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Preface

Dear NEET Aspirant,

This book has been written specifically for the students who get themselves enrolled
for the crash course for medical entrance exams. which is a limited days programme.
It is meant for the quick brush-up of all the important topics. All the chapters have
been written by the experienced faculties who have been preparing the students for
qualifying various medical entrance exams. Each chapter covers all the important and
must do topics and has been written in such a way that the student can grasp the
contents easily.

After the theory portion in the study package, Try Yourself have been given to make the
student practice the questions similar to those asked in entrance exams. The sequence of
the questions has been kept same as the sequence of theory part so that a student can
solve questions as per his/her coverage of theory part. The questions asked in previous
ATPMT/NEET exam have also been included. This will help the students to assess the
difficulty level in the actual medical entrance egxams. We have also added two sample
papers of 45 questions each covering the entite content of this study package.

As the days are limited, the students should never miss a single class and must cover
the syllabus in tandem with the co¥erage in the classroom. Once the topic is finished,
you must do all the questions of same topic given in the form of Try Yourself. If there
is any doubt, you can get it clarified from the faculties.

Finally, you are advised to remain focused on your target and must work hard and
complete all the necessary work sincerely in a planned manner. You must stay away
from all distractions including the mobile phone. All other things can wait but time
never waits for anyone. 5o gear up your preparations to realise your dream of joining
the most prestigious and respected profession.

Wishing you a brighter career!

J. C. CHAUDHRY
Managing Director
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Chapter 1

Electric Charges and Fields

Sub-topics | Eleciric charges and their conservation. Coulomb’s law-force between two point charges, forces
between multiple charges, superposition principle and confinvous charge distribution, Electric
field, electric field due fo a point charge, eleciric field lines; electric dipole, electric field due
to a dipole; torque on a dipole in a uniform electric fisld. Electric flux, statement of Gauss's
theorem and its applications to find field due to infinitely long siraight wire, uniformly charged
infinite plane sheet and uniformly charged thin spherical shell (field inside and outside).

Electric Charges and their Conservation

Thare are two kinds of electric charges viz., positive andonegative. Charge is scalar. S| unit of charge is
coulomb.

1 coulomb = 3 = 107 esu of charge (cgs unit)

A charge cannot exist without mass. Charg® is transferable. When a glass rod is rubbed with silk, due to
friction the glass rod loses some of it® negative charge and it gets a small positive charge (frictional
electricity). When a plastic (or ebonite) rod is rubbed with fur (or wool) the plastic gains a small negalive
charge as the fur or wool loses electrons. Generally electrons participate in the charge transfer. Charge is
guantized.

In all interactions in nature, the total charge of an isclated system remains constant for all times. This is
known as the law of “*Conservation of Charge™. Simultaneous creation or annihilation (destruction) of pairs
of equal and opposite charges is allowed. Examples are

{a} Pair production : Gamma ray photon — Electron (&™) + Positron (&%)

{b) Pair annihilation : Electron (e”) + Positron (e7) — Tweo gamma ray photons

{c) Radioactive decay : 228U—— 22Th + $He

Coulomb’s Law : Force between two point charges

F= 4; E’%i- (Force on each charge due to the other when charges are kepl in vacuum or air).
MEg F
- air ~
Q1 + r - q:
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2  Electric Charges and Fields NEET

Points to Remember :

1. Force is atractive when q,q, <0

2. Force is repulsive when gq,q, = 0

3. Force is two body interaction. Presence of other charges doesn't affect this force.

4. If g, + g, = constant = @, then force between them will be maximum when g, = q, = g

5. Minimum force between two charged particles kept in air 1m apart is possible when both are electrons.

: 1 e° 26
g F=———=2303x10 N
4ne, 1

Forces between multiple charges
Superposition principles

(1) Two charges Q and Q are separated by a distance r.

{a) A third charge g should be placed at the gentre for it to experience zero force, ie., it should be in
equilibrivm.

(b} For the complete system to be reeguilibrium g = ? [For this find net force on Q and equate to zero)

% r *
2] » . - (where n = 0) [Q and nQ are of same naturz]
Qe—x—>qg nG
r
a) For ‘g’ to be in equilibrium, x = . Remember, x is distance from 4
(a) q q i [ ]

-nQ
(b}  For the system to ba in equilibrium, g = m [Make net force on Q equal to Zero]
+-/n

et - (C and nQ are of opposite nature, where n= 1 or | nQ| = | Q)
q 0 -nQ

r
(a) For g to be in equilibrium, x = T_'I [This paoint is obtained closer to the charge of smaller magnitude)
n —

{b) For the system lo be in equilibrium, g

. -nQ
(o -7
If n =1, no such position can be found. (Except at infinite distance)
Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



NEET Electric Charges and Fields 3

-~ _F
Electric Field : E = Ilmn q'— unit ; newton/coulomb
TJo— i]

Dimensianal formula : [MLTA"]

Points to Remember =

1. If a charge g is placed in an electric field, it experiences a force F =gE.

2. A positive charge experniences force in the direction of electric field.
3. A negative charge experiences force opposite to direction of electric field.

4. A proton and electron, when kept in same field will experience same force in magnitude but opposite in
direction. As their masses are different, their accelerations will be different.

Electric field due to a point charge : The various cases are given below

vacuum P
q’ e
r . q
IEl= 4:‘[4:,?

The position of point P where field due to two charges is zero.

e F{E=0) N
fa) " s Ny 2 N 9 [Both charges are equal and of same nature)
FiE=
q.....................-.':‘.......?.::I..................-;]q
by +—x—>* n=>0 [Unequal charges of same nature]
+ r >
ot
1+~.,|I"E
— N —— [ —
(c) 5 ; r:-.uq n=1,|ng|=|q|[Unequal charges of opposite nature]
(E=0)
X =
-1

Electric dipole: (n = 1 in above case)
p = 2aqg is dipole moment. [lts direction is along =g to +g, along dipole axis]

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, Mew Delhi-110005, Ph.011-47T623456



4  Electric Charges and Fields NEET

Electric field due to a dipole :

P —_— _H g —
i E, = ————=; [Angle between E and p = 180°]
|4:':e,:,|:|r2 +ay

-

P
- > +;. =_. L . -
o s £ & 9 E = Lru [Angle between E and F = 0°]
) r A (P - a)
o= _ 2 | o |
For a short dipole  Eax = py—_ |E,, = Electric field at axial point/end on position/tanA position]
a

[ETJ = Electric field at equatonal peint/broadside on position/

tan B position]
> -2,

Electric Field Lines :

1. It is a curve or straight line, such that tangent drawn at@any point gives the direction of electric field.

2. Mumber density of field lines in a region is proportional to the strength of electric field intensity in that
region.

They are continuous curves starting from pogsitive charge and terminating at negative charge.
Two lines of forces never intersect each ‘other.
They contract longitudinally on account of attraction between unlike charges.

They exert lateral pressure on each other on account of repulsion between like charges.

Homo; ke W

If a charge particle is released from rest or with a velocity parallel to field lines (which should be straight),
then it will move along field lines otherwise it will not mave along them.

| Exl = | Eql

{a) Isolated point charge (b} Equal and opposite charges

¥ ¥ ¥ ¥

(d) Parallel, equispaced lines represent
(c) |dentical charges uniform electric field

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



NEET Electric Charges and Fields 5§

Note : (1) For a regular polygon of n sides having indentical n point charges, ‘Q" each at its verfices,
E at centre is zero.

{2) If only one charge is removed, field af the centre is e towards the empty vertex. r

dne, r?
is distance of each verfex from centre. [Reverse is the case when charges are of negative

type(away from empty vertex)]

(i} Q

Clearly, both arrangements will have same field af the centre.

Torque on Dipole in a Uniform Electric Field

A dipole placed in a uniform electric field at angle '8" between dipole moment {E} and electric field tE}.

The net force on dipole is zero ie., F, =0, Torque 1 = p xE

Potential energy U =-p E (laking zero of potential energy at 6 = 907)

{1) When b6 =0° F=0,t=0, U= minimum = —pE [stable equilibrium]
{2) When 6 =80°, F=0, T =maximum = pE, U=0 [zero potential energy]

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, Mew Delhi-110005, Ph.011-47T623456



6 Electric Charges and Fields NEET

(3) When 0 = 180°, F =0, 1 =0, U = maximum = pE [unstable equilibrium]
(4} Work done by external force, in rotating the dipole from initial position 8, to 8,, W= pE [cos B, — cos 8,]

(5) When 0, =0° 0, =180°, W= 2pE (Work done by external force to turn a dipole from stable to unstable
equilibriumy}

{6) Work done means work done by external agent. Work done by electric field is negative of the work done
by external agent

Continuous Charge Distribution

Field due to Infinitely long straight wire

& y-axis
P11
b I;"u.‘ . .
(@) ===+ + + + + + -|-L+ B e i s S JUEEEE E,= J {along y-axis)
o x-axis 2nesh
& = linear charge density

Infinite number of charges placed along x-axis
Electric field at Q.

Q [1 1 1 B
ED=_2 —2+—2+—2+ .....
dmears 19 25 4
- N S P Q Q Qe
MEsF :
0 o " X-aAXiS
+ 2r =
. Q 1 Q . 4r 8
= e = 2
Anegr (1_1 3megr
7

{b) A ring having uniformly distributed charge

Field due to uniformly charged thin spherical shell {field inside and outside)

Metallic sphere or a hollow spherical shell with charge Q and surface charge density o =

4nR?

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



NEET Electric Charges and Fields 7

(a) AtP, E,=0 (inside) (r< R)

Q

mEgr”

{outside) (r= R)

(b) AR E;=-

(]
At E.=
() Q & dne R

= (ust near the surface, outside) (r = R)
-]

a
ar Eq = —_—
E"

Concentric hollow shells

(a) Forr<r, E=0
Q,
(b) Forr =r<r, E_4?‘|:£,;.r2
. Qy + Qs
E=—xw—
ic) Forr,=r<r, 2
? ! 4megr Concentric hollow shells
Q,+0Q, +0Q
E = 4 2
(d}y Forrzr,, 41

Field due to uniformly charged inifinite plane sheet
An infinite plane sheet of charge having surface charge density ‘o’

a

—_—E = Ed— | —sE

Py

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, Mew Delhi-110005, Ph.011-47T623456



8 Electric Charges and Fields NEET
i 0y a ]
{iy = * > iy o,=0,=0 — —_—
g, + o, g, =0, a, +a, a a
7, 7, 7T, >y E=0 5
[+
- . + +
+ +
o + 0
+ +
4 +
+ +
— — .|+ —
a , , + +
() E=0 | E== E=0 (v)  Metallic sheet ti + P + fi
Ll ¥ + + i
+| |+
+ +
+ +
+L ]+
o,=0 at point P, E=10
3, = =¥

2

Electric flux : It is the number of field lines crossing & given surface in a direction normal to it

as

Units : Nm3C or VYm (volt-metre). [ML*T347]

Statement of Gauss's Theorem

Total electric lines of force that originate from a charge g are Ei
i}

1.

.¢,: Genciosed
g

q
A closed surface has charge ‘g enclosed in it. By Gauss law, total field lines = E

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



NEET Electric Charges and Fields 9

2. (a) ITnochargeisenclosed =¢=10

i) MNumber of field lines entering the closed surface = Number of field lines leaving the closed surface.
Therefore & = 0. (charge is placed outside)

3.
6=0
qﬂnr.ha:ml=ﬂ
4.
0=0

Note : Flux linked with a closed surface is independent of shape and size of the surface. It depends only
oh the charge enclosed.

Applications ‘ >

(1) E = strength of electric field L #
(a) ¢=EA { '
(b) A

(b) ¢=0.

m|

b

[

[}

- L 4
#

ic) ¢®=EAcosd

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, Mew Delhi-110005, Ph.011-47T623456



10 Electric Charges and Fields NEET

(2)

(3)

()

()

A cube of side ‘a' is kept in a uniform electric field E .

{E::I ¢I|:||:| = ﬂh-nﬂnm = ID [‘-‘ 6= gﬂn]

{':}' ¢.-ig|-,| = E I = E32

d) Ppo = Moo = 0 [+ 0 =907

Total flux linked with the cube ¢ =0

In a region of space, the electric field is given by
E= Enf forx =0

= —E,i forx<0

{E} ¢|:unlr|d =0 [H = gﬂﬂl

() Opoeeun = E. A = 7RZE [6 = 0°]

(€) Oppop g = TR°E [6= 0

&
' @
= Z“RZE _ Jenclased Q -
(d) S g 2nR%Ee,
N2
,&‘Z)

A charge g is kept at the centre of cube.

q
@) Flux linked with cube = . ;
L]

g
(b) Flux linked with each face = B 8
a

Note : Flux linked with the shown surface = E‘%
i

g is kept at face centre of a cube

q
Flux linked with cube = E q
L]

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



NEET Electric Charges and Fields 11

6) g is kept at the vertex of a cube

q
(@) Flux linked with the cube = 8¢
1]

b} Flux linked with shaded faces = zero

q
{c) Flux linked with each unshaded face = E

(7} A hemispherical bowl {closed) of radius R is kept in uniform electric field E.

(@) Flux linked with base = 0 [6 = 907

o ~———+Curved
/ ™,

Flux linked with completed body = 0 [g,,; 504~ Ol 7 S

/ A}

F ¥ ¥ ¥ ¥|¥
m

Flux linked with curved surface = 0

[y
| ot

m
:b
m '
W
@
[u] L

fﬁQ & & & & & & &
) Gy, = -ENRE [0 = 180°] ®
Dpoat = 0 [9enciases = 01 6\0\
(\Q)
Dpurveg = BREE ©)
S
)
¥
(©) Gy, = nRE [® = 0]
¢|:CIDH| = D [qEﬂGFB'SBﬂ = u]
Ooyrveg = —TREE

g QaQ
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SECTION - A

Objective Type Questions

Two identical metallic spheres X and Y have exactly
equal masses. Now X is posilively charged and Y'is
given an equal negative charge. Then after charging

(1) Masses of X and ¥ are egual
(2} Mass of ¥ is greater than X
(3) Mass is not involved

(4} Mass of X is greater than ¥

A large non-conducting sheet S is given a uniform
positive charge density. Two uncharged small
metal plates A and B are placed near the sheet
as shown. Which of the following is false?

5
A g

(I

(1) & attracts A (2) 5 attracts B

(3) A altracts B 4) Mone of these

Twe identical metal balls with charges 2Q and
—() are separated by some distance and exert a
farce F on each other. They are joined by a
conducting wire, and then separated by same
distance. The force between them is now

(1 F 2) F2
(3) F4 4y F8

A charge g, exerts some force on a second
charge g,. If a third charge g, is brought near,
then the force exerted on g, by g, will

(1} Increase in magnitude
(2) Decrease in magnitude
{3} Remain unchanged

[4) Increase if g; is of the same sign as g, and
will decrease if g, is of opposite sign

Try Yourself

A charge O is divided into two parts which are then
kept at some distance apart. The force between
them will be maximumm, if the two parts are

i1) g each

2) Q 43
4

Q 20

(3) 3am:l 3

(4} e and (Q - e), where e is the electronic
charge

s

Two point charges placed at a distance rin
wacuum experience a certain force. The distance
at which they will experience the same force in a
mediurm of diglectric constant K iz

" = @) Kr

. r
6 T @ K

Three particles have charges +20 uC each. They are
fixed at the cormers of an equilateral triangle of side
0.5 m. The force on each of the particle has
magnitude

(1) Zero (2) 144 M

(@) 14.4/3N

A charge g is placed at the centre of the line
joining two egual charges Q. The system of
3 charges will be in equilibrium if g is equal to

(1) =2 (2) =4
(3) +Qn4 4) +Qv2
An electric dipole is placed in a uniform electric

3) 288N

field £ such that the dipole moment P makes an

angle [z 0) with E . The force and torgue are
respectively given by
(1) 0,pxE (2) pxE,pxE

(3) pxE,0 4) pxEExp

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456
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10.

11.

12.

13.

14

15.

16.

An electron moves with wvelocity ¥ in
x-direction. An electric field acts on it in +ve
y-direction. The force on the electron acts along

{1} +ve direction of y-axis
{2) —ve direction of y-axis
{3) +ve direction of z-axis
{4} —ve direction of z-axis

The trajectory of a charged particle projected in a
unifarm perpendicular electric field is a

{1} Straight line {2) Ellipse
{3) Helix (4) Parabola

The angle between the electric dipole moment
and the electric field strength due to it on the
equatorial line is

(o (2) a0*
(3) 180° (4) 45°

A proton and an electron are placed in a uniform
electric field. Which of the following is correct?

{1} The electric forces acting on them will be equal

{2) The magnitudes of electric forces acting on
thermn will be equal

{3} Their accelerations will be equal

The insulation property of air breaks dowp
3 x 108 {volt/m). The maximum charge t%@'@can
be given to a sphere of diameter 5 m igﬁearly

(1) 2x102¢C (2) 2% 107 C
(3) 2x 104 C (4) 2% 105 C

In a regular polygon of n sides, each corner is at

a distance r from the centre. |dentical charges of

magnitude g are placed at {n = 1) corners. The
field at the centre is

'Kq . Ka
1 —= (2) (n=N7
Ka (n-1Kg

RN nor
Find resultant dipole moment of system.

- ! +Q

/ /

+(3 | =0
(1) Zero (2) 2QL
3 V2o @ a

17. A and B are two points on the axis and the
perpendicular bisector respectively of an electric
dipole. A and B are far away from the dipole and
at equal distances from its centre. The fields at 4

and Bie.E, and E, are respectively such that

(1) E,=E, ) E, =2E,
. . — 1=
(3) E,=-2E, (4) EA—EEB

18. The electric field at the centre of a uniformly
charged ring is zero. What is the electric field at
the centre of a half ring if the charge on it be Q
and its radius be R?

1 Q 1Q
[1} ,4-;"1-“ T':Hz {2} 4?110 R.E
120 120
() g o2 () Zmeg B2

19, %&arge Q is uniformly distributed throughout the
~_cwolume of a non conducting solid sphere of radius

®@\\ R. The dielectric constant of the material is 1. The

N . .
KX electric field intensity at a distance r (< R) from the
{4} The magnitude of their acceleration will be eq ua!@@

centre is
1 Q
(1} _4ﬂfnr_2 (2) Zero
1 ar a1 r
|:3} 41&'-1: HS {4] 4“ED r2 R3

20. Figure shows a hemispherical surface of radius R

in uniform electric field E . The electric flux linked
with the curved surface of the hemisphere is

E
A 4 4 & A

A 4 &

(1) Zero

(2) 2nREE
(3) mRZE
{4} 3nmRIE
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Electric Charges and Fields

NEET

SECTION - B

Previous Years Questions

What is the flux through a cube of side a if a point
charge of g is at one of its cormer? [AIPMT 2012]

q q 2
() (2) E—%ea
2q q

@ @ B,

Two pith balls carrying equal charges are
suspended from a common point by strings of
equal length, the equilibrium separation between
them is r. Now the strings are rigidly clamped at
half the height. The equilibrium separation between
the balls now become [NEET-2013]

() [ﬁ;] @ (f:;-]

%) #

® 3 “ 5

Two identical charged spheres suspendedofrom a
comimon point by two massless strings of lengths
I, are initially at a distance d{d << ) apart because
of their mutual repulsion. The charges beqin to leak
from both the spheres at a constant rate. As a
result, the spheres approach each other with a
velocity v. Then v varies as a function of the
distance ¥ between the spheres, as

[NEET-2016]
1
(1) veex? (2) v x?
2
() v x ?
An electric dipole is placed at an angle of 30° with
an electric field intensity 2 = 105 N/C. It

experiences a torque equal to 4 N m. The charge
on the dipole, if the dipole length is 2 em, is

[MEET (Phase-2) 2016]
2) 2mC
4y 7 pc

(3) Ve x

(1} 8meC
(3} 5mC

a Qa d

Suppose the charge of a proton and an electron
differ slightly. One of them is —e, the otheris (e +
Aeg). If the met of electrostatic force and
gravitational force between two hydrogen atoms
placed at a distance o (much greater than atomic
size) apart is zero, then Ae is of the order of
[Given mass of hydrogen m, = 1.67 x 10727 kg]

[NEET-2017]
(1) 1020 C 2) 10=¢
(3) 107 ¢ @) 10¥c¢

A toy car with charge g moves on a frictionless
horizontal plane surface under the influence of a

uniform electric field £ . Due to the force g £, its
velocity increases from 0 to 6 m/s in one second
duration. At that instant the direction of the field is
reversed. The car continues to move for two maore
seconds under the influence of this field.
The average velocity and the average speed of
the toy car between 0 to 3 seconds are
respectively [MEET-2018]

(1) 2m/s, 4 m's {2} 1mis, 3 mis
(3)61.5 mis, 3 mis (4) 1 mis, 3.5 mis

An electron falls from rest through a vertical
distance h in a uniform and vertically upward
directed electric field E. The direction of electric
field is now reversed, keeping its magnitude the
same. A protaen is allowed to fall from rest in it
through the same vertical distance h. The time of
fall of the electron, in comparison to the time of

fall of the proton is [MEET-2018]
{1} Smaller (2) 5 times greater

{31 Equal 4) 10 times greater

A hollow metal sphere of radius R is uniformly
charged. The electric field due to the sphere at a
distance r from the centre [MEET-20153]

(1} Increases as rincreases for r< Rand forr= R

(2) Zero as rincreases for r < R, decreases as r
increases forr= R

(3) Zero as rincreases for r < R, increases as r
increases forr=> R

(4) Decreases as rincreases for r <= R and for r
> R

A sphere encloses an electric dipole with charges
3 = 10°% C. What is the total electric flux across

the sphere? [NEET-2019 (Odisha)]
(1) 6= 105 Nm&C (2] — 3= 10% Nm#C
(3) Zero @ 3% 10% Nm¥C
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Chapter 2

Electrostatic Potential and
Capacitance

Sub-topics | Electric potential, potential difference, electric potential due fo a point charge, a dipole am:l'w
system of charges: equipofential surfaces, electrical pofential energy of a sysfem of two point
charges and of electric diploes in an electrostatic field. Conductors and insulators, free charges
and bound charges inside a conductor. Dielectrics and electric polarization, capacitors and
capacitance, combination of capacitors in series and in parallel, capacitance of a parallel plate
capacitor with and without dielectric medium between the plates, energy stored in a capacitor,
Van de Graaff generator,

Electric potential
r —_— —
FPotenfial at a point, V¥ = —I E. dar.

J s
The unit of electric potential is T o volt. Dimensional formula : [MLET-3A71)

Potential Difference
Potantial difference between two points -

1. Close to each other, gV = —E. ar

e
2. In general, Vg -V, = —I E.dr
s

E=E,+E J+Ek dr=dxi+dy+dzk

Hg Fa 2
Vg -V, = —jExdx —J‘Erdy -J'Ezdz
o4 Fa 24
(a) The direction of electric field is always in the direction of
decreasing potential.

i) In a direction perpendicular to electric field, electrostatic ’ *

potential is constant +D B
e} When a positive charge is free to move in a region. [t will A . B . C
mave from higher potential to lower potential. V> V=V, > V. ’

(d) When a negative charge is free to move in a region, it will
mave from lower potential to higher potential.
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MEET

16 Electrostatic Potential and Capacitance

Electric potential due to a point charge
s — L. o= _— ' —dV
dV =-E.dr,if E and dr are along same direction. then dV = —Edr = E :?
—d\ —dV -V = z " r
= E,=—— E,=—— E;,=——tharefore E=E, (I|+E (j)+E,(k
Y T Ty T (+E, )+ E, (k)
Potential is a scalar while electric field is a vector.
Potential due to a point charge is
Qe +« P
r e

Q

Vo =
i 4mE o F

Electric potential due to a dipole

Figure shows a dipole of dipole moment p = gd. The ling OF makes an angle 0 with the dipole axis

The potential at P due to the positive charge (+qg) i

1 9

dme, f

Il'lll:l_

and that due to negative charge (—g) is

__ 1 g
? dme,

The net potential at P is

V=V, +V,
(9_aq} _ c.rlr:—ﬁ 0
. fify ) h

1
= 4me, L_ _)] T dmg
For a small dipole, we have usually r >> d, where d is the separation between the two charges. Under these

conditions, we may write r, — r, = d cosf and r,r, = *. Using these quantities in eq. (i), we get

g dcosd
Vo= A 2
M, F

'pcusa

o V = AmEr* {where p = gd, is the magnitude of electric dipole moment)
0
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Electric potential due to a system of charges

Potential due to a group of charges

ia) Infinite number of charges are y-axis
placed along x-axis. 4
Electric potential at O, Q o] o]
R I PO W U R
dmenr 2 4 " 2r -
q 1 ] 20 + ar »
dmepr | 1-1/2] dmeyr
Q Q
b) . -_4Q A
dmegr ‘,j:—’ .
aGC @r= 7
E.=0 - 4 ™, al ‘
i~ *
qh—a—ﬂ
e} V.=0 @ Q
- 7,
2Q N 1
E. = - Jz :: © a
dmegr 5N J
- '
Qg
d v.=0
(@) Vg o -a
E.=0 1.‘“ .’}._1-" T
From the above cases it is clear that, ,,-',‘E“ j
e
(1) E=0,V=z0. - .

2 v=0E=0.

(3) E=0,V=0

@) E=0 V=0 oo
+F +: 3 +
+ +
v _ Q & -“-lb-c?-“ +
€ dnegR A
+ i +
(f) .Ec .- S (i = charge per unit length) Q4+
4megnR? 2megR + +
+ +
+/‘\+
+ +
V, = Q wW—R—C ’
4REDR E.
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18 Electrostatic Potential and Capacitance

(9) Unifermly charged ring in y-2 plane,

Q

X

o=
aney (R? +x7)

Q

Ve

Note :

E = maximum at X =i£
2

1

E = —
" Ane, 3J3R2

5z along x-axis

1

Aney JR? 4+ x°

"

20

ST -

(h) Thin sheet of charge

. a
ll"'lg VE :F_n [rh_ r..,]

M+ ]
+
* o
+— |+ — E =5 uniform
o * .
E=—m— N
2%, '
+ A
— s
+|
+
4+
+
+
o e — =
L+ | L

(i) Metallic sphere or hollow shell of charge Q

Q

dqe, r

r>R

ot

[ . "vml:
V;n = Constant = V:-;.lrf:l.r:r:
v Q@ o
" dne R {anywhere inside)
|||r"a|.
]
V= 4ne R
o
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il Concentric metallic shells

1 (@ Q @
—_
dme, [ o

Forrpsr<r,, V=41 %+%+%]
Mg 2 3

Forr=r,, V=

Forr,<r<vr,, v=1 MJr&
dmey v Iy

= ':‘1 +Q2 + '::'3_
e,

Forrzr,, v

(k) Potential due to Volumetric Charge Distribution
A solid sphere of charge having charge Q, radius R and made of dielectric constant K = 1.

Hyperbolic

R —»r

Equipotential Surface
1. It is an imaginary or real surface on which every point is at the same potential.

2. dvV=0= E E =0 =:':E 1 E . This means that electric field is always normal to equipotential surface.

3. For a point charge, eguipotential surfaces are concentric spheres.

V, = V> V, and g is positive
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20 Electrostatic Potential and Capacitance MEET

4, Closely spaced equipotential surfaces represent stronger electric field.

&, For a dipole, equatorial plane represents one equipotential surface (i.e. at zero volt).

kp cos b

K 7
r—a cosi

V=0

6. For uniform electric field, equipotential surfaces are parallel equispaced planes perpendicular to electric
lines of forces.

(@) In the direction of electric field potential decreases V. < V, < V, <V, <V,

by If a charge ‘g is moved from A fo B V, V. V. V. W
(i External work done !
WAE=Q|:V;;' VQ::I B
(i)  Work done by electric field c |
Wy =-q (V- V) A ’ .
7. V<V, <V <V, <V, <V . % ¢+ 4 7 F
Y _.{.f
il

» X-3XIS
/7 / +
Equipotential Surfaces

e eV
r

directed at 20 + 8" with x-axis

Electrostatic Potential Energy of a system of two point charges

Potential energy of a configuration of charges is the work done by an external force to bring the charges from
infinity to their respective position without acceleration.

(1) U=—_ 99 l

(a) q,q, =0, U':-D} I s
dmey

(b) qugy <0 U=0 " r "

. ~dl 1 g9
F= dr  4ne ;22 [Coulomb’s law]
a
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Q

2) I / \ \ {changed to) 2r \zr\ then,
3

= Qe 2r
s Aneq(2r)
= _.302 11 _3g?
Won = Uz = U = ney | 2r 77 )7 neg(2r)
3Q°
Q Q
@) a2
Qh—a—uﬂ
2 2 2 ‘
U=dx_2 Q Q4443 = PE of configuration

* +2 =
dmega  4meg(ad2) 4mega

Potential Energy of Electric Dipoles in an Electrostatic Field

The potential energy of an electric dipole in an electric field is defined as the work done in bringing
the dipole from infinity to inside the field.

An electric dipole (+g, —q) is brought from infinity to a uniform electric field E insuch a way that the dipole
moment E is always in the direction of the field. Due to the field E_. a force E (= qE] acts on the charge

+g in the direction of the field, and force F (= —qrE } on the charge —g in the opposite direction. Hence,
in bringing the dipole in the field, work will be done on the charge +g by an external agent, while work will
be done by the field itself on the charge —g. But. as the dipole is brought from infinity into the field, the
charge —g covers 2/ distance more than the charge +g. Therefore, the work done on —g will be greater. Hence
the ‘net’ work done in bringing the dipole from infinity into the field

= force on charge (—g) = additional distance moved = — gE = 2/ = — pE.
This work is the potential energy U, of the electric dipole placed in the electric field parallel to it : U, = - pE

In this position the electric dipole is in stable equilibrium inside the field.

L From
F infinity

[
|

i
E

3)—w]
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22 Electrostatic Potential and Capacitance MEET

On rotating the dipole through an angle 8 work will have to be done on the dipole. This work is given by
W= pE (1 - cos a).

This will result in an increase in the potential energy of the dipole. Hence, the potential energy of the dipole
in the position & will be given by

U, =U,+W=-pE+pE(1-—cosB).or U=-pEcos8 or, | Uy=-p-E

This is the general equation of the potential energy of the electric dipole.
Note: When a conduelor is placed in an electric field, the free charges present in it start moving under the
action of eleciric field unfil net electric field becomes zero. Under Static Conditions
(a) Electric field inside is zero.
(b) At the surface, electric field is normal to the surface.
fc)  The surface of the conductor is equipotential surface.
(d)  Electric potential is constant throughout the volume of the conductor.

{e)  The interior of a conductor has no excess charge.

(f)l  Charge density is inversely proportional to the radius of curvature, o = %

(gl When a conductor is earthed, there is a flow ofcharge either from earth to conductor or
conductor to earth till the potential of condg@ becomes zero.

Applications
(1) A metallic sheet is given a charge Q.
(a) It distributes equally on its surface.

(b) MNow an uncharged metallic shegtis brought near it.

-Q ,Q

2 2

+[ ] + +[ ] + +[ |+ ¥
+ + + + - + -+
+ + + + + + - %
Qa*l |*a a*l |* a — a’ll [Ta |&-=q
— + + — — + * — — + + — =" *
2+ + 2 2-|- + 2 21- +2 - o+
+ + + + + + -  +
+ +* +* + + + - +
#L_|+ |+ |+ -+

Uncharged Metallic Sheet
(a) (b}
(2} Two concentric conducting shells

Dy

Uncharged [Net charge on outer sphere is zera]  [Met charge on outer sphere is —Q]
Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456
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(b)

Mo Induced charge as E= 0

When 'K is closed, V|, = 0 and a negalive charge appears on ils surface given by,

_ar
R
Conductors and Insulators
Some malerials permit electric charge to move easily from one region of the material to the other. We call
such materials “conductors”. Metals, tap water, earth and human bodies are examples of conductors. In metals,
electrons are the charge carriers but in electrolytes both positive and negative ions are the charge carriers.

Some materials do not permit electric charge to move easily from one region of the material to another. Such
materials are called nonconductors or “insulators” or dielectrics. Glass, plastic, silk, fur, drywood, nylon,
chemically pure water etc. are some such examples.

When a conductor is isolated, it has “free electrons” but incthe presence of other charges these free charges
become “bound”.

Dielectrics and Electric Polarization

Dielectrics are insulator or nonconducting substances. Polar dielectrics have permanent dipole moments due
to the separation between the centres of their positive and negative charges. Molecules of nonpolar dielectrics
do not have any permanent dipole moment because the centre of the negative charge coincides with the
centre of the positive charge of an atom or a molecule.

When a dielectric material is placed in an electric field the phenomenon of recrientation of polar molecules
or the shifting of the positive and negative charge distributions in an atom or in a nonpolar melecule of the
material is called the “polarization” of the atom or molecule.

) Electric field in vacuum E
Dielectric constant (K} = =_E‘i'.

Met electric fisld inside the diglectric
D=gE+P=¢,F,

where D is electric displacement and is equal to surface charge density on the capacitor plate.

Capacitors and Capacitance
{1) An arrangement of two isolated and oppositely charged conductors is called capacitor.

{2) A capacitor is an amrangement to store electrostatic potential energy in the form of electric field.

