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Thinking of taking a break for
JEE and NEET?

Before you decide on taking a year off to study exclusively for JEE or NEET,
you need to weigh the pros and cons carefully.

o drop a year or not to, can ring in a Shakespearean

dilemma for you. Taking a year’s break to prepare for
competitive exams such as the Joint Entrance Exam (JEL)
and National Eligibility cum Entrance Test (UG) (NEET)
can be a monumental decision. One needs to evaluate the
pros and cons before taking a call on this. Let us help vou.

Lel’s look at the benefits that dropping a vear after vour
Class 12 board exams may bring,.

The Pros

Shot at a better college : This may be the sole reason for
taking a break for preparation, so a break can provide you
the time to work hard and aim for your dream college in the
next attempt.

Complete focus : This break also means you have no school
or practicals to worry about. With boards out of the way,
you can dedicate yourself fully to JEE or NEET preparations.

Condensed syllabus : You do not have to divert your
attention to topics that may not be important for JEE or
NEET. You can concentrate exclusively on the exam syllabus.
Clearing Concepts : Being clear about concepts is an
important factor to do well in exams such as JEE and NEET.
If you need to clear your concepts after your Class 11 and 12,
dropping a year might help you.

More practice : You can devote more time to practice and go
through all previous years’ question papers, mock tests and
chapter-wise tests that you missed before.

Working on areas to improve and time management:
Taking the JEE or NEET once would have given you a good
understanding about what are your strong subjects and
topics. It would have also highlighted the areas you would
wanl lo improve. You can lake the year to address these. You
can also further improve on your time management and plan
your study schedule thoroughly.

The Cons

With the extra time comes extra stress. It's possibly the first
big decision you make as a young adult. Hence, you must
understand what it really means and what you can expect in
the coming vear.

Absence of a routine : While the absence of regular school
gives you more time to prepare, it also means a deviation
from a daily routine. It’s easy to become unproductive
without supervision. If you are dropping a vear, make sure

to carve your own schedule and adhere to it religiously. It
becomes easier if you join a coaching program and have
scheduled classes. If you are struggling to follow the routine
vou have created, enlist parents or friends to help vou stick
Lo your schedule.

Repetitive syllabus : Picking up the same books and studying
the topics you have been studying in the previous years
may become tiresome. Don't forget that understanding and
grasping the topics well are the reasons vou are taking this
break. Stay focused. Don't let lethargy set in.

Bearing boredom : With no external routines such as school
or extracurriculars to follow, you may also be prone to
boredom. Online games or social media can be addictive
and may end up being a distraction. Cultivate healthy outlets
such as outdoor sports, reading or music.

Performance pressure : Don't get bogged down by curious
relatives, pressing parents or peers. Take it in vour stride.
Don't worry about things you cannot control. Remember:
Il the end result is not success, then at least you will have
the satisfaction of knowing it wasn't because you didn't try.

The burden of peers: Several of your [riends and schoolmates
may be joining colleges and moving on to other things.
Learning about their new colleges and exciting days may
waver your determination and induce fear of missing out.
This may cause unnecessary stress. Keep your focus on

vourself. Don't lose sight of the goal.

Mental health : All the above factors may contribute to your
mental stress. Falling a year behind your peers, missing out
on life in college with your peers, the vast syllabus, incessant
studving and the endless questions may lead vou to doubt
your own decision. It's natural. But you need to be strong
mentally.
Know this : The long vear ahead will throw up more
challenges but you must tower over self-doubts to conquer
what you sct out to do. We hope these pros and cons help you
in making a decision that’s best for you. Keep your eye on the
goal, everything else is a momentary distraction.
Disclaimer : The information provided in this article is of a
general nature and should not be considered a substitute for

*®

professional advice.
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*  This section contains FOUR (04) questions.

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

*  Foreach question, choose the correct option corresponding
to the correct answer.

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

Full Marks : +3 If ONLY the correct option is
chosen;

Lero Marks : 0 If none of the options is chosen
(i.e. the question is unanswered);

Negative Marks: -1 In all other cases.

1. The smallest division on the main scale of a Vernier
calipers is 0.1 cm. Ten divisions of the Vernier scale
correspond to nine divisions of the main scale. The
figure below on the left shows the reading of this
calipers with no gap between its two jaws. The figure
on the right shows the reading with a solid sphere
held between the jaws. The correct diameter of the
sphere is

0 Maici ciale 1 3 Main scale 4

‘ o o | L 11 | | | | | 11|
‘I|||||||| ‘IIII|IIII
0 Vernier scale 10 0 Vernier scale 10
(a) 3.07 cm (b) 3.11 cm

(c) 3.15cm (d) 3.17 cm

2. An ideal gas undergoes

a four step cycle as A 1
shown in the P-V pl A T d2
diagram. During this 4 =
cvcle, heat is absorbed > -

by the gas in
(a) steps 1 and 2
(c) steps 1 and 4

(b) steps 1 and 3
(d) steps 2 and 4

3. An extended object is placed at point O, 10 cm in
front of a convex lens L; and a concave lens L, is
placed 10 cm behind it, as shown in the figure. The

10
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radii of curvature of all the curved surfaces in both
the lenses are 20 cm. The refractive index of both
the lenses is 1.5. The total magnification of this lens

system is L, L
(a) 0.4 1
(b) 0.8 .
© 13 R V|

(d) 1.6 Vieem [

4. A heavy nucleus Q of halt-life 20 minutes undergoes
alpha-decay with probability of 60% and beta-decay
with probability of 40%. Initially, the number of Q
nuclei is 1000. The number of alpha-decays of Q in
the first one hour is

(a) 50 (b) 75 (c) 350 (d) 525

SECTION 2

This section contains THREE (03) question stems.
There are TWO (02) questions corresponding to each
question stem.

¢  The answer to each question is a NUMERICAL VALUE.

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

¢  Ifthe numerical value has more than two decimal places,
truncate/round-off the value to TWO decimal places.

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

10 ¢m

Full Marks : +2 If ONLY the correct numerical
value is entered at the
designated place

Zero Marks : 0 In all other cases.

Question Stem for Question Nos. 5 and 6
Question Stem
A projectile is thrown from a point O on the ground
at an angle 45° from the vertical and with a speed

5v2 ms~L. The projectile at the highest point of its
trajectory splits into two equal parts. One part falls
verfically down to the ground, 0.5 s after the splitting.
'The other part, f seconds after the splitting, falls to the
ground at a distance x meters from the point O. The

acceleration due to gravity g =10 m s~



5. 'The value of 1 is

6. The value of x is _

Question Stem for Question Nos, 7 and 8

Question Stem

In the circuit shown below, the switch § is connected
to position P for a long time so that the charge on
the capacitor becomes g, WC. Then § is switched to
position Q. After a long time, the charge on the capacitor
is g, MC.

5 e 20
= T AAAA A AN ———
P Q)
1 VT == H—F T 2V

7. The magnitude of q, is
8. 'The magnitude of g, is

Question Stem for Question Nos. 2 and 10

Question Stem
Iwo point charges -Q and

+% arc placed in the xy- i i

plane at the origin (0, 0) and
a point (2, 0), respectively,
as shown in the figure. This results in an equipotential
circle of radius R and potential V = 0 in the xy-plane

with its center at (b, 0). All lengths are measured in
meters.

9, 'lhe value of R is

10. The value of b is meter.

SECTION 3

*  This section contains SIX (06) questions.

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

*  Foreach question, choose the option(s) corresponding to
(all) the correct answer(s).

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

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

If all the four options are correct

but ONLY three options are

chosen;

If three or more options are

correct but ONLY two options

are chosen, both of which are
correct;

meter,

Partial Marks: +3

Partial Marks: +2

11.

12,

Partial Marks: +1 If two or more options are
correct but ONLY one option is
chosen and it is a correct option;
Zero Marks : 0 If unanswered;

Negative Marks: -2 In all other cases.

For example, in a question, if (a), (b) and (d) are the ONLY
three options corresponding to correct answers, then
choosing ONLY (a), (b) and (d) will get +4 marks;
choosing ONLY (a) and (b) will get +2 marks;

choosing ONLY (a) and (d) will get +2 marks;

choosing ONLY (b) and (d) will get +2 marks;

choosing ONLY (a) will get +1 mark;

choosing ONLY (b) will get +1 mark;

choosing ONLY (d) will get +1 mark;

choosing no option(s) (i.e. the question is unanswered)
will get 0 marks and choosing any other option(s) will
get —2 marks.

A horizontal force F is applied at
the center of mass of a cylindrical
object of mass m and radius R,
perpendicular to its axis as shown
in the figure. The coefficient of
friction between the object and the ground is W The
center of mass of the object has an acceleration a.
The acceleration due to gravity is g. Given that the
object rolls without slipping, which of the following

statement(s) is{are) correct?

(a) For the same F, the value of a does not depend
on whether the cylinder is solid or hollow.

(b) Forasolid cylinder, the maximum possible value
of a is 2.

(¢) The magnitude of the frictional force on the
object due to the ground is always umg.

(d) For a thin-walled hollow cylinder, a = F/2m.

A wide slab consisting of
two media

air
of refractive 1, .
indices n; and n, is placed

in air as shown in the

figure. A ray of light is

incident from medium #; to »; at an angle 8, where

sinf is slightly larger than 1/n;. Take refractive index

of air as 1. Which of the following statement(s)

is(are) correct?

(a) The light ray enters air it n, = n;.

(b) The light ray is finally reflected back into the
medium of refractive index n if n, < n,.

(¢) 'The light ray is finally reflected back into the
medium of refractive index »y if 15 > ny.

(d) The light ray is reflected back into the medium
of refractive index », if n, = 1.
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14.

12

A particle of mass M = 0.2 kg is initially at rest
in the xy-plane at a point (x = -, y = —h), where
[ =10 m and i = 1 m. The particle is accelerated
at time t = 0 with a constant acceleration
a=10ms?> along the positive x-direction. Its
angular momentum and torque with respect to

the origin, in SI units, are represented by L and 7,
AOA M
respectively. i, j and k are unit vectors along

the positive x, y and z-directions, respectively. If
."‘- .l'l'n. -"‘-

k=ixj then which of the following statement(s)

is{are) correct?

(a) 'lhe particle arrives at the point (x =1, y =
attime t = 2 s,

~h)

(b) ’I‘ZEE when the particle passes through the
point (x = [, y = —h).

=4 M
(c) L=4k when the particle passes through the
point (x =, y = -h).

(d) T=k when the particle passes through the point
(x=0, y=-h).

Which of the following statement(s) is(are) correct

about the spectrum of hydrogen atom?

(a) Theratio of the longest wavelength to the shortest
wavelength in Balmer series is 9/5.

(b) There is an overlap between the wavelength
ranges of Balmer and Paschen series.

(¢) The wavelengths of Lyman series are given by

1 ].
[] = }*’Lﬂ , where A is the shortest wavelength
m

of Lyman series and m is an integer.
(d) The wavelength ranges of Lyman and Balmer
series do not overlap.

. A lung siraighl wire carries a current, I = 2 ampere.

A semi-circular conducting rod is placed beside it
on two conducting parallel rails of negligible
resistance. Both the rails are parallel to the wire. The
wire, the rod and the rails lie in the same horizontal
plane, as shown in the figure. Two ends of the semi-
circular rod are at distances 1 cm and 4 cm from the
wire. At time f = 0, the rod starts moving on the rails
with a speed v = 3.0 m s~

(see the figure). : T
A resistor R =1.4 € and a ; m
capacitor ¢; = 5.0 UF are

connected in series between

Cin
the rails. At time t = 0, G T
is uncharged. Which of | .
the following statement(s) ]

is(are) correct?

PHYSICS FOR YOU | MOVEMBER ‘21

16.

[ = 47 x 107 SI units. Take In2 = 0.7]

(a) Maximum current through R is 1.2 x10 0
ampere.

(b) Maximum current through R is 3.8 x 107°
ampere.

(c) Maximum charge on capacitor C, is 8.4 x 107"
coulomb.

(d) Maximum charge on capacitor Cj is 2.4 x10 e
coulomb.

A cylindrical tube, with its base

as shown in the figure, is filled

with water. It is moving down

with a constant acceleration

a along a fixed inclined plane

with angle 6 = 45°. P, and P,

are pressures at points 1 and 2,

id

respectively, located at the base 1 \‘2
P —p 6 =45°
of the tube. Lel ﬁ:g ;
pgd

where p is density of water, d is the inner diameter
of the tube and g is the acceleration due to gravity.
Which of the following statement(s) is(are) correct?

(b) B> 0when a= &

\2

(a) p=0when a= £

V2
JE—[ g

-../2 when a= E
@ p=—

il B=

when a= £

This section contains THREE (03) questions.

The answer to each question is a NON-NEGATIVE
INTEGER.

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

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

Full Marks : +4 If ONLY the correct integer is
entered;
Zero Marks : 0 In all other cases.

. An d-particle (mass 4 amu) and a singly charged

sulfur ion (mass 32 amu) are initially at rest. They
are accelerated through a potential V and then
allowed to pass into a region of uniform magnetic
field which is normal to the velocities of the
particles. Within this region, the o-particle and the
sulfur ion move in circular orbits of radii r,, and ry,
respectively. The ratio (r/r,)is .



18. A thin rod of mass M

and length a is free to L M 10
rotate in horizontal plane M
about a fixed vertical axis |{ = >

passing through point L

0. A thin circular disc of mass M and of radius a/4
is pivoted on this rod with its center at a distance a/4
from the free end so that it can rotate freely about
its vertical axis, as shown in the figure. Assume that
both the rod and the disc have uniform density
and they remain horizontal during the motion. An
outside stationary observer finds the rod rotating
with an angular velocity € and the disc rotating
about its vertical axis with angular velocity 4€2. The

PAPER - 1i

1his section contains 51X (06) questions.

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

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

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

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

If all the four options are
correct but ONLY three options
are chosen;

If three or more options are
correct but ONLY two options are
chosen, both of which are correct;
If two or more options are
correct but ONLY one option is
chosen and it is a correct option;
Zero Marks : 0 If unanswered,;

Negative Marks: -2 In all other cases.

For example, in a question, if (a), (b) and (d) are the
ONLY three options corresponding to correct answers, then
choosing ONLY (a), (b) and (d) will get +4 marks;
choosing ONLY (a) and (b) will get +2 marks;

choosing ONLY (a) and (d) will get +2 marks;

choosing ONLY (b) and (d) will get +2 marks;

choosing ONLY (a) will get +1 mark;

choosing ONLY (b) will get +1 mark;

choosing ONLY (d) will get +1 mark;

choosing no option(s) (i.e. the question is unanswered)
will get 0 marks and choosing any other option(s) will
gel -2 marks.

Partial Marks: +3

Partial Marks: +2

Partial Marks:  +1

One end of a horizontal uniform beam of weight W
and length L is hinged on a vertical wall at point O
and its other end is supported by a light inextensible
rope. The other end of the rope

r

total angular momentum of the system about the

Ma*Q
48

point O is n. The value of n is

. A small object is placed at the center of a large

evacuated hollow spherical container. Assume that
the container is maintained at 0 K. At time ¢ = 0, the
temperature of the object is 200 K. The temperature
of the object becomes 100 K at t = £; and 50 K at
t = t,. Assume the object and the container to be
ideal black bodies. The heat capacity of the object
does not depend on temperature. The ratio

is . _Ii

is fixed at point Q, at a
height I above the hinge
at point O. A block of
weight W is attached at L
the point P of the beam,
as shown in the figure
(not to scale). The rope
can sustain a maximum

2v2) W,

Which of the following statement(s) is(are) correct?

(a) The vertical component of reaction force at O
does not depend on «.

(b) The horizontal component of reaction force at
O is equal to W for ot = 0.5

(c) The tension in the rope is 2W for ot = 0.5

(d) The rope breaks if & > 1.5

lension  of

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(s) of u and f,, will the
sound reaching the pipe lead to a resonance?

(a) u=08vandf,=f; (b) u=0.8vand f, = 2f,
(c) u=0.8vand [, =0.5f;
(d) u=0.5vand f, = 1.5,
For a prism of prism angle
0 = 60° the refractive
indices of the left hall
and the right half are,
respectively, n; and n,
(n, = n;) as shown in

the figure. The angle of

PHYSICS FOR YOU | MOVEMBER 21
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incidence i is chosen such that the incident

light rays will have minimum deviation if

ny = ny = n = L5 For the case of unequal

refractive indices, n; = » and n, = n + An (where

An << n), the angle of emergence e = i + Ae. Which

of the following statement(s) is(are) correct?

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

(b) Aeis proportional to An.

(c) Ae lies between 2.0 and 3.0 milliradians, if
An=2.8x107"

(d) Ae lies between 1.0 and 1.6 milliradians, if
An=28x107"

A physical quantity § is defined as § = BH where

Ug
E is electric field, B is magnetic field and p, is

the permeability of free space. The dimensions of

S are the same as the dimensions of which of the
following quantity(ies) ?

Energy Force
(a) Charge x Current Length = Time
Enerey Power
(c) ,—g} (d)
Volume Area

A heavy nucleus N, at rest, undergoes fission
N — P+ Q, where P and Q are two lighter nuclei.
Let & = M,y - Mp - M, where Mp, M, and My are
the masses of P, Q and N respectively. Ep and E
are the kinetic energies of P and Q respectively.
The speeds of P and Q are vp and v,, respectively.
If ¢ is the speed of light, which of the following
statement(s) is(are) correct?

(a) Ep+ Eq=c"d

M
(b) Ep= P P
JMP - J'WQ

Vg Mg
(@) =

FQ Wip
(d) The magnitude of momentum for P as well as

.a'-"-ff f'lf.f
. P40
Q15 4210, where L=
z My + M)

Two concentric circular vA
loops, one of radius R and
the other of radius 2R, lie in I>
the xy-plane with the origin TR
as their common center, as 8) X
shown in the figure. The 2R

smaller loop carries current
I, in the anti-clockwise direction and the larger

PHYSICS FOR YOU | MOVEMBER 21

loop carries current I, in the clockwise direction,

with I, > 21,. B (x, ¥) denotes the magnelic field at

a point (x, y) in the xy-plane. Which of the following

statement(s) is(are) correct?

(a) B(x, y) is perpendicular to the xy-plane at any
point in the plane.

(b) | B(x, y)| depends on x and y only through the

radial distance r=+/x* + }J‘E :
(c) EB (x, ¥}| is non-zero at all points for r < R.

(d) B(x, ¥) points normally outward from the xy-
planc for all the points between the two loops.

SECTION 2

This section contains THREE (03) question stems.
There are TWO (02) questions corresponding to each
question stem.

Lhe answer to each question is a NUMERICAL VALUE,
For each question, enter the correct numerical value
corresponding to the answer in the designated place
using the mouse and the on-screen virtual numeric
keypad.

If the numerical value has more than two decimal
places, truncate/round-off the value to TWO decimal
places.

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

Full Marks : +2 If ONLY the correct numerical
value is entered at the
designated place

Zero Marks : 0 In all other cases.

Question Stem for Question Nos. 7 and 8

Question Stem

A soft plastic bottle, filled with water of
density 1 gm :.:c._l, carriesan inverted glass
test-tube with some air (ideal gas) trapped
as shown in the figure. The test-tube has
a mass of 5 gm, and it is made of a thick
glass of density 2.5 gm cc d Initially the
bottle is sealed at atmospheric pressure
po = 10° Pa so that the volume of the
trapped air is vy = 3.3 cc. When the bottle
is squeezed from outside at constant
temperature, the pressure inside rises and

the volume of the trapped air reduces. It is found that
the test tube begins to sink at pressure py + Ap without
changing its orientation. At this pressure, the volume of
the trapped air is v, — Aw.

LetAv=Xccand Ap=Y x 10° Pa.

7. The value of X is ,

8. The value of Yis



Question Stem for Question Nos. 9 and 10

Question Stem

A pendulum consists of a bob of mass m = 0.1 kg and
a massless inextensible string of length L = 1.0 m. It
is suspended from a fixed point at height H = 0.9 m
above a frictionless horizontal floor. Initially, the bob
of the pendulum is lying on the floor at rest vertically
below the point of suspension. A horizontal impulse
P=02kgms " isimparted to the bob at some instant.
After the bob slides for some distance, the string becomes
taut and the bob lifts off the floor. The magnitude of the
angular momentum of the pendulum about the point
of suspension just before the bob lifts off is ] kg m g
The kinetic energy of the pendulum just after the lift-off
is K Joules.

9. 'lhe value of ] is .
10, The value of K is 1

Question Stem for Question Nos. 11 and 12

Question Stem

In a circuit, a metal filament lamp is connected in series
with a capacitor of capacitance C UF across a 200 V,
50 Hz supply. The power consumed by the lamp is
500 W while the voltage drop across it is 100 V. Assume
that there is no inductive load in the circuit. Take rms
values of the voltages. The magnitude of the phase-angle
(in degrees) between the current and the supply voltage

is Q0. Assume TI:\E = 5,
11. The value of C is .

12. The value of ¢ is ;

®  This section contains TWO (02) paragraphs. Based on
each paragraph, there are TWO (02) questions.

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

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

*  Answer to each question will be evaluated according to
the following marking scheme:
Full Marks : +3 If ONLY the correct oplion is

chosen:

If none of the options is

chosen (i.e. the question is

unanswered);

In all other cases.

Zero Marks : 0

Negative Marks: -1

Paragraph-1
A special metal S conducts electricity

»
without any resistance. A closed __® ....... e
wire loop, made of S, does not allow i :
any change in flux through itself <7

by inducing a suitable current to generate a compensating
flux. The induced current in the loop cannot decay due to
its zero resistance. This current gives rise to a magnetic
moment which in turn repels the source of magnetic
field or flux. Consider such a loop, of radius a, with its
center at the origin. A magnetic dipole of moment m
is brought along the axis of this loop from infinity to
a point at distance r (>> a) from the center of the loop
with its north pole always facing the loop, as shown in

the figure below.
The magnitude of magnetic field of a dipole m, at a

point on its axis at distance r, is Py e , where U, is the
2T 43

permeability of free space. The magnitude of the force

between two magnetic dipoles with moments, m, and

m,, separated by a distance r on the common axis, with

ﬁ;ml 115

their north poles facing each other, is , where k

4
.

is a constant ol appropriate dimensions. The direction

of this force is along the line joining the two dipoles.

13. When the dipole m is placed at a distance r from
the center of the loop (as shown in the figure), the
current induced in the loop will be proportional to

2 2
@Z ®5F ©@5 (@
r r r? 5

14. The work done in bringing the dipole from infinity
to a distance r from the center of the loop by the
given process is proportional to

2 2 2
@ = = ©= @=
r r r r

ey

Paragraph-2
A thermally insulating
cylinder has a thermally
insulating and frictionless
movable partition in the
middle, as shown in the
figure below. On each side of the partition, there is
one mole of an ideal gas, with specific heat at constant
volume, Cy = 2R. Here, R is the gas constant. Initially,

each side has a volume V,, and temperature T;,. The left
side has an electric heater, which is turned on at very
low power to transfer heat Q to the gas on the left side.
As a result the partition moves slowly towards the right
reducing the right side volume to V/2. Consequently,
the gas temperatures on the left and the right sides
become T; and Ty, respectively. Ignore the changes
in the temperatures of the cylinder, heater and the
partition.
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15. The value of 1T3/1}; is
(a) 2 (b) V3
16. The value of Q/RT} is
(a) 4(2N2+1) (b) 4(2v2-1)
(€) (5v2+1) (d) (5v2-1)

This section contains THREE (03) questions.

The answer to each question is a NON-NEGATIVE
INTEGER.

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

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

{c)a (d) 3

Full Marks : +4 If ONLY the correct integer is
entered:
Zero Marks : 0 In all other cases.

17. In order to measure

the internal resistance E |-F~1~—

ry of a celll of emf E., a Hf?w@y

meter bridge of wire x
jl &

resistance Ry = 50 Q,

a resistance Ry/2, another cell of emf E/2 (internal
resistance r) and a galvanometer G are used in a
circuit, as shown in figure. If the null point is found
at [ =72 cm, then the value ot r;=__ €,

18. The distance between two stars of masses 3M and
6Mgis 9R. Here R is the mean distance between the
centers of the Earth and the Sun, and M is the mass
of the Sun. The two stars orbit around their common
center of mass in circular orbits with period nT,
where T is the period ol Earth’s revolution around

the Sun. The value of n is

19. In a photoemission experiment, the maximum
kinetic energies of photoelectrons from metals P,
Q and R are Ep, Ej and Ep respectively, and they
are related by Ep = 2E; = 2Ey. In this experiment,
the same source of monochromatic light is used
for metals P and @ while a different source of
monochromatic light is used for the metal R. The
work functions for metals P, Q and R are 4.0 eV,
4.5 eV and 5.5 eV, respectively. The energy of the

incident photon used for metal R, in eV, is

SOLUTIONS

PAPER - |

1. (c) : Smallest division on Main scale = 0.1 cm

10 div on V.§ = 9 div on M.S

10 VSD = 9 MSD

1 V5D =9/10 MSD =5/10 x 0.1 cm

Least count L.C. = 1 MSD - 1 VSD

= MSD - 9/10 MSD = 1/10 x 0.1 = 0.01 cm

Main scale reading MSR = 3.1 ¢cm

n = (division coincide) = 1

ZETO €rror is negative zero error as vernier scale is on

left of 0 of main scale.

Zero error = =(10 - 6) x L.C = -4 x 0.01 = - 0.04 cm
Reading = MSR + n x LC - Zero error
=31+ 1x0.01-(-004)=3.15cm

2. (c) : During process 1, pressure A

is constant, volume increases, so 1}
temperature also increases. P4 5 2
S50, AW = +ve, AU = +ve E
So, by first law of thermodynamics T -

AQ =AW + AU

AQ = +ve (heat is absorbed by the gas)

During process 2, volume is constant and pressure
decreases so temperature also decreases.

16

PHYSICS FOR YOU | MOVEMBER 21

W=|pdv=0

AT is negative. So, AU = -ve

AQ=AU+ AW

AQ = —ve so heat is rejected by gas

During process 3, pressure constant, volume decreases,
temperature also decreases.

So, AU = —ve, AW = —ve

Heat is rejected by gas.

During process 4, volume is constant, pressure increases
and hence temperature increases.

