www.mtg.in
September 2024
Pages 10013 75

"5 F Are you Ready for Dlympiads?

. : 1
SOF|NSG

SCIENCE DLYMPIAD "OUMDATION S NATKOAAL STITHCT D1YMFIAD

SEE INSKIe

BRUSH UP for ‘i

NEET/JEE

Get Set Go for

NEET | JEE

CLASS XII CLASS XI

Trust of more than
1 Crore Readers

PHYSICS IN

FOCUS

See inside H D

page no. 47-54 L

Since 1982

TOZ2ADGENDT 4570




Managing Editor
Mahabir Singh
BRUSH UP for &8
NEET/JEE Editor
Anil Ahlawat
PHYSICS IN
Srearide
page 0. 4750
Subscribe online at WWwW.mtg.in
SUBSCRIPTION PLAN
Subject Format 1 Year 2Years =@ 3Years
Individual Print issue 3749/- 31349/- 31799/-
* Physics * Chemistry [ | I [
« Mathematics  + Biology Print + Digital 1150/~ = 1850/- = 2400/-
Combo of 3 Magazines Print issue 32200/- 34000/- 35400/-
* Physics, Chemistry, Biology [ I I [
« Physics, Chemistry, Mathematics Print + Digital %3000/~ = %5000/ = I6600/-
Combo of 4 Magazines Print issue 32800/- 35200/- 36300/-
= Physics, Chemistry, Mathematics, ‘ T [
Biology Print + Digital 33800/- 36399/- 37800/-
Courier Charges . 800/ 3960/~ | 31440/

Add to your subscription amount for quicker & traceable delivery

Send D.D/M.O in favour of MTG Learning Media (P) Ltd.

Payments should be made directly to : MTG Learning Media (P) Ltd,
Plot No. 99, Sector 44, Gurugram - 122003 (Haryana)

We have not appointed any subscription agent.

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 32 No.9 September 2024

Corporate Office:
Plot 99, Sector 44 Institutional area, Gurugram -122 003 (HR).
Tel : 0124-6601200 e-mail : info@mtg.in  website : www.mtg.in

Regd. Office:
406, Taj Apartment, Near Safdarjung Hospital, New Delhi - 110029.

Contents

Class 11
Get Set Go for JEE 9

Brush Up for NEET / JEE 13

Work, Energy and Power
CBSE warm-up! 21

System of Particles and Rotational Motion
Are you ready for Olympiads? 31
Monthly Test Drive 55

Units and Measurement | Kinematics
Class 12
Are you ready for Olympiads? 40
Physics in Focus 47

Electromagnetic Induction

Brain Map 50
Magnetism and Matter

Get Set Go for NEET 59

Brush Up for NEET / JEE 63
Moving Charges and Magnetism

CBSE warm-up! 71
Magnetism and Matter
Monthly Test Drive 79

Electrostatics

Competition Edge

Quiz Club 30

JEE Work Outs 84

Word Grid 88

Unique Career in Demand 89
GK Corner 91

PHYSICS FOR YOU | SEPTEMBER ‘24 o



o

with exclusive and brain storming MCQs

Practicing these MCQs help to strengthen your concepts and give you extra edge in your JEE preparation
4,

Under the same load, wire A having length 5.0 m
and the cross section 2.5 x 10~ m® stretches
uniformly by same amount as another wire B of
length 6.0 m and a cross-section of 3.0 x 10~ m”
stretches. The ratio of the Youngs modulus of
wire A to that of wire B will be

(@) 1:4 (b) 1:1  (¢) 1:10 (d) 1:2

The temperature of equal masses of three different
liquids x, y and z are 10°C, 20°C and 30°C
respectively. The temperature of mixture when x is
mixed with y is 16°C and that when y is mixed with z
is 26°C. The temperature of mixture when x and z
are mixed will be
(a) 25.62°C

(c) 28.32°C

(b) 20.28°C
(d) 23.84°C

A helicopter rises from rest on the ground vertically
upwards with a constant acceleration g. A food
packet is dropped from the helicopter when it is at
a height h. The time taken by the packet to reach
the ground is close to [g is the acceleration due to

gravity]
(b) t=1.8 (ﬁ)
g

2 |[h
@)
2h
@ =y3)

(0 t= 3-4@

Given below are two statements : one is labelled as

Assertion A and the other is labelled as Reason R.

Assertion A : An electric fan continues to rotate

for some time after the current is switched off.

Reason R : Fan continues to rotate due to inertia of

motion.

In the light of above statements, choose the most

appropriate answer from the options given below.

(a) A isnot correct but R is correct.

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

(c) Ais correct but R is not correct.

(d) Both A and R are correct but R is NOT the
correct explanation of A.

In a linear Simple Harmonic Motion (SHM)

(A) Restoring force is directly proportional to the
displacement.

(B) The acceleration and displacement are opposite
in direction.

(C) The velocity is maximum at mean position.

(D) The acceleration is minimum at extreme points.

Choose the correct answer from the options given

below.

(a) (C)and (D) only  (b) (A), (C) and (D) only

(c) (A),(B)and (C)only (d) (A), (B) and (D) only
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10.

(10

In the following T refers to current and other
symbols have their usual meaning. Choose the
option that corresponds to the dimensions of
electrical conductivity.

(@) [M'L7T1] (b) [M'L7T°P]

(0 [M'L’T’I] (d) [ML®T T

Match the thermodynamic processes taking place
in a system with the correct conditions. In the table :
AQ is the heat supplied, AW is the work done and
AU is change in internal energy of the system.

Process Condition
(I) Adiabatic (A) AW=0
(IT) Isothermal (B) AQ=0
(III) Isochoric (C) AU#0,AW#0,AQ#0
(IV) Isobaric (D) AU=0

() (D-(B), (ID)-(D), (IIN)-(A), (IV)-(C)
(b) (D-(A), AD)-(A), (1ID)-(B), (IV)-(C)
(c) (D-(A), (D)-(B), (1ID)-(D), (IV)-(D)
(d) (D-(B), ID)-(A), (ID)-(D), (IV)-(C)

For a solid rod, the Young’s modulus of elasticity is
3.2 x 10" Nm™ and density is 8 x 10° kg m™. The
velocity of longitudinal wave in the rod will be

(a) 3.65%x 10°ms" (b) 18.96 x 10’ m s~

(c) 145.75x 10°ms™! (d) 6.32x10° ms™!

Given below are two statements.

Statement I : An elevator can go up or down with
uniform speed when its weight is balanced with
the tension of its cable.

Statement II : Force exerted by the floor of an
elevator on the foot of a person standing on it is
more than his/her weight when the elevator goes
down with increasing speed.

In the light of the above statements, choose the
correct answer from the options given below.

(a) Statement I is false but statement II is true.

(b) Statement I is true but statement II is false.

(c) Both statement I and statement II is false.

(d) Both statement I and statement II are true.

A bead of mass m stays at
point P(a, b) on a wire bent
in the shape of a parabola
y = 4Cx* and rotating
with angular speed ® (see
tigure). The value of ® is
(neglect friction)

(a) 2J25C (b) 2J2C (o) gbc

PHYSICS FOR YOU | SEPTEMBER ‘24

(d) (

NUMERICAL VALUE TYPE

11.

12.

13.

14.

15.

An object is projected in the air with initial velocity
u at an angle 0. The projectile motion is such that
the horizontal range R, is maximum. Another
object is projected in the air with a horizontal range
half of the range of first object. The initial velocity
remains same in both the case. The value of the
angle of projection, at which the second object is
projected, will be degree.

Two satellites S, and S, are revolving in circular
orbits around a planet with radius R, = 3200 km and
R, = 800 km respectively. The ratio of speed of
satellite S; to the speed of satellite S, in their

. . 1
respective orbits would be — , where x =
X

A monoatomic gas performs a work of =

where Q is the heat supplied to it. The molar heat
capacity of the gas will be
transformation, where R is the gas constant.

R, during this

A body of mass 1 kg collides head on elastically
with a stationary body of mass 3 kg. After collision,
the smaller body reverses its direction of motion
and moves with a speed of 2 m/s. The initial speed
of the smaller body before collision is ms .

A spherical drop of liquid splits into 1000 identical
spherical drops. If u; is the surface energy of the
original drop and u; is the total surface energy of
the resulting drops, the (ignoring evaporation),

“f

U;

10
( ] Then value of x is

X

SOLUTIONS

1.

(b): Length of wire A, L, =5m

Length of wire B, L; =6 m

A,=25x10"m* Az=3x10"m’

As applied force F and extension AL are same for
both wires A and B,

. F _ YA _YpAp

v =

Ly Lp
Y4 _LyAp _ 5x3x107° _
Ys LgAs 6x2.5x107°

The ratio of the Young’s modulus of wire A to that
of wire Bis1:1

(d): For x : m; = m, T, = 10°C, specific heat = s,
For y: m, =m, T, = 20°C, specific heat = s,



For z: m; = m, T; = 30°C, specific heat = s, 8.
When x and y is mixed, the temperature is T.

By the principle of calorimetry,

mys, T, + mys, T, = (mys; + mys,) T

s;x 10+, x20=(s;+5,) X 16

2 :
oS == . (
1535 (1) N
When y and z is mixed, the final temperature is T".
By the principle of calorimetry,

My, T, + mss3T5 = (m,s, + mys;) T’
.. (ii)
When x and z is mixed, the final temperature is T".

By the principle of calorimetry,
mys; T, + mss3Ty = (mys; + mys;) T

3
20s, + 3085 = (5, + 53) X 26; 553 = 552

2 3 2 3
—s, X10+—s, X30=| —s, +—s, |XT”
32 22 (3 272 2)

. T” =23.84°C
(c) : For upward motion of helicopter,
From equation of motion, vV =u’ + 2as

= u’=0+2gh or u= ,/Zgh ...(1)
Thisisinitial velocity of packet in upward direction.

Now food packet will start moving under gravity,
v =u’ + 2as or v* =2gh + 2gh (Using eq. (i))

This is the velocity of packet just before hitting the  11.

ground.
We know, v = u + at

’4h ’Zh h
J4g :—J2gh+gt = t= g + g =3.4J;

(b): Fan continues to rotate for some time after
current is switched off due to inertia of motion.
Hence, both A and R are correct and R is the
correct explanation of A.

(c) : In a simple harmonic motion

F=kx ie,Foc-x = maoc-x=aoc-x

At the extreme position, acceleration is maximum.
(b): Electrical conductivity = [IM'LT°1?

(a): Here, AQ = Heat supplied

AU = Change in internal energy; AW = Work done
For adiabatic process > AQ =0

For isothermal process - AT =0,AU =0

For isochoric process - AW =0

For isobaric process - AU # 0, AW # 0, AQ # 0
(1) — (B), (II) — (D), (IIT) — (A), (IV) — (C)

10.

Motivational Quote

“Success can come to you by courageous

(d): Given, Young’s modulus of elasticity
Y =3.2x 10" Nm™ and density, p = 8 x 10’ kg/m’
Velocity of longitudinal wave in the rod,

v [132x101 Nm™2
V= —_ =

- ;- =6.32 %10 m/s
p 8x10° kgm ™

(b): When the elevator is going up with acceleration a,
the apparent weight is given by W’ = m (¢ + a)
Similarly, when going down, W’ = m(g - a)

= W< W

Also, weight of the elevator is balanced by the

tension in the cable.

(a): As mass is in equilibrium,

" mg = N C(;S@ J
NsinO = mw“a \Sw Neosb

X sin 0 = mm’a

cosO

o ’gtane
a

Given that, y = 4Cx’

Nsin6

= d_y =8Cx
dx
At point P, tan0 = dy _ 8 Ca

dx

® :Jg(SCa) =2,/2¢C
a

2
(15): We know range, R=

u”sin206
4
Initial speed of first object is u.
For range to be maximum 6 = 45°

2

2 . . o
u” sin(2 X 45°) u” sin90
Rmax = r Rmax =
g g
2

u .
= Rmax = ...(1)

g

Now, another object is projected with some initial
speed u, but horizontal range is half of the range of
tirst object i.e.,

devotion to the task lying in front of you.”

— C.V. Raman
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(i)
: £ E—>u E)—>u. - o}(—@ E—>v,=?

Dividing equation (i) and (ii), ;=i i e
= m, =3 kg iz

Rinax i’ fi ; 1 : : : ; e . :
TG T ; sin20 = 7 = sin2¢ = sin30° Given elastic collision, e = 1 (using conservation of
-I-Z“ u”sin2¢/ g momentum)
myuy + Ml =mpv + v, = 1y +0=-1x2 + 3w,
— o, - =]
20 =30% ¢ =15 u =3, 2 @)
12. (2): Here: R, =3200 km, R, =800 km vy —(=2)
e=l=="—— or u;=v,+2 ..(ii)
_ |GM H
e T From (i) and (ii), we get, 3v, - 2=v,+ 2
v R, 800 1 v, = 2m/s and from (ii), we get, 1, =2 + 2 =4 m/s
So, == |2 =]—== = x=2 _
vy R, 3200 2 15. (1):1 big drop = 1000 small drops
13. (2):Byfirst law of thermodynamics, AQ =AU+ AW 4 TR3 = 1000 x ﬂms
AQ 3 3 3
Ap=A——=2il R=10r,r=R/10 (i)
_ U, = surface tension (T') x Area
= $EAT =0 A1) U = Tx 4nR%; Uy= T x 417 x 1000
= nCdT = AQ ..(ii) . Uy _rxam® x1000 _ 10007 Yr 1o
Dividing equation (i) by (ii), we get U,  TxanR: R "8, o
C 4 4 3 i i
N . (Using (i)
C 4 3 3 2 S50,x=1 X

WIN|STCIRIA MBI L [E BN E)

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

1. RIEOLAC (@) A radiation of high penetrating power that originates from outer space.

2. YARMICSOC (b) A unit of heat.

3. THRAE (c) A device that maintain a system at a constant temperature.

4. ESFU (d) The spontaneous emission of radiation from atomic nuclei.

5. PEUSTMI (e) A connection between an electrical circuit or device and the earth, which is ot
zero potential.

6. ESCENECINMUL (f) A safety device which prevents damage to electrical applications.

7. CTVIIAYTIODIAR (g) The force that sets a body in motion or that tends to resist changes in a body's
motion.

8. MOTATSERTH (h) Rotating neutron stars.

9. UMCUAY (i) A region containing no air.

10. ASSLURP () The emission of light at low temperatures by any process other than incandescence.

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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Brush up your concepts to get high rank in NEET/JEE (Main and Advanced) by reading this column. This specially designed column
is updated year after year by a panel of highly qualified teaching experts well-tuned to the requirements of these Entrance Tests.

ScaLAr Proouct oF Two VECTORS

® Consider two vectors 4 and l; Angle between
G and b is 0, where d=a z+ay]+a k and
b=b z+by ]+b k.
Their scalar product is given by

a-b=|d| |b|cos6, where b

- 2 2 2 0
|a|=1}ax+ay+az, >
b|=[b2 +b% +b?

x Yy TVz -

a-b
|allb]

® For three unit vectors i,j and k along three axes,
=1 (- |il=1=]jl=k])
ji=k-k=ii=1

Q)

Angle 0 can be determined as cos0=

i-i=1X1cos0°

andi- j=1x1xcos90°=0

In component form,

d-b=(ayi+a,j+a,k)(byi+b,j+b,k)

= a-b=ab,+a,b,+ab,

Work DonE

® The work is said to be done when a force applied
to the body displaces the body through a certain
distance in the direction of applied force.

Work, Energy and Power

Work Done by a Constant Force : Let a constant
force F be applied on the body making an angle 0
with the displacement direction.d X be the small
displacement in the body.

F F

Nt Ao Nd £o.
] 1
B
1 1
=
mg mg

F is resolved in two components, F cos 8 along d %
and F sin 0 perpendicular to d x.
Small work done in moving the body by
displacement dx is dW = F-d%
Integrating, we get
AW =F.di =W = Fcose(xf x;)
. W=F-%

(a) If 0 < 6 < 90° then work done is positive
(component of F is parallel to the displacement)

(b) If 6 = 90° then work done = 0. (No translational
work done is there).

(c) If 90° < O < 180° then work done = negative.
(component of force is antiparallel to the
displacement)

Work Done by a Variable Force : Let a force F
applied to a body whose magnitude and direction
changes with position. For a very small displacement
dXx , F can be assumed to be constant.

Small work done dW in displacing the body by
displacement dx is dW =F -dx

PHYSICS FOR YOU | SEPTEMBER 24
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Also, graphically we can say that the area under the

F - x curve on x-axis gives the total work done.

Integrating, we get
xf

faw =] F-dx

Xj

— W:foﬁ-d?c
Xj

W = Area OABCO
Work Done by a Conservative Force

— Work done by the D
conservative forces are

independent of the path
followed by the body.

— Total work done over a
closed path is zero.
Hence, WADB = WAB = WACB and WAB + WBA =0

Work Done by a Non-conservative Force

— Workdone by anon-conservative force depends
over the path of the body between two points.

— Total work done for a complete cycle can
never be zero for non-conservative forces like
frictional force, viscous force and air drag etc.

WoRK-ENERGY THEOREM

For constant force (acceleration) under a
rectilinear motion

From equation sz = viz + 2ax,

Multiply both sides by m/2

1 5, 1 5, 1

Smvg =—my; +2a—mx
2 2 2
KE; —KE; =md-% or AK=F-%=W
The change in KE of a particle is equal to the work
done on it by the net force.
For a variable force : As the time rate change of KE
. dK d1
i§ —=—| =
dt  dt\2
dK d
= = FZdK = Fdx
dt dt

Integrating, we get

R T P

d
mv2 =m—vv:F><v
dt

= AK:Ifodx or W=AK
Xi

Power

14

The time rate change of work done or energy
transferred is called power.

PHYSICS FOR YOU | SEPTEMBER ‘24

P:d—W =ﬁ-@ —P=F-y
t t
(where v = instantaneous velocity)
W (Net work done)
Average power, P, = .
t(time taken)

It is a scalar quantity like work and energy.
Commercial unit of power is horse power denoted by hp.
1 hp = 746 Watt

Electrical energy is measured in kW h.

1 kW h=1x 1000 x 60 x 60 W s = 3600000 W s
1kWh=3.6x10°]

PoTENTIAL ENERGY

The energy possessed by a particle due to its
position is called potential energy. Potential energy
is defined only for conservative forces.
Gravitational potential energy of an object at any
height h is U(h) = mgh

Gravitational PE is negative of the work done by the
gravitational force in raising the object to that height.
The force F involved is given by

=-———=-mg ...(1)
From the above equation, Fdx = -dU(h)
(. x be the height i.e., x = h)
Integrating, we get

X U
[ Fdx:—jUif dU = - (Up- U), ». -AU=FAx

Xi

Potential Energy of Spring

—  While stretching and compressing the spring
by displacement x,,, the total work done by the
spring force is

— This work done is negative because F, and x,,
are in opposite direction as shown in the figure.

: F.=0

At equilibrium

Streched ‘x—’
" m

F is negative
X, 1s positive

F

S

s

Compressed € X, Xm 1S Negative C

: F,is positive




—  When spring is compressed or elongated by x
then potential energy is stored in it.

1
PE=U= —kx?
2

— Since the spring force is conservative, the total
work done by spring in a cyclic process is zero.
— Maximum speed of the spring or block v,, is

1 1
given by 5 kxm2 =— mv,%1

k
Vy, = \/%xm ; X,, = amplitude of block

— In spring-block system the kinetic energy get
converted to potential energy and vice-versa,
however, the total mechanical energy remains
constant. Hence, total sum of KE and PE is

constant.
A
B
&
- E=KE + PE
~i PE
KE
CoLLISIONS

When two or more than two bodies collide for a very
short time and the conservation of linear momentum
(some time energy and momentum) of the system is
followed is called collision.

e FElastic Collision The collision in which
momentum and kinetic energy both are conserved
before and after the collision is called elastic
collision.

® Inelastic Collision : The collision in which kinetic
energy is not conserved but linear momentum is
conserved before and after the collision is called
inelastic collision.

Elastic Collision in One Dimension

U D 71 7

Using conservation of momentum,

myuy + mouy, = mMyvy + myv,

= my(uy - vy) = my(vy - ) (1)
Now;, from conservation of KE,

1 1 1 1
2 2 2 2

2 2 2 2
= my(uy - vi) = my(vy - u3)

Dividing (ii) by (i), we get

..(ii)

ViU =Vyt+ Uy = U —Uy=Vy— V)
Relative velocity of approach
= Relative velocity of separation
—  Coefficient of restitution (e)

_ relative velocity of separation v, —v;

relative velocity of approach - U —u,

For e = 1; perfectly elastic collision
For e = 0; perfectly inelastic collision
For inelastic collision, 0 < e < 1

— Velocities after collision

m, —m 2m
V= —4—2 |y +——2—y
1 1 2
my, +m, my +m,

and v, = (u)u +2Lu1
my +m, my +m,
Special Cases
e Ifm; >>m,i.e, target is lighter.
v, = u; and v, = 2uy — u,
e Ifm; <<m,i.e, target is heavier.
vy =2u, — u; and v, = u,
o Iftmy=my;v;=u,and v, =y,
e [ftargetis atresti.e., u, = 0 and m; >> m,.
vy =uyand v, = 2u,

Inelastic Collision in One Dimension

As linear momentum is conserved,

MUy + Myly = M V] + MyV, ...(3)
Also, e(u; — u,) = (vy — vy) ...(ii)
Solving (i) and (ii), we get

my —em, (1+e)m,
—_—E | ————= |u

1 2
my +m, my +m,

1+e)m m, —em
vy = g)ul+(#)u2

my +m2 nmy +m2

Substituting e = 0, we get the equation for final velocity
of particle in perfectly inelastic collision.

® Loss in kinetic energy,

1| mm
AK:_ #
2| my+m,

:|(1—ez)(u1 —u2)2
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Elastic Collision in Two Dimensions

Consider two bodies of masses m; and m, are moving

with velocities u; and u,. After an oblique collision, m,

deviates by angle 6 and m, deviates angle ¢ from the
main path as shown in the figure.

(assumed u, < u,)

Av;sinf

As momentum is conserved, then along x-axis,

Myuy + My, = myvy cos 0 + m,v, cos ¢ ...(1)

and along y-axis, 0 = m;v; sin 0 — m,v, sin ¢

As KE is also conserved then

2

2 2 1
—mu, +—m-u =—mV, +—m,V
B M B e

1 2 1 2

Form,=m,,u,=0and u; =u
From eqn. (i) and eqn. (ii), we get

u = v,c080 + v,cos0 ..(iv)
0 = v;8inO — v,sind (V)
Squaring and adding eqn. (iv) and eqn. (v), we get

u? = vi+ vi+ 2vv, cos(0 + 0) .. (vi)
Now, from eqn. (iii), we get

u? =vi+vi ...(vii)

By comparing eqn. (vi) and eqn. (vii), cos(0 + ¢) =0

1.

16

or

0+¢=m/2

Hence, velocities v; and v, are perpendicular to each
other.

Morion IN A VERTICAL CIRCLE

When a small body of mass m H
is attached to an inextensible
light string of length r and !
whirling in a vertical circle
about a fixed point O to
which the other end of the
string is attached as shown in
tigure, then

Tension at any position of angular displacement, (0)
2
alongavertical circleisgivenby T = —t mg cos 0
r

Tension at the lowest point (0 = 0) is given by

2
T; = iad +mg
r
Tension at the highest point (6 = 180°) is given by
2
Ty = as —mg
r

Minimum speed at the highest point, v;; = \/g
Minimum speed at the lowest point for looping the
loop, v =@.

When the string is horizontal, = 90°, minimum

V€10City, V=4 f3gr

Height through which a body should fall for looping
the vertical loop or radius r is, h = 5r/2.

& WRAP it up!

A block of mass 2 kg moving on a horizontal surface
with speed of 4 m s enters a rough surface ranging
from x = 0.5 m to x = 1.5 m. The retarding force in
this range of rough surface is related to distance by
F = —kx where k = 12 N m™". The speed of the block
as it just crosses the rough surface will be

(b) 1.5ms !
(d) 2.5ms!

(a) zero
(c) 20ms!

A uniform force of (3}+ }') newton acts on a particle

of mass 2 kg. Hence, the particle is displaced from

PHYSICS FOR YOU | SEPTEMBER ‘24

position (2;+IA<) metre to position (4§+3}'—IA<)

metre. The work done by the force on the particle is

(d) 6]

(@) 13]  (b) 15] (o) 9]

As per the given figure,
a small ball P slides
down the quadrant of a
circle and hits the other
ball Q of equal mass

which is initially at rest.



Neglecting the effect of friction and assume the
collision to be elastic, the velocity of ball Q after
collision will be (g = 10 m/s?)

(@) 4m/s (b) zero (c) 0.25m/s (d) 2 m/s

A body of mass 3 kg is under a constant force which
causes a displacement s in metres in it, given by the

1
relation s= gtz, where t is in seconds. Work done
by the force in 2 seconds is
19 5 3 8
a) — b) —J (o) = d) —
()51 ®) 51 © 3T ()31
A particle moves so that its position vector is given

by 7 =cosmtx+sinwty, where ® is a constant.

Which of the following is true?

(a) Velocity is perpendicular to 7 and acceleration
is directed towards the origin.

(b) Velocity is perpendicular to  and acceleration
is directed away from the origin.

(c) Velocity and  acceleration
perpendicular to 7 .

(d) Velocity and acceleration both are parallel to 7 .

both

are

Given below are two statements:

Statement-I : A truck and a car moving with same

kinetic energy are brought to rest by applying

breaks which provides equal retarding forces. Both

come to rest in equal distance.

Statement-II : A car moving towards east takes a

turn and moves towards north, the speed remains

unchanged. The acceleration of the car is zero.

In the light of given statements, choose the most

appropriate answer from the options given below.

(a) Both Statement-I and Statement-II are correct.

(b) Statement-I is incorrect and Statement-II is
correct.

(c) Both Statement-I and Statement-II are incorrect.

(d) Statement-I is correct but Statement-II is
incorrect.

Potential energy as a function of r is given by
A B
U =————, where r is the interatomic distance,

1’10 TS

A and B are positive constants. The equilibrium
distance between the two atoms will be

A 1/5 B 1/5
@’(E) “>(z)

2A 1/5 B 1/5
o3 0l

8.

10.

11.

12.

13.

A particle of mass m moving in the x direction
with speed 2v is hit by another particle of mass
2m moving in the y-direction with speed v. If the
collision is perfectly inelastic, the percentage loss in
the energy during the collision is close to

(@) 56%  (b) 62%  (c) 44%  (d) 50%

A body of mass 4m is lying in x-y plane at rest. It
suddenly explodes into three pieces. Two pieces,
each of mass m move perpendicular to each other
with equal speeds v. The total kinetic energy
generated due to explosion is

(@) m?  (b) gmvz (©) 2mv*  (d) 4mv?

A particle with total energy E is moving in a
potential energy region U(x). Motion of the particle
is restricted to the region when

(a) Ulx)<E (b) Ux)=0

(c) Ux)<E (d) Ux)>E

An electric lift with a maximum load of 2000 kg
(lift + passengers) is moving up with a constant
speed of 1.5 m s™'. The frictional force opposing the
motion is 3000 N. The minimum power delivered
by the motor to the lift in watts is (¢ = 10 m s79)
(a) 23000 (b) 20000 (c) 34500 (d) 23500

A bullet of mass 200 g having initial kinetic energy
90 J is shot inside a long swimming pool as shown in
the figure. It’s kinetic energy reduces to 40 ] within
1 s, the minimum length of the pool, the bullet has
to travel so that it completely comes to rest is

(a) 45m

(b) 90 m == ====a = WWatcr
(c) 125m SD2-IIIIiii,
(d) 25m

Given below are two statements: one is labelled as
Assertion (A) and the other is labelled as Reason (R).
Assertion (A) : Body P having mass M moving
with speed u has head-on collision elastically with
another body Q having mass m initially at rest. If
m << M, body Q will have a maximum speed equal
to 2u after collision.
Reason (R) During elastic collision, the
momentum and kinetic energy are both conserved.
In the light of the above statements, choose the most
appropriate answer from the options given below:
(a) Both A and R are true but R is not the correct
explanation of A.
(b) A is correct but R is not correct.
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14.

15.

16.

17.

18.

19.

18

(c) Both A and R are correct and R is the correct
explanation of A.
(d) A isnot correct but R is correct.