3 C =% Sl unit of capacitance is coulomb/volt = farad

2
{4) Energy stored in charged capacitor U = L.CV/? = q_G - lqp
2 2 2
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MEET

Parallel plate capacitor +g -9
| — [
(1) C=EDA | ——| -
d | — |
A = Area of plates HETedE
— + e | —
d = Distance between them | — 28, | _
_ | — |-
5 _g 5 @ | — | -
[] V—E.d' V'q VB—E.r L -
. —g—
(3 E=i=i = constant |VI
Ep AE,& || I
4 u-tovr-18A prr 1. 2 axd
2 2 d 2
u 1 2 . .
5 =—gpE* = Electric energy densit
) volume 2 ° 9y v

Combination of Capacitors
1
1. Series combination : =

sl
g c

2. Parallel combination : €, = XC

Applications
(1 ——| > |
C c Cf2
2 —{—] = i
C ne ne
n+1
C
Il
]
| — = H
13) 26

(o
4) @@ V,=V,-V.
) V,=V,

G,V CV
V, = V, =

{E} 1 G1‘|‘G2I 2 ¢1+c2
' c.C
Q=0Q,=—"2y T

@ =="==T T, W=+,

(5)
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MEET
[ C
T Il
i i
W2 Wiz
(6)
{s
v
G 2C
—J——
N TASETie
UL
{4
v
Q,.C,
|
v
L, Q _Q . —
B) () y=21-=2
8) (a) "G, Q
[l
1
Q.C,
' c.Q C,Q
k) Q+Q=0Q = Q11_{1‘.‘1+C1'2":2_li."-'1+-’32
Q
C Q=537
+ 1=
i
—_ |
9) Q
-
nQ
nC Q=557
C, 2
s
Il
{10) —D-D— —
1=
11
C, 2 v,
(E, —E;) (C4C3) C
Q= =2 imivy) i
an @ (Ci+C;) +”
_ - E,
= Same on both capacitors . E, > E, ____E,
__% -t
(o) V1= c.+C, (E1-Ez) HC?
-« e
VE

c
V, = 1 E -E
(c) V2 C1+Cg{ 1= E2)
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MEET

{12)  When ﬂ = & then V= 'u’c,: so C; can be removed
2 Gy ’ P
oo TN
C,C. c,C
|: - =2 + avd
BTC+C, Cy+Cy A L B
(Cy+C3 1 {Cy +Cy)
= c C
C,+C,+C; +C, b *
Q
c, A C,
——
[13} VAE _ l':'1C-l _CEC:I,
(C,+C3)(Cs +Cy) F——
6 B c
ni
|

C|
I e
s Gy G,
A A B
(14) | 1 1 = =
C,
]
ANV
o
[l
i
A A C B
(15) @ | | = * | ‘
C, C, C, G,
I}
C C
S nansl
' [ e o= >
(16) Cag =$ T
e I —
C C
(17) 12 identical capacitors o
| ¥
12C ,
{a) Cag = T = Caq' between adjacent corner I' c
c =£ =, betw fi di I
(b) Lac 3 = Cy een face diagona =
{c) Cap= % = C,,, between body diagonal /&A'—I AH
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c

(18)  Cas =4 f /\/\c /\
Av——| |——s
C c
19 GV + GV, & G
(19) V==t Vie—F—s—F—V.
11t a v
c, aV.
c, &
20) v o CMitClp+Cily V,o—] V
C,+C, +C
1tk Tl C,/\"L";

{21) Plates of area A and separation 'd’ are arranged as shown

A
(a) Cpy =22
AR 3

)
g W
A
P B
(b) Cps = (n-1d n plates
B

A<
(©) Cag =22 N B

(d) n plates connected alternately C =(n 1}%

_ 3epA )
(e) Cen == 1 2 3 4

- 3r A'Lll" Q| Qz Qﬁ Q.
(i) Quotat = Con V ===
(i) @ = E"jv i) Q= —_ZE;AV

| s

_ . I

) @ - 2 w o Q- Sy
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Capacitor with Dielectric

. + -
Epdl
o=20
1) T
Ke A L =
C= a
(2) S
(K Ky) EpA K+ K,
G e —— K‘ — ——
13) 2d = 2

) K= KA+ KA +K3A3,C= KegA
A+ A+ A d

A
= For n slab each of area E

_KitKy 4 Ky,

LY

n
' A
{5) C=—220 f pa =
d-t+—
'K
6) c-— oA
L b
K1 KE "rl_"""_tl_*
| 77
L+t 4 I + A f"’; -
= STt KK~
K K, K; yf//,f
y Vi
= For n slabs of same thickness ;
£=i+i+ + —
K Ky K, " K,
_ KegA o Kegé
Sty +t,)  d
a2 di2

S
)

|+

2K K

f
M K %
K+ K, %

:;E’

4

g
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Sharing of Charge and Loss of Energy : Two charged capacitors are connected to each other.

C.V, C. Vs
I:;II = C1V1 QI = C?Il"'r?
L CM+CLV
1) v==tittefz oy @ =CV
{ ] '::1 +cz I::';LI 1 -QE 2
Qﬂ GII El D1Jl il
L= 1=
1 1]
= — | —p
+ —
4“_/; =
':':rl C.z- Il"'llz D; s
1 CC
AU = Eﬁﬂ-ﬁ ~V2) (lost as heat and electrofmagnetic waves)

SV, = oV
2 = 11 2v¥2 - ;o
@) vl orcy.ay=c
Q. C, Vv, Q. C
| = =
I 1T
= |f—y—
- |+ . =
s +H
Q. Gy Q. G
1 CC, 2
":‘U=E C, 1| c, (Vi +V2)" (Energy lost)

{3) For Spherical Capacitors,

C, = 4ng, R, C, = 4ne R,

29
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MEET

v_Q v, - Qe
i‘.-':1 CE‘
__of __Q
"7 BmeR, 27 8m, R,

y_CM+CV,  Q+Q,

(@) C.tC,  Anmeg[Ry + Ry

1 cC

AU == =2 (v -2
(b) 2C,+c, 17V
(€ IfV,=V,

6 Q& 9 Q

T, 7T, O R OR,

Energy stored in a Capacitor

= AU =0 (No energy loss)

An uncharged capacitor is connected to a battery,

When the key is closed, charge flows in the circuit till capacitor becomes fully charged, such that

ny a=Ccv

1 1
(2) Energy stored = EEW =5 Qv

G
I
1T
K
v

(3} Energy supplied by battery = QV = C\#

1

(4) Heat produced in the circuit during charging = CV? - Ecvz

1.1
= ovi=lgv
2 2
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Van de Graaff Generator

In 1829, Rober J. Van de Graaff designed a machine
which could build up high voltages of the order of a Metal spherical shell
few million valt. This machine acts on the principle of

corona discharge. Metal brush

It consists of a large metal spherical shell supported
on an insulating column. & long narrow belt made of
insulating material passes over the two pulleys
shown in the figure.

Pulley

Insulating belt

/ Insulating colurmn

Motor driven pulley

The positive charge is sprayed at the lower position -
of the belt through the corona discharge by the lower

metal brush with sharp points. The belt is driven

rapidly by the motor driving the lower pulley, When [
this positive charge reaches near the upper metal

brush, the corona discharge takes place, and

the

positive charges are transferred to the metallic sphere through the metal brush. Thus, the positive charge
from the electric source which supplies the charge continuously to the lower metal brush, is transferred to
the outer surface of the larger sphere surrounding the upper pulley. The potential of the sphere, thus keeps
on increasing till the dielectric breakdown of air surroundingthe sphere.

The dielectric strength of air is 3 = 10% W/im. Hencefthe sphere of radius 1 m can have potential upto
3 = 108V because V = ER. The polential can besraised by enclosing the sphere in a highly evacuated
chamber.

a a Q
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SECTION - A

Objective Type Questions

The tangent at any point of an eguipotential
surface makes an angle 0 with the electric
intensity vector at that point such that

1y o=0° 2 o=230"
(3) 8=120° 4y b =180°

A thin metallic spherical shell contains a charge @
on it. A point charge g is placed at the centre of
the shell and another charge g, is placed oulside
it as shown. All the three charges are positive. The
net force on the charge g at the centre is

Q
g,

(1) Towards left (2) Towards right
13} Upward (4) Zero

Charge on outer conducting sphere is g, and the
inner sphere is grounded. Then the charge g
appearing on the inner sphere is (r, = r,)

:

iy

(1) Zero @ —q
f- .
(3) -jq @ 79

If a positive charge is shifted from a low potential
region to a high potential region, the electric
potential energy

(1) Increases
(2) Decreases
(3) Remains the same

(4) May increase or decrease

5.

A B, C D, FPand Q are points in a uniform
electric field. The potentials at these points are

WA) = 2 volt
V(B) = V(P) = V(D) = & volt, and
VIC) = 8 valt. The electric field at Pis

g, "

'*

0.2 m

(=

*
A L

|
0.2m

1y 10 (Vim) along PQ
i2) 5 (V/m) along PC

i3) HSE[Wm} along FA
4} 3 Vim along FA

A hollow charged metal sphere has radius r. If the
potential difference between its surface and a
point, at distance 3r from the centre is V, then the
alectric field intensity at a distance 3r from the
centre is

v vV
M) 5 @ 2
v v
@) 3 @ 5

In a certain charge distribution, all points having
zero potential can be joined by a circle C, Points
inside C have positive potential. Points outside ©
having negative potential, A positive charge, which
is free to move is placed inside C

(1) It will remain at rest
(2) It can move inside C, but it cannot cross C
i4) It must cross C at sometime

i4) It may move but will ultimately return to its
starting point
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8. Acharge q is placed at the centre of open end of 12, Two concentric thin metallic sphere of radii r, and
a cylindrical vesm:ll. The flux of the electric field ry (ry = r,) carry charges g, and g, respectively.
through the vessel is Then the electric potential at a distance
q rir, < r=<r,) wil be E times
gt a; 4, 92
(1) B (2) nor
.‘?1 q2 gy, 9z
— == —+==
(3) = ry ) roon
13. Two points are at a distance a and b (a = b) from
1) Zero @ — a long wire of charge per unit length A. The
£p potential difference between the points is
. . proportional to
g 2q _
®) 3 @ = b 2
0 0 = =
(1) a (2} 22
9. A cylinder of radius R and length / is placed in a .
uniform electric field £ parallel to the cylinder axis as B o b
shown. The total flux through the cylinder is given by (B} 3 (4) 109 =
B e = 14. 27 identical drops of water are equally and
- similarly charged to a potential V. They are then
united to form a bigger drop. The potential of the
bigger drop is
(1) av (2) 27V
(3) 6V 4) 3v
1} 2nR2E 2 TREE . , .
i (@) = 15. In the circuit shown the eguivalent capacitance
) between the points Pand Q is
R + nR?
{3) 5 4y Zero
i |1
10. 5, and 5, are two equipotential surfaces whose '(_*f
potentials are not equal. Which of the following is P
incorrect? _Q_ _|CI__|J —a
{1) §, and S, can't intersect 1
(2] 5, and 5, both can't be plane surfaces C
{3) The ellectnc field between 5, and S, may not (1) CI5 2} ¢/a
be uniform
{4} A line of force from 5, to 5, must be (3} Ci2 4) ¢
perpendicular to both 16. A parallel plate capacitor is charged from a battery
11. Two conducting spheres of radii R, and R, are and then disconnected from it. The separation

charged with charges Q, and Q, respectively. On
bringing them in contact, there will be

{1} Mo change in energy of the system

{2} An increase in the energy of system il

{3) Always a decrease in energy of system

{4) Adecreaseinenergy of systemif Q R, = Q,R,

between the plates is now doubled. Which of the
following is false?

(1) The polential difference between the plates of
the capacitor doubles

(2) The electric field between the plates of the
capacitor will not change

i3} The energy of the capacitor doubles
(4} The energy of the capacitor doesn't change
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17. A parallel plale capacilor is made by slacking n 22, To form a composite capacitor of (16 pF, 1000V)
equally spaced plates connected alternately. If the from a supply of identical capacitors marked (8F,
capacitance between any two plates is x, then the 250V), the minimurm number of capacitors required
total capacitance is is
(1) .{”_“x (2) .m-r (1) 40 (2) 32
x
B — @ = (3) 8 (4) 2
18. Three equal capacitors each with capacitance ¢ 23. Five identical plates, each of area A are joined as
are connected as shown. Then the equivalent shown. The distance between the plates is d. The
capacitance between A and B is plates are connected to a batery of V (volt). The
charge on plates 1 and 4 will be
et 13 i e | e
c|c ¢ 1 2 S
| | —_—W
(1} C (2) ac
3) C3 @) 3ciz
19, Two capacitors of capacitances C, and C, are
mmjnecr.ed in series am:! pn_tentlal difference 1|.--'_|s fgAV 2egAV £gAV 2egAV
applied across the combination. Then the potential iy ——— ) .
. . d d o d
difference across C, will be
Ve, [q +¢2J suAV —2egAV EgAV —2egAV
1) —==% 2y V (3} — ———
() ¢, @ Y=g, F gy d " d
' VC, v c, Zé}\ A parallel plate capacitor with air between the
(3) C,+C # Yoo \?@ plates has capacitance 'C". When it is filled with
2 1 2 \, . . . . .
@ dielectric medium as shown, its capacitance
20. In the given circuit, if point C is earthed and hecomes
potential of +2000 V is given to the point A then
the potential at B is qu A
/\@ 2K 2
5 uF 10 UF 10 pF + |-
i p
3K | =
_{ 2
10 uF c - -
= — e — —
= 2 2
(1) 1500V (2) 1000V CK
{3} 500V (4) 400V (1) 3CK (2 =3
21. Four capacitor each of capacity 3 uF, are .
. . ) 4 ]
connected as shown in fig. The ratio of equivalent (3) =CK 4) =CK
capacitance between A and 8 & between 3 4
A and C will be 25 If the dielectric constant and dielectric strength be

“*1

.I—'
(2) 3:4
() 3:2

(1) 4:3
3) 2:3

denoted by K and k respectively, then a material
suitable for use as a dielectric in a capacitor must
have

(1) Low K and low k

(2) Low K and high k
(3) High K and low k
(4) High K and high k
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SECTION - B

Previous Years Questions

An electric dipole of moment p is placed in an
electric field of intensity E. The dipole acquires a
position such that the axis of the dipole makes an
angle & with the direction of the field. Assuming
that the potential energy of the dipole to be zero
when @ = 80°, the torque and the potantial energy
of the dipole will respectively be  [AIPMT 2012]

{1) pE sinh, 2pE cost  (2) pE cosi, —pE sini
{3) pE sinf, —pE cosb  {4) pE sind, —2pE cosl

Four points charges —@Q, —g, 2q and 2Q are placed,
one at each corner of the square. The relation
between Q and g for which the potential at the
centre of the square is zero is

[AIPMT 2012]
1) @= 2 Q=1
Q=g @ Q=g
i a-1
(3 Q=—g i4) q

A, B and C are three points in a uniform electric
field. The electric potential is [MNEET-2013]

—_—— "
B *A
—'—.*E
+C

B

{1} Maximum at B
{2) Maximum at C
{3) Same at all the three points A, B and C
{4) Maximum at A4

Two thin dielectric slabs of dielectric constants K1
and K, (K, = K;) are inserted between plates of a
parallel plate capacitor, as shown in the figure, The
variation of electric field E between the plates with
distance o as measured from plate P is correctly
shown by [AIPMT 2014]

P @

F + + + + + + +
|

Ko K-

Y — $ —

(1) (2)
0 5 0 T
E— — — E— —m —m
— 1 N S O
— P
@ w |
0 T t———a5

A conducting sphere of radius R is given a charge
(). The electric potential and the electric field at the
centre of the sphere respactively are

[AIPMT 2014]

Q Q
(1} Zeroand 4HEUR2 (2 4ne R and zero

Q Q
(3) Fme.g @d 3o pz (4) Both are zero
(1] 0

In a region, the potential is represented by
Wix, v, z) = Bx — 8xy — By + Gyz, where Vis in volts
and x, y, Z are in metres. The electric force
experienced by a charge of 2 coulomb situated at

point (1, 1, 1) is [AIPMT 2014]
(1) 645N (2) 30N
(3) 24N 4] 435N

A parallel plate air capacitor has capacity C,
distance of separation between plates is o and
potential difference Vis applied between the plates.
Force of attraction between the plates of the
parallel plate air capacitor is  [Re-AIPMT-2015]

v civ?
cv? cv?
®) S @ =

A capacitor of 2 uF is charged as shown in the
diagram. When the switch 5 is turned to position
2, the percentage of its stored energy dissipated is

[NEET 2016]

1 2
e
b

V== —

2 uF—[ 8 uF
(1) 80% (2) 0%
(3) 20% {4 75%
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A parallel-plate capacitor of area A, plate separation
d and capacitance C is filled with four dielectric
materials having dielectric constants k,, k,, k; and
k, as shown in the figure below. If a single dielectrc
material is to be used to have the same
capacitance C in this capacitor, then its dielectric
constant & is given by [MEET (Phase-2) 2016]
Al

a2

(1)

K=k + ke + kg + 3K,

2} k= %m + ko + kq) + 2k,

2.3 1
B % "W thy t ks kg
1 1,1,1,8
AT

A capacitor is charged by a battery. The baltery is
removed and another identical uncharged capacitor

energy of resulting system [NEET-Z‘.']‘@\
{1} Increases by a factor of 4 q\@\\\
{2) Decreases by a factor of 2 /\Q}@

{3) Remains the same
{4) Increases by a factor of 2
The diagrams below show regions of equipotentials,

N 40V 0V 40V 14,
a A a8 b- A B
AMAE SO0 oV 30V
RIATE AT : 40
2
A 8 A &8
C. d.
o
MWV 40V o
o o a

12

13,

.008 radius 2R respectively have the same surface
S
R
&

is connected in parallel. The total electrostatic &

A positive charge is moved from A to B in each
diagram. [MEET-2017]

(1) Maximurm work is reguired to move g in
figure (c).

In all the four cases the work done is the
same,

(2)

(3)

Minimum work is required to move g in
figure (a).

Maximum waork is required to move g in
figure (b},

The electrostatic force between the metal plates of
an isolated parallel plate capacitor C having a
charge O and area A, is [NEET-2018]

(1) Independent of the distance between the plates

i2) Linearly proportional to the distance between
the plates

(4)

(3) Inversely proportional to the distance between

the plates

Proportional to the square root of the distance
between the plates

(4)
T '\matal spheres, one of radius R and the other
charge density o. They are brought in contact and

separated. What will be the new surface charge
densities on them? [NEET-2019 (Odisha)]

5 5 5 5]
(1) 6,==0,06,==0 (2) 0,==0,0,==0

3 & G 2
5 5 5 5
(3) “1_5‘;'“2_3“ (4} “1_5 'ﬂz_gﬁ

Two identical capacitors C, and C, of equal
capacitance are connected as shown in the circuit.
Terminals & and b of the key &k are connected to
charge capacitor C, using battery of emf V volt.
Mow disconnecting & and b the terminals b and ¢
are connected. Due Lo this, what will be the
percentage loss of energy? [MEET-2019 (Odishal)

k

a o
. —

r 1l

VT 'I'c1 Te,
(1) 25% 2) 75%
(3) 0% (4) 50%
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Chapter 3

Current Electricity

Suh-tnplcil Electric current, flow of electric charges in a metallic conductor, drift velocity and mobility, and
their relalion with electric currenl; Ohm's law, electrical resistance, V-l characleristics (linear and
non-linear), electrical energy and power. electrical resistivity and conductivity. Carbon resistors,
colour code for carbon resistors: series and parallel combinations of resistors; temperalure
dependence of resisfance. Internal resistance of a cell potential difference and emf of a cell,
combination of cells in series and in parallel. Kirchhoff's laws and simple applications.
Wheatstone bridge, mefre bridge. Potentiometer-principle and applications fo measure potential
difference, and for comparing emf of two cells; measurement of infernal resistance of a cell,

Electric Current : Time rate of flow of charge, through atross-section is called electric current.

/ {1 ampere = 1 Cls)

Tdr
Steady Current : Current is constant. (Q =)
Variable Current : Current varies with time.

Note : For an eleciron revolving with speed v, frequency v, angular velocity w in a circle of radius ',

Flow of electric charges in a metallic conductor

Emf : Electromotive force E = %

W = Waork done in moving a charge Q once through a complete circuit.

o L o
Current Density : J = e it is & vector quantity such that j= /. 4 (F = jJ.ds)
/ ;—;’" ;': Ad

Drift Velocity : Average velocity with which electrons drift fram negative end to positive end of the conductar.
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I = neAv, or ""d:m-“d“m
Vg = = = Vg =—
nepd f
n = Mumber density of free electrons, e = Charge of electron
A = Area of cross-section, v, = Drift velocity
p = Resistivity of material V = Potential difference
Vg BT
Mobility : u =F"=E

Ohm's Law : I = EE or j - E (Physical conditions remaining same)

Here o is conduchivity
A

1
nev, = FE

1 .
or vy E = v,=pE where p—pﬁ—muhmtfnfelegh'nns

I
Y =%I 6. V=IR

-‘.l'-'c

oV I

Em— —=—
As, . = A1
= A = constant

Resistance : It is opposition offered to flgw of current.

Vv
R= n (volt's = ohm)
For a conductor of length | and area of cross-seclion A,

|
R =% p = resistivity {characteristic of a material)

1

o= o = conductivity (unit-siemen/meter)

p depends on material and temperature.

V-l characteristics (Linear and Non-linear)

Maodem microelectronics civilization depends almost totally on devices that
do not obey Ohm's law. Following graphs show the variation of / with V'

for some circuit devices. Figure (a) is a plot for a resistor obeying Ohm's T
law. !
i , o ;
The slope v of the straight line is same for all values of V. This means /‘D Vs
v
that the resistance R =T of the resistor is independent of the magnitude {a) For resistor

and polarity of the applied potential difference V.
Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



NEET Current Electricity 39

Figure (b} is a plot when the device is a semiconductor pn junction diode.

Current flows through the device only when the polarity of V' is positive and |{|n )

applied polential difference is more than 1.5 V approximately. And when

current does flow, the relation between j and V' is not linear, it depends on

the value of the applied potential difference V. Hence, Ohm's law is not

obeyed. 57 ;
Applications : 2 £ 4

|:|n uu-rta’:l
pr 1 (b} For a pn-junction diode

1 A== . ot e
(1) T = Rt A

{2) If a wire is cut into n parts of equal length, R’ =§ far each part.,

{3) For a given mass of material

pi_ pi* .
R=—=— V=A% rie, volume

AV [ ]
. 1 ) 1
e, Re= (2 or R“‘? ie., R““r_ﬂ,

{4) If a wire is stretched, then R = 2
ia) If length is doubled " = 4R
(b) If length is halved by twisting R° = Ll

(5) If a wire is twisted R = — or <
-
, . R
{a) Areais doubled R :?
) ) R
{(b) Thickness is doubled R =—

16
{6} For small % change in length

AR 241
—=-x100 = =100

{7} For small % change in radius

AR 100 =42 100
R r

(&) A resistance wire has a resistance R. Half of this wire is stretched to double its length and half is twisted

J><4+E x—=2R+ SR

to double its thickness, then R’ = ['j T %32

b
(9) If ratio of lengths is /, : [, : [, and ratio of masses is m, - m, - m,.

i:i i

Ratio of their resistances is .
my m; My !

Electrical Energy and Power

V = Potential difference across the device

I = Current through the device

{1} Source of power is chemical energy stored in the cell. — | ——
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{2) Total power supplied by the cell = Ef {equals to rate of consumption of chemical energy)
(3) Rate of heat loss inside the cell = Fr
(4) Met power out put = El - Pr=(E~irji= W

(5) Power delivered to device = PR

Applications :

(1) When the device is purely resistive like a bulb, then

"u'-’-'
V=IR . P=W=PFR=—
R
(2) P,=FR,, P,= IR, P,=FR, |
AR AARAA— AN —
PotP PR IR R, R, R, R,
PTMI=F1+P2+F3=F[H1+R2+E3I Vl
Ve !
T R +R,+R,

Note : Here P, is the electrical power consumed in\.\\égismr R, and so on.

2 2 2
v W R
Pi=— Pp=— Py=— ;
{3) T z R, 3 R, AR
R,
PPyt Py l l l o
R, R; R, 1
Vv e
=] - —t—— v
TRy Ry R I
v [1} 1_1.1. .1
= = |where 5 5 "5 T
R R R R, R, 5 R
0 P V2 n resistors
W5 R |
v
5) Fo = Vi onv?
""Rin R R
. n resistors
P 1 s
=— i
F‘P n _||—
(6) AG0OW, 220V and a 100W, 220V bulb are given
(220)? ~ (220)°
(a) R = 80 ' Rige = 100 o Rgp ® Rigo
(b) When both are connected in series Py, : P,y & Ry 0 Ry
Psa = Piog
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. _ 11
{c} When both are in parallel, Py, : P, —:
lHEI:I R1I'.'II:I

IF,Il"ml:l = P1IIII:|

id) Both are connected to 440V in series, 60W will fuse. As the voltage appearing across 60W bulb
is more then its rated voltage je., 220V

. X PWPWG
ie) Total power of bulbs in series = _F‘ P, { When connected across 220 V)
a0 T Mo

{7} A heater coil has a resistance R. It can boil certain amount of water in time £, Its power is P,

ia) When the coil is cut in two halves, power of each half = 2P.

(b) When the coil is stretched to double its length, power = P/4.

(c} When the coil is twisted to double its area, power = 4P,

(d)  When the coil is twisted to double its thickness, power = 16P
. L L

ie) Time taken to boil == P = E =F1 .

{8} Two coils boil separately a certain amount of water in time t, and t,.
(@) When they are used together in series, time {_ =, + {.

(b) When they are used together in parallel, time t, = ‘—rff; .
1 2

Fuse Wire
1. Made of lead, tin alloy.
2. Has low melting point.

3. Current capacity (current at which it blows)

el
[

(@) 1==r* (b} Iu;;-, {¢) 1is independent of length
[}

Time taken to melt t = A or t = . 'f is also independent of length.

A fuse wire is connected in series with live or phase wire of main supply.

Carbon Resistors ;: Colour Code

A resistor is a current device made of specific value of resistance. The value of resistances used in electrical
and electronic circuits vary over a very wide range. A colour code is used to indicate the value of resistances.

A resistor has usually four concentric rings or bands A, B, C and D of different colours. The colours of first
two bands A and B indicate the first two significant figures of the resistance in ohm, while the colour of third
band C indicates the decimal multiplier. The colour of fourth ring or D (which is either silver or gold) tells the
tolerance. Sometimes, only three colour bands A, B and C are marked.

The colours of first two bands A and B correspond to figures 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 and the colour of the
third band C corresponds to multipliers 10°, 10", 102, 10%, 10%, 105, 105, 107, 10® and 10, respectively. If the
colour of the fourth band is gold, the tolerance is 5% and in case the colour is silver, the tolerance is 10%.
In case, there is no fourth band, then its tolerance is 20%.
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A B C D

| R=AB x 10° + D%|

The following table gives the colour code for carbon resistance

Letters as an Colour Figure Multiplier Colour Figure
aid to Memory
B Black 0 10° Gold 5%
B Brown 1 10 Silver 10%
R Red 2 10° Mo colour 20%
(8] Orange 3 10°
¥ Yellow 4 10°
G Green 3 10°
B Blue 6 10°
v Violet 7 10’
G Grey 8 10°
W White 9 10’
Gold 107
Silver 107

To remember the colours in correct sequence, one maydemember B.B. RQY in Great Britain has Very

Good Wife. The capifal lefters correspond to colours i the correct sequence.

Combination of Resistors

R R R R,
1. Series Grouping | —asw—apa—tpiape’ =2 A
R.=R,+R,+R,
R,
R
2. Parallel Grouping : o W ————
i1 4,1
R=FR'"R'H
Applications :
R, R,
B =
i) —V——V—
+ W -
(@) V,=—2_
Ry+R;
(b) v, =—n2¥
R+ R;
B, v
[“w] Vv Il:“1 I IE: v V= R.. R? - V,Rz + V?R1
' ‘ L+l Ri+R;
R, R,
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Curmant Electricity

RR R V-V
a — 1 2 3 b |, = ——
@) V=T ©rh="g
— s — s —
Ry R; H;
V-V V-V
e} I,= Z d)y Iy=
2 R, R;
nR :
{iv) * ”R"' . S V= L V, = v
" W, b v, b a1
H W +
R R
— A
V) — V2 ——— /2 —
- V H
I, R
. R, Q = __f
{vi) eV V= IR, = LR, "R R,
R, ) _ R,
I+ 1=1 2" RIR,
I, R,
R
T A A SPAL
(vilgly oyl s — i — 1 — — A AR ——
R, R, R, !
LA A
I, R,
| R,R,
Lhrl+ =1 = """ RR; +R.Ry + RR,
I _ RqRa
2T RR, + RyR, + RaR,
fy = R‘TRE
*RR, + RyRy + RaR,
Various Combinations
A R R B g
(1) ——aww W ——e = R,z =Ri3 [Parallel combination]

43
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(4)

B8R
= = Rea ==
R
A R R B 3R
—l AW —A AN Rag =%
R.R. -RR,
UA—II.I"IEZ = ERB HI1 -IIR W
(R +Rz) (Rs +Ra) S AR
{a) If R,R, = R,R,, current through the
galvanometer on closing key will flow from
A tﬂ E AR l A AR R
E R
(b) R,R, < R,R,, current flows from B to A. ’ y :
I
(e} RyR,=R,R,, no current flows through 'G", .
[Balanced Wheatstone bridge]
R
: z 32 z o =
RHB =R|:1+-\|E:I- 8 R:: R:‘,: R:: e R.,a- AR
L W tLhL A B
R (=1 ot R
AR B R R PR,
R(1+5) 4 R
R.ﬂ.a = 5 R:t R:. R: R"EE % Aoy = [ an
8
Ew
A R A R :
- s 4 EE
iR iR iR Sk B
R — ?E ] uﬁa ..ﬁ " ) '.B V= A -
AB T T bk o N nR U R
_{3n+1)
R.-m e l:n + 3} R
Skeleton Cube : Each wire has a resistance 'r.
' ir ) . .
(a) Rap = Y Equivalent resistance between adjacent comer o
' ar . , , C
ib) Rac = e Equivalent resistance between face diagonal
Sr ) ) )
e Fap= E , Eguivalent resistance between body diagonal A A
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Temperature dependence of resistance

Conductors : Low resistivity at room temperature. It increases with increase in temperature according to
the formula,

P = g (1 + o)
p, = Resistivity at temperature °C
P, = Resistivity at temperature 0°C
o = Temperature coefficient of resistivity
As p,=pg (1 + o)

R, =R, (1 + wf) [+ R ep]
Al temperature £, R, = R, (1 + at)
At temperature £, R, = R, (1 + at,)

R; -R

@ R R

R\1t2 - Ri r1
by Ro=———
(&) t: -1
Insulators : Very high resistivity at all temperatures. Variation in resistivity is very small with temperature.

Semiconductors : Resistivity lies between condifctors and insulators at room temperature. At 0 K, p is
infinite, or conductivity is zero. The conductiviiwol semiconductors increases with increase in temperature.
Thus when a piece of germanium and a piece of copper are cooled, then resistivity of germanium increases
and that of copper decreases.

Superconductors : At very low temperatures, a conductor starts behaving like a superconductor.

.

! 4.2 (for Hg)

(a) At critical temperature, resistivity of metals suddenly become zero.

(b} Superconductors act like perfect diamagnetfic substances (Meissner’'s effect)
Internal resistance, potential difference and EMF of a cell

{1} ldeal cell : E = IR, intermal resistance = zero

/ R
W ———

{1
E
Ideal cell
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(2) Real cell
3 E
fay o= R+r ! =]
W
ER . o
(b) Vag =IR = z— = Terminal potential difference }
E=IR+Ir ooy
i r i
— -
IR=E—Ir __ﬁ¢4gw?5'
V= E = Ir{During discharging of cell) I i
: iTerminals!
r_E—'u'_[E—'u"]R == of cell -~
(c) | v

Note : When a cell is being discharged V < E as V = E = Ir and during changing V> E V= E + Ir

{3) A cellis short circuited I

E
J=T, Ve = 0, [current is maximum)]

Combination of cells i I (PPN

n [ S —

E1
_._ll_w_

E, >E,

/ E
—»—||—ww~—
E, r
P
| _E+E

N =+
—"—1}—%—

Potential difference across each cell

E -E; _Eyrn+Ean
f+r i+

V=E, -,
v-g -EtEl,
r+rs
V — E1r2 _E2r1
r o+,
' E, E
f V=0 —t=—%
1 2
. E
(i 1= ——WWM—
R+r E‘E- I,
W]
E "’E + 1 E L !
I r. i * H
Where E = ; 12 : i
—+—+ VWA |
) o
11,1, R
and oo
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{iv} Any number of cells are connected symmetrically,

E
[== V= V=0

Note ; A and B are any two arbitrary points. If some external resistance is connecfed across them,
no current flows through it

Cells In series

I = E

R+r E, r E. r E, r.
E =3, | ] | an—e—
r=Zr

FATTES
WYY

Cells in mixed grouping
Total number of cells = mn

E E E E
—

mcells h rows
[ _mnE — — —— —
nR +mr
I'is maximum when n& = mr
Note : Arrangament of N identical cells each of emf E and infernal resistance r to obtain maximum

current in external resistance of R
= no. of cells in each rows m = ,’$

Nr
= no.ofrows n s J—

R
: _E )
IWI_EE
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Kirchhoff's Law
{1} Junction Rule : It is based on conservation of charge.

At any junction

Sia =Y

!

=j2

{2) Loop Rule : It is based on conservation of energy.

A 28 P 10 358,10V 524 30 20 3A B
502 l -
via (.-" E""'I

i 10
Q g éu_ﬁ

For closed loop PQRSP, total rise in potential + total fall in potential = 0.

= =1x*xR-5+10-3=0

= R=-5-3+10=20

For open part APSE, V, is potential of A and Vj is potential of B then
V,+(5x2)+(3x1)-10+(2x3)+9+(2x3) =V,
V,+10+3-10+6+9+6=V,

V,— Vg =-24V

Note : RC circuit (steady state)

{a) In steady state capacitor gets fully charged and hence no current flows across it.

