1 ms™2.

Hence velocity of B when it strikes pulley is
v,=0,+2x1x2 or, v,=4

B=B, -B,=

=t L

—

§ Lok :

e

T

v=2msL

BUY ONLINE
Now you can buy
MTG Books & Magazines
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14. (b) : The potential drops across the two p-n
junctions, connected in series, are equal in circuit
2 and circuit 3. These two circuits are either forward
biased or reverse biased in terms of the p-n junctions.

n P n P
+ +
| {4
Circuit 1 Circuit 2 Circuit 3

In circuit 1, the two p-n junctions are such that one is
forward biased and the other is reverse biased.

15. (b) : Total average energy density of electromagnetic

1 1
wave is <u> =580E2 +—B?2

rms 2“ rms

0
2

— 1 e E2 + L % ‘B _ Erms
= 5 0-rms 2“() C2 * Prms c

1 1 1
=—gyE.  t—E; € Vo=

2 0*~rms 2“0 rms 0”0 ( @]

1 o 1 2
= ESOErms + ESOErms = 8OErms

=(8.85x 1071?) x (720)* =4.58 x 10°*J m™3

16. (b) : Here, y, = 0.05 sin (37t — 2x)
¥, = 0.05 sin (37t + 2x)
According to superposition principle, the resultant
displacement is y = y, + y, = 0.05 [sin (37t - 2x) + sin
(3mt + 2x)]
or y=0.05x 2 sin3mt cos2x
or y=(0.1cos2x) sin3mt = Asin3mt
where A = 0.1cos2x = amplitude of the resultant
standing wave.
Atx=0.5m,
A =0.1cos2x = 0.1cos (2 x 0.5) = 0.1cos1(radian)

o

=0.1cos57.3°

=0.1 cos
T

or A=0.1%x054m=0.054m=54cm
17.(¢) : Given: A =5%x10"m,D=1m, d = 1 mm.

D
Distance of n'" bright fringe from the centre = e
wheren=1,2,3, ... d

So the distance of 5t bright fringe = %

1\ DA
Distance of n'" dark fringe from the centre = (n —= ) —

- 2) d
wheren=1,2,3,4, ...

3 dark fringe = | 3— ! D}\T = > DM
2)d 2d
Distance between them = | 5— > D—k = > D_k
2)d 2d

_5x1x5%x1077

=12.5x10~* m = 1.25 mm
2x1%x1073

16
18. (d) : For 16 g of helium, n, = =y =4
16 1
For 16 g of oxygen, n, = — =—
BOOMERLT 5T

For mixture of gases,

nCy +n,C
=2 where CV=£R

V7 4,
n,Cp +n,C
CP:M where CP:(£+1)R
n, +n, 2

1
For helium, f, = 3, n, = 4. For oxygen, f, =5, n, = 5

(4x3R)+(3x2x]
Cp_3 2 22/ Y 16

Cr (43R (L3 R) 2
2 272

SOLUTIONS TO APRIL 2023 QUIZ CLUB
i 1. Decibel. 12. Saturn

2. The lower reading of 13, 18 years 11 days 8

: barometer indicates
low pressure

, - rainfall.

i 3. Ernest Rutherford 15.

i 4. Bulb 2 and Bulb 3. 16. There will be no

5. G Rays, ;
CIAT00EEATE capillary action and

hours
14. Leibnitz mountain

6.25 x 1018 electrons

| UV Rays
. 6. Series, Parallel water will not rise.
' 7. Temperature 17. 1/100 second

' 8. Length of second
pendulum is 1 m.
9. Irregular or diffused 19, Nuclear fission

18. Frequency, Colour

reflection d - |

10. Conservation of 20. Handle Q as weight

. momentum, is at greater distance |

: Newton’s third law of as compared to
- motion. Handle P.

11. John H. Glen

Winner : Tabbasoom (Kerala)
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Unique Career

in Demand

Explore the available Unique Career Options!

Graduation in
Neurotechnology

Neurotechnology is an assembly of methods or
instruments that enable a direct connection which
interfaces with the nervous system to monitor or
modulate neural activity. Neurotechnology offers
large-scale multi-biometric AFIS SDK, PC-based,
embedded, smart card fingerprint, face, eye iris,
voice and palmprint identification, etc. In 2016, Elon
Musk, launched Neuralink, a company dedicated to
the development of an implantable brain-machine
interface. The idea is, through painless surgery,
to implant very thin wires, about five microns in
diameter into the cerebral cortex to obtain and send
information.

Job Prospectus =

[

Neurotechnology plays the major role in the market of
biometrics and AI technologies. Neurotechnologists
measure the statistical analysis of people’s unique
physical and behavioral characteristics. This
technology is mainly used for identifying individuals
who are under surveillance. Neurotechnologist deals
with deep brain stimulation, transcranial magnetic
stimulation, transcranial direct current stimulation,
electrophysiology, implants and Pharmaceuticals, etc.
If you are looking to make career in this sector, then
there are number of industries that are looking to hire
neurotechnologists in both government as well as
private sector.

(46 PHYSICS FOR YOU | MAY 23

Eligibility

Candidates must have cleared the 10+2 level from any
recognised board. Physics, Chemistry and Biology
must be the compulsory subjects in 10+2. Candidates

must have a minimum aggregate marks of 50% in the
10+2 level.

Top Colleges _F

o Jawaharlal Institute of Postgraduate Medical
Education & Research, Puducherry, (JIPMER)

o Medical College, Thiruvananthapuram

o Medical College, Alappuzha

o Medical College, Kottayam

o Medical College, Kozhikode

o John Enoch College of Pharmacy, Karamana,
Thiruvananthapuram

Jawaharlal Institute of Postgraduate
Medical Education & Research
(JIPMER), Puducherry

The B.Sc. Neuro-
technology is a
three years course
and was started in
2011 with an intake of B i
five students per year ' ‘ga]
through an open 3w VB
entrance exam. It is = - ——
the first institute in India to start Neurotechnology as a
comprehensive three year B.Sc. course.
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Practical Physics

Least Count

The smallest value of a physical quantity which can be measured hi ¥ Main Scale M

| 01 3=il5 6 7 8 9 10 _E
g —_ - I".Vl u hallat =5

measuring instrument. - | =

accurately with an instrument is called the least count (L.C) of the

Least count of Vernier Callipers - Suppose the size of one main = |
scale division (M.S.D) is M units and that of one vernier scale division \ B
(V.S.D) is V units. Also let the length of ‘@’ main scale divisions is equal

to the length of ‘b’ vernier scale divisions. ) ) )
The quantity (M - V) is called vernier constant (V.C) or

least count (L.C) of the vernier callipers.

LC=|——|M
b

Least Count of Screw Gauge :
Pitch
Number of divisions on the circular scale

R Least count =

Distance moved by the screw on the linear scale

N Here, Pitch =
" ere Number of full rotations given

Kinematics

Crossing the River

Let a person wanted to cross the river. Different relative velocities are given by
here. =
- 2 cat = A —U !
Ugg =—v€0s01 +vsin®j ; Op/c=ui v
~ ~ - A ol %\
Us)c = Us/g + Ugyg = (U — vcosB)i + vsinB - e

¢ Crossing the river along shortest path
For shortest path, drift =0 B
= velocity of swimmer w.r.t. ground along x direction must be zero.

. vcosO =u L L L
Crossing time, t = ———= 4vsin O
vsin© JUZ —u? ' :
g P
¢ Minimum drift in crossing the river if v < u
. u B
x=(u—0vcosb) — ..(i), x =|—=cosecO—cotf [L = : i
vsin® v
For x to be minimum, g =0 Vs/G L
u v e L
= (— (- cosec® cot®) + cosec? GJL =0;cos0== =
0 u -

Putting the value of 0 in equation (i) we get minimum drift.
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Projectile Motion on an Inclined Plane

Particle is projected up the inclined plane : We assume x-axis along
the incline and y-axis perpendicular to the inclined plane as shown.

x-direction y-direction

a, = —gsindl a, = —gcoso.
u, = ucosd u, = usin®
Time of flight

_ 1 2 _ 0 1 2
sy—uyt+ ant ; 0= (usin®)t — = (gcosa)t

2usin© 2usin 6
t=0 or t= = T=
gcoso

gcoso

Maximum height from the inclined plane

Atmaximum distance perpendicular to the inclined
plane, the y-component of velocity becomes zero.

2_ 2 2
vy—uy+ aysy

0 = (usin 0)? - 2(gcosa) H

Laws of Motion

s g costa

_ u?sin” @

2 gcoso
Time of flight and maximum height formula in this

case is similar to that in case of projectile motion on a
horizontal surface H and T depends only on u,, and a,.

Constraint Motion

When two or more objects are connected to each
other such that the motion of one affects the path
and motion of other, this is called constrained
motion.

V1 V2
B
my m

In the figure, the constraint in the motion of the
block is due to direct contact.

m, L)

Normal Constraint

Three identical cylinders

are released.

For contact component
of acceleration along the

normal must be equal

ay cos30° = a, cos60°

J?_ml:az

To find the relation between velocity of rod and that of
wedge at any instant.

Component of velocity along perpendicular to the contact
plane must be equal. v;cos8 = v,cos(90° - 0)

tan 0 = v,/v,
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Fundamental Units

Units and
Measurements

The units selected for measurement of the base quantities are known
as the base units or fundamental units.

Derived Units

The physical quantities derived from the fundamental quantities are
derived quantities and their units are known as derived units.

Supplementary Units

UNITS
Unit of a physical
quantity is defined
as the standard of
measurement of that
quantity.

Units of plane angle and solid angle are known as supplementary
units. It is of two types.
(i) Radian (rad) : It is defined as the plane angle subtended at the
centre of a circle by an arc equal in length to the radius of circle.
Arc ]

0 (in radians) =

Radius r

(ii) Steradian ( sr) : It is defined as the solid angle subtended at the
centre of a sphere by a surface of the sphere which is equal in
area to that of a square, having each side equal to the radius of
the sphere.

Surface Area

Q(in steradian) = =
(Radius)

Applications of Dimensional Analysis

Main uses of dimensional analysis :

To convert a physical quantity from one system of units to
another. To check the correctness of a given physical relation.
To derive a relationship between different physical quantities.
Homogeneity principle : According to this principle a physical
equation will be dimensionally correct if the dimension of all the
terms occurring on both sides of the equation are the same.
Conversion of one system of units to another : It is based on
the fact that the magnitude of a physical quantity remains the
same, whatever may be the system of measurements.

Dimensional Formulae and Dimensional Equation

Dimensional formula : The expression which shows how and

which of the fundamental quantities represent the dimensions

of a physical quantity is called the dimensional formula, of the

physical quantity.

Dimensional equation : The equation obtained by equating
" a physical quantity with its dimensional formula is called the
. dimensional equation of the given physical quantity.

UNITS
and

MEASUREMENTS

MEASUREMENTS

All quantities arising in physics
are measured. Measurement is
basically a comparison process in
which the chosen standard has the
same nature as the guantity to be
measured.

Dimension of Physical Quantity

The dimensions of a physical quantity are
the powers (or exponents) to which the
fundamental quantities are raised to represent
that quantity completely.




¢ Length : It is the measure of the distance between
two points in space.

¢ Direct methods for the measurement of length :
a metre scale is used for measuring lengths from
10~ m to 10> m; a vernier callipers is used for
measuring lengths upto 10™* m and a screw gauge
and spherometer are used to measure lengths
upto 107 m.

¢ Indirect methods for large distances : echo
(reflection) method; triangulation method;
parallax method.

¢ Indirect method for small distances : avogadro’s
hypothesis and tunnelling microscopy.

Measurement of Mass :

¢ Inertial mass : It is a measure of the reluctance
i.e,, inertial on the part of the object to change its
. motion when a force is applied on it.

¢ Gravitational mass : It is a measure of the pull
on the object exerted by the earth.

Measurement of Time

Systematic errors are those errors that tend to be in one direction,
either positive or negative. Systematic errors can be minimised by
improving experimental techniques, selecting better instruments
and removing personal bias as far as possible.

Random errors are the errors, which occur irregularly. They
are random with respect to sign and size. Least count error : The
smallest value that can be measured by the measuring instrument
is called its least count and error associated with resolution of the
instrument is known as least count error.

Absolute Error, Relative Error and Percentage Error

¢ Absolute error : The magnitude of the difference between the
true value of the quantity measured and the individual measured
value is called absolute error.

¢ Mean absolute error : It is the arithmetic mean of the magnitudes
of absolute errors in all the measurements of the quantity. It is
represented by Aa ..,

Aal+|Aa, | +...+|A 1
Aamean = | all | a2| [ an| b4 Aamean = ;2|Aal|
i=1

n

_atay+..+a,

mean >
n

According to Einstein, “Time is simply what a clock
reads”. Any phenomenon that repeats itself after equal
intervals of time can be used as a time standard.

¢ Mean value of measurement a

1 n
Bnean — Z“z‘
h i=1

Errors in Measurement The final value of measurement may be written as

The error in a measurement is equal to the difference a=0pean T Adpean
wu between the true value and the measured value of the + Relative error or fractional error =
quantity.
mean absolute error Aa
Error = True value - Measured value — —_mean
mean value Apean

Significant Figures ¢ Percentage error : When the relative error is expressed in

The number of digits in a measurement about which percentage is known as percentage error.

one reasonably sure plus the first uncertain digit are
called significant digits or significant figures.

Aa
¢ Percentage error, 0a =—"1%x100%

amean

Rounding Off Rules to Find the Significant Figures

¢ Rule-1 : If the digit to be dropped is less than 5, then ¢ Rule-1 : All non-zero digits are significant.
the preceding digit is left unchanged, ¢ Rule-2 : All zeros occurring between two non-zero digits are
¢ Rule-2 : If the digit to be dropped is more than 5, significant.
then the preceding digit is raised by one. ¢ Rule-3 : If the number is less than 1, the zero(s) on the right of
¢ Rule-3: If the digit to be dropped is 5 followed by non decimal point, but to the left of the first non-zero digit are not
digit zero, then the preceding digit is raised by one. significant.
¢ Rule-4 : If the digit to be dropped is 5 or 5 followed ¢ Rule-4 : In a number without a decimal point, the terminal or
by zero, then preceding digit is left unchanged, if it is trailing zero(s) are not significant.
even. ¢ Rule-5: In a number with a decimal point, the trailing zero(s)
¢ Rule-5 : If the digit to be dropped is 5 or 5 followed are significant.
by zero, then the preceding digit is raised by one, if it Note : The power (or exponent) of 10 is irrelevant to the
is odd. determination of significant figures. |




Work, Energy and Power,
Centre of Mass

Oblique Collision

Linear momentum of individual particles change along common normal
but the total linear momentum remain conserved.

F" V2x F
k- \11\3/
MUy — Molpy = MoVoy — MV \f’r Line of impact
x-axis is the line of impact.