S0, AW =0, AU = +ve

AQ = AU + AW = +ve, heat is absorbed by gas

3. (b):Forlens L;:

Ri=20cm; & =-20cm;u=15

Let the focal length is f,.

1 11

—=(-D| o

ik (Rl Rz]
i,:u.s—u[i—i]ﬂjxi
r 20 —20 20
fi =20 cm

Forlens Ly Ry =-20cm; By, =20 cm; p= 1.5
Let the focal length is f5.



. . 1 ) The time of motion for first part to reach to maximum
—:{115—1){ — ]:—[L:”.-:x:— , T 1
5 (—20) 20 20 height | =E= E =055
fr=-20cm Using conservation of momentum along x-axis,
Forlens Lyt u=-10cm; fy=20cm; v =7 ImXS5=mxv+mx0
1 1 1 1 v=10m s
;= 20 10 =_ﬁ Displacement of other part in 0.5 s along x-axis
v o =20 $,=10xt=10x05=5m
v=-20cm ; m, =; =—_l[l= 2 Total distance of second part from O is,
For lens L,: I:E+E+E:3E ‘ IZB}{E:?:_}m
u'=-30cm;f=-20cm;v'=7% 2 L A 2 .
1 1 1 1 -1 1 7. (1.33)
20 v 30 + 20 30 8. (0.67) : When the switch S is closed at P.
Y _12 2 Let the current from dominant battery 2V is i;.
v=-12cm ; m=—=——=-— Using KVL, ;
W 30 5 , AN e
5 % (I o : B T
so, total magnification mm, = 2}-:;: % =i[:8 +2-2i=V,4 v L r?n:':;: 2 oA .
4. (d):Half life, Ty;» = 20 min z'_:]:_l?;‘a_ E. 5 ! }fl

Given : Alpha decay = 60%, Beta decay = 40%
[nitial amount N, = 1000
Time, t = 1 hr = 60 min

Now, V, -1 xi -1=Vy
Va-Vp=1+i;,=1+1/3=4/3V
So, potential difference across capacitor, AV =4/3 V

In2 In2
The decay constant is }, = = s e 4 4 2
) T 20 q; = C. AV = ]}i§=§u@=1,33 e
Using the formula of radioactivity for o decay, When the switch closed at Q
B2, e Using KVL .
£ N ) g ¥ ¥
N=Nje™;N=600 ¢ 2 Vy—1 %3+ 2= 2= V, [t e
d = Al
~ -3 315=72 i
N =600 ¢ "% = 600 ¢’ i = 23A == =1F [o¥
N=@=?5 And V, - i, x 1 = Vy
& 2 i
so, number of a decays = 600 - 75 = 525 A= Vp=3V
5. (0.5) P.d across capacitor, AV :EV
=Y . : . 2
6. (7.5) : The horizontal e, g, = CAV =1x==0.67 uC
range _ 3
; 5 9. (1.73)
u, u, 457 . . :
R= : 0 g=10ms " 10. (3) : Let there is a point P on the circle.
] The potential at P is zero.
2% 5/2 cos 45° X 54/2 sin 45°
a 10) B,
R= 5 {{]—E] e
. 2u, 2x5y2sind5° ’
The time of flight is, T=—== =1s
[ 10
K(— K 3
So, [ Q]+ th’_:ﬂ
N r
Q Q

— =

2+ BJa-2?+y?)
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=% 3{1—2]2+3y2=x2+f;3{x2+4—4x]+3f=x2+f

= (x-3)" + y2=(~f5]'2
So, R= 3 =173;b=3
11. (b,d) : Here, fis the friction force and « is the
angular acceleration.

Using Newton’s second law,
F-f=ma

T=Rxf=10

a = Ro

()
.+ (i)
....(iii)
So, F—I- %=mﬂ;f’=ma+ ~

I a
R R

Now for hollow cylinder,
I=mR’
F
s0, a=—— and f < pmg
2m F
2
la mgR
—%{umgzﬁﬁi“ 8

e

i
;a < 2ug

".!'
mR-

2
S0 maximum value of acceleration is 2 pg

12. (b,c,d)

13. (a,b,c) : Mass, M=0.2kg (x=-I y=-h)
[=10m:h=1m:;a=10ms >

~

For solid cylinder, T=

Vector r, ==j
’ | Yo
S=uft+-—at®

2

1
2u=U+5x1uﬁ

=25

Torque at B, T, =7 X F
T: :+1U;:—:i
F=md=02x10i=2i
EGZ(IUE—}}}{{EE]:ZE s Ty =Tg X p=Fy Xxmip
Ty =Ty Xm(u+at)=rz xm(ax2)

o

T =ﬂ-2(1[’¥—j] x2x10i ; Tp =4k
Torque at A, (0, -1), T, =7, X F—= (—)=(2i) =2k

14. (a, d) : (A) For Balmer series,
ni=2, =345 .0

18
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for longest wavelength, n, =2, n, = 3

Let Ay is longest wavelength and Ay, is shortest
wavelength

for shortest wavelength, n; = 2, n, = =

1 | Rx5
w1

2 3P| 35
- 36 |
"'I"'nmx: E ,..{1]
1 1 1 R i 4
S R 2_3_; 1 = "'“m'm:ﬁ ...(ii)
1111
mJRMHZSEKR:E
}"’min 2K x4 >
; 36
(B) A longest of Balmer =

A shortest for Paschen, n; = 3, n, = w

1 1 1
‘;I'“:-:Imr'te.':t 9 oo

9
A shortest for Paschen = E
So, they do not overlap.
. —— | |
(C) For lyman series, —=R|———
I ©
1 1 1{ 1} 1
Also, —=R = —= I—— 1 5 4 0
b Aohol o om 1-1/m’

(D) A longest for lyman
1 _R[l 1]_3R
;I""n'ﬂrzge:sr l‘l 22 4
A longest for lyman = — ; A shortest for Balmer =—
3R R
So, they do not overlap.
15. (a,c) : Current I = 2A
Speed, v=3m 57!
Resistance, R = 1.4 L) ; C; = 5uF
The induced emf across the semi circular rod is

4 Wad IV pd]
e ”—“vdrz“n —-dr
1 27y Ix ‘1l r
RE _ IV iv In2
=P B g iy o PO TEHE
2T 2T T
4T x107 x2x3%0.7 _
E= =24%xT7x10°%V
TT
E 24x7x107° :
i == —1.2%107°A
e T 1.4

Quax=Cof =24 x7 X% 10%%x5%x10°%=84%1012C



16. (a,c): B = 45°
_h-Fh
P gcf
The component of acceleration
along downward is a sin 45°.
So, P, - Py = plg - a sin 45%)d
Py —Py=pasind45® xd
2a

Als , Py - Py = d B
50, Py 2= P [3 \/E—|
pl_pEZ{l_E]:ﬁ
pgd g
When, f=0 = 1=\Eﬂf.§{ ; ﬂzgfﬂ.ﬁ

\E—l g
2

(given)

If B=- -, then a="
b 2

17. (4) : Mass on o-particle, m, = 4 amu
Mass on sulphur ion, m, = 32 amu

Potential = V

2 £ 1 5 qu
I'he KE is given by, =;p° =qv = v=,|—
i

Let the radius is r.

\J2mgV -4 \jzm‘l«’

v
= —

B

Bqg qB q
50, 5 = E.qi=,|lgxg; i=4
I, My q, 4 1

18. (49) : Mass of rod = Mass of disc = m

Angular velocity of rod = £2

Angular velocity of disc

=4Q s .
2 M

Radius of disc, R = a/4 C)" =

M
Angular momentum of ¢ .

system, T Iﬁ}:
L = (I€2)Raq + (182) 45 e
L= M| 2] |Q+—22 40
3 1 2
L= E Ma’Q
- Ma’Q
By comparing with L= T, M,

we get n = 49,
19. (9) : Temperature of container = 0 K
Temperature of object = 200 K
According to the Newton's law and stefan's law
msd T

dt

CAT* =-

where, s is the spcciﬁc heat and A is area, 7 is stefan's
constant

i ) 100
1010 - |

I i_:J "fedt s {—3] =kt
200 T4 0 3T° bgg

. _1[ 1 1 } _
7311000 200° ()

Similarly,

1| 1 1
krE:_[ 3 G -i} ...{ii}
31507 200

From equation (i) and (ii),
1 1
L, 50° 200° _ (2{]{]3 —5(13} %
foo 1 1 (200°-100°) 50°
1007 200

3
100 f_.:,-
rl

=9

PAPER - 1l

1. (a,b,d):Max. tension Q
in rope T = ENE W

Free body diagram of rope

Balance the forces along x O
and y-axis

oW

R,
R L I l

T )
R_T =Tcos45" =— (1)

J2

R,+ Tsind5° = W+aW; R + L Wiraw

ﬁ {ii)

Take the moments about O.

!
W x = + WL =Tsin45°x L

(W
= N‘E (?-l- IIW]
Take the moments about P

I W
=W—-= —
R,L=W 5 R}. :

When tension is maximum, T = j s

..(1ii)

W
From equation (iii), 2v2 W =2 (? + &W]

/
— 2aw=w2 |2

|
—+CI'.'.] — 2—£=C€. = 0=
I 1

2
W
R, =—=-—x42 —+n:xW]

I I R W

3
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Ifoe=0.5

HT=E+L‘I.5W:W
*2

2. (a,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

(b) u=08vf=fp; f=2.f.;.[ﬁ]=mfh

(c) f=u=08v,f=05f; f=05 f, [ﬁ}:lﬁ £

v—0.8v

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

(d) u=08uf=15f; f=15F, (L]ﬂﬁ,

present. So option (a) and (d) is correct.
3. (b,):06=060°

Use Snell's law at P H

1 x sin i = ny sin 6/2 . P Q.

sin i = 1, sin 30° o I T T £
i B () Gl

sinf=—=—
2 4

n=n,=n=15

Use Snell's law at Q

n;sin 30°=1xsine 3
Differentiate both sides i
dn = sin 30° = de (cone) N7

dan

2cos¢e

de =

dnx4

ie : dn
de = =
2x7 7

So,de<dn. lfdn=28x 17

=
2.8x10 " x2
de = =2.11mrad
J7
.. E#%B
4, (bd): 5=
Hy

S denotes flow of energy per unit area per unit time.
Watt  ML* T~

: . =[MT ]
m TL

Dim.of S =

@ PHYSICS FOR YOU | HOVEMBLER 71

=)
S 25 Force _ [MLT ~]

Length x Time AT

22
ML™T .
Dim. of ! z ]Z[MT ]

Area ['T][L]
So the correct option is (b) and (d).
5 (axd):N—P+Q
The amount of energy released in the reaction is
E=(My-Mp-Mg)C’ =8C
This energy is redistributed in the form of KE of Pand Q.

— [MT ]

(given)

Ep+ Eq=0C (1)
Use the conservation of momentum
MPFP = MQFQ
vp _ Mg ..(ii)
Vo Mp p2
The relation of KE and momentum is, KE =—
2
MQ 5
So, Ep = C%8 (i)
M'“ -+ Mq
2 2
p P )
From egn. (i), + =6
EM'F EM'Q
2
P {‘;lHQ +""IH:P) = 3
MM 2
P Q P
Now i.l, = ﬂg‘ —_— a(-_:z = P = L\EIEJJ—EI

pr ‘l“anlr’f[g i 2_“_
So option (a), (c) and (d) are correct.

6. (a,b): (a) From Biot Savart's law,

| idl x7
dB = Po

a3

Here, dl is in x-y plane
and 7 also in xy plane.
(b) Due to the symmetry,
it depends on r.

r= ml'x2 + }'2

(c) The magnetic field at centre due to current I, is

B — Woly Mol
L= =
2R, 2R
I I
and due to current I, is, B, = B s Mo £o
3 2R, 4R
So, net magnetic field is zero somewhere between the

loops.

(d) The net direction of magnetic field depends on the
value of B; and B..

S0, it is not sure.



7. (0.3)

8. (10) : Mass of tube, m = 5 gm.

Density of water, p =1 gm cc
Density of glass, = 2.5 gm cc L.
Atmospheric pressure, P, = 10° Pa
Volume of trapped air, vy = 3.3 cc
AV=Xce AP =Y x 10° Pa
When bottle is sinking :

Buoyant force, Fy = mg

P Vot Vi) =m

Eaa

12+ Vi) =5 = V=3 cc.

So, AV=V,- Vgﬁs =33=3=03cc
50, X =0.3

For isothermal process,

Pl I'{};’1 == PEVPE

10°x33=P,x3 = P,=11x10
Now, AP =P, - P, = (1.1 - 1) x 10° = 0.1 x 10°

AP =10 % 10° Pascal : Y = 10
9. (0.18)

10. (0.16) : Mass of bob, m = 0.1 kg

Length of string, L =1 m

Height of point of suspension, H = 0.9 m
Horizontal impulse, P=0.2 kg m s~

mg

Angular momentum, J=Lx P=0.9 x 0.2
=0.18kgm’s”

So, J=0.18

When the string is tight, the velocity along the string

18 Zero,
So, mv, = Pcos 0

PcosB (0.9
1"'1 = = [}‘2 =,
) 1x0.1

1
So, kinetic energy, K = g mvf : K=0.162)

So, K=10.162
11. (100)
12. (60) : Capacitance, C uF;

"uf'nltage, V =200 V; Frequency = 50 Hz.

Power consumed, P =500 W
Voltage drop = 100 V

= vy=18ms

[C 3009
-
100V
=
L
200V, 50 Hz
: .
J["‘1':'113 = VC T "'H
200° = V.2 + 100
c=100V3V (1)
V- 100./3
tan = —= = (:ﬁzﬂbzﬁﬂ”
Ve 100
2
E: 1
P=E s L COS o= e
200200 1
500 = 3 —
Zz 2
200 = 100 R 1
L=———-—-=408) ; cosPp=—=—
500 5 2

R 1
S =— = R=20Q; Z=JR2+ X2
40 2 c

10 =20° + X2 = X~ =203

1
=X, =203
mC

) 1 1
(

0= = =107"F =100 uF
EUVEHETE}{S[} 20%2x5x50

13. (a) : The magnetic fluxis ¢ = Li
where L is self inductance.

= = = 3 X Ta
L L 2mr- L
m
I o= _3
5 il mm’a’
14. (c) :Now ' =ima” =2 :
27r- L
kmm'  k-mxp, mn-a’
Force, F= = =
r 2r’ L
2 2
m m
Foc— = %’nr]{:‘[F-drm‘[—T-dr
g re
2 2
m- (—6) ah!
Work =< = Work =
6 6
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15. (a):No.ofmoles=1; Cy=2R
Heat transfer = QQ

V
Volume of right side = e

2
Initially the volume and temperature on both the

chambers is Vi, T,

, 3V, U
Finally, V; =—,V, =—
2 2 L fffff/‘ffﬁ_
Cl_.r :i: ER = o Erﬂfzj‘:
T—l -{L TI{
; A 1/
-1=05= y=—
T T 5

: AT ~ Yk Yl
As the process is adiabatic so, INA =T Wy
1

T J&
']'h:—R ; —Rzﬁ

2 Ty
vy Y .
16. (b): Now, P f =PV,
P=pP,27" ]
PV BV,

3
= T, =22 x 2T, =32 T,
I 1 2

Q: HCF.&I] + HC'L?'.&]EE
Q=1x2R(3V2 —1) Ty +1x2R(2 - )T,
%zzﬁﬁ—zuﬁ—z =82 —4=4(242-1)

"El]
17. (3) : Resistance of remaining length = 0.28 R,

So, by ohm's law i [%-{-G.EE Rﬂ)zg
I IE Fy 0 RE..‘IE
|1
E/2 r
i | -
- -
Ry
E E E
i X078 Ry == ; i= -
2 ZH{].?BRG 3

r = 0.06 Ry=0.06 X 50;7 =3 Q
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3
R

18. (9) : The time period of satellite is T =21 =

"
where, M is mass of planet and R is distance.
For earth, T'=2m ..{ii)

. 9R)’
For binary for, n-T=2n OR)
G(3Mg+6Ms)
3/2
nx2m D= L o 9
J9

19. (ﬁ'} . EP = EEQ = EER
Op=4eV;iPg=45eV;0p=55eV
For metal Pand Q
‘El " '51 = .Ep
Let E, is incident energy, E; - 4.5 = E
Here, Ep = 2Eg
So, E, - 4 = 2(E, - 4.5)
Ei=5eV;Ep=1eV;Eq=Eg=05eV
For R : Let incident energy is E,
F,-55=05=F,=6¢eV
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SECTIUN-A {MULTIFLE CHOICE QUESTIONS)

The temperature of an ideal gas in 3-dimensions is
300 K. The corresponding de-Broglie wavelength of
the electron approximately at 300 K, is

[m, = mass of electron = 9 x 107" kg,

h = Planclk’s constant = 6.6 x 10 34] S,

kr = Boltzmann constant = 1.38 x 1072 ] l{_ll

(a) 2.26 nm (b) 3.25 nm

(c) 8.46 nm (d) 6.26 nm

A block of mass m slides on
the wooden wedge, which
in turn slides backward on

the horizontal surface. The
acceleration of the block
with respect to the wedge is Given m =
M=16kg

Assume all the surfaces shown in the figure to be

8 kg,

frictionless.

i 4 =
)+ g @ 8

The ranges and heights for two projectiles projected

@ g © £
3 2

with the same initial velocity at angles 42° and

48° with the horizontal are R,, R, and H,, H,

respectively. Choose the correct option.

(a) Ry=R,and H;=H, (b)R,=R,and H,<H,

(c) Ry>R,and H=H, (d)R;<R,and H, <H,

A cube is placed inside an electric field, E =150y ].
The side of the cube is 0.5 m and is placed in the
field as shown in the given figure. The charge inside
the cube is

e

i

b i

5

(b) 3.8x 107! C
(d) 8.3 x m'i*c

(a) 8.3x 1071 C
(c) 3.8%1071%2C

Due to cold weather a 1 m water pipe of cross-
sectional area 1 cm? is filled with ice at 10 °C.
Resistive heating is used to melt the ice. Current of
0.5 A is passed through 4 k€2 resistance. Assuming
that all the heat produced is used for melting, what
is the minimum time required ? (Given latent
heat of fusion for water/ice = 3.33 x 10° | kg,
specific heat of ice = 2 x 107 ] kg 1 and density of
ice = 10° kg m_3}

(a) 3.53s (b) 0.353s (c) 35.3s (d) 70.6s

A student determined Young’s Modulus of elasticity
Mgl
 4bd 5
taken to be 9.8 m s, without any significant error,
his observation are as following.

using the formula ¥V =

. The value of g is

Physical Least count of the Observed
Quantity Equipment used for  Value
measurement

Mass (M) lg 2kg
Length of bar (L) 1 mm Im
Breadth of bar (b) 0.1 mm 4 cm
Thickness of bar (d)  0.01l mm 0.4 cm
Depression (0) 0.01 mm 5mm

Then the fractional error in the measurement of Y is
(a) 0.155 (b) 0.0083 (c) 0.083 (d) 0.0155

: 20
For the given A
circuitthe current
i through the
battery

0.>mH{=0.2 H

when the

key is closed and ;T 30
the steady state
has been reached
is ; e

(a) 10A (b) 6 A (c) 25 A

30 30

(d) O A
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8.

10.

11.

24

Following plots show Magnetization (M) s
Magnetising field (H) and magnetic susceptibility
(x) vs Temperature (1) graph.

M M

(A)

JE l

(C) ——»

Which of the following combination will be
represented by a diamagnetic material?

(a) (B), (C) (b) (B), (D)

(c) (A), (D) (d) (A), (C)

A square loop of side 20 cm and resistance 1 € is
moved towards right with a constant speed v;. The
right arm of the loop is in a uniform magnetic field
of 5 T. The field is perpendicular to the plane of the
loop and is going into it. The loop is connected to a
network of resistors each of value 4 . What should
be the value of v; so that a steady current of 2 mA
flows in the loop?

G e S e O I e N
M N e e S el
b, G, S e e S e 4
b S S k| R e, ik o
b R R | R A i o
R A R A (I
koA SO R R AR s o [ 4
R e e )
N S e T
P 2 WM OWOoE oMW N X
bt S R e e oo
D M oM M M oE ME X
l_')( b i P Gl e pE i o [ o
T
—_— X W M KON KX XM
¥
oy, -1 ]
(a) 107" cm s (b) 1 cms
(c) 1m s 1 (d) 10°ms !
A mass of 5 kg is
E ]_|:|. .................................
connected to a Spring. T
The potential energy _
curve of the simple =7
harmonic motion .
executed by the system 0 g i
A 1) —

is shown in the figure.
A simple pendulum of length 4 m has the same
period of oscillation as the spring system. What is
the value of acceleration due to gravity on the planet
where these experiments are performed ?

(a) 4m 572 (b) 9.8 m s72

{c)5m52 (d) 10ms *

The half life period of a radioactive element x is
same as the mean life time of another radioactive

PHYSICS FOR YOU | MOVEMBER 21

12.

13.

14.

element y. Initially they have the same number of

atoms. Then

(a) xand y decay at the same rate always

(b) x-will decay faster than y

(c) y-will decay faster than x

(d) x and y have same decay rate initially and later
on different decay rate.

A body of mass ‘m’ dropped from a height ‘W’

reaches the ground with a speed of G.H\/'g_h. The
value of workdone by the air-friction is

(a) -0.68 mgh (b) mgh

(c) 0.64 mgh (d) 1.64 mgh

There are two infinitely

=y
long  straight current
carrying conductors and
they are held at right ... o s ¥
angles to each other so I o

: =iyt

that their common ends i
meet at the Dflglﬂ as D" _.I‘ o

shown in the figure given
below. The ratio of current in both conductors is
1 : 1. The magnetic field at point P is

]Jr.-'r 2 1

a X'y —(x+

(a) 4?{:{})[# ¥ = Jf]']
Javr = , ]

(b) “i; VX +y = (x+ )
“‘E:-'ir [ 2 2 3

C XS+ 3+ (x+

2 4T Xy YRR
2T Xy =

(d) ”;ﬂf [y +(x+ )]

An object of mass ‘m’ is being

moved with a constant velocity

under the action of an applied force 4 :
of 2 N along a frictionless surface D -
with following surface profile.

The correct applied force vs distance graph will be

F EA
v INT
% p, v -
N 2 M
Fh F A
1 v 2N
SERPAN (d) 3
e F L
P ——— ol P




15.

16.

18.

19.

20,

21.

Electric field of a plane electromagnetic wave
propagating through a non-magnetic medium is
given by E = 20cos(2 x 1% - 200x) V m ' The
dielectric constant of the medium is equal to

(Take . = 1)

(a) 2 (b) 1/3

Four particles each of mass M, move
along a circle of radius R under the

(c) 9

acltion of their mutual gravilatiunal
attraction as shown in ﬁgure. The
speed of each particle is

1 [GMm L [ GM
) = (22 +1) b) ~
(a) 2\/ = (b) EJR{E\.EH}

(0) l\/GMu\E ey ) S
2N R R

. A glass tumbler having inner depth of 17.5 cm is

kept on a table A student starts pouring water
(1 =4/3) into it while looking at the surface of water
from the above. When he feels that the tumbler
is half filled, he stops pouring water. Up to what
height, the tumbler is actually filled ?

(a) 10 cm (b) 11.7 ¢m

(c) 7.5cm (d) 8.75 cm

A capacitor is connected to a 20 V battery through
a resistance of 10 €. It is found that the potential
difference across the capacitor rises to 2 Vin 1 s,

The capacitance of the capacitor is uE
Given in[ﬂ]:U.IDS

9
(a) 0.95 (b) 9.52 (c) 1.85 (d) 0.105
In the given ﬁgure, each diode 130 Q
has a forward bias resistance of o
30 € and infnite resistance in
reverse bias. The current I, will 130 £
be I A
(a) 2A (b) 3.75 A v
(c) 2.73 A (d) 2.35 A 200y 200

Two resistors Ry, = (42 0.8) Qand R, = (4 £ 0.4) L2
are connected in parallel. The equivalent resistance
of their parallel combination will be

(a) (4+04)Q (b) (2+0.4)Q

(c) (4+£0.3)Q (d) (2£0.3)Q

SECTION-B (NUMERICAL VALUE TYPE)

Attempt any 5 questions out of 10.

A 2 kg steel rod of length 0.6 m is clamped on a
table vertically at its lower end and is free to rotate
in vertical plane. The upper end is pushed so that

2L

23,

24.

26.

27,

28.

the rod falls under gravity. Ignoring the friction
due to clamping at its lower end, the speed of the
free end of rod when it passes through its lowest
position is ms . (Takeg=10ms™?)

The average translational kinetic energy of N, gas
molecules at “C becomes equal to the
K.E. of an electron accelerated from rest through a
potential difference of 0.1 volt. (Given kg = 1.38 x
J ] K_l} (Fill the nearest integer).

‘The width of one of the two slits in a Youngs
double slit experiment is three times the other slit.
If the amplitude of the light coming from a slit is
proportional to the slit-width, the ratio of minimum
to maximum intensity in the interference pattern is
x: 4 where x is

Two satellites revolve around a planet in coplanar
circular orbits in anticlockwise direction. Their
period of revolutions are 1 hour and 8 hours
respectively. lhe radius of the orbit of nearer
satellite is 2 x 10° km. The angular speed of the
farther satellite as observed from the nearer satellite

at the instant when both the satellites are closest is

I .
= rad h ! where x is

X

. A steel rod with y = 2.0 x 10'' N m™* and o =

107 °C " of length 4 m and area of cross-section
10 cm” is heated from 0°C to 400°C without being
allowed Lo extend. The tension produced in the rod
is x x 10° N where the value of x is

A uniform heating wire of resistance 36 £ is
connected across a potential difterence of 240 V. The
wire is then cut into half and a potential difference
of 240 V is applied across each half separately. The
ratio of power dissipation in first case to the total
power dissipation in the second case would be 1 : x
where x is

A carrier wave with amplitude of 250 V is amplitude
modulated by a sinusoidal base band signal of
amplitude 150 V. The ratio of minimum amplitude to
maximum amplitude for the amplitude modulated
wave is 50 : x, then value of x is

The temperature of 3.00 mol ot an ideal diatomic gas
is increased by 40.0°C without changing the pressure
of the gas. The molecules in the gas rotate but do not
oscillate. If the ratio of change in internal energy of
the gas to the amount of workdone by the gas is x/10.
Then the value of x (round off to the nearest integer)
is ;

(Given R = 8.31 Jmol ' K™')
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29,

30.