: [ 5
P =y ————————
; = E [ A [
R+l _w_| |_
Mo current
(b) Potential drop across capacifor V' = Ir, _f_'“}“‘—l ,Ig_
: 1

V= P F3. This is also the reading of ideal voltmeter connected in place of capacitor.
1 3

(1} WHEATSTOME BRIDGE (BALANCED)

R, R
When —L =—2then V, = V_, = R. can be removed
R, R,

R _ Ry +Ry) (Ry + Ry
BT R AR, +R,+R
1 F ] 4

- RiRs + RzRs
Ri+Ry R, +R,
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Al R R, R,
(2) e—l—am AW —T—e
Rd
A R Ry R B )
{3) e MRS AP — AN ——a = Rpg=R [Example of Wheatstone bridge]
=4
A

Potentiometer : It can measure potential difference without drawing a current from the circuit. Thus it

gives accurate reading. It can
{a) Measure intermal resistance of a cell,
(k) Measure emf of a cell.

(c} Compare emf's of two cells.

! E r

. . . , —
AB is the potentiometer wire of resistance R and lepgth L. !
Any two point C and D on the wire are separated by length /.

- L »
: /
A -— - B8
Ep [

ch:=chz:=[r+R]-I“ (1) Com P

Vep = | (all other factors are constant) This is principle of potentiometer

Applications :

(1) To measure potential difference and for comparing emf of two cells. E
-
I

A cell of emf E is balanced against length ‘[ of wire then
-— | |

' E- R
E=Vp=|—E-|—.1 A B
&= [r +R J L f
—
| 4 E  (No deflection)
ie ,E-{ or E, Iy
Ee
(2]} Measurement of internal resistance of a Cell —l F——r———
P
Step | !
A B
Key Kis kept open, balance point is at length /. Er 6@ (Mo deflection)
| L

T
— Ew=|, —«.f.-’“—;{’.J
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Step Il

Key K is closed, balance point is at length . (V' is terminal E.
potential difference)

= Vel or E_} 4_= I_..L :
[ = T
2 Vo, Af—" B
Er 2
Y |
E-Ww" Iy =1 L
r=[—]Ren=[1 EJHEH R, K
v ) I B A

Sensitivity of a potentiometer : Smaller is the potential drop per unit length more is the sensitivity. Therefore,
%
T should be small.

This can be achieved by increasing the length of potentiometer wire or decreasing the current through it.

Meter Bridge : It is based on Wheatstone bridge principle. It is used to find unknown resistance.

Unknown
= 1 v 1
LA LX I
No deflection
2 — | =l — 100 - [ "

B

— 100 e —F—*

s

/1001

When there is no deflection, R._X & x =E‘[1|:'[]_'rﬂII
A

Note : Location of null point is independent of resistivity or area of cross-section of wire AB.

o o a
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SECTION - A

Objective Type Questions

1.  The resistance of a conductor is 5 ohm at 50°C
and & ohm at 100°C. Its resistance at 0°C is

M 3Q (2) 4 Q
@310 4 20

2. A wire of resistance R 15 cut into n equal parts
perpendicular to its length, These parts are then
connected in parallel. The equivalent resistance of
the combination is

(1) nR @ -

R
B -7 @) R

3. A copper wire is stretched to make it 0.1% longer.
The % increase in resistance will be
{1y 0.2 2 2
{3) 1 4y 0.1

4. A piece of copper and a piece of germanium are
cooled from the room temperature down to 80 K

(1) The resistance of each of them decreases
{2) The resistance of each of them increases

{3) The resistance of copper increases and that of
germanium decreases

{4} The resistance of copper decreases and that of
germanium increases

5. The masses of three wires of copper are in the ratio
of 1:3: 5and their lengths are inthe ratioof 5: 3: 1.
The ratio of their electrical resistances is

(1) 125:15:1 2y 5:3:1

{3)1:3:58 4y 1:15:125

10.

For which of the following dependence of drift
velocity V, on electric field, Ohm'’s law is obeyed?

(1) V, = E? 2) VyeoE

(3) V,= E {4) V< E

An electric cell does 5 joule of work in carrying
10 coulemb of charge around a closed electric
circuit. The electromotive force of cell is

(1) 2V
(2) 25V
(3p3 v

[4) 0.5V

When both the length and area of cross-section of
a wire are doubled, then its resistance will be

(1) Halved (2] Doubled

(3} Same {4) Quadrupled

Which of the wo swilches 5, and S, will produce
short circuiting?

..... v..
e R
P . Iﬁ
e
P — : y 52 |
(1 5 @ s,

(3) Both 5, and 5, {4) Meither S, nor 5,

The potential difference between A and B in the
figure is

Y oV ak
-—II—";::"—I%—-B

(1) 3V (2) 15V

(3) 5.1V (@) 231V
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11.

12.

13.

14.

15.

NEET

A wirg of resistance R is connected to a potential
difference V. Keeping potential same, resistance
wire is stretched to double its length, the drift
velocity of electrons

(1) Remain same

(2} Become double
(3} Become half

{4) Become four times

A non conducting ring of radius r has charge g
distributed uniformly over it. If it rotates with an
angular velocity m. The equivalent current is

g0

2n

2n

quw

(1

(2)
o

B 2mr

(4} grio

The effective resistance between A and B is

R=1%Q)

4
(1) Eﬂ (2

(3) 740 4]

8
— 1]
7

A cell of emf. 4 WV, when short circuited gives a
current of 8 A. The intermal resistance of the cell
is

(1) 0.5 Q (2) 14

(3)2Q 4) 4 0

An electron in the potentiometer wire experiences
a force of 3.2 x 10°1 N. The length of the
potentiometer is 4 m. The e.m.f. of the battery
across the wire is

(1) 1.6V
(2) 3.2v
(3) 4.8V
4) 8V

16,

17.

18.

19.

In the circuit shown, the magnitude and direction
of the flow of current respectively would be

10V 4y
a
18 e 20
d A &
30

.
(1) EA from a to b via e

(2) %A from b to a via &

(3) 1 Afrom btoaviae
4) 1Afromatobviae

Upon a six fold increase in the external resistance
of a circuit, the voltage across the terminals of a
battery increases from 5V to 10V, The e.m.f. of the
battery is

@y 15 v

2y 18 v

(3) 125V

(4) 11V

AB is a wire of uniform cross-section. The
galvanometer G shows no current when the length
AC = 20 cm and CB = 80 cm. The resistance R
is equal to

R 80 0
A, A,
A cI B
¥
|I
(1) 28 (2) 8 Q2
(3) 20 Q (4) 40 Q

The current flowing through a coil of resistance
BOO © is to be reduced by 80%. What value of
shunt should be connected across the coil ?

(1) 200 £2
(2) 800
(3) B &

(4) 10 £2
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20. A cell of eem.f. E and internal resistance ris 24, The specific resistance of manganese is
connected across an external resistance nr. The 50 = 10-* 2 m. The resistance of a cube of length
ratio of terminal potential difference to e.m.fis 50 cm belween ils two opposite face will be
1 (1) 1078 2
-
(2) 25 =108 )
1
(2} T (3) 1078 Q
n [4) 5=10* 0
3) n+1 25, In the network of resistance shown in figure the
- effective resistance between AB is
(@) —
21. The circuit shown here is used to compare the
e.m.r's of two cells £, and E, (E; = E,) by a
potentiometar. The null point is at C when the
galvanometer is connected to E,. When the
galvanometer is connected to £, the null point will _ _
be o a
At R
(1 3 (2 3
——AAARAAA
11 (3).5 R () 8R
&
A 2 26. An the circuit below, bulb B does not light although
E, ammeter A indicates that the currant is flowing.
E, Why does the bulb not light 7
{1) To the left of C (2) To the right af &
{3) AL C itself (4) Nowhere omAB
22. The emf of driving cell in a potentiometer circuit is
100 V. Its internal resistance is 10 1. Length of
potentiometer wire is 200 cm. A cell of emf 5
and internal resistance 0.1 £2 is balanced against
20 cm length of the wire. The length against with
a cell of ernf & V' and internal resistance 0.2 £2 can
be balanced is i
(1) The bulb is fused
{1} 24 cm (2) 20 cm ) ) o
(2) There is a break in the circuit between bulb
{3) 22.5 cm (4) 40 cm and ammeter
23. To get maximum current in a resistance of 3 2, (3) The variable resistance has a too large
one can use n rows of m cells {connected in resistance
senes) connected in parallel. If the total number of ) ) o
cells is 24 and the internal resistance of a cell is (4) There is a break in the circuit between bulb
0.5 O then and variable resistor
(1) m=12, n=2 27. The_capaci'q.r of a storage cgll is 5 A hour. The
maximum amount of current it can supply for ten
{2]' I'T.I:B.H:3 hour is
(3 m=2 n=12 (1) 5A (2) 0.5 A
4) m=6,n=4 (3) 50 A (4) 0.25A
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28,

29,

30.

31.

32

33

34.

NEET

If the current in the bulb decreases by 0.5% due
to fluctuation in supply then the power in the bulb
decreases by approximately

(1) 1% (2) 2%

(3) 0.5% (4) 0.25%

A fuse wire is made up of

{1} Lead tin alloy {2) Tungsten
13) Copper (4) Michrome

Two cells each of emf E and internal resistance

r, are connected in parallel across a resistor .

The power delivered to the resistor is maximum

if Ris equal to
r

1) — 2 r

(1) ) (2)

{3) 2r 4) Zero

A house is served by 220 V supply line. In a
circuit protected by a fuse marked "9 ampere” the
maximum number of (B0 W, 220 V) bulbs that
can safely connected in parallel is

(1) 1 (2) 22
(3) 33 (4) 44

If 2.2 KW power is transmitted through a 10 Ldine
at 22,000 ¥, the power loss in the form of heat will
be

(1) 0.1 W (2) 1 W
(3) 10W (4) 100 W

Two bulbs of wattage (25 W, 220 V) and (100 W,
220 V) are connected in series with the supply of
440 volt, which bulb will fuse?

(1) 100 W (2) 25 W

{3) Both (1) & (2) (4) Mone will fuse

Three equal resistance each of 10 £ are connected
as shown. The maximum power which can be
consumed by each is 20 W. What is the maximum
power that can be consumed by the combination?

] A —
100 1082
L aaannne,——
(1) 5 W (2) 15 W
(3) 30 W (4) 60 W

35,

36.

ar.

38,

39,

According to Joule's law if potential difference
across a conductor having a material of specific
resistance p remains constant then heat produced
in the conductor is directly proportional to

(1 p 2) p*

1 1
3N T 4) —
(3} JE {#) 0
An electrical source with internal resistance ris
used to operate a lamp of resistance R, What

fraction of the total power is delivered to the
lamp?

'Rir A-r
(1 —&— (2) —

R R
G ’er “w

A heater boils 1 kg of water in time f, and another
heater boils the same water in time {, across the
same source. If both are connected in series
across that source, the combination will boil the
same water in time

£ty

& ot @ 4+,
ity :

® o @) it

All bulbs in the fig. are identical. Which bulb lights
more brightly?

|1
L

o
A B C

3]

(1) A (2) B
(3) C 4) D

A torch bulb rated at (4.5W, 1.5V} is connected to
a cell as shown. The emf of the cell needed to
make the bulb glow at full intensity is

@ 4.5W, 15V)
162
AN ]
| r=20
ll
E
(1) 4.5V 2) 1.5V
(3) 7.5V @) 105V
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SECTION - B

Previous Years Questions

Aring is made of a wire having a resistance R, =
12 £ Find the points A and B, as shown in the
figure, at which a current carrying conductor should
be connected so that the resistance R_of the sub

8
circuit between these points is equal to Eﬂ .

[AIPMT 2012]

g L3

{ .] jz B

I, 5 I,
— 4 — =
8 “ 7,

If voltage across a bulb rated 220 veolt - 100 watt

drops by 2.5% of its rated value, the percentage of
the rated value by which the power would decrease

L] = P =

is [AIPMT 2012]
(1) 5% (2) 10%
(3] 20% 4) 2.5%

In the circuit shown the cells A andcB have
negligible resistances. For V, =12V, R, = 500 &
and R =100 £ the galvanometer (G) shows no

deflection. The value of V is [AIPMT 2012]
. R
FYRRN? .lf."\
..... @
Vi iR A
{1 12v 2) 6V
(3 4V 4 2V

A wire of resistance 4 0 is stretched to twice its
original length. The resistance of stretched wire

would be [NEET-2013]
(1) 40 2) 80
(3) 16 0 4 2

The internal resistance of a 2.1 V cell which gives
a current of 0.2 A through a resistance of 10 £ is
[NEET-2013]

1) 050
3 100

(2) 08 0
4 020

10.

The resistances of the four arms P, @, Rand S in
a Wheatstone's bridge are 10 ohm, 30 ohm, 30
ohm and 90 ohm, respectively. The e.m.f. and
internal resistance of the cell are 7 volt and 5 ohm
respectively. If the galvanometer resistance is
50 ohm, the current drawn from the cell will be
[NEET-2013]
(1 0.2A (2) 0.1 A
(3) 204 4) 1.0A
Two cities are 150 km apart. Electric power is sent
from one city to another city through copper wires. The

fall of potential per km is 8 wvolt and the average
resistance per km is 0.5 L1 The power loss in the wire

is [AIPMT 2014]
(1) 19.2'W (21 19.2 kW
(3) 19.2J () 12.2 kW

The resistances in the two arms of the meter bridge

are 5 & and R 2, respectively. When the
resistance R is shunted with an equal resistance,
the new balance point is at 1.6 /,. The resistance

R, is : [AIPMT 2014)
|—
50 RO
A I m-n—:,E
(1) 10 Q 2) 15 Q
(3) 20 & {4) 25 0

A potentiometer circuit has been set up for finding
the internal resistance of a given cell. The main
battery, used across the potentiometer wire, has an
emf of 2,0 V and a negligible internal resistance.
The potentiometer wire itself is 4 m long. When the
resistance, R, connected across the given cell, has
values of (i) Infinity, (i) 9.5 €2, the 'balancing
lengths’, on the potentiometer wire are found to be
3 mand 2.85 m, respectively. The value of internal

resistance of the cell is [AIPMT 2014]
(1) 0.25 0 (2) 0.95Q
(3) 0.5 Q (4) 0.75 Q

A potentiometer wire of length L and a resistance
r are connected in series with a battery of e.m.f.
Eu and a resistance r,. An unknown e.mf Eis
balanced at a length | of the potentiometer wire.

The e.m.f. E will be given by  [Re-AIPMT-2015]
LE,r LE,r
(1) (r+n) @) Ir,
CEr | E.|
® e L @ 3
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1.

12,

13.

14.

15.

16.

NEET

Two metal wires of indentical dimensions are
connected in series. If o, and o, are the
conductivities of the metal wires respectively, the
effective conductivity of the combination is

[Re-AIPMT-2015]
o0y O 20, o,
.51 + Ty .61 + 0y
B 37 oy Oy ) o, 8

A circuit contains an ammeter, a battery of 30 V
and a resistance 40.8 ohm all connected in series.
If the ammeter has a coil of resistance 480 ohm
and a shunt of 20 ohm, the reading in the
ammeter will be [Re-AIPMT-2015]
(" 1A (2) 0.5A

(3) 0.25 A 4y 2A

A, B and C are voltmeters of resistance R, 1.5R
and 3R respectively as shown in the figure. When
some potential difference is applied between X and
¥, the voltmeler readings are V,, WV, and V_
respectively, then [AIPMT-2015]

o{ o I

(2) V=V =V,

(1} Vy=Vg=2V,

(3) Vy2Vy=V, (#) V=V =V,

A potentiometer wire has length 4 m and resistance
& 0. The resistance that must be conngcted in
series with the wire and an accumulator of em.f.
2V, so as lo get a potential gradient 1 mV per em

on the wire is [AIPMT-2015]
{1} 48 & 2y 320
(3) 40 4 440

A potentiometer wire is 100 cm long and a onstant
potential difference is maintained across it. Two
cells are connected in series first to support one
another and then in opposite direction. The balance
points are obtained at 50 cm and 10 cm from the
positive end of the wire in the two cases. The ratio

of emf's is [MEET-2016]
(1) 3:2 2) 5: 1
3) 5:4 4y 3:4

The charge flowing through a resistance R varies
with time  as @ = at — bf%, where a and b are
positive constants. The total heat produced in R is

[NEET-2016]
&R &R
0= T
aR a'r
(3) 35 T

17.

18.

19.

20.

21.

22

The potential difference (V,; — V) between the
points A and B in the given figure is

[NEET (Phase-2) 2016]

V. 20 3V 10y,
A 1=2A B
(1) -3V (2) +3V
(3) +6 V (4) +9 Vv

A filament bulb (500 W, 100 V) is to be used in a
230 vV main supply. When a resistance R is
connected in series, it works perfectly and the bulb
coensumes 500 W. The value of R is

[NEET (Phase-2) 2016]
(1) 230 Q (2} 46
(3) 26 Q 4) 13 Q

The resistance of a wire is "R chm. If it is meltad
and stretched to 'n’ times its original length, its

new resistance will be [MEET-2017]
R
(1),0R (2) —
. R
(3) R 4

A potentiometer is an accurate and versatile device
to make electrical measurements of E.M.F,
because the method involves ; [MEET-2017]

(1) Cells
2} Potential gradients

3) A condition of no current flow through the
galvanometar

i4) A combination of cells, galvanometer and
resistances

Current sensitivity of a moving coil galvanometer
is 5 divimA and its voltage sensitivity (angular
deflection per unit voltage applied) is 20 diviV, The
resistance of the galvanometer is

[MEET-2018]
(1) 40 Q (2) 25 Q
(3) 500 Q (4) 250 0
A carbon resistor of (47 4.7) k@2 is to be marked

with rings of different colours for its identification.
The colour code sequence will be  [NEET-2018]

(1) Violet = Yellow = Orange = Silver
(2) Yellow — Viglet — Orange — Silver
{3) Green — Orange — Violet — Gold
(4) Yellow — Green — Violet — Gaold
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23. A set of 'n' equal resistors, of value 'R’ each, are (1} Conductor (2}  Inductor
connected in series to a battery of emf 'E' and (3) Switch (4) Fuse

24,

25,

26.

intermal resistance 'R The current drawn is |. Now,
the 'n' resistors are connected in parallel to the
same battery. Then the current drawn from battery

becomes 10 1. The value of 'n"is  [NEET-2018]
{1 10 2y 1
(3) 9 (4) 20

A battery consists of a variable number 'n' of
identical cells (having internal resistance 'r' each)
which are connected in series. The terminals of
the battery are short-circuited and the current | is
measured. Which of the graphs shows the
correct relationship between | and n?

[NEET-2018]
i I
(1 T () T
o — o [
i I
(3) T (4) T
o —*n o —

Six similar bulbs are connected as shown in the
figure with a DC source of emf E and zero internal
resistance.

The ratio of power consumption by the bulbs when
(i) all are glowing and (i) in the situation when two
from section A and one from section B are
alowing, will be : [NEET-2019]

—r—
A B

(1) 4:9 (2) 9:4
3) 1:2 {4 2:1

Which of the following acts as a circuil protection
device? [NEET-2019]

a

27.

28.

In the circuits shown below, the readings of
voltmeters and the ammeters will be [NEET-2019]

1002 i
Aty »

©

®

10V

; Circuit 2
(1} W, =V, and i, =1,
(2) W, =V,and i, > i,
(3} V,=V,and i, =1,
) vV, =V,andi, =i,
The metre bridge shown is in balance position with
P
E = E If we now interchange the positions of
gahvanometer and cell, will the bridge work? If ves,
what will be balance condition?

[NEET-2019 (Odisha)]

P Pyl

(1) Yes, E:E (2} Yes, a:fz‘fﬁ
- )
(3} Mo, no null point 4} Yes, E=I
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Chapter 4

Moving Charges and

Magnetism

Suh-tapicil Concept of magnetic field, Oersted's expeniment. Biot-Savart law and its application fo current
carrying circular loop. Ampere’s law and its applications to infinitely long straight wire, straight
and toroidal solenoids. Force on @ moving charge in uniform magnetic and electric fields.
Cyclotron. Force on a current-carrying conductor in a uniform magnetic field. Force befween
two parallel current-carrying conductors-definifion of ampere. Torque experienced by a current
loop in & magnetic field;, moving coil galvanometar-its current sensitivity and conversion fo
ammeter and voltmeter. Current loop as a magnetic dipole and ifs magnetic dipole moment,
Magnetic dipole moment of a revolving elsctron.

Concept of Magnetic Field

A statiohary charge produces an electric field around jt"and a moving charge produces both electric as well
as magnetic fiald around it

An electric field exerts a force on both statiogary charge as well as moving charge, while a magnetic field
exerts force only on a moving charge.

F':qiv'xEl'}
F=qvBsin i
__F
gvsing

Oersted’'s Experiment

(FLv,F1lB)=Fv=av=FB=a8=0

— Magnetic field strength. [Unit-tesla (T)]

In the summer of 1820, the Danish physicist Hans Christian Oersted, while preparing for a lecture noticed
that a current in a straight wire caused a noticeable deflection in a nearby magnetic compass needle. Oersted
concluded that moving charges or currents produced a magnetic field in the surrounding space.

Biot-Savart Law

|la) dB ym

Aakash Educational Services Limited - Regd. Office :

_'_H_&{d_fxf;

r

or dB

~ pp Idising

41

r

2

dB
I Pas

ol ¥

Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



Maving Charges and Magnetism 59

NEET
L ]
e
N . u-l -
Wy gvsing 0 A
dg = o GVSINY
(b) 4n  fl
a

Applications to current carrying circular loops

i b. B (towards 5
X . right)

_Bg 2xIxnRN _pg  2M
A {R2+x2}3|'2 A {RE +x2}3l'2

when M = NI x nf? is called magnetic moment At *Q', magnetic field is into the plane
M A I
M = NixA units (Am?) of paper given by B, = ";—';

|—> directed outwards for anticlockwise current
directed inwards for clockwise current

3 4, LY g
«.\ U 7
[t
_ kol wol 8
By = —— (outward from the plane) B, = =L x— (outward from the plane)
2r 2r 2n
Ampere’s Law :© §Bdl = ngly e
Applications to infinitely long straight wires
to e to ==
b S R "1
1. — 2.
.
| p——— e P®
to = Starting point
Lg! gl
E = — = —
2nr T
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1o =
2 PR
| & " -
3. Starting point "
Gu {Bq = 'E]':|
Be ="—':'f[s|n::¢+ 1]
dnr
14
.
3, h
u L}\‘
____________________ ey F@_
4—| [ ——
[TH
B, = —[sinu
" 4nr[ !
- II-JI
7.
mmme I‘
Lol | Mgl
By =+
= 2 | ar (into the plana)
— b —_—
q, a4 :L:'-f? bl
l —r’ ke ..
. 2 2
B, - Mol N +b” o the plane)
arn ab
. 82 gl
whena=h By = B
H to e
:f"’r._._'_---""\
\.""---.___---""I"J
11. Hollow pipe of S LA gl
metal carrying /4 r ot T g
current in its wall |8, =
i .
\'k“'---.____.----"'IJ
i 1o o

_1.;"‘-,__
B e
.
| & __'Cl! ":-.:B%
¥ e
4, B
$
_”—ul i = H_'-"I
B. = ijm,[ﬁi-lnt:-w sinf] = [cos0+cosg)
G, _.—C:_B—'— ......
B . (into the plane)
¢~ ar
8,
B, = p—ﬂr{into the plane)
4r
10.

Hollow pipe
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12, Solid Cylinder :

gl
o e

wgfr
or, 'Bin:z::lﬁﬁ {r=R)

/
nul:%{

r= R

Solid
cylinder

B e
-
* I
Straight solenoids .
®\
. o
Long solencid carrying current / and number of turns.fleng{ﬁ ',
)
&
&
o~
@o@ Finite solenoid
Q& jofofojolofofojofofofofofol
, 4 = 0 L
< o, [ B
S gy ] 3™
! !
¥ o .
FEERAISAFHEEEDE
) ugnl, .
B = ugnl (in between) B= T[smﬁ +sina]
pgnl o .
Bong = 5 (near one end) [for semi-infinite solenoid]
Toroidal solenoid
B =, (in the core)
»B=0
n=N For ideal toroid
2nR

N = Total number of turms
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Cyclotron

A uniform magnetic field out of plane of paper exists in the region.

Circulating charge spirals outward with the dees, gaining energy every Beam of
time it crosses the gap. particles

a8
Freguency of rotation = frequency of oscillator = EQE

Vis potential difference between Dees

If the charge circulates n times, kinetic energy acquired KE = 2ngV.

1 1 BR
KE e =Em V;ax :me[ﬂm ) R is radius of dee

82q2R2
KEmax ST

2m

Force on a moving charge in uniform magnetic and electric fields (Lorentz Force)
F = qE_ +4q {LT s §}
if F=0 = gE=—q(vxB)ie.E=—(vxB)
or E=vB{when v .lE)
If force on a charge particle is zero then the various possibilities are given here.
1. The charge is not acted by any field or

2. The charge is at rest or moving parallel to magnetic field in a region containing only magnetic fisld, or

3. The charge is moving with speed v = £&/B in perpendicular electric and magnetic fields such that
electrostatic and magnetic forces are #qual in magnitude and opposite in direction.

Motion of charged particle in magnetic field 5

(1} Welocity is perpendicular to magnetic field.

= ® = k.3
4 ® = .4
Js —» Vv —1
= F 4 = E.4
= X = E1

‘g’ at rest is suddenly imparted a velocity v. It will move in a circular orbit as shown and plane of circular
path is perpendicular to the field applied

2
F=qgvB= Ll
. mv  2mE Zmv
e ——= 1 i 1 = —— i i
= 4B 9B |E is kinetic energy) eE (V is accelerating voltage)
{a) FLv .. Uniform circular motion.

(b) Speed is constant.
{c) Kinefic energy is constant,
{d} Work dene and power is zero.
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{e) Velocity and momentum change continuously

M T= iﬂ - 2;;” (Independent of speed)
_ g8 ' ~gB
) f_Eizm ' m_?
Applications .
mv
E.] - *
a r pr

Time spent in magnetic field

f=ﬂ » » *
g8
v
b =g o<k,
H % ¥ ®
_Qﬁm /‘,% ® % ®
_q._B grv B, x %

_mv  (2r-20)m
(c) r—qB.t-—qB

(2) v notLlte B.' is angle between v and B .

FParticle moves in a helical path.

poVSING o 200 bitch = veos B x T

ge o=

Force on a Current carrying Conductor in a Uniform Magnetic Field

F = BI(2R) F = BI2R)

X x x

. F=BIl

X x

X L 4

— | —————H

x w x

X x x x X

= =
F=Bl{2R)
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Magnetic Force between Two Parallel Current carrying Conductors: Definition of Ampere

F = Force/unit length

F= polils
2nr

Attractive force on a segment of length /" is

Iyl
L -
2nr
to o<y ! i
1 i 1 1
i i -— 1_.
i F ~ i Iy I;
1 i :
attraclive Repulsion
:"_r_'; i i
to o= : : i

If two infinitely long parallel wires separated by 1 m, apply a force of 2 » 10°7 N/m, then we say that each wire
carries a current of one ampere.

Current Loop as a Magnetic dipole and its magnetic dipole moment

A current-carrying coil behaves like a bar magnet. It will attract iron objects such as iron pins. If suspended
freely, it will orient itself in the north-south direction just as a bar magnet does. A bar magnet has two opposite
poles at its ends; it is called a magnetic dipole. To see this connection, consider a circular current loop. The
magnitude of the magnetic field at a distance r from the centreof the loop and along the axis passing through
it {in a direction perpendicular to the plane of the loop) is given by

g=to "
2 U.E +32}3.'2
where a is the radius of the circular loop. At distance r >> &, this expression reduces to

o la® _pg 2i(na’)

g=0x -
2 dn r?
_ (B | 2IA .
[EE

where A = na? is the area of the circular loop. Let us compare it with the electric field due to an electric dipole
at a point far away from it and at a point on the dipole axis. This field has been calculated in earliar chapfer
and has a magnitude given by

2
dne, 1t

L)

where E is the electric dipole moment. Motice that 8 due to a current loop and E due to an electric dipole
have the same {1/r*) dependence on distance. Equation (i) may be writien as

5_[Ho| 2M
an ) r*

..(if)

where EF = JA. By analogy with electric dipole moment E in Eq. (i}, quantity M is called the magnetic
dipole moment, it is a vector quantity

and for 'n' number of turns, M = nlA V]

where A is the area vector.
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Thus the current loop behaves as a small magnetic dipole with its axis along the axis of the loop. One face
of a cument loop is the north pole and the other face the south pole. The face with clockwise current behaves
as south pole and the face with anticlockwise current behaves as north pole.

OO,

Magnetic Dipole moment of Revolving electron

An electron is revolving in an orbit such that

v = speed
f = frequency e
{a) Equivalent current I = ; —ef = -%
) B =*;_f
(c) M=1A=M= 2:;me?
(d) =_%

where ‘L' is angular momentum (L = mvr), .M and L are in opposite direction.
(e} For any uniform charge distribution ratating with angular speed ‘w', M =2i L,
m

where M is magnetic moment<AL= angular momentum = fm
M = mass, g = charge
Torgue experienced by a current loop in a magnetic field.

@ is angle between B and A
Case-l : b = 90° ]

(1) M =nA (Ltoplane of loop)

1?=M>°CB_ l I i &

T=MB = NAE (Maximum)

where A = area = Nab ; N = number of turns 8 - C,:
. — — b fy ——#1

Potential energy J=-M . B =0 (a)
Case-ll : 6 =07 . . .
2) B (out)

— — ¥ F

M =1 A (out) * - b

t=0as pf parallel g8

A L] - L
U=-M.B =-M8B (b)

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, Mew Delhi-110005, Ph.011-47T623456



66 Moving Charges and Magnetism NEET

Work done in rotating coil from position 8, to 8, against the magnetic field.
W= MB (cos B, — cos B,)
(1) EI.I=D"’, L'Iz= 180° W= 2ME

(2) 8,=0°0,=90"  W=MB

(3) 6, =90° 6,=180° W=+MB

i) 8,

0%, bB,=8 W= MB (1 - cost)
t=MBsinn, U, =-MB{p=0)
90°, 6,=0 W= —MB cosll U =-MB cosb- U, =MB (6 =180°)

i5) 0,

Moving coil galvanometer

N is number of turns, | is the current flowing through coil of area A kept in radial magnetic field B. C is the
torgue required to produce a unit angular twist in suspension strip.

T = NIAB [0 = 90° due to radial field]

= Ch irestoring torgue)
Where 8 is angle formed by the pointer and C is restoring
torguetwist in the suspension wire.

Ch 8 _ NBA

I: S m—
NEA ! c

current sensitivity

B NBA o »
Current sensitivity ~—=—— @& e t ......
! ¢ Cylinder

NEA

Voltage sensitivity v = R = G_E‘

Instruments
Ideal ammeter has zero resistance, so that current drawn from cell remain unchanged
Ammeter : It is a low resistance device connected in series to measure current.

A galvanometer of resistance G and full scale deflection current | is converted into an ammeter of range
0 — I by shunting it with resistance S such that

s
A A ———
_ 1,6 -1,
=1
! +—— O
sG / I
Total resistance of ammeter G° =  G'=5=<G

o

Voltmeter : A high resistance device connected in parallel to measure potential difference between two points.
Ideal volmeter has infinite resistance.

A galvanometer of resistance G and full scale deflection current fg is converted into a voltmeter of range
0 - Vvolt by connecting a high resistance R given by
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R — ?
rR-Y ¢ ) ——
g L8 i

Total resistance of voltmeter G’ =R+ G, G= R=< &

Important points about the measuring instruments

{1} When an ammeter is connected in a circuit, it alters the current flowing in the circuit. It will read less
than actual value.

{2) When a voltmeter is connected in the circuit, it alters the current flowing in the circuit. It will read less
than actual value.

{3) An ideal ammeter should have zero resistance so that it may give accurate reading.

{4) An ideal voltmeter should have infinite resistance so that it may give accurate reading.

g o o
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1.

SECTION - A

Objective Type Questions

A positively charged particle falls vertically
downward, The horizontal component of earth's
magnetic field will deflect it towards

(1) North (2) South
(3) East {4) West

An electron and a proton enter a perpendicular
uniform magnetic field. Both have same K.E.
Which of the following is true?

1) Trajectory of electron is less curved

{2) Trajectory of proton is less curved

(3) Both the trajectories are equally curved
(4} Both move on straight line path

A charge moves in a circle perpendiculag®o a
magnetic field. The time period of revalition is
independent of

(1) Magnetic field

(2) Charge

(3) Mass of the particle
4} Velocity of the particle

A cell is connected between two points of a
uniformly thick circular eonductor of radius a. The
magnetic field at the centre of loop will be

i1} Zero (2) :_:{,-1 +1)

(3) 23[*1 Ia) (@) lh+iz)

A wire of length L carrying a current [ is bent in
the form of a circle. The magnetic moment is

iL

(1) 2 (2) ar
12 i
® 4 “ 2

An electron is moving along positive x-axis. To get
it moving on an anticlockwise (as seen from above)
circular path in x-y plane, a magnetic field is

applied
(1) long + y-axis {2} Along + z-axis
{(3) Along — y-axis 4] Along — x-axis

An experiment investigates the variation of the
force F between two long parallel current carmying
conductors a distance o apart. A straight line
graph should be obtained on plotting

1
(1) F against o {2) F against i

(3) F against {4) F against ¢?