1y “Zy

Velocity along y-axis remains unchanged. | 4( u

Applying conservation of mechanical energy the speed of slip of the p_‘i

Chain N Uiy Upx

mgh = %mv2 y

2r  mr
mg ?+7

r
= 0= 2(2r+%~)g A g Mefenmoe lve

T

Rotational Motion

Rolling

For rolling, relative velocity at all points
of contact must be zero.

and

@

Distance moved by the point P in one full rotation

0
Path of the point P is a cycloid.vp :2coRsin~2-,

where 6 = wt.
v—-0OR=w

v+oOR=v,

. ot
Distance moved in time dt, dS = vpdt = 2R sin 7d t

2n

w
S=2Ro | sin® 4 = 8R
2
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Gravitation

Motion along elliptical orbits

(Perihelion) rn=a-ae=a(l-e) ..(1)
(Aphelion) ry=a+ae=a(l+e) ...(ii)

V2

R
nearest to

Total energy of the satellite in elliptical orbit, the sun)

1 , GMm 1 GM(l+e) GMm -GMm
E=2mvl——~=-- - =—

oo [CMA+e) o [GM(+e)
1 a(l—e) an 2 61(1+€) > (Perihelion,
v

m
" 2 al-e) a(l-e) 2a

i (Aphelion,
farthest from
the sun)

Properties of Matter

Since cross-sectional area is same.
At equilibrium, (Thermal stress); = (Thermal stress),

AL — X AL, + X
[ 2 J Yl = ( i ) Yz 5 Where ALI = LIOLIAT and ALZ = L2062AT A
1 2

L,o,AT - X Lo, AT + X
( 11 )le 22 YZ or X XL+Z2. =(Y10‘1_Y20‘2)AT
Ly L L

Yl YZ L +X

For no shift in junction, X = 0 ... [ Y101 =Y,0 AT =0 or Yjo = Yya,

NpL]
L L

Time of emptying a tank

Say at time t, the level of the liquid in the container is h and velocity of efflux,
v=4J2gh . Rate of flow = Ayv = Ay4[2gh

h decreases with increase in time, so H,

L dh A Mg V24
A= Apfagh = — j:(;_gdt:t_EA—z(JH_z—JH_l)

2448 Hy

where t is the time to fall from height H, to H;.
For time to empty the tank final level H; = 0 and say initial level H, = H.

,_2AVH _ A fﬁ
igAz A4HY 8
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Heat and Thermodynamics

Carnot engine

It is an ideal heat engine. It is a theoretical engine which is free P4
from all defects of practical engine. It has maximum efficiency. (P V%, T))
£\ 1
Total work done in the cycle H r‘i B (P Vy T)
W= W1+W2+W3+W4
= TlRTl In (-‘Z ) + —’Y—l —HRTZ In > = y— 1 (P4, V4, Tz'g X E.‘z A C (P3’ V3> TZ)

= nR[T1 In (VZJ_TZ In (V_:%H 9
1 4

Oscillations (SHM) and Waves

Oscillations of a liquid column in a V-tube

Liquid is pressed by distance xin left limb, it rises by x in the right limb.
Difference in level of liquid in both the limbs is h; + h,.

Restoring force, F = — (h; + h,)Apog

(sin®; +sin6,)Ap,gx

F = — (xsinB; + xsinB,)Ap,g = a=—
m

where m is the mass of the liquid column in the limbs.

N wzJpoAg(sin61+sin62) L Ton m
m PoAg(sin6; +sinB,)

Special cases of Doppler's effect in sound

RS S e
A source is moving towards a wall g 1" (image)
Consider a source of sound moving towards a stationary cliff/wall with speed H
vs emitting a sound of frequency, f. There is a stationary observer (O). Cliff/Wall
Beat frequency heard by the observer, ﬁ
4 v v

fb = f e f "= e f 0 e ERR

v—v, v+, =78 |
Sound source and observer are moving in a direction making an angle
with the line joining them o
fro v+v, cos0 f *- ""“-:]3"' v

v+ v, cos O
-
When source is rotating
When source moves towards the observer, then the frequency heard will be
maximum.
v i
Jmax = ( ]f ﬁ
V=
—
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CL:RNER

Enhance Your General Knowledge with Current Updates!

INDIAN ECONOMY

Finance Bill 2023 passed in Lok Sabha : The
Lok Sabha passed the Finance Bill 2023, which
implements tax proposals for the upcoming fiscal
year, without any discussion. The passage of the
bill occurred amid opposition uproar over the
“Adani controversy”.

Adani’s $108 billion crisis shakes investors’ faith
in India : Adani Group shares hitting banks that
have given loans to the companies. Government-
controlled State Bank of India has tumbled 11%
since the Hindenburg Report came out. Foreign
institutional investors pulled a net $2 billion out of
India’s stock market from the country January 27
through January 31, the biggest three-day selloft
since March.

World Bank 2022-23 GDP Forecast for India :
The World Bank has increased Indias GDP
forecast for the current fiscal year from its October
estimate of 6.5% to 6.9%. World Bank’s Latest
Forecast The World Bank has raised its forecast
for India’s economic growth to 6.9% because of
the economy’s resilience while facing external
challenges as well .

GST revenue collection increases 13% to
% 1.60 lakh crore in March 2023 : The Goods and
Services Tax (GST) revenue collection for March
2023 has increased by 13% to X 1.60 lakh crore,
according to data released by the Ministry of
Finance. This marks the third consecutive month
of increase in GST collections and is a positive

sign for India’s economy, which has been grappling
with the impact of the COVID-19 pandemic.

India, Malaysia can now trade in Indian rupee :
The Ministry of External Affairs declared that
trade between India and Malaysia can now be
conducted using the Indian Rupee (INR) as a mode
of settlement, in addition to other currencies.
This announcement follows the launch of the
Foreign Trade Policy (FTP) 2023 by the Ministry
of Commerce the day before, which reaffirmed
the government’s determination to establish the
rupee as a global currency. This move is expected
to boost bilateral trade between the two countries
and reduce transaction costs for businesses.

India’s retail inflation drops to 6.44% : India’s
retail inflation for February slows down to 6.44%
as against 6.52% in January 2023, according to
data published by the Ministry of Statistics and
Programme Implementation on March 13.

Global Recession 2023 : The report predicts that
India’s economy will reach $10 trillion by 2035 and
rank third globally by 2032.Since the US is one of
the great superpowers, a mild or deeper recession
will eventually have worldwide repercussions. The
crisis ultimately grew and spread into a global
economic shock, manifesting itself in a number
of European bank failures, drops in several stock
indices, and significant falls in the value of the

Indian market.
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¢ India’s forex reserves fall $2.40 billion to three
months low of $560 billion : According to data
from the Reserve Bank of India, the country’s
foreign exchange reserves declined by $2.397
billion to $560 billion as of March 10, 2023.
This marks a three-month low for India’s foreign
exchange reserves after they had increased for
the first time in five weeks to $562.40 billion as of
March 3.

India’s per capita income doubles since 2014-15
NSO : India’s per capita income in nominal terms
doubled to X 1,72,000 since 2014-15 but uneven
income distribution remains a challenge. As per
the National Statistical Office (NSO), the annual
per capita (net national income) at current prices
is estimated at ¥ 1,72,000 in 2022-23, up from
% 86,647 in 2014-15, suggesting an increase of
about 99%.

1. Which of the following statements about Indian
budget is incorrect?

(a) Non-tax receipts of the government mainly
consists of interest and dividends on investment
in addition to fees and other receipts for services
rendered by the government.

(b) Interest payments on debt is part of the revenue
expenditure.

(c) All grants to the state governments and union
territories except for use of creation of capital
assets.

(d) None of the above.

2. Which of the following statements is incorrect

about Indian economy?

(a) The capital expenditure of Union government
has increased approximately four times since
Fiscal year 2016.

(b) The NPAs of banks have been falling for last
2 years.

(c) There has been constant increase in forex
reserves.

(d) None of the above.

3. Asperthe World Bank’s April update, what is India’s
GDP forecast for fiscal year 2022-23?
(a) 7.5 % (b) 8.0 %
(c) 8.5 % (d) 9.0 %

4. As per the recent update from the IMF (July 2022),
what is India’s growth forecast for 2022-23?
(a) 6.8 % (b) 7.0 %
(c) 7.4 % (d) 8.0 %

5. Finance Ministry has made unauthorised
publication of which data as compoundable
offence?
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(a) GDP Data

(b) Export-import data

(¢) Inflation Data

(d) Foreign Exchange Reserves Data

6. The union cabinet approved an addition funding of
% 820 crore for which book, to expand it services?
(a) India Post Payments Bank
(b) Unity Small Finance Bank
(c) NSDL Payment Band
(d) AU Small Finance Bank

7. As per the recent OECD report, what is the GDP
forecast for India for FY23?

(a) 6.1% (b) 6.6%

() 7.2% (d) 7.5%

8. As of January 2023, what is the interest rate for the
General Provident Fund?

(a) 6.1% (b) 7.1%

(c) 8.1% (d) 8.5%

9. What is the percentage by which the government
hiked the interest rates of small savings schemes for
the April-June quarter?

(a) 57 (b) 70

(c) 56 (d) 80
10. What is India's share in the global arms imports?

(a) 10% (b) 15%

(c) 20% (d) 25%
__/ Answerkey N\ |
1. (9 2. (9 3. (b) 4. (0 5. (b
6. (@ 7. (b 8 (b 9. (@ 10. (b

e



COMPREHENSION : PASSAGE TYPE

Passage 1 : A ball of radius R carries a positive charge
whose volume charge density depends only on the

, r
distance r from the ball’s centre as : p=p, (1——)
where p, is a constant. R

1. The magnitude of electric field as a function of the
distance r inside the ball is given by

2 2
@ e=P[T_ | gy pPe|r_
g, |3 4R g, |4 3R

2 2
() E=2o|LiL) @ E=Po| Ll T
g3 4R g4 3R

2. The magnitude of the electric field as a function of
the distance r outside the ball is given by

R’ R’

(a) E=P0 (b) E=-0
8e,r 12¢,r

R’ R

(c) g=FPo - (d) E=pO_3
8g,r 12g,r
3. The maximum electric field intensity is
R €

(a) E, =20 (b) E,, =Po0
9, 9R

PoR PR

C E — = d E = —
© B, =50 @ B, =2

Passage 2 : A uniform and constant magnetic field
B=(20i—30j+50k) T exists in space. A charged

3
particle with charge to mass ratio (i): % Ckg™
m

enters this region at time t = 0 with a velocity

V= (20;+50}'+3OIA<) ms~'. Assume that the charged
particle always remains in space having the given

magnetic field. (Use J2=14)

JEE”

4. During the further motion of the particle in the
magnetic field, the angle between the magnetic field
and velocity of the particle
(a) remains constant
(b) increases
(c) decreases
(d) may increase or decrease.

5. The frequency of the revolution of the particle in
cycles per second will be

10° 10*
b
(®) 419 ®) T4 38
10* 10
d
© 1t4/19 . 27:»"5

6. The pitch of the helical path of the motion of the
particle will be

T T
o b) —
(®) 100m ®) 125m
T T
— d ;
© 215rn @ 250m

Passage 3 : A point object O is placed at a distance
of 0.3 m from a convex lens (focal length 0.2 m) lens
cut into two halves each of which is displaced by
0.0005 m as shown in figure.

A

2=0.05cm

o* — T

7. What will be the location of the image?
(a) 30 cm, right of lens (b) 60 cm, right of lens
(c) 70 cm, left of lens  (d) 40 cm, left of lens

@
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8. If this arrangement will generate more than one
image then what will be the total number of images?

(a) 2 (b) 4 (c) 6 (d) 5

9. Find the spacing between the images so formed.

(@) 0.1cm (b) 0.5cm (¢) 0.3cm (d) 1 cm
Passage 4 : Four pieces of string each of length
L are joined end to end to make a long string of
length 4L. The linear mass density of the string are
W, 41, 9u and 16y, respectively. One end of the combined
string is tied to a fixed support and a transverse wave
has been generated at the other end having frequency f
(ignore any reflection and absorption). String has been
stretched under a tension F.

g

10. Find the time taken by wave to reach from source
end to fixed end.

25 L 10L
(@) X (b)
12° JF/u F/u
4L L
(d) =

© .,.I'F/u JE/u

11. Find the ratio of wavelengths of the waves on four
strings, starting from right hand side.
(@) 12:6:4:3 (b) 4:3:2:1
(c) 3:4:6:12 (d1:2:3:4

12. Find the rate at which energy transferred is
maximum for the string having linear mass density
(a) u (b) 4u (c) 9u (d) 16p

Passage 5 : One mole of an
idealmonatomic gas undergoes
thermodynamic cycle 1 — 2 —
3 — 1 as shown in the figure.
Initial temperature of gas is
T, = 300 K.

Process1 - 2:P =0V
Process 2 — 3 : PV = constant
Process 3 — 1 : P = constant.
(Take In|3| = 1.09)

13. Find the work done during process 1 — 2.

14. Find the net work done by the cycle.
(a) 3.27RTO (b) 6.83RTO
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D

15. Determine the heat capacity for the process 3—1.
(a) 20.75 J/mol-K (b) 10.23 J/mol-K
(c) 22.37 J/mol-K (d) 15.96 J/mol-K
Passage 6 : In the arrangement |

Is
shown in figure, slit S3 and _"'5‘1.1 f
S, are having a variable —~* l ] 5
z

separation Z. Point O on the __ ! |A 0’1
screen is at the common
perpendicular bisector of
$1S, and S5S,.

The distance D is large compared to the separation
between the slits.

T
S s
ZI‘—D 4D—.

D
16. When Z= AD the intensity measured at O is I,.
2d 2AD

The intensity at O when Z = y is
@I B2 b3, (@4
17. The minimum value of Z for which the intensity at
O is zero, is
3\D AD AD AD
(D) ;s et d) s
@ =" b= = ) =

18. If a hole is made at O" on AO’O and the slit S, is
closed, then the ratio of the maximum to minimum

AD
observed on screen at O if O’S; is equal to , is

4d
(a) 1 (b) infinity (c) 34 (d) 4

Passage 7 : A motor boat of mass m moves along a
lake with velocity v,. At the moment ¢ = 0, the engine
of the boat is shut down. Assuming the resistance of
water is proportional to the velocity of the boat F = —r7 .

19. How long the motor boat moved with the shut
down engine?
(@) r/v (b) /v (c) r2v, (d) o

20. The velocity of the motor boat as a function of the
distance covered with the shut down engine is

(@) v=v,—— (b) v="0
m m

rs
() v=vy+— (d) None of these
m
21. The mean velocity of the motor boat over the
time interval (beginning with the moment
t = 0), during which its velocity decreases 1| times is

Vo Inv,
b
(a) 5 (b) m
-1
(c) il (d) None of these
Nnlnn



COMPREHENSION : STEM QUESTION TYPE

Passage 8 : An L shaped uniform

rod of mass 2M and length 2L 4

(AB=BC=1) is held as shown

in figure with a string fixed

between C and wall so that AB

is vertical and BC is horizontal.

There is no friction between c
the hinge and the rod at A.

22. The tension in the string is Mg/x. The value of x is

(a) 1/3 (b) 4 (c) 2 (d) 3.
23. The reaction between hinge and rod at point A is
.J'; Mg/2. The value of y is .

(a) 3 (b) 9 (¢c) 5 (d) 17
Passage 9 : Two balls of mass 60 g
are attached with a massless rubber
[=40 cm

thread, and held in the vertical
position as shown in figure. In this
position, length of the rubber thread
is 40 cm and it is non-stretched. The upper ball is
slowly raised vertically upward, until the lower ball
just becomes unsupported by the ground. At this time
the length of the thread is 1 m. The rubber thread
exerts a force which is proportional to its extension.
(Take g =10 m s72).

24. The force constant of the rubber thread is x N m™'.
The value of x is

(@) 1 (b) 2 () 3 (d) 4

25. Work is done by external agent is y J, while the
upper ball was raised? The value of y is J.
(@) 026 (b) 0.54 (c) 0.10  (d) 0.30

Passage 10 : A 0.21 H inductor and a 12 Q resistance
are connected in series to a 220 V, 50 Hz AC source.