When a body slides down from rest along a smooth
inclined plane making an angle of 30° with the
horizontal, it takes time T. When the same body
slides down from the rest along a rough inclined
plane making the same angle and through the same
distance, it takes time T, where ¢ is a constant
greater than 1. The co-efficient of friction between

! (‘1- :1 ] where
xl o

An engine is attached to a wagon through a shock
absorber of length 1.5 m. The system with a total

the body and the rough plane is
I =

mass of 40,000 kg is moving with aspeedof 72kmh i
when the brakes are applied to bring it to rest. In
the process of the system being brought to rest, the
spring of the shock absorber gets compressed by
1.0 m. If 90% of energy of the wagon is lost duc to
friction, the spring constant is x10°Nm".

SOLUTIONS

1.

D

(Given)
de-Broglie wavelength of electron is given by,

s h 6.63%x107"

V3mkT  3%9.1x107 x1.38x 107 x 300
=0.0626 x 10" m = 6.26 nm

(d): For wedge, N cos 60° = Ma; = N = 2Ma,, ...(i)
Free body diagram of block with respect to wedge

(d): Temperature of gas = 300 K

1s as shown

mg Mg sin 30° + ma, cos 30°

N + may sin 30° = myg cos 30°
ma, J3mg
2
1" 3 4M + 3
nlle+J—}=£mg; ﬂ1[ m]:irﬂg
2 2 2
J3mg
- A4M+m

Also, me sin 30° + ma,cos 30° = ma
1 2
gsin 30° + a cos 30° = a,

V3
AL x\Eza

From eqn (i), 2Ma, +

4

2 4M+m 2
Put m = 8 kg and M = 16 kg in (ii), we get,

; (i)
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g 3IxX8xg g g AF

,== —< Lgpy=S42=2
2 472 2 6 3

(b): For ranges 6 and 90°- 6, range is same. So, for

angle of projection 42° and 487, range is same.

u”sin’ @
28
Since sin 0 is increasing function in 0° < 6 < 90°,
maximum height would be more for 48°.
Therefore, R, = R, and H; < H.,.

Maximum height H =

(a) : Electric field, E =15Uy3}'

Electric field is in sin y direction, so, electric flux is
due to only top and bottom surfaces.

For bottom surface, y=0,0=0

Top surface, y = 0.5 m (Given)

E = 150(0.5)" = %

Now, flux, ¢ = EA = o
4 4 16
E}’ (Fauss’s la“r} {lj s H enclosed
E’ﬂ
|5 _ K )
Jenclosed = ¢' € = —ﬂ » 8.85 % 10 12 = 8.3 %10 L1 &

16

(¢) : Mass of ice = pAl = 10° x107* % 1=0.1 kg
Energy required to melt the ice = msAT + mL
=0.1 x2x 10° (10) + 0.1 x 3.33 x 10°
=2x10°+3.33x 101 =353 x 10%] (i)
Also, heat produced due to electric current
H=#Rt=(057x4x10° x

=10°x ¢ (i)
From equalion, (i) and (ii)

3.53 x 10* =107t
s E=35358

(d): y =&
4bd b
g=98m §* (constant)
AY AM 3AL Ab 3Ad Ad
b+ —+
Y M L. b d 0

1 3 0.1 0.03 001
= 4 +—+ +
2000 1000 40 4 5
AY
s =——=0.0155
Y

So, fractional error is measurement of Y is 0.0155.

(a): In the steady state, inductor behaves as a
conducting wire.
circuit diagram becomes,



10.

11.

20
MMM
i/ 30 30
3L
30 V]
Equivalent resistance of circuit is
(0 g 20
R, 3 3 3 :i ik %
: 102
- 30V
RP =102 T

Now circuit becomes
Now, R, =202 +1Q2=3Q

RW=SQ
From Ohm’s law, i=E= 2 =10 A

R 3

(d): For a diamagnetic material, susceptibility () is
independent of temperature, so graph (C) is correct
for diamagnetic material.

% = -1 (for diamagnetic material)

Also, ¥=— = M=-H
s0, I rr

This is represented in graph (A).

(b): Resistance between Pand Q=4Q+1Q2 =50
Current, I =2 mA
Emf,e=5x2x107=10x 107V
Also, induced emf, € = Blv,
10107 =5%x20x 102 v,
Vg = Lms. '—lcms
100
(a) : Potential energy of spring, U = %kx’*
10 = 5 M2
2
k=5Nm’
Time period of simple pendulum
= Time period of oscillation of spring system

kol
2nyfl/ g = 2n~Jk/m “—:‘*—=E

(From given graph)

I

g 2x4 =4ms> [From given values]
5

(c) : Half life of x = Mean life of y
— 0693 1
% 7 A, A

X __!.'

t

1/2
Jo=0.693 A,
Since, decay rate = A N

Initially, number of atoms in x and y are equal. So,
decay rate ol y > decay rate of x.

12.

13.

14.

. (c) : Electric field,

(a) : From work energy theorem,

work = gain in KE :%m {{].Eﬁ}l = 0.32 mgh

work done by gravily = mgh
work done by air friction = total work done
- work done by gravity
= (.32 mgh — mgh = - 0.68 mgh

(¢) : Magnetic field due to wire along x axis at P is,

e : K, 1 X
B =——[sinf +sin90%| = — +1
<=y O m[\fxuf 1

Magnetic field due to wire along y axis,

4 41 x ||x£_|._},|2

Total magnetic field, B= B, + B,

—“"IF x + E gl
4 Rtk darabps ¥

: F)
:jhlul.[r X“+y +x+}f]

w |y v
—ﬁi[ﬂ'f + v +x+}r]

B 471 Xy

(d): During upward motion &

F = 2 N = constant (positive) .fg

During downward motion <

F =2N
= constant (negative) %

So, the correct graph

shown in option (d).

1 = constant
W

a5
AL
T

E =20cos (2 x 10" t-200x) Vm™
On comparing with, E = E; cos (0t - kx)
we get, k = 200
®=2x10"
o 2x10"
ko 200

1 1
aS! = —
"q,lll'l' £ "I'IJ!'L.I'EU-E.I'

Given, W, =1

1
L sge

1||I.1|'=,E|:'|E_I. r V_lu'"l.'IEI'l
1 1000

= - 2—29
10" x4m>x107 %x8.85x107"" 41w x8.85

= ]Dti m :-;_1

W=

HL‘I, =

S0, £,=9
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16. (a): Here, gravitational force will provide necessary RR, 4x4

centripetal force. | In parallel, R = R +FE = =20
Force between two opposite masses F = GME AR AR, AR,

4R" R S

i R R R’
Force between two adjacent masses F’ = ;‘R"" AR _ 08 | 04

Ix2 4x4 4x4

Net force on a particle of mass M = F+ \2F AR DT =03

A z . 1t e — +
as Gf'rf {i+ \E—‘ _Gi f [14242] So, equivalent resistance = (2 £ 0.3) £
R° L4 2 4R" 21. (6): If [ is the length of rod and w is the angular
: : mv’ velocity of rod at lowest position,
Also centripetal force = from energy conservation,
) e ~ | - 1{1 .
- GM- 1 GM |=—Jm’ = mpl=— _mfz >
So, = 1+24/2] = v=—\f (2v2+1) e 8
17. (a) : From the figure, 8_ = =[98
Let real depth is H, ! ]
Apparent depth = H_ H__3H o v=ol =g = Jexi0x0% =38
b 2 4 v=6 ms

Als = 17.5 - . : g G :
Also, apparent path=17.5 - H 22. (500) : Given, translational kinetic energy of N,

3H 3
= e 17.5-H 17.5-H = kinetic energy of electron, Ekﬁl' =eV
____________________ 3 i )
7H - = Zx138x107% xT=16x10" x0.1
= —E-=1?5 e T | 2
e e % 1.6x107"
H=10cm @~ * =% = -
: : . : 3x1.38x10 ~
18. (a) : Potential across capacitor during charging or T=773K=(773 - 273) °C
V=V,(1-¢"% or i[:,: [ tRE o T=500°C
! 23. (1) : Intensity o< l:ampfitmﬂlt}‘:‘r o< (slit-width)?
=% E_"""'“"zi e LZIH[E):{].HE I {3 3 .
10 RC 9 Pl
2 .
107 ¢ ; \2
= =195 LF j 2 | j i
10x0.105 I, (1,-JL) \/17 3-1Y (1Y _1
19. (a) : Since D; is in reverse bias, it Dy 300 I :( T +JI. ) o I BT T
will offer infinite resistance. ?}I it \’/_' J_” I_I +1
As Dy and D, are connected in Wb LR
parallel, net resistance in circuit Dy 1300 50, Inpinilpax=1:4
will be — " WWWW—] On comparing with x : 4, we get x = 1
|
R DD, 'L“_w,ﬁm_ 24. (3): Ty =1 hour,w; =2nrad hr!
eq DT 0y 208
: = TELED T5 = 8 hour, 1, = & rad hr !
From Ohm’s law, R, = 1:}+L —100 Q . *
160 +160 Ry =2x 10" km
V200 s third law
current, I, = _200 _,, From chll:;‘ﬂ third law
. 100 T° =< R
3 ) 3
RY (=Y R ¥ 5
20. (d): R, = (44 0.8) Q 5 [_z] =[_z} g [ : 3] _ (8
R,=(41£04)Q R, T, 2 %10
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R, =8 x 10* km 29. (3): On smooth inclined plane

V.-V, acceleration, a = g sin 30°

_ : 30°
R:-_ Ru displac::meni, S= ut+ lm 3
2

Relative angular velocity, o =

v =R =2x10°x2n=4nx 10" kmh™

TE = 1 ] L oyl .
vy = Rymy = 8 x 107 x p =2mx 10*km h™ 5=E{351113U =5 8=

_4Amx10° —2mx10° _2rx10° On rough surface,

So, m = : — — w3 e ™
8x10° =2x10° 6% 10° 3rd %

a = g sin 30° — U cos 30° :(]—ﬁp)g
25. (8): Given : Y =2 x 10" Nm™, a = 107 °C™/,

L=4m,A=10x 10" m?=10"" m? AT =400°C displacement, S = l(. —3p)E x(aTy’
EL 2 2
's modulus, Y= ——
Youngs modulus, } AAL As displacement in both cases is same
FL
, Al — Lo .2 I : 32 3 |
S0, AL AY Eg!'zg(]_—ﬁ“)gﬂ'f':; '
1-+/3
Also, AL = L oL AT 1 H
Spp e R or o —\3uc’ =1 :uug_l:ﬁ!-l
AY ;
F=YAaAT ey gppmsscn IO 1
11 -3 -5 5 el -
=210 x10 " x 10 " x400=8x 10" N 3\«
_ ] VP (240)° 30. (16) : Length,/=1.5m
46. (4)3 Povwer, Py = R, Y Total mass, m = 40000 kg
: -1 -1
When wire is cut into half, R" =18 Q Speed, v=72kmh " =20ms
So, total power dissipation, Ax=1m
(240 (240)°  (240) 90% of wagon energy is lost due to friction
P, = 18 ¥ T From work - energy theorem.
e —9[1(1 E]HF 0 ]r v
—| —mv ¥ =0——m
g6, Arwda ! 0oLz ) e 2
2. 1 9
L
? or W___ :ﬂ(lmvl ]—lmv:
Pi:P=1:4 TR 10012 e
On comparing, P, : P, =1:x _ -1 (2 -10 [l;ﬂpz ]
we get, x =4 A 100
27. (200): A, =A_+ A, =250+ 150 V=400V :
A=A -A, =250-150=100V = B 40000 % (20)°
A 100 50 g |
= min, = S k=16x10"Nm
A 400 200 @@
B o BoosBlaTIH. 00000 et e s s w10
On comparing Ay, : Apax =301 % MONTHLY TEST DRIVE CLASS XI BTS2 4
t,x=200
. b T"; Ty 1L © 2 3 (b 4 @ 5 (@
28. (25) : The process is isobaric as pressure remains 6. (d) 7. (o 8. (b) 9. (d 10. (b)
constant so,
5 11. (b) 12. d) 13. (¢ 14. () 15, (¢
ali=pCpdl=mwx S BAl 16. 0 17.(p) 18. (¢ 19. (0
and work done, AW = nRAT 20. (a,bd) 21. (a,bc 22. (abc) 23. (bcd)
AU 5 x 5 24, (bcd) 25. (bcd) 26. (28.8) 27. (0.86) 28. (50)
So, == v e b
AW 2 10 29. (0 30. (b)
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CENTRE OF MASS :

The centre of mass of a system of particles is a point
that moves as if

» All of the system mass is concentrated there and

o All external forces are applied there.

Centre of mass of a two particle system

e Considera system of two particles VA

P, and P; of masses m; and m, mry gL

respectively. Let 7, and 7, be their
position vectors with respect to
the origin O, as shown in Fig. The

position vector R, of the centre a >
of mass C of the two particle
system 15 giw:n ]:-:-,f
- i+ myty

K —

my, +m,

i . rtr

If m; = m, = m(say), then, Ry = ] 5 2

Thus the centre of mass of two equal masses lies
exactly at the centre of the line joining the two
masscs.

If (x,, y;) and (x,, ¥,) are the coordinates of the
locations of the two particles, then the coordinates
of their centre of mass are given by

ir""“’1*"“51 oy +tmsy,

+ m,x

Xf.'.-"rf -
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System of Particles and Rotational Motion

¢ In figure (a), two particles
of masses m, and m, are
separated by distance d.

The position of the centre i
of mass (CM) of these >

two particles is given by

-

Centre of mass of n-particles system

« For a system of n-particles of masses m;, m,,
M3 .. M, having the position vectors 7,7, ...... T
respectively with respect to coordinate system, the
position of the centre of mass is given by a position
veclor

= ml?'l + mzri + ----- + m r s ]: _I

Ry = ™
my+m, +....+m M

where, M is the total mass of the system.
The coordinates of centre of mass are given by

#i 1"
zmi}'f EWFEF

1= wrlfe — o T
M » “CM M

M

S myx,

f=1]

M
Centre of mass of a rigid body (or continuous
distribution of mass)

XeMm = » YoM =

» The solid bodies contain so many particles (atoms)
that we can treat the bodies as a continuous
distribution of matter.
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The ‘particles’ then become differential mass
elements dm, the sum become integrals, and the
coordinates of the centre of mass are defined as

1 |

: 1 :
*CM :E‘[xd"f’ ‘ J‘c:.ﬂvt:EJ.}’dm el :Ej‘zd”"

where M is the mass of the body.

The position of the centre of mass of a system is
independent of the choice of coordinate system.

The position of the centre of mass depends on the
shape of the body and the distribution of its mass.
Hence it may lie within or outside the material of

the body.

In symmetrical bodies in which the distribution of
mass is homogeneous, the centre of mass coincides
with the centre of symmetry or geometrical centre.

Centre of mass of some well known symmetric
rigid bodies :

Position of Centre of Mass of different bodies

V4 Rectangular plate
— b —»
- " b
Xem =

]

Yo ™

2
CM | ] I
YoM E

Y Triangular plate
At the centroid,

h
b Yem =73° Xepm =10

Y Semi-circular ring
, 2R "
: YoM = s XM =
J"IC;H$ K T CM
0 =
Ya Semi-circular disc
4R
Yem= = Xcm=0
3T

Hemispherical shell

R
YoM = o0 xop =0
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v Solid hemisphere

3R
YoM = F Xep =10

Circular cone (solid)

b
CM= — Xy =0
4 L e

Circular cone (hollow)

h
YoM = E Xepg =0

Motion of Centre of Mass

For a system of particles, position of centre of mass

_ P T F Ty + il + ...,
is R{TM _ 11 22 33

1y + My + 1y s PP

So, Velocity of centre of mass

L gy tmV, il
Ve = S
my + My +...... -t
Acceleration of centre of mass
. myd, + myd, + ...  dv
cM = Vo=
my + iyt dt

Linear momentum of a system of particles is equal
to the product of mass of the system with the
velocity of its centre of mass.

If no external force acts on a system the velocity of
its centre of mass remains constant, i.e., velocity of
centre of mass is unaffected by internal forces.

, d(MV .y )
From Newtons second law F, , = CM
dt

If ﬁm-f =0 then ¥ ,; = constant.

ANGULAR VELOCITY AND ANGULAR ACCELERATION

Angular Velocity
¢ It is defined as the time rate of change of angular
1
displacement and is given by o= g :



« Angular velocity is directed along the axis of
rotation. Angular velocity is a vector quantity. Its
SI unit is rad s
MULOT ).

Relationship between Linear velocity and Angular

Velocity

e The linear velocity of a particle of a rigid body
rotating about a fixed axis is given by v=wmxr
where 7 is the position vector of the particle with
respect to an origin along the fixed axis.

and its dimensional formula is

* As in pure translation motion, all particles of the
body have the same linear velocity at any instant of
time, in pure rotational motion, all particles of the
body have the same angular velocity at any instant
of time.

« For rotation about a fixed axis, the direction of the
angular velocity m does not change with time. Tts
magnitude, however may change from instant to
instant. In general rotation, both the magnitude and
direction of (» may change from instant to instant.

Angular Acceleration
o It is defined as the time rate of change of angular
. L dw
velocity and is given by, 0= =

. ﬁngular acceleration is a vector quantity. Its 5I unit
is rad s * and its dimensional formula is IM“LUT _‘?‘]

Toroue AND AnGuLAR MoMENTUM

Torque

 Torque is the turning effect of a force. If a force
acting on an object has a tendency to rotate the
body about an axis, the force is said to exert a torque
on the body. It is a vector quantity.

¢ In vector form,

Torque, T=FXF
In magnitude, T = r F sin0.
Here 0 is the angle between 7 and F.

e Torque has the same dimensions as that of work i.e.
[ML*T %]. But work is a scalar quantity whereas
torque is a vector quantity.

By convention, anticlockwise moments are taken
as positive and clockwise moments are taken as
negative.

Special Cases
Axis of rotation
= il >
v

L 8 P
O If B=0° then T= 0

(Lthe rod will nol rolate)

o

Axis of rotation

O 1fe=180° thent=0

(the rod will not rotate)

Axis of rotation FT p= 9

0 P

If 8 =90° then 1= rF (maximum torque)

Work Done by a Torque and Power
«  Work done, W = torque x angular displacement

=t AD
= Power, P:d—wzt@:‘rm
dt  dt
Angular Momentum

* Angular momentum of a particle about a given axis
is the moment of linear momentum of the particle

about that axis. It is denoted by symbol L .

« Angular momentum L=7¥ X p
In magnitude, L = rp sin®
where 0 is the angle between 7 and p.

. Angular momentum is a vector quantit}f. Its ST unit
. . - B i '.||_ i
is kg m~s 1. Its dimensional formula is [ ML 1].

Relationship between Torque and Angular
Momentum

Rate of change of angular momentum of a body is equal
to the external torque acting upon the body.

drl.
ext — E
Law oF Conservation oF ANGuLAR MoMENTUM

Mathematically, T

If no external torque acts on a system then the total
ﬂl]glllﬂl' momentum is CUHSE]’.’VEEJ..
i w dL -
ie., T, =0 then —=0 or L=constant

dt
Thus, if no external torque acts on a system, total
angular momentum of the system remains constant.

This is a statement of law of conservation of angular
momentum.

Applications of Conservation of Angular

Momentum

* A planet revolves around the sun in an elliptical
path. When it comes near the sun, the moment

of inertia of the planet about the sun decreases.

33
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In order to conserve the angular momentum, the
angular velocity shall increase. Similarly, when the
planet is away from the sun, there will be decrease
in the angular velocity.

An ice-skater or a ballet dancer can increase her
angular velocity by folding her arms and bringing
the stretched leg close to the other leg. When she
stretches her hands and a leg outward, her moment
of inertia increases and hence angular speed
decreases to conserve angular momentum. When
she folds her arms and brings the stretched leg close
to the other leg, her moment of inertia decreases

and hence angular spﬁed Increases.

EouiuiBrium oF A Ricip Boboy

Axis of rotation

A body is in rotational equilibrium, if the total
external torque on it is zero, i.e. 4T; = 0.

dlL -

—=0=[. = constant

dt

ie., the body rotates with a constant angular
velocity.

Center of gravity : A point of an extended body
where the weight of the body acts and total
gravitational torque on the body is zero, is known
as the centre of gravity.

Key Point
Kinematics Equations of Rotational Motion
W = Wy + ot

0=wm,f+ . ot’

02 = 0%, £200

where the symbols have their usual meanings.
Same force acting at the same point can produce
either anticlockwise clockwise
depending upon the location of the axis of

rotation as shown in the figure.

Or lﬂrque

Axis of rotation

. x C

[C

A

O ) O
TF/ 4 \TF

Anticlockwise torque Clockwise torque

)
B

MomenT oF INERTIA
The moment of inertia of a rigid body about a fixed Theorem of Parallel Axes

34

axis is defined as the sum of the products of the
masses of the particles constituting the body and
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the squares of their respective distances from the
axis of rotation.

‘The dimensional formula of moment of inertia is
[MLT"]. The SI unit of moment of inertia is kg m>
and its CGS unit is g cm’,
Momentum of inertia is the rotational analogue of
mass in linear motion.
The moment of inertia of a body depends on
~  Mass of the body
Size and shape of the body
Distribution of mass about the axis of rotation.
—~  Position and orientation of the axis of rotation
with respect to the body.

Radius of Gyration

The radius of gyration of a body about its axis of
rotation may be defined as the distance from the
axis of rotation at which, if the whole mass of the
body were concentrated, its moment of inertia about
the given axis would be the same as with the actual
distribution of mass. It is denoted by symbol k.

The relation between moment of inertia I and
radius of gyration k1s

|| I
T=Mk*ork=,|—
M

Radius of gyration of a body about an axis of
rotation may also be defined as the root mean
square distance of its particles from the axis of
rotation.

i 2 Z
PR o R ST B
Le., k=\/ 2 L
1

The SI unit of radius of gyration is m.

Theorem of Perpendicular Axes

It states that the moment of inertia of a plane
lamina about an axis perpendicular to its plane is
equal to the sum of the moments of inertia of the
lamina about any two mutually perpendicular axes
in its plane and intersecting each other at the point,
where the perpendicular axes pass through the
lamina. Mathematically,
L=1+1

where x-and y-axes lie in the plane of the lamina
and z-axis is perpendicular to its plane and passes

through the point of intersection of x and y-axes.

It states that the moment of inertia of a body about
any axis is equal to the sum of the moment of inertia



of the body about a parallel axis passing through its
centre of mass and the product of its mass and the

square of the distance between the two parallel axes.

Mathematically, I = Iy + Md*

two parallel axes.

where Iy is the moment of inertia of the body
about an axis passing through its centre of mass
and d is the perpendicular distance between the

Moment of inertia and radius of gyration of some regular bodies about specific axis is given below :
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S.No. Body Axis of rotation Moment of Radius of
inertia (I) ration (K)
gy
(i) about an axis passing through the MR R
centre and perpendicular to its plane
s : [ R
_ ‘ _ _| (ii) about a diameter — MR” —
1 Uniform circular ring of 2 V2
' mass M and radius R 3 3
(iii) about a tangent in its own plane =~ MR* =p
: V2
(iv) about a tangent perpendicular to its > MR o f5
plane
(i) about an axis passing through its centre 1,02 R
and perpendicular to its plane 2 V2
(ii) about a diameter lMRE R/2
5 Uniform circular disc of | ':_.-l
' mass M and radius R : = MR? Nz R
(iii) about a tangent in its own plane 4 5 >
(iv) about a tangent perpendicular to its EMRE ER
own plane = 2
2 L.
kat 2
(i) about its diameter 5 f —R
3 Solid sphere of radius R 2
' and mass M 7 MR? -
(ii) about a tangential axis 5 —R
5
: . 2 5
(i) about its diameter — MR 2 R
4 Hollow sphere of radius R 3 3
' and mass M .
(ii) about a tangential axis E MR?> ER
3
1
(i) about its own axis — MR? B
2 J2
Solid cylinder of length I (i) about an axis passing through centre | E R_E 2 g2
B ’ : - PR = =g
vadtue Boand mdes M of mass and perpendicular to its own axis _12 4 i 1 4
(iii) about the diameter of one of the faces M E+ R_E 12 Rl
of cylinder 3 4 E'l'T




(1) about its own axis MR* R

6. Hollow c:-,rlindf:rrul_ mass M, | (ii) about an axis passing through its 2 P > p

length Iand radius R centre of mass and perpendicular to its | M| =+ — R™ 7
oW axis 2 12 2 12
(i) about an axis passing through the > ;
centre of mass and perpendicular to the ML -

_ Thin rod of length L and | rod 12 Ji2

i
Mass M . : .

(ii) about an axis passing through one M2 £
end and perpendicular to rod 3 \G
Rect ] lami f :

g lei;?}:ﬁ:rz s ::;j ma.:.s about an axis passi_ng through its centre of M I* +b° 12 4 p2
M mass and perpendicular to plane 12 \ 12
Uniform solid cone of . : —

; about an axis through its centre of mass 3 3

2 it R and joining its vertex to centre of base — MR? Ry~

y dAll I11 K
.hClght h | ] 5 10 10
Parallelopiped of length 2432 T

10. |1, breadth b and height h, | about its central axis M T

mass M 12 12
RoLumne - If v > R, then net velocity of point P is in the

36

Rolling is a special phenomenon and it can be
understood from two perspectives. Firstly, it can
be seen as a special combination of rotation and
translation. Secondly, it can be seen as pure rotation

about its point of contact.
Here, velocity of point P
is the vector sum of two
terms v and rw. Here v is

common for all points,
while rw is different for

different points, as r is different.

v, = Jvf" +(r@)? +2(v)(rm) cos(90° — 0)

= \/v‘:" + 2?4 2vrm sin®

constant.

Condition of pure rolling
is v = Rw. In this case
bottommost point of the
spherical body is at rest.
It has no slipping with its
contact point on ground.
Because ground point is
also at rest.
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direction of v. This is called forward slipping.
If v < R, then net velocity of point P is in
opposite direction of v. This is called backward

slipping.