Body A of mass 4m moving with speed u collides
with another body B of mass 2m, at rest. The
collision is head on and elastic in nature. After the
collision the fraction of energy lost by the colliding
body A is

(a) 5/9 (b) 1/9 (d) 4/9

A particle of mass m is initially at rest at the origin.
It is subjected to a force and starts moving along
the x-axis. Its kinetic energy K changes with time
as dK/dt = yt, where Y is a positive constant of
appropriate dimensions. Which of the following
statements is not true?
(a) The force applied on the particle is constant
(b) The speed of the particle is proportional to time
(c) The distance of the particle from the origin
increases linearly with time
(d) The force is conservative.

(c) 8/9

A block of mass M is attached to the lower end of
a vertical spring. The spring is hung from a ceiling
and has force constant value k. The mass is released
from rest with the spring initially unstretched. The
maximum extension produced in the length of the
spring will be

(a) 2Mg/k (b) 4Mg/k (c) Mg/2k (d) Mglk

A stationary particle explodes into two particles

of masses m; and m, which move in opposite
directions with velocities v; and v,. The ratio of

their kinetic energies E,/E, is
(a) my/m, (b) m;/m,
(c) 1 (d) myvy/myv,

Water falls from a 40 m high dam at the rate of
9 x 10* kg per hour. Fifty percentage of gravitational
potential energy can be converted into electrical
energy. Using this hydroelectric energy number of
100 W lamps, that can be lit, is (Take g= 10 m s7?)
(a) 25 (b) 50

(c) 100 (d) 18

The potential energy of a system increases if work is
done

(a) upon the system by a non-conservative force
(b) by the system against a conservative force

(c) by the system against a nonconservative force
(d) upon the system by a conservative force.
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20. Three objects A, B and C are kept in a straight line
on a frictionless horizontal surface. The masses of
A, Band Care m, 2m and 2m respectively. A moves
towards B with a speed of 9 m/s and makes an elastic
collision with it. Thereafter B makes a completely
inelastic collision with C. All motions occur along
same straight line. The final speed of C is

A B C
m 2m 2m
(@) 6m/s (b) 9m/s (c) 4m/s (d) 3m/s

SOLUTIONS

1. (c): Mass of the block, m =2 kg
Initial velocity, v, =4 m s ' and k=12 N m™

1
Initial kinetic energy, K; = 2 mv‘l2 _1 x2x(4)? =16]
2

1.5 1.5

W= JFdxz J —kx dx
0.5 0.5
15 5,5
X
or W=-12 jxdx:—12|:—]
05 2 dos

= -6[(1.5)* - (0.5)*] = -6 x 2 =-12]
Now, work done = change in kinetic energy
ie, W=Ki-K,
Final kinetic energy, Ky= K; + W

or %mv? =(16-12) or vp=2m st

2. (c): Here, F= (3;+}') N

Initial position, 7 = (2;+ lAc) m

Final position, 7, = (4; + 3}' - lAc) m

Displacement, 7 =7, — 7

F=(4i+3j—k)m—(Qi+k) m=2i+3j—2k m

Work done, W =F -7 =(3i + /) (2i+3j — 2k)
=6+3=9]

3. (d): Total potential energy of first ball will be

converted to total kinetic energy of second ball since
collision is elastic.

1
Mathematically, mgh = 5 mv?

1
m(10)(0.2) = 5mvz — v=2m/s

4. (d) S—ﬁ.é—%-d_zs—gm/sz
' T37dt 3742 3

d%s
Work done, W=JFds=Jm—2ds

dt



2 2
ds ds 2 2t 4
= [m=—dt=[ 3x=x"dt=—| tdt
de? dt 0 3 0
2
2
4|t 4 8
312 3 3
0
5. (a): Given, F=coscot;c+sin0)t;/
. dr .0 ~
V=E=—0)sm0)tx+a)cos(x)ty
L dv ~ ~ -
a= 5 = = —w’ cosmtx— o’ sin ot y= —0*F

Since, position vector (r) is directed away from the
origin, so, acceleration (—0)2?) is directed towards the
origin. Also,

r-v=(cos®tx+sinmty)-(—mwsin Wt x + ®cos ®t y)

= —( sin Wt cos Ot + M sin Wt cos Wt =0

= rlv
6. (d)

A B
7. (c) : Given potential energy, U = —t—

r r

du
For equilibrium F=0, F=— R 0
r
=-10r"A+5r°B=0
1/5

2A 2A
== B or r= (—)
r B
8. (a): Applying the principle of momentum
conservation
m(2v§) +2m(v}') = (m+2m)17’ g

m 2V

A x x
= — (z +7) )
' [l 2\/5 o

v =V TV y

Initial energy of the system,

1 1
E = 3 m(Zv)2 + 3 (2m)v2 =2mv? + mv* = 3m?

1 4
Final energy of the system, Efz ~(Bm)* = 3 mv*

E; — Ef
X100 =56%

Percentage loss in the energy =
i

9. (b): Let ¥ be velocity of third piece of mass 2m.

Initial momentum, p; =0 (As the body is at rest)

Final momentum, ?f =mvi+mvj+2mv’

According to law of conservation of momentum,

pi=pr y
or, 0=mvi+mvj+2mvy m
I N
o, V=——1—7] =p=bx
2 m v

The magnitude of v' is

T

Total kinetic energy generated due to explosion,

I o, 1 5

1
=—mv? +=mv* +=C2mw’?
2 2 2

2 2

1 1 1 % 3

=_mV2 +_m1/2 +—(27’n) — =m1/2 -|——mv =—mv2
2 2 2 2 2

V2

10. (¢)

11. (c) : Given, mass of lift + passengers, m = 2000 kg
Speed, v=1.5m/s

Frictional force, F = 3000 N

Power delivered, P = Force x velocity ..(1)
Force acting, F = mg +f

F=2000 x 10 + 3000

F=23000N

Using value of ‘F’ in equation (i),

P =23000 x 1.5 = 34500 W

12. (a) : Given : Bullet of mass, m =200 g = 0.2 kg
Time, t = 1 sec; Initial kinetic energy =90 ]

1 1
Emu2=901 = E><o.2><u2=901 = u=30m/s

From equation of motion, v = u + at
20=30-ax1 = a=-10m/s’
Negative sign shows deceleration.
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For minimum length of the pool,
= V-ut=2a = 0—(30)2:2><(—10)><s
= s=45m

m<<M

13. (¢): @—) @ (Before collision)

Q(rest)

®_) 4 ®—) v (After collision)
p Q

Using conservation of linear momentum

Mu =MV + mv ..(1)
By, definition of coefficient of restitution

V—v
e= =1= V=v—-u

O0—u
putting in equation (i) = Mu=M({Wv-u)+my

2M

V= “ ifM>>m; v=2u

M+m
14. (c) : According to conservation of momentum,
dmuy =4mv, + 2mvy, = 2(u; - vy) =V, ..(1)

From conservation of energy,

2 1 2 1 2
—dmuy =—[Am)v; +—2m)v
2( U 2( i%) 2( w5

2 2v_ .2
= 20 —v)=v; ...(ii)
From (i) and (ii), 2(1412 - vlz) =4(uy; —v; )2
3V1 =U (111)
Now, fraction of loss in kinetic energy for mass 4m,

1 2 1 2
AK K;-K; ) (4m) uy — 5 (4m)vy .
K, K, L gy
2
Substituting (iii) in (iv), we get A—K §
K, 9
15. (c): As 9K _ 4 mvz R R T 1%
dt  dt 2 dt dt
dv
As per questlon, mvE =Yt
v 2 2
", Jvdv=l tdt = V—:lt_; v = lt
0 2 m?2 m
or voct ..(1)

Hence, the speed of the particle is proportional to time.
From equation (i),

dv

E =a=constant F =ma = constant
dx

Also, v=—oct s0, xoct>

dt
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Since work done by the force F is

W= fo Fdx =F (xf— X;) (*. F is constant)
X;

As work done by this force depends only on initial and
tinal position. So, the force is conservative in nature.

16. (a) : When the mass attached to a spring fixed at
the other end is allowed to fall suddenly, it extends the
spring by x. Potential energy lost by the mass is gained
by the spring

2M

Mgx = —kx = x=""%,

17. (a) : myvy = myv,

(conservation of linear momentum)
E 1/ 2)mlv12
Ey 1/ 2)m2v§
18. (b): Given, height of the dam, h =40 m
Mass of falling water, 7 = 9 x 10* kg per hour
Power of lamps, P = 100 W
Now, gravitational potential energy of water, PE = mgh

9x10* x10x40
= =10"]J

3600
Given that, fifty percent of potential energy can be
converted into electrical energy,

2.2
_mivi my _my

2.2
myv, M

1
Electrical energy, E = > X PE = 0.5 x 10*]

0.5x10*
Number of bulbs, n=——=50

100
19. (b)

20. (d): Let the speed of B is v after collision and that of
Aisv.

A B C
m —®»9m/s | 2m —»V 2m

By using conservation of momentum for A and B,
mx9=mv +2mv;9=7v +2v ..(i)
As collision is elastic,
v—v’
9-0
From (i) and (ii), v =6 m/sand v'= -3 m/s
Now B strikes C inelastically.
Let the combined velocity of Band Cis V.
Using conservation of momentum for B and C,
2mx6+0=02m+2m)V
12=4V .. V=3m/s

= e= =1 - v-v=9 ..(ii)

@



‘Warm-up!

Chapterwise practice questions for CBSE Exams as per the latest pattern
and syllabus by CBSE for the academic session 2024-25.

CLASS-XI

‘m System of Particles and Rotational Motion

General Instructions : Read the following instructions very carefully and follow them :

1
2
3

~

)
)
)
)
)
)
)
)
)

P e N N N N

5
6
7
8
9
1

0)

Time Allowed : 3 hours

SECTION-A

1.

This question paper contains 33 questions. All questions are compulsory.

Question paper is divided into FIVE section — Section A, B, C, D and E.

Section A — Question number 1 to 16 are Multiple Choice (MCQ) type questions. Each question carries 1 mark.
Section B — Question number 17 to 21 are Very Short Answer type questions. Each question carries 2 mark.
Section C — Question number 22 to 28 are Short Answer type questions. Each question carries 3 mark.
Section D — Question number 29 and 30 are Case-Based questions. Each question carries 4 mark.

Section E — Question number 31 to 33 are Long Answer type questions. Each question carries 5 mark.

There is no overall choice given in the question paper. However, an internal choice has been provided in few questions in all the Sections except Section—A.
Kindly note that there is a separate question paper for Visually Impaired candidates.

Use of calculators is NOT allowed.

You may use the following values of physical constants wherever necessary :

() c=3x108m/s (i) h=6.63x1034Js (i) e=16x10"1¢C
(V) po=4mx 107 TmA™ (v) €,=8.854x 10712 C2N~"m2 (vi) 4_1_ =9x10°N m?C?
TE
(vii) Mass of electron (m,) = 9.1 x 10731 kg (viii) Mass of neutron = 1.675 x 1072/ kg (ix)  Mass of proton = 1.673 x 1072/ kg

(x)  Avogadro’s number = 6.023 x 1023 per gram mole (xi)  Boltzmann constant = 1.38 x 10723 JK!

Maximum Marks : 70

3. A body A of mass M while falling vertically

The angular speed of a fly wheel moving with

uniform angular acceleration changes from
1200 rpm to 3120 rpm in 16 seconds. The angular
acceleration in rad/s? is

(a) 2m (b) 4m

If F is the force acting on a particle having position

(c) 127 (d) 104m

vector 7 and T be the torque of this force about the
origin, then

(a) 7-T>0and F-T<0
(b) 7-T=0and F-T=0
(c) 7-T=0 and F-T#0

(d) 7-7

downwards under gravity breaks into two parts;

a body B of mass % M and body C of mass %M.

The center of mass of bodies B and C taken together
shifts compared to that of body A towards

(a) body C (b) body B

(c) depends on height of breaking

(d) does not shift

A solid sphere of mass m and radius R is rotating
about its diameter. A solid cylinder of the same mass
and same radiusis also rotating about its geometrical
axis with an angular speed twice that of the sphere.

The ratio of their kinetic energies of rotation
(E sphere/ E cylinder) will be
(@) 2:3 (b) 1:5

(c) 1:4 (d) 3:1
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10.

22

If force F=3i+ 4}' —2k actson a particle having
position vector 2i+ } +2k then, the torque about
the origin will be

(a) 3i+4j—2k (b) —10i+10j+5k

(c) 10i+5j—10k (d) 10i+j—5k

A ring of mass m and radius r rotates about an axis
passing through its centre and perpendicular to its
plane with angular velocity w. Its kinetic energy is

(a) %mrzoo2 (b) mrm?

(c) mrim? (d) —;mrcoz
Two bodies of mass 1 kg and 3 kg have position

A A A A A A
vectors i+2j+k and—3i—-2j+k, respectively.
The centre of mass of this system has a position vector

(a) —2i—j+k (b) 2i—j—2k

(©) —i+j+k (d) —2i+2k

In a physical balance working on the principle

of moments, when 5 mg weight is placed on the

left pan, the beam becomes horizontal. Both the

empty pans of the balance are of equal mass.

Which of the following statements is correct?

(a) Left arm is shorter than the right arm.

(b) Left arm is longer than the right arm.

(c) Every object that is weighed using this balance
appears lighter than its actual weight.

(d) Both the arms are of same length.

A rope is wound around a hollow cylinder of mass
3 kg and radius 40 cm. What is the angular
acceleration of the cylinder if the rope is pulled
with a force of 30 N?

(a) 0.25rad s~2 (b) 25 rad s~2
(c) 5ms2 (d) 25 m s72

Angular momentum of a single particle moving

with constant speed along circular path

(a) remains same in magnitude but changes in the
direction

(b) remains same in magnitude and direction

(c) is zero

(d) changes in magnitude but remains same in the
direction.
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11.

12.

13.

14.

15.

16.

A solid cylinder of mass 2 kg and radius 4 cm is
rotating about its axis at the rate of 3 rpm. The
torque required to stop it after 27 revolutions is

(a) 2% 10°Nm (b) 2% 10°°*N m

(c) 2x 10N m (d) 12x 104N m
What is the value of linear velocity, if
F=3i—4j+k and ®@=5i—6j+6k ?

(b) 18i+13j—2k

(d) 6i—2]+8k

(a) 4i—13]+6k
(c) 6i+2j—3k

For Questions number 13 to 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) If both Assertion (A) and Reason (R) are true
and Reason (R) is the correct explanation of
Assertion (A).

(b) If both Assertion (A) and Reason (R) are true
and Reason (R) is not the correct explanation
of Assertion (A).

(c) If Assertion (A) is true and Reason (R) is false.

(d) If both Assertion (A) and Reason (R) are false.

Assertion : The centre of mass of system of
n particles is the weighted average of the position
vector of the n particles making up the system.
Reason : The position of the centre of mass of a
system is independent of co-ordinate system.

Assertion : It is harder to open and shut the door if
we apply force near the hinge.
Reason : Torque is maximum at hinge of the door.

Assertion : A particle moving on a straight line
with a uniform velocity, its angular momentum is
always zero.

Reason : The momentum is zero when particle
moves with a uniform velocity.

Assertion : The total kinetic energy of a rolling solid
sphere is the sum of translational and rotational
kinetic energies.

Reason : For all solid bodies total kinetic energy is
always twice translational kinetic energy.

SECTION-B

17.

A system consisting of two objects has a total
momentum of 16 kg m s~! and its centre of mass
has the velocity of 2 m s™1. One of the object has the
mass 5 kg and velocity 1.6 m s~1. What is the mass
and velocity of the other object?



18. Oisthecentreofanequilateral A
triangle ABC. F,, F, and F,
are three forces acting along
the sides AB, BC and AC
as shown in figure. What B
should be the magnitude
of F;, so that the total torque

about O is zero?

OR
Find the scalar and vector products of two vectors.
G=(3i—4j+5k) and b = (~2i+ j—3k).

19. The moment of inertia of two rotating bodies
A and B are I, and I (I, > I) and their angular
momentum are equal. Which one has a greater
kinetic energy?

20. 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. Calculate
the angular acceleration of the flywheel.

21. A wheel of radius 0.5 m rolls without a slipping on
a horizontal surface. Starting from rest, the wheel
moves with constant acceleration 6 rad s~2. Find the
distance travelled by the centre of the wheel from
t=0tof=3sec.

SECTION-C

22. A ring, a disc and a sphere all of the same radius
and same mass rolls down an inclined plane from
the same height h. Which of the three reaches the
bottom at the earliest?

23. (a) The density of a non-uniform rod of length
1 m is given by p(x) = a(1 + bx?) where a and b
are constants and 0 < x < 1. Find the centre of
mass of the rod.

(b) A body having a moment of inertia about its
axis of rotation equal to 3 kg m? is rotating with
angular velocity of 3 rad s~!. Kinetic energy of
this rotating body is same as that of a body of
mass 27 kg moving with velocity v. Find the

value of v.
24. (a) Define radius of gyration. On what factors
does it depends.
(b) Alightrodoflength 0.5 m 0.5 m
1 m is pivoted at its Ig T =
centre and two ’j
masses 5kgand2kg  2K8 5kg

are hung from the ends as shown in figure. Find the
initial angular acceleration of the rod assuming that
it was horizontal in the beginning.

25. Derive the expression for relation between angular
momentum and torque.

OR

(i) For a given mass and size, moment of inertia of a
solid disc is smaller than that of a ring. Why?

(ii) A disc of mass 200 kg and radius 0.5 m is rotating
at the rate of 8 revolutions per second. Find
the constant torque required to stop the disc in
11 rotations.

26. A child stands at the centre of a turn table with his
two arms outstretched. The turn table is set rotating
with an angular speed of 40 rpm.

(i) How much is the angular speed of the child, if
he folds his hands back reducing the moment
of inertia to (2/5)™ of its initial value?

(ii) Show that the child’s new kinetic energy of
rotation is more than the initial one. Also show
by how many times its has increased?

the block is closer to

(i) Is the magnitude of the torque due to wire A is
greater, less or equal to that due to B ?
(ii) Which wire A or B exerts more force on the

block ?

28. A flywheel mass 500 kg and 1 m diameter makes
500 revolutions per minute. Assuming the mass to be
concentrated along the rim, calculate :

(i) the angular velocity (ii) the moment of inertia
and (iii) energy of the flywheel.

SECTION-D

Case Study Based Questions

27. The figure shows a
horizontal block of
mass M suspended
by two wires A and B.
The centre of mass of

Question no. 29 to 30 are case based questions. Read
the following paragraph and answer the questions
that follow.

29. In static equilibrium, if the sum of moments acting
on the object is zero, then the object will not be in
motion (neither translational nor rotational). If the
resultant of moments of the forces is zero, it means

23
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that sum of clockwise moments should be equal to
sum of anti-clockwise moments.
Moment of force = force x perpendicular distance

(i) The length of see-saw is 2 m. A child of mass 40 kg
is sitting on the left end, then find the location of
50 kg child from fulcrum, so that it is in equilibrium.
(a) 0.4m (b) 0.8 m
(c) 0.2m (d) 0.6 m
(ii) What is the reaction on fulcrum?
(a) 882N (b) 290N (c) 90N  (d) 110N
(iii)If a radial vector 7 isin x-direction and force vector
F in y-direction, then torque vector T will have the
direction if T=7xF
(a) + z-direction (b) - z-direction
(c) + x-direction (d) + y-direction
(iv) Consider the following two statements A and B and
identify the correct choice.
A. The torques produced by two forces of the
couple are opposite to each other.
B. The direction of torque is always perpendicular
to the plane of rotation of the body.
(a) Aistrueand B is false
(b) Bistrue and A is false

(c¢) Both are true
(d) Both are false.

OR
A couple produces
(a) linear and rotational motion
(b) no motion
(c) purely linear motion
(d) purely rotational motion.

30. There is a system of two particles of masses m,, m,
and their position vectors 7 and 7, respectively.
The centre of mass of system is given by

5 mn+tmh
M m +m,
The velocity of centre of mass is given by

. myv, +m,v,

Vem =

And the total linear momentum of a system of

particles is given by p=mv, + m,v,

In an isolated system, the vector sum of external

forces acting on a system of particle is zero.
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(i)

dp - -
d_lt) =0 = p=constant = mv); = constant

Vop = constant

Mass m, = 40 g and m, = 200 gm moving with
velocity v, =6.2icm/s and v, =3.4jcm/s at

f =6icm and r =4}'cm.

Find the position of centre of mass.

3146 ~ 10
@ |2 ])cm ) |i+—2 |em
5 3
5 46
(c) 3i+lJcm (d) 110 cm
3 3
(ii) Find the velocity of centre of mass?
31~ 17 A 21~ 17 A
a) | —i+—7j |cm/s b) | —i+—j |cm/s
@) 30 6 ]) (b) 2 6 ])
=31+~ 17 =31~ 21~
¢) | —i+—ij|lcm/s (d) | —i+—j |cm/s
© | = 61) @ |5 2])

(iii)Consider on an isolated system consist of two

particles of mass m; and m, having velocities,
v, and v,. If external force acting on the system is
zero, then which of the following statement is true?
(@) Roy = M ¥ 1ah is fixed

m, +m,
(b) P= mv, +m,v,is constant
(c) mV = constant
(d) both (b) and (c)

OR

A ball kept in a closed box moves in the box making
collisions with the walls. The box is kept on a
smooth surface. The velocity of the centre of mass
(a) of the box remains constant
(b) of the box plus the ball system remains constant
(c) of the ball remain constant
(d) of the ball relative to box remain constant.

(iv) Two objects P and Q initially at rest move towards

each other under a mutual force of attraction. At
the instant when the velocity of P is v and that of Q
is 2v, the velocity of centre of mass of the system is
(@ v (b) 2v

(c) 3v (d) zero



SECTION-E

31. Derive an expression for kinetic energy of a body
rolling without slipping.

OR
Show that moment of a couple does not depend on
the point about which you take the moments.

32. (a) Derive an expression for the position vector of
centre of mass of a system of particles in terms
of cartesian coordinate components.

OR

(b) (i) Differentiate between translational motion
and rotational motion with example.

(ii) A projectile projected at a certain angle
with the horizontal, hits the ground at P.
However, if this particle explodes at the
highest point into two pieces of equal mass.
One piece falls to the ground vertically
downwards at Q, while the other travels
horizontally and hit the ground at R. What
is the distance of R from P.

(iii) How will you prove that the centre of mass
of two particles divides the line joining
the particles in the inverse ratio of their
masses?

33. (a) (i) Explain how angular momentum can be

expressed as the vector product of two

vectors?

(ii) Find the torque of a force (7§+3}—512)
about the origin, if the force acts on a

A

particle whose position vector is i j +k.

(iii) A dumb bell consists of two small balls of
mass 1/2 kg each connected to the two ends
of a 50 cm long light rod. The dumb bell
is rotating about a fixed axis through the
centre of the rod and perpendicular to it at
an angular speed 10 rad s7!. An impulsive
force of average magnitude 5 N acts on one
of the masses in the direction of its velocity
for 0.1 s. Find the angular velocity of the
system.

OR

Starting from rest, a fan takes five
seconds to attain the maximum speed of
400 rpm (revolutions per minute).
Assuming constant acceleration, find the
time taken by the fan in attaining half the
maximum speed.

(b) (i)

(ii) A ring and a disc rolls on a horizontal
surface without slipping with same linear
velocity. If both have same mass and
total kinetic energy of the ring is 4 ], then
calculate the total kinetic energy of the disc.

SOLUTIONS

1. (b) : Initial angular speed,

21T x1200
®,=————— rad s’ =40n rad s}
60
Final angular speed,
2T x 3120
®=———— rad s! = 104m rad s7!

60
0—-0, 104w—407
t 16
= 47 rad s~2

Angular acceleration, ot =

2. (b) : Torque is always perpendicular to
F as well as 7.
7-T=0 aswellas F-T=0.

3. (d) : The centre of mass of bodies B and C taken
together does not shift as no external force is applied

horizontally.

11 o’ 2
4. (b): ESphere R PR
ECylinder 1 I 0)2 I CO)?

yce

2 1
Here, I, = ngz, I, =—2~mR2, o, =20,

2 2. 2
mR” X ®
ESphere _ 5 s

X

4
5

ul | =

1
ECylinder ; mR?% x (2(,05)2 4

5. (b): Given: F=3i+4j—2k, F=2i+ j+2k
i j ok
Torque,i=FXF;T=[2 1 2
3 4 =2

T=i(-2—8)— j(—4—6)+k(8—3); T=—10i+10j + 5k

1
6. (a) : Kinetic energy = EI ®”, and for ring, I = mr2.

1
Hence, KEzgmrz(x)2
7. (@): 7 :;+2}'+I; for M; =1 kg
r =—3§—2}'+I§ for M, =3 kg
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dom
i

fem = 2
m
(Li+2j+1k)X14(=3i—2j+k) X3
= TCM: 4
—8i—4j+4k A A -«
= rCM:—4 =—21—]+k
8. (a)

9. (b) : Here,m=3kg, r=40 cm =40 x 1072 m,
F=30N
Moment of inertia of hollow cylinder about its axis

= mr? = 3 kg x (0.4)> m? = 0.48 kg m?
The torque is given by, T = It
where, I = moment of inertia, 0. = angular acceleration
In the given case, T = rF, as the force is acting
perpendicularly to the radial vector.

T Fr F 30

_30x100
3X40

I mr?

mr 3x40x10°

o =25 rad s

10. (b) : Angular momentum, L =m(7 xV)
where, 7 is distance, v is velocity.

|L|=mvr

The direction of L is perpendicular to the plane of
7 and v which is constant.

When both (v) and (7) are constant, the magnitude
and direction of angular momentum will also be
constant.

11. (b) : Given: Mass M = 2 kg, Radius R =4 cm
Initial angular speed,

2n T
0 =3rpm=3X—rad/s=— rad/s
60 10
We know that, 0? = o + 200
2
T -1 2
= 0=[— | +2XaX2tX2w = o=——-rad/s
10 800
Moment of inertia of a solid cylinder,

2
4
, 2%
MR 100 ) 16

I = = =
2 2 10%

16 1
Torque, T=Io= X| -
10% 800

):—2><10‘6 Nm

26
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i ik
12. (b) : V=OXF=|5 —6 6|=18i+13j—2k
3 -4 1

13. (b) : By definition, the position vector of centre of
mass of the system of n particles,
i=n_ =
- m;r; -
T'CM :2'— or TCM =
o M

mn +myt ...+ m,r

My + 1y + e+ M

ie,(m +my+..+m)lcy=(m 7 +my7 +..+m,7,).
Hence, position of centre of mass of n particles of
the system is such that the product of total mass and
position vector of centre of mass is equal to sum of the
products of individual masses of the particles and their
respective position vectors.

14. (c) : Torque = Force x perpendicular distance of
line of force from the axis of rotation. Hence, for a given
applied force, torque or true tendency of rotation will
be high for large value of d. If distance d is smaller, then
greater force is required to cause the same torque, hence it
is harder to open or shut down the door by applying a force
near the hinge.

15. (d) : As a particle is moving with uniform velocity,
therefore its linear momentum (mv) is constant.

But about a point off the line of motion, the moment of
momentum i.e., angular momentum can be non-zero.
Reason is false because the momentum is a constant
and not zero.

16. (c) : Kinetic energy of a rolling sphere = K + Kj,.
1 1
=~ mv* +— I =lmv2 +l><%mR20L)2 =—7~mv2.
2 5 10
Since, I is different for different solid bodies. Therefore,
different solid bodies have different kinetic energy.

17. Total momentum = total mass x velocity of the
centre of mass

l6kgms!l=(m+5) x2ms16=2m+10

= m=3kg

(myv; +m,v,)

Now, v =
M (my +m,)

(5x1.6+3Xv,) 8+3v,
2= = 2=
(5+3) 8
= v,=2.67ms!

18. Let x be the distance of each side of the AABC from
the centre O. Then total torque about O will be,




Fx+Fx-Fx=0or F,+F,=F,
OR
G-b=(3i—4j+5k).(=2i+ j—3k)

i j k
ixb=|3 -4 5|=7i-j-5k
2 1 -3

Note : I;xﬁ=—7;+}'+5f<

(lo)* _I*
21 21

As angular momentum of two bodies is same,

~ K=

1
19. K:Em2 and L=1I®

K, I

“ K—:I—.AS IA>IB’ KB>KA
B A
20. Moment of inertia of
flywheel about its axis,
MR?
I =
2

M=20kg
R=25cm

(20 kg)(25 x 107 m)*

- 2

=25 x 25 x 1073 kg m?