26. The current in the circuit is x A. The value of x is

220 22
— b —
@ V4400 ®
© - @ =2

44550 5\}";

27. The phase angle between the current and the source

_1 nm
voltage is tan ™" (ZJ . The value of n is

(@) 5 (b) 3 (c) 7 (d 9

SOLUTIONS

1. (a): The given charge distribution in the ball is not
uniform but varies w.r.t. distance from the centre. In
order to calculate the electric field due to it, the ball can
be assumed to be made of various concentric spherical
shells. Let us consider one such spherical shell having
radius r and thickness dr.

Volume of the elementary spherical shell = 4rtr*dr
Hence, charge contained in this volume.

dq = 4nrdrp = 47tr2drp0 |:1 — lr_i] =4mp, [1 - Ig]rzdr

Hence, charge contained within the volume of a sphere
of radius r(r < R) is

—(dg=4 rlrzd—4 r_r
Q—_[ q= ﬂpo_([ R roar=4mnp, 3 4R

Now, the electric field E at a distance r from the centre of
ball can be calculated as if the charge g is concentrated
at the centre of the ball.

1 1 ot
q _ amp, ror
471:80 r2 47'[80 3 4R r2

Po| T r? .
E==2|——— (1)
£ |3 4R

2. (b): For calculating the electric field outside the
ball, we should calculate first the total charge present

in the ball, i.e.,
R 3 4 3
r], R® R R
=47 1—— |r°dr=4np,| — —— |=4mnp, | —
Q Po}[[ R}T Po|: 3 4R] pO[IZJ
Again to find the electric field outside the ball, total
charge Q will be considered to be concentrated at the

centre. Hence, electric field at a distance r from the
centre of ball is

E= 1 4np0R3 B pOR3
dme, | 1217 | 12g,r?

E=

E
3. (a): For maximum intensity, — =0

From equation (i), r;,, = > R

[ 2
E = Po | "in _ Tin
" gyl 3 4R

_Po[2R_4R*| py(R
go| 9 36R| g\ 9
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5. (b): The frequency of revolution of the particle is

B B
given by v= 2= M
2Tm 2T
400+ 900 +2500)"? 103 10*
. (400+900+2500) 2800 =
BETH o 38n /38

6. (d): As B-v=Bvcos6
B.

v
vcosf=—
B
B (20i —30j+150k) - (20i + 50+ 30k)
V3800
(400 1500+ 1500) 400 40
J3800 ~ 3800 V38
The pitch of the helical path is given by
Pitch = 2 (vcosB)= veosf
qB

40 w38 _som_ m
38~ 10°  10* 250
7. (b): Each half lens will form an image in the same

plane. The optic axes of the lenses are displaced,

1 1 1
———=— =60 cm,
v (=30) 20

As v is +ve, so image is at the right of lens.

Pitch=

8. (a): Imagine two arrows (see figure) that act as
objects for the lens.

+60
Magnification, m= Y_ (+60)
u (=30)
Image of height of arrow is y = 2 x (0.05) = 0.10 cm
Thus, two inverted images are formed whose tips are at

I, and I,, respectively.

9. (c): Spacing between the two point images,
LL=2y+A=(2x0.1)+0.1=03cm

F F 1 |F
10. (b): v) = [—; v, = |[—==.[—
(B): % J; "7\ 2J;
F 1 |F F 1 |[F

3: = ;V4: ]
e
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L L L L
Total time taken =—+ —+—+—=

v, ﬁ
11. (c) : Frequency of wave is same on all the four
strings.

v v v v
So, 7‘1:71’7‘2 72’7‘3:73,7%:74
111
Agihsih, A =—:1=:—:1=3:4:6:12
T R R A
12. (d): P, =(JuF)A%0® = P, =0

So, maximum average power is for string having
maximum linear mass density. Thus P,, is maximum
for 16 W.

13. (d): For process 1 — 2
2 R 02 2
Wip= | ochv_och0 Vv ="V -V5)

= 40UV, (i)
Applying gas law in process 1 — 2,
POVO = RTO or O(,Vvo2 = RTO
From eq.(i), W}, = 4RT,
RV, PRV
14. (d) : Using gas law, -1 =-2"2
T Tz
PV, V3 3Vy
L=—"aINT1 N T, = 9T,
BV Vo

For process 2 — 3

)
W23 = RT2 log =
b
= 9RTO log |3| =981 RTO
For isothermal process : P,V, = P3V;
PV, 3P, S

3P
R(9T, )log|—2
( o) 8 P,

Therefore, V; = 3V ) W,
3 0
Also, W3, = Py(Vy - V3) =Py(Vy -
= -8P,V, = - 8RT,
Net work done is,
Whet= Wip + Wos + W3
=4RT,+ 9.81RT,,- 8RT,=5.81RT,
15. (a): For process 1 — 2
AU, = Cy(T, - T}) = 4RT, + 12RT, = 16RT,,
Since, AU, = C1,(T, - T}) = 8C, T
C;, =2R=16.6]J/mol-K
For the process 2 — 3 : Cy3 =
For the process 3 - 1:C3;; =Cp+ R

C31= 5R/2 =20.75 J/mOl-K

16. (b): Intensity at O is proportional to intensity at
S; and at S,.

9Vy)



I = k cos® 8/2, where k is constant, & is phase difference.

0= Zl;t % % , where 3 is fringe width, B = ?L7D
When Z =AD/2d, 6= n—d }LD z

7\,D Zd 2 D
I=1Iy=kcos® (n/4); k=2I, When Z’= —
Phase difference 8’ = 2z = zﬂl X ZK—D =2%

B2 AD 2
Required intensity at O is
I' = k cos® §'/2 = 2I, cos*(m) = 21,

)
17. (d): Intensity at O is zero if = :
2nZ D
ie., 8-—“—=7t=>Z=B=L
B 2 d
18. (c): Intensity at S5 = (A + A} + 2A%cosd)
2nAD 2md _AD T
where = ——=—"X—=—
B4ad AD 4d 2
Is, = = AJ(2 + 2cosm/2) = 2A} $1 S|
Amphtude of wave at S, | : AD
A53 - \'I'_AO : A o* o)
Maximum intensity at O’ ‘
2 S
:(A0+~5A0) Sy~ D —ba— D —»

- 2
Maximum intensity at O = (w.rf 2A, - Ao)

max .‘]r“+ ’ 4
5_:[\{2‘_1} =(V2+1) =34

19. (d): Given, F = -rv

(dv) dv  —r
—-rv  or =—dt
dt v m

min

v
Integrating above equation, we get J. & = ol J.dt

) 0
—rt rt v rt
= |lnv|¥O =—=(nv-Invy)=—— or In—=——
m m vy m
which gives v = vye "™ (i)
The boat stops moving when, v = 0
0 = voe "™ which gives t = oo
dv r
20. (a): Again we have, —=——v
dt m
dv r r
or Ve——=——v dv=——ds
ds m m
Integrating both sides of above equation, we get
v N
r r
jdVZ——Ids = |v[, =——s
m 0 m

—r rs .
or V—v;=-—50r V=V, — ... (ii)
m m

21. (c) : The time at which v= Yo (given)

—rt/m m In n

v
From eqn. (i), 0 — Vvye or t=

r

The average velocity over this time interval
t t

vdt  |vye "™dt
, _! _!‘) _ %M=D
oot mlnm) nlnn
Jat

r

0
L
22. (c) : Taking torque about A : T x L Mg x 5

23. (d): T, = 2Mg, T, = T = Aig

Net reaction = /T, + T

= J2Mg)? + (Mg /2) =

u"'_Mg
24.(a):kxzmg;xz100—40=60cm=0-6m
k(0-6)=(60)102>k—1Nm
1000
1 5. 2
25. (b): W = mgx + Emv kx

60
_(IOO )(10)(06)+ (1)(0.6)* = 0-36 + 0-18 = 0-54

26. (b): Here,
X; =L =2nfL =21 x 50 x 0.21 = 217w Q

So, Z=R? + X2 =122 + 21n)?

=122 +(21%22/7) = 4500 = 30450

V220 22

=7 3~JF

Z 3045

27.(0): ¢p=tan™' (£)= tan™! (zlt)z tan~! (7_75)
R 12 4

.e., th t will lag th lied voltage.
i.e., the current will lag the applied voltage P
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LS 4

8 M
"’;\‘\_/ b Readers are F
requested to send
their responses of
word grid.
Be the Winner!

Find and encircle the words in the given grid, running in one of the possible directions; horizontal, vertical or diagonal by reading
the clues given below.

il V| A S P E|W]| B S T G T E N S |4
lelaflrplofD|E|lD|E]O| T |E|R|]G]|O]
E L S Al M P L I T U D E P T U
dolo|nNn|alo|s|P | E|T] N[V ]s|[N]
C U G G|IW]| P 0 S A P E F G D
do N s nlelr ot lalolr|alp]|s]
T/ D|T| 1 |R|R|E|A|N|R|G|R|O|W][
Y 010 T R A D I A T I 0 N 0 .
dRITIRIU|A|lL| 1T |D|]O|R|[N|L]O]|NI
I E T|IM| D D P A | M E T L T E |
st e | elc|rRlIDplAalalafol i |H]|wl
i 0 E R I L A | D S D G N | T
ANl i sIx|RrRlAa]lY]s|M|]u|lc|N]|ol
I A R D N R L B A T I F A G N .
dnlel o elalalalolr|Tle|ls|L]|all
lclajalT|lyYy|IM|T|IG|A|[T|Z|E|]R]|O]
Jels|n{nfs| o[t fal i [elr]n]
dRIEfD| 1Ol P|C|IH|N|N|[N|G|N|MI]
i| S S A B N T E T C C N G S |
Across Down
1. Reason of clear nights are colder than cloudy nights. 1. Two equal and opposite charges separated by some
2. Coolis tube is used to produce rays. distance constitute.
3. Intensity of light is related to. 2. The quantity which is not conserved in a nuclear reaction.
4. The colour deviates least when passing through prism. 3. Ifaglass prism is dipped in water, its dispersive power.
5. When aforce is perpendicular to the direction of the motion 4. The motion which is combination of rotational motion and
of the body, the work done on the body. the translational motion of a rigid body.
5. The thermodynamic process in which there is no flow of
heat between system and surroundings.
*Please send eiries of selutions both wilh words and seanned copy of the grid by 10% of every month, L2
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Unlock Your Knowledge!

10.

11.
12.

13.

14.

15.

Why the hair of shaving brush clings together when
removed from water ?

What is the full form of LASER?

Who discovered the inelastic scattering of light by
molecules?

What does power factor measure in an A.C. circuit?

A charged particle is moving an circular path
with velocity v in a magnetic field B, what will be
change in radius if the velocity of charged particle
is doubled and strength of magnetic field is halved?

In the Geiger-Marsden scattering experiment,
what should be the impact parameter in case of
head-on-collision?

What is the dielectric constant of metal?

Which phenomena confirms the transverse nature
of light?

What is the path of electrons in the presence of an
electric field?

Which device is used in satellites to recharge their
batteries?

Which is the best metal to use for photoemission?
How much the time is required in emitting a
photo-electron?

In a wheat stone bridge, what will be the deflection
in galvanometer, if the battery and galvanometer
are interchanged?

By how much amount kinetic energy has to be
increased, for increasing the angular velocity of an
object by 10%?

P-V plots of two gases during p

adiabatic processes are shown in

figure. Plots 1 and 2 should &
correspond respectively to Helium ;
and Argon. True or False. 4

16.

17.

18.

19.

20.

If W,, W, and W; represent the

work done in moving a particle

A monkey of mass m is &
climbing up a rope with an {
acceleration of @ > 0 m s ™% T #
T,pis0or<1or>1? 4
(Take g =10 m )
8

1
from A to B along there 4
different paths 1, 2 and 3 3

respectively (as shown) in the gravitational field of
a point mass m, find the correct relation between
W,, W, and W;.

The 10 kg block is in equilibrium. Find T,/T5.

Ty %

A transverse wave is travelling in a string then
equation of the wave is equal to the shape of string

at an instant t. True or False.

Diffraction pattern is obtained using red light.
What will happen if it is replaced by violet light?

®®

Readers can send their responses at editor@mtg.in or

post us with complete address by 10% of every month.
Winners’ names and answers will be published in next issue.

@
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General Instructions

-up

Chapterwise practice questions for CBSE Exams as per the latest pattern
and reduced syllabus by CBSE for the academic session 2023-24.

w Units and Measurement / Kinematics

Time Allowed : 3 hours
Maximum Marks : 70

(1) There are 33 questions in all. All questions are compulsory.

(2)  This question paper has five sections: Section A, Section B, Section C, Section D and Section E.

(3) Al the sections are compulsory.

(4)

(5)

Section A contains sixteen questions, twelve MCQs and four Assertion Reasoning based of 1 mark each, Section B contains five

questions of two marks each, Section C contains seven questions of three marks each, Section D contains two case study based
questions of four marks each and Section E contains three long answer questions of five marks each.

There is no overall choice. However, an internal choice has been provided in one question in Section B, two questions in Section C,

one question in each CBQ in Section D and all three questions in Section E. You have to attempt only one of the choices in such

questions.
(6) Use of calculators is not allowed.

(7)  You may use the following values of physical constants where ever necessary
m,=9.1x103"kg
h=6.63x 10734 ]s

i c=3x108m/s i.
V. g =4mx 107 TmA™! v.
vii.  Avogadro's number = 6.023 x 1023 per gram mole

i. e=16x10"9C
Vi.  €,=8854x 10712 C2N"'m~2

SECTION A

1.

In case of a projectile motion, what is the angle

between the velocity and acceleration at the highest

point?

(a) 0° (b) 45°  (c) 90° (d) 180°

The motion of a particle along a straight line is

described by equation x = 8 + 12f - 3 where x is

in metre and t in second. The retardation of the

particle when its velocity becomes zero is

(a) 24 ms2 (b) zero

(c) 6ms2 (d) 12ms2

Choose the wrong statement.

(a) The motion of an object along a straight line is
a rectilinear motion.

(b) The speed in general is less than the magnitude
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of the velocity.

(c) The slope of the displacement-time graph gives
the velocity of the body.

(d) The area under the velocity-time graph gives
the displacement of the body.

One of the combination from the fundamental
physical constants is hc/G. The unit of this
expression is
(a) kg?
(c) s7!

(b) m?

(d) none of these

The magnitude of the x-component of vector A is
3 and the magnitude of vector A is 5. What is the

magnitude of the y-component of vector A ?

(@) 3 (b) 4 () 5 (d) 8



6.

10.

11.

12.

On an open ground, a motorist follows a track that
turns to his left by an angle of 60° after every 500 m.
Starting from a given turn, the displacement of the
motorist at the third turn is

(a) 500 m (b) 50043 m

(c) 1000 m (d) 100043 m

The correct order in which the dimensions of time
decreases in the following physical quantities is

1. Stefan’s constant
2. Coefficient of volume expansion

3. Work done

4. Velocity gradient

(a) 2,4,3,1 (b) 1,2,3,4
(c) 4,3,2,1 (d) 1,2,4,3
For a body moving v(m s7)

along a straight line,

the following v-t graph

is obtained.

According to  the

graph, the displacement during

(a) uniform acceleration is greater than that during
uniform motion.