TV

>V

=
=
y i

¥
>

- If a spherical body is rolling over a plank,
condition for no slipping between spherical
body and plank is, v — R = vy

Morion oF A Booy RoLunG witHouT StippinG
Uniform pure rolling : In which v and @ remain  Down AN IncLINED PLANE

When a rigid body rolls
down an inclined plane
without slipping, it has
a motion of translation
as well as of rotation. As
it rolls down, it suffers a
vertical fall and therefore
losses potential energy. At the same time it acquires
linear and angular speeds and hence gains kinetic




energy of translation and that of rotation. If there
is no loss of energy through friction etc., the loss in
gravitational potential energy is equal to the gain in
Kinetic energy.

e Consider a plane inclined at an angle 0 to the
horizontal and M be the mass and R the radius of
that circular section of the body which rolls on the
plane.

e Let initially the body be at point A and at rest and
after some time it reaches B (figure.).

e In moving from point A to B, the body travels a
vertical distance h given by h = s sin 8, and hence
the loss of gravitational potential energy of the
body = Mgh = Mgssin 6

» Because there is no slipping and it is assumed that
there is no dissipation of energy in any other way,
the loss in potential energy must be equal to the
gain in kinetic energy of the rolling body. Thus,
Mgs sin © = : Mv* + 1

2 P
Where [ is moment of inertia of the body about an

axis passing through its centre and perpendicular to

Iw*

its end [aces. Now above equation can be wrillen as

1 1 [ v?

Mgssin @ = — Mv? +—1I| - (i)
2 2 | p?

On solving,

v—\/ 2Mgh || 2gh

M+IR® [ K
\|1+—?
Ra_
e Differentiating equation (i), wrt. time, we get
acceleration of rolling body,
_ Mgsin®  gsin@
M+ I/R? k*
1+—
R

Analogy between Translational Motion and
Rotational Motion

The analogy between quantities that describe linear
motion and the corresponding quantities that describe
rotational motion is as shown in the table.

i

Linear motion Rotational motion
about a fixed axis
Displacement, x Angular displacement, 0
2. i Angular velocity,
Velocity, v=— 4o
dt ) = —
dt

3. | Acceleration Angular acceleration
dv dm
a=— of=—
dt dt
4. | Mass, M Moment of inertia, T
5. | Force, F = Ma Torque, T = I
6. | Work done, W = Fs Work done, W =10
7. | Translational kinetic | Rotational kinetic
My’ (0%
energy, K; = energy, Kp=——
: 2 2
8. | Power, P=Fv Power, P = T
9. | Linear momentum, | Angular momentum,
p =My L=1Iw
10. | Equations of Equations of
translational motion | rotational motion
v=u+ al, W =y + ot
1 1 -
s=ut +—at” 0=w,t +—ou”
2 2
v — u® = 2as ®” - oy =200

where the symbols | yhere the symbols have

have  their  usual | {heir usual meaning.
meaning.

- Key Point
Time of descent of a body rolling down an
inclined plane, from equation s = ut + % at” will
be,

1 [2n ( I ) 1 [2h [ kl]
= M+— |= s
sinB \ gl R>) sinB\ g R2

Moment of Inertia of annular disc through an
axis

Passing through the centre and perpendicular to
the plane

M
= R> +R2]
Passing through its diameter.

M
I= ?[Rf +R;] , where R, and R, are the inner

and outer radius respectively.
Moment of inertia of an equilateral triangular
lamina with side a passing through its centre of
mass and perpendicular to the plane

Ma*

6

§=
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# WRAP:t v

'The total torque about pivot A provided by the
forces shown in the figure, for L = 3.0 m, is

(a) 210N m
(c) 95N m

The moment of inertia of a sphere of mass M and
radius R about an axis passing through its centre is

2
= MR®. 'The radius of gyration of the sphere about

5
a parallel axis to the above and tangent to the sphere

is

(b) 140N m
(d) 75N m

7 3
ol ik o fx o

5 5 g 5
A force F-= [1¥+3}+ﬁ.12 is acting at a point
r =2§—6}—12£, The value of « for which angular
momentum about origin is conserved is

(a) 1 (b) -1 (¢} 2 (d) zero
A wire of length [ and mass m is bent in the form
AB

of a rectangle ABCD with ===2 The moment of

-

inertia of this wire frame about the side BC is

1, 8

a) —ml b) ——mi*

(a) = (b) £ "

(c) im!‘l (d) ;mf‘:‘l
136 162

If the earth suddenly changes its radius x times the
present value, the new period of rotation would be
(a) 6x“hr (b) 12x°hr
(c) 24x*hr (d) 48x"hr

'The ratio of angular momentum of earth for its
orbital motion and its daily rotation is

(a) much greater than 1
(b) smaller than 1

(c) equaltol

(d) slightly greater than 1
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7.

9.

10.

The moment of inertia of uniform circular disc of
radius R and mass M aboutl an axis passing [rom the
edge of the disc and normal to the disc is

1 2 7 2 3
i kY b _II e
(a) e MR® (b) > MR- (c) >

MR? (d) MR’
A circular plate of uniform
thickness has a diameter of
56 cm. A circular portion of
diameter 42 cm is removed
[rom one edge as shown in
figure. The centre of mass of

the remaining portion from STem T
the centre of plate will be at 21 cm
(a) 5cm (b} 7 ecm

(c) 9cm (d) 11 cm

Which of the following statements is false for a
particle moving in a circle with a constant angular

speed?

(a) 'The velocity vector is tangent to the circle.

(b) The acceleration vector is tangent to the circle.
(¢c) The acceleration vector points to the centre of

the circle.
The wvelocity and acceleration vectors are
perpendicular to each other.

(d)

Two solid spheres (A and B) are made of metals of
different densities p, and pp respectively. If their
masses are equal, the ratio of their moments of
inertia (14/1p) about their respective diameter is

(a) ("—ﬂ J (b) [F’—J
Pa Pr

P
() YA _ (d) p_ﬁ
Py Py
Four particles ecach of mass m are lying

symmetrically on the rim of a disc of mass M and
radius R. Moment of inertia of this system about

an axis passing through one of the particles and
perpendicular to plane of disc is

4

R
(a) 16mR* (b) {3114'*'15”'1:‘?

5

(c) {3?’?'3“"124“’1]% (d) zero



12,

KR

14.

16.

17,

A rigid body rotates about a fixed axis with variable
angular velocity equal to (a — bt) at time t where
a and b are constants. The angle through which it
rotates before it comes to rest is

2 2 2 2

i it il i
() —- (b) (c) (d) )

2b 4b

An athlete throws a discus from rest to a final
angular velocity of 15 rad s' in 0.270 s before
releasing it. During motion, discus moves a circular

arc of radius 0.810 m. Acceleration of discus before
it is released is

(a) 45ms™ (b) 182 ms™?
(¢) 187 ms™ (d) 192 ms™>
Two solid cylinders P and Q of same mass and same

radius start rolling down a fixed inclined plane
from the same height at the same time. Cylinder P
has most of its mass concentrated near its surface,
while @ has most of its mass concentrated near the
axis. Which statement is correct?

(a) Both cylinders P and Q reach the ground at
the same time.

(b) Cylinder P has larger linear acceleration than
cylinder Q.

(c) Both cylinders reach the ground with same
translational kinetic energy.

(d) Cylinder @ reaches the ground with larger

angular speed.

. A uniform rod of length 1 m is bent at its midpoint

to make 90° angle. The distance of the centre of
mass from the centre of the rod is

(a) 36.1 cm (b) 25.2 cm

(¢) 17.7cm (d) zero

A circular disc X of radius R is made from an iron
plate of thickness t, and another disc Y of radius 4R
is made from an iron plate of thickness t/4. Then
the relation between the moment of inertia I, and
Iy is

(a) Iy=32I
() Iy=Ix

The moment of inertia of a circular disc of mass
M and radius R about an axis passing through the
center of mass is I;. The moment of inertia of another
circular disc of same mass and thickness but half the
density about the same axis is

Ly
O

{I.'.'rj I}'= ].ﬁ'Ix
(d) Iy=64Iy

Iy
@) 2 © 8L, () 21,

18. A uniform disc of mass
M and radius R is resting
on a table on its rim. The F
cocfficient of  friction
between disc and table is p.
Now the disc is pulled with a force IFas shown in the
figure. What is the maximum value of F for which
the disc rolls without slipping?

(a) pMg (b)) 2pMe (c) 3uMe (d) 4uMg
19. A solid sphere is rolling N

on a frictionless surface /n\_, vy / LN

as shown in the figure, A

with a translational velocity of v m sL If it is to
climb the inclined surface, then v should be

10
(a) 2gh (b) ?gh
10)
(c) > 2gh (d) 2”'?2!‘!

20. A solid cylinder rolls up a smooth inclined plane
of angle of inclination 30°. At the bottom of the
inclined plane the centre of mass of the cylinder has
a speed of 5 m s~ How far will the cylinder go up

the plane? (Take g = 10 m 57)

19 11 ? m e m i 111
(a) 3 (b) 10 (c) 13 (d) 1
SOLUTIONS
1. (d): TOMN,
90 N 80 N 0°
60 30° 50 N
A 90°LY60 N B
1 1

— L —ple— 11—

Resolve the 90 N, 80 N and 70 N forces into x and y
components. The line of action of 90 N, 50 N, and
x-components of the 80 N and 70 N forces pass through
the pivot point A, therefore they cause no rotation.

The total torque about point A is

= (80sin 30°) (% )— (60) (% ]—|—{?[}cns 60°)(L)
13 3 i

o3 )3 oG o Jo

=60 -90+ 105=75Nm

2
2. (c): Given I, =EMRE

Using the theorem of parallel axes, moment of inertia of

39
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the sphere about a parallel axis tangential to the sphere is

. !
I'=1_+MR* == MR* + MR* == MR*
5 5
) 7
I’=MK*=-MR* or K=,|-R
3 3
3. (b): Angular momentum, L = constant, when

T=r:XF=10

ie. (2i—6j—12k)x (0 +3j+6k)=0
i ik
or |2 -6 -12|=0, which gives ot =-1
o 3 6
AB [
4. (d): —=2 .. AB=DC=-
BC 3
i
and BC=AD=- |
6 A B
Similarly, m p =mpe- = i
1 b} IC

Moment of inertia of the wire frame about the given
axIs 18
I'=Tap+1ap+Ipc+Ipc

()5 -E)6) 36
=—|l=l=1+l=lI-1+=|= 1= | +0
313 )\3 6 \3) 3.3 N3
P oml* ml* 7

el
= —+ + =
81 54 81 162

5. (¢): Asno torque is applied, angular momentum
L = I = constant

2 2
Or [E M’RE ](Tﬂ ]= constant

ml®

. R? RE RS
L€, — =constant or —=—+
1 L T
2 2
Ry xR
I,=—2T, =[—1] x 24 hr =24x” hr
Ry R
6. (a): For orbital motion of earth around the sun

2m
L, = I, m; = Mass (radius of orbit)* x —

1 1

. . } 2 2T
For rotation around its axis, LE = IE W, = E MRE W, —

L

=266 x 10" kgm? s~

=7.1x10" kgm*s™

L
=

L,
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1
M ff,lﬁ=?‘lp<1tat2 A C
Iep =7 5
Applying the theorem of parallel axes, @
Icp =g+ MR? -
1 3 '
= - MR* + MR* == MR* B D
2 2
8. (c) : Let M be the mass of circular plate with centre O.
M
Mass per unil area = 5
m(28)
- Mass of circular portion removed, with centre O,
M 9
M, =——XxTQRl)} =—M
(28) 16
: 9 7
Mass left, My =M -M; =M -——M=—M
16 16

Let O, be its centre of mass, where OO, = x.
Now, 1?'1-’11 X {:]01 = ﬂl-’fz X U{jg

9 7,
—Mx7=—Mxx =>x=9cm

16 16
9. (b): For a particle moving in a circle with constant
angular speed, velocily vector is always tangent to the
circle and the acceleration vector always points towards
the centre of the circle or is always along radius of the
circle. Since, tangential vector is perpendicular to radial
vector therefore velocity vector will be perpendicular
to the acceleration vector. But in no case acceleration

vector is tangent to the circle.
10. (a)
11. (b): According to the theorem of parallel axes,

moment of inertia of disc about an axis passing
through K and perpendicular to plane of disc, is

=1 MR? + MR2 =2 MR?
2 2

Total moment of inertia of the system

3
= MR? +m(2R)? +m(\2R)? + m(v2R)?

RE
=(3M +16m) ?

12. (b): m=a - bt
Attimel=0,w=wy=a
_dw

ot )
Using mlzmﬁ+2m&]:‘a[}:mé+zﬂﬂnr g:_ﬂ:i
200 2b

2



13. (a)
14. (d): Acceleration of a body rolling down a fixed
. o . gsin® _
inclined plane of inclination 0 is, a= > ...(i)
l‘|——‘1
R

As cylinder P has most of its mass concentrated near

its surface, while cylinder @ has most of its mass

concentrated near the axis, therefore, radius of gyration,
kp> kg

From (i), ap < ag

Therefore, at bottom of incline, vp < Vo

or (WpR) < (wgR) or wp<wy or Wy > Wp

i.e., cylinder Q reaches the ground with larger angular

speed.

15. (c) : Rod POQ of length P
[ =1 m = 100 cm is bent

at its midpoint O so that
ZPOQ = 90° (see hgure). A
The mass of part PO of

length I/2 can be taken to be i
concentrated at its midpoint i
A whose coordinates are
(0, I/4) and of part OQ of length I/2 at its midpoint B
whose coordinates are (I/4, 0). The centre of mass of
these two equal masses is at midpoint C between A and
B. The coordinates of C are (I/8, I/8).

2 2
OC= \/{DEJE +(CE)? :J(é) 4 G]

I 100 cm
NS
16. (d): Mass of disc (X),m, = nR%p

where p = density of material of disc

OP=0Q=1/2
(0, 1/4)

C(I/8, 1/8)

O E {14, 0) Q

=17.7 cm

1 1 1
Iy = —myR* = ~nR%pR* or Ix=—np(R*
2 2 2
Mass of disc (Y)

t
iy = m(4R)" Ep = 4TR*tp

1
By i (4R)® = —4mR’tp X 16R*
Y 9 Y 3
. I, 32mtpR*
or f}, =32mph T = . = 64
X —mptR*
or Iy = 641y 2
17. (d)

18. (c) : Let a be the acceleration
of the centre of mass of disc. Then

Ma=F-f (D)

@
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If there is no slipping, angular acceleration of the disc,
il

o =— es (X0
= (ii)

Now torque of the disc, t=1u = Rf
1 : 1
ot t= (EMRE ){1 = Rf [ For a disc, I = —MR1:|

2
| 2 il : o
s VIR = =Rf = Ma=2f (using (ii))
Substituting this in eq. (i), we get
2f=F-f or f= ;

Since there is no slipping,
s ffuMg = F<3uMg
Finax = 3uMg
19. (d): When the solid sphere rolls, its rolling K.E. at A

2
K.q :imvg +£Iu}3=imv2 +i_EmR;—’_v_:i”w3
2 2 2 25 RY 10

Its PE. at B = mgh

Thus to reach B,

2
my- = meh
10 &

1his is the minimum velocity.

v should be = .f%gﬁ
h h

h
20. (d) : From figure, sin® = I; fi= — =2h

sinﬂ_lfl_

Suppose that the solid
cylinder of radius R goes
from A to B, where AB =L
and height h = BC.

At A, therolling energy of the

1
‘2 +—Im*
2
R
m and m:i
2 R

2 2
Lo B RS % S
ERD"illg ol B T
2 2 2 R 4
It stops at B and have the PE. = mgh

By the principle of conservation of energy,

E},-’lil]dt:l’ = —mvy

For the solid cylinder, T =

3 4 31’2
mgh=—mv® = h=—
4 4¢g
2 -
3 3 5 15
L=2h= I i 8 m

®®



OBJECTIVETYPE QUESTIONS

Practice Paper 2021 Mot

GENERAL INSTRUCTIONS

1. The Question Paper contains three sections. 4. Section C has 6 questions. Attempt any 5 questions.
2. Section A has 25 questions. Attempt any 20 questions. 5.  All questions carry equal marks.
3.  Section B has 24 questions. Attempt any 20 questions. 6. There is no negative rnarl-:ing.

I T TR W 5. A 30 m decp wellis having water upto 15 m. An

: : . : : : engine evacuates it in one hour. The power of the
This section consists of 25 multiple choice questions & P

with overall choice to attempt any 20 questions. In engine e diamelenal feme b tmis

. CC T = T
case more than desirable number of questions are (a) ;:S i:::’ “’:) ;j; EE
attempted, ONLY first 20 will be considered for le) 2% | (d)
evaluation. 4. ABC is a triangular plate of uniform thickness. Its

; : : sides are in the ratio shown in the ficure.
1. A partlclc located at x =0 at time t = 0, starts moving 5

along the positive x-direction with a velocity v that Lap Ipc and I, are the moments 4

: ST : f inertia of the plate about AB,
varies as v = o/x, The displacement of the particle of inertia of the plate abou

: i BC and CA as axes respectively.
varies with time as

(a) £ (b) 2 () 1 (d) 172 Which one of the following

relations is correct?

2. When a speeding bus stops suddenly, passengers @) Lig+lao=1c,
are thrown forward from their seats because (b) I, is maximum
(a) the back of seat suddenly pushes the passengers (&) Lig>Tge Ci e on
forward.

5. The SI unit of electron mobility is
(a) m VvV !ls! (b) mV 's
(c) mVs! (d) m*V “s°

(b) inertia of rest stops the bus and takes the body
forward.

(c) upper part of the body continues to be in the
state of motion whereas the lower part of the 6. The acceleration ain m s~ of a particle is given by

body in contact with seat remains at rest. a =3t + 2t + 2, where { is the time. If the particle
(d) upper part of the body come to rest whereas starts out with a velocity u = 2 m s att =0, then

the lower part of the body in contact with seat the velocity at the end of 2 seconds is

begins to move. (a) 12ms " (b) 18ms' (&) 27ms' (d) 36ms’
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10.

11.

12.

@

An astronaut accidentally gets separated out of his
small spaceship accelerating in interstellar space at
a constant rate of 100 m s™>. What is the acceleration
of the astronaut the instant after he is outside the
spaceship?

(Assume that there are no nearby stars to exert
gravitational force on him)

(a) zero (b) 10 ms™

(c) 50m 5 (d) 100 m s

Two springs of spring constants 1000 N m™' and

2000 N m™" are stretched with same force. They will

have potential energy in the ratio of
(a} 2:1 (B) 27T () 1:2 (d)1:2

In the rotational motion of a rigid body, all particles

move with

(a) the same linear velocity and angular velocity

(b) the same linear velocity and different angular
velocities

(c) different linear velocities and same angular
velocity

(d) different linear velocities and different angular
velocities.

A metre stick made of half wood and half steel is
pivoted at the wooden end and a force is applied
perpendicular to its length at the steel end. Then
the stick is pivoted at the steel end and the same
force is applied perpendicular to its length at the
wooden end. The angular acceleration produced is
(a) smaller in the first case

(b) smaller in the second case

(c) equalin both the cases

(d) larger in the first case.

The graph that represents variation of g at the
equator with square of angular velocity of rotation
of earth is

'y r'y
4 b4
(a) (b)
2 2 m 2
A 'y
g g
(c) (d)
2 a w2 =

A child is standing with folded hands at the centre
of a platform rotating about its central axis. The

PHYSICS FOR YOU | MOVEMBER ‘21

13.

14.

=
L

16.

| b

kinetic energy of the system is K. The child now
stretches his arms so that the moment of inertia of
the system becomes doubled. The kinetic energy of
the system now is

K K

@2K )T @, (4K
Match the following.

p. Capacitance i. volt I[amperfjl
q. Magnetic induction ii. volt sec (:a.itnpnt-:rf:}_i
r. Inductance iii. newton (ampere)™'

(metre)
s. Resistance iv. coulomb’ {juulﬂ}_l

(a) p-ii,q-iii,r-iv,s—i
(b) p-iv,q-iil, r—ii,s - 1i
(c) p-iil,g-iv,r-i,s—ii
(d) p-iv,q-i,r-ii,s - iii
The acceleration-displacement graph of a particle
moving in a straight line is as shown in the figure.
Initial velocity of particle is zero. Velocity of the
particle when displacement of the particle is
s=10mis

alm s7)
= A
(a) \/{ﬁ Im s l
(b) 2410 ms™! T ;
71...
(¢) 310 ms™ ; L S 56a)
(d) m\/g gl 0 2 8 10 12

. A constant retarding force of 50 N is applied to a

body of mass 10 kg moving initially with a speed of
10 m s . The body comes to rest after

(a) 2s (b) 4 s (c) 65 (d) 8s

Consider a one-dimensional motion of a particle
with total energy E. There are four regions A, B,
C and D in which the relation between potential
energy V, kinetic energy K and total energy E is as
given below:

RegionA: V>E RegionB: V <E

Region C: K>E RegionD: V> K

Which of the following regions the particle cannot
be found?

(a) Region A
(c) Region C

(b) Region B
(d) Region D

Which of the following statements is correct

regarding a geostationary satellite?

(a) A geostationary satellite goes around the earth
in east-west direction.

(b) A geostationary satellite goes around the carth
in wesl-easl direction.



18.

19.

20,

22,

23,

(¢) The time-period of a geostationary satellite is
48 hours,

(d) The angle between the equatorial plane and the
orbital plane of geostationary satellite is 90°.

A force F = 2.0 N acts on a particle P in the xz-
plane. The force F is parallel to x-axis.

The particle P (as shown e

in the figure) is at a
distance 3 m and the
line joining P with the
origin makes angle 30°
with the x-axis. The
magnitude of torque on
P with respect to origin ¥

O (in N m) is

(a) 2 (b) 3 (d) 5

A force F is applied onto a square plate of side L.
It the percentage error in determining L is 2% and
that in F is 4%, the permissible percentage error in
determining the pressure is

(a) 2% (b) 4% (c) 6%

>y

(c) 4

(d) 8%

A ball is dropped from the fop of a building
100 m high. At the same instant another ball is
thrown upwards with a velocity of 40 m s™' from the
bottom of the building. The two balls will meet after

(a) 3 s (b} 2s (c) 2.55 (d) 5s
. Match Column I with Column II.
Column I Column II
(A) |Definition of force |(p) |Newtons third law
(B) |Measure of force |{q) |Impulse
(C) |Effect of force (r) |Newton’s second law

Recoiling of gun  [(s) |Newtonss first law

(a) A-q,B-p,C—1,D -5
(b) A-p,B—q.C—1r,D—35
(c) A=-3,B-r,C—-q,D-p
(d) A-5,B-qC-r,D-p

A ball bounces to 80% of its original height. What
fraction of its potential energy is lost in each bounce?

(a) 020 (b) 0.60 (c) 040 (d) 1

A uniform chain of length L and mass M is lying
on a smooth table and one third of its length is
hanging vertically down over the edge of the table.
It ¢ is acceleration due to gravity, work required to
pull the hanging part on to the table is

Mel, Mel.
(b) g (c) g Mgl

18

(a) MgL (d)

24.

25.

The ratio of the radii of gyration of a circular disc
and a circular ring of the same radius and same
mass about a tangential axis perpendicular to plane
of disc or ring is

(a) 3:2 (b) 2:3
(c) 1:2 (d) +5:46

A rope of negligible mass is wound around a hollow
cylinder of mass 4 kg and radius 40 cm. What is the
angular acceleration of the cylinder, if the rope is
pulled with a force of 4 N? Assume that there is no
slipping.

(a) 2rads™
(c) 25rads*

(b) 1.5rad s™
(d) 3rads *

SECTION - B

This section consists of 24 multiple choice questions
with overall choice to attempt any 20 questions. In
case more than desirable number of questions are
attempted, ONLY first 20 will be considered for

evaluation.

26.

27,

28.

29,

T'wo trains are moving with equal speed in opposite
directions along two parallel railway tracks. If the
wind is blowing with speed u along the track so that
the relative velocities of the trains with respect to
the wind are in the ratio 1: 2, then the speed of each
train must be

(a) 3u (b) 2u (c) u

A rigid ball of mass m strikes a

(d) 4u

L
rigid wall at 60° and gets reflected E
without loss of speed as shown in #
the figure. The value of impulse g
imparted by the wall on the ball i
will be E
(a) mV (b) 2mV e

mV mV

(c) 5 (d) 3

The correct order in which the dimensions of time
decreases in the following physical quantities is

1. Stefan’s constant

2. Coellicient of volume expansion

3. Work done

4. Velocity gradient

(a)

2,331 (b) 1,2,3,4
(c) 4.3,2,1 (d) 1,2,4,3
When unit vector n=ai+ E;} is perpendicular to
(i + j),then aand b are
(@) 1,0 (b) -2,0
(c) 3,0 (d) -
o V2© 2
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Progressive Wave Parameters

Displacement, y=A sin (ot + kx)

'

| S in
'T ?) .-"I.'-'.I.HT-I:LT+I]

y=Asinln

Rl =
Phase, p=2n ,—+ﬁ—1+qrn
|'~.'{ """;

where ¢, is the initial phase,

Phase change with time,

n
A =— Al
i 3
Phase change with position,
Im
Ao = 5 A
Instantanecus particle velocity,
d} 2mA t i
H=—=——CO8 IT| =+ =
T ek |
Velocity amplitude,
2mA
= —— =1{0A
o =F
Instantaneous particle acceleration,
cl 4m* (1
a="n =———— A sin2m| ke
rif T— lu T e
=- {1:3}'

Acceleration amplitude,

=‘li A -m'.-d.

T

iy

Wave Travelling Along a 5tring

T
Speed, v=.1—

P =
where, T= tension in the string,

m = mass per unillengtlh.

Average rate at which Kinetic -energv or
1w o b
polential energy transported =
¥

Average power transmitted along the string
by a sine wave
2 a2
l w"A°T
P

¥ ¥ 2
== =T "mvA L
av T o v

Principle of Superposition of Waves

According to the principle of superposition
of waves, when any number of waves interact
at a point in a medium, the net displacement
of the point at a given time is the algebraic
sum of the displacements due Lo each wave al
that instant of time.

l

The stationary wave formed by the
superposition of incident wave and reflected
wave is given by
2nt

T
Nodes are formed at the positions

-~ —

2mx
¥y=2 Asin—

-

E—

A means of transferring momentum and energy

from one point to another without any actual
transportation of matter

Transverse and Longitudinal Waves

e A transverse wave is one in which the
disturbance occurs perpendicular to the
direction of travel of the wave.