.1
d?
In a current carrying long solenocid, the field
produced does not depend on
(1) Mumber of turns per unit length
(2} Current that flows
(3) Radius of solencid
4) Al of these

A charged particle of energy 15 eV moves through
a perpendicular magnetic field. The energy of the
particle on emerging out of the magnetic field is

(1) 15eV
(2) =15 eV
(3) <15 eV

(4) May be greater or lesser depending on the
sense of applied field

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



NEET

Maving Charges and Magnetism 69

10. A rectangular coil of area A and of N wrns has a
current [ flowing in clockwise direction when looked
at from above. The magnetic moment associated with
it
{1} Points upwards
(2] Points vertically downward
{3) Is zero
{4} |Is directly proportional to A%

11. The magnetic induction associated with current
flowing in a hollow copper tube will be

{1} Only inside

{2} Only outside

{3) Both inside and outside
{4} Meither inside nor outside

12. An electron is revolving in a circular orbit of radius
rin a hydrogen atom. The angular momenturm of
electron is L. The magnetic moment associated
with it due to its revolution is

. -]
o (7]t

. L
(3) [;JL

13. A bar of mass m and length [ is suspem:la\d by
two wires in uniform magnetic field as shown. The
current through the bar is /. At equilibrium, the
tension in each wire is

E 4 k4 * o ] E 4 * E

o

]

.

(1) 22

: (2) 2BH
(3} mg— Bl (4) ’"QTB”

14. Which of the following particle will have minimum
frequency of revolution when projected with the
same velocity perpendicular to a magnetic field?

(2) Proton
4y Lir

{1) Electron
{3) He*

15.

16.

17,

18.

19,

A particle of mass m carrying charge g is
accelerated by a potential difference of V, It enters
perpendicularly in a region of uniform magnetic
field B and execute circular arc of radius R, then

Tis equal to
m

v 2v
1) 28R 2 Br
v mv
) Bre “ R

A charged particle moves in a uniform magnetic
field. The velocity of the particle at some instant
makes an acute angle with the magnetic fisld.
The path of the particle will be

(1) Straight line

(2) A circle

(3) A helix with uniform pitch

(4) A helix with non-uniform pitch

The coil of a galvanometer consists of 100 turns

<and effective area of 1 cm?. The restoring couple

is 10-% Nm rad-'. The magnetic field between the
pole pieces is 5 T. The current sensitivity of this
galvanometer will be

.5 1024
(1) >> A

(2) 5= 107% rad per A
(3) 2 %107 rad per A
(4) 5 rad/pA

A charged particle is projected in a plane
perpendicular to a uniform magnetic field. The
area bounded by the path described by the
particle is directly proportional to its

(1) Velocity {2} Momentum

(3) Kinetic energy {4} Both (1) & {2)

Two concentric circular coils of 10 turns each are
situated in the same plane. Their radii are 20 ¢cm
and 40 cm and they carry respectively 0.2 A and
0.3 A current in opposite direction. The magnetic
field in Whbm™* at the centre is

. L -5
(1) 32 @ FHo
7 35
@) Mo @) o
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20.

21.

22,

23.

24,

NEET

An arbitrary shaped closed coil of a wire of length
L and a current | amp. is flowing in it. If the plane
of the coil is perpendicular to magnetic field, the
force on the coil is

1) Zero (2) 8L

.1
(3} 2iBL (4) EB”'
A ring of radius a and charge g rotates with
frequency f about its own axis. The magnetic
induction at centre is (Assume that whole charge
is situated at its outer surface)

f
. -
m < @ B
f
o 5 U

A semi circular wire ABC and a straight conductor
ADC each carrying current | are kept in the
magnetic field then

(1) Magnitude of force on ABC > magnitude of
force on ADC

{2} Magnitude of forces on ABC < magnitude of
force on ADC

(3} Magnitude of force on ABC = magnitude of
force on ADC

{#) Force on ADC is opposite to force on ABC

A straight section PQ of a circuit is placed along
the x-axis from x = —a/2 to x = +a/2 and carries
a steady current /. The magnetic field due to the
section PQ at a point x = + a will be

{1} Proportional to & {2) Proportional to &

(3) Proportional to % 4) Zero

A circular coil of wire carries a current. PQ is a
part of a very long wire carrying a current and
passing close o the circular ceil. If the directions
of the currents are those as shown in fig. What is
the direction of force acting on PQ7

25,

26,

27.

28,

Q
(1) Parallel to PQ, towards P

(2) Parallel to PQ, towards Q
(3) At right angle to PQ, to the right
i4) At right angle to PQ, to the left

If an electron describes half a revolution in a circle
of radius r in a magnetic field B, the energy
acquired by it is

(1) Zero (2) o
(3) %Hw2 (4) mr x Bev

The magnetic dipele moment of the given
arrangement is

a

e i} G l
(1) 162/ @) %J
(3) .[15 | g}*zf (4) Zero

If one moves on the axis of a current carrying
circular coil starting from the centre of coil, then
magnetic field induction

(1) Decreases

(2} Increases

i3} First decreases then increases
(4) First increases then decreases

A circular loop of area 1 cm?, carrying a current of
104, is placed in a magnetic field of 0.1 T
parpendicular to the plane of the loop. The torque
on the loop due to the magnetic field is

(1) Zero (2) 10 Nm
(3) 107 Nm 4] 1 Nm
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28, An electric charge in metion {uniform) produces 3. An alternating electric field, of frequency v, is
{1} An electric field only applied across the dees (radius = R) of a cyclotron
, that is being used to accelerate protons (mass =
@) A magnetu:i field only o m). The operating magnetic field (B) used in the
{3) Both electric and magnetic field cyclofron and the kinetic energy (K) of the proton
{4) Mo such field at all beam, produced by it, are given by [AIPMT 2012]
30, One metre lenagth of a wire carries a constant i 2my
current, The wire is bent to form a circular loop. (1 B= . and K = 2mm*v?R®
The magnetic field at the centre of this loop is B. )
The same wire is now bent to form a circular loop (2} B= MY and K = memeRe
of smaller radius to have 4 turns in the loop. The g
magnetic field at the centre of this new loop is mv -
(1) 4B (2) 168 (3) B=? and K = 2rmn®?RE
(3) Bi2 (4) B4 T Ty
31. A magnetic field of 0.004 k tesla exerts a force 4 8= e and K = nf'mvf
of (4i +3/)x107"°N on a particle having charge of 4. A current loop in a magnetic field  [NEET-2013]
107 C and moving in x-y plane. The velocity of the (1) Can be in equilibrium in one orientation
particle is ) L ) )
. . . . (2} Can be in equilibrium in two orentations, both
(1) (75i +100)m/s (2) (75 -100/)m/s the equilibrium states are unstable
(3) (-75/+100/)mis  (4) (-75/ -100/)m/s (3)¢iCan be in equilibrium in two orientations, one
32. A proton and a deutron both having same K.E. stable while the other is unstable
enter perpendicularly into a uniform magnetic field (4} Experiences a torque whether the field is
B. For motion of proton and deutron on circular uniform or non uniform in all orientations
path of radius R, and R, respectively, the come€t 5 \When a proten is released from rest in a room, it
statement is starts with an initial acceleration a, towards west.
) = When it is projected towards north with a speed v,
1) Ry;=+2R 2) Mg == it moves with an initial acceleration 3a, towa
1) Ry . @ R Jg it ith an initial acceleration 3a, toward
wesl The electric and magnetic fields in the room
38) Ry=FR, 4 Ry=2R, are [NEET-2013)
SECTION - B (1) M \west, m—a"down
] BV,
Previous Years Questions ma, 3ma,
1. A milli voltmeter of 25 milli volt range is to be (2) —5 east v, up
converted into an ammeter of 25 ampere range.
The value (in ahm) of necessary shunt will be ma, 3ma,
— —=down
[AIPMT 2012] @) o ot Ty, o
1) 1 (2) 0.05
(3) 0.001 4) 0.01 @) %wast %up
2. Two similar coils of radius R are lying o
concentrically with their planes at right angles o & Inan ammeter 0.2% of main current passes through

each other. The currents flowing in them are | and
21, respectively. The resultant magnetic field

induction at the centre will be [AIPMT 2012]
Iul.nlr J-|-|:-F
) 55 @ =
3) A5 [T} 4 3l
2R ) 2R

the galvanometer. If resistance of galvanometeris G
the resistance of ammeter will be  [AIPMT 2014]

M g9 @) 500
1 500
(3) 595¢ @) 299
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7

10.

Tweo identical long conducting wires AOB and COD
are placed at ight angle to each other, with one above
other such that O is their common point for the two.
The wires carry |, and I, currents, respectively, Point
P is lying at distance o from O along a direction
perpendicular to the plane containing the wires. The
magnetic fizld at the point P will be [AIPMT 2014]

Mol M
(1) 2m1.{2] {2) E“ﬁ‘jz:‘

I 12
) ﬁ{.rf + Fzz)
A thin semicircular conducting ring (POR) of radius
r is falling with its plane vertical in a horizontal
magnetic field B, as shown in figure. The potential

difference developed across the ring when its speed
is v is [AIPMT 2014]

. Mg .z 2
=it 1
) 27d Uy —t2)

(1) Zero

{2} Bvnr®Z and Fis at higher potential

(3) nrBv and R is at higher potential

{4} 2rBv and R is at higher potential

A long solenoid of diameter 0.1 m has 2 104
turns per meter. At the centre of the solehoid, a
coil of 100 turns and radius 0.01 m is placed with
its axis coinciding with the solenoid axis. The
current in the solencid reduces at a constant rate
to 0 A from 4 A in 0.05 s. If the resistance of the
coil is 1072 ©, the total charge flowing through the
coil during this time is [NEET-2017]
(1) 32npcC {2) 16 pc

(3) 32uC @) 16muC

An arrangement of three parallel straight wires
placed perpendicular to plane of paper carrying
same current *[" along the same direction is shown
in Fig. Magnitude of force per unit length on the
middle wire ‘5’ is given by [NEET-2017]

B d ¢
90°
d

o o a

1.

12,

13.

14,

NEET
(e 2pol*
(M 2rd @ nd
.‘UEH{:I: F-lﬂiz
St @ rd

lonized hydrogen atoms and o-particles with same
momenta enters perpendicular to a constant
magnetic field, B. The ratio of their radii of their

paths r, : r_ will be [NEET-2019]
(1) 2:1 (2) 1:2
(3) 4:1 4y 14

A cylindrical conductor of radius R is carrying a
constant current. The plot of the magnitude of the
magnetic field B with the distance d from the
centre of the conductor, is correctly represented by

the figure ; [NEET-2019]
B B
{1 ‘\ (2) | \_\
R d R d

B B
B LN @ |/

R R d
Two toroids 1 and 2 have total no. of turns 200 and
100 respectively with average radii 40 cm and 20
cm respectively. If they carry same current i, the
ratio of the magnetic fields along the two loops is,

[NEET-2019 (Odisha)]
(1 1:2 2y 1:1
(3) 4:1 4y 2:1

A straight conductor carrying current i splits into
two parts as shown in the figure. The radius of the
circular loop is A The total magnetic field at the
centre P of the loop is. [MEET-2019 (Odisha)]

(1) ;;g.imam (2) Zemo

(3) 3u,i/32R, outward (4) 3u,i32R, inward
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Chapter 5

Magnetism and Mafter

Sub-topics

their strengths. Permanent magnets.

Magnetic field intensity due to a magnetic dipole (bar magnet) along its axis and perpendicwlar
to its axis. Torgue on a magnetic dipole (bar magnet) in a uniform magnetic field; bar magnat
as an equivalent solenoid, magnetic field lines; Earth's magnetic field and magnetic elements.
Para-, dig-and ferro-magnetic substances, with examples. Electromagnetic and factors affecting

Magnetic Field Intensity due to Magnetic Dipole (Bar Magnet)

-

. Broad side on

Hq

M
B=Zr 7 3cos+ 1

tan o = Y tan

—  H (=) position — —
B= - T Angle between Mand Bis o + 6
= _ W (=M
E;m.n - H ll,:I-
a+i
S __.._-{..3 5 i H- -------------- e +— (axial)
-m +m ol W, 2Mr
. r
= _ M 2M
L

{1} Geometric length = 21
{2) Magnetic length = 0.8 geometric length

{3) Eax,a, parallel M (Direction of Mie., magnetic dipole moment is from south pole to north pole)

4) B is antiparallel to E .

equatarial

(5 B LM when @ + ¢ = 90° ie., 8 =90" - u

- 1 . I °
As tanu=%tane = cutEt=EtanE+ or tan® =2 . In this case B=-% .

{6) M =m=2] where 'm is pole strength. [Direction along magnetic axis from —m to +m or from S to N]
Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, Mew Delhi-110005, Ph.011-47T623456
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Couloemb's law in magnetism

‘Elr E
ELE

F = Mo MMy
dr 2 (isolated imaginary poles)

Torque on a Magnetic Dipole (Bar Magnet) in a Uniform Magnetic Field

—

1. T=MxB 1, =MBI[0 =907

8 =0° — stable equilibrium
Met force is zero. T, =0 d ]

B =180 — unstable equilibrium
2. U=-MB U, =-MBatd=0"
U .= MBatt=180°

3. Work done in rolating bar magnel from angular posilion 8, o 8, is W= MB [cos B, — cos 8]

Note : A bar magnet kept in a non-uniform magnetic field may experience a nef force and also a forgue
(if not parallel to field).

Oscillations of a bar magnet in magnetic field

T=MBsin0 [sin 0 = O, for very small value of 0]
t=-MB O [restoring torque] »B
 —MB# -
= u = I'= moment of inertia of the magnet /(a‘ﬁ “\’i *
: - .
= ﬁ =T=2x L
I ' mB i
Applications :
[ S — . I
(1) T=2n '— = B
e M
+ ! *
—L2— el e
(a)
- T'=Ti2 T'=T2
(2} A bar magent is cut into two halves m=m m=m (mis pole's strength)
{b:l 4+ L * m
T'=T7, M=%
m
T'=T, M=%
A2
Iy
— M,
3) T,=2m |t Y [Sum position]
B [T : ’

Iy
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I+ 1y !
() Tp=2m | —1—t— ‘
_ (M, = M,)B —— A
TZ+T7 M,
=1 — M, ; -
Tﬂz —Tf M, [Difference position)
A
Meutral Points
Case [ : (N-N position)
. Ho M
B,=B, =>————=8
H eq A {d2 Hz}su H
MW
E‘?—i—*hgw
d
¥
M_S-_ T -:éu-u--u:--uuu-ﬁi‘uuuun MN
H i
M.E

Case N : (N-5 position)

B, =B, = ﬁﬂ:BH
A {dZ _;2]2

M.

Bar Magnet as an Equivalent Solenoid

For a bar magnet the dipole moment is

w=rmi
where m = Pole strength and

I = Length of the bar magnet

For a solenoid of length / and number of turns per unit length n and area of each loop as 4
We have dipole moment as

n = (Current) = (Area) = Inid
So, mi = IniA

ar m = inA

Magnetic Field Lines

75

The space surrounding a magnet in which its effects are perceptible is called the magnetic field of that magnet.

Michael Faraday visualised the magnetic field graphically, which were called lines of force by him. This nomenclature
will not be adopted here because the curve representing the field does not give the direction of the force on a
maoving charge. So, we will call these curves as magnetic field lines. We may define these lines as follows.

“The magnetic field lines are imaginary curves, the tangent to which at a point gives the direction of the field
at that point.”

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, Mew Delhi-110005, Ph.011-47T623456
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Properties of Magnetic Field Lines

(1)
2)

These are continuous closed curves. Note that electrostatic field lines are not closed.

The direction of field lines is from north pole to south pole outside the magnet and from south pole to north
pole inside the magnet without any starting or ending points. Note that electric field lines start from positive
charge and end at negative charge.

(3) Magnetic field lines emerge from or enter the surface of a magnet at any angle (not necessarily normally
to the surface of a conductor as in the case of electric field lines.)
(4) Two lines of magnetic field never intersect each other because if this is so, there will be more than one
direction of the magnetic field at the point of intersection (which is impossibla).
{3) The field is strong at places where field lines are crowded; while it is weak al places, these are farther aparl.
(6} The number of field lines at the poles is proportional to pole-strength.
{7} In the region of uniform field, the field lines are parallel straight lines equally spaced.
{8) Magnetic fizld lines have tendency to contract longitudinally like a stretched elastic string. [as in figure
(a)] and repel each other laterally [as in figure (b))
g g A AN
(b)
Earth's Magnetic Field and Magnetic Elements
Elements of earth’s magnatic field.
(1) Magnetic declination
(2} Magnetic inclination {Angle of dip)
(3) Horizontal component of earth's magnetic field
o = angle of declination
¢ = angle of dip
N
Longitude 96°W i
Latitude 70.5°N°, 1% N,
Geographic
meridian
K]
o 1B, i
Ef L 4 : : .
-------- o i |Magnetic
i | meridian
] S i Longitude B4°E,
71 Latitude 70.5°3
B ,=Bcos ¢
B, = B sin ¢
EHE + sz = g¢

The needle of a vertical compass in magnetic meridian points toward B.
Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456
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Applications :
= Apparent angle of dip = ¢

— B'-"'
(1) tano=Zt

ltang = ﬁ;s_ﬁ (apparent dip) B,

. —er
i tang = ——
ie., & 5

If 8 = 90" then ¢ = 90°, Angle of dip on meridian perpendicular to magnetic meridian is always 90°

i
R E————————

' tang Angle of dip = b,
tang, =——
@ BN = e il
90 -8 : | MM
tand i Lo
tanf, = ———— e True dip=a
%2 = s (80-1) |
= cot’d = cot?d, + cot®p, J,.-"'"
tan o, Angle of dip =
— tanf=—= ngle of dip = ¢,
tand,
Note: Q}
When north pole of a dip needle points downward, then a of dip is positive and when north pole points
upwards then angle of dip is negafive, O

2)
So, in northern magnetic hemisphere, where a dip n@g‘gﬁe shows angle of dip, say, 30° N, can be also written
as +30°. In southern magnetic hemisphere, whe.r%eﬁ’p needle shows, say, 30° 5, can be also written as —30°

At magnetic north pole and magnetic south angle of dip are +90° and 90" respectively.

Para-, Dia and Ferromagnetic Substances

1. Magnetic Intensity (Magnetising Force) : H = & Eu is magnetic field in vacuum.
Hg

Sl units = A/m
CES units = cersted. 1 oersted = 80 Afm.
2. Intensity of magnetisation : Magnetic moment developed/volume

| = % (Units A/m or oersted)
' / Pole strength =
area W =Ax]

3. Magnetic Induction or Magnetic Flux Density {E] : It represents the number of magnetic field lines
crossing per unit area normally through a magnetic substance.

_.é e §|;- +ug!
5w 7 Bo = applied magnetic field

=RolT+Hyg ! = magnetic field due to magnetisation
B=pg(H+1)

' [
4, Magnetic Susceptibility : 3, = I {no units)
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' B . _.
5. Magnetic Permeability : 1= H = B=puH

From above B = u(H + /)

Me =1+ 2m | where u_= relative permeability.

Diamagnetic Substance
The properties of diamagnetic substances are as under :
(1} ¥, is small and negative
2 wo=1
' I
(3) As g = I = | I8 small and opposite to H.

They are magnetised weakly and opposite to applied magnetic field,

(4} Magnetic field lines do not cross through perfect diamagnetic materials e.q. superconductors

(5) When freely suspended, they align perpendicular to 8,.

N 1||B“s
/4

&

— axis —

(6) They are repelled by magnetic field, so they move from stronger to weaker regions of magnetic field.

N E Eit

{7} The examples of diamagnetic substances are Cu, Zn, Bi, Ag, Au, Glass, NaCl, Diamond (C), Water (H,O),
Hydrogen (H,)
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Paramagnetic and Ferromagnetic Substances
{1} For paramagnetic, 3, is small and positive, 1_= 1.
{2} For ferromagnetic, ¥ Is large and posilive, == 1.

{3) Both get magnetised in the direction of applied field.

— S — B —

— axis

— H L J— I

{4) Magnetic field lines cross through them.
{5) When freely suspended, they align along the applied field.

{6) They are attracted by magnetic field, so they move towards stronger region of magnetic field.

NEE ||

Q;\
R

&

(7} Paramagnetic - Al, Na, Sb, Pt, Mn, CuCl,, O, et{:.gé\\o
N
{8) Femromagnetic - Fe, Ni, Co, Magnetite {FeE'D,‘J@g%.
@o

Curie Law Q

f\’&‘

Magnetic susceptibility of paramagnetic»(ﬂ\gjtaﬁal is inversely proportional to its absolute temparature.
Y

7 or X _E
Lm m =T

1
T
{1) Diamagnetic materials do not obey Curie law. T

{2} Magnetic susceptibility of a ferromagnetic substance also decreases with increase in temperature. At a
particular temperature T, called 'CURIE POINT', a ferromagnetic substance is converted into paramagnetic.

1
Curie - Weiss Law : {m = ﬁ for a ferromagnetic matenial.

Variation of I with H

1. Diamagnetic

!
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2. Paramagnetic

/

3. Ferromagnetic
OB = Retentivity (residual magnetism even after magnetising field is reduced 1o zero)
OC = Coercivity (reverse magnetic field required to reduce residual magnetism to zero)
Area ABCDEFA = Energy loss/cycle per unit volume during magnetisation and demagnetisation.

Jl“: jl

A EF/ A
B l
/ c Area of BH loop is
< » H JF * H  greater than the
E

O
© / F area of /M loop.
D E o
D 4/
Steel Soft iron
{High coercivity, high retentivity) {Low coercivity, low retentivity)

Electromagnets and Factors affecting their strengths. Permanent magnets.
(a) Steel is used making permanent magnets.

(b} Soft iron is used in electromagnets.
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SECTION - A

Objective Type Questions

Two imaginary magnetic north poles each of m
[amp. meter) are placed at the two vertices of an
equilateral triangle of side a. The resultant
magnetic induction at the third vertex is

N
a =]
M a
Mo m Mg N3 m
) 4r o7 @ an 2
o f2m do 4m
B) 4r o2 ) 2r 2

A magnetised wire of magnetic moment M“and
length | is bent in the form of a semieircle of
radius r Now the new magnetic moment is

oM

{1 M (2) .
M . it

@ — @ 5

In two separate experiments at a place, the
nautral points due to two small magnets are at a
distance of r and 2r in broad side on position. The
ratio of their magnetic moments will be

(1) 4:1 212
3 2:1 4y 1:8
The work done in turming a magnet of magnetic
moment M by an angle 90° from the stable
equilibrium position is n times the corresponding

work done to turn it through an angle of 60°. The
value of nis

{1} 2
1

{3) 2

(2) 1

1
@ 7

Try Yourself

10.

A magnetic neadle lying parallel to magnetic field
requires W units of work to turn it through 80°. The
torgue needed to maintain the needle in this
position will be

1) Bw @ w
3) %w @) 2w

At a certain place, the angle of dip is 30° and the
horizental component of earth's magneticfield is 0.50
oersted. The earth's total magnetic field (in cersted)
is

3 @2 1
~ 1
& @ 5

Time period of a magnet is T. If it is divided in four
equal parts such that each part has half of original
length and half of cross-sectional area, then time
period for each part will be

1) 4T 2] -

(1 @ 3
T

3 = 4y T

@) 3 )

The correct value of dip angle at a place is 43°. If

the dip circle is rotated by 45° out of meridian then

the tangent of the angle of apparent dip is

1
@ 5

1
@ -

(3) J2 2

The area of hysteresis loop is a measure of
(1} Retentivity {2) Susceptibility
(3} Permeability
At null point, the period of vibration of a bar magnet is
(1) Zero
(3) Infinite

(1) 1

(4] Energy loss percycle

(2] 1 second
(4) 2 second

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, Mew Delhi-110005, Ph.011-47T623456



B2 Magnetism and Matter

1.

12,

13.

14,

15.

16,

NEET

A magnet can be completely demagnetised by
(1) Heating it slightly

(2} Dropping it into ice cold water

(3} Applying reverse field of appropriate strength
(4} Breaking the magnet into small piece
Meisner effect is associated with

(1) Diamagnetism {2) Paramagnetism
(4) Conductors

The susceptibility of a paramagnetic material is K
at 27°C. At what temperature will its susceptibility
be 0.5 K?

(1) 54°C (2) 327°C
(3) 600°C (4) 237°C

Line joining the places having same angle of dip is
known as

(3) Ferromagnetism

(1} Isogonic line {2} Agonic line

(3) Isoclinic line 4) |sodynamic line

Lines due to earth's horizontal magnetic field at a
place are

(1) Parallel and straight (2) Elliptical

(3) Concentric circles  (4) Curved lines

Two north poles of pole strength 0.4 unit and
6.4 unit are separated by 10 cm. The distance of
the neutral point from pole of strength 0.4 unitis

(1) 2 cm (2) 4 cm
(3) 8 cm 4) 10 em
SECTION - B

Previous Years Questions

A compass needle which is allowed to move in a

horizontal plane is taken to a geomagnetic pole. It
[AIPMT 2012]

(1) Will stay in north-south direction only

12} Will stay in east-west direction only

(3} Will become rigid showing no movement

{4) Will stay in any position

A bar magnet of length fand magnetic dipole moment

M is bent in the form of an arc as shown in figure.

The new magnetic dipole moment will be

[NEET-2013]

N F,
\111 6 EP.—'K r
iy

L

3 2
(1) —M (2) =M
M
(3) £l 4) M

Following figures show the arrangement of bar
magnets in different configurations. Each magnet

has magnetic dipole moment m. Which
configuration has highest net magnetic dipole

maoment? [AIPMT 2014]
N
5
a b. s
5|5 M
M
M
. i 30° d. 60°
o N __-"
(147a 2) b
3) ¢ {4) d

A long straight wire of radius a carries a steady
current [. The current is uniformly distributed over
its cross-section. The ratio of the magnetic fields

a
E and B at radial distances — and 2a

2
respectively, from the axis of the wire is
[MEET-2016]
1
1 4 2) =
M @ 7
3 1 4) 1
3 3 @)

A square loop ABCD camrying a current i, is placed
near and coplanar with a long straight conductor
XY carrying a current /, the net foce on the loop

will be [MEET-2016]
¥ C
/ Q L
A o
X —————
_ L2 L
L il 2ufi
(1) 2n 2 In
bglt 2uliL
8) S; @ =
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6.

10.

The magnetic susceptibility is negative for
[NEET-2016]

{1} Paramagnetic and ferromagnetic materials

{2} Diamagnetic material only

{3) Paramagnetic material only

(4) Ferromagnetic material only

A bar magnet is hung by a thin cotten thread in a
uniform horizontal magnetic field and is in
equilirium state. The energy required to rotate it
by 60° is W. NMow the torque required to keep the
magnet in this new position is

[NEET (Phase-2) 2016]
W
0 7

@ {4} W
2 3
An electron s moving in a circular path under the
influence of a transverse magnetic Tield of

357 » 1072 T. If the value of elm is 1.76 » 10" Cikg,
the frequency of revolution of the electron is

[MEET (Phase-2) 2016]

2) 3w

(3)

{1) 1 GHz (2) 100 MHz

{3) 62.8 MHz (4) 6.28 MHz

A 250-Turn rectangular coil of length 2.1.em and
width 1.25 cm carries a current of 85 pA and
subjected to a magnetic field of strength 0.85 T.
Work done for rotating the coil by 180° against the
torque is [NEET-2017]

(1 81wl (2) 4.55 ud
3) 23 @ 1.15 uJ

If 8, and 6, be the apparent angles of dip observed
in two vertical planes at right angles to each other,
then the true angle of dip 8 is given by [NEET-2017]

g o 4a

1.

12.

13.

(1) cots = cot?, + cot?d,
(2) tan?d = tan®Q, + tand,
(3) cot’d = cot?d, — cot®s,
(4) tan?d = tan?8, — tan®y,
A metallic rod of mass per unit length
0.5 kg m~" is lying horizontally on a smooth
inclined plane which makes an angle of 30° with
the horizontal. The rod is not allowed to slide
down by flowing a current through it when a

magnetic field of induction 0.25 T is acting on it
in the vertical direction. The current flowing in the

rod to keep it stationary is [NEET-2018]
(1) 714 A (2) 5.98 A
(3) 1132 A (4) 14.76 A

At a point A on the earth’'s surface the angle of dip,

& = +25°. At a point B on the earth's surface the

angle of dip. & = -25". We can interpret that:
[NEET-2019]

(1} A and B are both located in the northern
“hemisphere,

(2} Ais located in the southern hemisphere and B
is located in the northern hemisphere.

(3) Ais located in the northern hemisphere and 8
is located in the southern hemisphere.

(4) A and B are both located in the southern
hemisphere.

The relations amaongst the three elements of earth’s
magnetic field, namely horizontal component H,
vertical component V and dip § are, (B = total
magnetic field) [NEET-2019 Odisha)

(1) V=B H= B tand
(2) V=Bctand, H =B,
(3} V= Bgsind, H= B cosd
(4} V= B cosd, H = B sind
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Chapter 6

Electromagnetic Induction

Self and mutual inductance.

Sub-topics | Electromagnelic induction; Faraday's law. induced emf and current; Lenz’s Law, Eddy currents.

Electromagnetic Induction
Magnetic Flux

o =B.A = BAcosh

Units : Wb (Sl), maxwell (C.G.5.), 1 maxwell = 10* Wh

Faraday's Laws, Induced emf and Current
1. Anemfis induced in a loop when the number of magnetic field lines passing thraugh the loop is changing.
2. Magnitude of the emf ‘e’ induced in a conducting loop is equal to the rate at which the magnetic flux ¢

through that loop changes with time.

_ dig
dt

Note : Negative sign indicates opposition to induced emf (explained by Lenz's law).

Lenz's Law

The induced current has a direction such that the magnetic field due to the current opposes the change in
the magnetic field that induces the current.
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Mation

= D—
(M S N s

Repulsion

Induced Current

Motion
—

@ N v s
Attraction

Induced Current

{3} Two current loops with their planes parallel to each other approach towards each other then

(@) When they carry current in same sense,

Current in each loop decreases 1@ A
(b} When they carry current in opposite sense, :

) :
Current in each loop increases \Q’&‘Q .
©
[ QJ% " f!
: N .
: X . :
=4 @Q\@@ g '
211 Induced - o Induced
4) gr i &6 S1ta ¥ irent
£ <& 8

[ — . . .
Methods of Inducing EMF B (Varies with time)

By Changing B
¢ = BA = B »x R®

do _,dB , dB
*_ar29E e=—nr2 98
at = T x

(1) If B increases, current is anticlockwise direction producing outward magnetic field.

{2) If B decreases, current is in clockwise direction.
By Changing Area
1. Let area changes from A, to A, in time ¢

E *® * *

by = BA, B
¢'2: EAE :x; ®
. o =
Avaragaerrrl’ﬁ=—{¢2r¢ﬂ ) )
E=B{A1 _AE} ® ® W s

t
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. , dr
2. Radius of the loop starts increasing at rate —-

ot
o o dr
g=——(Bxnr)=—-8x2nr—
Instantaneous emf m{ ] p ~
3. Aloop is moved out of a uniform field. x % Bx *
&= Eu'r XT E 1 = ) £ v
R = resistance of loop Bil <4 ’
. x * x ®
- _ .
I = = (clockwise)
H x X = b4

Force required to pull the loop with constant velocity

2,2
F:Bﬂzﬂfxazﬂiv
R R

B2
R

Power of external force = Fv =

' B 1y®
Rate of heat loss = I°R =

External power = thermal power dissipated

If the loop is pushed inside, current will be anticlnckwise{bQ@'\

Charge Flowed through a Circuit @-\\o\“Q
. o
_do . e
|&|=—in a loop of resistance . i
at @0
<
e do G
Then = —=— o
R Rdt e
dg  de Ab
J=— - % = 2%
dt  Rat = 9=R
Motional EMF
5 B(+) *® *
wsint v
P
v !
® I 3 i
=)
& = Bl sind
E x k4
Al=)
= EBu
® ;.--"'Fr ------ X x
£ 1"~.
- mg\:_ﬂ B~
R (+) xj (=) S
b, )
6=~ Bfy 6=— Bru
- 2 x ® 2 ®

Disc
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= £ o ®
k] IF Eg .1 ]
: S = BVl 4
!
Ir = éw LS ® =
"R
at t =0, rod is at rest
When BIf = F
. 232
or Bl =F, Met force = 0
= Rod will move with terminal velocity.
Inducing emf by changing ‘@
A . B

o 0z ' !
6=0 ' i ]
At any instant,
8 =t f
i = NBAcosD where N = Number of turns. G/_\\m . .t
Ti4 WT
= NBAcoso
_dé . L
E—? = + NBAm sinit 4
\\ T2 /; 4
e = g, sinwt o M\_/sm i

Alternating emf is produced in the coil

Maximum emf

This is the working principle of a generator.
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Eddy Currents

In general, the current resulting from the induced EMF, flows in a conductor or a coil only If the circuit is
complete and the current flows in a definite path. In many cases, however, the induced currents circulate
in a metal when the metal is moving in a varying magnetic field or the metal is placed in changing magnetic
field. Such currents induced in the metal are known as Eddy or Focault currents.

Due to the production of eddy currents, heat is preduced in the mass of the metal. In electrical machinery,
e.g., induction coils, dynamos and transformers, the iron core which forms the magnetic circuit carries an
alternating magnetic field. If the iron core is one solid piece, the heat produced due to eddy currents is large.

Eddy currents cannot be completely eliminated but are much reduced by using laminated iron cores. Due
to this reason, the iron core in the induction coil consists of thin wires insulated from each other and in a
transformer it consists of a large number of laminations insulated from each other,

Applications

Eddy currents are usefully employed in the following cases
{iy  Induction furnace.

(it  Dead beat galvanometer.
(i} Speedometers.
{iv) Damping.
(v}  Induction motor.
(vi) Electric brakes.
Mutual Induction

Mutual Induction ; Property of two coils by virtue of whigh“each opposes any change in the magnitude of
current flowing through the other by inducing an emf inJtself provided magnetic flux of one coil is linked with
other.

Let /I, is current through one coil.

@, is flux linked with other cail.