(b) uniform acceleration is less than that during
uniform motion.

(c) uniform acceleration is equal to that during
uniform motion.

(d) uniform motion is zero.

A body is projected vertically upwards with a
velocity of 10 m s7L. It reaches maximum height h
at time t. In time #/2, the height covered is
h 2 3 5
a _
(a) >

(b) 5h () 4h (d) 8h
What is approximately the centripetal acceleration
(in units of acceleration due to gravity on earth,
g=10ms?) of an air-craft flying at a speed of
400 m s! through a circular arc of radius 0.6 km ?
(a) 267  (b) 169  (c) 135 (d) 30.2
Three measurements are made as 18.425 cm,
7.21 cm and 5.0 cm. The sum of measurements
upto correct number of significant figure is
(a) 30.635 cm (b) 30.64 cm
(c) 30.63 cm (d) 30.6 cm

In projectile motion, the physical quantity that
remains invariant throughout is

(a) vertical component of velocity

(b) horizontal component of velocity

(c) kinetic energy of the projectile

(d) potential energy of the projectile

For question numbers 13-16, two statements are
given-one labelled Assertion (A) and the other
labelled Reason (R). Select the correct answer to
these questions from the codes (a), (b), (c) and (d) as
given below.

(a) Both A and Rare true and R is the correct explanation

of A.

(b) Both A and R are true but R is NOT the correct

explanation of A.

(c) Aistrue but R is false.
(d) A is false and R is also false.

13.

14.

15.

16.

Assertion (A) : The displacement - time graph of a
body moving with uniform acceleration is a straight
line.
Reason (R) : The displacement is proportional to
time.

Assertion (A) : Dimensions of coefficient of
viscosity are [ML™'T!].

Reason (R) : Coefficient of viscosity is force acting
per unit area per unit velocity gradient.

Assertion (A) : The equations of motion in scalar
form can be applied only if acceleration is along the
direction of velocity.

Reason (R) : If the acceleration of a body is constant
then its motion is known as uniform motion.

Assertion (A): If the speed of a body is constant,
the body cannot have a path other than a circular
or straight line path.

Reason (R) : It is not possible for a body to have a
constant speed in an accelerated motion.

SECTION B

17.

18.

19.

Calculate the length of the arc of a circle of radius
31.0 cm which subtends an angle of m/6 at the
centre.

Distinguish between distance and displacement.

OR

Can a body be at rest as well as in motion at the
same time? Explain.

A body is moving with a uniform velocity of
10 m s}, on a circular path of diameter 2.0 m.
Calculate (i) the the
magnitude of the displacement of the body and
the distance covered in half a round and (ii) the
magnitude of the change in velocity of the body in
half a round.

difference  between
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20. A particle starts from rest. |a(ms™)
Its acceleration a versus
time t is shown in the
tigure. Find the maximum

speed of the particle. s T t(s)

21. (i) A motor «car is
travelling at 30 m s on a circular road of
radius 500 m. It is increasing its speed at the
rate of 2 m s~2, what is the acceleration?
(ii) If both the speed and radius of the circular path
of a body are doubled, how will the centripetal
acceleration change?

1

SECTION C

22. Two tall buildings face each other and are at a
distance of 180 m from each other. With what
velocity must a ball be thrown horizontally from a
window 55 m above the ground in one building, so
that it enters a window 10.9 m above the ground in
the second building?

OR
An astronaut is rotating in a rotor of radius 4 m. If
he can withstand acceleration of 10 g, then what is
the maximum number of permissible revolutions?
(g=10ms2)

23. The following plot gives the variation of acceleration
(m s72) with time (s) for an object that started from
restattimet=0s. Find thevelocityattimet=15s(v,;)
and at 25 s (v,;).

+

15

10

5

Acceleration (m s72)

0
0 5 10 15 20 25

Time (s) ——=

24. The depth x to which a bullet penetrates in a human
body depends on coefficient of elasticity (n) and
kinetic energy E. Establish the relation between
these quantities using the method of dimensions.

25. Point P, Q and R are in a vertical line such that
PQ = QR. A ball at P is allowed to fall freely. What
is the ratio of the times of descent through PQ and
QR?

26. An object is in uniform motion along a straight line.
What will be position-time graph for the motion of
the object if

66
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(i) x,=+ve,v=+ve

(ii) x, = +ve,v=-ve

(iii)x, = -ve, v=+ve and

(iv) both x; and v are negative?

The letters x,, and v represent position of the object
at time t = 0 and uniform velocity of the object at
time f respectively.

27. A particle is projected over a triangle from one end
of a horizontal base and grazing the vertex falls
on the other end of the base. If oc and [ be the base
angle and O the angle of projection, prove that
tan 6 = tan o + tan f3.

28. Draw the velocity-time graph for uniformly
accelerated motion. Show that slope of the velocity-
time graph gives acceleration of the object.

OR
A cyclist is riding with a speed of 27 km h~1. As
he approaches a circular turn on the road of radius
80 m, he applies brakes and reduces his speed at the
constant rate of 0.50 m s~! every second. Find the

net acceleration of the cyclist on the circular turn.

SECTION D

29. Read the following paragraph and answer the
questions that follow.

When an object is moving with variable acceleration,
then the object possesses different acceleration
at different instants. The acceleration of object at
given instant of time is known as instantaneous
acceleration.

(i) If the object is moving with velocity
v = (3t + 6) cm s~!. Find the change in velocity of
the object during the time interval between ¢, = 2's
andt,=4s.
(a) 38cms! (b) 36 cm s7!
(c) 40 cm st (d) 48 cms!

(ii) Find the instantaneous acceleration at ¢, = 4 s.
(a) 20cms7! (b) 24 cms7!
(c) 30cms! (d) 32cms!

(iii) A ball is thrown up in air. What is the acceleration
of ball at highest point?
(@ o0
(c) 9.8 ms2

(iv) If the given object moving with variable acceleration
a = 8t + 4t + 2. Find the velocity of the object in 4

(b) e
(d) none of these

seconds.
(a) 276 m s~2 (b) 300 m s—2
(c) 452 ms2 (d) 552 m s



30.

(i)

OR
Ifthe velocity of a particle is given by v* = /180 —16x
m/s, what will be its acceleration?

(a) 9.8 ms2 (b) zero
(c) -8ms2 (d) none of these
Read the following paragraph and answer the

questions, that follow.

The process of splitting up a vector into two or
more vectors is known as resolution of a vectors.
The vectors into which a given vector is splitted
are known as component vectors. When a vector
is splitted into two or three component vectors at
right angles to each other, the component vectors
are called rectangular components of a vector.

If 7 is a unit vector in the direction of the vector
A, then

- A ~_|A]
(a) n_|;\| (b) n= b
() n=|A|A d) n=A

(ii) If A isavector of magnitude 5 units due east. What

(iii)Find unit vectors along A= i+ }'— 2k

is the magnitude and direction of a vector -5 A ?
(a) 5 units due east (b) 25 units due west
(¢) 5 units due west (d) 25 units due east

and
B=i+2j—k

@ i—2j+k i+2j+k
a —_———— ————
N3 J6
i+2j—k i+2]
¢) Ee d) 2
(c) & (d) %

OR

A vector A is along the positive z-axis and its
vector product with another vector B is zero, then
vector B could be

@) i+j
(c) j+k

(b) 4i
(d) —7k

(iv) Theangle subtended bythevector A = (4i+ 3}' +12k)

with the x-axis is

(a) sin_l(i]
13

i 4

(c) cos (13)

(b) sin—l(i)
13

4 3

(d) cos (13)

SECTION E

31.

32.

33.

Explain the principle of homogeneity of dimensions.
How it can be used for deducing relation among
the physical quantities. Explain with the help of a
suitable example.

OR

Einstein’s mass - energy relation emerging out of his
famous theory of relativity relates mass () to energy
(E) as E = mc?, where c is speed of light in vacuum. At
the nuclear level, the magnitudes of energy are very
small. The energy at nuclear level is usually measured
in MeV, where 1 MeV = 1.6 x 10713 ]; the masses are
measured in unified atomic mass unit (u), where
lu =1.67 x 107%" kg.

(a) Show that the energy equivalent of 1 u is
939 MeV.

(b) A student writes the relation as
1 u = 931.5 MeV. The teacher points out that
the relation is dimensionally incorrect. Write
the correct relation.

(i) How is the velocity-time graph of accelerated

motion helpful in studying the motion of the

object in one dimension?

(ii) A train moves from one station to another in
two hours time. Its speed-time graph during
the motion is shown in figure. (a) Determine
the maximum acceleration during the journey.
(b) Also calculate the distance covered during
the time interval from 0.75 hour to 1 hour.

A c
_ 504
&
g
=)
"§ 201
o,
w
: D
0 4 -‘ 4 -
0.50 0.75 1.00 2.00
Time (h)
OR

An insect trapped in a circular groove of radius
12 cm moves along the groove steadily and
completes 7 revolutions in 100 s. (a) What is the
angular speed, and the linear speed of the motion?
(b) Is the acceleration vector a constant vector?
What is its magnitude?

A car is moving at a constant speed of 40 km h~!
along a straight road which heads towards a large
vertical wall and makes a sharp 90° turn by the
side of the wall. A fly flying at a constant speed of

@
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100 km h!, starts from the wall towards the car at

an instant when the car is 20 km away, flies until it

reaches the glass pane of the car and returns to the

wall at the same speed. It continues to fly between

the car and the wall till the car makes the 90° turn.

(a) What is the total distance the fly has travelled
during this period?

(b) How many trips has it made between the car
and the wall?

OR

(i) A balliskicked at an angle 30° with the vertical.
If the horizontal component of its velocity is
20 m s}, find the maximum height and
horizontal range. Use g = 10 m s~2.

(ii) Ifastoneisto hitata point
which is at a distance d
away and at a height h
above the point from
where the stone starts as
shown in the figure then what is the value of
initial speed u if stone is launched at an angle 62

SOLUTIONS

1. (c) : At the highest point, velocity is acting
horizontally and acceleration (= acceleration due to
gravity) is acting vertically downwards. Therefore,
at the highest point the angle between velocity and
acceleration is 90°.

2. (d):Given:x=8+12t-1

d
Velocity, v = — 12 —3¢t2 :
dt

dv
Acceleration, a=—=—6t

dt
Whenv=0,12-3t2=0 or t=2s
al,_,,=-12m s2 .. Retardation = 12 m s~

3. (b): The speed in general is greater than the
magnitude of the velocity.

All the other statements are correct.
-1 N -1

4 (a): he _ (JS)(gns 2) _( rnS)(mS2 ) _ o

G (Nm“kg™) (N m? kg™)

~

5. (b): A=A i+A,j

Also A= A2+ A

Here, A =5, Ax =3;

a1
5 =.f(3)2+A§

Squaring both sides, we get
25=9+A% or A =4

@
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6. (c) : The path followed by
the motorist is a regular
hexagon ABCDEF of side
length 500 m as shown in the
figure. Let the motorist start
from A and takes the third turn
at D.

Therefore, the magnitude of this displacement is
AD=AG+ GD =500 m + 500 m = 1000 m

7. (a) : 1. Stefan’s coefficient
Energy

500em ©

Time X Area X (Temperalture)4

22
_ MET™] _(MIT™
[TIL* K]
2. Coefficient of volume expansion,
Change in volume

3K—4]

- Original volume X Temperature
L)
[]K]

3. Work done = Force x Distance = [MLT2][L]
= [ML?T 2]

— [MOLOTOK—I]

Veloci
4. Velocity gradient = - ?-O city
Distance
LT L \
L VL
(L]
The correct order is (a) : 2, 4, 3, 1.

8. (b) : According to the graph, area under v-t graph
during uniform acceleration is less than that during
uniform motion.

So, the displacement during uniform acceleration is less
than that during the uniform motion.

9. (¢):u=10msLv=0msLs=ht=t

-10 .
v=u-+at .. a= t_ ms
1 1(10
s=ut+ — at? h:IOt——(—) 12
2 2\t
=10t - 5t =5t ..(1)

In time t = ¢/2

(t) 1(—10)(1‘)2 5t 15
s=10|=|+=|—|| =| =5-===2¢
2) 20 )2 4 4

3
Using eqn (i), s = Zh
Note : We can assume a = — g = - 10 m s~

10. (a) : Here,v=400m s}, r=0.6 km = 0.6 x 10> m,
g=10ms



Centripetal acceleration,

v2 (400ms™')?
ac = — :—3

r  0.6X10° m
In the units of g (= 10 m s72), the centripetal acceleration
is 26.7.

11. (d) : Sum of the measurements is correct only upto
one place of decimal corresponding to the least number
of decimal places.

18.425+ 7.21 + 5.0 = 30.635 = 30.6 cm

12. (b) : In projectile motion, the acceleration along
x-axis is zero, so the velocity along x-axis always
remains constant.

=26.7x 10 m s~2

13. (d) : The displacement of a body moving in
straight line with constant acceleration is given by,

1 . .
s =ut+ Eatz. This is a equation of a parabola, not

straight line. Therefore the displacement-time graph is
a parabola. The displacement time graph will be straight
line, if and only if acceleration of body is zero or body is
moving with uniform velocity.

14. (a) : Coefticient of viscosity is force acting per unit
area per unit velocity gradient i.e.,

-2
=2 L] o
[All(dv/dn)] (2]
15. (b) : Since velocity and acceleration are vector
quantities, therefore given equation is a vector
equations, v = i + at. This equation is valid in scalar
form when acceleration direction is same as velocity.

16. (d) : If the speed of a body is constant, all curved
paths are possible. When the acceleration is zero,
then body moves with a constant speed in a straight
line. When the magnitude of acceleration is constant
but its direction changes to remain perpendicular to
the direction of motion, then the body moves with a
constant speed on a circular path. If both the magnitude
and direction of acceleration are changing, remaining
perpendicular to the direction of motion, the body
moves with a constant speed on same curved path. In
uniform circular motion a body has constant speed,
but its direction keeps on changing, due to which it has
non-zero acceleration.

17. Given, r =31 cm and ezg radz%L rad

We know, 9=£ = (=10
r

3.14

l=31x ‘6 =16.2 cm. =

18.

— — —

Distance | Displacement

Distance is the length of | Displacement is the
the actual path traversed | shortest distance
by a body, irrespective of | between the initial and
its motion. final positions of a body
| in a given direction.
| Displacement between
two given points is
always same.

Distance between two

points may be same or

different for different
 paths chosen.

It is a scalar quantity. It is a vector quantity.

Distance covered may be | Displacement covered
positive or zero. may be positive, negative
or zero.

OR
Yes, objects may be at rest relative to one object and at
the same time it may be in motion relative to another
object. For example, a passenger sitting in a moving
train is at rest with respect to her fellow passengers but
she is in motion with respect to the objects outside the
train. Rest and motion are relative terms.

19. (i) In figure, let A and B be the -
initial and final positions of the ’
body after half a round. : \
Distance covered = Half {
circumference
=r=3.14x1.0=3.14m T
Magnitude of displacement
=AB=2.0m
Required difference = 3.14 - 2.0 = 1.14 m.
(ii) Let v, and ¥, be the velocity vectors at A and B.
Then AV =7, —%, =10 - (-10) =20 m s,
20. The area under the acceleration-time graph gives
change in velocity.
v — u = area under a - t graph

1
or v—-u= 2 x 8 x 10 = 40.