A longitudinal wave is one in which the
disturbance occurs parallel o the line of

l

Velocity of Longitudinal Waves

Velocity of longitudinal waves in a solid of

travel of the wave,

bulk modulus &, modulus of rigidity 1 and
density pis

s Velocity of longitudinal waves in a long solid
rod of Young's modulus ¥ and density p is
given by

'|.l = .
P

o Velocity of longitudinal waves in a fluid of
bulk modulus x and density p is

= ;

i

e Newton's tormula for the velocity of sound in

agasis
- oD
pooYe

here, P= pressure ofthe gas
e Laplace formula for the velocity of sound in a

gasls
F__Jﬁadja _JE
P p-

e Inlensity of sound waves

I lmi‘d‘j“ 2m’K 41,2 E P_'J:
FA v 2k 2pv
actors A ng Velocity o

Sound through Gases

o Effect of density,

¥ O ——

77
jll [ 5 1.._'2 = p_l
¥] P2

« LCilectofl lemelurL, Ve ‘q'f_

27341
I-:‘] 273

« No ch;mge in velocity of sound with change

in pressure provided lemperature is kepl

constant.

Doppler's Effect

o Ifv, v, v and v are the velocities of sound,
observer, source and medium respectively,
then the apparent frequency,

i :I: 1-"”

viv, Fv,

¢

e vt v,

LY

e Ilthemediumisatrest, (v, =0)then

a1 b= an

Every piece of music you hear, from Hindustani classical to film songs, depends on performers producing waves and
yourdetection of those waves,

Organ Plpes

o Openorgan pipe
Fundamental mode,

1, = — =1 (Firstharmonic)

2L
Second mode, v, = 20
{Second harmonic or first overtone)

HY
aF
(nh harmonic or (7 - 11 overtone)
o Closed organ pipe
Fundamental mode,

o
41
Second mode, v, =3v

{(Third harmonic or first overtone)
Third mode, v,=>5u
i Fifth harmonic or sccond overtone)
nth mnde,un =(2n=-1)v

ntmode, v, =

v =—=1 (Firstharmonic]

[(21 -1} harmenicor {1 -1 avertone]

e Laplace correction e = 0.6r (in closed pipe)

and 2e=1.2r({in apen pipe)

U=Hn

W] (inopen pipe)

v
4(! + 0.6r)

} (in closed pipe)

Modes of Vibration of 5trings

o String fixed at both ends
Frequency of vibration
\ Ry M
I=—=—
2L 2L
where L=Ilength ofstring
n=mode of vibration
Fundamental frequency

LT
073 2L Ym'

Second harmonic or 1% overtone, U, =2y,

Third harmanic or 2™ overtone, v, = 3u,
and soon.

¢ String fixed at one end
Frequency of vibration

i t"-
ot AR _l,‘"-l-E}F
e

Fundamental frequency,

L L T
U7 4L~ 4L Ym
o Lawoflength
vl = constant
or wL,=1,L,

» Beatfrequency = Number of beats/sec
= Ditference in frequencies of two sources.
Vet = (n] 1}3] or {“.1 -1y ]
U‘Tl — UI i ul-..n-:.r



30.

31.

31

36.

48

If the force acting on a body is inversely
proportional to its speed, then its Kinetic energy is
(a) linearly related to time

(b) inversely proportional to time

(c) inversely proportional to the square of time

(d) a constant.

The ratio of the radii of gyration of a circular disc
to that of a circular ring, each of the same mass and
radius, around their respective axis is

(a) V3:4/2 (b) 1:2
() v2:1 (d) V2:43

A person travels towards north by 4 m and then
turns to west and travels by 3 m. The distance and
displacement are
(a) 7mand5 m
(c) 7mand 1 m

(b) 7mand 7 m
(d) 7mand 3.5m

. Three concurrent co-planar forces 1 N, 2 N and

3 N acting along different directions on a body

(a) can keep the body in equilibrium if 2 N and
3 N act at right angle.

(b) can keep the body in equilibrium if 1 N and

2 N act at right angle.

can not keep the body in equilibrium.

can keep the body in equilibrium if 1 N and

3 N act at an acute angle.

()
(d)

. Which of the following potential energy curves

possibly describe the elastic collision of two billiard

balls each of radius R ?

Here r is the distance between centres of the balls.
V(r) A V() A

(a) (b)

>r F——>r

[
=

K{r) Fir)

(c) (d)

> t > r
2R

2R

. An adult weighing 600 N raises the centre of gravity

of his body by 0.25 m while taking cach step of
1 m length in jogging. If he jogs for 6 km, the energy
utilised by him in jogging is

(a) 9x10°] (b) 9x 107 ]

(c) 6x 10°] (d) 6 x 10° ]

Torque of equal magnitude are applied to a thin
hollow cylinder and a solid sphere, both having
the same mass and radius. Both of them are {ree to
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39,

440.

41.

42,

43,

rotate about their axis of symmetry. If &_and o, are
the angular accelerations of the cylinder and the
sphere respectively, then the ratio o /o, will be

(a) 5/2 (b) 2/5 (c) 4/3 (d) 3/4

oz

In the relation P:Ee M opois pressure, z is
distance, &k is Boltzmann constant and 0 is the
temperature. The dimensional formula of  will be
(a) [MLT"] (b) [MLT]

(c) [ML"T™'] (d) [M'L°T')

. Three projectiles A, B and C are projected at an

angle of 30°, 45°, 60° respectively. If R,, Ry and R
arc ranges of A, B and C respectively then (velocity
of projeclion is same for A, B and C)

(a) R,=Ry=R. (b) R, =R.> Ry

(c) Ry <Ry<R, (d) Ry =R <Ry

Which of the following statements is correct about

friction?

(a) The coetficient of friction between a given pair
of substances is largely independent of the area
of contact between them.

(b) 'The frictional force can never exceed the reaction
force on the body from the support surface.

(¢) Rolling friction is only slightly smaller than
sliding friction.

(d) The main source of friction is the irregularity of
the surfaces in contact.

The escape 1-111{1{:1[}* from a :iphﬁrical satellite 1s V..

The escape velocity from another satellite of double
the radius and half the mean density will be

@ V2  (b)2V, (o) V2v. (d) V.3

The period of revolution of an earth's satellite close
to surface of earth is 90 min. The time period of
another satellite in an orbit at a distance of four
times the radius of earth {rom its surface will be

(a) Qﬂ\@min (b) 270 min

(c) 720 min (d) 360 min

Two satellites are in the parking orbits around the
earth. Mass of one is 5 times that of the other. The
ratio of their periods of revolution is

(d) 35

(a) 25 b) 5 (o)1

A stone tied at the end of a string 80 cm long is
whirled in a horizontal circle with a constant speed.
If the stone makes 25 revolutions in 14 s, what is the
magnitude of acceleration of the stone ?
(a) 90m s~ (b) 100 m g
(c) 110 m 572 (d) 120 m §72



44, 'The mass of a bicycle rider along with the bicycle is
100 kg. He wants to cross over a circular turn
of radius 100 m with a speed of 10 m s, If the
coefficient of friction between the tyres and the
road is 0.6, the frictional force required by the rider
to cross the turn, is
(a) 300N (b) 600N (c) 1200N (d) 150N

45, Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : Mass is not conserved separately, but

massandenergyareconservedasasingleentitycalled

mass - encrgy.

Reason (R) : Mass and energy are interconvertible

in accordance with Einstein’s relation, E = mc”.

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

(b) Both A and R are true but R is not the correct
cxplanation of A.

(¢) A is true but R is false.

(d) A is false and R is also false.

46, Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : A player lowers his hands while

catching a cricket ball.

Reason (R) : The time of catch increases when

cricketer lowers its hand while catching a ball.

(a) Both A and R are true and R is the correct
cxplanation of A,

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

(c) A istrue but R is false.

(d) A isfalse and R is also false.

47. Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : The maximum horizontal range of

projectile is proportional to square of velocity.

Reason (R) : The maximum horizontal range of

projectile is equal to maximum height attained by

projectile.

(a) Both A and R are true and R is the correct
cxplanation of A,

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

(c) A istrue but R is false.

(d) A is false and R is also false.

48, Given below are two statements labelled as
Assertion (A) and Reason (R)
Assertion The average and instantancous
velocities have same value in a uniform motion.

Reason : In uniform motion, the velocity of an

object increases uniformly.

{a) Both A and R are true and R is the correct
explanation of A.

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

(c) A istrue but R is talse.

(d) A is lalse and R is also [alse.

49. Given below are two statements labelled as

Assertion (A) and Reason (R)

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.

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

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

(c) A istrue but R is false.

(d) A isfalse and R is also [alse.

SECTION - C

This section consists of 6 multiple choice questions
with an overall choice to attempt any 5. In case more
than desirable number of questions are attempted,
ONLY first 5 will be considered for evaluation.

50. The coefficient of friction between the ground and
the wheels of a car moving on a horizontal road is
0.5. If the car starts from rest, what is the minimum
distance in which it can acquire a speed of
72 km h ! without slipping? (Take g=10m s E}.

(a) 10m (b) 20m (¢) 30m (d) 40m

51. A body of mass m is raised to a height & from the
surface of the earth where the acceleration due
to gravity is g. If R is the radius of the earth and
h << R, then the loss in weight due to variation in
¢ is approximately

2 moh 2meR
@ 2 @) T g SR (@

Case Study : Read the following paragraph and

answer the questions :

Acceleration Due to Gravity Below and Above the
Surface of the Earth

Effectofaltitude: If F(h) denoted o
the magnitude of the force on

Farth's surface

the point mass m, then
GM -m

F(h) = ——=—
(Rp +h)

The acceleration experiem:ﬂd
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by the point mass is F(h)/m = g(h) and we get

F h Gﬂd 7
gy=22 M .
" (R +h)
GM X
glh)=—S———L——=g(+h/Ry)"?
Rp(1+h/Rg)
For ji—t << 1, using binomial expression,
E
2h
hy=g|ll=——
— g( REJ

This equation tells us that for small heights h above
the Earth's surface the value of g decreases by a factor
(1 - 2h/Rg).

Effectofdepth: A point massis
situated at the depth d below
the surface of the Earth is
shown in the figure.

If M, is the mass of the smaller
sphere, then
MJM;=(R;-d)’/R} cxoffi)
In this case only the smaller sphere of radius (Ry-d)
contributes to g.

Thus the force on the point mass is

GMm - GMgm(Rg —d)

Earth's surface

F(d) =
(Rp —d) Ry

Acceleration due to gravity at a depth 4,
F(d) GM; Ry —d

RO BRSSP Sl )
m Rt Rp

Thus, as we go down below Earth's surface, the
acceleration due to gravity changes by a factor of (1 - d/Rp).

52. Value of g is
(a) maximum at poles
(c) same everywhere

(b) maximum at equator
(d) minimum at poles.

53. Earth is flattened at the poles and bulges at the

equator. This is due to the fact that

(a) the Earth revolves around the sun in an elliptical
orbit

(b) the angular velocity of spinning about its axis is
more at the equator

(c) the centrifugal force is more at the equator than
at poles

(d) none of these.

] |
1=

. The acceleration due to gravity at the poles and the
equator is g, and g, respectively. If the Earth is a
sphere of radius R and rotating about its axis with
angular speed m, then gy - & 1s given by

2 2
() ()]
(a) — (b)

2n 2
— {E} (1 R}_-

(d) 'R
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55. The dependence of acceleration due to gravity g on
the distance r from the centre of the Earth assumed
lo be a sphere of radius R of uniform density is as

shown in the figure.
EA EMN

(i) \ (ii) i‘_\

R R
il EMn
(i) _?\“xH i) |/
E:I >r H’ >
The correct figure is
(a) (i) (b) (ii) (c) (iii)  (d) (iv)

1. (b): y=ax or ﬁ:{x x Or E=i.':|h‘.1’f

dt Jx

or E:u dt or 2x'?
J f J
X

where C, is the constant of integration.
Given:x=0atft=0, .. C =0

:mt+(?l

P,

2x"* =t or x :[§) t* orxoc

2. (c) : When the speeding bus stops suddenly, the
lower part of the passengers body in contact with the
seat remains at rest whereas the upper part of the body
of the passengers continues to be in state of motion due
to inertia. Hence, the passengers are thrown forward.

3. (a) : Mass of water, m = volume x density = il x P
=m(2)* x 15 x 1000 kg
_J0F1S

h =22.5m
W 5 #, -
LN =ﬂ:[2] x15x1000x9.8x22.5
! t 3600
=11.55 kW

4. (d) : In the given triangular plate, BC is the shortest
side. The M.I. of the triangular plate is maximum about
BC as the axis, because the particles of the plate are
distributed at maximum distances from EC.

From the figure, we find that

Ipe> Iip > Iy or Ipc > Iy

Drift velocity (v ;)

5. (a) : Mobility (u,)=

Electric field (E)
-1
Im 5
_ — e Bitgnl ol
V m

The SI unit of electron mobility is m* V™' 57",



dv
di

or dv=(3t"+2t+2)dt
Integrating both sides, we get

=Bt g o9

6. (b): Given, a=

¥ f 3 2 !
33 2

Idv:j(3£3+2£+2}dr or v—u.:[—+ +2¢)

3 2 :

u ]
Or v=1.:+1j+r1+2;f

At t=2s5v=2+(2P+(2)+2x2=18ms"’

7. (a)

8. (a) : Potential energy

et =1k[i]z o
2 2 k 2k

U, k, 2000 2

L

U, k 1000 1

9. (c) : As the body is rigid therefore angular velocity
of all particles will be same i.e., 0 = constant.

Fromv=r, ves r Tty Hnr
(if ® = constant). A DR
It means linear velocity of that particle 5

: 2 D | ; .- 1- I
will be more, whose distance from the 1

centre 1s more.
i.e., vy <vg<vebutw,=wg=w.

10. (a) : In the first case, steel is at the outer end. The
M.I. depends upon the masses of the particles and their
distribution from the axis of rotation.

As density of steel > density of wood, the M.1. is more in

: T
the first caseor I, > [, and v o = ol <0

11. (b) : g, =g - Rw* Y = -mx + ¢

It is a straight line with negative slope.

12, (b) : According to the principle of conservation of
angular momentum, I = constant As I is doubled, w

becomes half. Now KE of rotation, K = %I w?
Since I is doubled and w is halved, KE will become half
e Ki2.
13. (b)
dv _dv ds  dv

14. (b) : Acceleration, a=—= z

dt ds dt  ds

or vdv = ads

2 .
1"" ‘lll'{l}
s —=\|ads
==

But -[{1;1’5 = area under a-s graph

From equation (i), v= \/E{arca under a-s graph)

Area under a-s graph
1 1
:5{2}{2}+6x2+5{2]{2}+2x2:2+12+2+4:2U

v=4/2x20 zzdﬁ ms !

15. (a) : Here, F = -50 N (- ve sign for retardation)
m=10kg u=10ms "', v=0
F 50N

d=—=

m 10kg

As F=ma 2

=-5ms

v—nu 0-10m s

Usingv=u+at ~. = =25

a 5ms
16. (a) : Total energy of the particle
= Kinetic energy + Potential energy

E=K+V or K=E-V
Since kinetic energy can never be negative. lhe particle
cannot be found in the region where its kinetic energy
would become negative. In region A, V> E

K becomes negative in this region. Hence, the
particle cannot be found in region A.

17. (b) : A geostationary satellite goes around the earth
in west-east direction.

The time period of a geostationary satellite is 24 hours.
The angle between the equatorial plane and the orbital
plane of geostationary satellite is 0°,

18. (b) 19. (d) 20. ({c)

21. (¢) : Newtons first law defines force. Newton’s
second law gives us a measure of force. Impulse gives us
the effect of force. Recoiling of gun is accounted for by
Newton’s 3™ law.

22. (a) : Let the ball is dropped from height h.

Initial potential energy = mgh.
Potential energy after first bounce = mg x 80 % of h

= 0.80 mgh.
Potential energy lost in each bounce = 0.20 mgh
Fraction of potential energy lost in each bounce
0.20 mgh
=——=0.20
mgh
23. (d) : The weight of hanging part [EJ of chain is
3

(l Mg]. This weight acts at centre of gravity of the
3

hanging part, which is at a distance of (E) from the

table.
As work done = force x distance
Vi Vi
oM, L_Mal
3 6 18

24, (a)
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25. (¢) : The M.L. of the hollow cylinder about its
geometric axis is given by I = MR? = 4 x (0.4)°

= 0.64 kg m”
When the rope is pulled with a force F =4 N,
atorque, T=FxR=4x04=1.6Nmis produced and
it produces an angular acceleration, .

T 1.6 =
2 ps—s—= 2 Siad 5 < Cat
I 0.64

26. (a) : Let the speed of each train be x.
According to the given question

X—Uu 1
= — Or 2x — 21 = x+u or x=73u
X+ u 2

T = Icxt)

27. (a) 28. (a)

29, (d) : l=va® +b* ;or =1 (1)
And(a?+b_}}-[§+}j:ﬂ or a+b=0;0orb=-a

From (i), a” + l[—a::jl2 ]

1 1
or a=— and b=———

V2 V2

1 C
30. (a) : Focm, F==
v v
Where, C is a constant of proportionality.
C dv C Cdl
—= Mag=— or m—=— ; vdv=——
v dt v "
Integrating both sides, we get
vi CF 1. s
—=—0r —mv =01
2 m 2

1
or Kineticenergy, K = E mvz =Ct or Ke< |

31. (b) : Radius of gyration is given by, K = .
M
K. Iy
For given problem, —disc — |~disc (1)
Kring J[riﬁg
But Iy, = HR and I,;,, = MR (about its axis)

where, R is the radius of both bodies.
Therefore, eqn (i) becomes

. 2
K gic. :J{HZJMR il

Kring .I'\"‘TRE

32. (a): Displacement = CA

CA*=CB*+ BA*=(3)" + (4)* =25
CA=5m

Distance=3+4=7m

Displacement = 5 m

33. (¢) : If 1 N and 2 N act in the same direction and

3 N acts in opposite direction, then equilibrium is possible.
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34. (d) : Here the potential energy of a system of two
masses cxists only during collision. This potential
energy is due to deformation.

35. (b) : Here, mg=600N, h=0.25m
Length of each step =1 m

6}{11}3111
Il m

No of steps in 6 km is N = = 6000

Energy utilised in jogging is

E=Nmgh=6000x 600N x025m=9 x 10° ]
36.(b):1=1x
Torque of equal magnitude are applied to the hollow
cylinder and the solid sphere.

2
& I EMR )
fa=l0 = ~L=—_== ——
o, I. MR:? 5

Lz

37. (a) : In the given equation, — should be
dimensionless. kO

k0 [ML*T KL [K]

oL=— o]= —[MLT 2
5 [ W [ ]
2
3 Pl ML'T™
1 $in 28

38. (d) : Range, R=
g

Here ¢ is constant and u is same for the projectiles A,

B and C.

7. Recsin 20

= R, :Rz: R-=s5in 60°: sin 90° : sin 120°

R,:Ry: RC:£1£_J_2I

Hence, Ry, = R- < Ry

39. (a) : The coefficient of friction between a given
pair of substances is independent of the area of contact
between them. [ > 1 for copper on cast iron.

Rolling friction is much smaller than sliding friction,
Irregularity of the surfaces in contact is not a main
contributor of friction.

sl
2GM, ZGﬁgnR,xp]

R, \l R,

TGP, 5 EﬂEZRi X nGZ—l

vf—‘z = ﬁvﬂ]

40. (¢): V

_2\2 R1




41. (c) : From Kepler's law, T’ o« R’ = T RY?

T R’ 3/2 T’ AR 3/2
= e 3| PRy =% — — 8
T R I R

T’ =8T =8 x90 =720 min

(R+h)’
M
where h is the height of the satellite from the surface of

the earth. Thus T depends upon the mass, radius of the
earth and h. It is independent of the mass of the satellite.

42, (c) : For a satellite, the period T =21

T;
As both are at the same height, T =T, or —-=1
2
43. (b) : Length of the string, =80 cm = 0.8 m

MNumber of revolutions = 25, Time taken = 14 5
25 i
vV=""=1785"1
14
w=2mu=2mx1.78=11.18rad s *
a=m1=(11.18)" % (0.8) =99.99ms =100 m s~
44. (b) : Centripetal force
My _100x10x10

r 100
Required frictional force to cross the turn,
= umg = 0.6 x 100 x 10 = 600
As the frictional force is greater than the centripetal
force, so the rider will be able to cross the turn.

45, (a)

46, (a) : According to law of conservation of linear
momentum of the ball

=100 N

momentum, the remains
constant. As we know that, Impulse = F x [ = change in
momentum of the ball = constant, therefore , when the
time of catch (1) increases, I’ decreases i.e. hands of the

player are not hurt much.

53
: _ u” sin20
47. (c) : Horizontal range of projectile, R = ————
For maximum horizontal range, 6 = 45°
Rrrlux = Ilzllirg
u® sin” 6
Maximum height attained by projectile, H = E—
4

For 0 = 45°, H = u*/4g

48, (c) : An object is said to be in uniform motion if
it undergoes equal displacement in equal intervals of
time.

$1+8+8 4. s+s5+s5+.. Hs

V., = - = =

R T o o N LR
$
and v, = —.
t

Thus, in uniform motion average and instantaneous
velocities have same value,

49. (¢) : Torque=TLorcexperpendiculardistanceoflineof
force from the axis of rotation. Hence lor 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.

50. (d) : Herepu=05u=0

3 i
v=?2kmh_L=F2}{lg=2|}m51
_f_ma_a s
As MU R mg g (. f= ma, without slipping)
< ﬂ=ug={}.5xlﬂ=5ms'2
-
a8 v e 400
(20°-0°=2x5x%xs or SZWZJW m
2h 2¢h
51. (a) : Forh<<R, g, =g|l1-—— |=g——
i R R
= ]

Loss in weight due to variation in g
mx2gh 1 2mgh

R
52. (a) : Value of g is maximum at poles.
53. (c)
54. (d) : Acceleration due to gravity at a place of
latitude A due to the rotation of Earth is
¢ =g- R.w’cos’h
At equator, A = 0°, cos0° =1
: o 2
S g =gmesge= Rl
At poles, A = 90°, cos90° = 0
: swcsmou o P 2
S B8 =8 - G Re=8- (§-Rp) =Rp@
f i
55. (d) : The acceleration due to gravity at a depth d
below the surface of Earth is

=515 s ‘
RS el B el

where R - d = r = distance of location from the centre of
the Earth. Whenr=0,¢"=0
From (i), ge= rtill R =1, for which ¢' = ¢

gR* B gR* 1

,
— Ol S

(R+h)?*  +° e

= mg - mgy, = m(g-g,) =

Forr>R, £ =

Here, R+ h=r

Therefore, the variation of g with distance r from centre
of Earth will be as shown in figure (iv). Thus, option (d)
is correct.

@
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MONTHLY TEST

DRIVE N

his specially designed column enables students to self analyse their extent of understanding of specified chapters. Give yourself four marks for

Time Taken : 60 Min.,

correct answer and deduct one mark for wrong answer. Self check table given at the end will help you to check your readiness.

Only One Option Correct Type
The speed-time graph of

Kinematics

Total Marks : 120

5. A player throws a ball upwards with an initial speed

of 29.4 m s~'. What is the velocity of the ball at the
highest point of its motion?

V

a particle moving along a (m 5_13‘ (a) 0 | (b) 29.4 m S_T
fixed direction as shown 12} (c) 2.94ms (d) 588 ms
in the figure. The distance i “_\ 6. For a particle performing uniform circular motion,
traversed by the particle L e choose the incorrect statement from the following.
betweent=0sto 10sis ; (a) Magnitude of particle velocity (speed)remains
(a) 20 m (b) 40 m constant.
(c) 60m (d) 80 m (b) Particlevelocity remainsdirected perpendicular
A cyclist starts from the centre O of a 0 to radius vector.
circular park of radius 1 km, reaches (c) Direction of acceleration keeps changing as
the edge P of the park, then cycles P particle moves.
along the circumference and returns (d) Magnitude of acceleration does not remain
to the centre along QO as shown in constant.
the figure. If the round trip takes ten minutes, the 7. A hiker stands on the edge of a cliff 490 m above
net displacement and average speed of the cyclist the ground and throws a stone horizontally with
(in metre and kilometre per hour) is an initial speed of 15 m s '. Neglect air resistance.
(@) 0.1 (b) n+4 0 With what speed the stone hits the ground?

i 2 (a) 15ms > (b) 90 m =
(c) 21.4ﬁT (d) 0,21.4 (c) 99 ms! (d) 499 m s
The component of a veclor r along x-axis will have 8. In one dimensional motion, instantaneous speed v
maximum value if satisfies 0 < v < v, Then,
(a) 7 isalong positive y-axis (a) the displacement in time T must always take
(b) 7 isalong positive x-axis non-negative values
(c) rmakes an angle of 45° with the x-axis (b) the displacement x in time T satisfies
(d) risalong negative y-axis. -l <x<yT
It is a common observation that rain clouds can be (c) the acceleration is always a non-negative
at about 1 km altitude above the ground. If a rain number
drop falls from such a height freely under gravity. (d) the motion has no turning points.
What will be its speed in km ho2 9. The position of an object moving along x-axis

(Take g= 10 m s7%)

(a) 508 (b) 608 (c) 708 (d) 908

PHYSICS FOR YOU | MOVEMBER 21
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is given by x = a + bf° where a = 8.5 m and
b = 25 ms~ and { is measured in seconds. Its



10.

11,

12.

13.

14,

velocity at t =2 s and the average velocity between
t=2sandt=4sis

(a) 2ms L 5ms! (b) 15ms ™, 10ms™}

() 10ms L 15ms (d) 10ms ', 20ms!