'-h'g e [,

= 0, = Mi,, where M is mutual induction

_dy g
ait at

= B
(1} Mutual inductance of two solenoids

M = ko hy N, A
)

N, = Number of turns in one coil

N, = Number of turns in other coil
A = Area of cross-section

I = Length of coil

(2) Two loops : /7-\
: (i
) )
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~ 242p,r?
® M=——

(for a == r)

Self Induction : Property of a coil by which it opposes any change in the magnitude of current flowing through
it by inducing an emf in itself.

—Ldl
Here & = LI, 3—?. L = Coefficient of self-induction

Note : Both M and L have unit henry

1 volt second

= 2
Ampere =it

1 henry =

Ideal Inductor : It is a part of long solencid having zero resistance

L= pyrAl (air cored solencid)
_ VA ~000000000.~
! — | —>

I = length, A = area of cross-section
n = number of turnsdength, N = total nudber of turns

L = p, u,r? Al (for medium cored solenoid) _W_

Direction of Induced emf

{a} /is increasing (b) [is decreasing
‘_ _| .i Lifctt ; . IE Lolifdt
000000000 — 00000000 —

{c) [increasing (d) [is decreasing
. |E Lol _I £ Loflflt

— 0000000~ —00000000

18?2
1,2
Energy Ug = EU . Energy Density = 2y

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, Mew Delhi-110005, Ph.011-47T623456



90 Electromagnetic Induction NEET

(2) Inductor in series

L, L,
(@) L=L,+L,

(b) L=L,+L, 2M (If mutual inductance is also considered)

(3} Inductor in parallel

Ly

L,
LG

1 1
I__+L_ (Meglecting mutual induction)
1 2

1
L
4) M=K, JLL,

M = Mutual inductance of two inductors L, and L,
K = Coefficient of coupling

Faor a tight coupling & = 1, otherwise K = 1

o a.Aa
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SECTION - A

Objective Type Questions

When a wire loop is rotated in a magnetic field the
direction of induced e.m.f changes in

’
{1) 1 revolution i2) 3 revolution

1
{3) 2 revolution 4) 2 revolutions

R/L has the same dimensional formula as that of
{1} Time (2) Mass
{3) Length (4) Frequency

The value of steady state current in 30 L2 resistor
when key K is inserted is

1H
IV
Y T —
100 )
%309
A—q— B
3V K
(1) 0.1 A @) 0.2 A
(3) 03A (@) Zero

The particle accelerator that uses the phenomenon
of electromagnetic induction is the

{1} Cyclotron
{2) Betatron
{3} Van de Graafl generator
{4) Positron

Two inductors when connected in series show an
effective inductance of 10 H and when connected
in parallel have an effective inductance 2.4 H.
Then the individual inductances are

{1} 5H each {2) THand 3 H
{(3) GHand 4 H (4) EHand 2 H

The amplitude of induced e.m.f of a generator
when the strength of poles is doubled and angular
speed is doubled is

10.

(1) Hahved

(2] Remains same

(3} Doubled {4) CQuadrupled

If & wheel of radius L rotates in a uniform magnetic
field B, about an axis passing through its axle and
parallel to field lines, with uniform angular velocity

i, then emf induced in the spoke between its axle
and rirm is

1 go? 152
(1) 2Bmll'. {2) 2BL (o
(3) iazm (4) 1 pizg?

2 2

Two coils of self inductance L, and L, are placed
so close together that the effective flux in one coil
is completely linked with the other. If M is the
mutual inductance between them, then

(1) M=L,+L, @ m=Lb
L,

@ motibe @) M=LL
Li+L, )

A solenoid of resistance 20 £2 and inductance 2 H
carries a current of 1 A. The magnetic energy
stored in it is

(1) 24 @ 1J

(3} 20J 4 10J

A conducting rod ABE moves parallel to X-axis in a
uniform magnetic field pointing in the negative
Z direction. The ends A and B are charged as

Yo B

E 4 4 =
4 x =
"
k4 » b4
« W4 .
) >

(1} Megative (2] Positive
(3) Bis +, Alis - {4) Bis— Ais +
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1.

12.

13

14

15.

16.

17.

NEET

A 100 mH coil carries a current of 1 A Energy
stored in its magnetic field is

(1) 0.5J @ 14
(3) 0.05J 4) 014

The value of current supplied by the battery at
steady state is

1H
50 2H 50
o
I
(1) 2A (2) 1A
(3) 4 A (4) 10 A
weberim? is equal to
(1) volt (2) maxwell
13) tesla 4) Al of these

A solenoid contains 6000 turns and its self
inductance is 108 mH. The self inductance of
identical solencid containing 5000 tumns will be
(1) 75 mH (2) 80 mH

{3) 100 mH (4) 150 mH

The unit of inductance is equivalent to

volt x ampere
second

(1)

ampere

12) volt » second

volt
(3) ampere = second

volt x second
(4) ampere

The magnetic flux (in webers) through a coil varies
with time as o = 10 — 41 + 2 (where [ is in
seconds). The induced emfatt = 4 s is

(1) -4V (2) -2V
(3) Zero (4) —20 V

A magnet is moved towards a coil (i) Quickly
(i) Slowly, then the work done is

(1) Larger in (ii)
12) Largerin (i)
(3} Egual in both cases

{4) Larger or smaller depending upon the material
of coil

18,

19.

20.

21,

22

A horizontal ring of radius r spins about its axis
with an angular velocity @ in a uniform vertical
magnetic field of magnitude 8. The e.m.f. induced
in the ring is

(1) Zero (2) nrms
.Brzm .
(3) > (4} Brfm

A coil of wire is kept stationary in a non uniform
magnetic field. Select the correct alternative

(1) em.f is induced in the coil

(2} Mo e.m.f is induced in the coil

(3} Mo e.m.f but a current is induced in the coil
(4) Mo current but e.m.f. is induced in the coil

A coil of area 5 cm® and having 20 tumns is placed ina
uniform magnetic field of 107 gauss, The normal to
the plane of the coill makes an angle of 60® with the
magnetic field. The flux in maxwell through the coil is

(1) 40°

(&) 5= 104
(3) 2= 10*
(4) 5% 10°

A coil having an area A, is placed in a magnetic
field which changes from B, to 48, in time interval
. The e.m.f induced in the coil will be

34,8
O

4A
(2) EB"

3
® At

4B,
4

The magnetic flux through a circuit of resistance R
changes by an amount Ad in time At. Then the total
quantity of electric charge g which passes during
this time through any point of the circuit is given by

_Ae =&
(1 9=7 2) 9 M-R
(3) q=—;ﬂ;+ﬁ 4} q—%
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23, A 0.1 m long conducter carrying current of
50 A is perpendicular to a magnetic field of
1.25 T. The mechanical power required to move the
conductor with a speed of 1 mi's in a direction opposite
to the direction of magnetic force acting upon itis

(1) 6.25W (2) 625 W
{3) 0.625 W 4y 1w

24, A horizontal copper rod moves parallel to the
horizontal. Induced e.m.f developed across its ends
due to earth's magnetic field will be maximum at

{1} Egquator
{2) Latitude 30°
{3) Latitude 60°
{4) Poles

SECTION - B

Previous Years Questions

1. A coil of resistance 400 Q is placed in a magnetic
field. If the magnetic flux ¢ (wh) linked with the coil
varies with time { (sec) as

o = 50F + 4

The current in the coil at t = 2 sec is
[AIPMT 2012]

(1) 2A (2) 1A
{3) D5 A @ 0.1A

2. The current (/) in the inductance is varying with
time according to the plot shown in figure.

1TI2

Which one of the following is the commect variation
of voltage with time in the coil? [AIPMT 2012)

UT —> |
1) () T

TE T
—

A wire loop is rotated in a magnetic field. The
frequency of change of direction of the induced

emf is [NEET-2013]
(1) Twice per revolution

(2) Four times per revolution

(3) Six times per revolution

() Once per revolution

An electron moves on a straight line path XY as
shown, The abcd is a coil adjacent to the path of
electron. What will be the direction of current, if
any, induced in the coil?

a

B of
(=
X T elecron ¥
[Re-AIPMT-2015]
(1) No current induced
(2)cabod
{3) adch

(4) The current will reverse its direction as the
electron goes past the coil

A conducting square frame of side a and a long
straight wire camying current | are located in the
same plane as shown in the figure. The frame
moves to the right with a constant velocity V. The
emf induced in the frame will be proportional to

N

[AIPMT-2015]

) 2x—aj2x+a)
1
(2) s

1
(3) (2x —af

@ Txvay
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A long solenoid has 1000 turns. When a current of
4 A flows through it, the magnetic flux linked with
each turn of the solenoid is 4 * 10~ Wh. The self-
inductance of the solenoid is [MEET-2016]

() 1H @ 4H
(3) 3H @) 2H

A uniform magnetic field is restricted within a region
of radius r. The magnetic field changes with time

dB
at a rate E' Loop 1 of radius R = r encloses the

region r and loop 2 of radius R is outside the
region of magnetic field as shown in the figure
below. Then the e.m.f. generated is

[NEET (Phase-2) 2016]

(1) Zercin loop 1 and zero in loop 2

. dB .,
in loop 1 and -—ar? in loop 2

B,
2} nr al

(3) —%nﬁz in loop 1 and zero in loop 2

dE
4) —E:rrr2 in loop 1 and zero in loop. 2

A thin diamagnetic rod is placed verically between
the poles of an electromagnet. When the current
in the electromagnet is switched on, then the
diamagnetic rod is pushed up, out of the horizontal
magnetic field. Hence the rod gains gravitational
potential energy. The work required to do this
comes fram [MEET-20118]

g o g

10.

11.

(1) The current source
(2) The magnetic field

{3) The induced electric field due to the changing
magnetic field

{4) The lattice structure of the material of the rod

In which of the following devices, the eddy current
effect is not used? [NEET-2019]

(1) Induction furnace

(2) Magnetic braking in train
(3) Electromagnet

(4) Electric heater

A 800 turn coil of effective area 0.05 m? is kept
perpendicular to a magnetic field 5 = 10°° T. When
the plane of the coil is rotated by 90° around any
of its coplanar axis in 0.1 5, the emf induced in the
coil will be [MEET-2019]

(1) 2w
2) 02V

A3 2 =10V

4) 002V

A cycle wheel of radius 0.5 m is rotated with

constant angular velocity of 10 rad/s in a region of

magnetic field of 0.1 T which is perpendicular to

the plane of the wheel, The EMF generated

between its centre and the rim is,
[MEET-2019-Odisha)

(1) Zemo

(2) 025V

(3) 0125V

(4) 05V
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Chapter /

Alternating Current

Sub-topics

Alternating currents, peak and rms value of alfernating current/ voltage; reactance and
impedance; LC oscillations {qualitative treaiment only), LCR series circui,

resonance; power in AC circuits, wattless current. AC generaftor and transformer.

Alternating Currents

I =1, sin wf
E= E:; sin i
E
E, oo
a E —t »
rxz\/r —t

T = time period

%= v = frequency

Peak and rms value of Alternating current/voltage
Mean value for time ‘r

1 i 1-!
Emean =EJEdf~ I mean =EJMT
1] 4]

Root Mean Square Value

' t !
EZ :;jfzdrl 'rr?-na - 1jlrzl:ﬁ
a

ms F
L1}

Applications : /

sine curve
() f. =0fort=0toT IT/\"
. 1 " ._._r
2/ o
| = T" for t=0to T2 m\/r

mean
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!I:I
Im15= E fort=0t T

I
1= ﬁ for t=0to TI2

N
(2) o= = for t=0t0 T

mea
Py = % fort = 0 to Ti2
e = % for t=01t0T
bos = % for t=01o T/2

(3} han =.% fort=0to T2
rmn-.% fort=0to T

F
hpe = J5 fort=0to T

!I'.'I
hms = J7 fOrt=0to T2

@) 1, ., =0frt=0tT
I =l,fort=0to T2

me2an

fe=lfort=01tT

s

Reactance and Impedance
Phasor

/

sine curve
h
L\,

{1} Itis a vector rotating in anticlockwise direction with angular velocity oy,

{2} lts length is equal to amplitude of alternating quantity.

{3) Projection of vector on p-axis gives the instantaneous value of alternating quantity.

Resistive Circuit

I= 1, sin ol
E,

fo ==L

‘R

‘ T2 T i
I .
H sine curve
Jll
> |
T2 T
4 Square wave
jI'
» [
T2 T
N -
y-axis
e
o
! [ y-axis
| E,
I,
E=Esint |  [7Z
—~ L » X-axis
© 0 i
Generator | and E are in phase
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Altermating Current

Inductive Circuit

!

I=1,sin {mf — w/2) = (0000
"%

; “
X, =wl=2nvl o

E = E, sinwt
XL oy
X =L Current lags behind the applied emfl by an angle %
J:. uuuuuuu E..
X
wf
5 * =m/2
J— 0
Capacitive Circuit . 5
|+ E
1= Iy sin (ot + /2) "—{5 3— N .
E E=LE,sinw

lo =5 2 0

c ey

1 1 X
Xe= 56 "Ime f

1
X == "

o — VO

X = c Current leads the applied emf by an angle %

{a} For high frequency AC, low inductance is required.
Air-cored inductors are used.
{b) For low frequency AC, high inductance is required.

Iron-cored inductors are used,

L-C Oscillations (Qualitative treatment only)

A charged capacitor is connected to an inductor and switch is closed at t = 0.

At any instant / = current through inducter, g is charge on capacitor.
2

1.
Total energy = ELI ‘ +_gG :
2 2
. . G _1,2.49
= _—=] _—
If there is no resistance total energy = constant = oc 3o Tac
0
ﬁ = initial energy stored in the capacitor.

The charge and current vary sinusoidally.
fa) g=g,coswt [-- atf=0,g=gq,)

97
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b) i=ijsinwt [ att=0,i=0]

lg = «..I:iﬂ_C w= -.F':_C V= Zﬂ«}E is frequency of LC oscillations
If there is some resistance, there is a continuous loss of energy.
Amplitude of charge or current decays with time.
(¢} During oscillations, voltage across capacitor at any instant = emf induced in the inductor.

{d} Energy stores in capacitor or inductor oscillates with frequency 2v.

LCR Series Circuit L c |
II Y
c — e — D000 | P
V =—= = ms value of applied voltage 7y P
1z b ©® ®
V, = rms voltage across L-C =V, - V. @
V, = rms voltage across R =V @
E=E, sin wt
Phase Relationship
land V are in same phase.
Vi Ve

V| leads / by 90°.

V. lags behind ! by 807,

Casel:
V, > V,
= Vleads /by ¢
Vi = Ve

where tamt':u,—
R

Xy — Xg

tang =
¢ R

Here X, = X, fe. w> J:_C
Case ll :

V, =V,

i.e., Vlags behind [ by .

tanq}:VE_VL — XI:_XL
Vi R
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o1
Here X. > X, ie, w=< s
LC

In both cases V = JVZ +(V, -V ) =[R2 + (X, - Xc)?
Z=JR*+ (X, - X;)* = |mpedance

R
JRZ (X, - X

Power factor cosd =

M|

Resonance:

. , 1
V., =WV ie, X =X.ie, m= [Resonance]
L [ L [ E
In this case

' E
M) V,=V==2

J2
(2) V,=V,-V.=0
i3) tano=0,0orp =0
i4) Power factor = cos 0 =1
%) Z= R (minimum) or current is maximum
(6) Power consumed is maximum.

Applications :

R,<R,<R, ' Z

Qs Y’l = Qa - Q1 1
R: \/
\R z-n =R i
\R‘ o _ L

. w LIJ . 1
o' 1 . - JLC
w, = TC
Series LCR circuit
(Acceptor Circuit)

—

AN

Series LCR circuit

{3) In a series LCR circuit, when voltage leads current, then to bring resonance state, either L or C should
be decreased.

{4) If voltage lags behind current, then to bring resonance state either L or C should be increased.

{5) Quality factor @ represents the sharpness of tuning at resonance.

9 [L ' 1
0=—.— = —
R\c le., Q=7
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(6)

(7)

(8)

.'u" = JVE + V7

V=4V +VE =V, V.

Series LR Circuit L =

Z=\R*+ x{ V= -

=@

v R Xy
== COS ¢ = ———=tan = —- Voltage leads current.
7 |IR2 +Xf R

Series CR Circuit

]

(o
L)
Z=\R?+ X2 v

R

' R X
COSd T T tang = ?E . Voltage lags behind current,

.,Illﬁz + XE

C
Series LC Circuit L
V=V, -V, }_‘
Z=X - X ~
L [ u

e .
—_— — —_—— z
|r2"*1}2

when X, =X, Z=0

e, m=

1
JLc o

Power in A.C. circuits

(1} For pure resistor d =10, F,, =

. 17
E = E, sin ot Pa,=?£Efd‘t
I=1; sin {wt + ¢

E.l E. |
Po=%0 rosgh =2 L eosh = E | cos
av 2 ¢I JE & q} L' ¢
ED'rl:I
2

(2) For pure inductor or capacitor, P, =0 as¢= 90°

I sini

o

(3) Power consumed is independent of | sing. This is called watt less component.

4} cos ¢ = Power factor,

In a series LCR circuit

2
P,=EJ cosp= E—é’msu::’mem =I2R

1
(1) At resonance ie., at m, = E £=F poweris maximum

{,cosd

w
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{2) At frequencies other than w, [= 3:?J Power consumed is less.

(3) At w=w, orw,, power = half the maximum power

PII'IEx = IEI‘IHIR
2
2R (1

P = _max :( max R

12 = 9 . -\.II'E]
ie, when | = ’";’ . power is half
o oBe B

Fiils] R vy z

j=m | 7o RJ2

o X - X +R? =RJZ=| X, -X.=R

= Q = e— I —J_
i (Quality factor) ©: ~ “"1
o UJ, , [ > [ J is band width
A——"y
half power half power
frequency freguency

Wattless Current

The current which consumes no power for its maintenance in the circuit is called wattless current or idle
current, Average power over a complete cycle in an inductive circuit is the product of virtual emf (E ), virtual
current (/) and cosine of the phase angle (¢} between the EMF and current i.e. P = E | cos¢.

In a particular circuit suppose E,, leads |, by phase angle ¢, as shown in figure.

I, can be resolved into two rectangular compenents © | cos¢ along £, and | sing perpendicular to E,. Thus
I, is the vector sum of two perpendicular components foosd and [ sing. As phase angle between E,, and
I, cosd is zero, therefore, average power consumed per cycle in the circuit due to component / cosd is

P, = Ell, cosp) cos0® = E I, cosp.

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, Mew Delhi-110005, Ph.011-47T623456



102 Alternating Current NEET

Again, as phase angle between E,, and / sin¢ is n/2, therefore, average power consumed per cycle in the
circuit due to component | sing is zero.

As the component /, sing makes no contribution to the consumption of power in the AC circuit, therefore this
companent |, sing is called the wattless component of AC.

AC Generator

AC generalor or dynamo is a device used to convert
mechanical energy into electrical energy. It is based on the
principle of electromagnetic induction. The electric current
is generated by induction in the machines which contain
coils moving in a magnetic field. The simple form of a
generator consists of two parts :

{1) Field Magnet: In a dynamo the field magnet is a
permanent magnet whereas in large generators it is an
electromagnet.

(2) Armature: A copper wire is wound on an iron core that
rotates in the magnetic field. The ends of the coil are
connected to flat brass rings R, and R, known as the
slip rings. The carbon brushes B, and B, make contact
with the rings R, and R,. The brushes B, and B, are
connected to a load R in the circuit. The axis of rotation
is in the plane of the coil but perpendicular to the
magnetic field.

When the armature rotates, the magnetic flux linkedwith it changes and electric current is induced in the coil
which flows through the load. Consider the armatiire to be in the vertical position and let it rotates in the anti-
clockwise direction. The wire AB moves downward and CD moves upward. According to Fleming's right hand rule
the induced current flows from 8 to A and from O to C. Therefore, during the first half rotation of the armature, the
current flows in the coil in the direction OCEBA. During the second half rotation, the current flows in the direction
ABCD. In this way, alternating current is produced by the generator,

EMF in a generator: The EMF in the rotating coil of a dynamo can be calculated . Suppose the number of
turns of the coil = N, area of the armature = A and magnetic field = B.

If the armature makes an angle & with the vertical, then the component of the field 8 normal to the
armature = B cos A,

Magnetic flux & = NAEB cos @

If the coil rotates with an angular velocity w, then the induced EMF,

~dip -d
= ——=—(NABcosi
Cw ! J
£ =+ NAB w sin wt, or & = &, sin wf where 8 = wt £, = NABw
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The EMF, ¢ sends an alternating current of a similar sine equation through a load connected across the coil.

{i} When the armature is vertical,

wmf =0, =10 4 Vel B sing
{iil When the armature is horizontal,
0 A
/ n
wl = — ]
2 ]
o
sin% =1, £ = £, = NABw Bcoso

{iii)y When the armature is again vertical, wt=m, e =0

3
{iv) When the armature is again horizontal, wt = ?ﬂ LE= =g, == NABw

v} Finally when the armature returns to its orginal position.
@f=2m, and e=0,
Thusg, the EMF induced in the coil of the generator vares sinusocidally /.e., just like a sine curve,

&
In India, the frequency of AC supply is 50 cycles/second ig% the number of cycles which the current goes

through in one second is 50. >

Transformer @j\

& transformer is a device used to cunval&fa‘?t\emating electric power at high voltage into electric power at
low voltage and vice versa. One of the/\a)%st useful features of the AC is the ease and efficiency with which
potentials and currents may be changed from one value to the other with the help of a transformer. Moreover,
there is no moving part in a transformer and hence the efficiency is very high. The possibility of using the
transformer in this way has helped in adoption of AC system throughout the world.

A transformer consists essentially of two coils, electrically insulated from each other and wound on the same
silicon-iron core,

LAMINATED

N

AN
\ &\
Iﬁ.-l: \ m.‘h'- 5

\\—' “-§

" MAGNETIC

FIELD

(@) (b)
The coil to which energy is supplied is called the primary, and that from which energy is delivered to the outer
circuit is called the secondary. An alternating current in the primary coil sets up an alternating magnetic flux
in the core. This change in flux linked with the secondary coil induces an altermating EMF in the secondary
coil. In this way power is transferred from one coil to the other coil via the changing magnetic
flux in the core.
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There are two types of transformers;

(1} Core Type : In the core type, the iron core is largely surrounded by the coils. In order to reduce eddy
currents, the iron core is built up of laminations. Figure (a)

(2) Shell Type : In the shell type, the coils are very largely surrounded by the iron core. This provides two
magnetic circuits in parallal,

Theory

Transformer on no-load and voltage ratio : The primary coil has large inductance but negligible resistance.
It is assumed thal there are no losses and that there is no leakage of flux. The current in the primary lags
behind the voltage in the primary by 207 (since it works as an inductance only).

The EMF induced across each turn of the secondary is egual to the induced EMF across each turn of the
primary because the same flux links with both the primary and the secondary ceils. Therefore, the total
induced EMF across the secondary depends upon its number of turns.

Suppose, EMF induced across the secondary = E,
EMF induced across the primary = E,
Mumber of turns of the secondary = N,
Mumber of turns of the primary = M,

E _N .
E, =N, oy

At no-load condition, the induced EMF, E, across’the primary is numerically equal to the terminal potential
difference V, across the primary and induced EMF, E,, across the secondary is equal lo the terminal potential

differance V,.
|u.'2 NE
I -0

In case of a slep—up transformer, V, = V,. Therefore N, = N,.
In a step-down transformer V, < V. Therefore N, < M.
n,

N is known as the transformation ratio.
1

If there are no losses, the power input is egual to the power output. Suppose, the current in the primary and
the secondary are /, and /, respectively.

Power input = E, =/,

FPower output = E, % I,

~ Ely= E,
E 4
or E, = 1 L)

This shows that whatever is the gain in voltage, same is the corresponding loss in current. In a step up
transformer £, = E, but I, < [,. In a step down transformer £, < E, but I, > 1,
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Power Losses in a Transformer

The losses in a transformer are much less compared to that in rotating machinery. However, there are five

main losses .

(1) Copper losses : Heat is produced in the primary and the secondary windings due to Joule heating
effect. The power loss = P R, where [ is the current flowing and R is the resistance of the copper
winding.

(2) Iron losses (eddy current) : This is due to the eddy current produced in the core of the transformer.
Thig is minimized by using a laminated iron core.

(3) Flux leakage : In an actual transformer the magnetic flux is not confined entirely to the iron
core but some of the flux lines return through air. The leakage of magnetic flux takes place both
in the primary and the secondary windings. The flux leakage is minimised by making the corners
rounded.

£
—7 :
P i g
i [ i
i [ i
I I I
i I i
i [ i
P N S

Prifmary Leakage  Secondary eakage
Flux Flox

(4) Hysteresis loss : There is loss of power in magretizing an iron core and taking it through a complete
cycle of magnetisation. This loss in power isdnown as hysteresis loss. It can be minimised by using
silicon-iron core having a narrow hysteresisloop or low hysteresis loss.

(5) Magnetostriction loss : Losses in the<form of vibration and humming sound.

Efficiency and Cooling
The efficiency of a transformer is more than 90%. If the insulations are perfect and the losses are minimised,
the efficiency can be increased up to 99%. Thus, the electrical power output is always less than the electrical
power input.

Output electrical power

Efficiency =
y Input electrical power

- [nput power —Losses
Input power

Losses
ne1- Input power

Losses
~ QOutput power + Losses

=1

The natural cooling properties are poor in a transformer because only convection currents can produce air cireulation.
Therefore, transformers are usually immersed in a tank containing oil. In case of very large transformers used in
power houses and generaling stations, oil is circulated by a pump through the external cosling arrangement.

g Q Q
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SECTION - A

Objective Type Questions

1. The instantaneocus current in a circuit is given by
/= 2 cos(mi + ¢) ampere. The r.m.s value of the

current is
(1) Zero 2) ,JE A
(3) 2A @) 242 A

2. When the frequency of A.C. is doubled, the
impedance of an E—L circuit

(1) Is halved (2) Is doubled
(3) Increases {4y Decreases
3. Power factor of series ELC circult at resonance is

(1} Infinity @ 1
s
(3) Lc i4) 0

4. Inan a.c. circuit
V=100 sin(1001) volt, and
1= 100 sin{100f) mA,
Find average power dissipated.
(1) 108w 2y 10w
(3) 25 W 4y 5W
5. Power factor is one for
(1) Pure inductor
(2} Pure capacitor
(3) Pure resistor
(4} An inductor and a capacitor

6. For long distance transmission, the voltage is
stepped up because at high voltage, the
transmission is

(1) Faster

(2} Maore efficient
(3} Undamped

(4) Less dangerous

Try Yourself

10

1.

12

In a circuit containing an inductance of zero
resistance, the current lags the applied a.c. voltage
by a phase angle of

(1) ape
(3) o°

(2) -9
(4) 180°
Transformers are used in

i1) D.C. circuits only

(2) A.C. circuits only

(3) Both D.C, and A.C. circuits
i4) Integrated circuits

liva choke coil, the reactance X, and resistance
R are such that

(1) X, =R
(3) X, =< R

2 X >>R
() X, = e

At resonance in a series LCR circuit, which
relation does not hold true?

1 1
M ©=1¢ @ =T
LA — 1
LG} Ln= E {4] Cw = E

Which guantity is increased in step-down
transformer?

(1) Current
(£) ‘Voltage
(3) Power
(4} Frequency

Hot wire instruments (ammeter) can be used for
mMeasuring

(1) D.C. only

(2) AC. only

(3) Both A.C and D.C
(4} Meither A.C. nor D.C
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13.

14,

15,

16.

17.

18.

Resonance frequency of a series LCR circuit is £ If
the capacitance is made 4 times the initial value,
then the resonance frequency will become

()
(2) 2f
3 f
4 —

In a series LCR circuit, current leads voltage, then

1) w=

0.03
Coil having inductance — henry and 4 £

resistance is connected across alternating emf
£ =100 sin w t, 50 Hz, supply. Rms value of current
initis

(1) 20A (2) 10A

@) 1042 A

100V ac is applied to a capacitor and resistance
of 10 Q in series. If rms voltage drop across
capacitor is 60 WV, rms value of current in the circuit
is

{1 4A (2) 6.4
(3) 8A 4y 24
The frequency of applied voltage at which current

3) 2042 A

1
becomes — times the current at resonance

V2

frequency in an LCR circuit is called
(1) Half power frequency

{2) Quality factor

{3) Half current frequency

{4) Band width

Power factor of L-R circuit is always
(1 =1 (2) =1

3 =1 4y =1

SECTION - B

Previous Years Questions

In an electrical cireuit R, L, C and an a.c. voltage
source are all connected in series. When L is
removed from the circuit, the phase difference
between the voltage and the current in the circuit

i % If instead, C is removed from the circuit, the

b
phase difference is again —

7 The power factor of

the circuit is: [AIPMT 2012]
(1) 1

J3
2} <

K
@ 5

1
(4} 5z
Avtoil of self-inductance L is connected in series

with a bulb B and an AC source. Brightness of the
bulb decreases when [MEET-2013]

(1} Mumber of turns in the coil is reduced

(2} A capacitance of reactance X = X is included
in the sarme circuit

(3} An iron rod is inserted in the coil
(4) Frequency of the AC source is decreased

A transformer having efficiency of 90% is working
on 200% and 3 kKW power supply. If the current in
the secondary coil is 6A, the voltage across the
secondary coil and the current in the primary coil

respectively are [AIPMT 2014]
(1) 300V, 15 A (2) 450%. 15 A
(3) 450V, 135 A (4) 600 Y, 15 A

A series R-C circuit is connected to an alternating
voltage source. Consider two situations

(a) When capacitor is air filled.
b} When capacitor is mica filled.

Current through resistor is § and voltage across

capacitor is V' then [Re-AIPMT-2015]
(1 vV, =V, (2) vV, =V,
(3) V,=V, ) i, =i
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5.

10.

NEET

Across a metallic conductor of non-uniform cross-
section a constant potential difference is applied.
The quantity which remains constant along the
conductor is [AIPMT-2015]

(1} Electric field (2) Current density
(3) Current {4y Dnft velocity

A resistance R draws power P when connected to
an AC source, If an inductance is now placed in
series with the resistance, such that the
impedance of the circuit becomes Z, the power
drawn will be [AIPMT-2015]

g
(2) P[EJ

= .
6) Pz ) P[}]

An inductor 20 mH, a capacitor 50 pF and a
resistor 40 L} are connected in series across a
source of emf vV = 10s5in340t. The power loss in
ALC. circuit is [MEET-2016]

1) 082w (2) 051w
(3) 0.67 W 4 076 W

A small signal voltage V(t) = Vsinmt is applied
across an ideal capacitor C [MEET-201 ﬁ]

(1} Current I{f) leads voltage V(1) by 180°
(2} Current [{f) lags voltage V(1) by 90°

(1 P

{3) Over a full cycle the capacitor C does not
consume any energy from the voltage source

{4} Current I[f) is in phase with voltage Vi)

Which of the following combinations should be
selected for better tuning of an L-C-R circuit used
for communication? [MEET (Phase-2) 2016]

(1) R=209,L=15H, C=35yF
(2) R=250,L=25H, C=45pF
(3) R=15Q,L=35H, C=30pF
(4) R=250,L=15H, C=45puF

The potential differences across the resistance,
capacitance and inductance are 80 V, 40 V and
100 V respectively in an L-C-R circuit. The power
factor of this circuit is [MEET (Phase-2) 2016]

[ R R

1.

12,

13.

14.

(1) 04
(3) 0.8

(2) 0.5
@) 1.0

The magnetic potential energy stored in a certain
inductor is 25 mJ, when the current in the inductor
is 60 mA. This inductor is of inductance

[NEET-2018]
(2) 138.88 H
(4) 1.389 H

(1) 0.138 H
(3) 1382H

An inductor 20 mH, a capacitor 100 uF and a
resistor 50 2 are connected in series across a
source of emf, ¥ = 10 =sin 314 t. The power loss

in the circuit is [NEET-2018]
(1) 0.79'W (2) 043 W
(3) 1.13 W (@) 2.74 W

The wvariation of EMF with time for four types of
generators are shown in the figures. Which
amongst them can be called AC?

[NEET-2019 (Odisha)]

E E
t
@ ‘} \ o ’:‘:I_t
E E
t
() ‘ E > () ‘ Wk
(1) Only (a) (2} (a)and (d}

(3) (a), (b}, {c). (d) (4)

A circuit when connected to an AC source of 12V
gives a current of 0.2 A. The same circuit when
connected to a DC source of 12 V, gives a cument
of 0.4 A. The circuit is [NEET-2019 (Odisha)]

(2) Series LR

(a) and {b)

(1) Series LCR

(3) Series RC (4) Series LC
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Chapter 8

Electromagnetic Waves

Sub-topics | Need for displacement current. Electromagnetic waves and their characteristics (qualitative ideas
only). Transverse nature of electromagnefic waves. Electromagnetic spectrum (radio waves,
microwaves, infrared, visible, uffraviolet, x-rays, gamma rays) including elementary facts about
their uses.

Need for Displacement Current

Maxwell developed Ampere’s Circuital Law, gﬁBtﬂ gl . Later i ll'i the process of charging a capacitor Maxwell

found this equation incomplete. To make Ampera’s law cnr@?ete Maxwell gave the concept of displacement
current and modified Ampere's circuital Law. Now pua;h'lg Gauss's law, Faraday's law of electromagnetic
induction and modified Ampere’s law together Mamb‘gll observed symmetry between electric and magnetic
fields. These laws together are called Maxwell@C%ur equations. Solution of these four equations predicted
the presence of Electromagnetic waves, &6‘

Displacement current exists where EIECﬁQ@Qﬁ%Id changes with time. During charging of a capacitor, conduction
current in the wire and displacement current in the gap are exactly equal.

dp E.ds
Displacement current, /; =&, d{;tE =g, (f’\d! '-'3::'

Electromagnetic waves and their characteristics

Transverse nature of electromagnetic waves

{1} Transverse waves

=
-

-------------------- : X-anis o
(direction of propagation is £ * B)

£
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(2)

(3)

(4)

m|lm

Electromagnetic Waves MEET

Both electric and magnefic field vary in phase with each other,

o
E}, = Ey sin (wf — kx), B, = B, sin {mt — kx), speed V :?