Torque acting on the flywheel,

T=FR = mgR = (2.5 kg) (10 m/s?) (25 x 1072 m)
=25x25x 102N m

Angular acceleration of the flywheel,

T 25%25x1072
o =— = 3
I 25%x25x%10

m |m=2.5kg

=10 rad/s”

21. In case of slipping, a = rou
a=(0.5)x6=3ms>2

1 1
Distance travelled, S= Eat2 = > x3x%(3)* =13.5 m

22. Acceleration of an object rolls down an inclined
plane is given by
gsin®
I
1+—
mr

a:

For a ring, I = mr?

gsin0
fring =71

=0.5¢sin0

1
For adisc, I = —2- mr?

in® 2
Adisc =g=—gsin9=0.67 gsin0
1+ 3
2

2
For a sphere, I = z mr’

sin® 5
Agphere =g—=—gsin9=0.71gsin9
p 2 7
1+
5
As Agphere is maximum, it will reach the bottom at the
earliest.
23. (a) ( | | 0
x=0 Hi x=1m
44—
X

Mass of a small element of length dx of the rod at a
distance x from the one end of the rod is
dm = pdx = a(1 + bx?)dx
The centre of mass of the rod is,

1 1
fxdm Ixa(1+bx2)dx
0 0

XCM: 1 - 1
j dm j a(l+bx?)dx
0 0
1 2 byt 1
J.(x+bx3)dx + |:1+b]
0 L2 4 [274] 32+p)
1 B e .o v] 4B+b)
J(1+bx2)dx |:x+ X ] 1+3
0 3 ],

(b) Here, Moment of inertia of the body about its axis
of rotation, I = 3 kg m?
Angular velocity of rotation, ® = 3 rad s7!

1
Kinetic energy of rotation of the body is K = 5 Iw?

Kinetic energy of body of mass m (= 27 kg) moving

1
with velocity vis K. = S my?

As per question, K, = K, PR TR
2 2

:>l><3><32:l><27><v2 orv =lorv=1ms-
2 2

2

1

27

PHYSICS FOR YOU | SEPTEMBER 24



24. (a) The radius of gyration of a body about a given
axis is equal to the root mean square distance of the
constituent particles of the body from the given axis. It
is denoted by k and is given by,

2 2 2
k:Jrl +75 ot

n

The value of radius of gyration shall depends upon
shape and size of the body, position and configuration
of the axis of rotation, and also on the distribution of
mass of the body w.r.t. the axis of rotation.

(b) About the pivot,

Iygem = (2kg)(0.5m)*+ (5kg) (0.5m)*=1.75 kg m
Tior = (3x9.8N) (0.5m) - (2x 9.8N) (0.5 m)
= 14.7 N m (clockwise).
T 14.7Nm
= o= —=——— =84rad 52 (clockwise)
I 1.75kg-m

25. The vector relation between angular momentum L

and linear momentum P is L=7Xp

Differentiating both sides with respect to time, we get
L2 ixp)
dt dt

Applying the product rule for differentiation to the

right hand side,

d . . dr _ _ _dp :
—([FXp)=—Xp+FX—
ar DT Py 0
Now, % =9 = velocity of the particle

and p=mv = linear momentum of the particle

ar . .
d—x p=vxmv =0, as the cross product of two
t

—

parallel vectors is zero. Also, d_lz =F

Hence, from eqn. (i), we get

d - . d - .
—([FXp)=rxF=1T = —(L)="1.

dt P dt

OR
(i) This is because entire mass of a ring is at its
periphery, i.e., at maximum distance from the centre,
whereas the mass of a disc is distributed from the centre
to the rim.
(ii) Here, m =200kg, r=0.5m
n,=8rps;n,=0;T="2°
0 =11 x 2w radian
As w2 - 0% = 200
0- (21 x 8)? =20(11 x 2m)

28
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l6mx16T 22 16 —128
A=————=-16X—X—=
441 7 44 7

rad s 2

1 1 —128
As 7:=Ioc=(5mr2 )oc; ’C=£><200><(O.5)2 X(T)

T=-457.01 Nm
26. Given that m; = 40 rpm
(i) If child folds his hands by reducing the moment of
2
inertia to (2/5)" of its initial values, i.e., I, = : I

then, according to principle of conservation of angular
momentum, [0, = ,o,

2
or Il><40:gll><002 [ ®, = w, =40 rpm]

_ 40%5

or , =100 rpm

(ii) Initial kinetic energy of rotation

1 1

K, ==I,0] =—1I,(40)* =800 I,
2 2

New kinetic energy of rotation

1., 1.2 )
Ky =2 1,o; =X 1,(100)° =2000 I,

K, 800 I,

K, _2000L

27. (i) Given, the centre of
mass is closer to B than A.

Ty >Tpg
R T4 s

Torque, T =7 XF : ne=s
Torque about A, b

- 4
’tAl =r,Mg
Torque about B, fB| = rgMg
As, ry>rp |’EA|>|’CB|

(ii) Force at A x distance from CM
= Force at B x distance from CM
As B is closer to CM, the force at B is greater.

MONTHLY TEST DRIVE CLASS XII BW.\'[5''/; Sl (3
1. (0 2. (0 3. (0 4. () 5. (b)
6. (0 7. (d 8 (@ 9. (d 10. (b
11. (a) 12. (¢ 13. (a) 14. (¢ 15. (d)
16. (c) 17. (@)  18. (0 19. (a,d) 20. (b, d)
21. (b, 22. (a,d) 23. (b) 24. (18) 25. (17)
26. (45 27. (b) 28. (@) 29. (a) 30. (b)



28. (i) Here, mass of flywheel, M = 500 kg
Frequency of the flywheel, v = % =8.3 rps

Thus, ® = 20 = (2 x 3.14 x 8.3) rad s =52 rad s7!

(i) Since the mass of the flywheel is supposed to be
concentrated at the rim (edge), distance of the rim
from the axis of rotation (passing through the centre)

= radius of gyration (k) = B (diameter of wheel) = 0.5 m
Moment of inertia of thé flywheel about the axis of
rotation, i.e.,

[ = Mk*= [500 x (0.5)?] kg m? = 125 kg m?
(iii) Kinetic energy of rotation of the flywheel,

1 1
= 1(02:[ ><125><(52)2]:1.7><105]
2 2
29. (i) (b): in W
l - 7\2m 'l’
40 kg 50 kg

Take moments about fulcrum.
Let x is the location of child of mass 50 kg from fulcrum.
I x40xg=xx50xg

4
x=—m=0.8m
5

(i) (a) : Reaction =40+ 50; R=90 kgwt =882 N

(iii) (a) : The direction of T=7 X F is along + z-direction
according to right-handed screw rule.

(iv) (b) : The direction of torque is always perpendicular
to the plane of rotation of the body as a cross product is
in the perpendicular plane to 7 and F vectors and the
torque produced by the two forces of the couple are in
the same direction to each other.

OR
(d) : A couple produces only rotational motion.
30. (i) (b) : m; =40 g, m, =200 g;

rn==6icm, r, =4jcm

M =

myF +myT, 40X 6i+200X 4] (A, 10 e)
— = Z+—] cm
my +m, 40 +200 3
(ii) (a) : v, =6.2§cm/s, v, =3.43'cm/s,
my, +m,p, 40X6.2i+200x3.4]
B 404200

Yem =

m; +m2

Ven = 31§+17A' cm/s
CM 30 6]

(iii) (d) : both (b) and (c)

OR
(b) : If we take the box and ball as one system, then
their collisions create internal forces only. F,, = Ma__

—

As, F, =0here, d_, =0

.m Of box and ball system is constant.

(iv) (d) : Since the objects move due to the mutual
interaction between them so, the centre of mass of the
system remains the same and its velocity is zero.

31. Refer solution no. 18, page no. 255, Class-11,
MTG 100 percent Physics 2024-25.

OR
Refer solution no. 18, page no.
MTG 100 percent Physics 2024-25.

32. (a) Refer solution no. 18, page no. 227, Class-11,
MTG 100 percent Physics 2024-25.

OR
(b) Refer solution no. 16, page no. 226-227, Class-11,
MTG 100 percent Physics 2024-25.
33. (a) Refer solution no. 17, page no. 239, Class-11,
MTG 100 percent Physics 2024-25.

OR
(b) Refer solution no. 4, page no. 252, Class-11,
MTG 100 percent Physics 2024-25.

239, Class-11,

®®

"I'm arresting you for breaking
the laws of physics"
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Unlock Your Knowledge!

1. What is the size of electron as compared to proton
and neutron?

2. One light year is equal to
3. Who discovered X-ray?

4. According to the quantum theory of light the
energy of light is carried in discrete units are called ?

5. Who gave black hole theory?

6. When all forces and torques are balanced in a
mechanical body, body is said to be in

7. A ball pen functions on the principal of

8. The value of coefficient of restitution in perfectly
elastic collision.

9. Echo is heard due to .

10. According to Rutherford's atomic model, the
electrons inside an atom are

11. Rainbow is formed due to a combination of

12. Heavy water is used in nuclear reactor to
13. Who is known as “Father of Quantum theory”?
14. “God particles” is

15. Sound wave do not show the phenomenon of

16. 1 amu is equivalent to
17. Raman effect is explained by
18. LED works on the principle of

19. Which instrument is used for detecting the presence
of electric current in a circuit ?

@ PHYSICS FOR YOU | SEPTEMBER ‘24

20. Light entres the eye through a thin membrane
called .

@
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CLASS XI
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Following the protocol of NEP (2020), NCF (2023), NCERT and CBSE ~ Total Questions : 50 Time : 1 hr.
guidelines, National and various State Boards for the convenience |

of schools and students, any change/reduction in the syllabi will ' [ " (3) Mathematics |
be reflected in actual question papers. Section (1) Physics &  (2) Achievers @) or
Section — 1 : Physics : Units and Measurements, Mechanics, Chemistry Section Biology
Properties of Matter, Heat and Thermodynamics, Oscillations, Waves. No. of Questions 25 5 ' 20

Chemistry : Some Basic Concepts of Chemistry, Structure of Atom,
Classification of Elements and Periodicity in Properties, Chemical
Bonding and Molecular Structure, Thermodynamics, Equilibrium, Redox Reactions, Organic Chemistry - Some Basic Principles and Techniques, Hydrocarbons.
Section — 2 : Higher Order Thinking Questions - Syllabus as per Section — 1.

Section — 3 : Sets, Relations and Functions, Logarithms, Complex Numbers & Quadratic Equations, Linear Inequalities, Sequences and Series,
Trigonometry, Straight Lines, Conic Sections, Permutations and Combinations, Binomial Theorem, Statistics, Limits and Derivatives, Probability, Introduction
to 3-D Geometry.

Marks per Ques. | 1 3 | 1

OR

Section — 3 : Diversity in the Living World, Structural Organisation in Plants and Animals, Cell : Structure and Functions, Plant Physiology, Human

Physiology.

1. A particle of mass M originally at rest is subjected has an edge length of 1 m on the surface of the earth.
to a force whose direction is constant but magnitude It is kept on the floor of a 5 km deep ocean. Taking
varies with time according to the relation the average density of water and the acceleration

f_TV due to gravity to be 10> kg m™ and 10 m s™2,
F=F, [1—(—) :| respectively, the change in the edge length of the
block in mm is

where F, and T are constants. The force acts only for A. 2.4 mm B. 024 mm
the time interval 27T. The velocity v of the particle C. 6.2 mm D. 2.0 mm
after time 27T is :
A AE.TI3M B ET3M 4. Two stones are thrown up 51m.u1tgn_e‘ously from

0 0= the edge of a cliff 240 m high with initial speed of
C. F,T2M D. 2F,T/M

10 m/s and 40 m/s respectively. Which of the
2. The x-t graph of a particle JV\ /\ following graph best represents the time variation

undergoing simple harmonic 7 of relative position of the second stone with respect
motion is shown. \:/ Y 8 12 (s) to the first?
(Assume stones do not rebound after hitting the

' -1
Thi. laccte iefar/(;n . of the ground and neglect air resistance, take g= 10 m/s?)
particle att==/> 815 (The figures are schematic and not drawn to scale)

_? 4A(y,-y)m
A. —371:2 cm/s* B. - cm/ s? 240} -2 - 5!
) 2 A. B.
C. T cm/ s’ D. - —3 n° cm/s®
32 32
3. A cubical solid aluminium block 240+
P ) .
(bulk modulus =-V dap =70 GPa) C D
dv | )

*For latest updates visit WWW.SOfWOTld.OT’g PHYSICS FOR YOU | SEPTEMBER ‘24 @



32

A long horizontal rod has a bead which can slide
along its length and initially placed at a distance L
from one end A of the rod. The rod is set in angular
motion about A with constant angular acceleration
o. If the coefficient of friction between the rod

and the bead is u, and o
A . b>

gravity is neglected,
then the time after

[
which the bead starts L
slipping is
A Ju/a B. u/J&
C. 1/4pa D. infinitesimal

5
In the given P-V diagram, a monoatomic gas (’y =3 )

is first compressed adiabatically from state A to
state B. Then it expands isothermally from state B to

0.6
1
state C. [Given: (g) =0.5,In2=0.7].

P (kPa) A

300

100

Which of the following statement is incorrect?

A. The magnitude of the total work done in the
process A — B — Cis 144 kJ.

B. The magnitude of the work done in the process
B — Cis 84 k.

C. The magnitude of the work done in the process
A — Bis 60 kJ.

D. The magnitude of the work done in the process
C — A is zero.

Given below is the plot
of a potential energy
function U(x) for
a system, in which
a particle is in one
dimensional motion,
while a conservative
force F(x) acts on it.
Suppose that E.;, = 8 ], the incorrect statement for
this system is
[where K.E. = kinetic energy]
A. at x = x,, KE. is greatest and the particle is
moving at the fastest speed.
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10.

11.

B. at x < x;, K.E. is smallest and the particle is
moving at the slowest speed.

C. atx=x;3KE.=4]

D. atx>x,, K.E.is constant throughout the region.

A glass capillary tube is of the shape of a truncated
cone with an apex angle o so that its two ends have
cross sections of different radii. When dipped in
water vertically, water rises in it to
a height h, where the radius of its
cross section is b. If the surface
tension of water is S, its density is p,
and its contact angle with glass is
0, the value of h will be (g is the
acceleration due to gravity)

bZ_S cos(0+ o)

A. ﬁ cos(6— o) B.
b Pg

Pg

C. el cos(0—0./2) D. 2 cos(0+ a/2)
bpg bpg

A small ball of mass m is thrown upward with
velocity u from the ground. The ball experiences a
resistive force mkv? where v is its speed. The maximum
height attained, by the ball is

2 2
A. lln 1+kL B. ltan_lki
k 2g k 2g
2 2
C. Lian ku” D. L 1+ki
2k g 2k g

If e is the electronic charge, c is the speed of light
in free space and h is Planck’s constant, the quantity

1 e . .
has dimensions of

4rme, hc
A. [MLTY B. [LC]
C. [IMLTY D. IM°L°TY]

A block M hangs vertically at the bottom end of a
uniform rope of constant mass per Ltseossasenses

unit length. The top end of the )T ko
rope is attached to a fixed rigid
support at O. A transverse wave
pulse (Pulse 1) of wavelength A’
is produced at point O on the rope.

_D Pulse 2
The pulse takes time Ty, to A|-M_-,

reach point A. If the wave pulse

of wavelength A’ is produced at point A (Pulse 2)
without disturbing the position of M it takes time
T, to reach point O. Which of the following options
is correct?



12.

13.

14.

15.

The time Typ # Ty

The wavelength of Pulse 1 becomes longer when

it reaches point A.

C. The velocity of any pulse along the rope is
independent of its frequency and wavelength.

D. The velocities of the two pulses (Pulse 1 and

Pulse 2) are the same at the midpoint of rope.

=

Four point masses, each of mass

m, are fixed at the corners of a o

. . v :
square of side I. The square is
rotating with angular frequency o, i
about an axis passing through ¥
one of the corners of the square £

and parallel to its diagonal, as shown in the figure.
The angular momentum of the square about this
axis is

A. mPw

A particle starts from the origin at t = 0 with an

B. 4mlPw» C. 3mPo D. 2mPo

initial velocity of 3.0 m/s and moves in the x-y

plane with a constant acceleration (6_02 + 4,0}') m/s”.
The x-coordinate of the particle at the instant
when its y-coordinate is 32 m is D metres. The
value of D is

A. 50 B. 40 C. 32 D.

60

Two particles A, B
are moving on two
concentric circles of
radii R; and R, with
equal angular speed o.
At t =0, their positions
and direction of motion
are shown in the figure.
The relative velocity

N
Va4 —Vp att—% is given by

A. —0(R +R,)i B. (R —R,)i

C. o(R,—R)i D. —o(R +R,)i

A block of mass M has a circular cut with a
frictionless surface as shown. The block rests on
the horizontal frictionless surface of a fixed table.
Initially the right edge of the block is at x = 0, in
a coordinate system fixed to the table. A point
mass m is released from rest at the topmost point
of the path as shown and it slides down. When the
mass loses contact with the block, its position is x
and the velocity is v. At that instant, which of the
following options is correct?

16.

17.

y

2gR
A. Thevelocity of the point mass mis: v = -
m
1+

B. The x component of displacement of the center

2mR
of mass of the block M is : m i
M+m
C. The position of the point mass is :
R
L
M+m

D. The velocity of the block Mis: V =— % 2gR.

ACHIEVERS SECTION

A small roller of diameter 20 cm has an axle of
diameter 10 cm (see figure below on the left). It is
on a horizontal floor and a meter scale is positioned
horizontally on its axle with one edge of the scale
on top of the

axle (see figure

on the right). (.

The scale is now

pushed slowly on the axle so that it moves without
slipping on the axle, and the roller starts rolling
without slipping. After the roller has moved 50 cm,
the position of the scale will look like (Figures are
schematic and not drawn to scale.)

x=0 x=50cm x=0 x=75cm
A. B ?
x=0 x=25cm XTO x =100 cm
:

A water drop of radius 1 cm is broken into
729 equal droplets. If surface tension of water is
75 dyne/cm, then the gain in surface energy upto
first decimal place will be

[Given Tt = 3.14]
A. 85x107"]
C. 7.5x107*]

B. 82x107%]
D. 53x107%]
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18. A thermodynamic system is taken from an initial
state i with internal energy U; = 100 J to the final
state f along two different paths iaf and ibf, as
schematically shown in the figure.

>

The work done by the system along the paths
af, ib and bf are W, = 200 J, Wy, = 50 ] and
Wy = 100 J respectively. The heat supplied to the
system along the path iaf, ib and bf are Q;,r, Q and
Qyrespectively. If the internal energy of the system
in the state b is U, = 200 ] and Q,-af: 500 J, the ratio
Qpr/Qp 1

A 2 B. 3 C. 5 D. 6

19. A tennis ball is dropped on a horizontal smooth
surface. It bounces back to its original position after
hitting the surface. The force on the ball during the

Darken your choice with HB Pencil

collision is proportional to the length of compression
of the ball. Which one of the following sketches
describes the variation of its kinetic energy K with
time f most appropriately?

The figures are only illustrative and not to the scale.

L 7 t

20. A source, approaching with speed u towards the
open end of a stationary pipe of length L, is emitting
a sound of frequency f,. The farther end of the pipe
is closed. The speed of sound in air is v and f is
the fundamental frequency of the pipe. For which
of the following combination of u and f,, will the
sound reaching the pipe lead to a resonance?

u = 0.8vand f, = 3f,

u =0.8v and f, = 2f,

u =0.8vand f, = 0.5f,

u=0.5vand f, = 1.5f,

OO w»

-
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SOLUTIONS

1. (A): F=E |1 =T
. (A): F=F |\

Mass of the particle = M

Initial velocity, u = 0,
acceleration a is given by

F FO[ (t—Tﬂ
a=—=—1—-] —

M M T
dv_E| (t-TY
dt M T
v 2T E (t—T)z
[ ar=] MO[1— - ]dt

34
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E 2T
= v=2—°j (T% =2 — T2 +24T)dt
T“M 70

F 3 F 3
or v=—03-[47° - 8T =2 AT
MT? 3 MT?| 3

4F,T
V=
3IM

2. (D): The displacement is zero at 0 s. Therefore this
is a sinusoidal curve.

A = 1; Equation is x = A sinwt 1V\
_2m 21 ) E, 4\/

= lesin(t 8/\
T

W= ? \:’ 12 1(s)
2 . -1
a=-m" A sinwt
o dx 27 : . 2m
*. acceleration,——=—-1| — | sin—t¢
dr? T T



3. (B) : Given : bulk modulus,

B:—L'ZP:7O><109 Pa
dv

av. _—dp (0
v B ..(i
For a cube, V= = dV = 3/dl
2
Then d—V= 31di =§dl ...(ii)
Vv & l

Also since the cube is placed in 5 km deep ocean, the
pressure difference for that point,

dP = AP = pgh

Substituting (ii) and (iii) in (i), we have

...(iii)

dl_pghl_103><10><5000><1 _5x107

3B 3x70x10°  3x7x10Y

- 0238 x 1072 = 0.24 mm

1
4. (A):Using, h = ut + Eatz
1
For stone 1, y; = 10t - 2gt2

1
For stone 2, y, = 40t - Egt2
Relative position of the second stone with respect to
1
the first, Ay = y, — y; = 40t - 1gt2 - 10t + Egt2
2

= Ay =30t
After 8 seconds, stone 1 reaches ground,
ie,y; =-240 m
Ay =y, -y, =40t - Lg? 1 240
2
Therefore, it will be a parabolic curve till other stone

reaches ground.

5. (A): The frictional force provides
the necessary centripetal force for
circular motion.

Linear acceleration, a = Lo .

mLo® = W(ma) or mLw® = wmLo, =
or ®° =po. or (o) =puo

or of=./uo or t=\/—-a-
o

¢

5
6. (A): y=—
(A): vy 3
A — B — adiabatic compression
B — C isothermal expansion

For process A — B
P,V," = PgVy'

10° % (0.8)°” =3x10° (V)"

(adiabatic compression)

10
Vy =0.8><(g) =04 m’
Work done in A > B

W, - PV, —PsVy _10° x0.8—3x10” x0.4
y-1 5

3

Wyp = - 60 k] = |W, 5| = 60 kJ
Work done in B — C (isothermal process)

(adiabatic compression)

-1

\% \%
Wie =nRT1n—C:PBVB In—&
Vg Vg
5 0.8
Wy =3%10 ><0.41n0—4:84k]

WCA = PAV = 0
So, total work done
WABC = WAB + WBC + WCA = —60 + 84+ 0

Wypc =24 K]

7. (B) : Mechanical energy, E, .., = 8 ]
Atx =%, U= 0, Epey =K =8]

At x < x;, U = constant = 8 ]
SO’K:Emech_ U=8-8=0]

START THE JOURNEY TOWARDS
NSO OLYMPIAD SUCCESS NOW!

Download Previous 5 Years' Papers!
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Atx=x3, U=4],U+K=8] .. K=4]
At x > x4, U = constant = 6 ]
K=E_ ,.,-U=2]

which is constant throughout the region.

8. (D): Let r = radius of curvature of meniscus

b=rcos(9+g)
2

Excess pressure on concave

} ) 2
side of meniscus = —

’
28

= (P0+hpg)—PO =7
28cos(9+a)

= hpg= ) 2

or h=2—8c03(6+g)
bpg 2

9. (D): Given : mass = m,
initial velocity = u,

resistive force = mkyv?

Let the maximum height be h.

F,.. = ma -mg - mkv* = mv% vjsv =-g-k/’

I vdv J.dS (o g+ kv? = t, 2kv dv = dt)
g+kv 0
! At 1 1 2,10

S - _ —:——l t:__l k

i T AR

h-0= —iln(g+ku2)2

h= —l[ln(g)—ln(g+ku2)]

2
po L[ gtk | Ly ke
2k g 2k g
2

10. (D): As, F=——.&
47'580 r2
hc
and photon energy, E = 0
2 2 —27772
SO, 1 .e_: FT’ _ [MLT ][L ] _ [MOLOTO]
4me, hc EA [MI’T][L]

11. (C) : The velocity of the transverse wave is given by

y= |L ()

u
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where, T is the tension in the rope
O| Pulse 1

and is given by "
T= Mg+ wg : i

where, y = distance of point P on Pulse 2
the rope from its bottom A| M |
Mg

L = total length of the rope
Putting the value of T in eqn. (i),

we get v= /@ ...(ii)

The velocity at the midpoint is different for both the
pulses as they are moving in opposite directions.
So, option D is incorrect.
Since, both the pulse travel in the same medium and
velocity is medium dependent, the velocity of any
pulse along the rope depends on tension in the rope
and linear mass density. So, it is independent of its
frequency and wavelength.
So, option C is correct.
Also, v =VA or Aocy

(" frequency of a wave depends on the source)
For pulse 1, the velocity decreases at point A as tension
decreases. So, the wavelength of pulse 1 becomes shorter
when it reaches point A.
So, option B is incorrect.
From eqn. (ii), the Velocity is given as

fMgﬂtyg a _ fMgﬂtyg
t u

= dt =

[Mgﬂwg
H T L

Integrating both sides, Jdt = j
0

(e

where, T is time taken by pulse to travel distance L.
Since, T depends upon g, M, L and p which are constant

dy

Mg t)g

Time taken by pulse 1 to reach point A and time
taken by pulse 2 to reach point O is same.

Tho = Tpus So, option (A) is incorrect.
12. (C) : Angular momentum of the square about the
given axis, L = [;0 + I, + I30

2 2
=m(%) m+m(lﬁ)2w+m(%)0) = 3mlPw



13. (D): For y-coordinate, s=ut +%at2
or 32=0+—;—><4><1‘2 or t=4s

For x-coordinate, s=ut+ %at2

or D=3(4)+ % (6)(4)* =60 m

T
14. (C) : The angle transversed in time By is
o

Ot T
0=owt= = YA

)
T
ie,at t=—, ﬁ:

A
20 D) >
\ \y X
the position of two
B

particles is shown in the figure.

The relative velocity, v, —v, is

15. (A) : V be the velocity of the block of mass M and
v be the velocity of the point mass m.
From the conservation of momentum,

my = -MV
—mv
V=-— ..(1)
M
From the conservation -‘—R’i
of energy, y
1 1
—m1/2—ng=—MV2 x
2 2

1 1
—mv2+—MV2=ng
2 2
1 , 1 Mm*v*
—mv” +— =mgR Using eqn. (i
” Y g [Using eqn. (i)]
2
2gR
v2+m—:2gR, v2[1+—]:2gR or v= | £
147
M

This is required velocity of the point mass.
So, option (A) is correct.

Velocity of the block is V = % 28R

m
1+

M
So, option D is incorrect.

Since, there is no external force applied on the system,
so, centre of mass remains stationary.

Let us assume that block of mass M moves by x distance
towards left

Mx = m(R - x)

x(M + m) = mR

mR

X = (towards left)

mR
M+m
So, option B is incorrect.
16. (B)

17. (C) : Given, radius of water drop, R = 1 cm
Surface tension, T = 75 dyne/cm = 0.075 N/m
Volume of 1 drop = Volume of 729 droplets

T X=— ; negative sign because x is towards left.

4 4
“nR® =729 x —1r° R®=729 ¢
3 3
6ontributed by : Nisha Singla, Ghaziabad (UP) \
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Across Down
1. Jupiter 1. Supersonic
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where, r is the radius of small droplets
= (102> =729 ¢
1 _
= (102’ =09’ = r= 5><1o > m
Work done or gain in surface energy is given by,
W =TAA
where, AA is the change in surface area
W = T[n x 4mr* - 4nR?]

2
1 _
=0.075[729x(§x10 2) —(10 2)2]><47t

=0.075[9 x 107* - 107¥] x 4m = 7.536 x 1074
18. (A):

»

Along the path ia, V = constant
‘/Via = 0
Along the path iaf,
Wigr = Wig + Wyr= 0] +200 ] =200 ]

Qiaf = 500 ]
Uis = Qigf — Wigr =500 ] ~ 200 J = 300 J
Uy - U; =300 ]

Uf=300]+ U;=300] + 100 ] =400]
Along the path ib,
Uy = U, - U, =200] - 100 ] = 100 J
Wy, =50]
s QP =Uy+ Wy =100] +50] =150
Along the path bf,
Upr= Up= U, = 400 J - 200 ] = 200 ]
Wy =100 ]
co Q= Upp+ W= 200 + 100 J = 300 ]
The required ratio is % = . =2

Q; 150]
19. (B) : As tennis ball is dropped, so its initial velocity,
u=20
Suppose its velocity at any time t = v
Acceleration due to gravity = g

v=u-+gt
- VY = gt ...(i)
We know, kinetic energy,

1

K = > my? = % m(g*t*) [Using eqn. (i)]
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1
= K =5mg2t2

= Ko t? (As m and g are constant)
This shows that relation between kinetic energy of
tennis ball K and time ¢ is parabolic.