A man wants to reach from A to the {}PPDSitE corner
of the square C (Figure). The sides D 2C

of the square are 100 m. A central
square of 50 m x 50 m is filled with

R

sand. Outside this square, he can Z.--30m
=] Ag—o—pb8
walk ata speed 1 ms™ . 100 m

In the central square, he can walk only at a speed of
yms ' (v<1). What is smallest value of v for which
he can reach faster via a straight path through the
sand than any path in the square outside the sand?
(a) 0.18ms : (b) 0.81 ms :
(¢) 0.5ms" (d) 0.95m s

A football is kicked into the air vertically upwards with
velocity «. What is its velocity at the highest point?
(b) zero  (c) 2u (d) 4u

(a) u

Look at the graphs (i) to (iv) carefully and
choose, which of these cannot possibly represent
one dimensional motion of a particle.

X i)
F §

L ‘/"‘l\ >
N

(1) (i1)
EPEEd Total path
Y length
\,- 7 \ % >
t
(iif) el

(a) (i) and (ii) (b) (ii) and (iii)
(c) (i), (i1) and (iii) (d) (i), (ii), (iii) and (iv)

A body starts from rest and travels a distance §
with uniform acceleration, then moves uniformly a
distance 28, and finally comes to rest after moving
further 58 distance under uniform retardation. The
ratio of the average velocity to maximum velocity is

(a) 2/5 (b) 3/5 (c) 4/7 (d) 5/7

A plane flying horizontally at 100 m s~ releases an
object which reaches the ground in 10 s. At what
angle with horizontal it hits the ground?

(a) 55° (b) 45° (c) 60° (d) 75"

15.

A projectile has initially the same horizontal
velocity as it would acquire if it had moved from
rest with uniform acceleration of 3 m s * for
0.5 min. If the maximum height reached by it is
80 m, then the angle of projection is (g =10 m 5_2]
(a) tan™'3 (b) tan™'(3/2)

(c) tan '(4/9) (d) sin '(4/9)

JEE MAIN / JEE ADVANCED

16.

17.

Qoo carsuie

Only One Option Correct Type

A man holds an umbrella at 30° with the vertical
to keep himself dry. He, then, runs at a speed of
10 m s~ and finds the rain drops to be hitting
vertically. Speed of the rain drops with respect
to the running man and with respect to carth are
I'ESPECH\"EI}" dare

(a) 20ms and 10 m s
(b) 10ms ' and 2043 ms™
(c) 103 ms™ and20ms™’

(d) 20 m s~ and 1{]\/5 ms!
Two towns A and B are connected by a regular bus

service with a bus leaving in either direction every
T minutes. A man cycling with a speed of 20 km h™’

1

in the direction A to B notices that a bus goes past
him every 18 min in the direction of his motion,
and every 6 min in the opposite direction. lhe
period T of the bus service is

(a) 4.5 min (b) 9 min

(c) 12 min (d) 24 min

20 you got separated
from your magnet
partner, what

He Flipped!
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18. Match the column | with column I1. More than One Options Correct Type

Columnl | Caliimis IT 20. The position-time (x-f)graphs for two children A
(Graph) (Characteristic) and B returning from their H
| school O to their homes P o}
1) #
A% p. Hasv>Oanda<0 and Q respectively are as
throughout. shown in the figure. Choose ~ *'T
thﬂ correct statements
_ 0 =
: regarding these graphs.
(a) A lives closer to the school than B.
(b) A starts from the school earlier than B.
' B |z ' H 0 (c) A walks [aster than B.
: , | Has X > .
4 i et d (d) A and B reach home at same time.
roughou an
has a point with v = 21. Which of the following statements is/are incorrect
f 0 and a point with about the average velocity of a particle?
a = (. . o(t,) — Tt
{a} Um'i:ru;i;-.: = ( 2) 2 { lj
C. r. | Has a point with 2 ) n
zero displacement (b) Taverage = Taverage(f2 =h)
for t > (. of - Tlt, )+ T(E)
|! - I E
| | Ry ()
D. |i s. |Has v < 0 and (d) Caverage = ty = 1§
a>0. (The average stands lor average of the quantity over
[ the time interval f; to ;)

(a) A=pBsguC=15,D =8
(b) A-¢.B-p,C-5,D-r
(c) A-1,B-q,C-s5,D-p

(@) A=syiiep G5 D ONLINE TEST SERIES

19. If |A| =2 and |B| =4, then match the relations Practice Part Syllabusi Full S}"HHDUE
24 Mock Tests for

in column I with the angle 8 between Aand B in

column I1.

]
Column I Column I1 E E M I n
(A) xB|=0 (p) |0=30° J j

(B)
(C)

Ve |

|
)4
ws ]

- (q) |O=45°

|
w o

xB|=4 (r) |B=090° 7o _ ﬁﬁé/j kb

(D) ||AxB|=4v2 |[(s) |0=0°

(a) A=p,Bor,CoqgDos Now on your android smart phones
(b) A-1,BoqC—osDp with the same login of web portal.

(c) Ass5,BornCop,D—=gq

() AsigBos Py Cos s B 8 Log on to test.pcmbtoday.com
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22.

23.

24,

23.

Centripetal acceleration is

(a) a constant vector

(b) a constant scalar

(c) a magnitude changing vector
(d) nota constant vector.

Two particles are projected in air with speed u at
angles 0, and 0, (both acute) to the horizontal,
respectively. If the height reached by the first
particle is greater than that of the second, then
which one of the following is/are incorrect?

(a) 0,> 0, (b) 0, = 0,

(¢) Ty < 17 (d) ) =T

where T, and T5 are the time of flight

The velocity-displacement graph of a particle is as
shown in the figure.

Which of the following graphs

are incnrrcctly represents the

o
thy

variation of acceleration with

displacement ? 0 oY
i i
4 4
{ﬂ} 0 X {b] 0] ¥
il il
+ A

(d) {}be

(c) op——x

Let the resultant of two vectors A and B be R. Let the
angle between A and R be o and the angle between

Band R be B. Let the magnitudes of ..F_L, Band Rbe
represented by A, B and R respectively. Which of
the following statements is/are correct?

26.

217.

28.

R A B
sin(ot+p) sino.  sinf
(b) Rsino = Bsin(o + p)

(c) Asino = Bsinfs
(d) Rsinp = Asin(c + [3)

(a)

Numerical Value Type

A bird is tossing (flying to and fro) between two
cars moving towards each other on a straight road.
One car has speed of 27 km h™" while the other
has the speed of 18 km h ', The bird starts moving
from first car towards the other and is moving with
the speed of 36 km h™! when the two cars were
scparated by 36 km. What is the total distance
(in km) covered by the bird?

A cyclist is riding with a speed of 27 km h™'. As
he approaches a circular turn on the road of radius
80 m, he applies brakes and reduces his speed at the
constant rate of 0.50 m s every second. What is
the magnitude of the net acceleration (in m s_z}l of
the cyclist on the circular turn?

A cricketer can throw a ball to a maximum
horizontal distance of 100 m. With the same speed
how much high (in m) above the ground can the
cricketer throw the same ball?

Comprehension Type

Two particles A and B are initially 40 m apart, A is
behind B. Particle A is moving with uniform velocity of

10 m s~ towards B. Particle B starts moving away from

. . -2
A with constant accelerationof 2 ms °.

29.

30.

The time at which there is a minimum distance

between the two is

(a) 2s (b) 4s (c) 5s (d) 65
The minimum distance between the two is
(a) 20m (b) 15m (c) 25m (d) 30m
& @

Keys are published in this issue. Search now! ©

SELFCHECK /

No. of questions attempted
Mo. of questions correct

Marks scored in percentage

< 60%

Check your score! If your score is
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74-60% Ismsmcrnmr!

NOT SATISFACTORY! Revise thoroughly and strengthen your concepts.
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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 1o the requirements of these Entrance Tesls.

ELECTROMAGNETIC INDUCTION

Electromagnetic induction is the phenomenon of
production of emf in a coil, when the magnetic

flux linked with the coil is changed. The emtf so
produced is called induced emf and the current
so produced is called induced current.
Magnetic Flux (¢)

The total number of magnetic field lines crossing
normally through a surface

placed in a magnetic field

is called magnetic flux (¢) / _’
linked with the surface. -
¢=E.E=BA cos 0, A
where B is the magnetic

field, A is the area of the

surface and 0 is the angle

between the direction of

the magnetic field and normal to the surface.

The SI unit of magnetic {lux is weber (WDb).
Magnetic flux can be changed by

changing the intensity of the magnetic field.

- changing the orientation of coil with respect
to the magnetic field.

- changing the area of the closed circuit.

Farapay’s Laws oF ELEcTRomaGNETIC INDUCTION

First law: Whenever magnetic flux linked with a
circuit (a loop of wire or a coil or an clectric circuit

'NEET/JEE

| CLASS-XII

Electromagnetic Induction | Alternating Current

in general) changes, induced emf is produced. The
induced emf lasts as long as the change in the
magnelic flux continues.

Second law: The magnitude of the induced emf is
directly proportional to the rate of change of the
magnetic flux.

- 0
Induced emlf, £=— 49 = %, :
dt t

Lenz’s Law

It states that the induced current produced in
a circuit always flows in such a direction that it
opposes the change or the cause that produces it.
Lenz's law can be used to find the direction of

induced current. Lenz’s law is in accordance with
the law of conservation of energy.

= Fleming's Right Hand Rule

Fleming’s right hand rule gives us the direction of
induced eml or current, in a conductor moving in
a magnetic held.

According to this rule, if we stretch the fore finger,
central finger and thumb of our right hand in
mutually perpendicular directions such that fore
finger points along the direction of the field and
thumb is along the direction of motion of the
conductor, then the central finger would give us
the direction of induced current or emf.
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Motion of conductor

4

Thumb

Magnetic Fore ﬁ.ng!:rf
field = 2

1%?*{
Induced current 1‘62?‘
>

=
&

Applications of Lenz's law

When the North pole of a bar magnet is moved
towards a coil as shown in the figure, the current
induced in the coil will be in anticlockwise
direction.

When the North pole of a bar magnet is moved away
from the coil as shown in the figure, the current
induced in the coil will be in clockwise direction.

When a current carrying coil is moved towards a

stationary coil, the direction of current induced in
stationary coil is as shown in figure below.

—— i —— —— 0 ——
F 3 Yy —» A w
3 | I — ‘.-"':'f\
| ul:-ﬁfﬂﬁ onary)

When a current carrying coil is moved away from
a stationary coil, the direction of current induced
in stationary coil is as shown in figure below.

+— A Yy ¥ A
= .-"’E""-.
B Pl

(Stationary)
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When two coils A and B are arranged as shown in
figure, then on pressing K, current in A increases
in clockwise direction. Therefore, induced current
in B will be in anticlockwise direction.

A

-

Y

|
B ] K

However, when key K is released, current in A
decreases in clockwise direction. Therefore, induced
current in B will be in clockwise direction.

Motional Electromotive Force

If a conductor is moving with velocity v in a
magnetic field, electrons inside it experience a
force F = g(v x B)and accumulate at the end of the
conductor. Very soon, an electric field is established.
Eventually component of magnetic force along the
conductor length is balanced by the electric field

force and the drifting of electrons stops and an
em! is established.

an,E:—-Ef)ErdT:j[ﬁxE’}-d?:{zj{ﬁxﬁ}rﬂ
This is general expression for induced emf in
a conducting wire. If v, B and [ are mutually

perpendicular to each other, then € = Bvl.

[f conducting rod moves on two parallel conducting
rails, then phenomenon of induced emf can be
understood by the concept of changing area (Ivt).

i
Hence induced emf |€|= -f = Bvl
(
Induced Current: [ = £ i!ﬂ
R R _ 50 5
Magnetic Force: F, = BJl = B(B_ﬂ]f: Bvi
R R
Power dissipated in moving the conductor :
dW B2vi? B*v2 I
Rﬁ&::h:‘ﬂ*rr == At :Fe.xr'vz R A= R
2
Electrical Power : Pl i = E =R = [B—FI] . R
3 242 ! R
Bv7l
Pﬂ'zrrmfré' = R

Motion of conducting rod in a vertical plane
- Rod will achieve a constant maximum
(terminal) velocity vy if F,,, = mg



2 2
0. B 7 mgR
¥ :mg; T:
R B2
R

o A - = *

P
K M b W, x p 4

t__l:i._- - — ..{ -

ol . iF,,, mel X %

5
x X X fmg Wl x x

Motional emf due to rotational motion
- emf induced across

the ends of the rod is, o B
1 5 ?J H .:""1.' b
£=—Blw=Blm {0 P
2 X X TR
Bl*m e
il ¥ X magamT X

Eppy CurRenTts

The currents induced in the body of a conductor,

when the magnetic flux linked with the conductor

changes are called eddy currents.

The direction of the eddy currents in the conductor

can be found by applying Lenz’s law or Fleming's

right hand rule.

Applications of eddy currents

- Induction furnace is based on the heating effect
of eddy currents.

- Speedometer is a device used to measure the
instantaneous speed of a vehicle.

-~ Concept of eddy current is used in energy
meter to record the consumption of electricity.

INDUCTANCE

Inductance the analogous to inertia in mechanics,
because inductance of an electrical circuit opposes
any change of current in the circuit.

Inductance is a scalar quantity. It has dimensions
of [ML*T*A™]. SI unit of inductance is henry.

Self Inductance
-~ When the current in a coil changes, it induces
a back emf in the same coil. The self-induced

dl
emf is given by, €= _LE’

where I is the self-inductance of the coil.

T No L NBA - {htutal
I i 1

It is a measure of the inertia of the coil against
the change of current through it

r2
i Wy M, N A

- The self inductance of a long solenoid, the
core of which consists of a magnetic material
of permeability p, is

=, g nEAL= o, 0V

/

Here V = volume of solenoid = Al
Self inductance of a planar coil of radius R

Hﬂ;’\rlﬂﬂ N
=20
2
Mutual inductance
-~ When an emf is produced in a coil because of
change in current in a coupled coil, the effect
is called mutual inductance.

N N
M, Bichd i 5 and M, = L%
I I,

A =R

- For same length and different number of
turns per unif length of two solenoids mutual
inductance is given by .
Mpp=My=ppPgnynnr =M
ry = radius of inner coil

Mutual inductance of two concentric and coplanar

2
N,B A NN, nr
coils M¢ ¢ = 25 PN T
2 1 2

2

Us _ B
Vo 2y,

Magnelic energy per unit volume, Uy =

Combination of inductance

- Series combination
Le¢ =Ly + Ly (take M = 0). If M # 0 then
Ls=L +L,£2 M.
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.

Parallel combination, e - I
- Ly: Iy Iy
L,= . (take M = 0)
L, +L,
When M # 0 i.e., they situated close to each
; LL,-M°
e = L e, M

EnErRGY SToRED IN AN INDUCTOR

When a current [ flows through an inductor, the
energy stored in it, is given by U= % L2

The energy stored in an inductor is in the form of
magnetic energy.

@
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Current GRowTH IN AN LR Circuir

Emf equation : AWA—TT0000™—
Al R [
V=IR+L— B
dl +|=— ~1
Iv Switch

Current at any instant :
When key is closed the
current in circuit increases exponentially with
respect to time. The current in circuit at any instant
tis given by I = Iy(1 - E_m:}

Just after the closing of key, inductance behaves like
open circuit and current in circuit is zero.

WMWAN——e o

(Open circuit, t = 0,1=0)
(Inductor provide infinite resistance)

| fa
II ".._n'

Some time after closing of the key inductance
behaves like short circuit and current in circuit
1s constant.

— AN,
; R | (Short circuit, t — eo, [ — ;)
0 (Inductor provide zero resistance)
Ehe s
II | )
'ir.?'
- [, =— (maximum or peak value of current)
R

- Peak value of current in circuit does not depend
on self inductance of coil.

Current Decay N an LR Circuir

@

: : dl
Emf equation : [R+L—=0
dl
AAAA— D000 —
Initially, $ : ON | R L
SE . ':_}FF ';’1'52
Finally, S, : OFF
S,: ON 1
% I;— o
v

Current at any instant : Once current acquires ifs
final maximum steady value, if suddenly required
switching positions (S; and §,) are interchanged
then current starts decreasing exponentially with
respect to time. The current in the circuit at any

instant f is given by I = I ol

7
-~ Just after opening of key (t=0)= =1, = L
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- Some time after opening of key (f — <) = [, = 0

AC GENERATOR

It is a device used to obtain a supply of alternating
emf by converting rotational mechanical energy into
electrical energy. It is based on the phenomenon
of electromagnetic induction. i.e. when a coil is
rolated in uniform magneltic field, an induced emf
is produced in it.

The instantaneous value of the emf produced is
given by € = NBAwsinmt, where N is number
of turns of the coil, A is the area of coil and w
is angular frequency of rotation of the coil in a
magnetic field strength B.

Key Point

When current in a straight conductor AB is
increased, induced current in loop will be in
clockwise direction as shown in the figure. If
current in AB is decreasing, the induced current
in the loop will be in anticlockwise direction.

A L B
Current

Time constant (T) : It is a time in which current
decreases up to 37% (0.37 times) or increases
up to 63% (0.67 times) of peak current value
and given as T = L/R.

1 |(dI/dt)|
1 Iy - line | (V/L) - line
I frreeereeees |
Exponential Exponential
0.37 I decay decay
e f t
: (dI/dt)
: I, - line [ W/ -line
f “"m'."-:.'. prel = VI Ljrmmmmmmmmnnees :
Gl | Exponential Exponential
growth decay
=0 t=1 i :

ALTERNATING GURRENT

[tis the current which varies continuously in magnitude
and periodically in direction. It can be represented by
I =1, sinwt or I = [coswt.

where I is peak value of current and is known as
amplitude of ac and I is the instantaneous value
of alternating current.



2
» Angular frequency, @= ?ﬂ: = 21 where T is period
of ac and v is frequency of ac.

e N N
ARVASAVA

I as a sine function of ¢ T as a cosine function of ¢

2]

= Mean or Average Value of AC

» Average value of the alternating current over a halt
cycle is the value of direct current which will sends
the same amount of charge in a circuit in a time
of half cycle as is sent by the given ac in the same
circuit in the same time. For the complete cycle,

)
[ 1, sinoot dt
D
:

I,or I orl, - =)
[at
Ll
1
J V, sinof dt
Ve ot VorV, =4— =0
[at
[

» Average value of alternating current for first half

c}’clt: is

T2
J I, sinmt dt
4 21

2 e | S
oy = =5 - =0.6371,

j dt

0
» Similarly, for alternating voltage, the average value
over first half cycle is
Ti2
I V, sin widt
_ 0

T
V ar T2 T

J- dt

e Average value of alternating current for second

cycle is
T
J I, sin tdt
: 21
s Sl
I, = = ——?——D.ﬁi’n? I

J el

Iz
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» Similarly, for alternating voltage, the average value
over second half cycle is

2V
=—=0__0637V,
| !

h
| Vi sinootdt
S Y

r
v fav T

[ dt
T2
Roor Mean Soquare VALUE oF ALTERNATING
CURRENT

¢ The value of that direct current which produces
heat at the same rate as the alternating current

in a given resistor is known as the rms value of
alternating current. rms value is also known as
virtual value or effective value. All ac instruments
measure virtual value.

1, - V
—_—— = i . __ ik =T1r
J!Irm.a \E 0.707 I[:I Ol Urms = —2 =0.707 I»fu,
I 0.7071
Form factor = =25 = —49-1.11
I. 06371,

AC VoLtace AppLiED To A REesisTor

The varying potential difference

Vi =V, sinit

|

I@ R I

Vo V. sinwf l
then |=—=-2" = sinmt
R R .

* Here the alternating voltage is in phase with current,
when ac flows through the resistor.

AC Vortace AppLIED TO AN INDUCTOR

Potential difference across the inductor,
V =V, sinod

or I=1, sin({m‘m%]

'ilrr
where I, = 2k

L
¢ The alternating current lags behind the alternating

voltage by a phase angle of m/2 when ac flows

l

through an inductor.

» Inductive reactance : It is the opposition offered
by the inductor to the flow of alternating current

through it. X; = oL = 2mul

ACVoltage Applied to a Capacitor

» Potential difference across capacitor,
V=V, sinwmt

or [=1I,sin [mr + g] t‘!‘@ = 7

where I = (0C) V) l




e 'The alternating current leads the voltage by a phase

angle of m/2, when ac flows through a capacitor.

» Capacitive reactance : [t is the opposition offered

through it.
1 1

X = —
CTwC  2muC

# Combination of R- L, R— Cand L- Cin an AC Circuit

Term

Circuit

N- L

Iis same in K and L

R-C

Ru::?}_w
‘ &

Iis same in R and C

by the capacitor to the flow of alternating current

lis same in L and C

Phasor diagram

i

= =j|1.-"R

2 _qs2 rd
Vi =VE + Vi

Vv
I

Ve

2 _ys2 r2
V2 =vVi+V2

2
13 J—I
Y

V=V -¥¢ (Vp > V()
V=Vo-V; (V> Vi)

Phase difference
between Vand T

Vleads [ ({} to g}

|
Viags [ | —— to 0
ags ( 50 )

| A
V lags I [—E>ifxfj >Xr )

T )
Vileads I -I—E, it X; > X
J

Impedance Z=1I'R1+XE Z =R +ij Z=|XL -X¢
At very low v Z=R {XL —0) Z=X¢ Z=X¢
At very high v Z=Xp Z=R (Xg—0) L=2Xp

Series LOR-Circuir

Let V =V}, sinwt R 1B

Then, I = I sin (wf - ¢) ‘
o

: i
where I, = =

ﬁ
VA

Here Z is the impedance of the series LCR circuit.

2
Z= JRI (X e x s JR3 + (mL = %)

The alternating current lags behind the voltage by

a phase angle 0.
X, -X.
R
When X; > X, tan ¢ is positive. Therefore, ¢ is
positive. Hence current lags behind the voltage

tan® =

by a phase angle ¢. The ac circuit is inductance

dominated circuit.

When X; < X, tan ¢ is negative. Therefore, ¢ is
negative. Hence current leads the voltage by a phase

angle ¢. The ac circuit is capacitance dominated circuit.

Impedance triangle

It is a right angled triangle, whose base represents
ohmic resistance (R), perpendicular represents
reactance (X; — X) and hypotenuse represents
impedance (Z) of the series LCR circuit as shown

in ﬁgure.

(X, —X¢)

R

Impedance of circuit, Z = \/R1 ol B XCJE
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Admittance
The reciprocal of the impedance of an ac circuit is
known as admittance. It is represented by Y.

Admittance = : or Y= l
Impedance Z

The unit of admittance is [uhm}'l Or slemern.

Susceptance

The reciprocal of the reactance of an ac circuit is
known as susceptance. It is represented by .

1
Susceplance =
P Reactance
The unit of susceptance is (ohm) ! or siemen.
Inductive susceptance :
ceptance = ,
P Inductive reactance

or §, = S o

LT X, ol

1
Capacitive susceptance = — oy
Capacilive reaclance

, 1 1
of: S.= = = ml

© X, l/aC

Resonance in Series LCR Circuit

A circuit is said to be resonant when the natural
frequency of the circuit is equal to frequency of
the applied voltage. For resonance both L and C
must be present in circuit.

At resonance,

- Xp=Xe, Vp=V¢

- ¢ =0(V and I are in same phasc)

v
i Ny I =—

~“11in max
R

Resonant frequency :

1
X;=X—= 0] =—
L H 0C
1 1
W= or, U.r =
LC 2 LC

Variation of Z with v

- If v < v, then X; < X-, circuit is capacitive,
(¢ negative).

- Atv=v,, Xj = X, circuit is resistive, ¢ = zero.
If v > v, then X; > X circuit is inductive,
(¢ positive).

As v increases, Z first decreases then increases.

&1

B/

v ="

r
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e Variation of T with v

IT'[]E.]:. ---------- -
I i V
ax : | =—
N et max
V2 Po1 o ;
M /i-Avd

H - ] —
U002 §
as U increases, I first increases then decreases.

¢« Bandwidth Av = v, - v,

¢ Quality factor (Q) : Q-factor of ac circuit basically

gives an idea about stored energy and lost energy.

Maximum energy stored per cvcle
O=2n gY PEr €

Maximum energy lost per cycle

- It represents the sharpness of resonance.

It is unitless and dimensionless quantity.

- (;{l }f' _ {'}{{H }r . EHUJ,L
= = = —
R R R

1 F v,
~RYC Av bandwidth

~  Sharpness o= Quality factor

R decrease = (Qincreases = sharpness increases

Power In AC Circuir

e Let V=V;sinofand I = I sin (0t - ¢)
Instantaneous power P =V sin @¢- [, sin (mf — ()
=V Iy sin f (sin w1 cos ¢ - sin® cos mi)

. Average power <P=

T
1
= p J{VU Iy sin” (O cos O — VI, sin @t cos wt sin O)d!1
0

Viad :
(i, S R

2 rims cosd

<P

Frhs

e rms power, P = Vs Ls

rims

MONTHLY TEST DRIVE CLASS XII B0 S0 1 2

1. (a) 2. by 3 b 4 (@ 5 (b
6. (¢ 7. (@ 8. (d 9. (¢ 10. (d)
11. (0 12. (b) 13. (a) 14. (d) 15. (a)
16. (d) 17. (¢) 18. (b) 19. (c)

20. (a,bcd) 21. (a b 22. (b, d)

23, (abd) 24. (b c d)25. (a,c) 26. (4) 27. (2
28. (6) 29. (d) 30. (d)



Average power

Power factor (cos @) =

R
cosh=—
¢ z

I'Ms power

Power dissipation is maximum in resistive circuit

or at resonance in a LCR series circuil.

No power is dissipated in purely inductive or

capacilive circuil even a current is flowing in the
: . n . :

circuit [ ¢=E]. This current is referred as

waltless current.

Power is dissipated only in resistor even circuit has
RL, RC or LCR combination.

Choke Coil
Circuit with a choke coil is a series L — R circuit.
If resistance of choke coil = r (very small). Current

174
in the circuit, I= Ewith == -J{R + ;l"}ll2 + {mll,}2

It has a high inductance and negligible resistance
coil.

It is used to control current in ac circuit at negligible
power loss.

e,
cOsi=—
Z

_ r o OF
7 g
\/r‘ +ofl? OL
Resistance of an ideal coil is zero.

LC Oscillation

The oscillation of energy between capacitor (electric
field energy) and inductor (magnetic field energy)
is called LC-oscillation.