1

Clna medium ¥ = ———

1
JMots 173
EI:- ms

-0 = d
BG ms ¢ (spaed)

In vacuum, ¢ =

m

m

2 2
Average energy density U, = %Eu 2= ;Bﬂ =%EuE§ 4_%&
Ha Hg

Radiation pressure (P):

i}y P = ! {where | = intensity of radiation, ¢ : speed of light) (When radiations totally absorbed).
€

[iiy P= 2 iwhere [ = intensity of radiation, ¢ : speed of light) (When radiations totally reflected).
c

Electromagnetic Spectrum

In the spectrum of sun light, we see all colours from red to violet in the order “VIBGYOR". This spectrum
is called the 'visible spectrum’. The red region has the longest wavelength (nearly 7.8 = 10~7 metre) and
the viclet region has the smallest wavelength (4.0 = 10~ metre). Thus the visible spectrum extends from
7.8 % 107 metre to 4.0 x 107 metre. Later on, it was discovered that the sun's spectrum is not limited from
red to violet colours, but it extends above the red colour'and below the vielet colour. These parts of the
spectrum are not observed to our eye. Hence, they afe called ‘invisible spectrum’. The region of longer
wavelengths above the red colour is called the ‘infrafed spectrum’ and that of smaller wavelengths below
the violet colour is called the “ultraviolet spectrum!c

Besides ultraviolet, infrared and visible region, X-rays, y—rays and radio waves also form the part of
electromagnetic spectrum. The range of the wavelengths of these waves is very large and on this basis these
can be arranged in an order. This order @5’ called the ‘electromagnetic spectrum’. Wavelength ranges from
the very small value for gamma rays to the very long value for radio waves. The visible spectrum is only a
very small part of the electromagnetic spectrum. The wavelength ranges, the method of production and the
properties of the whale electromagnetic spectrum are summarised below.

Table : Complete Electromagnetic Spectrum

Name of Wavelength & Method of Properties and Uses
rays Frequency (Hz) production/source
1.| y-rays 10" mto 10™m Emitted on the Fhosphorescence, fluorescence,
w107 o3 x 10" | disintegration of polarisation, diffraction, neutral, highly
nuclei of atoms. penetrating, affect photographic plates,
used for cancer therapy and ather treatment.
2| X-rays 10" mto 10" m Produced by striking | Chemical reaction on photographic
3x 107 t0 3 * 10" high speed electrons | plates, flucrescence, phosphoresence,
on heavy target. ionisation, etc, but less penetrating than
gamma rays, used in radiography for
medical diagnosis and in cancer therapy.
3.| Ultra-violet |6x10"mto4x10"m | Sun, hot vaccumn, All properties of gamma rays, but less
radiaton 5x 10710 7 * 10" spark arc, spark and | penetrating, produce photoelectric effect,
ionised gases. harmful to us if absorbed in large amount.
4 | Visible 4 = 1I,'.i"rr_'| to Radiated from Reflection, refraction, interference,
radiation T.0=10"m ionised gases and  |diffraction, polarisation, photoelectric effect,
4% 10" to 7 x 10" incandescent bodies.| photographic action and sensation of sight.
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Name of Wavelength & Mlart_hod of Properties and Uses
rays Frequency (Hz) production/source
5 | Infrared T.O0x 10" mto ) Heating effect on thermopiles and bolometer,
radiation 10°m From hot bodies reflection, refraction, diffraction, photographic

4x10"to 3 x 10"

action, used in physio therapy. Also, called
heat wave.

6. | Microwaves | 10" mto 1m Produced by spark | They are reflected, refracted and produce
3= 10" to discharge spark in the gaps of receiving circuits. Wave
3=10° of wavelengths from 10°m to 3 x10°m are

also called ‘microwaves’ used in radar and
satellite communication, cooking.

7.1 Longradie |10 mte 10'm From spark gap They are reflected, refracted and diffracted,

orwireless |3x10"to discharges and used in radio and TV communication.
waves 3% 10° oscillating electric

circuits.

Q Q Q

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, Mew Delhi-110005, Ph.011-47T623456



SECTION - A

Objective Type Questions
Which of the following is not a Maxwell's equation?

(1) }E.cﬂ_ - (2) cfE.ds

£g

- - d
(3) §Bds=0 ) §Bdi- _$
Electromagnetic waves do not transport

(2) Charge

{4) Information

Amplitudes of electric and magnetic fields in an
electromagnetic wave are related to each other as

(1) Energy
(3} Momentum

(1) E, = B, (2) E, = cB,
B c
(@) Ea=— @) Eo "B

An electromagnetic wave, going through vacuum is
E = E_ sin[Kx — wl). Which one of the following is

independent of wavelength?

ny K (2) w
K

13) o {4) K

Speed of electromagnetic waves in a medium is
independent of

(1} Permeability (2) Permittivity

(3) Elasticity 4) Both (1) & (2)
Infrared waves are called heat waves as they can
(1) Vibrate molecules of a substance

(2) Excite electrons

(3} Produce sensation of visibility at human eyes
(4} Be absorbed by the atmosphere

The amplitude of magnetic field part of a harmaonic
electromagnetic wave in vacuurm is B, = 510 nT. The
possible expression for electric field is

10.

1.

12

13.

(1) E=510sin2%(ct - x)
&

(2} E=153 sin%—n{cf —X)

(3} E =153 sin wi cos kx
i4) E =510 sin w! cos kx
Which of the fallowing is not an electromagnetic wave?
(1) Radio wave
(3} P rays {4} Microwaves

The rate at which potential difference between the
plates of a parallel plate capacitor with a
2.0 uF capacitance be changed to produce a
displacement current of 1.5 A is

(1} 0.75 MV/s (2) 7.5 Mv/s
(3) 75 M\Vs 4) 3 Mvis

Angle between electric field and magnetic field in
EM wave

(1) 90° (2) 180°
(3) 45° (4) All of these

If pand & are permeability and permittivity of a
medium, then speed of electromagnetic wave in

the medium is
E
@ 4

(1) J%
1
@ T

(2) vrays

(3) e

FPhase difference between electric field and
magnetic field in an EM wave is

(1) n ) E
3n
(3) Zero “ 5

If u. and wu_ are electric energy density and
magnetic energy density in an EM wave then

(1) u.>uy @) u <u,
(3) u.=uy (4) Al of these
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14, If current through the battery in the circuit is [, then E E
displacement current in the capacitor is (1} o 2z
2E 26
ﬁ: B} = @ =
s 6. Out of the following options which one can be used
I to produce a propagating electromagnetic wave?
E i1} An accelerating charge [MNEET-201E]
1) % (2 1 (2} A charge moving al constant velocity
(3) A stationary charge
(3) 27 {4 % (4} A chargeless particle
7. A 100 2 resistance and a capacitor of 100 0
reactance are connected in series across a 220 W
SECTION - B source. When the capacitor is 50% charged, the
peak value of the displacement current is
Previous Years Questions [NEET [PHHEE-Z} 2016)
1. The electric field associated with an e.m. wave in (1) 2.2 A (2) 11 A

vacuum is given by E =] 40cos(kz —-6x10°1), (3) 4.4 A @ 1142 A

where E, z and f are in volt/m, metre and seconds 8. |n an electromagnetic wave in free space the root

respectively. The value of wave vector k is mean sgquare value of the electric field is

[AIPMT 2012] E_. =6 Vim. The peak value of the magnetic field
(1) & m? 2) 3m™’ is [MEET-2017]
{3) 2m™ {4y 0.5 m™" (BF 1.41 = 105 T (2) 283 =10°T
2. The condition under which a microwave oven heats (3) 0.7TO=10°T (4) 423 =10°T

up a food item containing water molecules most .8 An em wave is propagating in a medium with a

efficiently is [NEET-2013] .

{1} The frequency of the microwaves has fig velocity w =i . The instantaneous oscillating
relation with natural frequency of water electric field of this em wave is along +y axis.
molecules Then the direction of oscillating magnetic field of

{(2) Microwaves are heat waves, so always produce the em wave will be along [NEET-2018]
heating (1) =z direction {2) +z direction

{3) Infra-red waves produce heating in a microwave {3) —x direction {4) —y direction
oven 10. Which colour of the light has the longest

{4) The frequency of the microwaves must match wavelength? [NEET-2019]
the resonant frequency of the water molecules (1} Red (2} Blue

3. Light with an energy flux of 25 = 10* Wm™2 falls on (3) Green (4} Violet

a perfectly reflecting surface 25“ normal incidence. It 41 A parallel plate capacitor of capacitance 20 pF is

the surface arear;as 15 em?, the average fo;ie being charged by a voltage source whose potential

exerted on the surface is [AIPMT 2014) is changing at the rate of 3 Vs The conduction

(1) 125 =108 N 2y 250 =10% N current through the connecting wires, and the

(3) 1.20x 106 N (4) 3.0% 104N displa_n:ernent current thraqgh the plates of the

i capacitor, would be, respectively. [MEET-2019]
4. The energy of the em waves is of the order of "z 60 2 60 LA 60 WA

15 keV. To which part of the spectrum does it (1) Zero, 60 uA (2) KA, }

belong? [Re-AIPMT-2015] (3} B0 pA, zero (4} Zero, zero

(1) y-rays (2) X-rays 12. For a Lfaﬂsparent medium, relative pmneabilily_ and

) permitlivity, i, and £ are 1.0 and 1.44 respeclively.

13) Infra-red rays (4) Ultraviolet rays The velocity of light in this medium would be

5. Aradiation of energy E falls normally on a perfectly [NEET-2019 (Odisha)]
reflecting surface. The momentum transferred to (1) 4.32 = 10° m/s (2) 2.5 = 10" m/s
the surface is (C = velocity of light) [AIPMT-2015] (3) 3 x 10° mis (4) 2.08 x 10° m/s
g o a
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Chapter 5

Ray Opftics and Optical
Instruments

Sub-topics | Reflection of light, spherical mirrors, mirror formufa. Refraction of light, fotal internal reflaction

and its applications optical fibres, refraction at spherical surfaces, lenses, thin lens formula,
lens-maker's formula, Magnification, power of a lens, combination of thin lenses in contact
combination of a lens and a mirror. Refraction and dispersion of light through a prism.
Scaltering of light- blue colour of the sky and reddish appearance of the sun at sunrise and
sunsel. Optical instruments: Human eye, image formation and accommodalion, correction
of eye defects (myopia and hypermelropia) using lenses. Microscopes and aslronomical
telescopes (reflecting and refracting) and their maghifying powers,

OPTICS
Reflection of Light
Angle of incidence = Angle of reflection
Plane Mirror
(1) AB=CD
(2) Uyl =Wyl 3 s
(3) Focal length = == A F cam ©
(4) Power =0 % ..... e
(5) Speed of object relative to mirror is v. E
(6) Speed of image relative to mirror is v. B Real object g _______ i;i-r:t-l.;;-l-ir;-a-é;eﬂ
(7} Speed of image relative to object is 2wv. —U——Se—V—
18} Keepingincident ray fixed, if a plane mirror rotates by 6 w.rt. incident ray reflected ray rotates by 20.
(9} A thick plane mirror forms a number of images of an object in front of it, out of these images, 2™ image
will be brightest.
(10) If a clock shows x hrs, ¥ min, z second when seen in a plane mirror, true fime is 11 — x hrs, 59 — ¥ min,
60 — z second.
(11) A plane mirror can form a real image, if object is virtual.

vl=lal =R
| .d e e )
(Real Image) :

-------- (Virtual Object)

— Vy—
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Combination of mirrors :

M,

{1} 3 images are formed. When plane mirrors are perpendicular to each other.

O, I, I, I, lie on circle x* + y* = e
" F—

{2) Three mutually perpendicular mirrors are .-'ﬂ {;,f' \'-.y
placed adjacent to each other. For a person i - r M
standing in front of them. ) L at s S !

% | L
L | S— ,y"

(]
[

{a) No. of images formed = 7 1

1
B
R
i

(b} Maximurn no, of images seen at a time = 6

{3} For two mirrors inclined at an angle 0, number of images formed by the mirrors for an object are

.@—1 if — = b
{a) B : 8 = gven number

360 360 o .
(b} T_1‘ when Y = odd and object is placed symmetrically.

360 ‘360 o _
() T' when T= odd and object is placed unsymmetrically.
. 1 ,
{4) Power of mirror = — F , for plane mirror; power =

meror

Spherical Mirrors

Concave Mirror

c /F;
g
f R G T .
== Converging behaviour

Convex Mirror

{Diverging)

Mirror formula, v u

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, Mew Delhi-110005, Ph.011-47T623456



116 Ray Optics and Optical Instruments MEET

Refraction of Light

(1) p, sini=p, sin r (Snell’s law)

'uz sini 4

ot o “sinr M2 Irefractive index of medium 2 w.rt. medium 1]
Incldent ray ctod ray
Refractive index = u,
Speed = v,
Wavelength = &,
Fraquency =v Modium 1
) Medium 2
A .., 6=i=r=deviation
T
.,
Refractive Index =
Hormal Spesd = v, 1
Wavelength = &,
Frequency = v
X
Q"’QQ
(2) Wpy>py = r<i %’\\00
@
B) fup<py= r>i @a&

N
{4} Incident and emergent ray are parallel fnr(@@ﬁa slahb.

X I
|

SR Med. 1 (air}
tsin{i —-£y
{5) [{lateral displacement) = ooEr for glass slab.

- —w

(6} [ =1 wheni— 90°as sin{i—r) — 1 and cosr — 1

(7)  x (normal shift) = [1—%] l

{for very small angle of incidence)

(8) Real and apparent depth

Iy OB = Real height y Valocity of ﬂslh
OB = Apparent height ‘ as seen by EII‘d
AH OB = uH Tl et

P B
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{9} O"_Q’ {10} . 1 . @] o)
f 1 % Iul 'J_l_' |' 1-.

I|1—— fl'l——

LM 1—r|~ At

{For diverging ray shifting fowards the slab) (For converging ray shift is away from the slab)

117

{11) For refraction at plane and parallel faces, when incident and emergent rays are in same medium, they

are always parallal,

N

T~ 1 emergent ray

L I by 1y H""-j:'

incident ray

{12) 1 depends on wavelength as

b
=&+ F + F (Cauchy's equation)

= Greater wavelength means smaller refractivedndex.

White N f
light

Glass

H

Parallel rays
Total Internal Reflection

Medium 1. : Mo refraction
W' PRI <[
i,

Denser Medium
Mg (> 1)

C = critical angle of incidence

My sinC = pysin90°

sin C—ﬂ ar sin:‘::l |:l=h=!"ﬂ_rﬁ':|
M 1 [ [ —-—
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Applications :
_....____.-- -....-.....-l"-
{1} If any ray entering from the base suffers total Cube
, . . (
internal reflection at side walls then ")
=2 . ie., objects below base can not -7
be seen through side faces. ’/,./ Base
! Incident ray
2)
sinC=- .. tanC=—m—m="
1 w-1 h

Point Source

r = radius of base of cone of light from the source which is able to come out.
Optical Fibres

An opfical fibre consists of a transparent core fibre of refractive index n, surrounded by a transparent glass
sheath or cladding of slightly lower index n, with both enclosed in an opague protective envelope.

Figure shows a cross-section through the axis of an optical fibfe. f1;  Cladding

A ray entering the core from an external medium of index/f, at = M core =
an angle 8, will make an angle 8, with respect to axis jnside the i : =
core. The ray continuing in the core will be incident.on the core ' \ /
cladding boundary at an angle 6, If 8, > 6_where @is the critical M, Cladding

angle, the ray will be totally internally reflectedband continue to
propagate inside the core.

2 2

. -n
Using laws of refraction it can be proved that, sinfl, = mn ?
o
where, @i, = Entrance angle on the axis of the core
n, = Refractive index of core
n, = Refractive index of cladding

n, = Refractive index of external medium

Refraction at Spherical Surfaces

PC=+R
PO=-u Ma Wy _Ha—Hy
Pl=+v v o u R

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



MNEET

Ray Optics and Optical Instruments

Glass sphere in Air

{1} Parallel Beam

arp, =1

For refraction at P,

U==m Pl'=v, PC=+R

L
v —e R

{£) A point object inside glass sphere

M Be _BM—le
Voo R

i is negative.

R is negative.

o 1-p

(-u) (-R}
From this v will come out with a negative sign.

{3) Air Bubble Inside Water

Feor refraction at P TIER =

Plr=v, R=0

1T pn _1-p .

v () R (v will come out —ve)

For refraction at &

Y =u (—ve). Pl = v{-ve)

For refraction at &

P =+, P'C=-R, Pl=4v

A p 1-p
v v =R

119
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Lenses

Convex Lens

L

f

Converging lens

Concave Lens

Case Il : T T— R, R,

For an equiconvex lens

R,=-R, R,=+R

S e
v ) R

Aakash Educational Services Limited - Regd

(Diverging}

F
Case-|
° N
I, (B, (R,) I,
[ u V' —n
Case- |l
o R\ mfr) h !
o u W ——
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Application of Lens Maker's Formula

{1} Double convex lens {2) Double concave lens
R! Rl R| R]
R.=0 R,<0
R,<0 R>0
1:{'_[—1) l—i = l:[“—‘l} l—L =0
f R, H; f R, R
{3) Planoconvex lens (4) Planoconcave lens
R |R, R | |R, R | P Rl &,
or _ of
R=+R R== R==R R= =
R:- w R:=_R R,= = RE=R
1 (1 9 ]
—= =1 = [=0 == (=1 == | =0
F= R] 1o H a
If u= 1.5, F= 2R fu=15r=-2R
{5) Equiconvex lens {6) Eguiconcave lens
Rl R E _ R
R=+R
F,=-
1 1[2 a4 o 2)
;—{u— }.\E fu=15f=R) F—{u— ) “g) (fu=15/7=-R)
{7) Convex meniscus lens (8) Concave meniscus lens
R=R,=0
R\l R
R,=R=0
1 1 1
—_— —1 e ::‘D 1 - ‘:U
; (n }[R1 Rz] =(u= } R Rh
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m < zero for inverted image and if |m|> 1 image is magnified

_— /
Magnification m ) m = zero for erect image and if m] < 1 image is diminished

v f f-v

I mes——=— /4 = —

(a})  In mirrors, U T-u 7
v f f-v

= —= = —
(b} Inlenses, M TR YT T

1
Power of a lens, P =7

Note : (1) A concave mirror and a convex lens can form either real or vifual, magnified or diminished image
of an object.
{2} For a real object, image formed by a convex mirror is always virtual, diminished and lies
belween P and F.

{3) For a real object, image formed by a concave lens is always virtual, diminished and lles between
O and F.

{4) Virtual image formed by a convex lens/concave mirror is always magnified.
{3) A convex mirror or a concave lens can form a real image if object is vitual as shown.
%)

N
K
;QO
&
N
&
X
‘h\‘.‘\ Q)®
QO
: N L9
real image ! !_,H’Cr £ €
i

{6) A real image is actually formed at ifs position. It can be faken on a screen.

{T) A virtual image is not actually formed at its position. It appears to be there. If we place a screen
al the position, no image will be formed on the screen.

{8) A virtual image can be pholographed as camera lens forms a real image of this vifual image
oh the photographic film.

{9) An object moves along the axis of a concave mirrorfconvex lens from infinity towards its focus
with a constant speed.

1 |v|4
™
(0, 1/£)
(0, 2f)
. (0,1)
| RUATEN : : R
Tul (f.0) (210 |u]
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{a) When the object moves from == to 2F, image moves very slowly from F o 2F
{b)  When the object moves from 2F to F, image moves very fast from 2F lo e

1.1_1
At any instant —+=—== for a mirror
v u f
1 dv (-1 du
e e e L
vidt o dt
dv  vidu - vi
> I Fale Mm%

2

v
For a lens Vi =—=Vy=m?V
z o

u

Longitudinal Magnification

m, = .'qrﬂ‘r _ VE —U,q ..dl:. UA -
CTAB Uy 7 —%
) o
For short object, B’m . =
dv Y
rT‘.IL = — — ll.";
du
H,E
For a concave mirror, m =-—
u
VE
For a convex lens, m = Il

Combination of thin Lenses in contact

2 F=PF,+F,-dPfF,
1.1 1 d
T =% "7 77 (applicable only for parallel rays)

In contact :

F = P+ P, Pis taken with sign

1011

—_=— 4 —

fhf

foh i fif

2f 2f
cut cut
—:. —_— - - —:,

2 fq sz

|

d

; 2f 2f
[= Ll
2 2
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AR T
VoAV

Each of the above arrangement will have same power and focal length
6. A convex lens made of more than one material may have more than one focal length.

(a) Mumber of focal lengths ()  This has a single focal length
= Number of different medium oo Only one image.
= Number of images formed = 5
L
M,
Wy Hailty
Ha
{c) Two images id) One image
LagH Hytht
L Pl

Combination of a Lens and a Mirror

A point object is placed in front of a convex lens. A convex mirror is placed behind the lens, so that final image
coincides with the object itself,

Case 1 Case ll

— —u — U [ —

Final image is real and erect and coincides with O Final image is real and inverted and coincides with O
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Note : Achromatic Combination
Lenses in contact
1 1

FPower P=_+F=P‘+P2

1 12
Condition for achromatism

0y

Wy
f1 f2 0 I'Jf(l.l‘fFf“' mZPZ‘_ o 1 2

= P, and P, or f, and I, should be of oppasite sign. Also m, # m, a5 P will become Zero.

Refraction and Dispersion of Light Through a Prism

d=ite-A A i
Angle of prism

A=r +r,
sini  sine ] ﬂ
T :

Csing osing

Thin prisms : A, i, e, ry, r, are small angles
a={u—1)A4
At a particular angle of incidence & is minimum

whend=d_ ,i=e .. n=r,

A
= A=n+r=2r OR F=E

b,=i+e-A=2i-A OR I=

sin(’q+6”]
Cosind 2

Y,

Csinr A
sin —
2

Results
{1} Under minimum deviation, ray passes symmetrically through the prism.

{2) If prism is isosceles or equilateral, refracted ray is parallel to base of prism under minimum deviation.

A
{3) IFA=2C or W=>COSEC [EJ there will be no emergent light whatever may be the angle of incidence.

{4) A =2C s called limiting value of angle of prism.

{5) If A= C, total internal reflection at second face can never take place.
(6) For incident ray to retrace its path after
reflection from 2nd face.

n=0 n=A

_ sini
sin A

L

{7) Angle of deviation is maximum when angle of incidence = 90°.
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Dispersion
d=(u-"1A i = angular dispersion
. B=8,=-3§
as A, <A v VR
S 8= {p,— pe)A
= Hy= Ug
= dy < dg

Dispersi w2y mBe)A By e | di
spersive power 3 (H-T)A -1 1

dp = difference in refractive index

By g _

u = mean refractive index = > T

Combination of thin prisms

(a) Dispersion without deviation:

A -1
AW

Met dispersion 8= (u— 1)4 (w —w')
(b} Deviation without dispersion (Achromatism)

A iy —ng)
A (- ug)

e I
Net deviation = 0 [1 - m_]

Scattering of Light

In 1817, Lord Rayleigh showed that the intensity of light scattered from fine particles (scatterer particle dimension

‘a’ comparable to wavelength & of light) varies inversely as the fourth power of wavelength of light i.e., [ = L“ .

So blue colour of light scatters more compared to red light and that explains blue colour of sky in general and red
colour at sunrises and sunsets. Large particles like dust and water droplets present in the atmosphere behave

differently. For a << A one has | . Ld . Butfor a== A e, large scallering objects (e.g., raindrops, large dust or
A
ice particles) this is not true; in fact all wavelengths are scattered nearly equally. Thus, clouds which have
droplets of water with a => i are generally white.
Optical Instruments
Human Eye

Human eye consists of a natural convex lens which forms real, inverted and diminished image on the retina.
Ciliary muscles can change the focal length of the human eye. For a grown-up person the separation
between the retina and the lens is about 2.5 cm, which is the image distance.

A normal eye can see upto maximum distance of infinity and the minimum distance of clear vision is about
25 cm. For seeing maximum distance of infinity, eye muscles are fully relaxed having maximum focal length
and for seeing at minimum distance, muscles are strained having minimum focal length.
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Some Common Defects

(A} Nearsightedness or Myopia : A person suffering from this defect cannot see a distant ohject but near
objects are clearly seen. In this s less than the distance from the lens to the retina and hence the
image of a distant object is formed short of retina (see figure a). For remedy, a divergent lens is given
to a myopic person (see figure ¢). This lens forms the image of a distant object at a distance x, which
is maximum distance of clear vision.

p— X —

(@) (b) (c)

_Fcrr a myopic eye far point is not infinity. Let it be a distance x. Then power of concave lens required is

Retina

—_——

1
P = - —ve).

(B) Farsightedness or Hypermetropia : A person suffering from this defect cannot see a near object.
isee figure (a)). For remedy, a convergent lens is used (see figure (c))

If ¥ is the minimum distance upto which eye can clearly see, the converging lens should form the image
of an object at distance v = 25 cm.

—25 erm— i [O——Y (o) — E
(@)

(b)
For hypermetropic eye near point is fiot 25 cm (D). It is at a larger distance say D' {metre), then power
1 11 1
of the convex lens is P=—=-—+—=4-—

f oD o

(C) Presbyopia is a special type of hypermetropia where eye muscles are not able to focus image of a
nearby object on the retina due to age factor (eye muscles have lost their elasticity). So, this defect is
corrected by using a convex lens, When a person suffers from myopia as well as hypermetropia, bifocal
lenses are used.

(D) Astigmatism : Person is not able to focus at horizontal and vertical lines simultanecusly as focal length
of eye lens is different in different directions. This defect occurs due to irregular shape of cornea or the
imperfect spherical nature of the eye lens. This is corrected by using cylindrical lenses.

(1) Simple microscope / Magnifying glass : It uses a single convex lens of focal length £

m= _T where u is distance of object

D>{J

(a) For relaxed eye, y=-f . image is formed at == = m = 2

[
(b) For strained eye, image is formed at D = m = 1+? =0
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(2) Compound microscope : It uses two convex lens cbjective (f ) and eyepiece (f)
u, = object distance from objective (v, is close to )

vy = image distance from objective (close to length of tube)

Yi

my E (~va)
=D
me=

v D -L(D
(a) Relaxed eye: m =Lx—=—e| = | [ V=L U, = -, {Mormal adjustment)
ty fo LR

i

(b} Strained eye : m =Y ‘I+E = s 1+E {Distinct adjustment)
ul Bl f

(3) Astronomical Telescope : f is focal length efobjective and £, is focal length of eye-piece.

m=muxmcheremodﬂ,mcl'-ﬂ_,m-=0

P |g'-n

(a) For relaxed eye /&, normal adjustment. m= -
Length of tube L =1 +f
: . _fa [ fe ) f
(b) For strained eye : m = f—l1 +E,|' length of tube L < f, + f,

[ ]

ewtonian (reflective elescope : It uses a concave mirror as objective and convex lens as eye
4) N i eflective type) tel pe : It i bjecti d I y
piece.
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SECTION - A

Objective Type Questions

A cleck having marks instead of numbers on its dial
appears to indicate 4 : 35 when viewed through a
plane mirror facing it. The correct time is

{1} 8.25 i2) 7.25

(3) 7.20 (4) 5.40

The minimum distance between a real object and
its real image for a convex lens is [f~focal length)
(1) 4f 2y 2r

(3 f (4) Zero

A coin is placed at the bottom of a tank which is

filled by two liquid layers as shown. The apparent
depth of coin from top surface for normal viewing is

4.5¢cm
{1} 8 cm (2] 10 em
{3) 8 cm (4) 6 cm

For a given light ray, critical angle is more in case
of which of the following medium pair?

(2) Waler-air
4) Same for all

{1} Glass-waler
{3) Glass-air

A thin prism P, with angle 4° and made from
glass of refractive index 1.54 is combined with
another prism P, made from glass of refractive

index 1.72 to produce dispersion without
deviation. The angle of prism of P, is

(1 ¥ (2) 4°
(3 2 (4) 5°

A plano-convex lens behaves as a concave mirror
of focal length 30 em when its plane surface is
silvered and as a concave mirror of focal length

10.

1.

10 cm when its curved surface is silvered. The
refractive index of the matenal of lens is

(1) 15
(3) 3

3
A lens of refractive index 3 has a power of 5 D

in air. Then its power when completely submerged

2) 2

4) 2

4
in water of refractive index E is

(2) 25D
(4) 20D

(1) 1.25D
(3) 40D
An object and a screen are fixed at a distance
50 cm apart. When a converging lens is placed at
two positions A and B between the object and
screen, the image of object is found on screen. If
the distance between A and B is 10 cm, then focal
length of lens is

(1) 12 cm {2} 10 cm

(3) 8 cm {4} & cm

An achromatic convergent doublet of two lenses
in contact has a power +2 D. The convex lens
has a power +5 D. The ratio of dispersive powers
of the convergent and divergent lens is

(1) 2:5 (2) 3:5

(3) 5:2 (4) 5:3

A person can see objects clearly when they are at

a distance lesser than 2 m from him. The power
of lens he must use to see a star clearly is

(1) +0.5D (2} 05D
(3) +2D 4y =2 D

A compound microscope has magnifying power
=30. The focal length of its eye piece is 5 cm.
Assuming the final image to be at 25 cm from eye
piece, the magnification produced by objective is
(1) -6 (2) +6

(3) +5 (4) -5
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12

13.

14.

15.

16.

17.

NEET

A terresfial telescope in normal adjustment has an
objective of focal length 180 cm and has an eye
piece of focal length & cm. The erecting lens has
a focal length 3.5 cm. The length of telescope is
{1) 183 cm (2) 186 cm

{3) 182.5 cm 4) 200 cm

Analyse the following two statements (a) and (b)

{a}) Angular dispersion is produced by a prism
and it is not so in case of a glass slab while
both of them are made of same material of
glass

{b) A prism produces angular deviation while a
glass slab doesn't produce angular deviation

(1) Both (a) & (b) are true

{2) Only (a) is true

13) Only (b)is true

{4) Both (a) & (b) are false

A man approaches a plane mirror with a velocity v

in a direction making an angle « with the normal

to the mirror. The relative velocity of image of man
with respect ta him is

(1) 2v (2) 2v cosa

@) 2y

(3} 2w sino

The image of a real object in a convex mirror is;

4 em from the mirror. If the mirror has a radius ©f
curvature of 24 em, the magnification is

(1) 1 @ 3
3 2
@ 7 @ 3

A concave mirror can never form the image of a
real object as

{1} Real and diminished
{2) Real and enlarged
{3} Virtual and enlarged
{4} Virtual and diminished
In the figure shown below

g

sin
: (2) sin, = sino tané,

) “sino,

= tﬂnﬂz

(3) tan0, = sind,sin0,  (4) 0, =0,

18.

19.

20,

21,

22,

23,

A prism with angle A = 60° produces a minimum
desiation 30°. The refractive index of prism matenal is
(1 2 (2} 2

3)1:2 4) 2

In a spherical glass paper - weight of radius 2 em
and p = 1.5, there is an air bubble (B) at a

distance 1 cm from the centre as shown. Where
will the bubble appear as seen from F?