During the collision, velocity of the ball falls sharply to
zero as it is compressed and regains maximum velocity
in the same short time interval.

This relation is best illustrated by the option B.

20. (D) : Speed of source = u

Open end pipe length = L

Speed of sound in air = v

Fundamental frequency = f,

According to the formula of Doppler’s effect,

r=h=;%)

(A)u=087v,f =f;S0, fzfo(v_gm):sfo
(B)u=087vf.=f; f=2f, [v—;.sv):mf"

(C)f=u=0.8v,f =05,
v
f=0.5f0 (m}=25f0
D)u=08u,f,=15f,
v
J=13 4y (V—O.Sv):?)fo

As the pipe is closed at one end so all odd harmonics

are present. So, option D is correct.

For other sections/subjects please refer to
Chemistry Today and Biology Today
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CLASS XIi
SYLLABUS* -
Following the protocol of NEP (2020), NCF (2023), NCERT and CBSE 1414l Questions : 50 Time - 1 hr.

guidelines, National and various State Boards for the convenience
of schools and students, any change/reduction in the syllabi will be
reflected in actual question papers.

Section — 1 : Physics : Electricity and Magnetism, Electromagnetic
Induction, Alternating current, Electromagnetic waves, Optics, Modern
Physics, Semiconductor Electronics.

Chemistry : Solutions, Electrochemistry, Chemical Kinetics, The d- and
FBlock Elements, Coordination Compounds, Haloalkanes and Haloarenes,

k (3) Mathematics |

(1) Physics & (2) Achievers

Section Chemistry Section o

_ . Biology
No. of Questions 25 _ 5 _ 20
Marks per Ques. 1 3 1

Alcohols, Phenols and Ethers, Aldehydes, Ketones and Carboxylic Acids, Amines, Biomolecules.
Section — 2 : Higher Order Thinking Questions - Syllabus as per Section-1.

Section — 3 : Relations and Functions, Inverse Trigonometric Functions, Matrices and Determinants, Continuity and Differentiability, Application of Derivatives,
Integrals, Application of Integrals, Differential Equations, Vector Algebra, Three Dimensional Geometry, Probability, Linear Programming.

OR
Section — 3 : Reproduction, Genetics and Evolution, Biology in Human Welfare, Biotechnology, Ecology.

Practice Questions

1. A parallel plate capacitor d/2

having plates of area S
and plate separation d,
has capacitance C, in air.
When two dielectrics

of different relative

permittivities (¢, = 2 and €, = 4) are introduced
between the two plates as shown in figure, the

C
capacitance becomes C,. The ratio C—Z is
1
A. 6/5
C. 7/5

B. 5/3
D. 7/3

2. For the given circuit the current i through the
battery when the key is closed and the steady state

has been reached is

‘21.‘9

il 05 mHE0 2
30 V] 3Q
30 330
/
A. 10A B. 6A
C. 25A D. 0A
@ PHYSICS FOR YOU | SEPTEMBER '24

3. A linearly polarized electromagnetic wave in
E=3.1cos[(1.8)z — (5.4 x10°)¢]i N/C
is incident normally on a perfectly reflecting wall at
z = a. Choose the correct option.
A. The reflected wave will be

3.1cos[(1.8)z + (5.4 x10°)t]i N/C .
B. The wavelength is 5.4 m.
C. The transmitted wave will be

3.1cos[(1.8)z — (5.4 x10°)t]i N/C.

D. The frequency of electromagnetic wave is
54 x 10*Hz.

vacuum is

4. The graph shows relationship between object
distance and image distance for an equiconvex lens.
Then, focal length of the lens is

31
v cm
30

10

; o |
wem-31 -30 -20 -10 0(9+9)

A. 0.50+0.05cm B. 0.50+0.10cm
C. 5.00£0.05cm D. 5.00+0.10 cm.

*For latest updates visit www.sofworld.org



The figure shows a region B_

of length 7 with a uniform 3

magnetic field of 0.3 T in ______ S

it and a proton entering W A

the region with velocity e
—_—t fe—

4 x 10° m s! making an
angle 60° with the field. If the proton completes
10 revolution by the time it cross the region shown,
‘T is close to (mass of proton = 1.67 x 1077 kg,
charge of the proton = 1.6 x 107°C)

A. 088m B. 022m C. 0l1lm D. 044m

As an electron makes a transition from an excited

state to the ground state of a hydrogen-like

atom/ion

A. its kinetic energy decreases, potential energy
increases but total energy remains same

B. its kinetic energy and total energy decrease but
potential energy increases

C. its kinetic energy increases but potential energy
and total energy decrease

D. its kinetic energy, potential energy and total
energy decrease.

A very long solenoid of radius R is carrying current
I(t) = kte™® (k > 0), as a function of time (t > 0).
Counter clockwise current is taken to be positive.
A circular conducting coil of radius 2R is placed in
the equatorial plane of the solenoid and concentric
with the solenoid. The current induced in the outer
coil is correctly depicted, as a function of time, by

g ) A

A. t=0tft B. t=0>Ttb
1A A

C. t:07&!—_ D. tzoi%-

A charged shell of radius R carries a total charge Q.
Given ¢ as the flux of electric field through a closed
cylindrical surface of height 4, radius r and with
its center same as that of the shell. Here, center of
cylinder is a point on the axis of the cylinder which
is equidistant from its top and bottom surfaces.
Which of the following option is incorrect?
(€, is the permittivity of free space]

A. Ifh>2Randr:ﬁthenq):&
5 5¢,
B. Ifh>2Randr:§then¢:&
5 5¢,

10.

11.

12.

13.

C. Ifh<%andr:%then¢:0
D. Ifh>2Randr>Rthenq):g
€

A microammeter has a resistance of 100 €2 and a full
scale range of 50 HA. It can be used as a voltmeter
or as a higher range ammeter provided a resistance
is added to it. Pick the correct range and resistance
combination

A. 50V range with 10 kQ resistance in series
B. 10V range with 200 k€2 resistance in series
C. 1 mA range with 1 Q resistance in parallel
D. 10 mA range with 1 Q resistance in parallel.
E, BC D g

A F

75 T T rr Yy rTnr ey nrnnia

The above is a plot of binding energy per
nucleon E,, against the nuclear mass M; A, B, C, D,
E, F correspond to different nuclei. Consider four
reactions

i) A+B—>C+c¢ (i) C>A+B+¢
({ii))D+E—>F+¢ (iv VF>D+E+¢
where € is the energy released. In which reactions

~

is € positive?

A. (i) and (iv) B. (i) and (iii)

C. (ii) and (iv) D. (ii) and (iii)

A capacitor is charged using 4

an external battery with a . ?S

resistance x in series. The ™% [T R

dashed line shows the variation i

of In I with respect to time. YQ

If the resistance is changed >

to 2x, the new graph will be

AP B. Q C. R D. §

In Young’s double slit experiment intensity at a point

is (1/4) of the maximum intensity. Angular position

of this point is

A. sin”'(M/d) B. sin"}(A/2d)

C. sin!(A/3d) D. sin"}(A/4d).

The dipole moment of a circular loop carrying a

current I is m and the magnetic field at the centre of

the loop is B;. When the dipole moment is doubled

by keeping the current constant, the magnetic field

at the centre of the loop is B,. The ratio B,/B, is

A 2 B3 C V2 D =
75

@
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14.

15.

Imagine that a reactor converts all given mass
into energy and that it operates at a power level of
10° watt. The mass of the fuel consumed per hour in
the reactor will be (velocity of light, ¢ is 3 x 108 m/s)
A. 4x102gm B. 6.6x107°gm

C. 0.8gm D. 0.96 gm

Heater of an electric kettle is made of a wire of
length L and diameter d. It takes 4 minutes to raise
the temperature of 0.5 kg water by 40 K. This heater
is replaced by a new heater having two wires of the
same material, each of length L and diameter 2d.
The way these wires are connected is given in the
options. How much time in minutes will it take to
raise the temperature of the same amount of water
by 40 K?

A. 2 if wires are in series

B. 2 if wires are in parallel

C. 1 if wires are in series

D. 0.5 if wires are in parallel.

ACHIEVERS SECTION

16.

17.

@

Consider a thin spherical shell of radius R with
its centre at the origin, carrying uniform positive
surface charge density. The variation of the

magnitude of the electric field and the electric
potential V(r) with the distance r from the centre, is
best represented by which graph?

|E(r)| V(r) If‘fpl v(r)
0 R r 0 1’( T

IE()| V() E()| v(r)
A 'y

For a prism of prism angle
0 = 60° the refractive
indices of the left half
and the right half are,
respectively, n, and n,
(n, 2 n;) as shown in
the figure The angle of incidence i is chosen
such that the incident light rays will have
minimum deviation if n, = n, = n = 1.5. For the
case of unequal refractive indices, n; = n and
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18.

19.

n,=n+ An (where An << n), the angle of emergence

e = i + Ae. Which of the following statement is

correct?

A. The value of Ae (in radians) is greater than that
of An.

B. Aeis inversly proportional to An.

C. Ae lies between 2.0 and 3.0 milliradians, if
An=2.8x1073.

D. Ae lies between 1.0 and 1.6 milliradians, if

Fig. (i) Fig. (ii)

Figure (i) and (ii) show
two long straight wires
of circular cross-section
(a and b with a < b),
carrying current I which
is uniformly distributed across the cross-section.
The magnitude of magnetic field B varies with
radius r and can be represented as

»r

In the circuit shown below, the key is pressed at time
t = 0. Which of the following statement is true?

40 uF 25 kQ
+
50
@ 20 uF
~ +{:-
Key 5V

A. The voltmeter displays -5 V as soon as the key
is pressed, and displays +5 V after a long time

B. The voltmeter will display 0 V at time ¢ = In 2
seconds

C. The current in the ammeter becomes 1/e of the
initial value after 1 second

D. All of these.



20. Radiation of wavelength A, is incident on a

photocell. The fastest emitted electron has speed v.
If the wavelength is changed to 2,
4

the fastest emitted electron will be

the speed of

Darken your choice with HB Pencil

1/2

1/2
A. >v(é]
3
1/2
4
C. = v()
3

o]
N
<
Y
S W
o

o)
I
<
~—
—_— ——

. @PO®O0O 5 PEPOO » PEOO® 1B @AEOO® 17 ®PEOO
2 AMOOO® 6 PEOODO 10 H®®OOG 4 GPEOO 1B GEOO
. POOO® 7 PEOO 1 PEOO® 15 ®EOOO 1B AOOO
. POODO 8 WOOO 12 @WOOO® 166 PEOOCDO 20 ®WEOO
SOLUTIONS
L. (D) L1 §ilm
2. (A):In the steady state, inductor behaves as a f Ty i1 30
conducting wire. For maximum error
Circuit diagram becomes, in f, errors are added.
10
20 Af  Av  Au
......... = = + . b
f2 1/2 u2 wem - 31 -30-20 - 10 0 (-9, +9)
in 302 30 Af 01 0.1
3Q o 2 2 " 2
L (5) (10) (10)
30V
25x2X%0.1
or Af=————— or Af=0.05
f 100 /
Equivalent resistance of circuit is, Focal length of lens = f+ Af= 5.00 + 0.05 cm.
1 1 1 1 Option (C) is correct.
R 3 + 3 + 3 1 As the graph between v and u indicates, it is the curve
4 R-10 of a convex lens where u =- 10 cm, v =10 cm, f=5 cm.
P 20 Object is placed at 2f and real, inverted and equal size
Now circuit becomes . WL image is formed at 2f, on the other side of the lens.
Now, R;=2Q +1Q=30Q 30Vl-|- :EIQ 5. (D):Given:v=4x10>m/s, 0=60°
Ryg=302 m=1.67x102 kg, g=1.6x10"°C,B=0.3T
From Ohms law, i= % = ? =10A

3. (A): E=3.1cos[(1.8)z —(5.4x10%)t]i N/C
As the wave is reflected by the wall at z = a, so the deviation
of reflected wave is opposite to the direction of incident
wave.

E=3.1cos[(1.8)z+ (5.4 x10%)t] i N/C

4. (C):Using lens formula,

1 1 1 1 1 1
=~ —— or = —
f v u f 10 -10
1 2 1 .
or = =— or f=+5cm .. (i)
f 10 5

Au = 0.1, from graph, Av = 0.1, from graph

BH_ YA
v

v sin 604,
W cos 60° .

=
€—I1— 7@ > X

2T
Time of one revolution, T = I;n
q

10mtmy

I=(cos60°) x (10 T) =

_10%x3.14x(1.67 X107 ) x (4x10°)
(1.6 x1071%)(0.3)
Here, [ = 0.4369 m = 0.44 m

= I
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6. (C) : For an electron in n'" excited state of hydrogen
atom,

s 32
kinetic energy = —
8meyn”ay
2
, —e
potential energy = ————
4me,n-a,
and total energy = 5— > Where g, is Bohr radius.
8meyna,

As electron makes a transition from an excited state to
the ground state, n decreases. Therefore, kinetic energy
increases but potential energy and total energy decrease.

7. (C) :Since, ¢ = B.ds,
O = Uonlds = pynkte *4nR>

e= _d—ciq) = —nk4nR?e 1 - at] = —Ce ™ [1- o]
—atpqy
Induced current, i = € =— Ce " [1-o]
Resistance Resistance
Att=0,i=-C
8. (A):Forh>2Randr>R T3
Net charge inside the cylinder is Q. C BT
Flux through the closed

cylindrical surface,
0= Dencl — g h

& & Q

8R 3R C p s

For, h=— andr=—
5 5

Here in this case, net charge inside the cylinder is 0.
Flux through the closed cylindrical surface,

q):qencl 2220 §ng

g £
8R 3R 4R ‘4'.
So, for h<? andr—?,(])—o s 1 |.%
Now, for h > 2R and
4R
r=— e

5 N

Net charge inside the cylinder is
Q

=4m(l1—cos53°)x —
encl AT

_an[1-3 ) Q2,02
—4n(1 5)x4 XQ

_ Yend _ &
O=—""=
€ 580

R
For h > 2R and rz%,

Required flux,

net charge inside the cylinder is

@
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Q 4. Q _Q
=2X2m(1—cos37°)X— =4n| 1 —— | X —=—
Qencl ( ) Am 5 ir 5
Required flux, ¢=M=£
g  5¢

9. (B)

10. (A) : When two nucleons combine to form a third
one, and energy is released, one has fusion reaction.
If a single nucleus splits into two, one has fission. The
possibility of fusion is more for light elements and
fission takes place for heavy elements.

Out of the choices given for fusion, only A and B are light
elements and D and E are heavy elements. Therefore,
A + B — C + ¢ is correct. The possibility of fission is
only for F and not C. Therefore, F — D + E + € is the

correct choice. t

E
11. (B) : Charging current, I = — e *¢
x

E t
or InI = ln( )—
X xC

1
Slope of In I versus t curve = —

xC
When x is changed to 2x, the slope of the curve increases

and current decreases. Obviously, the new graph is Q.
12. (C) : In Young’s double slit experiment, intensity at
any point Pis given by I = I . cos? (¢/2).

where ¢ denotes the phase difference at P.

I = Imax cos2 (4))
2 S
1

¢

T 2T 21 2T
or = —or ¢ = or Ax =
2 3 3 A 3

Path difference, Ax = S,Q = d sin0
or dsinf =A/3

or stin_l(k)
3d

13. (C) : Initially, dipole moment of circular loop is

I
m = LA = LmR* and magnetic field, B, = };LR

or Ax =\/3

Finally, dipole moment becomes double, keeping
current constant, so radius of the loop becomes V2R,

Mol B B,
B = = 5 A \/5
> 2&2R) 2 B,




A
14. (A):Here,P:109VV,c:3><IOSms‘l,A—Tz?
E  Amc?
We know, P=—= me
At At
Am P 10° 107,
N 2o 82 kgs
At & (3x10°) 9
10~/

=5 X100 3600 ghl=4x102gh™

15. (D) : In a given heater,
2

S .y 0 o
nd/2)° md’ R
In a new heater,
__pL _pL
nQdR) nd
R
R =R, = "
If wires are connected in series, their equivalent

and R, = pL = pL
n(2d2)? md?

R

resistance is

R R R
R =R +R,=—+—==—
S 1 2 4 4 2
V2 V2 2V?
Then, H=—1 = t, = t
R, (R/2) R
As, H=H,
v:  av?

=2 min

o |

?tz_R t,or t, =

If the wires are connected in parallel, their equivalent

N | ~+

resistance is
1 1 1 1 1
— +
(R/4) (R/4)

4 4
=— f—=
R R

= | oo

16. (D)
17. (C): 0 = 60°
Using Snell’s law at P
1 x sin i = n, sin 0/2
sin i = n; sin 30°

n 3

sini=—=—
4

n,=n,=n=15
Using Snell’s law at Q, 1, sin 30° =1 x sin e
Difterentiate both sides, An = sin 30° = Ae (cone)

A

Ae=- " (i=e)

2cose 4

3

An X4 2
Ae=———==—=An

2><~/7 \/7 N7
So, Ae < An, if An=2.8 x 1073

2.8%107° %2
Ae:LZZ.llmrad

J7

18. (C) : The magnetic field outside the wire is given by

a

*I +I
g bol
2Tr
Mol Mol
So, B =——, B, =——
““oma’ P 2mb BA

Asa<b, so,B,> B,
B oc r (inside)
B = constant (maximum) on

Q

the surface;

1
B o<~ (outside)

START THE JOURNEY TOWARDS
NSO OLYMPIAD SUCCESS NOW!

Download Previous 5 Years' Papers!

®
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19. (D) :

+I|_
1!

5V

When the key is just pressed, there is no charge on
capacitors

5=250001,
5
25000

5
and 5=50000], = I, =————=0.1mA
50000

Reading of voltmeter,

= Vo - Vp=-25000I; = -25000 x 0.2 x 103V=-5V
After a very long time, steady state is reached, i.e.,
I,=L,=0

5=L6 or g, =200uC
40x10
__ D _
and 5=——"— or g, =100uC
20x10°

Now, reading of voltmeter = V, - V,
100 pC
20uF 20 puF

For capacitor of 40 uUFE,
T,=RC=25x10°x40x10%=1s
and for capacitor of 20 uF,
T,=RC=50x10°x20x10%=1s
At any instant ¢,
g, =200[1 - e7*] uC,
g, =100[1 - e'] uC
[[=02e¢'mA,[,=0.1e'mA
_100(1-¢")uC

Vg —Vp=————-25kQx0.2¢ ' mA
20 uF
=5(1-¢e?%) -5e*=5-10e"!
10
Att=In2sVy-Vp=5-10e" =5-—=0V
2

Initially, I, = 0.1 mA + 0.2 mA = 0.3 mA
Att=1sI=I+L=(02e'+01¢eY)
0.3 I,

:—mA:—
e e
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20. (A) : According to Einsteins photo-electric effect,
maximum kinetic energy of a photoelectron,

1 h
KE=-mv* = L 0

2 A
According to question, for incident radiation of
wavelength A, maximum speed of photoelectron is v.

lmvz _ E_q) (1)

A
Assume speed of fastest photoelectron is v when
incident photon has wavelength

" v
2 3A

For other sections/subjects please refer to
Chemistry Today and Biology Today

®®

The same THREE LETTERS will complete

these five words.

Can you find the three-letter sequence?

NEU-—- - —-NO
ELEC— — —=CITY

— — — ANGULAR

CEN - — — PETAL FORCE
PHOTOELEC — — —-C

Readers can send their responses at editor@mtg.in or post us with

complete address by 10 of every month.
Winners’ names will be published in next issue.




Electromagnetic
Induction

Detailed theory with High Definition images of the given topic are covered under this heading.

Magnetic Flux

Electromagnetic Induction

Electromagnetic Induction is the phenomenon of The magnetic flux through a surface of area 4
production of emf in a coil when magnetic flux . . e = .
i ) . placed in a uniform magnetic field B is defined as,
linked with the coil is changed. The emf so produced 5. Bdcosh
is called induced emf and the current so produced is ¢=5- T/ cos
called induced current. V4 5, n
i B =3
Coil Lines of forces — 1l L BA B
T — —— Y e 0 BAcosd
§ = [S0}]
L — Magnets ¢ = Omax
where, 0 is the angle between direction of the
Q} ki magnetic field and normal to the surface.
Ammeter e The SI unit of magnetic flux is weber (Wb).
M7t - e Magnetic flux can be changed by
L : S ¢ Changing the intensity of the magnetic field.
Gurrent flows through + Changing the orientation of coil with respect
3 the circuit to magnetic field.
Ammeter ¢ Changing the area of the closed current.

Faraday's Laws of Electromagnetic Induction

o First Law : Whenever there is change in magnetic flux with respect
to time for a coil or circuit, an emf is induced in it till change in flux
takes place.

e Second Law : The induced emf is directly proportional to the rate of
change of flux through the coil.

Mathematically, € = —%

do

If the coil has N turns then net induced emf is given by, € = -N s
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* Lenz’s law states that the polarity of the induced emf is

© ® ® O
ACw cw
such that it tends to produce a current which opposes N s N s
— | e—
the change in magnetic flux that produces it. m— —
[ T

e=(-) 49 | where negative sign indicates the Lenz’s L) )
At (Coil face behaves as North pole (Coil face behaves as South pole
to oppose the motion of magnet) to oppose the motion of magnet)
law. B A B A
(increasing)\@ (decreasing)

Direction of induced emf (¢) > - ) €

¢ Induced emf does not depend on nature of the i

-

coil, i.e., resistance of the coil.

) = .
¢ Magnitude of induced emfis directly proportional ‘ < B EC B

(increasing) (decreasing)
to the relative speed of coil-magnet system.
Fleming's Right Hand Rule
Fleming's right hand rule gives the direction of induced emf or current. According Mastor]
Mation I
to this rule, if we stretch the forefinger, central finger and thumb of our right Magnetic Field ||

hand perpendicular to each other such that thumb points along the direction
Current

of motion of the conductor and forefinger points towards the direction of
magnetic field, then, the central finger would give the direction of induced

current or emf.

Motional Electromotive Force

o e « 1f0=90°ic, ¥,Band
¢+ When a conducting rod moves in an external [ are perpendicular to
magnetic field in such a way it cuts the field, each other.
so, all the free electrons in the rod transfer Induced emf, € = Blv
from one end to another end (C to D) and emf

is induced in the rod. This emf is known as ® Rotating straight conductor : emf induced in

motional emf_ C Small element dx

+  The emfinduced within dI ) ® B de = (VX B)-dx =—vBdx
de=(FxB)-dl dif A ; ! !

(vB) v Net emf €= —Jdex = —B(oj xdx = 1 Bwl?

Net emf across the rod, 7 . 2
e=[(7xB)-dl =vBlsin® - -
Enduced eleftric {ield in the rod, 3 i ® B j ® B

+ Ifany two out of ,B and dI become parallel = * o
or antiparallel, € will become zero. c c
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Negative sign indicates that end C will be at higher
potential.

* A rotating conducting disc: <D ®B
Induced emf between centre C

and circumference D is

1
€ =~ BwR?
2

Effect of Motional emf Developed in a Circuit

For a circuit shown in figure, if the metal rod moves
with uniform velocity v by an external agent then all
the induced parameters are possible in the circuit.

iJn}formI H_{
B® v = constant
R l

l

+ Induced emf in the circuit, € = Bv/

-+

Bl
R

+ Retarding opposing force exerted on metal rod
by action of induced current

E, =I(IxB):F, =BIl where 6=90°

o €
¢ Current flows through the circuit, I = =

F o= By
" R
+  External mechanical force required for uniform
velocity of metal rod

A conductor of arbitrary shape:
Induced emf in this conductor =

Induced emf in straight conductor

connected between C and D, i.e.,

e =Blvsin 0

(i) For constant velocity, resultant force on metal
rod must zero and for that F,,, = F,,
272
. B°l*v
(11) F = F =
ext m R
(iii) If (B, /, R) — constant = F, o< v

For uniform motion of metal rod, mechanical
power delivered by external source is given as

—

Pmech —Lext — Fext V= extV
b _p ~ BZZZVZ
ext mech R

If (B, I, R) — constant = P, > V*

Thermal power developed across resistor

2 2122
2 Bvl By
Pthermal:I R:( R) R = R

It is clear that Py,,,,,,01 = Pyec, Which is consistent

with the principle of conservation of energy.

Changing magnetic field can set up current loops in nearby metal (conductor) bodies. They dissipate electrical

energy as heat. Such currents are called eddy currents.

Application of eddy currents

¢ Inductance furnace is based on the heating effect of eddy

currents.

+  Speedometer is a device used to measure the instantaneous

speed of a vehicle is also on complete of eddy currents.

¢ Concept of eddy currents is used in energy meter to record the

consumption of electricity.

Electromagnetic

AC field

Coil

Eddy

current
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BRAIN MAGNETISM AND

MAP MATTER

" When a ferromagnetic sample Poor magnetisation in opposite direction.
? AU is placed in a magnetising field, Here, B, < B,
1 the sample gets magnetised by X,, — Small, negative and temperature
Initia i 1 11
ol %nduct%on. As th(? magnetising ﬁel.d independent i.e., 3, o< T,
S H intensity H varies, the magnetic .
+ Hinax induction B does not vary linearly oo Xm T
glé:_ietent?v?tty with H, i.e., the permeability B > ——
: ’ u( = B/H) is not constant but varies —— :: gy — ]
Saturation with H. In fact, it also depends on
the past history of the sample.
J AT o
1 Poor magnetisation in same direction.

T o Here, B,, > B,

Strong magnetisation in same direction. === 5 L s .
— > X,, — Small, positive and varies inversely with
Here, B, >>> B, — temperature i.e., ), =< 1/T (Curie’s law)
X,, — Very large, positive and temperature -
dependent i.e., 5 Ko K
Xm »— B
! >
Xm =< ) I / \ — T
T — TC > i

- T T
(Curie-Weiss law) (for T'> T¢) ¢ < Classification of Magnetic Materials

Magnetisaton and Magnetic Intensity Magnetic Field at a Point due to Magnetic Dipole (bar magnet) g

¢ Relation between B, ,,, and H, ¢ The magnetic field due to a bar magnet at any point on the
B= BO n HOM S B= Ho(ﬁ + M) (. BO _ HOH) axial line (end on position) is
= B=Wo(+x,)H =uH (o M=y,,H) B Mo _ 2Mr
axial 4 2 272
¢ =gl =ty (T+7%,) = p,=1+7, T (re =17)
where, r = distance between the centre of the magnet and

Bar Magnet as an Equivalent Solenoid the given point on the axial line, 2/ = magnetic length of the

For solenoid of length 2/ and radius a consisting magnet and M = magnetic moment of the magnet.
n turns per unit length, the magnetic field is given by 9 5 wo2M
Lo 2m For short magnet, | <<r”; B =——
0 3
B = 3 41r
4anr . .
(where m = magnetic moment of solenoid The direction of B,y is along SN.
— n (21) I(na?)) ¢ The magnetic field due to a bar magnet at any point on the
Gauss's Law for Magnetism equatorial line (board-side on position) of the bar magnet
Gauss’s law for magnetism states that the net magnetic i8 Boguatorial = woM
flux through any closed surface is zero. cduaton 4m(r? +12)3/2
0=) B-AS=0 woM
all atea For short magnet, Begyatorial = 4157

elements AS
Thts law establishes that isolated magnetic poles do not exist. The direction of Bequatorial is parallel to NS.




Property
Effect of

magnets

In external

magnetic field

Magnetic
moment of

single atom

In a non-
uniform
magnetic field

In a uniform

magnetic field
Susceptibility
value (x,,)

K,

Examples

Properties of Dia-,

Diamagnetic substances

They are feebly repelled by
magnets.

Acquire feeble magnetisation
in the opposite direction of
the magnetising field.

Atoms do not have any

permanent magnetic moment

Tend to move slowly from
stronger to weaker parts of
the field.

A freely
diamagnetic rod aligns itself

suspended

perpendicular to the field.
Susceptibility is small and
negative. - 1<y <0
1>u,. >0, U<y,

Bismuth, copper, lead, water,
sodium chloride

Para- and Ferromagnetic Substances

Paramagnetic substances

They are feebly attracted by magnets.

Acquire feeble magnetisation in the
direction of the magnetising field.