— 0

1
Frequency of oscillation V=—p—
1 ’ 2 LC

If charge varies sinusoidally with time t as
q = gy cos wf, then current varies periodically with

, 1 T
time fas = ﬁqumL:m ot + —
dt Sl

If initial charge on the capacitor is g, then electrical
2

b (1

2-C

If the capacitor is fully discharged, then total

clectrical energy is stored in the inductor in the
form of magnetic energy.

1 .
UH :—Hﬁ , where Iy = Maximum current

2

energy stored in capacitor is U =

Transformer

A transformer is an electrical device which 1s used
for changing all&rna[ing vnltages. It is based on the
phcnmncnnn of mutual induction.

r

Primary  Secondary

If it is assumed that there is no loss of energy in
the transformer, then the power input = the power
output, and since P = I x V then Ip;Vp = IjVy
Although some energy is always lost, this is a good
approximation, since a well designed transformer
may have an efficiency ol more than 95%.

Ip Vg Ng

I Vp Np

A transformer affects the voltage and current. We
have

V Ns ! d I bl I
T - ! an o
S i\..IrP FI .LII ;I'.'JS P

Now, if Ng > Np, the voltage is stepped up

(Vg = Vp). This type of arrangement is called a
step-up transformer.

If Ny < Np, we have a step-down transformer. In
this case Vi < Vpand I > Ip. The voltage is stepped
down and the current is increased.

% Key Point

» At resonance impedance of the series resonant

circuit is minimum so it is called acceptor
circuit as it most readily accepts that current
out of many currents whose frequency is equal
to its natural frequency. In radio or TV tuning
we receive the desired station by making the
frequency of the circuit equal to that of the
desired station.

The co-efficient of coupling k between two
coils of inductance L; and L, having mutual

M

i

The value of k varies from 0 to 1.

inductance M is given by, k=
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In an LCR circuit as shown in figure, both switches

are open initially. Now, IV
|

Fé N

switch §; is closed, §, is
kept open. If g is charge
on capacitor and T = RC is
capacitative time constant,
then which of the Y
following statements is L

correct? T —
(a) Work done by the battery is half of the energy

Oy

dissipated in the resistor.
(bl Afi=7.4=CVI2
(c) Att=21,q=CV(l-e?).

(d) At s=~} g=CV(l—¢™!

In the circuit shown in ﬁgure, the cell is ideal. 'The
coil has an inductance of 4 H and zero resistance.
F is fuse of zero resistance and will blow when the
current through it reaches 5 A. The switch is closed
at t = 0. The fuse will blow

©
F
e=2V

(a) almost at once (b) after 2 s

(c) after5 s (d) after 10 s

A current I is flowing through an L-R circuit of
time constant T. The source of current is switched
off at time t = (. Let r be the value of (-dlI/dt) at
time { = 0. Assuming this ratio to be constant, the
current will reduce to zero in a time interval of

(a) f (b) T
() et (d) (I—~1)T
e

A conducting circular loop of radius a and
resistance R is kept on a horizontal plane. A vertical
time varying magnetic field B = 2 t is switched on at
time t = 0. Then which of the following statements
is correct?
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(a) Power generated in the coil at any time £ is
constant.

(b) Flow of charge per unit time from any section
of the coil is constant.

(¢c) Total charge passed through any section

) 2
betweentime t=0tot =2 s is [4:”:'[1 ]

R
(d) All of these.

Two different coils have self-inductances, L, = 8 mH
and L, = 2 mH. The current in one coil is increased
at a constant rate. The current in the second coil is
also increased at the same constant rate. At a certain
instant of time, the power given to the two coils is
the same. At this time, the current, the induced
voltage and the energy stored in the first coil are
I}, V; and Uj respectively. Corresponding values
for the second coil at the same instant are I,, V,

and U, respectively. Then which of the following is

incorrect?
Ly V-
(a) —2=4 (b) 2=1
I x
(¢) I_l zi (d) None of these

i

A 3 H inductor is placed in series with a 10 Q
resistor. An emf of 30 V is being applied suddenly
to the combination. At 0.3 s (which is one inductive
time constant) after start, find at which rate energy
is stored in the inductor.

(a) 2093 W (b) 2.083 W

(c) 2093 W (d) 31.83 W

An inductor of inductance L = 400 mH and resistors
of resistances R; = 28 and R, = 2Q are connected
to a battery of emf 12 V as shown in figure. The
internal resistance of the battery is negligible. The
switch S is closed at t = 0. The potential drop across
L as a function of time is

{{1:] 66—5: '[‘rl:r EJ“_ :
12 —

(b) e Y SR

{{:} 6 {1 = 'E_::—l',-'['l.lJ| 1...-1' 57 RE

(d) 12tV



10.

11.

12,

13.

14.

15.

; 200 :
An inductance of — mH, a capacitance of
8
-3
10 -

—  F and a resistance of 10 Q are connected in
m

series with an ac source of 220 V, 50 Hz. The phase
angle of the circuit is
T T Tt T

(a) E (b) E (c) E (d) E

A coil has 1000 turns and 500 cm® as its area.
The plane of the coil is placed perpendicular to
a uniform magnetic field of 2 x 107 T. The coil
is rotated through 180° in 0.2 s. ‘The average emf
induced in the coil, in mV is

(a) 5 (b) 10 (c) 15 (d) 20
What is the value of inductance L for which the

current is maximum in a series LOCR circuit with
C =10 pF and @ = 1000 g ?

(a) 100 mH

(b) 1 mH

(¢c) 10 mH

(d) can not be calculated unless R is known

A 150 € resistor and an inductance L are connected
in series to a 200 V, 50 Hz source of negligible
impedance. The current comes to 1 A. When the
source is changed to 400 V, 100 Hz, the current will
be

(a) lessthan 1 A

(b) 1A

(¢c) betweenl Aand 2 A

(d) between 2 Aand 4 A

The flux linked with a coilis given by ¢ = 482 -2t + 5.
The ratio of the average emf between 0 to 3 s and
instantaneous emf at 3 s is

(a) 1 (b) 5/11 (¢} 1L/5 (d) 11

A coil has an inductance of 0.7 H and is joined
in series with a resistance of 220 Q. When an
alternative emf. of 220 V at 50 cps is applied to it,
then the wattles component of the current in the
circuil is

(a) 5A (b) 05A (¢) 0O.7A (d) TA

In a series LCR circuit, the voltage across the
resistance, capacitance and inductance is 10 V each.
It the capacitance is short circuited, the voltage
across the inductance will be

(@ 10V (b) 1082V (¢) 2

2

A capacitor of capacitance 1 UF is charged to a
potential of 1 V. It is connected in parallel to an

20V

16.

17.

18.

19.

20,

inductor of inductance 10~ H. The maximum
current that will flow in the circuit has the value

(a) /1000 mA (b) 1T m A
(¢c) 10m A (d) 1000 m A

Find the value of the phase difterence between the
current and the voltage in the series LCR circuit

shown below.
L=100mH C=2uF R=-4000Q

— s e a—
@
V =V, sin(1000f + ¢)
(a) 30° (b) 45° (c) 60° (d) 50°

A pure resistive circuit element X when connected
to an ac supply of peak voltage 200 V gives a peak
current of 5 A which is in phase with the voltage.
A second circuit element Y, when connected to
the same ac supply also gives the same value of
peak current but the current lags behind by 90°,
If the series combination of X and Y is connected
to the same supply, what will be the rms value of

current?

10 5
(4] oo (by —=A
3| \E 'JE
(c) (5/2) A (d) 5 A

A variable voltage V = 2t is 2H
applied across an inductor of
inductance L = 2 H as shown

in ﬁgure. Then choose wron g option.

—V = 2—

(a) Current versus time graph is a parabola.

(b) Energy stored in magnetic field at f = 2 s is
47T,

(c) Potential energy at time f = 1 s in magnetic
field is increasing at a rate of 1 J s~

(d) Energy stored in magnetic field is zero all the

time.

A capacitor of 50 uF is connected to a power source
V=220 sin 50 (V in volt, [ in second). The value of
rms current (in ampere) is

V2

A (b) 0.55A

0.55
0.55
—_— A

V2A (d)
J2
An inductance L, a capacitance C and a resistance

R may be connected to an ac source of angular
[requency o, in three different combinations of RC,

(a)
(c)

1
RL and LC in series. Assume thatwL =——.The

nle
(69
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powers consumed by the three combinations are
Py, P, and P; respectively. Then,

(a) Py=P, <Py (b} P.a2P. =P,

() Bisth =l (d) Py =P,> Ps

SOLUTIONS

1.

n

D

(c): In the figure, when switch §; is closed and
switch §, is kept open, the condenser gets charged
through resistance. At any time ¢, the charge
acquired by the condenser is

q = qo(1 - ¢ R%), where gy = CV
Att=21,g=qy(l -e ") =CV(1-¢7)
(d): As |E|=L% d‘I:%d! =§dt =%
As fuse will blow, when =5 A,
%:JJE:S or dt=10s
(b): In LR circuit, decaying current at any time ¢

is given by I = e,

where T; is time constant.

d—IZIUE_Hr(_lJ & _ﬁ_ID i

dt T dt T
I I

Att=0, ——=-2£" jo r="Cx1
dt T T

As r is constant, therefore, current will reduce to
Zero in time T.

(d)
(d): Here, L; =8 mH, L, = 2 mH
As induced voltage, V' = L% and

al is constant for the two coils,

dl ,
UGCLMT’_EZEZEZL
Vi L 8 4

As power = V [ = constant

o e = =
v L Vv, 4
As p=1zp
g

: E 2
U, _|L|L =(}i)(f‘:'] i
e s \1) "1

(a) : Current after one inductive time constant

RIL ( _me]
f:Iﬂ,{]—E_ t) =Ip\l—e 3

=I,(1-e1) =3(1-0.368) A=1.896 A

[ I”=£=E=3A}
R 10
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10.
12.

As E—Lﬁzﬂ_‘[’::. ﬁ:E_EI
dt at: ol <L
Or - il 11 %1.896=3.68 As ]
dr 3
: : afl,.2
Rate at which energy is stored = | 3 Ll
dt \2
= LI% =(3x1.896x3.68)W=2093W
(d)
200 200 x l'L]'_j 0.2
(b): Here, [ = =— mH = H=—"H
I T T
Vs =220V, 0 =50 Hz
The inductive reactance is
}{L=U1L=EI::UL=E.TI}{5DKE=2U )
T
The capacilive reaclance is
c= S L = =100
wC  2nvC 2p x50 %107
X — X~ 20 —
As tan¢=( - ('J:“ﬂ 1D=1:}¢=E
R 10) 4

(b): When the plane of coil is perpendicular to the

field, the flux linked with the coil is

0, = NBAcos0® = NBA

When the coil is turned through 180° the flux

linked with the coil is

{0, = NBAcos180° = - NBA (- cosl80" =~ 1)
Change in flux, Ad = 0, - O,

= — NBA - NBA = -2NBA

|AQ| = 2NBA
Magnitude of average induced is
e ] |Ap| 2NBA

‘“"l At At
2 %1000 % 2 %107 x 500 x 107"

0.2
=10x10°V=10mV
(a) 11. (c)
(b) :Asdglatt=0) =50z (at f =3 s) = 35,
35-5 :
EEI"r"EI'ﬂgE |= 3_{] =]'U unit
dd
Now, |€nst. |= dt =812
i (At f=338) =8x3~2:=22unit
|Ea‘.-'t_'rs_1g:: | . 10 _ 5
|Ein51. | 22 1



13.

14.

15.

16.
| ff

X; L 2mX50x0.7
R R 220

= (¢=45"and Z=\|R*+X] = \/22{::3 +220°

=2202 Q
Waltles component of current =
Bt o 220

=—-sin45° =
zzn( J_

():As Vp=V, = Ve =10V

(b): tan¢p = =1

I, sind
=0.5A

- R=K|r_=){,;:
L=R
V=IR=10V

When capacitor is short circuited,

Then Z=4/R +}EL—~,|I'R + R

New current ['=—=
ﬁ R ( f 2R
Potential drop across inductance = I'X;

10x R
= Fi= . ) v

V2R 2

(a): Charge on the emf capacitor,
Go=CV=1%x10"x1=10°C=1pC
Here, g = g,sin wf

dq

TS = gy cos o

Maximum current I, = mg,
1 1

N{ﬁ-‘l.?"[l] == L :=:—L =
VIC o7 %107 (107

Iﬂz(mg)m (1x107) = V1000 mA
(b)

—

(mg)m

(c) : As current is in phase with the applied voltage,
X must be R,
Vy, 200V
=—= =40 L2
Iy A

As current lags behind the voltage by 90°, ¥ must
be an inductor.
Vo 200V
L™ T BA
In the series combination of X and Y,

Z=\R?+ X2 :\/492 +40% =40v2 Q

I — Vrma — Vﬂ' — 200 =Eﬁ

rms 7 x/EZ VE (4[}_\/5}

=40L

18.

19,

20,

(d): V=21

L: ﬂ—21‘ or 21ﬁ=2£
dt dt
di
or —=t or(di) = t{dt)
dt :

Integrating, we get, j = £

i.e., i — t graph is a parabola.
Att=2s5,i=2A

U=1r2=lxaxa=4j
2 2

al’
prat (EJ‘”}( )”J‘*

T

At t =1 second, ﬂ:1 Js!

dt
(b): Given, C = 50 pF = 50 x 10 F
V =220 sin (50 1) i)
But we know that,
V=V, sin wt (1)
On comparing both equations we get
Vy=220V,w=50rad s’
'The capacitive reactance of the circuit is given by
X, =1 = 1 =400 Q

OC  50x50%10°°
the rms values of current in the circuit are given as,

_Ma. P20 a1

= =0.55 A
X 400 20

(d): When L and C are joined in series, there is
no power loss.
P,=0
There is no loss of power across L or C.
When R and L are joined in series, the impedance

L= JRI +’L’

and when R and C arﬂjuinﬂd in series,

Z, = \/R' + ——1—5
®°C

But it is given that @] = =L
®C

Zi=Zy_R

Powers consumed by the combinations RC
and RL are equal i.e., Py = Py and P; = ()

Pi=P>P;

Vs
P T

D
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Practice Paper 2021

I
2.
i

10" December

LG EHI OBJECTIVETYPE QUESTIONS

Time allowed : 90 minutes
Maximum marks ; 35

GENERAL INSTRUCTIONS

The Question Paper contains three sections.
Section A has 25 questions. Attempt any 20 questions.
Section B has 24 questions. Attempt any 20 questions.

This section consists of 25 multiple choice questions
with overall choice to attempt any 20 questions. In case
more than desirable number of questions are attempted,
ONLY first 20 will be considered for evaluation.

1.

-

@

In an atom electrons revolves around the nucleus
along a path of radius 0.72 A making 9.4 x 10'"
revolution per second. The equivalent current is
(e=16x10""C)

(a) 1.2A (b)) 15A (c) 14A (d) 1.8A

Four resistors are

connected as shown in
the figure. A 6 V battery -
of negligible resistance

1082

50 150 300

is connected  across

terminals A and C. The potential difference across
terminals B and D will be
(a) Zero (b) 1.5V

() 2V (d) 3V

The magnetic flux of 3 x 107 Wb are passing
through a coil of 100 turns. If the e.m.f. induced in
the coil is 1.5 V, the time interval will be

(a) 1 sec (b) 0.1 sec

(¢) 0.02 sec (d) 0.4 sec
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4,
=}
6.

=]

Section C has 6 questions. Attempl any 5 questions.
All questions carry equal marks.
There is no negative marking.

Force between two identical charges placed at a
distance r in vacuum is F. Now a slab of dielectric
constant K = 4 is inserted between these two
charges. The thickness of the slab is r/2. The force
between the charges will now become

(a) Ff4 (b) F/2 (c) 3F/5 (d) 4F/9

The electrical resistance of a conductor depends upon
(a) size of the conductor

(b) temperature of the conductor

(c) geometry of the conductor

(d) all of these.

The voltage V and current I V4 i
graphs for a conductor at two I
different temperatures 1", and T,
arc shown in the figure. The

relation between T, and T, is
(a) Ty 15 (b) I, <T,
. 1
(d) ]’] -
4

Four charges are arranged at the

0 >l

(c) T,=T,

corners of a square ABCD as  A[; 18
shown in the figure. The force on ? s 4
the charge kept at the centre O is A
(a) along the diagonal BD 7 o




10.

11.

12,

(b) along the diagonal AC
(c) zero
(d) perpendicular to side AB

A sphere has surface charge density s It is
surrounded by a spherical shell. The surface charge
density on the spherical shell is

(a) o (b) -6 (c) zero  (d) ‘g

An LC circuit contains a 40 mH inductor and a
25 UF capacitor. The resistance of the circuit is
negligible. The time is measured from the instant
the circuit is closed. The energy stored in the circuit
is completely magnetic at times (in milliscconds)
(a) 0,3.14, 6.28 (b) 0,1.57,4.71

(c) 1.57,4.71, 7.85 (d) 1.57, 3.14, 4.71

The correct plot of the magnitude of magnetic field

B wvs distance r from centre of the wire is, if the
radius of wire is R

p
() _\ (b)

f% h G 2
(<) (d)

0 7 = 0 R 2

A circular coil of radius 10 cm having 100 turns
carries a current fo 3.2 A. The coil is placed in a
vertical plane and is free to rotate about a horizontal
axis which coincides with its diameter. A uniform
magnetic field of 5 T in the horizontal direction
exists such that initially the axis of the coil is in
direction of the field. 'The coil rotates through an
angle of 60° under the influence of magnetic field.
The magnitude of torque on the coil in the final
position is
(a) 25 N m

(c) 40 Nm

(b) 2543 Nm
(d) 4ﬂ\"§ Nm

A parallel plate capacitor is connected to a
5 V battery and charged. The battery is then
disconnected and a glass slab is introduced
between the plates. Then the quantities that
decrease are

(a) charge and potential difference

(b) charge and capacitance

(c) energy stored and potential difference

(d) energy stored and capacitance

13.

14.

16.

1/.

18.

When a current of 2 A flows in a battery from
negative to positive terminal, the potential difference
across it is 12 V. If a current of 3 A flowing in the
opposite direction produces a potential difference
of 15 V, the emf of the battery is

(a) 126V (b) 132V (c) 135V (d) 140V

AB is a wire of potentiometer with the increase in
the value of resistance R, the shift in the balance

point J will be

(a) towards B
(¢) remains constant
(d) first towards B then back towards A.

(b) towards A

. The unit of inductance is equivalent to
( :' "rTflIt 4 HTT'IPETE (b) HT'I'IPETE
d
second volt x second

volt volt » second

(c) (d)

If the number of turns per unit length of a coil of
solenoid is doubled, the self-inductance of the
solenoid will

(a) remain unchanged

(c) be doubled

ampere X second ampere

(b) be halved

(d) become four times.

If an electron is moving with velocity ¥ produces a
magnetic field B, then

(a) the direction of field B will be same as the
direction of velocity v.

(b) the direction of field B will be opposite to the
direction of velocity v .

the direction of field B will be perpendicular to
the direction of velocity v.

(c)

the direction of field B does not depend upon
the direction of velocity v.

(d)

Six equal capacitors each of capacitance C are
connected as shown in the figure. Then the
equivalent capacitance between A and B is

C
A ||
_|C| a C”j—h
T pEs
He
(a) 6C (b) C (c) 2C (d) C/2
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19.

20.

Zl.

22.

bJ
L

24,

23,

74

A conducting wire is dropped along east west
direction, then

(a) induced current flows from east to west

(b) induced current flows from west to cast

(¢) no current is induced

(d) no e.m.f. is induced.

When a current carrying conductor is placed in a
magnetic field, it experiences a force, the direction
of which is given by

(a) Fleming's left hand rule

(b) Maxwell's rule

(¢) Fleming's right hand rule

(d) Faraday's rule

The selectivity of a series LCR a.c. current is large,
when

(a) Lislarge and R is large

(b) L is small and R is small

(c) Lislarge and R is small

(d) LR

Two spherical conductors A and B of radii 1 mm and
2 mm are separated by a distance of 5 mm and are
uniformly charged. If the spheres are connected by
a conducting wire then in equilibrium conditions,
the ratio of the magnitude of the electric fields at
the surfaces of spheres of A and B is

{a)1:2 (b] 2:1 (c) 1:4 (d) 4:1

. For which of the following dependences of drift

velocity v, on electric field E, is Ohm's law obeyed?
(a) vy E (b) v,e< -

1
(c) vyo<vE () vy

In parallel combination of n cells, we obtain
(a) more voltage (b) more current
(c) less voltage (d) less current.

A straight wire carrying a current of 13 A is bent
into a semi-circular arc of radius 2 cm as shown
in figure. The magnetic field is 1.5 x 107* T at the
centre of arc, then the magnetic field due to straight
segment 1is

o

b
e

W

(b) 25%x 10T
(d) 3x10°*T

(a) 1.5x10°'T
(c) zero
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This section consists of 24 multiple choice questions

with overall choice to attempt any 20 questions. In
case more than desirable number of questions are

attempted, ONLY first 20 will be considered for
evaluation.

26.

28.

29.

30.

31.

Switch § is closed at fﬁ?ﬂ ;
t = 0. After sufficiently o mm
long time, an iron rod
15 inserted into the
T . o /
inductor L. 'lhen, the e 5

light bulb
(a) glows more brightly

(b) gets dimmer

(c) glows with the same brightness

(d) gets momentarily dimmer and then glows more
brightly

. The magnetic induction associated with current

flowing in a hollow copper tube will be
(a) only inside

(b) only outside

(c) both inside and outside

(d) neither inside nor outside

A moving coil galvanometer has a coil of 10 turns
each of length 12 cm and breadth 8 cm. The coil
of M.C.G. carries a current of 125 pA. The coil is
kept perpendicular to a uniform magnetic field of
induction 10~ T. The twist constant of phosphor
bronze fibre is 12 x 10 * N 'm per degree. Find the
deflection produced.
(a) 10° (b) 20°

L) 307 (d) 40°

Coulomb’s law for the force between electric charges
most closely resembles with

(a) law of conservation of energy

(b) Newton’s law of gravitation

(c) Newton’s 2° law of motion

(d) law of conservation of charge

It nnl}r 1% of the total current is to be pas;s'.ed
through a galvanometer of resistance G, then the
resistance of the shunt will be

G G G G
(a) 5= Q (b) = Q (¢ T Q (d) T Q
A negatively charged oil drop is prevented from

falling under gravity by applying a wvertical
electric field 100 V. m . If the mass of the drop is



32.

33,

34,

33,

36.

38,

1.6 x 107 g, the number of electrons carried by the
dropis (g=10ms™)
(a) 10" (b) 107

The I-V characteristics shown

(d) 10

[ &

a

A rod lies along the x-axis with one end at the origin
and the other at x — e=. Tt carries a uniform charge

(c) 10%

n ﬁgurvf: I'Epl'ﬂﬂﬂﬂtﬂ

(a) ohmic conductors

(b) non-ohmic conductors
(¢) insulators

(d) superconductors.

|

). Cm™'. The electric field at the point x = —a on the
axis will be

- 5]

- A b = Lo
e — E:
(a) E 41[5[}&( i) (b) ME[,.::(I}
(c) E= Eh (@ B==2)
ETIED::?: ETIE”ﬂ

An electric dipole is placed in an uniform electric
hield with the dipole axis making an angle 0 with
the direction of the electric field. The orientation of
the dipole for stable equilibrium is
T T

(a) ” (b) 73 (c) O

Two copper wires of length [ and 21 have radii, r and
2r respectively. What is the ratio of their specific
resistances?
(a) 1:2

m
(d) 3

(b) 2:1 (c) 1:1 (d) 1:3

When the rate of change of current is unity, the
induced e.m.L. is equal to

(a) thickness of coil

(b) number of turns in coil

(¢) coetficient of self inductance

(d) total tlux linked with coil.

. In an ideal transformer, the primary and the

secondary voltages always have
(a) equal magnitude

(b) the same phase

(c) a phase difference of 90°
(d) a phase difference of 180°.

A galvanometer may be converted into an ammeter
or a voltmeter. In which of the following cases is the
resistance of the device so obtained least?

(a) Ammecter of range 1 A

(b) Ammeter of range 10 A

(c) Voltmeter of range 1V

(d) Voltmeter of range 10 V

39.

40).

41.

42,

43.

44.

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

I F 3

Resistivity (p)
Resistivity (p)

>
Temperature T(K)
Figure (b)

Temperature T(K)
Figure (a)
(a) Conductor and semiconductor
(b) Conductor and Insulator
(c) Insulator and semiconductor
(d) Both are conductors

If n identical drops of mercury are combined to
form a bigger drop, then the capacity of bigger
drop, if capacity of each drop of mercury is C, is

(@) n'°C  (b) n*"C  (¢) n'*C (d) nC

A light bulb is rated at 100 W for a 220 V ac supply.
The resistance of the bulb is

(a) 284 Q (b) 384Q (c) 484Q (d) 584 Q

In the circuit shown in figure heat developed across
2 Q,4 0 and 3 Q resistances are in the ratio of

202
MM
30
i 440 [
J.Mn
Cay 2:24:3 (b) 8:4:12
(c) 4:8:27 (d) 8:4:27

Eight dipoles of charges of magnitude e are placed
inside a cube. The total electric flux coming out of
the cube will be

e | 6 Fed
@5 O © g
The total resistance in the parallel combination of
three resistances 9 Q2,7 Q and 5 Q is

(a) 1.22Q (b) 229Q (c) 4.22Q (d) 2.20 8

(d) zero

. Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : An ammeter is connected in series

in the circuit.

Reason (R) : An ammeter is a high resistance

galvanometer.

Select the most appropriate answer {rom the options

given below:

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

75
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46.

48,

D

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

(c) A istrue but R is false.

(d) A isfalse and R is also false.

Given below are two statements labelled as

Assertion (A) and Reason (R)

Assertion (A) : In order to have maximum current,

a series combinations of cells is used where their

internal resistance is much smaller than the external

resistance.

Reason (R) :Current flowing through the circuit is

inversely proportional to fotal resistance.

Select the most appropriate answer from the options

given below:

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

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

(c) A istrue but R is false.

(d) A is false and R is also false.