Here, u=0

vy=40m s}

21. (i) a,= % =2ms2

So, a=sfa’ +al = \./(1.8)2 +(2)* =27ms>2
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2
.. . . . . 14
(ii) Original centripetal acceleration, a =

;
(2v)*

New centripetal acceleration, a’ = =2a

2r
22. In figure, A and B are two tall buildings which are
180 m apart. W, and W, are the two windows in A and
B respectively.

 j————————— 180 m——————————

Vertical downward distance to be covered by the ball or
= Height of W, — Height of W, =55 -10.9 =44.1 m
Initial vertical velocity of ball, u ,=0

1 2
As y=u,t+ Egt

44.1x2

1 ) )
44.1=0+2><9.8t0rt = =9o0rt=3s

Required horizontal velocity
_ Horizontal distance 180 m

= . =60ms .
Time 3s
OR
In case of uniform circular motion,
2
v
a, =— = w’r [as v=rm]
r
_ 2 _
or a,=(2nf)*r [as ® = 27tf]

1 ||ar
or =—]-
f 2n N r
1 [10x10 . 5 [rev
f:_ Le. fmale:_}_
2T 4 21 | sec

23. Change in velocity = area under a - t curve
Vs=1/2x10x 10 + 10 (15-10) = 100 m 5!
V,s =100 +50 =150 m s~
24. Letx=kn E, ..(1)
[MLI'TO] = [M~'LT?] [ML?*T ],
—Ma+by-a+2bT-2a-2b

Applying principle of homogeneity of dimensions,
a+b=0,

—a+2b=1,

2a-2b=0
Solving, we get a:—l,b=l.
3 3

From (i), x = kn~1/3 E3 oc (E/m)'/3
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25. Lett, and t, be the times of descent through PQ and

QR respectively.
Let PQ=QR=h FTP =0
For Pto Q, h
| v
h=- +Q (t=
5 8t 1. Q (t=t)
For Pto R, h
1
2h= Eg(tl +1,)? i AR (t=t)

2
t 1 t
=—2L  or L

1

2 (t1+t2)2 V2o ot
Hencet :t,=1: (-».15—1)
26. The position of the object at any time ¢ while
moving with uniform velocity along a straight line is
given by, x = x,, + vt
(i) Ifx,=+veandv = +ve, position-time graph will be
as shown in figure (a).

X

)
OfF——®=t

(a)
(ii) If x, = + ve and v = —ve, position-time graph will be
as shown in figure (b).

(b)
(iii) If x, = -ve and v = +ve, position-time graph will be
as shown in figure (c).

X,

o) t

)

()
(iv) If both x, and v are negative, the position-time
graph will be as shown in figure (d).

7




27. The situation is as shown in figure
If R is the range of the particle, then from the figure,
we have

f———— X ———— R - x-l-!

y IR ()

tano +tanf =
x R x  x(R—x)

Also, the trajectory of the particle is
2

y= xtane——gzx—z—xtane[l—+:|
27 u”cos” O 2u” cos” Otan0

zxtanﬁ[l— & x]zxtan@[l—x] ..(if)
u” $in20 R

From equation (i) and (ii), we get

tan O = tan o + tan f.

28. Velocity-time graph for uniformly accelerated
motion :

When a body moves with a uniform acceleration, its
velocity changes by equal amounts in equal intervals of
time.So,thevelocity-time
graph for a uniformly
accelerated motion is a
straight line inclined to
the time-axis, as shown
in figure.

Slope of velocity-time
graph

Velocity

R v,—v
AB=tan0 = — Q e
PR t,-t

Change in velocity Accelerati
= = Acceleration

Time interval
Hence, the slope of the velocity-time graph gives the
acceleration of the object.

OR
_1 5 _1
Here, v=27kmh :27><18ms
15 -1
V:?ms =75ms , r=80m

2

Centripetal acceleration, a, =
’

a _—(7.5ms_1)2 ~0.7ms >
¢ 80m '

Tangential acceleration, a,=-05ms"
Magnitude of the net acceleration is

—'J(a) +(a,)? J(07) +(=0.5)* =0.86m s

29. (i) (b) : Given,v=3f2+6
Whent1=25,v1=3><22+6= 18 cm s}
Whent2=4s,v2=3><42+6=54crns‘1
Change in velocity = v, - v, =54 - 18 = 36 cm ™!
(ii) (b) : Instantaneous acceleration,

dv d
0, =" =% (32 +6)=6t
dt dt
Att=4s,a,=6x4=24ms>
(iii) (a) : When a ball is thrown up in air, acceleration of
ball at highest point is zero.

2

(iv) (d) : Acceleration, a= ﬂ = dv=adt
Integrating both sides

jm:}adt = :}(8t3 + 4t +2)dt
0

t4 ! t2 ! 4
y=8| — | +4|—| +2[t
: 5 (],
0 0

v=2[4*-0% +2[4%>-0%] +2[4-0] = v=552m s>
OR
dv_dv dx d1{

(c) : Acceleration, a=—= —
dt dx dt dx

Given, v* = (180 - 16x);
d
Differentiating it w.r.t. x, we have 2v d—v =-16
x
d 16
So, acceleration, =" = - = _8 m/s?
o dx 2
A A
30. (i) (@) : n=—
A
(ii) (b) : A =5 units due east.
s.—5A = -5 (5 units due east) = — 25 units due east
=25 due west
(iii) (c) : Unit vector along A,
~ A +j—2k +j—2k
A= i J 1 J
|A| J12+12 4+ (=2)
Unit vector along B,
2k ie2)ok

9>
Il
bcu| =

J12+22+( 1)? Ve
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OR
The vector product of two non-zero vectors is zero if they
are in the same direction or in the opposite direction.
Hence, vector B must be parallel or antiparallel to
vector A, i.e. along + z-axis.
(iv) () : The angle subtended by vector A with x - axis is

A 4

X 4 -1 4
COs O = —* == =— or, 0L = COS
A #4372 13 13

31. Refer to answer 26, Page no. 25, Class-11, MTG
100 percent Physics.

OR
Refer to answer 27, Page no. 25, Class-11, MTG
100 percent Physics.
32. (i) Refer to answer 11, Page no. 52, Class-11, MTG
100 percent Physics.
(ii) Refer to answer 17, Page no. 52, Class-11, MTG
100 percent Physics.

OR
Refer to answer 22, Page no. 108, Class-11, MTG
100 percent Physics.
33. (a) The time taken by the car to cover 20 km before

20km 1

40 km/h a T The fly moves at a constant

speed of 100 km/h during this time. Hence, the total

the turn is

distance covered by it is 100 kTm X % h =50 km.

(b) Suppose the car is at a distance x away (at A) when
the fly is at wall (at O). The fly hits the glass pane at B,
taking a time ¢. Then

AB = (40 km/h)t and OB = (100 km/h)¢

Thus, x = AB + OB = (140 km/h)t

5
or r OB=—x
7

x
t=e——— 0
140km/h
The fly returns to the
wall and during this
period the car moves
the distance BC. The = : — ~—<0
time taken by the fly
in this return path is

5x/17 _ X
100 km/h 140 km/h
40x 2

3
Thus, BC = — x or OC=0B-BC=-x.
140 7

If at the beginning of the round trip (wall to the car and

@
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back) the car is at a distance x away; it is 2 x away when
the next trip again starts. 7

Distance of the car at the beginning of the 1% trip
=20 km.

Distance of the car at the beginning of the 2" trip

=§><20km.
7

Distance of the car at the beginning of the 3rd trip
2

(3 x 20 km.

7

Distance of the car at the beginning of the 4th trip

3 3

=| =] X20km.

7

Distance of the car at the beginning of the nth trip

-1
3 n

=] = %20 km.
7

Trips will go on till the car reaches the turn that is the
distance reduces to zero. This will be the case when
n becomes infinity. Hence, the fly makes an infinite
number of trips before the car takes the turn.

OR

(i) Refer to answer 20, Page no. 108, Class-11, MTG
100 percent Physics.

Motion along horizontal direction
d=ucosO xt or t=d/(ucos0) ..(i)
Motion along vertical direction

h=(usin®) - % gt (i)

Substitute the value of ¢ in equation (ii), we get

2
h:usinex( d )—1g d
ucos0 2 MZCOSZG

2
or hzdtanﬂ—lg 2d—2
2 {u”cos™ 0

or L gd
2 4% cos’ 0

d g
or u=
cos0 \ 2(dtan6 —h)

gd’
2(dtan® —h)cos” O

=dtan0-h; u? =




MONTHLY TEST

DRIVE RN

his specially designed column enables students to self analyse their extent of understanding of specified chapters. Give yourself four marks for
correct answer and deduct one mark for wrong answer. Self check table given at the end will help you to check your readiness.

Time Taken : 60 Min. Total Marks : 120

System of Particles and Rotational Motion

is now rotated about an axis passing along the

Only One Option Correct Type

A solid cylinder of mass 2 kg and radius 50 cm rolls
up an inclined plane of angle inclination 30°. The
centre of mass of cylinder has speed of 4 m s™'. The
distance travelled by the cylinder on the incline

surface will be (Take g= 10 m )
(@) 22m (b) 1.6m (¢) 1.2m (d) 24 m

Givenv,,=2ms" ,m 2kg,

R = 4 m. Find angular

momentum of ring about its Wheel
origin if it is 1n pure rolling.

(a) 32 kg m?s’!

(b) 24 kg m2 -1
(c) 16 kg m?s! (d) 8 kg m?s!

A solid ball of mass m

and radius r spinning =\
with angular velocity "
o falls on a horizontal

14

slab of mass M with
rough upper surface
(coefficient of friction
u) and smooth lower surface. Immediately after
collision, the normal component of velocity of the
ball remains half of its value just before collision
and it stops spinning. The velocity of the sphere in
horizontal direction immediately after the impact

is ms . (given: R =5).
(a) 5m/s (b) 4 m/s
(c) 3m/s (d) 2m/s

Four small objects each of mass m are fixed at the
corners of a rectangular wire-frame of negligible
mass and of sides a and b (a > b). If the wire frame

side of length b, then the moment of inertia of the
system for this axis of rotation is

(a) 2ma’ (b) 4ma*

(c) 2m(a® + b%) (d) 2m(a’* - b?)

A solid sphere rolls down without slipping on an
inclined plane at angle 60° over a distance of 10 m.
The acceleration (in m s72) is

(a) 4 (b) 5 (c) 6 (d) 7

A gymnast takes turns with her arms and legs
stretched. When she pulls her arms and legs in,
then

(a) the angular velocity decreases

(b) the moment of inertia decreases

(c) the angular velocity stays constant

(d) the angular momentum increases.

Find moment of inertia of a ring about its diameter
and about an axis in the plane of the ring and
tangential to it.

3 MR?

S 2
5 MR (d)

(@) 2MR? (b) ~MR® (0)
2 2

A solid sphere is rotating in free space. If the radius

of the sphere is increased keeping mass same which

one of the following will not be affected?

(a) moment of inertia

(b) angular momentum

(c) angular velocity

(d) rotational kinetic energy.

A circular disc reaches, from top to bottom, of an
inclined plane of length S. When it slips down the
plane, it takes time ¢,. When it rolls down the plane,

t
it takes time t,. Calculate the ratio t_2 :
1
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10.

11.

12.

74

(o) 1 (d)

3 1

a b
(a) J; (b) 5
If the density of material of
a square plate and a circular
plate shown in figure is
same, the centre of mass of

the composite system will
be
(a)
(b)
(c)
(d)
Figure shows a lamina in x-y
plane. Two axes z and z' pass
perpendicular to its plane. A
force F acts in the plane of
lamina at point P as shown.
Which of the following
statements is incorrect? (The
point P is closer to z-axis than the z-axis).

&‘Il"‘

L

inside the square plate
inside the circular plate
at the point of contact
outside the system

(a) Torque T caused by F about z axis is along k.

(b) Torque 7' caused by F about z" axis is along k.

(c) Torque caused by F about z axis is greater in
magnitude than that about z’ axis.

(d) Total torque is given as T =17 + 7.

From a uniform square plate, the shaded portions
are removed as shown in the figure. The coordinates
of centre of mass of the remaining plate are (X- and
Y-axes and origin are shown in the figure).

A
Y
A
a
©,0) 2
12a 55a 55a 66a
@ | —— ®) | —
104 104 104 104
55a 49a 49a 49a
(€) |=——y— d | —,—
104 104 104 104
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13.

14.

15.

Assertion & Reason Type

Directions : In questions 13 to 15, a statement of

assertion is followed by a statement of reason. Mark

the correct choice as :

(a) Ifboth assertion and reason are true and reason
is the correct explanation of assertion.

(b) If both assertion and reason are true but reason
is not the correct explanation of assertion.

(c) If assertion is true but reason is false.

(d) If both assertion and reason are false.

Assertion : Value of radius of gyration of a body
depends on axis of rotation.

Reason : Radius of gyration is root mean square
distance of particle of the body from the axis of
rotation.

Assertion : The centre of mass of a proton and an
electron, related from their respective positions
remains at rest.

Reason : The centre of mass remain at rest, if no
external force is applied.

Assertion : When a body is dropped from a height
explodes in mid air, but its centre of mass keeps
moving in vertically downward direction.

Reason : Explosion occur under internal forces
only. External force is zero.
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16.

17.

18.

JEE MAIN / ADVANCED
Only One Option Correct Type

An equilateral triangle ABC L
formed from a uniform A
wire has two small identical \

beads initially located at A.

The triangle is set rotating

about the vertical axis AO.

Then the beads are released

from rest simultaneously

and allowed to slide down,

one along AB and the other along AC as shown.

Neglecting frictional effects, the quantities that are

conserved as the beads slide down, are

(a) angular velocity and total energy (kinetic and
potential)

(b) total angular momentum and total energy

(c) angular velocity and moment of inertia about
the axis of rotation

(d) total angular momentum and moment of inertia
about the axis of rotation.

A thin, uniform square plate ABCD E*{MLELLILLLL
of side a and mass m is suspended ’

in vertical plane as shown in the 4 B
figure. AE and BF are two massless m |a
inextensible strings. The line ABis k)

horizontal. Find the tension in the
string AE just after BF is cut.

My 2 (g

2mg
2 3 5

3mg

(a) (d) T

A uniform cylindrical disc of radius R and mass M
is pulled over a horizontal frictionless surface by
a constant force F. The force is applied by means
of a string wound around the disc as shown in the
figure. If it starts from rest at t = 0, the linear and
angular displacements respectively at time ¢ are

19.

20.

21.

More than One Option Correct Type

In the figure, a ladder of mass
m is shown leaning against a
wall. It is in static equilibrium
making an angle 6 with
the horizontal floor. The
coefficient of friction between s
the wall and the ladder is y, Mo

and that between the floor

and the ladder is u,. The normal reaction of the
wall on the ladder is N, and that of the floor is N,.
If the ladder is about to slip, then

(@) u; =0, u,#0and N,tan0 =

(b) u; #0, u, =0and Ntan0 =

mg
L+ M,
mg

() u;#0, u,#0and N, =

(d) W, = 0,

A cylinder and a
variable mass M are
arranged on a fixed
wedge using a light
string and a massless
pulley. There is enough
friction between
cylinder and the wedge
to prevent any slipping.

(a) Only one value of M is possible for which
cylinder can remain in equilibrium.

(b) Thereisarange of value of M for which cylinder
can remain in equilibrium.

(c) For a certain value of M, the cylinder starts to
roll up the plane. In this situation, magnitude
of friction force on the cylinder by the wedge
will be greater than tension in the string.