Atoms have permanent magnetic
moment which are randomly oriented
(i.e., in absence of external magnetic
field the magnetic moment of whole

material is zero).

Tend to move slowly from weaker to
stronger parts of the field.

A freely suspended paramagnetic rod
aligns itself parallel to the field.

Susceptibility is small and positive.
0 < %,, < & where € is a small number

(1L+8)>u>1, (u> o)

Aluminium, sodium, calcium, oxygen,

copper chloride

Ferromagnetic substances

They are strongly attracted by

magnets.

Acquire strong magnetisation
in the direction of the
magnetising field.

Atoms have permanent
magnetic moment which are

organised in domains.

Tend to move quickly from

weaker to stronger parts of
the field.

A freely
ferromagnetic rod aligns
itself parallel to the field.

suspended

Susceptibility is very large
and positive. x,, > 1000

W, >>> 1, (u>>>u,)

Iron, cobalt, nickel,
gadolinium

Torque on a Magnetic Dipole placed in a Uniform Magnetic Field

e When a magnetic dipole of dipole moment M is placed in a uniform magnetic field B, it will experience a torque and

is given by T = M x B ; 1= MBsin6, where 0 is the angle between M and B

e Torque acting on a dipole is maximum(t . = MB) when dipole is perpendicular to the field, i.e., 6 = 90°.

max

¢ Torque acting on dipole is minimum (7, = 0) when dipole is parallel or antiparallel to the field, i.e., 6 = 0° or 180°.
M
* Torque on coil or loop, I

T = M X B, here, M = NIA,
T = NI(A X B), t = BINA sin®

B(uniform)

Plane of coil

* When a dipole is placed in a uniform magnetic field, it will experience only torque and the net force on the dipole is

zero, while when it is placed in a non uniform magnetic field, it will experience both torque and net force.

|

\
Potential Energy of a Magnetic Dipole

» Potential energy of a magnetic dipole in a uniform magnetic field is U = — M - B = — MB cos

e The potential energy of the dipole will be minimum (= - MB) when 6 = 0°, i.e., the dipole is parallel to the field, and
maximum (= MB) when 6 = 180°, i.e., the dipole is antiparallel to the field.




e Inductance is the tendency of an electrical
conductor to oppose a change in electric current
flowing through it.

e Inductance depends only on the geometry of the
coil and intrinsic material properties. It is the
ratio of flux linkage to the current.

L = No _ NBA _ Ptotal
1 1 1

Self Inductance

Whenever the current passing through a coil or circuit

changes, the magnetic flux linked with it will also
change. As a result, an emf is induced in the coil or the
circuit which opposes the change that causes it. This
phenomenon is known as self induction and the emf
induced is known as self induced emf or back emf.
The self-induced emf is given by,

e=-L dar

dt
where, L is the self-inductance of the coil. It is a
measure of the inertia of the coil against the change
of current through it.
The self inductance of a long solenoid, the core of which

consists of a magnetic material of permeability W, is

2
L :MZAIA =W Uy nzAl:MrmOnzv

here, V = volume of solenoid = Al

Energy Stored in an Inductor

When a time varying current flows through an
inductor, an emf is induced in it.

Power supplied to inductor, P=(g,,) [ = (L %) I

Magnetic energy stored in the inductor,
1

2
Ug=—LI
572
Magnetic energy per unit volume,
Uy, B?
MB = — = —
Voo 2y
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Mutual Inductance

Whenever the current passing through a coil or circuit
changes, the magnetic flux linked with a neighboring
coil or circuit will also change. Hence, an emf will
be induced in the neighboring coil or circuit. This
phenomenon is known as mutual inductance. The
coil or circuit in which the current changes is known
as primary while the other in which emf is set up is
known as secondary.
e Mutual Inductance of two coils is numerically
equal to magnetic flux linked with one coil, when

current flows through the neighboring coil

N N.
191 and M,, = 205

2 1
For same length and different number of turns per

M, =

unit length of two solenoids, mutual inductance
is given by
2
My =Myy =W, Mo 1y np Ty
r; = radius of inner coil
e For two coupled coils, M =k,/L,L, , where k

denotes the coefficient of coupling between the

coils.

If k = 1, the coils are said to be tightly coupled
such that magnetic flux produced in primary is

tully linked with the secondary.

M=,/L,L, =maximum value of M.

Voltmeter

|.AA‘
e

Resistance

Induced T j— Indugﬁdz emf— l

NN |
\ XXX NN

1
S \ } & 7 .
<I_C_33rrent Coil 1 jp
~)-

h
AC power supply

current

| 411
L
-
1
} | \

=

gy
41—
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Factors on which Mutual Inductance Depends

The mutual inductance of two solenoids depends on their geometry and the magnetic permeability of the
core material as further explained.

(i) Number of turns : Larger the number of turns in the two |
solenoids, larger will be their mutual inductance. 3 $ E’:
M < NN,

(ii) Common cross-sectional area : Larger the common  p[ P l . 1
cross-sectional area of two solenoids, larger will be their mutual (a) )
inductance.

(iii) Relative separation : Larger the distance between two solenoids, smaller will be the magnetic flux linked
with the secondary coil due to current in the primary coil. Hence smaller will be the value of M.

(iv) Relative orientation of the two coils : M is maximum when the entire flux of the primary is linked
with the secondary, i.e., when the primary coil completely envelopes the secondary coil as shown
in figure (a). M is minimum when the two coils are perpendicular to each other, as shown in

tigure (b).

Combination of Inductances

e Series combination

S - % 2 %
18 A (A l, oouo 0000 (D)
M=0
= LS=L1+L2 (takeM=0) = Al
It M+ O, then,LS=L1 =L2i2M & &2
® ®
The plus sign occurs if windings in the two coils
are in the same sense, while minus sign occurs if
windings are in opposite sense. I
e Parallel combination ' - I L -
/4 /4 /4 — —£€ - X =
I=1+1; d—=ﬂ+d—20r—8=—e+—8 1 LY = @'P L,
e dt L, L L =
L1L2 <
=L, =——
Pon+ L

AC Generator

o [Itis adevice which produces a current that alternates
or changes its direction regularly after a fixed interval
of time and which converts mechanical energy into
alternating form of electrical energy.

The essential parts of the a.c. dynamo are armature,
tield magnets (N and S), slip ring and brushes.

o Principle : It is based on the phenomenon of

electromagnetic induction. Whenever, amount of
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magnetic flux linked with a coil changes, an emf is induced in the coil. It lasts as long as the change in magnetic

flux continues. The direction of current induced is given by Flemings right hand rule.

If the coil of N turns and area 4 is rotated at v revolutions per second in a uniform magnetic field B, then the

motional emf produced is
€ = NBA (2mv) sin (271 vf) = NBA® sin o¢

where we have assumed that at time ¢ = 0 s, the plane of coil is perpendicular to the field.

Growth of Current in LR Circuit

At t =0, I = 0, now the switch is closed and the
circuit is completed.

Using Kirchhoff’s loop law,

1 t
e-1 7 _r=0 = | AP ot
dt te—IR 4L
1 1t (S—IR) tR
——|In(e-IR)|, =— = In —

or EZIR _ miny

€

or 1:%(l_e—tR/L)zlo(l_e—t/‘tL)

L
T, = = = Time constant of LR circuit
€
¢ [, =—= Maximum current in the circuit
R
1
o Att=1, 1=1, (1——)= 0.63/,
e

Decay of Current in LR Circuit

54

At time ¢ = 0, the switch S is moved to connect the

point B and initial current = /.

Now, current starts decreasing in the circuit and

this induces an emf (— L g) in the inductor.
t

I
¢ Att=T, [=-2=037I,
e
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Class XI

Monthly test

his specially designed column enables students to self analyse their extent of understanding of specific 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.

Units and Measurement

Time : 60 Min.

NEET

1.

Only One Option Correct Type

A ball is thrown vertically downward with a velocity
of 20 m/s from the top of a tower. It hits the ground
after some time with a velocity of 80 m/s. The height
of the tower is (g = 10 m/s?)

(a) 360 m (b) 340 m

(c) 320 m (d) 300 m

The area of a rectangular field (in m?) of length
55.3 m and breadth 25 m after rounding off the
value for correct significant digit is

(a) 138 x 10! (b) 1382

(c) 1382.5 (d) 14 x 10°

In the given figure, a = 15 m s>

represents the total acceleration of
a particle moving in the clockwise
direction in a circle of radius
R =2.5m at a given instant of time.
The speed of the particle is

(a) 45ms ! (b) 5.0 m s}
(c) 57ms ! (d) 6.2 m s

Preeti reached the metro station and found that
the escalator was not working. She walked up the
stationary escalator in time f;. On other days, if
she remains stationary on the moving escalator,
then the escalator takes her up in time #,. The time
taken by her to walk up on the moving escalator

will be

Lt
(a) 172
tz _tl

tt t o+t
12 (o) t;-t, (d) +—=%
t, +t 2

(b)

Kinematics

Total Marks : 120

Which two of the following five physical parameters
have the same dimensions?

(i) energy density (ii) refractive index

(iii) dielectric constant (iv) Young’s modulus

(v) magnetic field

(@) (i) and (iv) (b) (i) and (v)

(¢) (ii) and (iv) (d) (iii) and (v)

Motion of a particle is given by equation

s= (3 + 7t* + 14t + 8) m. The value of acceleration
of the particle at t = 1 sec is

(a) 10 m/s (b) 32 m/s

(c) 23 m/s (d) 16 m/s>.

A metal wire has mass (0.4 £ 0.002) g, radius
(0.3 £ 0.001) mm and length (5 + 0.02) cm.
The maximum possible percentage error in the
measurement of density will nearly be

(a) 1.6% (b) 1.4%

() 1.2% (d) 1.3%

If abody A of mass M is thrown with velocity v at an
angle of 30° to the horizontal and another body B of
the same mass is thrown with the same speed at an
angle of 60° to the horizontal, the ratio of horizontal

range of A to B will be
(@ 1:3 (b)1:1 (o) N3 (d) +/3:1

A car starts from rest and accelerates at 5 m/s>. At
t = 4s, a ball is dropped out of a window by a
person sitting in the car. What is the velocity and
acceleration of the ball at t = 6 s? (Take g = 10 m/ s?)
(@) 2032 m/s, 10 m/s’ (b) 20 m/s, 5 m/s*

(c) 20m/s, 0 (d) 2042 m/s, 0
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10.

11.

12.

The displacement-time graphs
of two moving particles make
angles of 30° and 45° with the
x-axis as shown in the figure.
The ratio of their respective ~

Displacement-—3»

ACo

3092
Time =™

velocity is

) ¥3:1 (b)1:1 d) 1:43

A bullet is fired from a gun at the speed of 280 ms™*
in the direction 30° above the horizontal. The
maximum height attained by the bullet is
(g=9.8 ms? sin 30° = 0.5)

(a) 1000 m (b) 3000 m

(c) 2800 m (d) 2000 m

(c) 1:2

A physical quantity of the dimensions of length that
2
can be formed out of ¢, G and

is [c is velocity
4me,,

of light, G is the universal constant of gravitation
and e is charge]

, T2 1* 5 V2
e e
(@ |G ) -

4me, c” | G4me, |
- q1/2

1 e’ 1 e’

G (d) G

c| 4me, | 4me,

-

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)
(b)

(c)
(d)

13.

14.

15.

D

If both assertion and reason are true and reason is
the correct explanation of assertion.

If both assertion and reason are true but reason is
not the correct explanation of assertion.

If assertion is true but reason is false.

If both assertion and reason are false.

Assertion : A body, whatever its motion is always
at rest in a frame of reference which is fixed to the
body itself.

Reason : The relative velocity of a body with respect
to itself is zero.

Assertion : Two particle of different mass, projected
with same velocity, the maximum height attained
by both the particle will be same.

Reason : The maximum height of projectile is
independent of particle mass.

Assertion : The resultant of two vectors Pand Q is
found out using parallelogram law.
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Reason : The magnitude of resultant of two vectors
cannot be less than the magnitude of either vector.

JEE (MAIN & ADVANCED)

16.

17.

18.

19.

20.

Only One Option Correct Type

A student measuring the diameter of a pencil of
circular cross-section with the help of a vernier
scale records the following four readings 5.50 mm,
5.55 mm, 5.54 mm, 5.65 mm. The average of these
four readings is 5.5375 mm and the standard
deviation of the data is 0.07395 mm. The average
diameter of the pencil should therefore be recorded
as

(@) (5.5375 + 0.0739) mm

(b) (5.5375 £ 0.0740) mm

(¢) (5.538 +£0.074) mm

(d) (5.54 + 0.07) mm

Two projectiles are thrown with same initial velocity
making an angle of 45° and 30° with the horizontal
respectively. The ratio of their respective ranges will be

(@) 1:42 (b) ¥2:1 (0 2:43 (d) +/3:2

When a ball is dropped into a lake from a height
4.9 m above the water level, it hits the water with a
velocity v and then sinks to the bottom with the
constant velocity v. If reaches the bottom of the lake
4.0 s after it is dropped. The approximate depth of the
lake is

(a) 19.6 m

(¢) 392 m

(b) 29.4 m
(d) 73.5m

More than One Option Correct Type

Starting at time t = 0 from the origin with speed

1 ms™!, a particle follows a two-dimensional

trajectory in the x-y plane so that its coordinates
2

are related by the equation y= % The x and y

components of its acceleration are denoted by a,
and a,, respectively. Then

(a) a,=1m s *implies that when the particle is at
the origin, a, =1 ms

a, =0 implies a, =1 ms 2 at all times

at t=0, the particle’s velocity points in the
x-direction

a, = 0 implies that at t =1 s, the angle between
the particle’s velocity and the x-axis is 45°.

(b)
(c)

(d)

In an experiment to determine the acceleration due
to gravity g, the formula used for the time period of a



7(R—r)

58
andraremeasuredtobe(60+1)mmand(10+1)mm,

periodic motionis T =2x . The value of R

22. The coordinates of a particle moving in a plane are

given by x(t) = a cos(pt) and y(¢t) = b sin(pt), where,

a, b (< a) and p are positive constants of appropriate

respectively. In five successive measurements, the dimensions. Then

time period is found to be 0.52s, 0.56s, 0.57s, 0.54s (a) the path of the particle is an ellipse
and 0.59s. The least count of the watch used for the (b) the velocity and acceleration of the particle are

measurement of time period is 0.01s. Which of the normal to each other at t = 1/(2p)

. . ?
following statement(s) is(are) true (c) theacceleration of the particle is always directed

(a) The error in the measurement of r is 10% towards a focus
(b) The error in the measurement of T is 3.57% . o
() The error in the measurement of T is 2% (d) the distance travelled by the particle in time

(d) The error in the determined value of g is 11%. interval ¢ = 0 to ¢ = m/(2p) is a.

=B 23. A particle is moving eastwards with a velocity of
. D -~ EXB
21. A physical quantity S is defined as S = ,

5 m/s. In 10s the velocity changes to 5 m/s

Ho
where, E is electric field, B is magnetic field and northwards. The average acceleration in this time is
L, is the permeability of free space. The dimensions (a) zero
of S are the same as the dimensions of which of the (b) 3 m/s? towards northwest

following quantity(ies)?

1
(@) Energy Force (c) —= m/s® towards north-east
Charge x Current Length x Time 2
E Power 1
(c) it (d) (d) = m/s® towards north-west
Volume Area 2
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Integer / Numerical Value Type Matrix Match Type

24. From the top of a tower, a ball is thrown vertically 29. Match List-I with List-I.

upward which reaches the ground in 6s. A second List-I List-1I
ball thrown vertically downward from the same A G_Ai_-B=0 (p) Vol
position with the same speed reaches the ground in >
1.5s. A third ball released, from the rest from the same e
location, will reach the ground in S. B

25. To find the ‘dlstance d over which a signal can be B)| i_c_Fo (Q - I
seen clearly in foggy conditions, a railways engineer B
uses dimensional analysis and assumes that the X
distance depends on the mass density p of the fog, >
intensity (power/area) S of the light from the signal — ;
and its frequency f. The engineer finds that d is (©) B-4-C=0 (r) \E)
proportional to $"". The value of 7 is Y ”

26. A projectile is fired from horizontal ground with Y B
speed vand projection angle 0. When the acceleration DI ©) - 1
due to gravity is g, the range of the projectile is d. If at A+B=-C ° A
the highest point in its trajectory, the projectile enters *
a different region where the effective acceleration v >

g

due to gravity is g¢’=—=—, then the new range is J— — J
0.81 Choose the correct answer from the options given

d' = nd. The value of n is : below.
Comprehension Type (@) (A) = (p), (B) = (s), (C) > (q), (D) = (1)
In electromagnetic theory, the electric and magnetic (b) (A) = (s), (B) = (1), (C) = (p), (D) = (q)
phenomena are related to each other. Therefore, the (c) (A) — (1), (B) = (q), (C) = (5), (D) — (p)
dimensions of electric and magnetic quantities must (d) (A) = (s), (B) = (p), (C) = (r), (D) = (q)
also be related to each other. In the questions below, 30. Match List-I with List-II.
[E] anc.l [B] stand fo.r dimen.sions of electric and ' List-I | List-1I
;nagl?etlc ﬁelds respectlvely,' Whﬂe [go] and [uo]. §tand (A) | 1 (Planck's constant) | (p) (MLT ]
or dimensions of the permittivity and permeability of — —
free space respectively. [L] and [T] are dimensions of (B) | E (kinetic energy) . (q) | [IML™T] .
length and time respectively. All the quantities are given (© ‘ V (electric potential) | (r) [MLZT_Z] :
in SI units. (D) | P (linear momentum) | (s) | [ML’I"'T?]
27. The relation between [E] and [B] is Choose the correct answer from the options given
(a) [E] = [B][L][T] (b) [E] = [B][L]'[T] below.
(¢) [E] = [B][LI[T]™ (d) [E] = [B][L] *[T] ™" (@) (A) > (q), (B) = (1), (C) = (s), (D) = (p)
. . (b) (A) = (1), (B) = (q), (C) = (s), (D) — (p)
28. The relation between [g;] and [p] is © (A) > (1), (B) = (s), (C) > (q), (D) = (p)
() [mo] = [eol (LI*[T]™ (b) [mo] = [eol LI [T’ (d (&) = (p), (B) = (@), (O) = (5), (D) > (1)
(©) [uol = [eol ' LIP[TI (d) [mo] = [go] ' [LI[TT? "o
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X

with exclusive and brain storm)’ng MCQs

1.

Practicing these MCQs help to strengthen your concepts and give you extra edge in your NEET preparation

Which of the following combinations should be
selected for better tuning of an L-C-R circuit used
for communication?

(a) R=20Q,L=15H, C=35pF

(b) R=25Q,L=25H, C=45uF

(c) R=15Q,L =3.5H, C=30uF

(d) R=25Q,L=15H, C=45 uF

If the galvanometer G does not show any deflection
in the circuit shown, the value of R is given by

400 Q

+ +
10V — — 5V
(a) 100 Q (b) 400 Q
(c) 200 € (d) 50 Q

Monochromatic light of wavelength 667 nm is
produced by a helium neon laser. The power emitted
is 9 mW. The number of photons arriving per second
on the average at a target irradiated by this beam is
(a) 3 x 10 (b) 9 x 10"

(c) 3 x 10" (d) 9 x 10"

How does the Binding Energy per nucleon vary

with the increase in the number of nucleons?

(a) Decrease continuously with mass number.

(b) First decreases and then increases with increase
in mass number.

(c) Firstincreases and then decreases with increase
in mass number.
(d) Increases continuously with mass number.

A spherical conductor of radius 10 cm has a charge
of 3.2 x 107 C distributed uniformly. What is the
magnitude of electric field at a point 15 cm from the

4me,

(b) 1.28x10°N/C
(d) 1.28x10"N/C

centre of the sphere? ( =9x10° N m?/ CZJ
(a) 1.28 x 10* N/C
(c) 1.28 x 10° N/C

A screw gauge gives the following readings when
used to measure the diameter of a wire

Main scale reading : 0 mm
Circular scale reading : 52 divisions

Given that 1 mm on main scale corresponds to
100 divisions on the circular scale. The diameter of
the wire from the above data is

(a) 0.052 cm (b) 0.52 cm

(c) 0.026 cm (d) 0.26 cm

A 250-turn rectangular coil of length 2.1 cm and
width 1.25 c¢cm carries a current of 85 WA and
subjected to a magnetic field of strength 0.85 T.
Work done for rotating the coil by 180° against the
torque is

(a) 455u] (b) 23w (c) 1.15u] (d) 9.1y
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10.

11.

12.

13.

60

The output (X) of the logic circuit shown in figure
will be

e > >

(a) X=A.B () X=A+B

() X=AB d) X=AB

In a Young' double slit experiment if there is no
initial phase difference between the light from the
two slits, a point on the screen corresponding to the
tiftth minimum has path difference.

A A A A

5— b) 10— 9— d) 11—

(a) 5 (b) 5 (c) 5 (d) 5
Match List-I with List-1I

List-1

Ultraviolet rays

List-II
(A) (i) | Study crystal structure
(B)

(©)

Microwaves (ii) | Greenhouse effect

Infrared waves | (iii)| Sterilizing surgical

instrument

(D)| X-rays [(iv) Radar system
Choose the correct answer from the options given
below.

(a) (A)-(iii), (B)-(iv), (C)-(ii), (D)-(i)

(b) (A)-(iii), (B)-(1), (C)-(id), (D)-(iv)

(c) (A)-(iv), (B)-(iii), (C)-(ii), (D)-(i)

(d) (A)-(iid), (B)-(iv), (C)-(i), (D)-(ii)

A parallel plate air capacitor of capacitance C is
connected to a cell of emf V and then disconnected
from it. A dielectric slab of dielectric constant K,
which can just fill the air gap of the capacitor, is now
inserted in it. Which of the following is incorrect?

(a) The change in energy stored is ;CVZ (Il< - 1),

(b) The charge on the capacitor is not conserved.

(c) The potential difference between the plates
decreases K times.

(d) The energy stored in the capacitor decreases K
times.

Consider 3™ orbit of He' (Helium), using non-
relativistic approach, the speed of electron in this
orbit will be [given K = 9 x 10’ constant, Z = 2 and
h (Planck’s constant) = 6.6 x 107*J s]

(a) 0.73 x 10° m/s (b) 3.0 x 108 m/s

(c) 2.92 x 10°m/s (d) 1.46 x 10° m/s

A biconvex lens has a radius of curvature of
magnitude 20 cm. Which one of the following
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options describe best the image formed of an object
of height 2 cm placed 30 cm from the lens?

(a) Virtual, upright, height =1 cm

(b) Virtual, upright, height = 0.5 cm

(c) Real, inverted, height =4 cm

(d) Real, inverted, height =1 cm

Given below are two statements :

Statement I : Biot-Savarts law gives us the
expression for the magnetic field strength of an
infinitesimal current element (Idl) of a current
carrying conductor only.

Statement II : Biot-Savart’s law is analogous to
Coulombs inverse square law of charge g, with
the former being related to the field produced by a
scalar source, Idl while the latter being produced by
a vector source, q.

14.

In light of above statements choose the most

appropriate answer from the options given below.

(a) Both Statement I and Statement II are correct.

(b) Both Statement I and Statement II are incorrect.

(c) Statement I is correct and Statement II is
incorrect.

(d) Statement I is incorrect and Statement II is
correct.

15. A cycle wheel of radius 0.5 m is rotated with

constant angular velocity of 10 rad/s in a region of
magnetic field of 0.1 T which is perpendicular to
the plane of the wheel. The EMF generated between
its centre and the rim is

(@) 025V (b) 0.125V (c) 0.5V

SOLUTIONS
1. (c): Quality factor of an L-C-R circuit is given by,

1 (L
-
RYNC
1 1.5 3
Q=— }—-—-ﬂ--z =50><J-— =10.35
20¥35%x10 70
2.5 5
P i 40X ,|— =9.43
45%x10~ 490
1 3.5 100 (35
Q=— = 1/—:22.77
15V30x10® 15V 3
1 1.5 40

Q4

(d) zero

- A Y
25 V45%10° /30

Clearly Q, is maximum out of Q;, Q,, Q5, and Q,.
Hence, option (c) should be selected for better tuning of
an L-C-R circuit.



2. (a): Since galvanometer shows no deflection, thus
voltage across R is 2V.
10R

400+ R

Now, voltage across R is, V =

3. (a):

12400 eVA 12400 19
T 0><1.6><10 J.

Energy emitted per second, power, P=9 x 107 ]

E of a photon=

p p
. Number of photons incident = oW =

Energy E

x1073 x
__9X107X6670 . g

 12400x1.6x107"°
4. (c)
5. (b): Here,r=10cm,q=3.2x 10" C

p_ kg _ 9x10°x32x107
r’ 225%107*

E=1.28 x 10° N/C

6. (a): Given : Pitch = 1 mm, Number of division on
circular scale, N = 100
Pi
itch = L =0.01 mm
N 100

So, diameter, d = main scale reading +
(circular scale reading x least count)
d=0+52x0.01ord=0.52mmord=0.052cm

7. (d): Work done in a coil
W =mB (cos0, — cos0,)

When it is rotated by angle 180° then
W =2mB =2 (NIA)B ..(1)

Given: N =250, 1=85pA =85x 10° A
A=125x21%x10"m*~2.6x10"* m’
B=0.85T

Putting these values in eqn. (i), we get
W=2x250x85x107°x2.6x10*x0.85

~9.1x10°J=9.1uJ

Least count, L.C. =

D =D

B X

The output of the given logic circuit is
X=AB=AB

9. (c): Given, there is no initial phase difference.
Initial phase=06=10

8. (a):

Again, phase difference = 27% X path difference
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= 5=Lxax o szixﬁ’
A 21

Now, for the fifth minima we will consider n = 4 as
initial phase difference is zero.
For fifth minimum, 8 = (8 + 1)t =91

Path difference, Ax = L X 9T = %

2n 2
10. (a) : Ultraviolet rays — Sterilizing surgical instrument
Microwaves — Radar system
Infrared waves — Greenhouse effect
X-rays - Study crystal structure

11. (b): g=CV = V=¢/C

Due to dielectric insertion, C,=C
new capacitance ‘:!? c, =1
C,=CK — =
Initial energy stored in L discomnacin
2
capacitor, U, = B
2C 5
. : : q
Final energy stored in capacitor, U, = ——
gy p 27 5KC
Change in energy stored, AU = U, - U,
2
AU:q_(l_l):lcvz i_l
2C\ K 2 K g v
N tential diff bet lates V'=——=—
ew potential difference between plates KK

12. (d): Energy of electron in He* 3™ orbit
z? 4

E, =—13.6X—2€V=—13.6X56V
n

4 _ _
:—13.6><§><1.6><10 B1~_97%x107"]

As per Bohr’s model,
Kinetic energy of electron in the 3™ orbit = -E,

o 1
L 9.7x107Y == m?
2

2x9.7x107" P
= v= =1.46X10" ms

9.1x107!
13. (c)
14. (c) : Statement I is correct, but statement II is
incorrect because, the magnetic field is produced by
vector source Idl and the coulomb’s force is produced
by scalar source g.
15. (b): Here, B=0.1"T,r=0.5m, w = 10 rad/s
So, the emf generated between its centre and rim is,

1 1
8=EB(0r2 =EXO'1X10X(O'5)2 =0.125V

®®



MacneTic FIELDS AND ITS SOURCE

The magnetic field is the region around the source of
the magnetic field (magnetic material, bar magnet,
current loop etc.)

Electric currents or moving charges produce a
magnetic field.

A dot (®©) represents a current or magnetic field
emerging out of the plane of the paper and a cross
(®) represents a current or magnetic field going
into the plane of the paper.

Lorentz FoRce

The force observed by Lorentz in electric and
magnetic field on a moving charge is given by

F=q(E+VxB)=F,+E,

Magnetic force, ﬁm|=qusin6, 0 is the angle

between B and V.

Features of magnetic force :

~ Itdepends on g¢,7 and B.

~ If ¥ is perpendicular to B, then magnetic
force (F,,) will be maximum.

~ If ¥ and B are parallel or anti-parallel, the
magnetic force (F,,) will be zero.

- If v=0, then|1:"m |=0, moving charges only
experience the Electric force.

NEET/JEE

Brush up your concepts to get high rank in NEET/JEE (Main and Advanced) by reading this column. This specially designed column
is updated year after year by a panel of highly qualified teaching experts well-tuned to the requirements of these Entrance Tests.