F N\ &
%
(1) At C (2) AtD
(3) AtA (4) Between A & C

An object and screen is fixed at a distance D apart.
A thin converging lens of focal length §is placed in
two positions between them to get the image on
screan. If the gap between two positions is x and the
magnification for two positions is m, and m,, then

. X X
1" f=—— N f=—_—
W) 1=t @) 1=t
(3) f x{my +m;) (4) -f _ x(m, - m;)
m1m2 m‘lmﬂ

A far-sighted person can not focus distinctly
objects closer than 150 cm. The lens that will
permit him to read from a distance 25 cm will have
a focal length

(1) — 80 em
(3) —30 em

{2) + 860 em
(4} + 30 cm

The focal lengths of the objective and eyepiece of
a compound microscope are 2 cm and 3 cm
respectively. The distance between the objective
and eyepiece is 15 cm. The final image formed by
eyepiece is at infinity. The distance of image
produced by objective, from the objective lens is
(1) 3em (2} 2.4 cm

(3) 86 cm (4) 12 cm

If the objective and eyepiece of an astronomical
telescope are interchanged, then the initial magnifying

power (M) under nomal adjustment, will now become
(1) Remain same {2) Doubled

(3) Halfed (4) Inversed

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



MNEET

Ray Optics and Optical Instruments 131

24,

“From the surface of moon, one can see the stars
even when the sun is shining brightly while one
can not do so from the surface of earth”. This
phenomenon is related with

{1} Scattering of light
{3) Polarisation of light {4) Diffraction of light

{2) Dispersion of light

SECTION - B

Previous Years Questions

The magnifying power of a telescope is 9. When
it is adjusted for parallel rays the distance between
the aobjective and eyepiece is 20 em. The focal
length of lenses are [AIPMT 2012]

{1) 18 cm, 2 cm (2) 11 cm, 3 cm
{3) 10 em, 10 cm 4) 15 cm, 5 em

A ray of light is incident at an angle of incidence,
i, on one face of a prism of angle A (assumed to
be small) and emerges normally from the opposite
face. If the refractive index of the prism is p, the
angle of incidence i, is nearly equal to

[AIPMT 2012]

e

A
1) @

m|E

(3) pA (4)

A concave mirror of focal length 'f is plaged at a
distance of 'd" from a convex lens of focal length
'f,. A beam of light coming from infinity and falling
on this convex lens - concave mirror combination
returns to infinity. The distance d must equal

[AIPMT 2012]
(2) -2f, +f,
(4) -f, + 1,

(1) 2f, + £,
(3) f,+f,

When a biconvex lens of glass having refractive
index 1.47 is dipped in a liquid, it acts as a plane
sheet of glass. This implies that the liquid must
have refractive index. [AIPMT 2012]

{1) Greater than that of glass
{2) Less than that of glass
{3) Egual to that of glass

{4} Less than one

A plano-convex lens fits exactly into a plano
concave lens, Their plane surfaces are parallel to
each other. If lenses are made of different
malerials of refraclive indices p, and p, and R is

the radius of curvature of the curved surface of the
lenses, then the focal length of the combination is

[MEET-2013]
R R
M 2w, -y (TR

(3) T, ) @ 200+ ,)

For a normal eye, the comea of eye provides a
converging power of 40 D and the least converging
power of the eye lens behind the cornea is 20 D.
Using this information, the distance between the
retina and the comea - eye lens can be estimated to
be [NEET-2013]

(1) 2.5 em
(2} 1.67 cm
(3) 1.5 cm
(4) & em

If the focal length of objective lens is increased then
magnifying power of [AIPMT 2014]

1) Microscope will increase but that of telescope
decrease

(2} Microscope and telescope both will increase
(3) Microscope and telescope both will decrease

4) Microscope will decrease but that of telescope
will increase

The angle of a prism is A. One of its refracting
surfaces is silvered. Light rays falling at an angle
of incidence 2A on the first surface returns back
through the same path after suffering reflection at
the silvered surface. The refractive index i, of the

prism is [AIPMT 2014]
1) 2sin A 2) 2cos A
(
1
(3) EcosA (4) tan A

In an astronomical telescope in normal adjustment
a straight black line of length L is drawn on inside
part of ohjective lens. The eyepiece forms a real
image of this line. The length of this image is |
The magnification of the telescope is

[Re-AIPMT-2015]
L

L
(1) 7 (2) T+1
v L+1
@) -1 @) =7
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132 Ray Optics and Optical Instruments MEET
10. A beam of light consisting of red, green and blue M A —wcandd;B »band d; C —»bandc;
colours is incident on a right angled prism. The D-—+»aandd
refractive index of the material of the prism for the (2)A > bandc B—bandc C— band d;
above red, green and blue wavelengths are 1.39, D —aandd
1.44 and 1.47, respectivel
 [ESPECIVEY (3) A saandc:B saandd C > aandb:
A D—candd
4) A —waandd B —bandc¢ C— bandd;
D—bandc
Blue—s—0 14. A astronomical telescope has objective and
Green—>— eyepiece of focal length 40 cm and 4 cm
Red——>—— respectively. To view an object 200 cm away from
the objective, the lenses must be separated by a
- 457 c distance [MEET-2016]
B (1) 54.0 cm (2) 37.3 em
The prism will [Re-AIPMT-2015] (3) 46.0 cm (4) 50.0 em
(1) Separate the red colour part from the green 15, The angle of incidence for a ray of light at a
and blue colours refracting surface of a prism is 45°. The angle of
{2} Separate the blue colour part from the red prism is 60". l.f the ray suffers ml_m_mum dev[at!on
d I through the prism, the angle of minimum deviation
and green colours and refractive index of the material of the prism
(3) Separate all the three colours from one respectively, are [MEET-2016]
another :
i 1 (=N 1
{4) Mot separate the three colours at all (43307 ] (2) 45 "2
The refracting angle of a prism is A, and refractive
index of the material of the prism is cot(4/2). The (3) 30°42 (4) 45°42
angle of minimum deviation is [AIPMT-201512" 16, Two identical glass (1, = 3/2) equiconvex lenses of
{1) 180° + 24 (2) 180° - 3A focal length Feach are kept in contact. The space
. R between the two lenses is filled with water (u, = 4/3).
(3) 180° - 2A (4) 90° - A The focal length of the combination is
Two identical thin plano-convex glass lenses [MEET (Phase-2) 2016]
{refractive index 1.5) each having radius of 1) £/3 2) f
curvature of 20 em are placed with their convex
surfaces in contact at the centre. The intervening (3) 4arra (4} 3r/4
space is filled with oil of refractive index 1.7. The 47 An air bubble in a glass slab with refractive index
focal |ength of the combination is [AIP“T—ED1 5] 1.5 {near normal incidencej is 5 cm deep when
(1) 50 em (2) - 20 em v:newed from one surche and 3 cm c!eep whe!n
viewed from the opposite face. The thickness (in
(3) - 25 cm (4) - 50 cm cm) of the slab is [NEET (Phase-2) 2016]
Match the comesponding entries of column-1 with (1) 8 {2) 10
column-2, [Where m is the magnification produced (3) 12 (4} 16
by the mirmor] 18. A person can see clearly objects only when they

Column-1 Column-2
Ay m=-2 (a) Convex mirmor
iB) .m = % {b) Concave mirror
(C) m=+2 (c) Real image
(0) m= +% (d) Virtual image

[NEET-2016]

lie between 50 em and 400 em from his eyes. In
order to increase the maximum distance of distinet
vision to infinity, the type and power of the
correcting lens, the person has to use, will be

[NEET (Phase-2) 2016]
(1) Convex, +2.25 diopter
(2) Concave, —0.25 diopter
(3) Concave, —0.2 diopter
(4) Convex, +0.15 diopter
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189, A beam of light from a source L is incident (1) 60° (2) 45°
normally on a plane mirror fixed at a certain (3) Zero (4) 30°

20.

21.

22,

23.

distance x from the source. The beam is reflected
back as a spot on a scale placed just above the
source L. When the mirror is rotated through a
small angle §, the spot of the light is found to
move through a distance y on the scale. The angle
t is given by [NEET - 2017]

¥
1) =— 2
{1} X (2)
i
2y
A thin prism having refracting angle 10° is made
of glass of refractive index 1.42. This prism is
combined with another thin prism of glass of
refractive index 1.7. This combination produces
dispersion without deviation. The refracting angle
of second prism should be [NEET - 2017]

(1) 4 (2) &

(3) 8° (4) 10°

An object is placed at a distance of 40 cm from
a concave mirror of focal length 15 cm. If the
object is displaced through a distance of 20 cm

towards the mirror, the displacement of the image
will be [NEET - 2018]

(3) (4)

e x om |

(1) 30 cm away from the mirror
(2) 36 cm away from the mirror
(3) 36 cm towards the mirror
(4) 30 cm towards the mirror

An astronomical refracting telescope will have
large angular magnification and high angular
resolution, when it has an objective lens of

[NEET - 2018]
(1) Small focal length and large diameter
{2) Large focal length and small diameter
(3) Small focal length and small diameter
{(4) Large focal length and large diameter
The refractive index of the material of a prism is
V2 and the angle of the prism is 30°. One of the
two refracting surfaces of the prism is made a
mirror inwards, by silver coating. A beam of
maonochromatic light entering the prism from the
other face will retrace its path (after reflection

from the silvered surface) if its angle of incidence
on the prism is [MEET - 2018]

g o d

24,

25,

“26.

27,

28,

Two similar thin equi-convex lenses, of focal
length f each, are kept coaxially in contact with
each other such that the focal length of the
combination is F,. When the space between the
two lenses is filled with glycerine {which has the
same refractive index (p = 1.5) as that of glass
then the equivalent focal length is F,. The ratio F,

. F, will be [NEET - 2019]
(1) 2:1 2y 1:2
(31 2:3 4) 3:4

Pick the wrong answer in the context with
rainbow. [MEET - 2019]

{1} When the light rays undergo two internal
reflections in a water drop, a secondary
rainbow is formed

{2) The order of colours is reversed in the
secondary rainbow

{3} An observer can see a rainbow when his
front is towards the sun

{4) Rainbow is a combined effect of dispersion,
refraction and reflection of sunlight

In total internal reflection when the angle of
incidence is equal to the critical angle for the pair
of media in contact, what will be angle of
refraction? [MEET - 2019]

{1} 180°

{2) o°

{3} Equal to angle of incidence
{4) 90"

An equiconvex lens has power P. It is cut into two

symmetrical halves by a plane containing the

principal axis. The power of one part will be
[NEET-2019 (Odisha)]

(1) P () 0
P P
@3 5 @ 3

A double convex lens has focal length 25 cm.
The radius of curvature of one of the surfaces is
double of the other. Find the radii if the refractive
index of the material of the lens is 1.5
[MEET-2019 (Odisha)]

(2} 100 em, 50 cm
(4} 18.75 cm, 37.5 cm

(1) 50 em, 100 cm
{3) 25 cm, 50 cm
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Chapter 10

Wave Opftics

Sub-topics | Wavefront and Huygens' principle, reflection and refracfion of plane wave at a plane surface
using wavefronts. Proof of laws of reflection and refraction using Huygens'principle. Interference,
Young's double hole experiment and expression for fringe width, coherent sources and sustained
interference of light. Diffraclion due to a single slit, width of central maximum. Resolving power
of microscopes and asironomical telescopes. Polarisation, plane pofarized light, Brewsfer’s law,
uses of plane polarized light and Polaroids.

Wave Front

It is a continuous locus of all those points which are vibgating in same phase.

1. Spherical wave front 2. Gylindrical wave front
Amplitud L Amplitud 1

mpiiuge = == mplitude e« —

r Jr
: 1 . 1
Intensity = - Intensity = —
r r

light rays

+
‘4 Direction of /\ “r | T|‘ /\

¥

Point source propagation \/ Une STUFEE \/

3. Plane wave front
Amplitude = constant
Intensity = constant
————=light rays
—_—t

—_—

' =

plans wave frant
Source at infinity
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Huygens' Principle

{1} Rays are straight lines normal to the wavefronts only in a homogeneous isotropic material (a material with
the same properties in all regions and in all directions).

{2] At a boundary surface between two materials, the wave speed and the direction of a ray may change
but the ray segments in a particular homogeneous isotropic medium will be always straight lines.

{3) The spacing between two wavefronts in an isotropic homogeneous medium is constant, and hence the
time for light to travel from one wavelront to anather is same along any ray.

Reflection and Refraction

Reflection : Figure shows a plane incident wavefront AA" with the angle of incidence i. After time 1, the new
wavefront is BE". Clearly, the angle of reflection is #ABB’ = r (say). A'B = AB" = vt, where vis the wave speed.

Incident
Wavefront

Reflected
Wavefront

From, the geometry of the figure, the triangles ABE" and BAAY are congruent. Hence, <ABEB" = ~#BAA’
or, i=r ..{law of reflection)

Refraction : Figure shows a plane incident wave 44" falling on the boundary surface 55° between two
transparent materials of refractive indices u, and 4 respectively. The wave speeds in the two materials are
v, and v, respectively. After a time ¢, the refracied wavefront is BE".

The angle of incidence is Z#A’AB = i and the angle of
refraction is <ABB" = r.

In the triangle A'AE,

sini \.-'1;‘ p A
=— Hy .
B Medium 1 U4
I
In the ABB’ = A TNg S
Medium 2
sinr = Yot Uy
AB g

% = :—; = ’:—:: .. [Snell's law]
Interference
Superposition of Waves
¥, = A sin wt
¥, = B sin (ot + ¢)

y =y *y, = Rsin (ot + 6)

Where R =A% +B? +2ABcos¢
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NEET

Intensity == (Amp)? » [, o A%, [, o B?, | o RE
asR?=A?+ B2 +24Bcos¢ = (=1 +L,+ 2,/l), cos¢

(1) When cos ¢ =0 or & = 2 or Ax = nh (path difference)
Rus = A+ B,

e = (V1 #+42) =(A+BY
(2) When cos ¢ = -1
ord=(2n-1)m

h
Ax ={2n-11=
or Ax ={2n ]2

Ron=A=B, Iy = (fh-JLf =(A-87 = 7 “=3g

e e o

.

i

When B = T
2
(3) Fringe visibility = Y
mian T
(4) When Iy =1,=1, = Lo =4y =0
Fringe visibility = 1
Also, in general | = 4/, cos? L e |- cosz L

2
[5) For superposition of incoherent waves, resultant intensity is
I=1+1, or I=2]

Interference : Phenomenaon of redistribution of energy on account of superposilion of waves.

Young's Double Slit Experiment

. D

Screen

A
For maxima Ax = nh = F=ﬂ? n=012...)
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_(2n—1D
T 2 (

At°O' n =0, central maxima. |__ = 4/, where /; is intensity due to single slit.

For minima Ax ={2n 1]% - n=12 ...

_ R 2n . 2nd
- 2 = —_—- L"ix éx = —
At point P, I = 4 [,cos 5 , wWhera ¢ " . "D

Expression for Fringe Width
f= % is the distance between consecutive maximas = distance between consecutive minimas = fringe width.
Note : (1) Distance between n'” maxima and m® minima

{al  When they lie on same side of O is n%-ﬁm-ﬂ%

. oo, _onaD  (2m-1)aD
i) When they lie on cpposite side of O is p + >d

{2) When YDSE arrangement is kept in a medium of refractive index w’, [ =E ie, " < A Intensity
I

remains same. On changing medium fringes will shift fowards or away from the centre,
{3) When slits do not emit light of same intensity {saj.r one of the siit is covered slightly), then
{a) Dark fringes will not be exactly dark, they bﬁ;ﬂma slightly brighter
{b) Bright fringes become less bright %\\00
{4) When white light is used in place of ma@ﬁ‘chmmatrc light,
{a) Central fringe will be white, as @*the wavelengths are present
(b) All other fringes will be m{vgﬁ

{c] First maxima formed a@@t:entraf maxima will be of violef color but red colour is seen after
central maximum.

(d) Two wavelengths may have maxima at the same position given by n,A, = ni, where n "
maxima of A, coincides with n,” maxima of 4,

(5) If one of the slits (say S,) is covered with a small film of thickness t' and refractive index ‘W’
then

{a) The rays from 5, and S, will have an initial path difference (i — 1)
(b} At 'Q’, path difference is not zero, If is (u— T)t.

{c) A maxima may be formed af 'Q" if (1 — 1)t = nd (no change will be observed on the fringe
pattern)

A
{d) A minima may be formed at ‘0" if (n—1)t = {En—‘ﬂlE

{e) The point where path difference /s zero will shift upwards (toward 5,). This will be called
ceniral maxima.

1
{(fl  The distance moved by central maxima and the whole fringe pattern = IS ={u- 1}1"3

(-t

{g) Number of fringes shifted up = -

{h) Fringe width will remain same.
(6} If the source 'S’ displaced upwards from centre, central maxima shifts downward,
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Coherent sources and sustained interference of light
Sources are coherent, when the phase difference between light from S5, and 5, is constant.
{a) Direct sunlight is partially coherent, if the slits are very close.

(b} Two independent monochromatic light sources cannot be coherent,
Diffraction
Flaring of light as it emerges from a narrow slit.

Diffraction due to a single slit

Flane wave
front
F.!
- *
al2 |
—1 0
a2 |
~——4 Sjit
Screen

a .
1 Ax =—=sinf
(1) >
{2)  For ‘0 waves from all points in the slit fravel abouwtthe same distance and are in phase

(3) At P rays r, and r, have a phase difference Ax = gﬁinﬁ

4)  When gsini} = % there will be destnictive interference.

~owhen geing = 3, first minima will be formed at P.

(5)  Ingeneral asing = ni is position of A" minima.

{6}  Angular position of first minima & = sin 1{£J
a

(7} Angular spread of central maxima is 20.
(8)  When & > a == sin 8 = 1 which is not possible

-, Diffraction can not be observed.

(9) A <<a then sin = 8== (in radians)

o | =

Width of Central Maxima

Width of central maxima = %

Width of other fringes = %

4l

If I, is the intensity of central maxima, then intensity of ™ maxima is Iy = W
m+ 1 n
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' 1 1
Ip: il =1 ——
e 225 B25

2.
lg o 4y 1,=1:0.045 : 0: 016.
Resolving Power
Diffraction by a circular aperture or a lens with diameter ‘o’ produces a central maximum and concentric

maxima and minima, with the first minimum at angle 0 given by sing = 1_22i
d

Two objects can be resolved by an optical instrument when the central maximum of diffraction pattern of one
source is centered on the first minimum of the diffraction pattern of the other.

Resolving power of a telescope : pp -~

d = diameter of objective i.e., aperture
» = wavelength of light

B = minimum angular separation between the objects (limit of resolution)

Resolving power of microscope : RP = i“;lﬂ . {‘using’ is the numerical aperture)
n = Refractive index of medium between object and objective
B = semi-vertex angle of cone of light from the object.
(b\‘ 1 o
Note : Limit of resolution of a normal 2@@%;1 eye. RP.=1"= [E]

- 1 n
(N
R o g

B = — 2 [imit of resolution for the ohjects to be resolved

o] =1

d_1_ = d
—_—p — O — ] Rl —4
= 5”80 180 & = =>3x10
Polarisation
{1} Unpolarized light consists of waves with randomly directed electric fields.
{2} The plane containing the Electric field vector is called the plane of oscillation
Plane polarised light

A plane polarized electromagnetic wave has electric field vector only in one plane.

Circularly polarized light is a superposition of two plane electromagnetic waves of same amplitude, having
his
their plane of oscillations perpendicular to each other and differing in phase by £l
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1, (intensity)

Incident light

Unpolarized light

Intensity = |,
Tj?::g;;nngq— -\{_}; |:leE'I:_;I;i.l:;zir'|g sheet
ertically polarized light
; {analyzer)

Intensity = (1y/2) cos’® [Law of malus]

Brewster’'s Law

Unpolarized
light ' Reflected completely

- e b arized

Alr i i i #Reflected, partially \"E;b’:// i
polarized
Medium () ;)\ ;\
’ ' Ref
Refracted e

(1} Reflected light is partially polarised.
(2} When /= :'p {polarizing angle), reflecteddight's completely polarised, Fp is also called Brewster's angle.
{3) When reflected light is completely polarized, reflected and refracted light are perpendicular to each other.
(4) This was found experimentally by Sir David Brewster.
At this situation i, + r= 90°
L= tan r'a. This is called Brewster's law.
Uses of Plane Polarised Light and Polaroids
*  Dermatologic surgeons estimate the size (area) of skin cancers with the help of polarization of light.
. In ligquid crystals "LCD" {as in mobile phones, calculator etc.) letters are formed through polarization,

« WHF {very high frequency) television antennas in England are onented vertically, but those in Morth America
are horizontal, {This is just a matter of convention or the ego problems of the two countries). That means in
England the transmitted VHF waves are vertically polarized and that in North America it is horizontally polarized.

. Bees use the polanzation of sky light in navigating to and from their hives.

«  The Vikings, used polarization of sunlight to navigate across the Morth sea when the daytime sun was
below the horizon (because of the high latitude of the Morth sea). These early seafarers had discovered
certain crystals (now called cordierite) that changed color when rotated in polarized light. By locking at
the sky through such a crystal while rotating it about their line of sight, they could locate the hidden sun
and thus determine which way was south.
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« \When an object is seen through calcite, quartz, or tourmaline crystals, we usually see two images of an
object and if the crystal is rotated, one image rotates around the other.

* In CD or DVD player, polarized laser beam acts as a needle for producing sound.
Polaroid Sunglasses

Polarization by reflection is a common phenomenon. Sunlight reflected from water, glass, or snow is partially
polarized. If the surface is horizontal, the electric field vector of the reflected light has a strong horizontal
component. Sunglasses made of polarizing material reduce the glare, which is the reflected light. The
transmission axes of the lenses are oriented vertically to absorb the strong horizontal component of the
reflected light. Because the reflected light is mostly polarized, most of the glare can be eliminated without
removing most of the normal light,
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SECTION - A

Objective Type Questions

One of the slits of Young's double slit experiment
is covered with a semitransparent paper. Then in
interference pattern

(1) Fringe width remains unchanged
(2) Fringe width increases

(3) Fringe width decreases

(4} Fringes disappear

Two coherent sources of intensity [ and 4/ as used
in an interference experiment. Il path diference

) A
between them at a point on the screen is :

[+ — wavelength of light), then intensity at that point
is

(1) 5 (2) af
(3) 1 (4) Zero

In Young's double slit experiment, fringes of 0.1
mm width are obtained on a screen using light of
A = 4000A. On replacing the source by & = G000A
and moving the screen to twice the distance
earlier from slits, the fringe width becomes

(1) 0.3 mm (2) 0.05 mm

(3) 0.2 mm (4) 0.025 mm

On introducing a thin sheet of mica (thickness
8 = 10°% cm) in the path of one of beams in a
Young's double slit experiment, the central fringe
is shifted to a distance equal to the spacing between
suscessive bright fringes. If wave length of light is
6 = 107% em, the refractive index of mica is

(1) 1.75 (2) 2
3) 25 (4) 1.5

The ratio of intensities of 1st and 2nd subsidiary
maxima in a diffraction pattern obtained by single
slit is

4 5 , 10
(1 3 (2) 3
25 7
ll3}'j {4]§

Unpaolarised light of intensity 32 unit passes through
three polaroids such that tfransmission axis of last
polaroid is crossed with the first. If the intensity of
emerging light is 3 unit, the angle between the
transmission axis of first two polaroids is

(1) 45° (2) 90°
(3) 30° (4) 0

If ¥oung's double slit experiment is observed in air
first and then it is repeated in water, then in
interferance pattern

(1) Fringe width is more in air than in water
(2) Fringe width is mare in water than in air
(3) Fringe width is same for air and water
4) In water, fringe pattern disappears

In a Young's double slit experiment with
monochromatic light, fringes are cbtained on a
screen placed at a certain distance from the plane
of slits. If the screen is moved by 5 = 102 m
towards the slits, the change in fringe width is
3 = 105 m. If the distance between slits is
10 m, the wavelength of light used is

(1
(2
3

(4

8000 A
8000 A
10000 A

)
)
)
) 5000 A
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9. In a diffraction pattern obtained by single slit 14, In a single slit diffraction pattern, red light of
diffraction experiment, the ratio of width of principal A = B50 nm is used and first minimum is found to
maxima fo any secondary maxima is lie at 6 = 15°% The slit width ‘a" is
1) 1:1 (1) 25 um (2) 0.25 um
2) 15:1 (3) 0.25 mm (4} 2.5 um
(3 2:1 15. Resolving power of a microscope is maximum
under
{4} 4:1
1) White light 2) Red light
10. A bichromatic light consisting of wavelength 5000A ) : © d
and 60004 is used to oblain interference pattern in (3) Blue light (4) Violet light
Young's double slit arrangement. If distance ) o )
between slits is 1 mm and the distance between  16- ff-'m un!:ul_ansed light in |nc.ld.ent on a palariser. The
plane of slits and screen is 100 cm, then the least intensity in the transmitted light is 1. If the polariser
distance from the central maximum where bright is rotated about the incident ray in a plane
fringes due to both the wavelength coincide is perpendicular to incident ray through 45°, then
intensity in the transmitted light is
{1} 0.3 em
(1) !
{2) 0.2 cm
N
{3) 0.1 cm -
iE]'Q;\2
{4) 0.4 cm Q@@ .
11. The phenomencn of ‘polarisation” is a sure proof © !
o [3} "
of O 4
{1} Wave nature of light @Q\@ (4) Zero
Q
{2} Particle nature of light @'\Q‘\ 17. Resolving limit of human eye is
N
{3) Transverse nature of light A2
1" .
{4} All of these (1) 5 (2} 1
12. In Young's double slit experiment, the two slits
give light of intensity /,. The intensity on the 1
screen at a distance (/4 from centre is (f is fringe 3 2 (4} 1=
width) 2
(1) 1, (2) 41, 18. Two sources are said to be coherent, if they have
(3) 21, 4) Zero (1) Same frequency
13. A double-slit arrangement produces interference (2) Same wavelength
fringes for sadmm_hght (% = 589 nm) that have an (3) Constant phase difference at a point
angular separation of 3.50 = 10-? rad. The
wavelength for which the angular separation be (4) Al of these
10% longer is 19. Huygen's principle can explain

{1) B48 nm
{2) 589 nm
{3) 59 nm
(4) 0.059 nm

(1) Reflection and refraction only
(2} Interference only

(3) Diffraction only

4) All of these
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20. Law of Malus can be applicable to

(1} Polariser only
(2} Analyser only
{3) Both (1) & (2)
(4} Meither (1) nor (2)

SECTION - B

Previous Years Questions

In Young's double slit experiment, the slits are 2
mm apart and are illuminated by photons of two
wavelengths A, = 12000 A and A, = 10000 A. At
what minimum distance from the common central
bright fringe on the screen 2 m from the slit will a
bright fringe from one interference pattern coincide
with a bright fringe from the other? [NEET-2013]

{1) 6 mm (2) 4 mm
(3} 3 mm (4) 8 mm

A parallel beam of fast moving electrons is incident
normally on a narrow slit. A fluorescent screen is
placed at a large distance from the slit. If the
speed of the electrons is increased, which of the
following statements is correct? [MEET-2013]

{1) The angular width of the central maximum f
the diffraction pattern will increase

(2} The angular width of the central maximum will
decrease

{3) The angular width of the central maximum will
be unaffected

(4) Diffraction pattern is not observed on the
screen in the case of electrons

A beam of light of A = 600 nm from a distant source
fallz on a single slit 1 mm wide and the resulting
diffraction pattern is cbserved on a screen 2 m
away. The distance between first dark fringes on
either side of the central bright fringe is

[AIPMT 2014]

(1) 1.2 cm (2) 1.2 mm

13) 2.4 cm 4) 2.4 mm

In the Young's double-slit experiement, the intensity
of light at a point on the screen where the path
difference is & is K, (A being the wavelength of light
used). The i.ntensity at a point where the path

A
difference is e will be [AIPMT 2014]

NEET
K
(1) K @ 7
K
(3) 2 (4} Zero

At the first minimum adjacent to the central
maximum of a single-slit diffraction pattern, the
phase difference between the Huygen's wavelet
from the edge of the slit and the wavelet from the

mid-point of the slit is [Re-AIPMT-2015]
T T

M 3 radian (2) n radian
o |

(3) 5 radian (4) = radian

Twao slits In Youngs experiment have widths in he
ratio 1 - 25, The ratio of intensity at the maxima
™
and minima in the interference pattern, [ is
‘ mi

in

[Re-AIPMT-2015)
4 9
(1) 3 2) 2
121 49
B 49 @ 321

In a double slit experiment, the two slits are 1 mm
apart and the screen is placed 1 m away. A
monoechromatic light of wavelength 500 nm is
used. What will be the width of each slit for
obtaining ten maxima of double slit within the
central maxima of single slit pattern?

[AIPMT-2015]
(1) 0.02 mm (2) 0.2 mm
(3) 0.1 mm (4} 0.5 mm

For a parallel beam of monochromatic light of
wavelength 4, diffraction is produced by a single
slit whose width & is of the order of the wavelength
of the light. If D is the distance of the screen from
the slit, the width of the central maxima will be

[AIPMT-2015]
20a 205,
== @ =
‘D Da
(3) — @ 5
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9. In a diffraction pattern due to a single slit of width 14, Young's double slit experiment is first performed In
a, the first minimum is observed at an angle 30° air and then in a medium other than air. It is found
when light of wavelength 5000 A is incident on the that 8" bright fringe in the medium lies where 50
slit ThT" ﬁ'ft sacondary maximum is :ESI::ETF:':E1 Et dark fringe lies in air. The refractive index of the
an angle o [ ] medium is nearly [NEET - 2017]
: . .
.9 3 41 1) 1.25 2} 1.59
(1) sin”| E] (2) sin [EJ (1) 2)
' (3) 1.69 (4) 1.78
.2 - T 15. Two Polarcids P, and P, are placed with their axis
(3) sin”'| = (4) sin”’| = il ) £ arised liaht |
3 2) per!:endlcu ar to each _other. Ll'npi_: anssi_:l ight o i
10. The intensity at the maximum in a Young's double INGident oni- i AR Belanid. 4 1§ KapL in
slit experiment is |, Distance between two slits is between P, and P, such that its axis makes an
d = 5i., where % is the wavelength of light used in angle 45° with that of P,. The intensity of
the experiment. What will be the intensity in front transmitted light through F, is [MEET - 2017]
of one of the slits on the screen placed at a . )
distance D = 10 o? [NEET-2016] Iy Iy
. (1) < 2y o
i
(1 = (2) I :
2 | @ 3 ) o
f 3 B 16
3) - 4) =
3 % @) 2l
11. The interference pattern is obtained with two 16. In Young's dnubl_e Efl't experiment the separation
coherent light sources of intensity ratio n. In the d petween the slits is 2 mm, the wavelength 4 of
g I the light used is 5896 A and distance D between
interference pattern, the ratio y will be the screen and slits is 100 cm. It is found that the
max * 'min angular width of the fringes is 0.20°. To increase
[NEET (Phase-2) 2016] the fringe angular_mdth to 0.21 (ﬂlth same A
. and D) the separation between the slits needs o
) Jn 2) 2.Jn be changed to [MEET - 2018]
n+1 e+ (1) 1.8 mm
) Jn @) 2Jn (2) 1.9 mm
2 : 2
(n+1) (n+1) (3) 1.7 mm
12. Alinear aperture whose width is 0.02 cm is placed (4} 2.1 mm
immediately in front of a lens of focal length 60 ) S i
em. The aperture is illuminated normally by a  17- Unpolarised light is incident from air on ra‘plane
parallel beam of wavelength 5 x 10°% cm. The surface of a material of refractive index . At a
distance of the first dark band of the diffraction particular angle of incidence T, It Is found that the
pattern from the centre of the screen is reflected and refracted rays are perpendicular to
each other. Which of the following options is
(REEEFHRSES) S8 correct for this situation? [NEET - 2018]
{1} 0.10 cm (2) 0.25 cm L
(1) Reflected light is polarised with its electric
(3} 0.20 cm (4) 0.15 cm vector parallel to the plane of incidence
13. The ratio of resolving powers of an optical

microscope for two wavelengths 4, = 4000 A and
.?‘-.2 = G000 A is [MEET - 2017]

(1) 8:27
2) 9:4
(3) 3:2
(4) 16 : 81

(2) Reflected light is polarised with its electric
vector perpendicular to the plane of incidence

(3) i= tan“{l]
H

(4} i=sin ‘[l]
L
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18.

19.

NEET

In a double slit experiment, when light of
wavelength 400 nm was used, the angular width
of the first minima formed on a screen placed
1 m away, was found to be 0.2°. What will be the
angular width of the first minima, if the entire
experimental apparatus is immersed in water?

(Myaper = H3) [NEET -2019]
(1) 0.2686° (2) 0.15°
(3) 0.05° 4) 0.1°
Angular width of the central maxima in the
Fraunhofer diffraction for & = 6000 A is 6, When
the same slit is illuminated by another
monochromatic light, the angular width decreases
by 30%. The wavelength of this light is

[NEET - 2019 (Odisha)]

I

20.

(1) 420 A (2) 1800 A

(3) 4200 A (4) 6000 A

In a Young's double slit experiment, if there is no
initial phase difference between the light from the
two slits, a point on the screen comesponding to
the fifth minimum has path difference

[NEET - 2019 (Odisha)]
.
(1 13

A
(2) 55

A
(3) 105

A
() 9%

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



Chapter 11

Dual Nature of Matter
and Radiation

| Sub-topics | Pholoelectric effect, Herlz and Lenard's observations; Einstein’s photoelectric equation-particle

nature of light. Matter waves-wave nalure of parlicles, de Broglie relation. Davisson-Germer
experiment (only conclusion should be explained).

Photoelectric Effect

Particle Theory of Light : It was proposed by Einstein. The various points are given below.

1)
{2)
3)

4)

19)

(6)
{7)

8)

19)
(10)

1)

Light consists of packets of energy called photons.
A photon moves with speed 299792458 mi's (3 = 10%mis) in vacuum.
A photon possess energy as well as momentum

h
Energy of a photon is E = hv = Tc

E
Momentum of a photon = r
Mass of a photon cannot be defined in terms of Newtonian mechanics.

Rest mass of a photon is zero. ie., pholons do not exist at rest.

Mass of a moving photon is m = = _h =
- AL

k|

P
=

A photon can collide with a material particle like electron.

Total energy and momentum remain conserved during these collisions fe., the collisions are perfectly
elastic

Intensity | = nhv, where n is number of pholons crossing per second per unit area.

Hertz and Lenard’'s Observations

It was discovered by Hertz. The phenomenon of ejection of electrons from a metal surface, when light of
suitable high frequency falls upon it, is known as photoelectric effect.

Work Function (4¢) : It is the minimum energy of photon required to liberate most loosely bound electron from
a metal surface. ¢ = hv,,
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Threshold Frequency [vn] . It is the frequency of incident radiation below which photoelectric effect does not

4]
take place, v, = rx

Stopping Potential (V) : The potential difference between cathode and anode to stop the fastest moving
electrons emitted by the cathode. eV, = KE__,.

Laws of Photoelectric Emission

(1} The emission of photoelectrons takes place, when the frequency of the incident radiation is above threshold
frequency.

{2) The emission of photoelectrons starts as soon as light falls on metal surface.

(3} The maximum kinetic energy (or stopping potential) is independent of intensity of light and depends only
on its frequency.

(4) Photocurrent is independent of frequency, but depends only on intensity.
Einstein's Photoelectric Equation - Particle Nature of Light
The kinetic energy of pholoelectrons varies between zero to KE_

If v is frequency of incident photons, Fv, is work function then frv — fvy, = KE_.. This is Einslein's pholoelectric
equation,

Efficiency of photoelectric emission is less than 1%.

Graphs for Photoelectric effect

v, Photocurrent f
+ Metal 1 1 -
T Metal 2 —
Stopping L
potential -
Slope = hie L=
v = constant
N E Ve W, Frequency—: ' “« . »
Ju_.-‘ ’ ~._.l‘; ERA V" 1_ o ,
— & Stopping potential
Phutﬁ current Photocurrent
L
- - * |
Anode potential (V) Intensity —

Note : These laws can be explained only by particle theory of light.
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Important Cases

1.

When frequency of incident radiation is doubled, stopping potential or kinetic energy becomes more than
double.