(d) For a certain value of M, the cylinder starts to
roll down the plane. In this situation, magnitude
of friction force on the cylinder by the wedge
will be greater than tension in the string.

U, # 0 and N, tan0 =

Massless pulley

A uniform Dbar
of length 6a and
mass 8m lies on a

smooth horizontal o o
table. Two point C

4T}a ‘T’a 2v
masses m and 2m
moving in the same m
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horizontal plane with speed 2v and v respectively,
strike the bar [as shown in the figure] and stick to
the bar after collision. Denoting angular velocity
(about the centre of mass), total energy and centre
of mass velocity by o, E and v, respectively, we
have after collision

the bar is horizontal, the mass is detached from
the bar but the bar continues to rotate with same
. The mass moves vertically up, comes back and
reaches the bar at the same point. At that place, the

acceleration due to gravity is g.

2
(a) Thisis possible if the quantity ol is an integer.
2mg

3v
a) v.=0 b) w=-—
@) v, ®) 5a (b) The total time of flight of the mass is
Y 3, proportional to 0.
(c) o= E (d) E= gmv (c) The total distance travelled by the mass in air
_ ' is proportional to ®>.

22. For the given uniform B Fq:, c (d) The total distance travelled by the mass in air
square lamina ABCD, : and its total time of flight are both independent
whose centre is O E ! of its mass.

@) V2I,.=1Ig o Integer / Numerical Value Type
(b) Ip = 4lpe 24. A cubical block of side ;-30cm
(©) Ljc=Ig Ak il B 30 cm is moving with
El . -1 ——
@ 1 =JEI velocity 2 m s on a
AC EE smooth horizontal surface. O-

23.

A bar of length [ carrying a small mass m at one
of its ends rotates with a uniform angular speed ®
in a vertical plane about the mid-point of the bar.
During the rotation, at some instant of time when

The surface has a bump at

a point O as shown in figure. The angular velocity
(inrad s}) of the block immediately after it hits the
bump, is
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25. A ceiling fan rotates about its own axis with some
angular velocity. When the fan is switched off, the = ,g

th
angular velocity becomes (l) of the original
4

in time t and # revolution are made in that time.
The number of revolutions made by the fan during
the time interval between switch off and rest are

x
(Angular retardation is uniform) 1—5 n, where the
value of x is

26. A metre stick is balanced on a knife edge at its
centre. When two coins, each of mass 5 g are put
one on top of the other at the 12.0 cm mark, the
stick is found to be balanced at 45.0 cm. The mass
of the metre stickis g

Comprehension Type

A block X of mass 0.5 kg is held by along massless string
on a frictionless inclined plane of inclination 30° to the
horizontal. Thestringiswound Y

on a uniform solid cylindrical

drum Y of mass 2 kg and of

radius 0.2 m as shown in X

tigure. The drum is given an

initial angular velocity such 30°

that the block X starts moving 30.
up the plane. Based on the

above facts, answer the following questions.

27. The tension in the string during the motion is

given by
(a) T=163N (b) T=13.6N
(c) T=63N (d T=163N

28. It is observed that at a certain instant of time, the
magnitude of the angular velocity possessed by Y
is 10 rad s™. The distance travelled by X from that
instant of time until it comes to rest is

Matrix Match Type

From a uniform disc of
mass M and radius R, a
concentric disc of radius
R/2 is cut out. For the
remaining annular disc :
I, is the moment of
inertia about axis ‘1, I,
about ‘2 I about ‘3 and
I, about ‘4> Axes ‘1" and 2’ are perpendicular to the
disc and 3’ and ‘4’ are in the plane of the disc. Axes
2,3’ and ‘4’ intersect at a common point.

| Column I Column II
21
I I, is equal to (P) = MR?

| II I isequalto (Q I,/2

Il | L+, isequalto | (R) ;2 MR?

| IV I,-Iisequalto  (S) | None of these

(@) I=>(R),II—(P), Il - (P),IV—(Q)
(b) I— (P),II - (Q), II - (R), IV—(S)
() I->(P),I— (P), Il - (R),IV—(S)
(d) I—=(S),I— (P), Il - (Q), IV—(P)

Match the column I with column II and choose
the correct option from given below.

! ~ Column | Column II
! (A) | Angular impulse (P) | 7-F

| (B) | Torque - (Q) - FXp

| (C) Angular momentum (R) ;I o

[ (D) | Work done S) ITw

(@) (A)—([FQ),B)—(5),(C)—(R,S),(D)—(Q)
(b) (A)—(QR),(B)—(P),(C)—=(BS), (D) = (R)
(© (A)—=R),B)=(QS),(C)—=(RQ),([D)—(S)

(a) 2.11 m (b) 12.1m (d) (A)—(QS),(B)— (R),(C)—(QS), (D) —(P)
() 122m (d) 11.2m *e
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General Instructions

-up

Chapterwise practice questions for CBSE Exams as per the latest pattern
and reduced syllabus by CBSE for the academic session 2023-24.

Electrostatics

Time Allowed : 3 hours
Maximum Marks : 70

(1) There are 33 questions in all. All questions are compulsory.

(2)  This question paper has five sections: Section A, Section B, Section C, Section D and Section E.

(3) Al the sections are compulsory.

(4)

(5)

Section A contains sixteen questions, twelve MCQs and four Assertion Reasoning based of 1 mark each, Section B contains five

questions of two marks each, Section C contains seven questions of three marks each, Section D contains two case study based
questions of four marks each and Section E contains three long answer questions of five marks each.

There is no overall choice. However, an internal choice has been provided in one question in Section B, two questions in Section C,

one question in each CBQ in Section D and all three questions in Section E. You have to attempt only one of the choices in such

questions.
(6) Use of calculators is not allowed.

(7)  You may use the following values of physical constants where ever necessary
m,=9.1x102"kg
h=6.63x 105

i c=3x10%mss i,
V. pp=4mx 107 TmA™ V.
vii.  Avogadro's number = 6.023 x 10% per gram mole

i. e=16x10"C
Vi, £,=8854x 1072 CN"'m2

1.

A one paisa coin is made up of aluminium and
weighs 0.75 g. It has a square shape and its diagonal
measures 17 mm. It is electrically neutral and
contains equal amounts of positive and negative
charges. The magnitude of these charges is
(Atomic mass of Al = 26.98 g)

(a) 347x10'C (b) 3.47 x 10°C

(c) 1.67x 10*C (d) 1.67 x 102C

Which of the statements is false in the case of polar

molecules?

(a) Centers of positive and negative charges
are separated in the absence of external electric
field.

(b) Centers of positive and negative charges are

(78] PHYSICS FOR YOU | MAY 23

separated in the presence of external electric
field.
(c) Do not possess permanent dipole moments.
(d) Ionic molecule HCI is the example of polar
molecule.

The electric potential at a point in free space due to
a charge Q coulomb is Q x 10" volts. The electric
field at that point is

(a) 12me, Qx 102 Vm™

(b) 4me,Qx 102Vm™!

(c) 12me, Qx 10°Vm™

(d) 4me,Qx10°Vm™

The expression for electric field intensity at a point

outside uniformly charged thin plane sheet is (d is
the distance of point from plane sheet)



10.

11.

(a) independent of d.
(b) directly proportional to /d .
(c) directly proportional to d.

(d) directly proportional to 1/ Jd .
A cube of side b has a charge g at each of its vertices.

The potential due to this charge array at the centre
of the cube is

4q
b
(a) zero (b) Jgneob
q 49
© nEgb @ TEgb

Three charges Q) -q and —g q
are placed at the vertices of an
isosceles right angled triangle !
as shown in the figure. The net
electrostatic potential energy is
zero if Q is equal to

(b) j_% © J2g (@ +q

Four point charges are placed p - C
at the corners of a square

L — q

q
() 7

ABCD of side 10 cm, as shown *0
in figure. The force on a charge

A B
of 1 “C. placed at the centre of e e
square is
(a) 7N (b) 8N (c) 2N (d) zero

If a linear isotropic dielectric is placed in an electric
field of strength E, then the polarization P is

(a) independent of E

(b) inversely proportional to E

(c) directly proportional to JE

(d) directly proportional to E

The net electric charge enclosed by a Gaussian
surface of dipole is
(@) 0C (b) 1C (c)2C (d)3C

The resultant capacitance between A and B is
3 uF 3pF IpF
I

A—i} il {t
T

F>= 2uF

IpFz

Bo—{b—b——t4+———
IpF IpF  3pF
(a) 1uF (b) 3 uF (¢) 2uF  (d) 1.5 uF

Which of the following represents the electric
field lines due to a combination of two negative
charges?

12.

13.

14.

15.

(a) @ b) $&—6—

A, B and C are three points in a uniform electric
field. The electric potential is

Y

B L5

o C

v ¥
il

(a) maximum at C
(b) same at all the three points A, Band C
(¢) maximum at A
(d) maximum at B

For Questions 13 to 16, two statements are given

-one labelled Assertion (A) and other labelled

Reason (R). Select the correct answer to these

questions from the options as given below.

(a) If both Assertion and Reason are true and
Reason is correct explanation of Assertion.

(b) If both Assertion and Reason are true but
Reason is not the correct explanation of
Assertion.

(c) If Assertion is true but Reason is false.

(d) If both Assertion and Reason are false.

Assertion (A)
spherical conductors of different radii are equal.

: The surface densities of two

Then the electric field intensities near their surface
are also equal.

Reason (R) : Surface density is equal to charge per
unit area.

Assertion (A) : Conductors having equal positive
charge and volume, must also have same potential.
Reason (R) : Potential depends only on charge and
volume of conductor.

Assertion (A) : A point charge is lying at the centre
of a cube of each side . The electric flux emanating
from each surface of the cube is 1/6™ of total flux.
Reason (R) : According to Gauss theorem, total
electric flux through a closed surface enclosing a
charge is equal to 1/¢, times the magnitude of the
charge enclosed.
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16. Assertion (A) : The capacity of a conductor, under Y
given circumstances, remains constant irrespective
of the charge present on it.
Reason (R) : Capacity depends on size and shape of

conductor and also on the surrounding medium. 01m

SECTION B /
V4

17. There are three metals A, B and C. When A and
B are kept in front of each other they experience  25. Three concentric spherical metallic shells A, B and

*X

£0.1 m—»

attractive force. When A and C are kept in front
of each other they also experience attractive force.
What will happen when B and C are kept in front of
each other?

. Define ‘intensity of electric field’ at a point. At what
points is the electric dipole field intensity parallel to
the line joining the two charges?

. Two capacitors of equal capacitance when
connected in series have a net capacitance C, and
when connected in parallel have a net capacitance
C,. What is the value of C,/C,.

. How do the expressions for electric field just outside
a sheet of charge and a charged conductor differ?

OR
Can you say that earth is an equipotential surface?

. A potential difference of 250 volt is applied across
the plates of a capacitor 10 pF. Calculate the charge
on the plates of the capacitor.

SECTION C

22. Derive an expression for the potential energy of an

electric dipole in a uniform electric field. Explain
conditions for stable and unstable equilibrium.

. (i) Why no two electric field lines intersect each
other?
(ii) Give four properties of electric lines of force.

OR
Twenty seven drops of same size are charged at
220 V each. They combine to form a bigger drop.
Calculate the potential of the bigger drop.

. The electric field components due to a charge
inside the cube of side 0.1 m are E, = o, where
=500NC'm™, E,=E,=0.

Calculate the flux through the cube and the charge
inside the cube.

PHYSICS FOR YOU | MAY ‘23

C of radii a, b and ¢ (a < b < ¢) have surface charge

densities 6, -0 and © respectively.

(i) Find the potential of the three shells A, Band C.

(ii) If the shell A and C are at the same potential,
obtain the relation between the radii a, b and c.

OR
Explain, using suitable diagrams, the difference in
the behaviour of a (i) conductor and (ii) dielectric
in the presence of external electric field. Define
the terms polarization of a dielectric and write its
relation with susceptibility.

. Two small spheres each having mass m kg and charge

q coulomb are suspended from a point by insulating
threads each [ metre long, but of negligible mass. If
0 is the angle, each string makes with the vertical
when equilibrium has been attained, show that

q” = (4mgl* sin® 0. tan 0)4me,,.

. An electric dipole with moment P is placed in a

uniform electric field of intensity E. Write the
expression for the torque T experienced by the
dipole. Identify two pairs of perpendicular vectors
in the expression. Show diagrammatically the
orientation of the dipole in the field for which the
torque is (i) maximum, (ii) half the maximum
value, (iii) zero.

. A slab of material of dielectric constant k has the

same area as the plates of a parallel plate capacitor
but has a thickness (3/4)d, where d is the separation
of the plates. How is the capacitance changed when
the slab is inserted between the plates?

MONTHLY TEST DRIVE GLASS XII §:\\'5)//5: 43 4
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SECTION D

Case Study Based Questions

29. Read the following paragraph and answer the
questions that follow.
In practice, we deal with charges much greater in
magnitude than the charge on an electron, so we
can ignore the quantum nature of charges and
imagine that the charge is spread in a region in a
continuous manner. Such a charge distribution is
known as continuous charge distribution. There
are three types of continuous charge distribution :
(i) Line charge distribution (ii) Surface charge
distribution (iii) Volume charge distribution as
shown in figure.

Volume charge AQ = pAV

(i) Statement 1 : Gauss’s law can’t be used to calculate
electric field near an electric dipole.
Statement 2 : Electric dipole don’t have symmetrical
charge distribution.
(a) Statement 1 and statement 2 are true.
(b) Statement 1 is false but statement 2 is true.
(c) Statement 1 is true but statement 2 is false.
(d) Both statements are false.

(ii) An electric charge of 8.85 x 1072 Cis placed at the
centre of a sphere of radius 1 m. The electric flux
through the sphere is
(a) 02N C'm’

(c) 0.3NC'm’

(b) 0.INC'm’
(d) 0.0INC'm’
(iii) The electric field within the nucleus is generally

observed to be linearly
dependent on r. So,

(@) a=0
(b) a=R/2
(c) a=R
(d) a=2R/3

OR
What charge would be required to electrify a sphere
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of radius 25 cm so as to get a surface charge density
of ] Cm™2?

T
(a) 0.75C (b) 75C (¢) 75C (d) zero

(iv) The SI unit of linear charge density is
(@ Cm (b)Cm™" () Cm™ (d Cm>

30. Read the following paragraph and answer the
questions that follow.
Electrostatic Potential :
The potential at any observation point P of a
static electric field is defined as the work done by
the external agent (or negative of work done by
electrostatic field) in slowly bringing a unit positive
point charge from infinity to the observation point.
Figure shows the potential variation along the line
of charges. Two point charges Q, and Q, lie along a
line at a distance from each other.

(i) At which of the points 1, 2 and 3 is the electric field

is zero?
(@ 1 (b) 2
(c) 3 (d) Both (a) and (b)

(ii) The signs of charges Q, and Q, respectively are
(a) positive and negative (b) negative and positive
(c) positive and positive (d) negative and negative

(iii) Which of the two charges Q, and Q, is greater in
magnitude?
(@) Q,
® Q
(c) Same
(d) Can not be determined

(iv) Which of the following statement is not true?

(a) Electrostatic force is a conservative force.

(b) Potential energy of charge g at a point is the
work done per unit charge in bringing a charge
from any point to infinity.

(c) When two like charges lie infinite distance
apart, their potential energy is zero.

(d) Both (a) and (¢).