Moving Charges and Magnetism

MacGneTic Force oN A CumRRENT CARRYING
ConbDucTOR

Net mobile charge carrier in a conductor, g = nAle
Average drift velocity of electron = v,

® Magnetic force on charge
E, =(nAle(¥; x B) =[(nev; )Al]x B
=(JAl)x B=I(I x B)
® For an arbitrary shape of wire
F=Y I(d] x B) E
k o
e This force acts A I \)I g
through the centre of (g Z »
the rod of length (I).
Mortion oF A CHARGED PARTICLE IN A MAGNETIC
FiELD
o If L Bthen the particle will describe a circle.

-~ Radius of the circle,

v B X X
——=qvB X X
-
my X X
r=— ,
q B X - X
X X
- Angular frequency
of charged particle, * 7 &
X X X X X X X X X
v ¢B . :
N=—=-— Circular motion of charge
rom
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— Time period of charge particle, T = cr_snm
o ¢gB
— T and m are independent of velocity or energy.

e If ¥is not perpendicular to B, then velocity has
two components, one along B and other one
perpendicular to B. Hence, the particle will follow
a helical path.

—  The linear distance moved along the magnetic
field in one rotation is called pitch (p).

27tmv”
p=v |T = -
21tmy cos 0
= q—B
-~ Radius of helix,
L=V mvsin Radius
gB qB Helical motion of charge

Motion of a Charged Particle in Combined
Electric and Magnetic Fields

Velocity selector : The arrangement of adjusting
electric and magnetic fields so that the net force on the
charged particle becomes zero is called velocity selector.
It is employed in mass spectrometers.

For combined fields, v

—

F=q(E+17><I§)

For equilibrium of charged

particle,
[El=0, so, qE’ = q|17><1§\
or, E=vB ( VLB)
E
LV =—
B
BioT-SavaRT Law
® Magnetic field at a
point P due to a current
element Idl depends as L t0 |dB]
dB o< I, dB o< d T E P
dB o< sinB, dB o< Lz j
.
On combining, dB o< Ml+ne
’
: Ko -7
1 —=1 L
= gp=2 ;me, wherek=1 4710 &)
r =1(C.G.S.)

@
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® Vector cross product

xB; C'=BxA
— AB sin® n; C’ = BA sin® »’

® Vector form of Biot-Savart Law

U Idixr Yy Idixr

an 3 4m 2

Magnetic Field on the Axis of a Circular
Current Loop

dB =

|dB | due to small element Idl, is given by

5 Mo IdIx7| poIdl p, Idl
am 3 4m 2 _475(x2+R2)

Due to symmetry of loop only x-component of the field

will survive.

Wol di R

i.e.,dB.=dBcosO;dB, =
X x ATt (x2+R2)3/2

Net magnetic field at point P due to entire circular loop,

SR Hol R ’
B=B i= dl ()
x 475(szrRz)zs/z.[
. LS
B= 32 !
2(x2 +R2)
AY
afp - dB, 45
Iy0, 20 x
x PdB”
dl

Magnetic field on the axis of current
carrying circular loop of radius R.

® Direction of the magnetic
field is given by right-
hand thumb rule : Curl
the palm of your right
hand around the circular
wire with the fingers
pointing in the direction
of the current. The right-



hand thumb gives the direction of the magnetic
field. In the given figure, the upper side of the loop
may be thought of as the north pole and the lower
side as the south pole of a magnet.

- Magnetic field at the centre of the loop (x =0)

wol R I
p=—"0 23/2.[0” 2 x2nR="0
41 (0+R7) ATR 2R

— Magnetic field at the centre due to current
carrying arc of a circle

Here, Jdl = RO
Mol
B 4TR

—  When x > > R, points close to the loop are not

2

IR 1
= = Boc—
2x X

So, current loop is equivalent to a magnetic
dipole.

B

considered, B=

AmPERE’S CIRcUITAL LAW

It states that line integral of the magnetic field along
any closed path in free space is equal to u, times
of net current, which is passing through area
bounded by the closed path. Mathematically,

cﬁﬁ-cﬁ:quI

®I @I
(o)
.8
EE
=]
O =2
< 'C
up @®+ve
2=h-hL+h) down ®@-ve

Limitations

— This law is suitable for infinite long and
symmetrical current distribution.

— Radius of cross section of thick cylindrical wire
and current density must be given to apply this
law.

—  Current density in a thick cylindrical wire must
be constant.

Macgnetic Fieo pue 1o INFINITE Long Solip
CyLinoricaL Conbuctor orR WIRE

I
Current density, J = — = constant; A = nR?
TR

Magnetic field at specific positions :

2
Ir
- Forr<R, B, 2nr)=wyl.,c =l —
Holr R
Bin = 2 = Bin < r
2TR

cross sectional view

4— axis
side view
— Forr=R,B,(2nR) =y I
1
= Ho” (maximum)
2TR
— Forr>R, By, 2mtr) =g I
ol 1
B .=——=B_ . o—
out 21 out r
- Forr=0,B,;=0
AB
B i
$J-‘ Bm oc -
H = r
r=0 r<R r=R r>R
(axis) (surface)

THE SoLENOID

It is a coil which has length and used to produce
uniform magnetic field of long range.

It consists a conducting wire which is tightly wound
over a cylindrical frame in the form of identical
circular turns.

The magnetic field at a point on the axis of a
solenoid can be obtained by superposition of field
due to large number of identical circular turns
having their centres on the axis of solenoid.

Magnetic field on the an axial point inside of

I
solenoid of finite length, B= Ho™ (cos6, —cos6,)

If solenoid length is infinite then

B OnI

(cos0°—cos180°) = Wonl  (unifrom)

Magnetic field at end point of infinite solenoid

) HOnI
2

nl
B= Ho (c0s90°—cos180°) =

@
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CircuLAR CurrenT Loop As A MAGNETIC DipoLE

® Magnetic moment of circular current loop,

m=IA=InR*
® Magnetic field perpendicular to the loop,
OAOODODOCDORRROORN0 )
I'R 2
End-I  EndqI B, =0 (For x>>R) ; B, = Ho 2m
where n —> turn density (N/) 253 4T 3
N —» total number of turns oo .
1-» length of solenoid ® Magnetic field in the plane of the loop
—» radius of solenoid m
r — radius of solenoi B|| & _3 (x>>R) Also, BJ_ZZXBH

® Magnetic field outside the volume of the infinite

solenoid approaches to zero. ® These expressions are analogous to the electric field

® [f magnetic permeability of solenoid frame is W, due to short dipole.

then field produced by the solenoid B = pgu, nl

4B THe Moving CoiL GALVANOMETER
ne ® Principle: When a current carrying coil is placed
/ \ in a magnetic field, it experiences a torque. In
Honl/27; o honll2 moving coil galvanometer the current I passing
T centre end 2’ through the galvanometer is directly proportional
—iR—re—I2—> to its deflection (¢).

I o<¢ or I=Go,
Force BETWEEN Two PARALLEL CURRENTS

k
o~ _ where, G = —— = galvanometer constant
Magnetic field B; due to current I; at the location of NAB

second wire, A =area of a coil, N = number of turns in the coil,
= Mol ' - B = strength of magnetic field, k = torsional constant
21d S e of the spring i.e., restoring torque per unit twist.
A length L of wire 2 experiences IC)—bﬁlz i ; ! 0 _(NAB\I (NAB)1
a magnetic force, By TH _l ® Voltage sensitivity, - =| == J/=| = |3
F) =1 (LxB))=~-H, ¢ Conversion of galvanometer into ammeter
WL LI, F +——d (Shunt is connected in parallel):
Y 1, is a very small resistance (r, << Rg)
LI
® Magnetic force per unit length, F= Hoz I I
2nd s _ "¢ - g c
i — R
® Parallel currents attract and antiparallel currents repel. R I-1I, I-1I,
e [t gives definition of ampere and force experienced e
by each wire per unit length in this case is ; .r
2% 107 Nm™ - AT~ 1,)
Toraue oN A RectanGuLArR Gurrent Loop ———Orx ;
When a rectangular current loop is placed in a uniform 7777 AR ’

magnetic field in a particular orientation then it will

. ° i i
experience only torque. Conversion of galvanometer into voltmeter

(A large resistance is connected in series) :
Risalarge resistance =~ [T

(R>>Rg) V=1;(Rg+R)

T=mXB=mB sinO;Ag\
Here, m=NIA=NI(ab) A

= magnetic moment of current in loop e R .
A = ab = area of recfangulftr loop . R= v Rg Voltmeter
6 =angle between mand B I,
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& WRAP it vp!

A proton and an alpha particle both enter a region
of uniform magnetic field B, moving at right angles
to the field B. If the radius of circular orbits for
both the particles is equal and the kinetic energy
acquired by proton is 1 MeV, the energy acquired
by the alpha particle will be

(a) 1.5MeV (b) 1MeV

() 4MeV (d) 0.5 MeV

A triangular shaped wire carrying 10 A current
is placed in a uniform magnetic field of 0.5 T, as
shown in figure. The magnetic force on segment
CD is (Given BC=CD =BD =5 cm.)

—3 C
-5
Magnetic field—> 250 5> cm
- e,
—> A B5cm D E
(a) 0.126 N (b) 0.312N
(c) 0.216N (d) 0.245N

An infinitely long straight conductor carries a
current of 5 A as shown. An electron is moving with
a speed of 10° m/s parallel to the conductor. The
perpendicular distance between the electron and
the conductor is 20 cm at an instant. Calculate the
magnitude of the force experienced by the electron
at that instant.
Electron v = 10° m/s
(a) 8x107°N

(b) 4x107°N

(c) 8mx107°N
(d) 4mx 107N P

The electric current in a circular coil of 2 turns
produces a magnetic induction B, at its centre. The
coil is unwound and is rewound into a circular coil
of 5 turns and the same current produces a magnetic
induction B, at its centre. The ratio of B,/B; is

(a) 5/2 (b) 25/4 (c) 5/4 (d) 25/2

A long straight wire carries a certain current and
produces a magnetic field 2 x 10™* Wb m™ at a
perpendicular distance of 5 cm from the wire.
An electron situated at 5 cm from the wire moves
with a velocity 10’ m/s towards the wire along
perpendicular to it. The force experienced by the

Electron v = 10° m/s

"T“‘*’

20 cm

5A Q

6.

electron will be (charge on electron 1.6 x 107 C)
(a) 32N (b) 32x1071°N
() 1.6x107'°N (d) zero

A square loop of side 24, and carrying current I, is
kept in XZ plane with its centre at origin. A long
wire carrying the same current I is placed parallel
to the z-axis and passing through the point (0, b, 0),
(b > > a). The magnitude of the torque on the loop
about Z-axis is given by

u012a2 uolza?’
(a) (b)
21th 21’
2unI’a’ 2unI’a’
(c) Mol a” (d) Mol a”
b nh*

An electron is moving along the positive x-axis. If

the uniform magnetic field is applied parallel to the

negative z-axis, then

A The electron will experience magnetic force
along positive y-axis.

B. The electron will experience magnetic force
along negative y-axis.

C. The electron will not experience any force in
magnetic field.

D. The electron will continue to move along the
positive x-axis.

E. The electron will move along circular path in
magnetic field.

Choose the correct answer from the options given

below.

(a) BandE only (b) A andE only

(c) BandD only (d) Cand D only

A long wire carrying a steady current is bent into a
circular loop of one turn. The magnetic field at the
centre of the loop is B. It is then bent into a circular
coil of n turns. The magnetic field at the centre of

this coil of n turns will be
(a) nB ) n’B (c) 2nB  (d) 2#n’B.

Given below are two statements : One is labelled as
Assertion (A) and the other is labelled as Reason (R).
Assertion (A) : For measuring the potential
difference across a resistance of 600 Q, the
voltmeter with resistance 1000 Q will be preferred
over voltmeter with resistance 4000 Q.

PHYSICS FOR YOU | SEPTEMBER 24

@



10.

11.

12.

68

Reason (R) : Voltmeter with higher resistance will
draw smaller current than voltmeter with lower
resistance.

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

(@) Both A and R are correct and R is not the
correct explanation of A.

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

(c) A isincorrect but R is correct.

(d) A iscorrect but R is incorrect.

A current loop in a magnetic field

(a) can be in equilibrium in two orientations,
both the equilibrium states are unstable.

(b) can be in equilibrium in two orientations, one
stable while the other is unstable.

(c) experiences a torque whether the field is
uniform or non uniform in all orientations.

(d) can be in equilibrium in one orientations.

A particle having a mass of 107> kg carries a charge of

5x 107 C. The particle is given an initial horizontal

' in the presence of electric

velocity of 10° m s~
field E and magnetic field B. To keep the particle
moving in a horizontal direction, it is necessary that
(1)

B should be perpendicular to the direction of
velocity and E should be along the direction

of velocity

(2) Both Band E should be along the direction of
velocity

(3) BothBand E are mutually perpendicular and
perpendicular to the direction of velocity.

(4) B should be along the direction of velocity

and E should be perpendicular to the
direction of velocity
Which one of the following pairs of statements is

possible?
(a) (1)and(3) (b) (3)and (4)
(c) (2)and (3) (d) (2)and (4)

Asshowninthefigure,alongstraight conductor with
semi-circulararc of radius 7t/10 mis carrying current
I = 3 A. The magnitude of the magnetic field at the
center O of the arc is

(The permeability of the vacuum = 47t x 1077 NA™)

I=3A 0] I=3A

(@) 6uT (b) 4uT () 3uT (d) 1uT
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13.

14.

15.

16.

17.

Along solenoid of radius 1 mm has 100 turns per mm.
If 1 A current flows in the solenoid, the magnetic
tield strength at the centre of the solenoid is

(a) 6.28x107T (b) 12.56x 10T

(c) 12.56x107*T (d) 628x107*T

Two coaxial solenoids of different radii carry current I
in the same direction. Let F, be the magnetic force
on the inner solenoid due to the outer one and F,

be the magnetic force on the outer solenoid due to
the inner one. Then

() 131 is radially inwards and 132 =0

(b) F is radially outwards and F, =0

() F=E=0

(d) E is radially inwards and E, =0 is radially
outwards

A solenoid of 1000 turns per metre has a core with

relative permeability 500. Insulated windings of
the solenoid carry an electric current of 5 A. The
magnetic flux density produced by the solenoid is
(permeability of free space = 41 x 10”7 H/m)

(@) 2x107°nT b) nT
() 10*nT M)%T
Given below are two statements :

Statement I : Biot-Savarts law gives us the
expression for the magnetic field strength of an
infinitesimal current element (Idl) of a current
carrying conductor only.

Statement II : Biot-Savart’s law is analogous to
Coulombs inverse square law of charge g, with
the former being related to the field produced by a
scalar source, Idl while the latter being produced by
a vector source, q.

In light of above statements choose the most
appropriate answer from the options given below.

(a) Both Statement I and Statement II are correct.

(b) Both Statement I and Statement II are
incorrect.

(c) Statement I is correct and Statement II is
incorrect.

(d) Statement I is incorrect and Statement II is
correct.

A 72 Q galvanometer is shunted by a resistance of

8 Q2. The percentage of the total current which passes
through the galvanometer is

(a) 0.1% (b) 10%

(c) 25% (d) 0.25%



18. A galvanometer of resistance 50 Q is connected to
a battery of 3 V along with a resistance of 2950 €
in series. A full scale deflection of 30 divisions is
obtained in the galvanometer. In order to reduce this

deflection to 20 divisions, the resistance in series
should be

(a) 6050 € (b) 4450 Q
(c) 5050 Q (d) 5550 Q2
19. A square loop ABCD i
. o B P
carrying a current i, 1s
[
placed near and coplanar ) YL
with a long straight :
conductor XY carrying a |, L-’Dv
current I, the net force on e L
the loop will be X
2U41iL LiL 2611 I
@ T p) R T @ B
3n 2T 3n 2T

20. A proton, a deuteron and an o-particle are moving
with same momentum in a uniform magnetic field.
The ratio of magnetic forces acting on them is

and their speed is , in the ratio.
(@ 4:2:1and2:1:1 (b) 1:2:4and1:1:2
(¢c) 2:1:1and4:2:1 (d) 1:2:4and2:1:1

SOLUTIONS

1. (b): The kinetic energy acquired by a charged
particle in a uniform magnetic field B is

2p2p2
B°R

k=1 as RV 2mK
2m qB qB

where g and m are the charge and mass of the particle
and R is the radius of circular orbit.

The kinetic energy acquired by proton is

2 p2 2
DpB Ry
K. =
P 2mp
2 B2R2
and that by the alpha particle is, K, = %
My,
K 4o ’ m, R, 2
Thus, —Q _ |—== — R_
Ky Ip Mg, p
2 2
m R
p ) \mg, )\ *p
m 1 R
Here, K, =1 MeV, q—“:2, P and T% o1

dp my 4 R

K, =(1 MeV)(2)*

N\

- )(1)2 =1MeV
4

5
2. (c): Here,I=10A,I=5cm=—m, B=0.5T,
0 = 60° 100
F=1IBsin0=10 x % X 0.5%sin60° =0.216 N

3. (a)

4. (b): Let the radius of coils is R; and R,
2 X 27'ER1 =5x% ZRRZ
2R, = 5R, ...(1)

I 5unf B 5R 5 5
31:2xui,32:ﬂ;—2=——1=—><—(from(1))
2R, 2R, "B, 2R, 2
B, _25
B, 4
5. (b): The situation is as

shown in the figure.

Here, v=10" m/s, Ia vd—;;‘-‘ B®
B=2x10"* Wb/m’
The magnitude of the force

M—5cm—

experienced by the electron is
F = evBsin0O

( -+ vand B are perpendicular to each other)
= evBsin90° = 1.6 x 107 x 10" x 2 x 107" x 1

=32x107°N
6. (c): The magnitude of Y.
torque on the loop is given by,
T = MB sin0 ..()
Here, M = IA = I(2a)2 I -

Iyl £s S/
and B = Hol _Hol (*~d=Db)
2nd  2mb V4

From equation (i), T = MB sin 90°

Mol _ 2pga’1?

onb mb

7. (a): As, the electron is moving in +x-axis and

uniform magnetic field is in negative z-axis. So, electron
will experience magnetic force along negative y-axis.

As, F=—e(V X B)
Electron will move in a circular path in magnetic field.

8. (b): LetIbe the length of the wire. Magnetic field
at the centre of the loop is

_ Mol MoTt!

2R !

2
nl nl n-ml
B o Lo VO L ...(ii)

2r 2( l ) [
2nT

From eqns. (i) and (ii), we get B’ = n’B

‘C=4a21><

B (. 1=27R) (i)
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9. (c): Assertion A is incorrect because a voltmeter
should have very high resistance.

10. (b) : When a current loop is placed in a magnetic
field it experiences a torque. It is given by T=M x B
where, M is the magnetic moment of the loop and B is
the magnetic field.

T = MB sin® where, 0 is angle between M and B

When Mand B and are parallel (ie, 8 = 0°) the

equilibrium is stable and when they are antiparallel
(i.e., 6 = 1) the equilibrium is unstable.

11. (¢)
12. (): I=3 A,r=—m ©
s o 710 © L9
1= b3 1=34 O 1=3A
Bzzﬁ.n_lz1o‘7xn—x3x10:3x10‘6T

4T r T
Bhet =B, =3uT.

13. (b) : Here, number of turns in the solenoid,
n=100/1 mm = 100 x 10° /m
Magnetic field strength at the centre of @N turns
the solenoid, B = pynl
=4mx1077 x10° x1=12.56 X102 T
14. (¢)
Relative permeability, u, = 500 ; Current, [ =5 A
Magnetic flux density produced by solenoid
B = polt, nl = 500 x 47 x 1077 x 1000 x 5

=10/ xnx 107 =T
incorrect because, the magnetic field is produced by
vector source Idl and the coulomb’s force is produced
by scalar source g.
17. (b): Given,$=8Qand G=72 Q

Current in the solenoid, =1 A

15. (b) : Number of turns per metre, n = 1000

16. (c) : Statement I is correct, but statement II is
Therefore, equivalent

S : I I
circuit is shown in the =
flgur c. . . ' I-1I;
Shunt resistance is given
b i
Y $=8Q

I
S= g X G
I-1Ig

Total current passing the galvanometer,

R
I G+S 72+8)/) 10

I 1
. ~£ X100 =—x100=10%
I 10

D
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18. (b)

19. (¢) : Force on arm AB due to current in conductor
XY is

Mo 2HL  poli

T4n(L/2) m

acting towards XY in the plane of loop.

Force on arm CD due to current in conductor XY is
Mo 26L  poli

T4m3(L/2) 3m

acting away from XY in the plane of loop.

1

2

Net force on the loop = F; - F,
_ Mol [1 1]_ 2 Woli

n 3] 3 &
20. (C) : Charge Mass
Proton e m
o.-particle 2e Am
Deuteron e 2m
speed, v = P/m
Yomt T 2m’ Y am
PB
viivyiv3=4:2:1; F=qvB=12-
m
PB X Px B 2gPB
Fl =q_,F2 =q—,F3 — q
2m 4dm

Fi:F,:F3=4:2:2=2:1:1
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m Magnetism and Matter

‘Warm-up!

Chapterwise practice questions for CBSE Exams as per the latest pattern

and syllabus by CBSE for the academic session 2024-25.

General Instructions : Read the following instructions very carefully and follow them :
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This question paper contains 33 questions. All questions are compulsory.

Question paper is divided into FIVE section — Section A, B, C, D and E.

Section A — Question number 1 to 16 are Multiple Choice (MCQ) type questions. Each question carries 1 mark.

Section B — Question number 17 to 21 are Very Short Answer type questions. Each question carries 2 mark.

Section C — Question number 22 to 28 are Short Answer type questions. Each question carries 3 mark.

Section D — Question number 29 and 30 are Case-Based questions. Each question carries 4 mark.

Section E — Question number 31 to 33 are Long Answer type questions. Each question carries 5 mark.

There is no overall choice given in the question paper. However, an internal choice has been provided in few questions in all the Sections except Section—A.

Kindly note that there is a separate question paper for Visually Impaired candidates.

Use of calculators is NOT allowed.

You may use the following values of physical constants wherever necessary :

() c=3x10%m/s (i) h=6.63x10"Js
(V) pp=4mx 107 TmA™ (v)
(vii) Mass of electron (m,) = 9.1 x 107" kg (viii)

(x)  Avogadro’s number = 6.023 x 107 per gram mole

Time Allowed : 3 hours

SECTION - A

1.

A magnetic needle suspended parallel to a magnetic

field requires V37 of work to turn it through 60°.
The torque needed to maintain the needle in this
position will be

@ 23]
© V3]

A soft ferromagnetic material is placed in an

external magnetic field. The magnetic domains

(a) decrease in size and changes orientation.

(b) increase in size but no change in orientation.

(c) may increase or decrease in size and change its
orientation.

(d) have no relation with external magnetic field.

(b) 3]
3
(d) )

g0 =8.854 x 1072 C*N"'m™ (vi)

Mass of neutron = 1.675 x 107’ kg (ix)

(i) e=1.6x10"C

1 9x109N m2c?
4meg

Mass of proton = 1.673 x 107 kg
(xi)  Boltzmann constant = 1.38 x 1072 JK”'

Maximum Marks : 70

The magnetic susceptibility is negative for

(a) ferromagnetic material only

(b) paramagnetic and ferromagnetic materials
(c) diamagnetic material only

(d) paramagnetic material only

A bar magnet of length 7' and

magnetic dipole moment ‘M’ is é‘ b,

bent in the form of an arc as . ¥ ‘."/'
shown in figure. The new ' ".@'f?r
magnetic dipole moment will be

M

@3 ®»M oM @->M
T 2 T

The susceptibility of a magnetic material is

1.9 x 107, The type of magnetic material it
represents is
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10.

11.

12.

@

(a) Paramagnetic
(c) Ferromagnetic

(b) Diamagnetic
(d) Ferrimagnetic

The magnetic lines of force inside a bar magnet

(a) are from north-pole to south-pole of the
magnet

(b) do not exist

(c) depend upon the area of cross-section of the
bar magnet

(d) are from south-pole to north-pole of the
magnet.

If a diamagnetic substance is brought near the

north or the south pole of a bar magnet, it is

(a) repelled by the north pole and attracted by the
south pole

(b) attracted by the north pole and repelled by the
south pole

(c) attracted by both the poles

(d) repelled by both the poles

A bar magnet of magnetic moment M is kept in
uniform magnetic field of strength B, making an
angle 0 with its direction. The torque acting on it is
(a) MB (b) MB cosO

(c) MB (1 - cosO) (d) MB sin6

Needles N}, N, and N, are made of a ferromagnetic,
a paramagnetic and a diamagnetic substance
respectively. A magnet when brought close to them will
(a) attract all three of them

(b) attract N; and N, strongly but repel N;

(c) attract N, strongly, N, weakly and repel N; weakly
(d) attract N, strongly, but repel N, and N; weakly.

Which of the following cannot modify an external
magnetic field as shown in the figure?

A
V

(b) Silicon
(d) Copper

(a) Nickel
(¢) Sodium Chloride

A diamagnetic material in a magnetic field moves
(a) from stronger to the weaker parts of the field
(b) from weaker to the stronger parts of the field
(c) perpendicular to the field

(d) in none of the above directions.

A closely wound solenoid of 2000 turns and area of
cross-section 1.5 x 10~ m” carries a current of 2.0 A.
It is suspended through its centre and perpendicular
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13.

14.

15.

16.

18.

to its length, allowing it to turn in a horizontal
plane in a uniform magnetic field 5 x 107 tesla
making an angle of 30° with the axis of the solenoid.
The torque on the solenoid will be

(a) 3x10° N m (b) 1.5x 10° N m
(c) 1.5x10° N m (d) 3x 10> Nm

For Questions number 13 to 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) If both Assertion (A) and Reason (R) are true
and Reason (R) is the correct explanation of
Assertion (A).

(b) If both Assertion (A) and Reason (R) are true
and Reason (R) is not the correct explanation
of Assertion (A).

(c) If Assertion (A) is true and Reason (R) is false.

(d) If both Assertion (A) and Reason (R) are false.

Assertion : The properties of paramagnetic and
ferromagnetic substance are not effected by heating.
Reason : As temperature rises, the alignment of
molecular magnets gradually increases.

Assertion : Torque experience by the bar magnet
is maximum when field is applied perpendicular to
magnetic moment.

Reason : Torque on a bar magnet depends on the
angle between applied magnetic field and magnetic
dipole moment.

Assertion : For a perfectly diamagnetic substance
permeability is zero.

Reason : The ability of a material to permit the
passage of magnetic lines of force through it is
called magnetic permeability.

Assertion : An unmagnetised piece of iron is
attracted to a bar magnet.

Reason : An atom is equivalent to a current loop.

SECTION - B

17.

(a) What is a magnetic dipole?

(b) A bar magnet of magnetic moment of 200 Am”
suspended in a magnetic field of intensity
0.25 N/Am. Find the couple required to deflect
it through 30°.

What are behaviour of magnetic field lines due to
diamagnetic material?



OR

Three identical specimens of magnetic material
nickel, antimony and aluminum are kept in a non-
uniform magnetic field. Draw the modifications in
the field lines in each case. Justify your answer.

19. What is Gauss’s law of magnetism? What does it
signify?

20. Is magnetic susceptibility of a diamagnetic
substances depend upon temperature?

21. Draw the magnetic field lines for a U-shaped
magnet.

SECTION-C

22. In what way is the behaviour of a diamagnetic
material different from that of paramagnetic, when
kept in an external magnetic field?

23. (a) Does every configuration have a north pole and
a south pole?

(b) The force on a north pole, F=mB, is parallel

to the field B. Does it contradict our earlier
knowledge that a magnetic field can exert
forces only perpendicular to itself?

(c) Write two properties of magnetic field lines.

24. (a) The magnetic susceptibility of a paramagnetic
substance at —=173°C is 1.5 x 1072 then what will
be its value at -73°C ?

(b) From molecular view point, discuss the

temperature dependence of susceptibility
for = diamagnetism, paramagnetism and
ferromagnetism.

25. Two magnets are suspended by a given wire one by
one. In order of deflect the first magnet through 45°,
the wire has to be twisted through 540°, whereas
with the second magnet, the wire requires a twist of
360° for the same deflection. Determine the ratio of
magnetic moments of the two magnets.

OR

Two bar magnets are placed closed to each other
with their opposite poles facing each other. In the
absence of other forces, the magnets are pulled
towards each other and their kinetic energy
increases. Does it contradict our earlier knowledge
that magnetic forces cannot do any work and hence
cannot increase the kinetic energy of a system?