. Given below are two statements labelled as

Assertion (A) and Reason (R)
Assertion (A) : A point charge is lying at the centre

of a cube of each side . The electric flux emanating
th

from each surface of the cube is E of total flux.

Reason (R) :According to Gauss theorem, total
electric flux through a closed surface enclosing a
charge is equal to 1/g; times the magnitude of the
charge enclosed.

Select the most appropriate answer from the options
given below:

(a) Both A and R are true and R is the correct

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

explanation of A.
(c) A is true but R is false,
(d) A isfalse and R is also false.

Given below are two statements labelled as
Assertion (A) and Reason (R)
Assertion (A) : A copper sheet is placed in a
magnetic field. If we pull it out of the field or push
it into the field, we experience an opposing force.
Reason (R) : According to Lenz’s law eddy current
produced in sheet opposes the motion of the sheet.
Select the most appropriate answer from the options
given below:
(a) Both A and R are true and R is the correct
explanation of A.
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(b) Both A and R are true but R is not the correct
explanation of A.

(c) A istrue but R is false.

(d) A is false and R is also false.

Given below are two statements labelled as
Assertion (A) and Reason (R)

Assertion (A) : A dynamo converts mechanical

49,

energy into electrical energy.

Reason (R) : The dynamo is based on the principle

of electromagnetic induction.

Select the most appropriate answer from the options

given below:

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

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

(c) A istrue but R is false.

(d) A is false and R is also false.

SECTION - C

This section consists of 6 multiple choice questions
with an overall choice to attempt any 5. In case more
than desirable number of questions are attempted,

ONLY first 5 will be considered for evaluation.

50. A proton, a deutron and an «t-particle with the same
kinetic energy enter a region of uniform magnetic
field, moving at right angle to B. What is the ratio of
the radius of their circular paths?

(a) 1:4/2:1 (b) 1:4/2:42
(6) V2:1:1 (d) V2:42:1
An inductance L, a capacitance C and a resistance

R may be connected to an ac source of angular
frequency w, in three different combinations of RC,

51.

1
RL and LC in series. Assume that mL:ﬁ- The

power drawn by the three combinations are P,, P,,
P, respectively. Then,
(a) P,>P,> P
(c) L=P>P

(b) P,=P, <P,
(d) PI:P :Ps

Case Study : Read the following paragraph and
answer the questions :

Self Inductance and Mutual Inductance
Whenever the current passing through a coil or circuit
changes, the magnetic flux linked with it will also
change. As a result of this, 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.
When a current I flows through a coil and ¢ is the
magnetic flux linked with the coil, then ¢ o< I or ¢ = LI
where L is coefficient of self induction or self inductance
of the coil.
The self induced emfis g=— d_d) T ﬁ

dt dt
Whenever the current passing through a coil or circuit
changes, the magnetic flux linked with a neighbouring
coil or circuit will also change. Hence an emf will be
induced in the neighbouring coil or circuit. This
phenomenon is known as mutual induction.
Let I, be the current flowing through primary coil at
any instant. If ¢, is the flux linked with secondary coil
then ¢g =< I, or ¢ = MI, where M is coefficient of mutual
inductance of the two coils.
The emf induced in the secondary coil is given by
ﬂ

dt

The SI unit of M and L is henry (H) and its dimensional
formula is [ML*T “A 7.

E-S:_

52. If N is the number of turns in a coil, the value of
self-inductance varies as
(a) N (b) N

(c) N* (d) N2

53. A short solenoid of radius @, number of turns per
unit length #n, and length L is kept coaxially inside
a very long solenoid of radius b, number of turns

per unit length »n,. What is the mutual inductance
of the system?

(a) uﬂnbzﬂlnzl
(c) Mgma’n,n,L

(b) HU’JTLIETIIFIELE
(d) ugmb’ngn,L*

54. The inductance between A and D as shown in figure
1S

I H 3 H 3 H D
O ——— TS —— T~
(a) IH (b)9H  (c) 0.66H (d) 0.99H

55. The self inductance of a long solenoid cannot be
increased by
(a) increasing its area of cross section
(b) increasing its length
(¢) increasing the current through it
(d) increasing the number of turns in it.
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1. (b) : Radius of electron orbit, r = 0.72 A
=0.72x 107" m

Frequency of revolution of electron in orbit of a given
atom U =94 x 10" revs !
(where T is time period of revolution of electron in
orbit)

Then equivalent current is
=€ =eu=16x%x10"x9.4x 10" =1.504 A

T
2. (a) : The given figure is a
circuit of balanced Wheatstone
bridge as shown in the figure.
Points B and D would be at the A
same potential,
e, V- V=0 volt

_ Ndo
dt
_ Nd 100x3x107"

L o):e

dt -2%x10°s=002s

€ 1.5

4. (d) : According to Coulomb’s law,
I ql

=
4T':E|:] .r“2

(1)
Suppose force between the charges is same when
charges are v’ distance apart in dielectric.

g

1 g

4ne, g2
From (i) and (ii), K¥'* = 1" or r= NI
Thus distance +* of dielectric is equivalent to rINK

distance of air,

In the given situation, force between the charges would
be

(i)

F.-': | 1}’1 :i "-?3 —if‘"

-

4?:-5” [ Iz NII'_ . 'J—' {-T} 4@“;12 {_;

g s

F=

5. (d) : The electrical resistance of a conductor is
depend upon all factors i.e., size, temperature and
geometry of conductor.

6. (a) : The slope of V-I graph va

gives the resistance of a conductor .

at a given temperature. From the T2
graph, it follows that resistance

of a conductor at temperature -

; C}
T, is greater than at temperature

T,. As the resistance of a conductor is more at higher
temperature and less at lower temperature, hence

Ty 15



7. (d): Since ABCD 1is a square, the centre O is
equispaced from all the corners of the square.
Let the charge at O be +4.
Therefore force on the charge at O
due to charges at A and C will be

+i i

along (OC as one force is repulsive
and the other is attractive. So the
resultant of these two forces will be
along OC .

Similarly the resultant force due to charges at B and D

will be along OD . Hence the resultant of all the forces at
O will be along OR . In case the charge at O be - g, then

the resultant will be along OR’ . Since both OR and OR’
are perpendicular to the side AB, so the resultant force
on any charge placed at O due to the given configuration
of charges will be perpendicular to the side AB.

8. (c¢) : The surface charge density on the spherical
shell is zero.

9. (c) : Here, L =40 mH = 40 X 107 H, C =25 uF
=25:% 107" F

3
1 1 o 10 Hyz

2mLC zn\ffm X103 x25%x10°% 2T

U=

T= e = --2-2-5-::211}{1{]_3 § =21 ms

L)
Energy stored is completely electrical at times

=0, L1371 .
20

Energy stored is completely magnetic at times

pud Ipd e
4 4 4

I n 5T
Hence, | = — ms, — ms, — ms
2 2 2
= 1.57 ms, 4.71 ms, 7.85 ms

10. (b) : The magnelic field from the centre of wire of
radius R is given by

H=(“UI]]" (F{H] — Becr
2R?

Mol
2Ty
From this description, we can say that the graph (b) isa
correct representation.

and B =

fro=Ry = Hml
;

11. (b) : Torque |T|=|mx B|=mBsin®
Here, m =10 Am’, B=5
Now initially 6 = 0°

Thus, initial torque, T, =0

¥
&

In final position 6 = 60°
T, =mﬁsin6{}“"=£[}b{5x§=25ﬁ Nm

12. (c) : When a charging battery is disconnected and
a glass slab is introduced between the plates, then

(i) Charge remains the same.

(ii) Capacitance increases.

(iii) Potential difference across the plates decreases.

(iv) Energy stored decreases.

13. (b) : Let € be emf and r be internal resistance of the
battery.

In first case, 12 =8 = 2r

In second case, 15 =¢€ + 3r

.. (1)
czo A1)

Substract (ii) from (i), we get, r =% Q

—

Putting this value of r in egn. (i), we get

L2XE GOEE] 66 umn
5 5 5

14. (a) : Due to increase in resistance R the current

g=12

through the wire will decrease and hence the potential
gradient also decreases, which results in increase in
balancing length. So ] will shift towards B.

15. (d) : As E:L%, [ it

dl
volt % second

= L=
ampere

16. (d) : Self inductance of a solenoid = Hﬂﬂzﬂf, where
1 is the number of turns per unit length.

Self inductance is directly proportional to n”, so self
inductance becomes 4 times when #» is doubled.

17. (¢) : According to Biot-Savart law, the magnetic
L, gV xr)

amt 3

Thedirectionof B willbealong 7 x 7 i.e., perpendicular
to the plane containing v and r.

field B=

18. (c¢) : The given network a

of capacitors can be redrawn Cz/ \, 2
as follows C, is in parallel to a e b B
balanced Wheatstone bridge {li_‘ >
made from the rest five capacitors t’_"]'\ /\L",f1

as shown in the ﬂgure. 'Lherefore, Illb
g?l,uval-:nt capacitance = C + C = (L_'4

19. (b) : East-West direction is perpendicular to
north-south direction. Hence induced current flows
from West to East by Flemings left hand rule.
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20. (a) : The direction is given by Fleming's left hand

rule.

21. (c) : Selectivity depends on the quality factor,
w,L

R
22. (b) : Here,r; =1 mm, r, =2 mm, d =5 mm
When spheres are connected by a conducting wire,
charge flows from the sphere at higher potential to the
sphere at lower potential, till their potentials become
equal.

Gy
Now C—1=—1=%
-
As potential V is same, therefore = = ==
g, GV C 2
_1 45
E 4me, 4.2 T & 2
EE 1 -f]'i'_g qz T'] A |
4“‘59 ?‘3
1 ] 4]
23.(a) : v; = = = E
s v nAe ne (H-EJ

24. (b) : In parallel combination of cells the voltage
across the terminals is same and resistance is minimum.
Theretore from V' = IR, the current drawn from cell
combination will be more.

25. (c) : Since dl and r for each element of the straight
segments arc parallel. Therefore

dlx¥ =0

Hence, B is also zero.

26. (b) : As the rod is inserted, inductance increases
and hence the voltage across inductor increases. This

causes a drop in the voltage across the bulb and hence it
gets dimmer.

27. b): Cross-section of a hollow
tube with current coming out.
For B(r < R), Using Amperes law,

&FE‘EE = Mol
B(2nr)=0=8=0
B For (r > R),

B-dl =u,l,
B(2nr) = pol

- 2mr

— B exists outside t}nl}*.

28. (a) : Current flowing through coil of M.C.G.
rz( £ ]ﬁ
nBA
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~ nBA

0 )
C
10X10 2 X12x10 2 x8% 1072 x125%107°
12x10~°
0= 10°

29. (b) : Coulomb's law for the force between electric
charges most closely resembles with Newton's law of

gravitation.
1
g 1 I
W id): —=7— = n=—=100
(d) I 100 I,
s=—2 =S¢
n—1 99

31. (¢) : For the drop to be stationary;,
Force on the drop due to electric field = Weight of the
drop gE = mg

1.6x107° x 10 ;

. g= =1.6x 107 C
100

Number of electrons carried by the drop is
LGS 8
= ﬁ = T =1 ﬂlz
€ 1.6x10 7 C

|

32. (b) : The given figure shows I-V characteristics of
non-ohmic or non-linear conductors.

33. (a) : The electric field at the point x = —a on the
?l.. ".‘
(—1i)
4me,a
34. (c) : For stable equilibrium, 6 = 0 i.e. electric dipole
is aligned along the electric field.

axis will be E =

35. (¢) : The specific resistance is independent of the
dimensions of the wire but depends upon the nature of
the material of the wire.

36. (c) : As, e=Ld—I
dl

‘lil.-"'i'rh'E'ﬂ ﬁ:l )

dt

37. (b) : In an ideal transtormer, the primary and the
secondary voltages always have the same phase,

e=L

38. (b) : A voltmeter always has high resistance as R is
Imn S5Er1es.
To increases the range of ammeter i.e to increase I,
its resistance must decrease.

High range = low resistance.
39. (a) : In conductors due to increase in temperature
the resistivity increases and in semiconductors it
decreases exponentially.



40, (a) : Let radius of small drop = r

Volume of ndrops=# % nr

Let R be the radius of bigger drop.
Volume will remain same.
4

3 4 3
E ER= 5 nnr’ orR=n'"r -

Hence, €' = Cn'"”

41, (c) : Here, P=100 W, V.

Resistance of the bulb is

Vims _ (220)°
P 100

42. (d) : Current through 2 € resistor [ _ 2L

Heat produced per second, .

C=4ne,r; C' = 47E,R

=220V

R = = 484 €2

2 2
P
H1=ff><z=[§] :-:2:%

Current through 4 Q resistor I, =§

Heat produced per second
¥

2 2
sziixciz{%] }{4:4;

Current through 3 €2 resistor = [

Heat produced Hy = I" x 3 =3I’ = %

H o H,:H . =8:4:20,
43, (d) : Since net charge inside the cube is zero,
e =10
44. (d) : In the
resistances, the equivalent resistance is

1 1 .1 . 1
= —+—+

para]lel combination of three

qu RJ. RE RE
1 1. 1,1 143 315

of —=—t+—-t+—-=—; R, =—=2200
Ry, 9 7 5 315 Req 143

45. (c) : Anammeter isa low resistance galvanometer. It
is used to measure the current in amperes. To measure the
current of a circuit, the ammeter 1s connected in series in
the circuit so that the current to be measured must pass
through it. Since, the resistance of ammeter is low, so
its inclusion in series in the circuit does not change the
resistance and hence the main current in the circuit.

46, (a) : The current flowing through the circuit is
nk

R+nr
due to single cell, when R >> nr, I = nE/R = n times the

current due to single cell. Thus when cell are connected

,sowhen R << nr, [ = Efr = current

given by I =

in series, we get maximum current where total internal
resistance of the cells is negligible.

47. (b) : The electric flux through the cube, ¢ = g/g,.
A cube has six faces of equal area. Therefore, electric

flux through each face = ésia = (g/ é ).

th

Therefore equal to E of the total flux.

48. (a) : When we pull a copper plate out of the
magnetic field or push it into the magnetic field,
magnetic flux linked with the plate changes. As a result
of this eddy currents are produced in the plate which
oppose its motion (according to Lenzs law).

49. (a)

50. (a) : If a magnetic field is perpendicular to velocity

of particle,
2
i = Bgv or r="" and E, =—mv
Bq
| p—— J2mE
v = Em.&k.Sn*r: : k or rmﬁ
q q

For same value of E, and B

\@ 1 sz F\J{‘irﬂ
‘ - 2e

€

= |:'\E:]

51. (¢) : The LC circuit draws no power.

W o B
»*'qd oL
! & £

When I = 1 the impedance of the RC and LR
mC

circuils are equal, and hence they draw the same power.

2

. HoN“A

52. (¢) : Self inductance = .i.'

53. (¢) : The mutual inductance of the system is

M= u[]ﬂ.lﬂzﬂ:azﬂ

54. (a) : The three coils are in parallel.
Lossrbslopele doloploores 1 zm
b Ly Iz Iy & & 3

55. (¢) : The self inductance of a long solenoid is given
by L= WU Al

where, n = Number of turns per unit length

I = Length

A = Cross-sectional area

i, = Relative permeability of the medium

From the given expression it is clear that the sclf
inductance of a long solenoid does not depend upon
the current flowing through it.

®®

D
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MONTHLY TEST
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his specially designed column enables students to self analyse their extent of understanding of specified chapters. Give yourself four marks for

correct answer and deduct one mark for wrong answer. Self check table given at the end will help you to check your readiness.

Current Electricity

4. A and B are two points on a

Time Taken : 60 Min. Total Marks ; 120

NEET

@

Only One Option Correct Type

In the circuit shown below, the resistances R, and
R, are respectively

Rq
EAVAVAVAY —
Ry S $200
! A
A9V

(a) 14 £2and 40 €
(c) 40 €2 and 30 Q

(b) 40 £ and 14 £
(d) 14 £ and 30 Q

A current carrying wire in the shape of a circle as

the current progresses along the wire the direction

of current density changes in an exact manner while

the current I remains unaffected. The responsible

tactor for it is

(a) the charges ahead.

(b) electric field produced by charges accumulated
on the surface of wire.

(c) the charges just behind a given segment of wire
which push them, right away by repulsion.

(d) none of these.

The voltage current characteristic »
curve of a non-ohmic device is

V = 44 as shown in figure. Then,
what is the resistance of device

when current is 1 A? 5 i
(a) 4Q (b) 8 L2
{c} 202 (d) 6 L2
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uniform ring of resistance 15 Q.
The ZAOB = 45° The equivalent
resistance between A and B is

(a) 1.64Q (b) 2.84Q

(c) 4.57Q (d) 2.64Q

When a current of 2 A flows in a battery from
negative to positive terminal, the potential difference
across it is 12 V. If a current of 3 A flowing in the
opposite direction produces a potential difference
of 15V, the emf of the battery is

(a) 126V (b) 132V (c) 155V (d) 14V

The mean free path of electrons in a metal is
4 x 107 m. The electric field which can give on an
average 2 ¢V energy to an electron in the metal will
be in units Vm™!

(a) 5x 10! (b) 8x 10!

(c) 5% 107 (d) 8 x 107

A current of 6 A enters

one corner P of an e
equilateral triangle

PQR having 3 wires of w o
resistances 2 £ each and 5 : : i
leaves by the corner R.

Then the currents I, and

I, are - K
(a) 2A,4A (b) 4A,2A

(c) 1A,2A (d) 2A,3A

lhree resistances 2 €2, 4 €, 5 £} are combined in
serics and this combination is connected to a battery
of 12 V emf and negligible internal resistance.
The potential drop across these resistances are
respectively



10.

11.

12,

13.

14.

(a) (5.45,4.36,2.18) V (b) (2.18,5.45,4.36) V
(c) (4.36,2.18,5.45) V (d) (2.18,4.36,5.45)V

What is the charge stored by 1 UF as shown in the figure?

(a) 2.33 uC (b) 3.33 uC
(¢) 1.33 uC (d) 4.33 uC

A battery of emf. E and internal resistance r is
connected to an external resistance R. The condition
for maximum pPower transfer is

(a) r<R (b)r>R (c) r=1/R (d)r=R

If voltage across a bulb rated 220 V, 100 W drops by
2.5% of its rated value, the percentage of the rated
value by which the power would decrease is

(a) 20% (b) 2.5% (c) 5%  (d) 10%

A current of 8 A flows in a system of resistors as
shown in figure. The potential difference Vi - V)
will be

45

Woiksics,
(8) 5,

(b) 6.6V
(c) 3.3V
(d) 9.9V

In a potentiometer a cell of emf 1.5 V gives a
balanced point at 32 cm length of the wire. If the
cell is replaced by another cell then the balance
point shifts to 65 cm then the emf of second cell is

(a) 3.05V (b) 205V (¢) 405V (d) 6.05V

In a potentiometer the balancing with a cell is
at length of 220 cm. On shunting the cell with
a resistance of 3 € balance length becomes
130 cm. What is the internal resistance of this cell ?
(a) 458 (b) 78Q (¢) 6.3Q (d) 2.08Q

. 'Three resistors of resistances 3 €2, 4 € and 5 Q

are combined in parallel. This combination is
connected to a battery of emf 12 V and negligible
internal resistance, the current through each
resistor in ampere are respectively

(a) 4,3,2.4 (b) 8,7,34

(c) 2,5,1.8 (d} 5,5, 8.2

Only One Option Correct Type

16. A wire of mass m, length I, density d and area of

18.

19.

20.

cross-section A i1s stretched in such a way that
its length increases by 10% of its original value.
Percenlage change 1n resistance 1s

(a) 18% (b) 19% (c) 20% (d) 21%

. A polential difference of 220 V is B

maintained across a 12000 ohm
rheostat AB as shown in ﬁgurﬁ.

. : 220V
Lhe voltmeter V has a resistance

of 6000 ohm and point C is at &
one fourth of the distance from A X )
to B. What is the reading in the

voltmeter ?

(a) 32V (b)) 36V (c) 40V (d) 42V

The charge supplied by source varies with time f as
Q=at- bt*. The total heat produced in resistor 2R
is

a‘R

27b

a’R a'R

a’R
s (b) (c)

27b 3b

(a) (d)

Given figure shows three resistor configurations
I, IT and TIT connected to 3 V battery. If the power
dissipated by the configuration I, IT and III is Py, Py
and Py respectively, then

(1) (11

(I1)

More than One Options Correct Type

For the resistance network sz 20

shown in the figure, choose

the correct option(s).

(a) The current through LT e
PQ is zero il

(b) ,=3A TETL

(c) The potential at S is
less than that at
(d) ,=2A
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21.

22.

24.

@

In a metre bridge experiment, resistances are
connected as shown in the figure. The balancing
length [, is 55 cm. Now an unknown resistance x is
connected in series with P and the new balancing
length is found to be 75 cm. Then,

P=310
T,
3 < 100-1)
A 3
| ¢ N
II L
P55 2
a) —=— b) Q=—Q
(a) Q15 (b) Q .
11
(c) Value of x is Eﬂ. (d) Value of xiaﬁﬂl.
11

A voltmeter and an ammeter are joined in series to

an ideal cell, giving readings V and A respectively.

If a resistance equal to the resistance of ammeter is

now joined in parallel to the ammeter

(a) V will not change

(b) V will increase slightly

(c) A will become exactly half of its initial value

(d) A will become slightly more than half of its
initial value,

. In the network shown, points A, B and C are at

potentials of 70 V, zero and 10 V respectively. Then

C (10 V)
(a) the potential of point D is 40 V
(b) the currents in the sections AD, DB, DC are in
theratio3:2:1
(c) the currents in the sections AD, DB, DC are in
the ratioof 1:2:3
(d) the network draws a total power of 200 W.

A boy has two spare light bulbs in his drawer. One

is marked 240 V and 100 W and the other is marked

240 V and 60 W. Which of the following statements

are incorrect about the light bulbs?

(a) The 60 W light bulb has more resistance and
therefore burns less brightly.

(b) The 60 W light bulb has less resistance and
therefore burns less brightly.
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26.

27.

28.

(¢) The 100 W bulb has more resistance and

therefore burns more brightly.
(d) The 100 W bulb has less resistance and therefore

burns less brightly.

. A battery, an open switch and a resistor are

connected in series as shown below.
Consider the fulluwing three P Q
&*

statements c-:mcerning the

circuit. A voltmeter will read e SR .1
zero if it is connected across

points
(a) Pand T (b) Pand QQ
(c) Qand T (d) All of the above

Numerical Value Type

When two identical batteries of internal resistance
1 € each are connected in series across a resistor
R, the rate of heat produced in R is J;. When the
same batteries are connected in parallel across R,
the rate is /5. If J; = 2.25 5, then find the value of R
in ohm.

32 cells each of emf 3 V are connected in series and
kept in a box. Externally, the combination shows an
emf of 84 V. How many number of cells are
connected reversely?

In the circuit shown 3V 05W

below what would be the -~ -
value of resistance R (in ﬂf.,,ﬂﬂ,, h“_
ohm) so that the electric —AW— 0.5Q
bulb consumes the rated i

power?

Comprehension Type

Consider a block of conducting material of resistivity
p shown in the figure. Current [ enters at A and leaves
from D. We apply superposition 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

darea al r.

(iii) From the r dependence of E(r), obtain the potential

Vir) atr.

(iv) Repeat (i), (ii) and (iii) for current [ leaving D and

superpose results for A and D.



The Nobel Prize in Physics 2021

The Royal Swedish Academy of Sciences has decided to award the
Nobel Prize in Physics 2021"for ground breaking contributions to
our understanding of complex physical systems” with one half jointly
to Syukuro Manabe Princeton University, USA, Klaus Hasselmann
Max Planck Institute for Meteorology, Hamburg, Germany “for the
physical modelling of Earth's climate, quantifying variability and reliably
predicting global warming” and the other half to Giorgio Parisi

Sapienza University of Rome, Italy "for the discovery of the interplay of
disorder and fluctuations in physical systems from atomic to planetary
scales”

Syukuro Manabe Klaus Hasselmann Giorgio Parisi
Physics for climate and other complex phenomena Prize share : 1/4 Prize share : 1/4 Prized share : 1/2

Three Laureates share this year’s Nobel Prize in Physics for their studies of chaotic and apparently random phenomena. Syukuro Manabe and Klaus Hasselmann
laid the foundation of our knowledge of the Earth's climate and how humanity influences it. Giorgio Parisi is rewarded for his revolutionary contributions to the
theory of disordered materials and random processes. Complex systems are characterised by randomness and disorder and are difficult to understand. This year's
Prize recognises new methods for describing them and predicting their long-term behaviour.

One complex system of vital importance to humankind is Earth’s climate. Syukuro Manabe demonstrated how increased levels of carbon dioxide in the atmosphere
lead to increased temperatures at the surface of the Earth. In the 1960s, he led the development of physical models of the Earth’s climate and was the first person
to explore the interaction between radiation balance and the vertical transport of air masses. His work laid the foundation for the development of current climate
models.

About ten years later, Klaus Hasselmann created a model that links together weather and climate, thus answering the question of why climate models can be
reliable despite weather being changeable and chaotic. He also developed methods for identifying specific signals, fingerprints, that both natural phenomena and
human activities imprint in the climate. His methods have been used to prove that the increased temperature in the atmosphere is due to human emissions of
carbon dioxide.

Around 1980, Giorgio Parisi discovered hidden patterns in disordered complex materials. His discoveries are among the most important contributions to the theory
of complex systems. They make it possible to understand and describe many different and apparently entirely random materials and phenomena, not only in physics
but also in other, very different areas, such as mathematics, biology, neuroscience and machine learning. "The discoveries being recognised this year demonstrate
that our knowledge about the climate rests on a solid scientific foundation, based on a rigorous analysis of observations. This year’s Laureates have all contributed
to us gaining deeper insight into the properties and evolution of complex physical systems,” says Thors Hans Hansson, chair of the Nobel Committee for Physics.

For more details visit www.nobelprize.org

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

> (c) I:“r_ pi (d) PA - pi
a (a+b) 2rna 2m(a+0)

30. ForcurrententeringatA,theelectricfieldatadistance
rfrom A is

I |
@ = v 2

Amr 8Tr
29, AV measured between B and C is (c) % (d) pIz
1§ I I 4 2nr

2m{a —b) Ta Ta+b)
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