OR

Positive and negative point charges of equal

magnitude are kept at (O, 0, g) and (0, 0,_—;)



respectively. The work done by the electric field

when another positive point charge is moved from

(-a, 0,0) to (0, a, 0) is

(a) positive

(b) negative

(c) zero

(d) depends on the path connecting the initial and
final positions.

SECTION E

31. (i) The dimensions of an atom are of the order of
an Angstrom. Thus there must be large electric
fields between the protons and electrons. Why
the electrostatic field inside a conductor is zero?

(ii) Derive the expression for the torque acting on
an electric dipole, when it is held in a uniform
electric field. Identify the orientation of the
dipole in the electric field, in which it attains a
stable equilibrium.

OR
(i) The two metallic spheres of radii R, and R,
have equal surface densities of charge. Find the
ratio of electric fields on their surfaces.
(ii) Show that the electric field due to a infinitely

long sheet of charge is
€o
32. (a) When a parallel plate capacitor is connected
across a dc battery, explain briefly how the
capacitor gets charged.

(b) A parallel plate capacitor of capacitance ‘C’ is
charged to “V’volt by a battery. After some time
the battery is disconnected and the distance
between the plates is doubled. Now a slab of
dielectric constant 1 < k < 2 is introduced to
fill the space between the plates. How will the
following be affected?

(i) The electric field between the plates of the
capacitor?

(ii) The energy stored in the capacitor.
Justify your answer in each case.

(c) The electric potential as
a function of distance m
X s R : a L
figure. Draw a graph of DA——
the electric field E as a function of x.

OR
(i) How many electronic charges drawn form one
coulomb of charge?

‘x’ shown in the

(ii) Two identical helium

p—— 0.6 m —B
filled balloons A and 4 B
B fastened to a weight
5 gram by threads 1l o i m
float in equilibrium 4

as shown in figure.
Calculate the charge on each balloon, assuming
that they carry equal charges.

33. (a) Define electric flux. Is it a scalar or a vector
quantity?
A point charge g is at a
distance of d/2 directly
above the centre of a square J
of side d, as shown in the
tigure. Use Gauss law
to obtain the expression d
for the electric flux through the square.

(b) If the point charge is now moved to a distance
‘d’ from the centre of the square and the side of
the square is doubled, explain how the electric
flux will be affected.

OR
(a) Draw a graph to show the variation of E with
perpendicular distance r from the line of
charge.
(b) Find the work done in bringing a charge g from
perpendicular distance r; to r, (r, > 1}).

SOLUTIONS
1. (a): Mass of the coin=10.75 g,

Atomic mass of aluminium = 26.98 g
Number of Al atoms in the coin,

6.02x10% 2
N= ———x%0.75 =1.67 x 10
26.98

As atomic number (Z) of Al is 13, each atom of Al
contain 13 protons and 13 electrons. Magnitude of
positive and negative charges in one paisa coin

=NZe=167x10?x13x1.6x 107 C=3.47 x 10*C

2. (c): Polar molecules have permanent dipole
moment.

q

3. (b): Here, V = Q =Q><1011
amey
dmeyr=10"
X4TE
Now, E = Q > = Q g
ameyr (4meyr)
4me _
= —10le = 41 Q%10 V™
(10 °)
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4. (a): Electric field intensity outside sheet is 5

€o
So it is independent of d.
5. (b): All the eight charges are symmetrically
situated at the eight vertices of the cube, each at a
distance r equal to half the longest diagonal from the
centre.
Length of the longest diagonal of the cube,

d=vb* +b* +b* =\|'r§b.Hence, r=§=%§b
Potential at the centre of the cube due to all the eight
charges is,

1
V:gx._.gzgx_l_x_q__:_.4q_
4me, r 4me ﬁ 3 \I'rgnsob

2
6. (b): The net potential energy = 0 (given)

v b (1 )24Q _ N
Total amey o1 \ 4mey ) ; NET)

q 2q 2q
DG TN T T

7. (d): Forces of repulsion on 1 uC charge at O due to
3 uC charges, at A and C are equal and opposite. So they
cancel each other.

Similarly, forces of attraction on 1 pC charge at O due to
-4 uC charges at Band D are also equal and opposite. So
they also cancel each other.

Hence the net force on the charge of 1 uC at O is zero.

8. (d): For linear isotropic dielectric,

Polarisation, P = % E

where %, is a constant characteristic of the dielectric and
is known as the electric susceptibility of the dielectric
medium.

9. (a) : The net electric charge enclosed by a Gaussian
surface of dipole is zero, as the number of lines coming
out cancels with the number of lines going in.

So, g.DEdA:O

10. (a) : Starting from right end of figure,

3uF 3uF 3 uF
A} {1 1
ZuF— 1IuF—— IpF-
Be—i| {1 {1
3pF IuF  3pF
1 1 1 1 3
—=—4+—-4+—-—===1 or CszluF
C¢ 3 3 3 3
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Cp=1+2=3uFandso on.
Finally, the equivalent resistance between A and B is
Cap

1 1 1
or =-+—+—=1 or Csp =1UF
37373 ‘AB u

11. (d)

12. (d): In the direction of electric field, electric
potential decreases. .. V;> V>V,

13. (b): As o, =0, (Given)

il /b Uil

. =—==— or, —=
2 2
4mn 4nr,

rlz
9 r22
[Let r, and r, be two different radii]

Then the ratio of electric field intensities near the

surface of spherical conductors,

2 2
i: ql X4TC€01’2 :@sz_:ﬂxq_zzl
Ey amegr? 42 4 ont D 4
ie.E =E,

14. (d) : Electric potential of a charged conductor
depends not only on the amount of charge and volume
but also on the shape of the conductor. Hence if their
shapes are different, they may have different electric
potential.

15. (b) : The electric flux through the cube, ¢ = g/¢,,.
A cube has six faces of equal area. Therefore, electric

flux through each face = é o= ; (q/ €).

16. (a) : Charge present on a conductor determines its
potential. Capacity is a function of size and shape of the
conductor and of the surrounding medium. Capacitance

A- , where Kis

in case of parallel plate capacitor C = KZO
dielectric constant of medium, A is area of plates and d

is distance between them.

17. If A is positively charged, then B can be negatively
charged or neutral as charged body attracts a neutral
body also. Similarly, C can also be negatively charged
or neutral . If B and C are both negatively charged they
will repel each other. If B is negatively charged and C is
neutral they will attract each other. If both are neutral
then they will neither attract or repel.

18. The electric field intensity at a point is the force
experienced by a unit positive charge placed at that
point. The dipole field intensity is parallel to the line
joining the charges at axial position.



19. In series, C = g
n

In parallel, C, = nC
¢ _Cin_1

C, nC 2
20. The field due to charge conductor is twice that due
to sheet of charge.

(e} (¢}

Esheet = ’Econductor =
2¢g €
OR

Yes, as earth is a conductor, so its surface is equipotential.
21. Here, V=250 V,C=10pF=10x 1072 F=10""F
Q=CV=10"x250=25%x10"C

22. Since net force on electric dipole in uniform electric
field is zero, so no work is done in moving the electric
dipole in uniform electric field, however some work is
done in rotating the dipole against the torque acting on
it. So, small work done in rotating the dipole by an angle
d0 in uniform electric field E is

dW =1 d0 = pE sin6 dO
Hence, net work done in rotating the dipole from angle
6; to 6;in uniform electric field is

0 6
W= Ieif pEsin® d® = pE[~cos 9]6{

or W= pE [-cos 0;+ cos 0;] = pE [cos 6; - cos 6/]
If initially, the dipole is placed at an angle 6, = 90° to the
direction of electric field, and is then rotated to the angle
0;= 0, then net work done is

W = pE [c0s90° - cosO]
or W=-pEcosO
This gives the work done in rotating the dipole through
an angle 0 in uniform electric field, which gets stored
in it in the form of potential energy i.e., U = — pE cos 0
This gives potential energy stored in electric dipole of
moment p when placed in uniform electric field at an
angle 0 with its direction.
(i) When 6 =0° then U,_,, = -pE
So, potential energy of an electric dipole is minimum,
when it is placed with its dipole moment p parallel to
the direction of electric field E and so it is called its most
stable equilibrium position.
(ii) When 6 = 180°, then U, ,, = + pE
So, potential energy of an electric dipole is maximum,
when it is placed with its dipole moment p anti parallel
to the direction of electric field E and so it is called its
most unstable equilibrium position.

23. (i) No two electric lines of force can intersect each
other because at the point of intersection, we can draw
two tangent to the lines of force. This would means two
directions of electric field intensity at the same point
which is not possible.

(ii) Some properties of electric lines of force are as
follows.

(i) Electric field lines are continuous curves. They start
fom positively charged body and end at a negatively
charged body.

(ii) Tangent to the electric field lines at any point gives
the direction of electric field intensity at that point.

(iii) No two electric field lines of force can intersect each
other.

(iv) Electric field lines pass through dielectrics.

OR
Here : n = 27; Potential, V=220 V
Potential at the surface of a solid charged sphere

ve_ L 4
ane, r
4 .
= wlxn=—mr> or r' =m'? ..(i)
1
Potential of bigger drop, V, = . m,]
ane, r
1 ng ] !
= using (i
V, = vn?? (i)

Putting the values of n and V' in equation (ii), we get
V, =220 x (27)*? or V,=1980V
24. Flux is only along x-axis.
Flux through the left face
0, =E,. A .cos 180°
0, =500%0.1x107%x1=-0.5Nm” C"
Flux through the right face
0,=E_.A .cos8°=500x02x10>x1=1Nm*C"
Net flux, 0 = ¢, + ¢, = -0.5+1=0.5Nm*C"
Charge inside the cube = g, ¢ = 8.854 x 107'* x 0.5
=4.425x 1072 C.
Y

1.1 m
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25. (i) Potential of any
shell will be due to all the

charges present in the b‘
system.
Vy=— |:qA 9B q_C:| 1c
4rme,, b ¢
_ |:(47:a )o , (4nb*)(-0) _(4mc )(0)]
 dme, a b c
=2 (a=b+0)
€9
oL [qA 9 ‘Jc]
amegL b b ¢

_ [(Mw )0, (4mb?)(-0)  (4mc )o]
~ 4ne b b c

ol .2
= [a——b+c]
ELb

1
Ve = [@ﬂs ﬂ_c]
47[80 Cc C Cc

_ (4na’)o (4nb2)( 9, (4nc®)o
47t80

c c C
G[az B2 ]
= =
&L ¢ |
2 42
O (a-b+o)=2|a _b +"J
€0 &\c ¢
)
a-bre=4 -7 4¢
c ¢
at+b=c
OR

(i) When a conductor is placed in an external electric
field, the free charges present inside the conductor
redistribute themselves in such a manner that the
electric field due to induced charges opposes the
external field within the conductor. This happens until
a static situation is achieved i.e., when the two fields
cancel each other and the net electrostatic field in the
conductor becomes zero.

(ii) Dielectrics are non-conducting substances i.e.,
they have no charge carriers. Thus, in a dielectric, free
movement of charges is not possible. It turns out that
the external field induces dipole moment by reorienting

(86 PHYSICS FOR YOU | MAY 23

molecules of the dielectric. The collective effect of all
the molecular dipole moments is the net charge on
the surface of the dielectric which produce a field that
opposes the external field, unlike a conductor in an
external electric field. However, the opposing field so
induced does not exactly cancel the external field. It
only reduces it. The extent of the effect depends on the
nature of the dielectric.

The effect of electric field on a conductor and a dielectric
is shown in the figure.

Dielectric

Conductor !

The dipole moment per unit volume is called
polarisation and is denoted by P. For linear isotropic
dielectrics, P = xE

where 7 is electric susceptibility of the dielectric
medium.

26. T cosO = mg ..(1)
2

T sinB = =l—i= ..(ii)
4me, x?

Dividing (i) by (ii), we get

2
tan=—— T (i)
47'580 xzmg
Assin® = x_/2 =i
! 21

or x=2Isin0

So using it in equation (iii)
q° = (4mgl® sin°0 tan0) 4me,
27. Expression for torque on dipole in uniform electric
field is T=pE sinf or T=pxE

So, two pairs of perpendicular vectors are: (a) torque
and electric dipole moment p (b) torque T and electric
field intensity E.

(i) Torque is maximum, when 6 = 90° between p

and E ie, when electric dipole is perpendicular to
direction of field t,,,, = pE

1 "
(i) T= S Tmax *T
. 1 F s
or pEsinf = sz >E
1
sin@ = 5 ; ©=30°0r 150° q

So, torque is half the maximum value for 6 = 30° or 150°
between P and E.



1507

(iii) Torque is zero, when 6 = 0° or 180° between P and
E. i.e., when dipole is placed parallel or antiparallel to
direction of electric field.

—'—{-—-—h' —._fl_.—.v-.
o g - i — i
gyAK
58 C _(K@d-p+t) _  Kd
TG, goA K(d—t)+t
d
C Kd _ K 4K
or — = = ;C= - -Cy.
o K(d—id)+§d K377 K+3)
4 ) 4 4 4

29. (i) (a) : Gauss’s law is applicable for any closed
surface. Gauss’s law is most useful in situation where
the charge distribution has spherical or cylindrical
symmetry or is distributed uniformly over the plane.
Whereas electric dipole is a system of two equal and
opposite point charges separated by a very small and
finite distance.

So both statements are correct.

(ii) (b): According to Gausss law, the electric flux
through the sphere is

G 8.85x10713C

=din — =0.INC ' m?
gy 885x10°2C2N'm™

(iii) (c) : For uniformly volume charge density,

E="
3¢,

;Eoccr
OR

3 _
(a):r=25cm=0.25m, 6=—Cm 2
T

As, 0=

3
- =q=4nx(025° x==0.75C
4mr T

(iv) (b) : The line charge density at a point on a line is
the charge per unit length of the line at that point
o

dL
Thus, the SI unit for A is C m ™.

30. (i) (c) : As -c;iv =E, , the negative of the slope of V/
r

versus r curve represents the component of electric field
along r. Slope of curve is zero only at point 3.
Therefore, the electric field vector is zero at point 3.

(ii) (a) : Near positive charge, net potential is positive
and near a negative charge, net potential is negative.
Thus, charge Q, is positive and Q, is negative.

(iii) (b) : From the figure, it can be seen that net potential
due to two charges is positive everywhere in the region
left to charge Q,. Therefore the magnitude of potential
due to charge Q; is greater than due to Q,.

(iv) (b)

(c) : It can be seen
that potential at the
points both A and B are
zero. When the charge
is moved from A to B,
work done by the electric
field on the charge will be
zero.

31. (i) Refer to answer 28, Page no. 32, Class-12, MTG
100 percent Physics.

(ii) Refer to answer 22, Page no. 31-32, Class-12, MTG
100 percent Physics.

OR
(i) Refer to answer 17, Page no. 44, Class-12, MTG
100 percent Physics.
(ii) Refer to answer 20, Page no. 44-45, Class-12, MTG
100 percent Physics.

32. (a) Consider a parallel
plate capacitor is connected
across a battery as shown in
figure.

Then the electric current will
flow through the circuit. As the charges reach the plate,
the insulating gap does not allow the charges to move
further; hence, positive charges get deposited on one
side of the plate and negative charges get deposited
on the other side of the plate. As the voltage begins
to develop, the electric charges begins to resist the
deposition of further charges. Thus the current flowing
through the circuit gradually becomes less and then
zero till the voltage of the capacitor is exactly equal
but opposite to the voltage of the battery. This is how
capacitor gets charged.