26. Explain the end effect in magnetism.

27. (a) Explain how magnetic dipole differ from
electric dipole.

(b) Gauss law of magnetic states that net flux of
magnetic field out any closed surface is always
zero. But it is not necessarily zero for disk or
square surface. Explain why?

28. (a) What are magnetic lines of force? Give their
important properties.

(b) An iron needle is attracted to the ends of a bar
magnet but not to the middle region of the
magnet. Is the material making up the ends of
a bar magnet different from that of the middle
region?

SECTION -D

Case Study Based Questions

Question no. 29 to 30 are case based questions. Read
the following paragraph and answer the questions
that follow.

29. When the atomic dipoles are aligned partially or
tully, there isa net magnetic moment in the direction
of the field in any small volume of the material.
The actual magnetic field inside material placed in
magnetic field is the sum of the applied magnetic
field and the magnetic field due to magnetisation.
This field is called magnetic intensity (H).

B
H=—-M

Ho

where, M is the magnetisation of the material, y,
is the permittivity of vacuum and B is the total
magnetic field. The measure that tells us how a
magnetic material responds to an external field is
given by a dimensionless quantity appropriately
called the magnetic susceptibility. For a certain class
of magnetic materials, intensity of magnetisation is
directly proportional to the magnetic intensity.

(i) Magnetization of a sample is
(a) volume of sample per unit magnetic moment
(b) net magnetic moment per unit volume
(c) ratio of magnetic moment and pole strength
(d) ratio of pole strength to magnetic moment.

(ii) Identify the wrongly matched quantity and unit

pair.

(a) Pole strength - Am

(b) Magnetic susceptibility =~ - Dimensionless
(c) Intensity of magnetisation - A m™’

(d) Magnetic permeability - Henrym
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(iii) A bar magnet has length 3 cm, cross-sectional area

2 cm” and magnetic moment 3 A m”. The intensity
of magnetisation of bar magnet is

(a) 2x10° A/m (b) 3 x 10° A/m

(c) 4x10° A/m (d) 5x10° A/m

(iv) The susceptibility of a ferromagnetic substance is

30.

(i)

74

(@) >1 (b) Zero  (c) >>1

OR

The magnetic susceptibility of a paramagnetic
material at -73°C is 0.0075 and its value at -173°C
will be

(a) 0.0030 (b) 0.0075 (c) 0.0045 (d) 0.015

d) <1

By analogy to Gausss law of electrostatics,
we can write Gausss law of magnetism as

C_'}B-d? = WMy, g Where Cﬁé-d? is the magnetic

flux and m, 4.

is the net pole strength inside the
closed surface.

We do not have an isolated magnetic pole in nature.
At least none has been found to exist till date.
The smallest unit of the source of magnetic field
is a magnetic dipole where the net magnetic pole
is zero. Hence, the net magnetic pole enclosed by
any closed surface is always zero. Correspondingly,
the flux of the magnetic field through any closed
surface is zero.

L

3
= i N

N
S

\s"-—-—-\-——/
/

Consider the two idealised systems

I. a parallel plate capacitor with large plates and
small separation and

II. a long solenoid of length L >> R, radius of
cross-section.

Inl E is ideally treated as a constant between

plates and zero outside. In II magnetic field is

constant inside the solenoid and zero outside.

These idealised assumptions, however, contradict

fundamental laws as below

(a) case I contradicts Gauss’s law for electrostatic
fields.

(b) case II contradicts Gauss's law for magnetic
fields. .

(c) caseIagrees with qSEdl =0.

(d) case II contradicts q.)IjI di=1 .
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(ii) The net magnetic flux through any closed surface,

kept in a magnetic field is

(@ zero () M0 (© amy, (@) Mo
4T T

(iii) Which of the following is not a consequence of

Gauss’s law?

(a) The magnetic poles always exist as unlike pairs
of equal strength.

(b) If several magnetic lines of force enter in a
closed surface, then an equal number of lines of
force must leave that surface.

(c) There are abundant sources or sinks of the

magnetic field inside a closed surface.
(d) Isolated magnetic poles do not exist.
in a uniform magnetic field B. Then the field inside

OR
A perfectly diamagnetic sphere has a
the paramagnetic substance is
(a) B (b) Zero

small spherical cavity at its centre,
which is filled with a paramagnetic
substance. The whole system is placed
(c) much large than Bl and parallel to B

(d) much large than Bl but opposite to B.

(iv) Which of the following statements is not correct

about the magnetic field?

(a) Magnetic line of force don't cut each other

(b) Inside the magnet, the lines go from north to
south pole of the magnet.

(c) The magnetic field lines form a closed loop.

(d) Tangents to the magnetic field lines give the
direction of the magnetic field.

SECTION - E

31. (a) Write the four important properties of a bar

magnet.

(b) A bar magnet of magnetic moment 6 ] T!
is aligned at 60° with a uniform external
magnetic field of 0.44 T. Calculate (I) the
work done in turning the magnet to align its
magnetic moment (i) normal to the magnetic
field, (ii) opposite to the magnetic field, and
(II) the torque on the magnet in the final
orientation in case (ii).

OR

Write down the comparision between dia, para and
ferromagnetic substance.



32. (a) (i) Can we have magnetic hysteresis in
paramagnetic or diamagnetic substances?

(ii) State curie law in magnetism.
OR

(b) What are the dimensions of ), the magnetic
susceptibility? Consider an H-atom. Guess
an expression for %, upto a constant by
constructing a quantity of dimensions of ), out
of parameters of the atom: e, m, v, R and W,
Here, m is the electronic mass, v is electronic
velocity, R is Bohr radius. Estimate the number
so obtained and compare with the value of
x| ~107° for many solid materials.

33. (a) Derive the expression for the force acting
between two long parallel current carrying
conductors. Hence, define 1 A current.

(b) A bar magnet of dipole moment 3 Am? rests
with its centre on a frictionless pivot. A force
F is applied at right angles to the axis of the
magnet, 10 cm from the pivot. It is observed
that an external magnetic field of 0.25 T is
required to hold the magnet in equilibrium at
an angle of 30° with the field.
Calculate the value of F.
How will the equilibrium be effected if F is
withdrawn ?

OR

(a) Show that a current carrying solenoid behaves
like a small bar magnet. Obtain the expression
for the magnetic field at an external point lying
on its axis.

(b) A steady current of 2 A flows through a circular
coil having 5 turns of radius 7 cm. The coil lies
in X-Y plane with its centre at the origin. Find
the magnitude and direction of the magnetic
dipole moment of the coil.

SOLUTIONS

1. (b): Work done in changing the orientation
of a magnetic needle of magnetic moment M in a
magnetic field B from position 0, to 0, is given by
W = MB(cos0, - cos0,)

Here, 0, = 0°, 0, = 60°
1) MB
=MB|1l-— |=— (1)
2 2

— —

The torque on the needleis T=M X B
In magnitude,

&

T= MBsin0®= MBsin60° =
Dividing (ii) by (i), we get

;‘;: 3 or r:\EW:\Bng]:N

2. (c): Soft ferromagnetic materials can easily
magnetised and demagnetised. These materials, when
placed in an external magnetic field, experiences net
torque which can change the orientation. Also, when
the domains are aligned along the magnetic field, the
size will increase and when they are aligned opposite to
the field the size will decrease.

3. (c) : Magnetic susceptibility is
diamagnetic material only.

= MB (i)

negative for

4. (d): Let m be strength of each pole of bar magnet
of length I. Then,

M=mxl ..(1)
When the bar magnet is bent in the form of an arc as

shown in figure. Then,

T r 3l é %
|=—Xr=— or r=— \, ,'/4
3 3 T i 4 Vs
New magnetic dipole moment, ‘{63‘?.;'/r
M’ = m x 2r sin30°
3l ' 1 3ml 3M

—mx2x X = 2 (Using (i))
T 2 T

5. (a):It represents paramagnetic substance.

6. (d): The magneticlines of force inside a bar magnet
are from south pole to north pole of magnet.

7. (d): A diamagnet is always repelled by a magnetic
field. Therefore, it is repelled by both the north pole as
well as the south pole.

8. (d): T=MBsin0

9. (c) : Magnet will attract N, strongly, N, weakly and
repel N; weakly.

10. (d) : As copper is diamagnetic, so the magnetic field
lines do not pass through it.

MONTHLY TEST DRIVE CLASS XI B\ T/ S (3 {
1. d 2. d 3. (@ 4. (b 5. (a)
6. (b) 7. (@ 8. () 9. (3) 10. (d)
1. (@) 12.(d 13. (@) 14.(a) 15. (0
16. (d) 17.(0 18. (b) 19.(a,bcd) 20. (abd)
21. (bd) 22. (a,bc) 23. (b) 24.(3) 25. (3)
26. (0.95) 27. ()  28. (d) 29.(b) 30. (a)
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11. (a)

12. (c) : Magnetic moment of the loop
M=NIA=2000x%x2x15x10*=0.6]/T
Torque T = MBsin30°

1
=0.6X5x107° ><5=1.5><10‘2 Nm

13. (d): The properties of substance is due to
alignment of molecules in it. When these substance are
heated, molecules acquire some kinetic energy. Some of
molecules may get back to the closed chain arrangement
(produce zero resultant). So, they lose their magnetic
property or magnetism. Therefore, the properties of
both ferromagnetic and paramagnetic are effected by
heating.

14. (a) : The torque on a bar magnet is given by

T = MB sinO

where, M = magnetic dipole moment, B = uniform
magnetic field. When 6 = 90° then magnitude of the
torque is maximum.

15. (b) : For a perfectly diamagnetic substance,

B=p,(H+I) =0 I=-H
NV S
Xm = 4

Therefore, relative permeability
u. =1+y, =1-1=0
. W=WM, =zero.

i.e. for a perfectly diamagnetic material permeability is
Zero.

16. (b): Each atom behave as tiny magnet. In iron
these atoms are randomly oriented, so that there is no
net magnetism. But when unmagnetised iron is brought
near the bar magnet, the current loops located at the
ends of the bar magnet and the iron piece facing each
other align themselves. When they do so, the currents
in the current loops happen to be in the same direction
and as a consequence, the attractive force occurs
between the two.
17. (a) Two unlike poles of equal strength separated
by some distance form a magnetic dipole.
(b) Torque, T=MBsin 0

— (200) (0.25) sin 30° = 25 Nm

18. A diamagnetic material tends to move from
stronger to weaker regions of the magnetic field and
hence, decreases the number of lines of magnetic field
passing through it. Relative permeability is 1.

D
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OR
The modifications in field lines are shown in figure.
This is because, Nickle is ferromagnetic, Antimony is
diamagnetic and aluminum is paramagnetic.

i

L |

X

Antimony

+

Nickle

e ¥

—» > »—

oy Aluminium

19. The Gauss’s law in magnetism states that the surface
integral of a magnetic field over a closed surface is zero.
Significance: Monopole does not exist.

20. Magnetic susceptibility of diamagnetic substances
does not depend upon the temperature. Hence, it
remain constant with the change in temperature.

21. The magnetic field lines due to a U-shaped magnet
is shown in figure.

P —
e
"'l-—!.—ﬂ"‘
-

22. (i) A diamagnetic specimen would move towards
the stronger to weaker region of the field, while a
paramagnetic specimen would move towards the
weaker to stronger region.

(ii) A diamagnetic specimen is repelled by a magnet
while a paramagnetic specimen moves towards the
magnet.

(iii) The paramagnetic gets aligned along the field and
the diamagnetic is perpendicular to the field.

23. (a) Not necessarily, if the source of the field has a
net non-zero magnetic moment.

(b) Yes, it seems to contradict with our earlier
knowledge that a magnetic field can exert forces only
perpendicular to it self.

Force, F=mB,



where, B is magnetic field and m is the magnetic charge.
For a positive magnetic charge, force is along the
magnetic field and for a negative magnetic charges,
forces is opposite to the magnetic field. Thus, it
contradicts the notion that a magnetic field can exert
force only perpendicular to itself.

(c) (i) Two lines of force can never intersect each
other. If they do so, then at point of intersection there
will be two tangents which give two direction of
magnetic field at same point which is practically not
possible.

(ii) The lines of force behave like stretched rubber bands
under tension i.e., they have a tendency to contract
longitudinally. The attraction between two unlike poles
can be explained with the help of this property.

24. (a) For a paramagnetic substance, the magnetic
susceptibility

X::C::>X1::TE
T x, T
T,
Then, =y, —
X2=X1 T

2
Here, %, = 1.5 x 1072,
T,=273+173=100K
T,=273-73=200K

L 100 .
X, =1.5X107° X —=7.5x10"
200

(b) Diamagnetism is due to orbital motion of electrons
developing magnetic moments opposite to applied field
and hence is not much affected by temperature.
Paramagnetism and ferromagnetism is due to alignment
of atomic magnetic moments in the direction of the
applied field. As temperature increases, this alignment
is disturbed and hence susceptibilities of both decreases
as temperature increases.

25. If Cis torque per unit angular twist of the wire, then

for a twist O,

T=Cd=MBsin 0

In the first case, 0 = 540° - 45° = 495°, 0, = 45°

In the second case, 0 = 360° — 45° = 315°, 0, = 45°
C(495°) = M,B sin 45°

and C(315°) = M, B sin 45°

(1)
..(ii)
M, 495 11
Dividing (i) by (ii), we get — = ——=—
S M, 315 7
OR
Yes, it contradicts our earlier knowledge that negative
forces cannot do any work and hence cannot increase

the kinetic energy of the system. When opposite poles
are facing each other, an attractive force acts between
them so the magnets are pulled towards each other.

As the two magnets come close to each other so the
force between them increases hence, the kinetic energy
also increases.

26. At the two ends of the magnet, the current behaves
differently. Because of this effect, the magnetic poles
appear slightly inside the bar. The distance between the
locations of the assumed poles is called the magnetic
length of the magnet. The distance between the ends is
called the geometrical length. It is found that

tic length
magneticlength o,

B geometrical length

+————— Magnetic length ———————

e S Ne
Geometical length—————————

The magnetic moment of a bar magnet is conventionally
denoted by M. Also, the magnetic length of a bar
magnet is written as 2. If m be the pole strength and
2] the magnetic length of a bar magnet its magnetic
moment is, M = 2ml

27. (a)

Magnetic dipole \ Electric dipole

It consists of two equal | It consists of two equal
and opposite poles which | and opposite poles

do not have separate | which do have separate
existence. | existence.

Poles of a magnetic dipole | Charges of an electric
not move independently. | dipole can move
' independently.

(b) (i) Some examples of closed surfaces include the
surface of a sphere, surface of a toroid and surface of a
cube. The magnetic flux through any of these surfaces is
zero. (ii) Some examples of non-closed surfaces include
the disk surface, square surface or hemisphere surface.
They all have boundaries and they do not fully enclosed
in three dimensional. The magnetic flux through these
surfaces is not necessarily zero.

28. (a) Magnetic line of force is an imaginary line
representing the direction of magnetic field such that
the target at any point is the direction of field vector at
that point.
Properties:
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(i) They choose, the path of least resistance between
opposite magnetic poles.

(ii) In a single bar they form a closed loop from pole to
pole.

(iii) They never cross one another.

(b) No, the material making up the middle region of
a magnet is the same as that of material making up
its end. When an iron needle is take closer to one of
the ends of a magnet, the pole of the magnet induces
opposite polarity on the needle.

But if we bring the needle closer to the centre of the
magnet, then both the poles of the magnet will induce
opposite polarity on the needle. As a result, the needles
will not get attracted towards the centre of the magnet.

29. (i) (b): M:@

(ii) (d) : Magnetic permeability - Henry m.

(iii)(d) : Given, =3 cm, A =2 cm*, M =3 A m*

Intensity of magnetisation = m

_ 3 _ 1

3x1072x2x107*  2x107°
(iv) (c) : For ferromagnetic substances, susceptibility is
a large and positive value, i.e., 3 >> 1

OR

=0.5%x10°=5x%x 10’

(d) : The magnetic susceptibility (y,,) of a paramagnetic
substance is
temperature T

inversely proportional to absolute

Xo=X1 - X2=Xa

I

Here, %, = 0.0075
T, =-73°C = (273 - 73) K=200 K
T,=-173°C = (273 - 173) K = 100 K
200 K
=(0.0075)| ——— ] =0.015
% = (00079 (100 K )

30. (i) (b) : According to Gauss's law in magnetism
¢B -dS=0, which implies that number of magnetic
field lines entering the Gaussian surface is equal to the

number of magnetic field lines leaving it. Therefore,
case II is not possible.

(ii) (a) : The net magnetic flux through a closed surface
will be zero, i.e. Cj)é -ds =0, because there are no

magnetic monopoles.

D
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(iii) (c) : Gauss’s law indicates that there are no sources
or sinks of the magnetic field inside a closed surface.
In other words, there are no free magnetic charges.

OR
(b) : When the magnetic

dia

field is applied across a ~——> i
diamagnetic substance, the = —2 P
magnetic field is produced 2

s P —3p

in opposite direction, so the
field inside the paramagnetic substance is zero.

(iv) (b) : Inside the magnet, the field line go from south
pole to the north pole.

31. (a) : Refer solution no. 23, Page no. 231, Class-12,
MTG 100 percent Physics 2024-2025.

OR

(b) Refer solution mno. 16, Page no. 241, Class-12,
MTG 100 percent Physics 2024-2025.

32. (a) : Refer solution mno. 15, Page no. 240-241,
Class-12, MTG 100 percent Physics 2024-2025.

OR

(b) Refer solution no. 17, Page mno. 241, Class-12,
MTG 100 percent Physics 2024-2025.

33. (a) : Refer solution no. 6, Page no. 136, Class-12,
MTG CBSE Champion Physics 2025.

OR

(b) Refer solution no. 7, Page no. 136, Class-12,
MTG CBSE Champion Physics 2025.

10. '
0. Outer zone 21. Crystal oscillator

1. Faraday s law of Winner: Prakash chugh, Uttar pradesh

e
SOLUTIONS TO AUGUST 2024 QUIZ CLUB '
. 1. Heinrich Hertz electromagnetic :
. 2. Nuclear Fission induction :
' 3. Mercury vapor and 12. Doppler's effect :
" argon gas 13. Solar cells
4. Bemoulli' orinciple 14. to flow in one direction |
' 5. High refractive index 15. Graphite j
. 6. it has no atmosphere 1= g j
; 17. Gramophone :
. 7. Increases :
' _ o 18. 54 MHz to 890 MHz ¢
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Electrostatics

Time : 60 Min

NEET

1.

Only One Option Correct Type

A hollow metal sphere of radius R is uniformly
charged. The electric field due to the sphere at a
distance r from the centre

(a) decreases as r increases for r < R and for r > R
(b) increases as r increases for r < R and for r > R
(c) zeroasrincreasesforr <R, decreases as rincreases

forr>R

(d) zeroasrincreasesfor r <R, increases as rincreases
for r>R.

Charges +q and -q are R

placed at points A and B

respectively which are
at distance 2L apart, @-------@-------- - S—
C is the midpoint 4 c £ L
between A and B. The work done in moving a charge
+Q along the semicircle CRD is

qQ by _4Q
@ 2me,L (®) 6me)L
_99Q q 92
© 61meyL (@ 4me)L

Two charged spherical conductors of radius R; and R,
are connected by a wire. Then the ratio of surface
charge densities of the spheres (0,/0,) is

R} R R R
@ =  b) =+ (0 -* (d) (—1)

R R,
A capacitor of capacitance C = 900 pF is charged

1

% R, Ry
fully by 100 V battery B as shown in figure (i). Then
it is disconnected from the battery and connected

Total Marks : 120

to another uncharged capacitor of capacitance

C =900 pF as shown in figure (ii). The electrostatic

energy stored by the system (ii) is

| E
o-

++ -+

| |
| |
C
(i) (if

100V + =
10V | ﬁr| |__
+ - i
B C

(a) 45%x107°] (b) 3.25x107°]

(c) 225x107°] (d) 1.5x107°]

An electric dipole is placed at an angle of 30° with an
electric field of intensity 2 x 10° N C~L. It experiences
a torque equal to 4 Nm. Calculate the magnitude of
charge on the dipole, if the dipole length is 2 cm.

@ 4mC (b) 2mC (¢) 8mC (d) 6mC
The capacitance of a parallel plate capacitor with
air as medium is 6 uUE. With the introduction of a
dielectric medium, the capacitance becomes 30 uF
The permittivity of the medium is
(€g=8.85x 10712 C2 N1 m™)

(a) 044 x 10713 C2 N1 m™

(b) 1.77 x 10712 C* N~! m~?

(c) 0.44 x10719C2N-1m~2

(d) 5.00 C2N"!m3

A square surface of side

L meter in the plane of the paper

is placed in a uniform electric

tield E (volt/m) acting along /
the same plane at an angle 0 /]
with the horizontal side of

the square as shown in figure.

44+
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10.

11.

12.

50

The electric flux linked to the surface, in units of
volt m is

(a) EL? (b) EL?cosH

(c) EL?sin® (d) zero

An electric dipole of moment p is lying along a
uniform electric field E. The work done in rotating
the dipole by 90° is

(@) pE (b) NZpE (0) pE2  (d) 2pE

A hollow cylinder has a charge g coulomb within it.

If ¢ is the electric flux in units of B
9 ©

volt meter associated with the
curved surface B, the flux linked
with the plane surface A in units
of V-m will be

q ¢

@ 5 ©)

© L_¢ (d) 3[i—¢)
€ 2\ g,

A network of four capacitors of
capacity equal to C; = C, G, = 2C, C,
C;=3Cand C, =4Care connected
to a battery as shown in the figure.
The ratio of the charges on C, and

I
i1
H
0
| |
il

C4 is
(a) 4/7 (b) 3/22  (c) 7/4 (d) 22/3
The diagrams below show regions of equipotentials.
20V40V 20V 40V
A B A B A B A}j))
10V
10V 30V 10V 30V 2ov mv
[ Il

A positive charge is moved from A to B in each
diagram.

(a) In all the four cases the work done is the same.

(b) Minimum work is required to move g in
tigure (I).

(c) Maximum work is required to move g in
tigure (II).

(d) Maximum work is required to move g in
tigure (III).

Two point charges A and B, having charges +Q and
-Q respectively, are placed at certain distance apart
and force acting between them is F. If 25% charge of
A is transferred to B, then force between the charges
becomes

4F 9F
(a) ?

16F

(b) F (d)

(c)
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Directions :

Assertion & Reason Type

In questions 13 to 15, a statement of

assertion is followed by a statement of reason. Mark the
correct choice as :
(a) If both 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.

13.

14.

15.

16.

Assertion : Three equal charges are situated on a
circle of radius r such that they form on equilateral
triangle, then the electric field intensity at the centre
is zero.

Reason : The force on unit positive charge at
the centre, due to the three equal charges are
represented by the three sides of a triangle taken in
the same order. Therefore, electric field intensity at

centre is zero.

Assertion : If a dielectric is placed in external field
then field inside dielectric will be less than applied
field.

Reason : Electric field will induce dipole moment
opposite to field direction.

Assertion : Two adjacent conductors, carrying the
same positive charge have no potential difference
between them.

Reason : The potential of a conductor does not
depend upon the charge given to it.

JEE (MAIN & ADVANCED)

Only One Option Correct Type

In the figure, a very
large plane sheet
of positive charge
is shown. P; and
P, are two points
at distance [ and
2] from the charge
distribution. If ¢ is
the surface charge density, then the magnitude of
electric fields E; and E, at P, and P, respectively are

\
)
2

+ + [+ +
[\S)

+ 4
+ 4

+ + + +

-+
Q +
e

}
i

(a) E; =o0/¢gy, E, = 0/2¢
(b) E;=20/¢y, E; = 0/¢g
(c) E;=E, =0/2¢g,

(d) E;=E,=0/¢g



17.

18.

19.

Two particles A and B having charges 20 uC and
-5 uC respectively are held fixed with a separation of

5 cm. At what position 5, uC 5UC

a third charged particle ¥ 5 cm B

should be placed so

that it does not experience a net electric force?

(a) At 5 cm from -5 uC on the right side.

(b) At 5 cm from 20 uC on the left side of system.
(c) At1.25cm from a -5 uC between two charges.
(d) At midpoint between two charges.

In finding the electric field using Gauss law the

qenc

g Al

formula |E| = is applicable. In the formula g

is permittivity of free space, A is the area of Gaussian

surface and g, is charge enclosed by the Gaussian

surface. This equation can be used in which of the

following situation?

(a) For any choice of Gaussian surface.

(b) Only when the Gaussian surface is an
equipotential surface.

(c) Only when the Gaussian surface is an

equipotential surface and |E is constant on the
surface.

(d) Only when |E| = constant on the surface.

More than One Option Correct Type

A parallel plate capacitor has a dielectric slab of
dielectric constant K between its plates that covers
1/3 of the area of its plates, as
shown in the figure. The total
capacitance of the capacitor is C
while that of the portion with
dielectric in between is C;. When
the capacitor is charged, the plate
area covered by the dielectric gets

charge Q; and the rest of the area
gets charge Q,. The electric field in the dielectric is
E; and that in the other portion is E,. Choose the
correct option/options, ignoring edge eftects.

E _ E _1
(a) 2—1 (b) K
3 C 2+K
(c) — Qz e (d) C_l_ e

20. Two non-conducting solid spheres of radii R and 2R,

having uniform volume charge densities p; and p,
respectively, touch each other. The net electric field at
a distance 2R from the centre of the smaller sphere,
along the line joining the centres of the spheres, is

P1

zero. The ratio can be
(%)
32 32
(a) 4 (b) — (o) = (d) 4
25 25

21. Two identical non-conducting solid spheres of same

mass and charge are suspended in air from a common

point by two non-conducting, massless strings of

same length. At equilibrium, the angle between the

strings is o. The spheres are now immersed in a

dielectric liquid of density 800 kg m~> and dielectric

constant 21. If the angle between the strings remains

the same after the immersion, then

(a) electric force between the spheres remains
unchanged

(b) electric force between the spheres reduces

(c) mass density of the spheres is 840 kg m™>

(d) the tension in the strings holding the spheres
remains same.
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22.

23.

24.

@

A point charge +Q is placed

just outside an imaginary

hemispherical surface of

radius R as shown in the

figure. Which of the following

statements is/are correct?

(@) The circumference of the flat surface is an
equipotential.

(b) The component of the electric field normal to
the flat surface is constant over the surface.

(c) Total flux through the curved and the flat

surfaces is —.
€

(d) The electric flux passing through the curved

surface of the hemisphere is — o (1 — Lj

2g 2
from the center as p 4 = kr, where

k is positive.

In the spherical shell B of outer radius rg, the
2k

electrostatic charge density varies as pp =—.

In the figure, the inner (shaded)
region A represents a sphere
of radius r4, = 1, within which
the electrostatic charge density
varies with the radial distance r

’
Assume that dimensions are taken care of. All
physical quantities are in their SI units.

Which of the following statement(s) is(are) correct?

3
(a) If r =J;, then the electric field is zero

everywhere outside B.
(b) Ifrg=3/2, then the electric potential just outside

Bis L
€

(o]

(c) Ifrg=2,then the total charge of the configuration
is 15 mk.

(d) If rg = 5/2, then the magnitude of the electric

131tk

c .

field just outside B is

o

Integer/Numerical Value Type

An electric dipole of dipole moment is 6.0 x 10°° Cm
placed in a uniform electric field of 1.5 x 103 N C~!
in such a way that dipole moment is along electric
field. The work done in rotating dipole by 180° in
this field will be m J.

PHYSICS FOR YOU | SEPTEMBER ‘24

25. Three point charges of magnitude 5 uC, 0.16 uC
and 0.3 uC are located at the vertices A, B, C of a
right angled triangle whose sides are AB = 3 cm,

BC = 3J2 cm and CA = 3 cm and point A is the
right angle corner. Charge at point A experiences
N of electrostatic force due to the other
two charges.

A uniform electric field of 10 N/C is created
between two parallel charged plates (as shown in
figure). An electron enters the field symmetrically
between the plates with a kinetic energy 0.5 eV. The
length of each

plate is 10 cm.

26.

The angle (0) of 7
deviation of the ._)‘_"—"{3 _________
path of electron &—— 10 cm—>
as it comes out

of the field is (in degree).

Comprehension Type

Consider a simple RC circuit as shown in figure 1.
Process 1 : In the circuit the switch S is closed at t = 0
and the capacitor is fully charged to voltage Vj
(i.e., charging continues for time T >> RC). In the
process some dissipation (Ep) occurs across the
resistance R. The amount of energy finally stored in the
tully charged capacitor is E.

Process 2 : In a different process the voltage is first set

Yo

to — and maintained for a charging time T >> RC.

2V,
Then the voltage is raised to TO without discharging

the capacitor and again maintained for a time T'> > RC.
The process is repeated one more time by raising the
voltage to V|, and the capacitor is charged to the same
final voltage V; as in Process 1.

These two processes are depicted in figure 2.
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VA
v, Process 1> s
W A
R 2Vo/31 —
- c—= Process 2A
t i >
figure 1 T 2T t

figure 2

27. In Process 2, total energy dissipated across the
resistance Ep is

1 1(1
(a) Ep =3(5 cvoz) (b) Ep =§(5CV02)
() Ep=3CV, d) Ep =%CV02

28. In process 1, the energy stored in the capacitor E.
and heat dissipated across resistance Ep are related by

(a) Ec=Ep (b) Ec=Epln?2
1
() Ec=2Ep (d) Ec= 2 Ep
Matrix Match Type

29. Four charges Q, Q, Q3 and Q4 of same magnitude
are fixed along the x-axis at x = -2a, -a, +a and +2a
respectively. A positive charge g is placed on the
positive y-axis at a distance b > 0. Four options of
the signs of these charges are given in List I. The
direction of the forces on the charge g is given
in List II. Match List I with List II and select the
correct answer using the code given below the lists.

q(0, b)
® ® [  J L ]
Q1 Q2 Q3 Q4
(-2a,0) (-a,0) (+a,0) (+2a,0)
List-I  List-II
A. | Q, Qy Qs, Qg all positive p. | t+x

B. | Q1, Q; positive; Qz, Q4 negative | q. | —x
C. | Qp, Q4 positive; Q,, Q3 negative | r. |ty

D. | Q, Q3 positive; Q,, Q4 negative | s. | -y

@ A->B-opC—o>sD—>gq
b)) A>ssB>q¢Co>rD—>p
(c) A>B>p;C—>qgD—s
dA->ssB>¢GCo-p;Dor

. The electric field E is measured at a point P(0, 0, d)

generated due to various charge distributions and
the dependence of E on d is found to be different
for different charge distributions. List-I contains
different relations between E and d. List-II describes
different electric charge distributions, along with
their locations. Match the functions in List-I with
the related charge distributions in List-II.

List-I List-1I
A.| Eis p.| A point charge Q at the
independent | origin
of d .
B. 1 q.| A small dipole with point
Eoc P charges Q at (0, 0, ) and -Q

‘at (0, 0, -I). Take 2] << d

C. 1 r.|An infinite line charge
E Ocd—z coincident with the x-axis,
with uniform linear charge

density A
D. 1 s.| Two infinite wires carrying

uniform linear charge density
parallel to the x- axis. The
one along (y = 0, z = I) has
a charge density + A and the
one along (y =0, z = =) has
a charge density —A.

Take 21 << d

t. | Infinite plane charge
coincident with the xy-plane
with uniform surface charge
density

@A) A->tB—->1s;C—o>p;D—>gq
b)A->tB—->1C—->p ss;D—q
() A>tB->1C—o>p,ggD—s
dA—>ssB>qgrCop Dot @
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JE

COMPREHENSION : PASSAGE TYPE

Passage 1 : A small block of mass M moves on a
frictionless surface of an inclined plane, as shown in the
figure. The angle of the 4
incline suddenly changes
from 60° to 30° at point B.
The block is initially at rest

at A. Assume that collisions
between the block and the
incline are totally inelastic
(g=10 m/s?)

1. The speed of the block at point B immediately after
it strikes the second incline is

* X
4
2

(a) V60 m/s (b) 45 m/s
(c) 30 m/s (d) J15m/s

2. The speed of the block at point C, immediately
before it leaves the second incline is

(@) Mm/s (b) \/ﬁm/s
(c) 90 m/s (d) 75 m/s

3. If the collision between the block and the incline
is completely elastic, then the vertical (upward)
component of the velocity of the block at point B,
immediately after it strikes the second incline is

(a) /30 m/s (b) 15 m/s
(c) 0 (d) —V15 m/s

Passage 2 : A thermal power plant produces electric
power of 600 kW at 4000 V, which is to be transported to
a place 20 km away from the power plant for consumers’
usage. It can be transported either directly with a
cable of large current carrying capacity or by using a

@ PHYSICS FOR YOU | SEPTEMBER ‘24

ORK
cUTss

combination of step-up and step-down transformers at
the two ends. The drawback of the direct transmission
is the large energy dissipation. In the method using
transformers the dissipation is much smaller. In this
method, a step-up transformer is used at the plant side
so that the current is reduced to a smaller value. At the
consumers’ end, a step-down transformer is used to
supply power to the consumers at the specified lower
voltage. It is reasonable to assume that the power cable
is purely resistive and the transformers are ideal with
a power factor unity. All the currents and voltages
mentioned are rms values.

4. In the method using the transformers, assume that
the ratio of the number of turns in the primary to that
in the secondary in the step-up transformeris 1: 10.
If the power to the consumers has to be supplied at
200 V, the ratio of the number of turns in the
primary to that in the secondary in the step-down
transformer is
(a) 200 :1 (b) 150 : 1
(c) 100:1 (d) 50:1

5. If the direct transmission method with a cable of
resistance 0.4 W km™ is used, the power dissipation
(in %) during transmission is
(a) 20 (b) 30 (c) 40 (d) 50
Passage 3 : Most materials have the refractive index,
n > 1. So, when a light ray from air enters a naturally
sinf;  n,

occurring material, then by Snell’s law, — o ,
sinB, m

it is understood that the refracted ray bends towards
the normal. But it never emerges on the same side
of the normal as the incident ray. According to
electromagnetism, the refractive index of the medium is



given by the relation, n= (5) =t,/e, U, , wherecisthe

v
speed of electromagnetic waves in vacuum, v its speed

in the medium, €, and W, are the relative permittivity
and permeability of the medium respectively.

In normal materials, both €, and p, are positive,
implying positive n for the medium. When both
€,and |, are negative, one must choose the negative root
of n. Such negative refractive index materials can now
be artificially prepared and are called meta-materials.
They exhibit significantly different optical behaviour,
without violating any physical laws. Since 7 is negative,
it results in a change in the direction of propagation
of the refracted light. However, similar to normal
materials, the frequency of light remains unchanged
upon refraction even in meta-materials.

6. For light incident from air on a meta-material, the
appropriate ray diagram is

\wh(E \91<
(@) A b) S,

Meta-material | Meta-material =/
‘0 ., ;6
O L :
(C) Air : (d) Air -
Meta-material f; Meta-material D\j
. 92 :92 i

7. Choose the correct statement.
(a) The speed of light in the meta-material is
v =c|n|.
(b) The speed of light in the meta-material is

N
|n]
(c) The speed of light in meta-material is v = c.
(d) The wavelength of the light in the meta-
material (A,,) is given by A,, = A, |n|, where
A,ir is the wavelength of the light in air.
Passage 4 : When liquid medicine of density p is to
be put in the eye, it is done with the help of a dropper.
As the bulb on the top of the dropper is pressed, a
drop forms at the opening of the dropper. We wish to
estimate the size of the drop. We first assume that the
drop formed at the opening is spherical because that
requires a minimum increase in its surface energy. To
determine the size, we calculate the net vertical force

due to the surface tension T when the radius of the drop
is R. When this force becomes smaller than the weight
of the drop, the drop gets detached from the dropper.

8. If the radius of the opening of the dropper is r, the
vertical force due to the surface tension on the drop
of radius R (assuming r << R) is

(a) 2nrT (b) 2nRT
2’ T 2MRT
() =& (d) .
R r

9. If r=5x 107* m, p = 103 kgm_3, g=10 ms‘z,
T = 0.11 Nm, the radius of the drop when it
detaches from the dropper is approximately
(a) 1.4x 107 m (b) 3.3x 107 m
(c) 20%x 107 m (d) 4.1x 107 m.

10. After the drop detaches, its surface energy is
(a) 1.4x107°] (b) 2.7 x 107°]
(c) 5.4x107°] (d) 8.1x107°7.

Passage 5 : Consider a block of conducting material of

resistivity p shown in the figure. A4
Current I enters at A and leaves IT | b
from D. We apply superposition G

principle to find voltage AV

developed between B and C.

The calculation is done in the following steps :

(i) Take current I entering from A and assume it to
spread over a hemispherical surface in the block.

(ii) Calculate field E(r) at distance r from A by using
Ohms law E = pj, where j is the current per unit area
atr.

(iii) From the r dependence of E(r), obtain the potential
V(r) atr.

(iv) Repeat (i), (ii) and (iii) for current I leaving D and
superpose results for A and D.

11. AV measured between B and C is

2m(a—b) na m(a+b)
(0 PL__PL @ PL__P!
a (a+b) 2ma 2m(a+Db)

12. For current entering at A, the electric field at a
distance r from A is

I I
(a) L~ (b) -
4mr 81r
pI pI
d
© 5 @ -

PHYSICS FOR YOU | SEPTEMBER 24

@



Passage 6 : The B-decay process, discovered around
1900, is basically the decay of a neutron (n). In the
laboratory, a proton (p) and an electron (e”) are observed
as the decay products of the neutron. Therefore,
considering the decay of a neutron as a two-body
decay process, it was predicted theoretically that the
kinetic energy of the electron should be constant. But
experimentally, it was observed that the electron kinetic
energy has a continuous spectrum. Considering a
three-body decay process, i.e, n = p + e + Vv,
around 1930, Pauli explained the observed electron
energy spectrum. Assuming the anti-neutrino (v,)
to be massless and possessing negligible energy, and
the neutron to be at rest, momentum and energy
conservation principles are applied. From this
calculation, themaximumkineticenergyoftheelectronis
0.8 x 10° eV. The kinetic energy carried by the proton is
only the recoil energy.

13. If the anti-neutrino had a mass of 3 eV/c? (where
c is the speed of light) instead of zero mass, what
should be the range of the kinetic energy, K, of the
electron?

(a) 0SK<0.8x10%eV
(b) 3.0eV<K<0.8x 10°eV
(c) 3.0 eV<K<0.8x10%eV
(d) 0<K<0.8x10%eV

14. What is the maximum energy of the anti-neutrino?
(a) Zero
(b) Much less than 0.8 x 10° eV.
(c) Nearly 0.8 x 10° eV.
(d) Much larger than 0.8 x 10° eV.

Passage 7 : The nuclear charge (Ze) is non-uniformly
distributed within a nucleus of radius R.
The density  p(r) p(r‘)

(charge per unit volume) is .
N\
: »r

of the nucleus as shown in a R

charge

dependent only on the radial

distance r from the centre

figure. The electric field is only along the radial direction.

15. The electric field at r = R is
(a) independent of a
(b) directly proportional to a
(c) directly proportional to a*
(d) inversely proportional to a

16. For a = 0, the value d (maximum value of p as
shown in the figure) is

D

PHYSICS FOR YOU | SEPTEMBER ‘24

3Ze 3Ze 4Ze Ze

- b)) (@
4TR TR 3mR 3mR

17. The electric field within the nucleus is generally

observed to be linearly dependent on r. This implies

®)a=§ M)a=%§

(a)

(@) a=0 (c) a=R

Passage 8 : Waves y; = Acos (0.5mx - 1007mt) and
¥, = Acos (0.46mx — 92mt) are travelling along x-axis.
(Here x is in m and t in second)

18. Find the number of times intensity is maximum in
time interval of 1 sec.

(a) 4 (b) 6 (c) 8 (d) 10.
19. The wave velocity of louder sound is

(a) 100 m/s (b) 192 m/s

(c) 200 m/s (d) 96 m/s.

20. The number of times y; + y, =0atx=01n 1 sec is
(a) 100 (b) 46 (c) 192 (d) 9e.

SOLUTIONS

1. (b): At point B the block has an inelastic collision
with the incline, so component of velocity perpendicular
to incline plane becomes zero and component parallel
to second surface is retained.

Ana L2gh
h=3
BO

@cos30°

3m 3Bm €

Velocity immediately after it strikes the second line,

v=4J2gh cos30°=,f2><10x3x\/2§=\/gm/s.

2. (b): Mechanical energy conservation between point
B and C gives

Ve = vy +2gh
or v&=45+2x10x3= vo =105 m/s.

3. (c): The velocity of the block coming down from
the incline AB makes an angle 30° with the incline BC.
If the block collides with the incline BC elastically, the
angle of velocity of the block after collision with the
incline shall be 30°.

Hence, just after collision with incline BC the velocity
of block shall be horizontal. So, immediately after the
block strikes the second incline, its vertical component
of velocity will be zero.



4. (a): For a step-up transformer,

=—,V,=4000V

= (4000 V) = 40,000 V

For a step-down transformer,

N
Here, Fp =2, V,=40,000 V, Vs = 200 V

N
& ~ %

NS

5. (b)
6. (c): For meta-material, the refractive index is
negative. Let n; is refractive index of air and n, is

refractive index of meta-material.
sin®, _ny

Vb 40,000V _ 200
V. 200V 1

From Snell’s law, —
sin@, n
Since, n, is negative, therefore 0, is also negative.
Hence, appropriate diagram (c) is correct.

7. (b): Refractive index for a medium n= (5)
Cc v
For meta material, n=|n| - V= m

8. (c) : Thevertical force due to the surface

tension on the drop,

2
= T2mrsinO = TZEr% = 2nr T

2
9. (a): 2nrT
R 3

Substituting the given values, we get

. . 1/4

3xX5%x10 " x5x10 " x0.11 3

3 =14Xx10 "m
2x107 x10

10. (b): Surface energy = 4TR*T

Here, R=14 x 10> m
T=011Nm

(From the above question)

22 -3 -3
Surfaceenergy=4><7><1.4><10 x1.4%x10 x0.11
=2.7x107%]

11. (d)

12.(d):jxp=E .~ E=—P

2Tr

2

13. (d): Total energy remains conserved. Energy is
shared by antineutrino, proton and electron. Kinetic

energy of electron has continuous spectrum and it is

maximum when antineutrino does not share any kinetic

energy.

So, total energy is shared with proton and electron only.
K<0.8x10°eV

and kinetic energy of electron will be minimum or zero

when total energy is shared by proton and antineutrino.
0<K<0.8x10°eV

14. (c)

15. (a) : Electric field at a distance R from the centre

1 Z
—j , which is independent

4me, R

of the nucleus is, E =

of a.
p(r) 4

d j
16. (b)

17. (¢) : Electric field inside a
uniformly charged sphere is given

I
by, E=— :
3¢, :

For E o r, p should be constant a=R '

throughout the volume of nucleus.
This will be possible only when
a=R.
18. (a)
19. (c) : Wave velocity will be same whether the sound is
louder or fainter. Wave travels with same velocity in the
same medium.
Wave velocity = fi\
v =50 x 4 =200 ms™"
Option (c) represents the answer.
20. (d): Consider (y; + y,) at x = 0.
"~ Y1+ ¥, =Acos(1007t) + Acos(92mt)
o 0=Acos(100mt) + Acos(92mt)
or cos(100mt) = - cos(92mt)
or cos(100mt) = cos[(2n + 1)1 — 92mt]
wheren=0,1,2,....
or 100mt=(2n + 1)m - 92wt
or 192nt=02n+1)n

2n + 1
or t = (2 ) where n = 0,1,2, .....
192
2n+3 2n+1 2 1
At=t ., —t = — =

U192 192 192 96
. In 1second, y; + y, = 0 at x = 0 for 96 times

®®
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Readers are
requested to send
their responses of

word grid.

Be the Winner!

RID

Find and encircle the words in the given grid, running in one of the possible directions; horizontal and vertical by reading the clues

given below.
G~ oo
JcTolula[n]a]s|t[r]o[m[s][s]T]u[m[s]n
AIM|S|IT|IU|C|E|N|T|O[O(R|T|S|T|U|M|S
PIQ|R|S|T|A(B|/C|/D|/E|M|A|B|C|C|D|E|F
A|/BIC|E|SIM|{N|O|P|R|E[W|G|I|J|K|L|M
LIAS|E|R|O|S|T|JU|V|INIX|E|P|R|T|V|X
AlO|PIPIA|G|H|J|K|L|[T[YINIQ|S|U|W|Y
B|I|E|Q|P(M|N/O|P|Q|A|Z|E|A|A|B|C|D
C/ S|C|R|Q|S|T|U(VIW|U|/A|R|M|A[M|N|O
DI F|T|S|R|X|Y|Z|A|ID|IC/M|A|N|O|P|QfA
SIE|R|T|S|A|R|Y|A|B|H|A|T|T|A[B|C|D
M{D|U|UIT|U|S MIN|O|P|Q|O|R|[S|T|U|A
NICIM|A[N|T|IT|M{A|T|T|E|R|{M|[N|O|E|F
O/B/N|\M|A|D|G|I|[G|J|K|L|{M|N|O|[P|Q|B
PIA|O|/P(B|E|N|R|S|T|U|VIW|X|Y|Z|A|C
Q Z|Q|R|C[F|IT | N[DJU|IC|T|AIN|C|E|H|I
RIY|S|T|G|H|[T|OfI|[L|{M|N|O|O|[P[Q|R|S
S|X|U|V|IT|J|T|IPIOIVIW[X|F|J|K|P|Q]|T
TIWW[{X|KIL|O|Q|D|Y|A|D|E|I|L|O|R|M
UV Y[Z|[M|N|N|R|E|Z|B|C|G|H|M|[N/|S|N
Across Down
1. Aunit of length used for measuring wavelength. 1. A machine that convert one form of energy into another.
2. A material composed of antiparticles. 2. The process of proceeding the energy that is required to
3. AnIndian scientist who discovered approximation of Pi and initiate a combustion process.
trigonometry. 3. A semiconductor qevice conta.ining one p-n jynction, used in
, circuits for converting alternating current to direct current.
4. The tendency of an electrlc.al conductor. to oppose a change 4. The product of a physical quantity, such s force or mass,
in the electric current flowing through it and its distance from a fixed reference point.
5. A device that emits light through a process of optical 5 The distribution of colours produced when light passes

amplification based on the stimulated emission of
EM radiation.

through a prism.

®®

Note:- Please send entries of solutions both with words and scanned copy of the grid by 10™ of every month.
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Unique Tareer <
inDemand <

Explore the available Unique Career Options!

B.Sc. in Nanoscience

Nanoscience and nanotechnology are at the forefront of modern research connecting together different branches of science with tremendous
applications in all walks of life. Nanoscience is fundamental to progress in almost every area of technology as it deals with engineering size
dependent properties of the matter, particles and structures on the nanometer scale and offers the potential to develop solutions for important
challenges, such as improved medical diagnostics and treatments, more efficient energy source, advanced electronics etc.

Those candidates who have the affinity to make a career in industries that rely on nanoscale, critical thinking, innovation and who can bridge the
macro and nano can choose to pursue career in nanoscience.

The multidisciplinary field of nanoscience and nanotechnology is considered a building block for tomorrow. The advancement in technology requires
experts who have an outstanding knowledge and expertise in nanoscience to create new products. It is poised to bring in ground breaking changes
across all fields creating a lot more job opportunities than one can imagine. There is a huge opportunity in the areas of Electronics Industry,
Pharmaceutical and Healthcare Industry, Energy and Renewable Energy Sector, Materials Science and Engineering, Aerospace and Defence Industry,
Biotechnology and Biomedical Industry, Environmental Science and Technology and Semiconductor Industry.

Courses Offered ibility Criteria

© B.Sc. in Nanoscience © The eligibility requirement for B.Sc. in Nanoscience requires
© B.Sc. (Hons) Nanoscience candidate to have cIeare_d 1042 Ieve_I with. at Ieas_t 60%_in

o ' aggregate from any recognised board or its equivalent with Physics,
© B.5c.in Nanotechnology Chemistry, Mathematics (or Biology) as the main subjects. Many of
© B.Sc. Nanoscience and Technology the colleges require candidates to clear university level entrance
© M.Sc. in Nanoscience exam or personal interview to be able to secure admission in
>

desired college.
© Foradmissionsin M.Sc.in Nanoscience, candidate must have completed

Bachelor's degree in science with at least 50-60% aggregate. Some

jOb PrOSPECtS universities require students to qualify entrance exam.
© The eligibility criteria for admission to Ph.D. course is a
postgraduation degree. The students are required to qualify GATE/
National entrance exam followed by an interview by concerned

universities.

Ph.D. in Nanotechnology

Nanoscience offers a wide range of exciting career opportunities
across diverse fields, making it an attractive choice for those
interested in cutting-edge technology and research. Here are some of
the compelling job roles and the areas where nanotechnologists can

find meaningful employment as Scientist, Professor, Engineer, Medical Best c0“e es Offerin . B.SC. in NaHOSCience

Scientist, Food Scientist, Optical Engineer etc.

Listed below are few recruiting companies for nanoscience graduates: © Dr. Shyama Prasad Mukherjee University, Ranchi

© Adnano technologies Pvt. Ltd. @ Dabur Ltd. © SwamiVivekanand Subharti University, Meerut

© Meda Biotech Inc. © Micro Materials Ltd. © Parishkar College of Global Excellence, Jaipur

© Velbio Nanotech Pvt. Ltd. © Quantum Corporation © Yashwantrao Chavan Institute of Science, Satara, Maharashtra
© Nilima Nanotechnologies © Amity Institute of Nanotechnology, Noida
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College Info

Dr. Shyama Prasad Mukherjee University (DSPMU) an almost 185 years old legacy that traces back to 1839. In 2018, in a landmark development,
Ranchi College, Ranchi (RCR), was upgraded to Dr. Shyama Prasad Mukherjee University, encapsulating its rich legacy while embarking on a new
era of educational excellence. The transformation from RCR to DSPMU is not just a change of name but a reiteration of the university's pledge to
continue being a cradle of higher education, innovation, and societal development. This college is a beacon of higher education and has a vibrant

and happening green campus, nestled within the green environs at the heart of the city of Ranchi.

B.Sc. in Nanoscience at Dr. Shyama Prasad Mukherjee University offer students a unique platform of learning, disseminating interdisciplinary

knowledge and expertise to the students
in various streams of nanoscience with an
emphasis on promoting the academia. The
course structure is technology-centric where
students gain practical skills, critical thinking
abilities, and  technological  research
skills. Faculty members are dedicated to
addressing individual needs and fostering
student potential. The eligibility requirement
for admission in B.Sc. in Nanoscience
requires candidate to have cleared 10+2
level with at least 60% in aggregate from
any recognised board or its equivalent with
Physics, Chemistry, Mathematics (or Biology)
as the main subjects. The admissions are
conducted on merit basis.
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CL:RNER

Enhance Your General Knowledge with Current Updates!

STATES IN NEWS

Former Union Minister Santosh Kumar Gangwar,
on July 31, was sworn in as the 12 Governor of
Jharkhand and succeeded C.P. Radhakrishnan.
He was administered the oath of office by Justice
Sujit Narayan Prasad, acting Chief Justice of
Jharkhand High Court.

The Uttar Pradesh Assembly on July 30, passed the
Uttar Pradesh Prohibition Unlawful Conversion
of Religion (Amendment) Bill 2024, that enhances
punishment by providing for a maximum
punishment of life imprisonment for those found
guilty.

Telangana launched the ‘project Swasthya Nagaram,
a model for tuberculosis (TB) free municipalities.
This project is a collaborative initiative of State
TB cell, Municipal Corporations of Peerzadiguda,
Boduppal and Pocharam in Medchal Malkajgiri
district along with WHO India, USAID and other
stake holders.

Union Minister of Coal and Mines, Shri G. Kishan
Reddy led the launch of the Vriksharopan Abhiyan
2024 at Bharat Coking Coal Limited (BCCL) in
Dhanbad. This initiative is part of Prime Minister
Narendra Modi’s “Ek Ped Maa Ke Naam” campaign,
and was simultaneously conducted across 300 places
in 47 districts across 11 coal/lignite-bearing states.

The Atomic Minerals Directorate for Exploration
and Research (AMD), a unit of the Department of
Atomic Energy (DAE), has identified 1600 tonnes
of lithium resources (G3 stage) in the Marlagalla
area of Mandya and Yadgiri districts, Karnataka.
The announcement came through the Union
Minister of the State for Science and Technology
Dr. Jitendra Singh.

The Bihar Assembly passed anti-paper leak bill
aimed to curb the malpractices such as leak of
question or answer papers, which previously led to
the cancellation of several examinations. This bill
was introduced by State Minister of Parliamentary
Affairs Vijay Kumar Chaudhary and stipulates strict
penalties for those involved in such malpractices
including prison term of three to five years and a
fine of Rs. 10 lakhs.

In a significant stride towards advancing health
research capabilities in Asia, Union Minister
Dr. Jitendra Singh inaugurated Asias first
‘Pre-clinical Network Facility’ at Translational
Health Science & Technology Institute (THSTI),
Faridabad. This facility was established under the
Coalition of Epidemic Preparedness Innovation
(CEPI) and marks a pivotal development in
bolstering India’s research infrastructure.

The eSwasthya Dham portal, launched by the
Department of Health and Family Welfare,
Government of Uttarakhand, has been integrated
with the Ayushman Bharat Digital Mission (ABDM)
to enhance health infrastructure for monitoring
Char Dham Yatra pilgrims while also aligning with
India’s broader digital health initiatives.

Bihar has appointed transgender person Manvi
Madhu Kashyap as Sub-Inspector of Police, marking
a historic first. Her success marks a significant
milestone for transgender rights and representation
in law enforcement.

Taking major step towards waste management in
Haryana, waste-to-charcoal plants, also known as
‘green coal’ plants, will be established in the state

D
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with help of central government. A memorandum
of understanding (MoU) has been signed between
NTPC Vidyut Vyapar Nigam Limited (NVVNL),
and the Municipal Corporations of Gurugram

and Faridabad for the establishment of these
plants which aims to support Prime Minister
Narendra Modi’s Swachh Bharat campaign, making
Gurugram and Faridabad garbage-free.

1.

@

The eSwasthya Dham portal, launched by the

Government of Uttarakhand aims to

(a) facilitate digitalization in India.

(b) facilitate health infrastructure for all citizens.

(c) facilitate health infrastructure for monitoring
Char Dham Yatra pilgrims.

(d) facilitate healthcare practices advocated by
Ayush system.

Who introduced anti-paper leak bill in Bihar
Assembly?

(a) Vijay Kumar Chaudhary

(b) Giriraj Singh

(c) J. P. Nadda

(d) Piyush Goyal

Which campaign was led by Union Minister of
Coal and Mines, Shri G. Kishan Reddy?

(a) Swachh Bharat Abhiyan 2024

(b) Atmanirbhar Bharat 2024

(c) Digital India 2024

(d) Vriksharopan Abhiyan 2024.

Under which initiative Asia’s first Pre-clinical

Network Facility at Translational Health Science &

Technology Institute (THSTI), Faridabad has been

established?

(a) Foundation for Innovative New Diagnostics.

(b) Coalition of Epidemic Preparedness Innovation.

(c) International Coalition of Medicines
Regulatory Authorities.

(d) Global Research Collaboration for Infectious
Diseases Preparedness.

Santosh Kumar Gangwar sworn in as the 12"
Governor of which state?
(a) Maharashtra

(¢) Orrisa

(b) Jharkhand
(d) Madhya Pradesh

In which district Lithium resources have been
identified by the Atomic Minerals Directorate for
Exploration and Research (AMD)?
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10.

(a) Mandya and Yadgiri district, Karnataka

(b) Davangere district, Karnataka

(c) Koppal district, Karnataka

(d) Vijayapura and Yadgiri District, Karnataka.

The establishment of ‘Green Coal plant in Haryana

aims to

(a) support Make in India campaign.

(b) support clean-up campaign making Gurugram
and Faridabad garbage-free.

Breathe Life

Gurugram and Faridabad pollution-free.

(c) support campaign making
(d) support Prime Swachh Bharat campaign
making Gurugram and Faridabad garbage-free.

The Uttar Pradesh Unlawful Conversion of Religion

(Amendment) Bill, 2024 enhances punishment by

(a) providing for a maximum punishment of
5 year.

(b) providing for a maximum punishment of
10 years.

(c) providing for a maximum punishment of life
imprisonment.

(d) providing for a maximum punishment of
2 years.

Who has been appointed as first transgender Sub-
Police Inspector in Bihar?

(a) Manasvi Kumari

(b) Manvi Madhu Kashyap

(¢) Mrinali Gautam

(d) Gayatri Abrol

Project Swasthya Nagaram is an initiative to

eradicate
(a) Polio (b) Malaria
(¢) Cancer (d) Tuberculosis.
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