(b) (i) The electric field between the plates is E = Z
The distance between plates is doubled, d = 2d
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, V. (VY 1 1(E
W E == x—==| =
= paimili)

Therefore, if the distance between the plates is double,
the electric field will reduce to one half.
(ii) As the capacitance of the capacitor

d 2d 2 )

Energy stored in the capacitor is U = =

2 2 2
New energy, U’ = Q = & =2 i =2U
2C" 2(1/2)C 2C

Therefore, when the distance between the plates is
doubled, the capacitance reduces to half and the energy
stored in the capacitor becomes double.

(c) Electric field E=— v ..(1)
dx

Forx=0to 1, V=kx

x=1to2,V=k

x=2t03, V=-kx

where k is some constant

So, using (i) the variation of electric field is shown in

figure.
gure a0

+E

-E

OR
(i) Refer to answer 14, Page no. 7, Class-12, MTG
100 percent Physics.
(ii) Refer to answer 5, Page no. 49, Class-12, MTG
100 percent Physics.

33. (a) Electric flux linked
with a surface is the number of
electric lines of force cutting £
through a surface normally P
and is measured as surface
integral of electric field over /
that surface Si.e., ¢ = j E-dS

N
It is a scalar quantity.
Let us assume that the given square be one face of the
cube of edge d cm. As charge of g is at distance of d/2
above the centre of a square, so it is enclosed by the

cube. Hence by Gauss’s theorem, electric flux linked
with the cube is
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i
N
=
N
d
- e
o= &
So, the magnitude of the electric flux through the square
; ¢__4
is ¢ pq == =——
O 6 6g,

(b) Here distance of point charge becomes doubled and
also sides of square gets doubled.

Same kind of symmetry is still here with sides of cube
2d, hence electric flux through the square will not be

affected i.e., e :
Hence there will be no change in electric flux.
OR
A 1
(a) Since E=- = Eoc= E
2mEyr r T

Therefore plot of E versus r

will be as shown. —>

(b) As per the situation charge q is kept at a distance r,
from line charge.

A
2mE
Work done in moving charge g
formr, tory,

= and E’,\ =
(7'2) 27‘5807‘2 (rl)

2| .

| 5} Ty
dr cos0°

- A
w=["F.ar =["-1
) n 2MEyr

:ijﬁﬂ = qr [lnr]r1 = 9h In 1
r-
2mey n r 2WE 2 2mey, 1 PR
WINSICRIAM B LLE DN CL 2 SRS
APRIL 2023

1-e-POUND 2-h - LIMITING

3-f - INELASTIC 4-5- POWER

5-c -ELECTRICITY 6-a - LATENT HEAT

7-d- ADIABATIC 8-i- AMPLITUDE

9-b -MICROSCOPE 10-g -BORON
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MONTHLY TEST

his specially designed column enables students to self analyse their extent of understanding of specified chapters. Give yourself four marks for
correct answer and deduct one mark for wrong answer. Self check table given at the end will help you to check your readiness.

NEET

Only One Option Correct Type

A circular coil with a cross-sectional area of 4 cm?has
10 turns. It is placed at the centre of a long solenoid
that has 15 turns/cm™! and a cross-sectional area of
10 cm?, as shown in the figure. The axis of the coil
coincides with the axis of the solenoid. What is their
mutual inductance?

(a) 7.54 uH
(b) 8.54 uH
(c) 9.54 uH
(d) 10.54 uH

A pure resistive circuit element X when connected
to an ac supply of peak voltage 200 V gives a peak
current of 5 A which is in phase with the voltage.
A second circuit element Y, when connected to the
same ac supply also gives the same value of peak
current but the current lags behind by 90°. If the
series combination of X and Y is connected to the
same supply, what will be the rms value of current?

@ A b A (O G)A () 5A

10 5

V2 V2
A transmitting station transmits radiowaves of
wavelength 360 m. The inductance of coil required
with a condenser of capacity 1.20 uF in the resonant
circuit to receive them is

(a) 3.04x10%H (b) 2.04x 10%H

(c) 4.04x10°H (d) 6.04x 10 H

A part of a complete circuit is shown in the figure.
At some instant, the value of current I'is 1 A and it
is decreasing at a rate of 102 A s™!. The value of the
potential difference Vp - V|, at that instant, is

Electromagnetic Induction/Alternating Current

Total Marks : 120

L =50mH 1 R=2Q
HWWWW—e
P 30V Q
(@ 28V (b) 23V (c) 36V (d) 33V

In a LCR oscillatory circuit, find the energy stored
in inductor at resonance if voltage of source is 10 V,
resistance is 10 €2 and inductance = 1 H.

(@ 05] (b) 2] (c) 4] (d) 10]

A conducting rod of length L is moving in a
uniform magnetic field (B) with a velocity v without
rotation. The velocity of the rod is perpendicular to
the rod, and the motion of the rod is confined to a
plane perpendicular to the magnetic field. What is
the induced emf developed across the rod?

(a) BLv (b) BYAL  (c) BL/v (d) BL*v

The equivalent inductance between A and B is

-
A WS 1111 L ] ]| ]

4H 4H 4H

L

(a) 1H (b) 4 H (c) 08H (d) 16H
A transformer of 100% efficiency has 200 turns
in primary and 40000 turns in the secondary.
It is connected to a 220 V main supply and the
secondary feeds to a 100 kQ resistance. Calculate
the output potential difference and the power
delivered to load.

(a) 44 kW (b) 4.4 kW

(c) 22.6 kW (d) 19.36 kW

For a given frequency, the inductive reactance of a
coil at 100 H is 25 Q. For the same frequency, the

inductive reactance at 200 H will be
(a) 25Q (b)50Q (c) 100 (d) zero
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10.

11.

12.

13.

14.

15.

D

An alternating voltage V =2004/2 sin(100¢) volt
is connected to a 1 UF capacitor through an a.c.
ammeter. The reading of the ammeter is

(a) 40 mA (b) 2042 mA
(c) 20 mA (d) 1052 mA

If a magnet is dropped through a vertical hollow

copper tube then

(a) the time taken to reach the ground is longer
than the time taken if the tube was made out
of plastic

(b) the magnet will get attracted and stick to the
copper tube

(c) the time taken to reach the ground is longer
than the time taken if the tube was made out
of the stainless steel

(d) the time taken to reach the ground does not
depend on the radius of the copper tube

Two LC circuits have same resonant frequency fj.
When connected in series (assume all the elements
to be in series), find the new resonant frequency.

(@) 2 fo ®) 2 (© fo (d) 4 fo
Assertion & Reason Type

Directions : In questions 13 to 15, a statement of

assertion is followed by a statement of reason. Mark

the correct choice as :

(a) Ifboth assertion and reason are true and reason
is the correct explanation of assertion.

(b) If both assertion and reason are true but reason
is not the correct explanation of assertion.

(c) If assertion is true but reason is false.

(d) If both assertion and reason are false.

Assertion : The induced e.m.f. will be same in two
identical loops of copper and aluminium, when
rotated with same speed in the same magnetic field.
Reason : Induced e.m.f. is proportional to rate of
change of magnetic field while induced current
depends on resistance of wire.

Assertion : When capacitive reactance is smaller

than the inductive reactance in LCR series circuit,
e.m.f. leads the current.

Reason : The phase angle is the angle between the
alternating e.m.f. and alternating current of the
circuit.

Assertion : The core of transformer is made
laminated in order to increase the eddy currents.

Reason : The sensitivity of transformer increases
with increase in the eddy currents.
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JEE MAIN / JEE ADVANCED

16.

17.

18.

Only One Option Correct Type

A 20 Henry inductor coil
is connected to a 10 ohm P 100
resistance in series as

shown in figure. The time 22
at which rate of dissipation

of energy (Joule’s heat) across resistance is equal to
the rate at which magnetic energy is stored in the
inductor, is

(@ tm2 B2 (© =  (d)2In2
2 In2

A bar of mass m is pulled horizontally across

parallel rails by a massless string that passes over an

ideal pulley and is attached to a suspended object of

mass M as shown in figure.

M @lg
The uniform magnetic field has a magnitude B
and the distance between the rails is I. the rails are
connected at one end by a load resistor R. Assume
that the suspended object is released with the bar
at rest at t = 0 and no friction exists between rails

and bar, calculate the terminal velocity obtained by
the bar.

(@) 28R ) MR mER ) 2meR
B°l B°l B°l Bl
Statement -1 : In the arrangement .
shown, the conducting rod PQ is 4 A
moved on the smooth conducting e
rails with a steady velocity v. © Q=

Electrical resistance of rod and

rails is zero. The lesser the value of R the more is the

force required to move it with the same velocity

Statement -2 : Lower resistor causes more power to

be dissipated.

(a) Statement-1 is false, Statement-2 is true.

(b) Statement-1 is true, Statement-2 is true;
Statement-2 is the correct explanation of
Statement-1.

(c) Statement-1 is true, Statement-2 is true;
Statement-2 is not the correct explanation of
Statement-1.

(d) Statement-1 is true, Statement-2 is false.



19.

20.

21.

22.

More than One Option Correct Type

A small bar magnet of dipole moment M is moving
with speed v along x direction towards a small
closed circular conducting loop of radius ‘a’ with
its centre O at x = 0 (see figure). Assume x > > a
and the coil has a resistance R. Then which of the
following statement(s) is/are true?

i
-

e
v

(a) Magnetic field at the centre O of the circular

coil due to the bar magnet is
x

(b) Induced EMF is proportional to
X

(c) The magnetic moment  due to induced current
in the coil is proportional to a.

1
(d) The heat produced is proportional to —.
X

A series RC circuit is connected to AC voltage

source. Consider two cases;

(A) when C is without a dielectric medium and

(B) when C is filled with dielectric of constant 4.

The current I through the resistor and voltage V.

across the capacitor are compared in the two cases.

Which of the following is/are true?

(a) If > I (b) If < If

(c) V& > VE (d) VA< Vg

A current carrying infinitely long wire is kept

along the diameter of a circular wire loop, without

touching it. The correct statement(s) is(are)

(a) the emfinduced in theloop is zero if the current
is constant

(b) the emfinduced in the loop is finite if the current
is constant

(c) theemfinduced in theloop is zero if the current
decreases at a steady state

(d) the emfinduced in the loop is finite if the current
decreases at a steady state.

Two different coils have self-inductances L; = 8 mH
and L, =2 mH. The current in one coil is increased
at a constant rate. The current in the second coil is
also increased at the same constant rate. At a certain
instant of time, the power is given to the two coils

23.

24.

25.

26.

is the same. At that time, the current, the induced
voltage and the energy stored in the first coil are 7,
V1 and W respectively. Corresponding values for
the second coil at the same instant are i,, V, and W,
respectively. Then

i 1 i W, 1 \%
@ = () =4 (9 1t="(d =4
b ) W, v
Inthecircuitshown, L=1pH ¢_ 1 p R=1kQ

L=1pH,C=1pF
and R = 1 kQ. They
are connected in

L
V sin ot

series with an a.c.
source V = V, sin wt as shown. Which of the
following options is/are correct?

(a) Atw ~ 0, the current flowing through the circuit
becomes nearly zero.

(b) The frequency at which the current will be in
phase with the voltage is independent of R.

(c) The current will be in phase with the voltage if
® = 10% rad s7L.

(d) At ® > > 10° rad s71, the circuit behaves like a
capacitor.

Integer/Numerical Value Type
Two concentric circular coils, C; and C,, are placed
in the XY plane. C; has 500 turns and a radius of
1 cm. C, has 200 turns and radius of 20 cm. C, carries
a time dependent current I(t) = (5t> — 2t + 3) A
where t is in s. The emf induced in C; (in mV), at

the instant t =1 s is 4 . The value of x is

X
The circuit shown in the _ 3UF 5MQ
figure consists of a charged [ ot Wv
capacitor of capacity 3 uF Jgfad

and a charge of 30 uC. At Q

time t = 0, when the key is
closed, the value of current flowing through the
5 MQ resistor is ‘x’ LA.

The value of ¥’ to the nearest integer is

Consider the LR circuit L R
shown in the figure. If the

switch S is closed at t = 0
then the amount of charge |}

that passes through the E 5
battery between ¢ = 0 and

EL
—— when the value of x is .

L.
t=-—is equal to —
R xR
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Comprehension Type

In figure shown, the rod has T
a resistance R, the horizontal ﬂfi; . o
rails have negligible friction. A | * * oS
battery of emf E and negligible 2 il i SgheM |
internal resistance is connected

blL_=u = ¥
between points a and b. The T E T

rod is released from rest.

27. The velocity of the rod as function of time is

f_ _,tit £ —t/t
() Bl(l e"’) (b) Bl(1+e )
3E -t E _ptit
(c) 2Bl(l e’'’) (d) 2Bl(1 e’'’)

28. After some time, the rod will approach a terminal

speed. Find an expression for it.
3 E E E 2E
=W b) — = d) =
(a) T (b) B (c) 3 (d) 5 30.
Matrix Match Type

av) |10, vy is (9) |Vt V2
proportional to I Ll

(D o o,

(@) (D—®R,ST);(ID)—(QR,S,T); (III) — (P, Q)s;
(IV) - (QR,S,T)

(b) () — (B Q R); (II) = (P, Q); (III) — (R, S);
(IV) - (R,S,T)

() (D —R,S,T) () = (QR,S); () = (Q T);
(IV) - (QS,T)

(d) ) — (B QR,S); (1) — (B, Q); (III) - (Q R);
(IV) - (R, S, T)

A square loop is placed near a long

straight current carrying wire as
shown in figure. Match the following

29. You are given many resistances, capacitors and table.
inductors. These are connected to a variable DC - —
voltage source (the first two circuits) or an AC Column I | Column II |
voltage source of 50 Hz frequency (the next three (I) |l current is (P) | induced current
circuits) in different ways as shown in Column II. increased, , in loop is
When a current I (steady state for DC or rms for | _ ; I.clockwise .
AC) flows through the circuit, the corresponding (IT) |1 current is (Q) %nduced. current
voltage V and V,, (indicated in circuits) are related decreased, mn lf)OP s
as shown in column I. Match the two. e — al?tldo.CkWISe .
Column 1 ! Column II (III) |If loop is move . (R) |wire will attract
- away from the wire the loop
(I) [I#0,Vyis (P) Vi v — . t e T—
. (IV) |If loop is moved ~ |(S) wire will repel
proportional to I :
6 mH__++' 3 UF \toward the wire _ |the loop
LI [ | v (@ () — (P ) — (Q S); (1) - (R, S);
(II) [1#0,V,>V, (Q) oy (IV) - ( Q)
AT (b) () - (Qs () - (R ) () - (B Q)
L (IV) > ($)
i | | v (© () — (R) (II) —» (P Q) (III) - (Q R)
) | v, =0,V,=V R) oV " IV) = (QR)
e (@) (1) = (Q ) (D) - (B, R (1) — (B, R);
__?_ (IV) > (Q ) &
I . Keys are published in this issue. Search now! ©
SELF CHECK Check your score! If your score is
J > 90% 1 EXCELLENT WORK ! You are well prepared to take the challenge of final exam.
No. of questions attempted  ...... 90-75% ] GOOD WORK ! You can score good in the final exam.
No. of questions correct ... 74-60% 1 SATISFACTORY ! You need to score more next time
Marks scored in percentage ... < 60% ‘ NOT SATISFACTORY! Revise thoroughly and strengthen your concepts.
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