When light of wavelength A falls on a metal surface having threshold wavelength 4, then photoelectric effect
will take place if 4 < A,

A metal sphere having threshold wavelength 4, is radiated by light of wavelength i(<h,), photoelectric effect
will start and stops after some time as the metal sphere acguires positive potential.

 dmegr [1 1
Number of electrons emilted after which photoelectric effect stops is given by n = thn hc[I - l—}
e i

Where ris radius of melal sphere.

Matter Waves and wave nature of particles: It was given by de-Broglie in 1924,

1)

2)

(3)

4)

A wave is associated with a moving particle.

. h h h
Wavelength of a particle A =—=—== . (de Broglie relation
gth p mro Jﬁ { g )

where p = mv is momentum of particle
E, = kinetic energy.

For an electron accelerated through V volts.

1227 . .~ Y[50

h
E,=eV . i= = A ork= = A
=8 N A T v

cor oroton A= 0288A o 0202, . L, _0.101
or proton -UI'F . Tor aeutron J.LT , Tor c-paricie JF

An electron Microscope uses wave nature of electron. Limit of resolution of such microscope is
proportional to de-broglie wavelength of the electron.

Davisson and Germer Experiment

On a Mickel crystal, a diffraction pattern is obtained using X-ray of wavelength A. By using Bragg's X-ray
diffraction equation

2d sinll = ni

the value of 8 is obtained.

Mow on the same 0, a different pattern of MNi crystal is oblained using electrons with speed v. Now whean using

. . f
the de Broglie equation A =E, wavelength A is calculated then it matches the wavelength A of the

Keray.

Conclusion: What a pariicle (electron) does, is done by waves (¥-ray). So particle has wave behaviour as well.

N R I |
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SECTION - A

Objective Type Questions

In a photoelectric experiment, for an incident light
of wavelength A, stopping potential is found to be
3V, and for a wavelength 2 &, stopping polential
is V. The threshold wavelength is

(1) 34 (2) 44

(3} 6A 4 7

When light of frequency 2v; and intensity
{illuminates a metal in a photoelectric experiment,
the stopping potential is 2 V' and saturation current
iI5 3 mA. Mow If the frequency is reduced fo one-
fourth and intensity is doubled, the new stopping

potential and saturation current are respectively
[v, is the threshold frequency]

{1} 0.5V, 6 mA (2) 0.5V, 3 mA
3} 2V, 6 mA 4 00

A proton and an c-particle are accelerated through
same potential difference. Caleulate the ratio of
their respective de-Broglie wavelength

(1) 2: 1 (2) 242 :1

(3) 21

A source of 30 W illuminates the cathode of a
photocell with radiations of wavelength 6600 &. The
saturation current will be (efficiency of photoelectric
emission is 1%)

(1) 016 A 2) 1.6 A

(3) 16 A 4) 160 A

In photoelectric experiments, the saturation current
depends upon

4y 4:1

(1) Frequency of iluminating light
(2) Wavelength of illuminating light
(3) Distance of source from cathode
(4} Color of light

10.

A potential difference of 30 V is applied across the
cathode and anode in a photoelectric experiment.
During the saturation state, the minimum kinetic
energy with which photoelectrons emitted from the
metal surface is

(1) 0
(3) 15eV

The kinetic energy (E,) of a photoelectron varies
with frequency (v} of the incident radiation as
which graph?

(2) 30 eV
{4) Can't be determined

(3) 4)

The work function of a metal is 3.4 eV. If the
frequency of incident radiation is increased to
twice, then the work function of the metal
becomes

(1) 3.4 eV 2 7.2eV
(3) 6.8 eV {4) 1.7 eV

A photon of energy 4 eV is incident on a metal
surface whose work funchion s 2 V. The minimum
reverse potential to be applied for stopping the
emission of electrons is

() 2V
(3) 6V

An electron is accelerated through a potential
difference of 100 V. The de Broglie wavelength of
the electron is

(1) 1.227 A
(3) 0.1227 A

2) 4V
@) BV

(2) 12.27 A
(@) 0.01227 A

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



MNEET

Dual Nature of Matter and Radiation 151

1.

12.

de Broglie wave for a particle is shown in the
diagram.

The probability of finding particle in the space is

maximum

{1} At middle of the wave

{2} Probability of finding particle is same every
wherz

{3) Cannot say
{4) Above wave cannot be de Broglie wave

Davisson and Germer experiment provides
experimental proof for

{1} Huygens wave theory

{2) de Broglie wave hypothesis
{3) Compton shift

{4) All of these

SECTION - B

Previous Years Questions

An c-particle moves in a circular path of radius
0.83 em in the presence of a magnelic field of
0.25 Whim?. The de Broglie wavelength associated

with the particle will be [AIPMT 2012]
(1) 10A (2) 0.01A
3) 1A () 014

Monochromatic radiation emitted when electron on
hydrogen atom jumps from first excited to the
ground state irradiates a photosensitive material.
The stopping potential is measured to be 3.57 V.
The threshold frequency of the material is

[AIPMT 2012]

(1) 1.6 x 10" Hz (2) 2.5 10" Hz
(3) 4 x 10" Hz (4) 5% 10" Hz

A 200 W sodium street lamp emits yellow light of
wavelength 0.6 um. Assuming it to be 25%
efficient in converting electrical energy to light, the
number of photons of yellow light it emits per

second is [AIPMT 2012]
(1) 62 = 10% 2y 3=10"
(3) 1.5 = 1020 @) 6=10"

For photoelectric emission from certain metal the
cut-off frequency is v. If radiation of frequency 2v
impinges on the metal plate, the maximum
possible velocity of the emitted electron will be (m
is the electron mass) [NEET-2013]

N

2hv

@
. o

(3) -
v

(4) zm)

The wavelength 4 of an electron and ;‘-.D of a photon
of same energy E are related by

[NEET-2013]
(1) by @) &y =i
(3) .I-. - {4) A, = Al

= JE o =

When the energy of the incident radiation is
increased by 20%, the kinetic energy of the
phatoelectraons emitted from a metal surface
increased from 0.5 eV to 0.8 eV, The work function

of the metal is [AIPMT 2014]
(1) 0.65eV 2) 1.0eV
(3) 1.3 eV ) 1.5eV

If the kinetic energy of the particle is increased to

16 times its previous value, the percentage change

in the de-Broglie wavelength of the particle is
[AIPMT 2014]

(1) 25 (2) 75
(3) 60 (4) 50

In the spectrum of hydrogen, the ratio of the
longest wavelength in the Lyman series to the
longest wavelength in the Balmer series is

[Re-AIPMT-2015]
5 4
(1) 55 @ 3
9 27
@ 5 @ 7

Light of wavelength 500 nm is incident on a metal
with work function 2.28 eV. The de Broglie
wavelength of the emitted electron is

[Re-AIPMT-2015]
(1) <2810 m  (2) <28x10" m

(3) = 28x107% m [4) = 28x10% m
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10.

11.

12.

13.

NEET

A photoelectric surface is illuminated successively

A
by monochromatic light of wavelength A and 7 If

the maximum kinetic energy of the emitted
photoelectrons in the second case is 3 times that
in the first case, the work function of the surface
of the material is {h = Planck's constant, ¢ =

spead of light) [Re-AIPMT-2015]
e he

(1) v (2) e
he 2he

3) = (@) =

Which of the following figures represent the
variation of particle momentum and the associated

de-Broglie wavelength? [AIPMT-2015]
.p‘ 3 P r
) / @ |/
e s
'Pn .pu
3) K “ :
— s

A certain metallic surface is illuminated with
monochromatic light of wavelength &, The stopping
potential for photo-electric current for thisclight is
3V, If the same surface is illuminated with light of
wavelength 22, the slopping polential is V. The
threshold wavelength for this surface for

photo-electric effect is [AIPMT-2015]
1 i 2) G
) 3 @
E
(3) 4k () a

When a metallic surface is illuminated with radiation
of wavelength 4, the stopping potential is V. If the
same surface is illuminated with radiation of

v
wavelength 24, the stopping potenfial is e The

threshold wavelength for the metallic surface is
[NEET-2016]

(1) 3 (2) 4

5
(3) 5% @ S

14.

15

16,

17.

18.

An electron of mass m and a photon have same
energy E. The ratio of de-Broglie wavelengths

associated with them is [MEET-2018]
: 1 1
1[2_”']3 1[5]3
L ch E @ ch2m
) 1
E? R
@) 135) (4) e(2mE)z

(c being velocity of light)

Electrons of mass m with de-Broglie wavelength 2
fall on the target in an X-ray tube. The cutoff
wavelength (4,) of the emitted X-ray is

[MEET (Phase-2) 2016]

2ment 2h
B = hy = —
(1) ko= @ A=
2mee?h® .
@) Ao=—2— () Ag=h

Photons with energy 5 eV are incident on a
cathode C in a photoelectric cell. The maximum
energy of emitted photoelectrons is 2 eV, When
photons of energy € eV are incident on C, no
photoelectrons will reach the anode A, if the
stopping potential of A relative to C is

[MEET (Phase-2) 2016]
(1) #3V (2) w4V
(3 <1V 4 =3V

The de-Broglie wavelength of a neutron in thermal
equilibrium with heavy water at a temperature T

(Kelvin} and mass m, is [MEET - 2017]
h h

1) — 2] —

0 JmkT @ AmkT
- 2h 2h

3) —— 4) —

) 3mkT @ JmkT

The photoelectric threshold wavelength of silver is
3250 = 10°'" m. The velocity of the electron
ejected from a silver surface by ultravialet light of
wavelengih 2536 = 107" m is (Given h = 4,14 =
W "%evsand c =3 = 108 ms~') [NEET - 2017]

(1) =6 = 10° ms™'

(2) =0.6 = 10° ms’
(3) =861 = 10° ms™!
(4} =0.3 = 10° ms~"
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18.

20.

An electron of mass m with an initial velocity

V=Wi (V, = 0) enters an electric field

E=_E,i (E,=constant>0)att=0.1fk,isits

de-Broglie wavelength initially, then its de-Broglie

wavelength at time t s [MEET - 2018]
Hn—— o kn[w =3
[1 + ﬂt] mvﬁ'
m\

(3) 2 () At

When the light of frequency 2v, (where v, is
threshold frequency), is incident on a metal plate,
the maximum velocity of electrons emitted is v,.
When the frequency of the incident radiation is
increased to Sv,, the maximum velocity of
electrons emitted from the same plate is v,. The

ratio of v, to v, is [NEET - 2018]
(1 1:2 2y 1:4
(3 2:1 4 4:1

d

21.

22.

23.

An electron is accelerated through a potential
difference of 10,000 V. Its de Broglie wavelength is,
(nearly) : (m_ =9 x 107 kg) [NEET - 2019]

(1) 122 =10 m
(2) 122=x10"%m
(3) 122 x 10" m
4} 12.2 nm

The work function of a photosensitive material is
4,0 eV, The longest wavelength of light that can
cause photon emission from the substance is

(approximately) [MEET - 2019 (Odisha)]
(1} 310 nm {2) 3100 nm
(3} 966 nm 4) 31 nm

A proton and an c—particle are accelerated from
rest to the same energy. The de Broglie
wavelengths 4 and 4 are in the ratio

[NEET - 2019 (Odisha)]

2 2:1
) +2:1

(1) 4:1
(3) 11
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Chapter 12

Atoms

Sub-topics Alpha-particle scaftering experimants; Rutherford’s model of atom; Bohir model, energy levels,
hydrogen spectrum.

Alpha particle scattering Experiment

Deflactad by
small angles
—_—
w-particles —= g
Kool - T,
—+ Bounced#—e
— 4 Bagk -
by e i
— -
s 4

Deflected by  Thin gold
large angles foil

Rutherford’s Model of Atom

1. Most of w-particles went approximately straight.
1 in 8000 retraced their path or bounced back,

Atom has a lot of emply space in it.

2w M

The entire mass and positive charge is confined to extremely small central core, ie., Rutherford discovered
nucleus.

5. Impact parameter (b) :

1 Zeleotp/?2

L
4, {% mv.z] +20 4 il
A E:,¢ - =
when b = 0, @ = 160° ,,,...@ (Ze)

Mucleus

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



NEET Atoms 155

6. Distance of closest approach

1,2_ 1 (Ze)(2e)

2 4ne, L
4
2 » L 4
—1 r.j —% 1226 T, 2e
My [_ml_,zj
£

1
Note : In Geiger - Marsden experiment, Emuz =55 MeV. Z=79

= = 41.3 fm.

Rutherford proposed that whole mass and positive charge is in a core ., nucleus and elecirens revolve around
it in circular orbits so that electrostatic force of attraction provides centripetal force.

Drawbacks

By Maxwell's theory, accelerated charges radiate electromagnetic waves and lose enargy. Therefore, when an
electron revolves in circular orbit, it is subjected to centripetal acceleration and thus it should radiate energy
and the radius should continuously decrease & should finally fall into nucleus. The e should follow spiral
(helical) motion around the nucleus.

Bohr's Model
In 1913, Bohr explained hydrogen spectra using followirg assumptions.
1. Electrons can revaolve round the nucleus in ciredlar orbits.
2. It can do so in certain permitted orbits called’ stationary orbits.

3. Each stationary orbit is associated with-a definite value of energy and angular momentum should be an

. . h
integral multiple of on

4. Electron can jump from higher energy level E; lo lower energy level E, emilling a pholon of energy

he
hv = 3= E; - E; = energy of photon emitted
. . n . _—
5. In a stationary orbit fmVr = o -..{i} fangular momentum guantization)

i(n = principal guantum number)

1 (Ze)(e) _ mve

6. e 5 i) {centripetal force is provided by electrostatic force
Mg r r
For H-like atom of atomic number £ between nucleus and electran)
7. From {i) and {ii}, V i 2{21Bx1ﬂ“ma’s} Z( ¢ ] ie .v z
. 1 1), = =—\{L == —==| le o —
" 2eanh 0 n L‘IST " on
a eom i n? 0.53 Ay i . n®
N =—{0. le, r, s =—.
" mmzZe! Z { } "z
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Energy Levels

. _ 4 =2 2
1. Total energy E :%2_2 =_13_3‘E_2 aV.
Begh® n n
13.6
2. KE =[TE| = n—zz2 ev.
2x13.6
3. PE=2TE= - ———2% eV

4, For hydrogen atom E, = - 136 eV, £, = - 34 eV, E, =- - 1.51 eV, E, = - 0.84 eV.

Lo
Note : (a o —— =— focf.
(@) foe s fmc focf

3
(b)) B = i—s . (Magnetic field at center)

Hydrogen Spectrum

At room temperature or below, hydrogen atoms is quite stable. When some extra energy is supplied, Radiation
is emitted.

Note : Always definite wavelengths are emitfed by any ah@aﬁﬂ that's why spectral lines are called finger

prints of atoms. K
.\O
S
@
Spectral Lines @\&}
. @(\Q) A
1=Rz:’ %_inl= 1 S 912
s nioni N 1.8 ol 1 1
R\ —-—=z| Z'|—5——%
nsoon; ne oo

# is wavelength of photon emitted when electron makes a transition from n, — n,.

1
R = Rydberg's Constant = 1.09677 x 10" m™ = g5 &

£ = Atomic Number

For hydrogen £ = 1

LY MAN 1 It | M= | Mm=2 :
. 43k Ultraviclet only

BALMER 2 Jtoe= M, = e m=3 J-._" in UM regign
4R 3B/5R rest in visible
PASCHEN 3 Atoe | B, = n, =4

o/rR | 144;7r | 'nfrared
BRACKET | 4 | 5to= |m== | m=5

16/R | a00/0m | IMfrared
PEUND 5 | 6to= == | m=6 |

25/R  |900MR
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Balmer first gave the formula for balmer seres,

Ilz 9124 n =2
9 A, =3t0=

For n, = 3, the spectral line is called H, (Red).
For n, = = the spectral line is called H_. It lies in ultra viclet region.

Binding Energy : It is the energy released, when constituents of a system are brought from infinity to form
the system. BE = -TE.

Excitation Energy : Energy needed to take the atom from its ground state to an excited state is called
excitation energy.

The hydrogen atom in ground state needs 10.2 &V to move to its first excited state.

Excitation Potential : The potential through which an electron should be accelerated to acquire excitation
energy i5 called the excitation potential.

The excitation potential of hydrogen atom in first excited state is 10.2 V.

Some Points to Remember I

1. Energy of He" ion in first excited state = 13.6 eV i.e., same as e@érgy of hydrogen atom in ground state.

2. When some energy is supplied to hydrogen sample, lm@‘fﬁms move to their excited state. When they come
back to ground state, a number of spectral lines ar&@?nlttad

3. Let an electron jumps fromp=1ton=N {sa@“l’hen the number of different ways in which it can come

NN - 1)

. & o
back to ground state = Number of d|ﬁer£8b%pectral lines = 5

4, Mumber of spectral lines possible when an electron makes a transition from n = Nto n = M are
(N - M) (N-M+1)
2 .
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SECTION - A

Objective Type Questions

Supposs the ground state radius and velocity of an
electron in a Bohr's alom are 1y and v, respectively.
If hypothetically the mass of electron becomes 200
times of its present value, then the ground state
radius and velocity will be respectively

Yo
(1} ry 200 v, 2y fp, 200
: .
(3} 200 rg v, i4) _EDI}'V“

The ratio of series limit frequencies of Balmer series
to that of Bracket series for a H-like atom is

(1) 16:1 (2) 1:16
(3) 4:1 {4 1:4
A hydrogen atorm of mass m emits a photon
corresponding to 1st line of Lyman serigs and
recoils in the opposite direction. If & and h are

respectively Rydberg’s constant and Planck's
constant, the recoiling velocity of H-atom is

3RhK 4m
(1) am i2) 3Rh
. ah IRm
B3} 3Rm By

Which series of hydrogen atom lies in infra-red
region?

(1} Lyman only

(2) Balmer only

(3) Bracket, Paschen and Pfund

(4} Lyman and Balmer

The speed of an electron in the second orbit of
hydrogen atom is

L .
W 274 @ T3
c [

(3) 3 @3

10.

11.

12

The potential energy of an electron in an excited
state of H-atom is —1.7 &V, What is the total
number of radiations possible when this electron
moves to lower states?

(1) 10 () 6
(3) 3 (@) 1

The ratio of number of revolution per second made
by an electron in 1st excited state of He® to
another electron in 2nd excited state of Li* is

(11 (2 3:2
(3) 2:1 4) 4:3

Rydberg's constant for H atom is (symbals have
their usual meaning)

) 2tk me* 2 2nf mk*et
ch® c*h

. 2nk’me? ” 2n’k’me®

(3) o°h () o

Aceording to Bohr's theory, the moment of
momentum of an electron revolving in the 3rd orbit
of hydrogen atom will be

1) 3nh g 30
(1) @

an 3h
@ = @ 5=

For hydrogen atom, the wavelength is minimum,
among the following, for the transition from

(M) n==2wn=1 2) n=3ton=2
3 n=4ton=3 4 n=5ton=4
When light of wavelength BODA illuminates a metal,
the most energetic photoelectron emitted can just

ionise the hydrogen atom in ground state. What is
the work function of the metal (approximately)?

(1) 1.2 eV @) 1.9eV
(3) 3.4 eV (4) 4.8 eV

The total energy of electron in the ground state of
hydrogen atom is —13.6 eV The kinetic energy of
electron in the first excited state will be

(1) 13.6eV (2) 3.4 eV
(3) 9.5eV 4) 10.2 eV
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SECTION - B

Previous Years Questions

Electron in hydrogen atom first jumps from third
excited state to second excited state and then
from second excited to the first excited state. The
ratio of the wavelengths 4, © &, emitted in the two
cases is [AIPMT 2012]
27 20
M % @ =
7 27
@ 3 “ 5
An electron of a stationary hydrogen atom passes
from the fifth energy level to the ground level, The

velocity that the atom acquired as a result of
photon emission will be [AIPMT 2012]

25 m 24m
) 24hr (2)

25 hR
24 hR
®) 25 ()

25 hR

24 m

Ratio of longest wavelengths corresponding to
Lyman and Balmer series in hydrogen spectrum is
[NEET-2013]

3 7

1) — 2) —

(1) 23 (2) 9

9 5

B 33 4 5=
Hydrogen atom in ground state is excited by a
monochromatic radiation of & = 975 A. Number of
spectral lines in the resulting spectrum emitted will

be [AIPMT 2014]
i) 3 (2) 2
{3) 6 4y 10
Consider 3™ orbit of He* (Helium) using non-
relativistic approach the speed of electron in this

orbit will be (given K =9 = 10° constant Z= 2 and
h (Planck's constant) = 6.6 = 107 Js).

[AIPMT-2015]
(1) 3.0 = 10% mfs (2) 292 = 108 m/s
{3) 148 = 10° mfs (4) 0.73 x 10 m/s
When an c-particle of mass m moving with
velocity v bombards on a heavy nucleus of charge

‘fe’, its distance of closest approach from the
nucleus depends on m as [NEET-2016]

o o o
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10.

1.

(1 m (2)

3|~ sl-

1
3 4
(3) Jm 4)
Given the value of Rydberg constant is 107 m*, the
wave number of the last line of the Balmer series
in hydrogen spectrum will be [NEET-2016]
(1) 25 %107 m™ (2) 0.025 x 104 m™

(3) 0.5 %107 m™ (4) 0.25 x 107 m™!

If an electron in a hydrogen atom jumps from the
3rd orbit to the 2nd orbit, it emits a photon of
wavelength A When it jumps from the 4th orbit to
the 3rd orbit, the corresponding wavelength of the

phaoton will be [NEET (Phase-2) 2016]
16 g

(1 35+ @ 5
20 20.

3) A @ 33

The' ratio of wavelengths of the last line of Balmer
series and the last line of Lyman series is

[NEET - 2017)
(1) 2 2 1
(3) 4 {4) 0.5

The total energy of an electron in an atom in an
orbit is —3.4 eV, Its kinetic and potential energies
are, respectively [MEET-2019]

(1) -34 eV, -34eV
(2) -3.4 eV, -6.8 eV
(3) 3.4 eV, —6.8 eV
{4) 34eV 34eV

The radius of the first permitted Bohr orbit, for the
electron, in a hydrogen atom equals 0.51 A and its
ground state energy eguals —13.6 V. If the
electron in the hydrogen atom is replaced by muon
(u~) [charge same as electron and mass 207 m_],
the first Bohr radius and ground state energy will
be [NEET-2019 (Odisha)]

(1) 2.56 x 107" m, —13.6 eV
(2) 0.53 = 107" m, -3.6 eV
(3) 256 = 103 m, -2.8 eV
(4} 256 = 107" m, —2.8 keV



Chapter 13

Nuclei

| Sub-topics | Compaogition and size of nucleus, atomic masses, izofopes, isobars; isotones. Radioactivity-
alpha, bela and gamma particles/ rays and their properiies decay law. Mass-energy relation, mass
defect; binding energy per nucleon and its variation with mass number, nuclear fission and fusion.

Composition and size of nucleus

(1} Mucleus was discovered by Rutherford. It is the core of an atom. It is made of protons and neutrons.
(2} m, =1.6749286x107%" kg m, = 1.6726231 = 107 kg

(3} Mass is also written in form of energy E = Mc?

1 amu. = 1.6605402x 1077 kg = 931.478 MeWic?

4} Mucleus is represented by ;){

A — mass number £ — atomic nymber
(Pratons + Meulron) (Protons)

(5) Isotones : Muclei having same number of neutrons but different atomic numbers are called isotones and
isotopes are nuclei having same atomic number but different mass numbers.
(6) Isobars : Muclei having same mass number but different atomic numbers are called isobars.
(7} Muclear Radius : The average radius of a nucleus is given by
R=RA" where R, =12 = 107" m = 1.2 fm
A = atomic mass
(8) The radius of aluminium nuclei is (A = 27).
R=RA" =138 fm
(9} Muclear Density

pev TA _ 4mA _ Sms = constant= 2.27 x 10" kg m™® [where m = mass of a nucleon]
olume 4 gz 4nR

o
3

Muclear density is independent of mass numbers (A)

MNuclear Forces
The nucleons in a nucleus are held together by strong nuclear foree.

(1} These are short range forces, They become negligible for distance more than 10 fm. This is called
Nuclear Range.
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{2) They are much stronger than electromagnetic forces (50 - 60 time stronger).

{3} They are independent of charge.

{4) The nuclear force is same between a Proton — Proton and Meutron — Newtron or Neutron — Proton,
{5) Muclear force Fy,, = F o = N Net force Fy, = F . = Fae. ( except gravitational force)

{6) This is not a central force.

{7} It depends on the spin. Same spin means greater force.

Radioactivity
Henry Becquerel (1896} cbserved that a photographic plate gets blackened, when placed near double sulphate
of potassium and uranium. He further observed that uranium emitted special kind of rays. They were called
Becquerel rays.

Pierre and Marrie Curie observed that the radiation from pitchblende was four times stronger than uranium.
In 1898, they finally discovered two new substances Polonium (,Po?'%) and Radium (,Ra®"). The radiation from
radium was found to be more than million times that of uranium.

These newly discovered substances emitting radiations were called radioactive substances and this property
of emitting radiations spontaneously by these substances was named radioactivity. Since then, many
more radicactive substances have been discovered. Some occur naturally while others have been produced
artificially.

Many more radioactive substances were discovered later on. Schmidt and Curie (1898) discovered Thorium
and Debierne (1899) discovered Actinium.

Radioactivity is exhibited by elements of high atomic weight (Z = 82) where nuclei are unstable and break up
on their own into simpler elerments giving out radiatigns.

Properties of radicactive substances :

Radiations from radioactive substances havethree outstanding properties :

(i) They affect a photographic plate like light or X-rays.

(i} They penefrate through matter, the thickness depending upon the nature of radiations and source.
(iii} They ionise the gas through which they pass.

Nature of Radioactive Rays

Rutherford {1902) studied the effect of electric and magneatic fields on the radioactive rays emitted by different
radioactive substances. y-Rays

, " ; . Electric Field
He kept a radioactive substance in a thick-walled “"!° T —_—

lead box and applied an electrostatic field to the \\\ ]| p-rays

radioactive rays emerging from a narrow opening in

the box, He also studied the behaviour of these Y |

radiations in magnetic field. He observed that \ |/
el

radicactive rays or particles are of three types. .

(il Alpha rays («-Rays)-Rays which are deflected S

towards the negative plate are called alpha rays. 4 Radicactive
" . T substanca
(i} Beta rays ([-rays}-Rays which are deflected | aad sniel Moynetic field

towards the positive plate are called ‘beta rays', ® Radioactive substance

(i} Gamma rays {y-rays}—Rays which go undeflected by the electric field are called ‘gamma rays”.

W) The direction of deflection confirmed that c—particles are positively charged and [i-particles are negatively
charged.
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No radioactive substance emits both o and B-particles simultaneously. y—rays are emitted along with both
o and [i-particles.

Rutherford (1900) chserved that Thorium gave off small amounts of radio active gas called thorium emanation
or thoron.

Curie observed that radium gives off a radicactive gas, radium emanation or radon. While actinium produce

actinon.
Comparison of the properties of o—particle, f—particle and y—rays
Sr. No Property o-particle B-particle ¥-Rays
1. MNature Helium nucleus Fast moving electron | Highly energic photons or
electromagnetic waves
2. Penetrating power | Minimum 100 times that of 100 times that of [-particles
w-particles
3 lonising power 100 times that of 100 times that of Minimum
[-particles (-rays
4, Charge +32=10%¢C —-1E6=10"C Zer
Velocity 1.4 107 to 1% to 99% of the 3= 108 mis
2.2 = 10" mfs velocity ofdight
6. Rest mass 6.6 x 10797 kg 9.1 =03 kg Zero

Radioactive Decay Law

It is the property by virtue of which a heavy@lement disintegrates itself without being forced by any external
agent to do so.

It was discovered by Henry Becquerel in 1896.
Radioactivity is not affected by temperature, pressure or chemical combination.

There is absolutely no way to predict whether any given nucleus in the sample will be among the small number
of nuclei that decay during the next second. All have an equal chance.

dhy
ot o N N = number of nuclei present at the instant.
N
g &N (4 iz decay constant)
= N=Nge™ N, = initial number of nuclei

Activity A = —% =aNe ™ =N

A=Age™ A, = initial activity
Units 1 becquerel = 1 decay/second (Bq is Sl unit of activity)
1 curie = 1Ci = 3.7 = 10'° By,
1 rutherford = 10° disintegration/second
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Half Life
When .N =% ur.A =%
Tz = ln2 0693
A FA
Average Life
L

Ty = TS ort, =144 1,
or
T, = 0693 7,
Applications :

{1) In one half life, concentration of the nuclei becomes half of initial value,

att=0 N=N,
NI:I
att= T, "2
No
—_ N =
att=2T, 7% 2
N
att=nT,, = 2—,?
A N 1Y , ,
E N .&J {n is the number of half lives completed)
x]
{2) The above results can be generalised as follows,
att=0 N=N,
t=T N= Ny say
X
N
= t=2T N==
X
|l.I"'rl:l
t=nT = PO

{3} In one mean/average life N = 37% of N (0.37 N,)
{4) In two mean/average ife N = 0.135 N,
(5) (&) log N =log N, - Lt
(b) log R =log R, — At
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NaorR log N, §

(6) As radiation penetrate into matter, the intensity goes on decreasing as / = ;g where x is thickness,
(7) o-decay , U —s 234Th, + *He,, Q = 4.25 MeV/
(8) p-decay

(a) B decay 2P 5 “S+e +7 (NP + e + V)

b) B* decay g;l:u — S;Ni +e" +v(Poan+e®+v)

(c) Anti-neutrino v and neutring v are massless parficles having same spin.
{d) The above decay shows that neutrons and protons arenot fundamental particles,

(&) Antinutrino and nutrino can not be detected easilyclt's concept was introduced to conserve angular
momentum and energy.

Binding Energy
The amount of energy needed to separate the constituent nucleons to large distances.
or

If the nucleons are initially well separated”and are brought to form the nucleus, this much energy is released.

BE =(Zm,+Nm, -M)c* | (where M = mass of nucleus)

The binding energy of an c-particle from the following data is 28.3 MeV.
mass of JH = 1,007825 u 1u = 931 MeV

mass of neutron = 1.008625 u

mass of ;He atom = 4.00260
Binding Energy Variation with Mass Number

&

B.E..Fnuc:leunﬁ. ‘N Fe
{MeV) He -Be

5r- . BEMmucleon is maxmum for
A= 56

[Mass Mumber—e
Muclear Fission and Fusion

B.E./nucleon is very low for light nuclei. This means energy will be released if two nuclides combine to form
a single middle mass nuclide.
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Muclear fusion occurs at high pressure (= 10° atm) and high temperature (107 to 10° K)

{a) Scurce of energy of stars and sun is nuclear fusion.

(b} Fusion reaction in sun (proton - proton cycle)

4 H' — He' + 2" + 2y + 26.73 MeV

{c) For the same mass of the fuel energy released in fusion is much more than in fission.

{d) Atom bomb — Based upon fission, hydrogen bomb — Based upon fusion.

Parallely, the low B.E. for heavy mass number indicates that if a single heavy mass nuclide breaks up into
middle mass nuclide energy will be released. (Nuclear Fission).

Muclear fission was discovered by Ottohann and Strassman
A stable nuclei maintains its constitution all the fime.

An unstable nucleus emits some kind of particle and changes its constitution.

'l
For light stable nuclei, the neutron number is equal to the proton number 7 1.

In heavy nuclel, radius is large and many nucleons pairs may not interact with each other. But coulomb force
is long range. Thus repulsive force may be more. To achieve stability, number of neutrons are more than

N
protons. So Z ratio increases with A,

But it is not necessary that more N/Z means more stability. A very large nucleus can not be stable for any

value of N/Z. The heaviest stable nuclide is *""Bi

aa=n
{a) Fission of U*** pcours by slow neutrons (1.8%) or by thermal neutrons (of energy about 0.025 eV)
{b) Fission reaction of U233

g?uzss +n”1 - gzU”E 5353141 +“Krg-2 +3‘n”1 +Q
{Unstable)

{c) In fission of ,,U?*, on an average 2.5 neutrons (energy-about — 2 MeV, named as fast neutrons) are
libarated.

{d) Energy released in U?** fission is about 200 MeV.
(&) Muclear Reactor
i) Controlled chain reaction takes place
(i} fuel used - enriched uranium, plutonium,
(iii) Moderator slows down neutron. e.g. DO, graphite.

i) Control rods absorb excess neufron e.g., cadmium, boron,

g o u
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SECTION - A

Objective Type Questions
Muclear forces are not
(1} Short range
(3} Spin independent 4} Charge independent

(2) Exchange forces

The value of Z and A in the following reaction are
respectively

szuzaﬂ_ i Th !ﬁ Psa [ 1] U o s+ Th

-~y _RaA —== Rn ——Po
(1) 88, 230 2y 88,226
(3) 90, 230 4y 90, 226
Two radicactive nuclei having half life periods
20 years and 15 years respectively have initial

activities in the ratio 1 : 2, After how many years)
both posses equal activity?

(1) 60 2) 120
(3) 180 (4) 30

The count rate of a radicactive source at { = 0 was
1600 counts/s and at £ = 8 s, it was 100 counts/s.
The count rate at f = 6 5 was

(1} 150 counts/s (2) 300 counts's
(3) 200 counts/s (4) 400 counts/'s

In a sample of radio active material, what fraction
af initial Arumber of active nuclei will be
disintegrated after half of a half life period?

721 1
) 5 @ 5

1 7 -1
(3 ﬁ i4) J_T

In the following nuclear reaction, what is x 7
HE o+ B CF 5 He® 1 2x

(1} c-particle
(3} [-particle

2} Deutron
{4} Positron

A radioactive element X disintegrates to form . At
any instant f, the ratio of number of atoms of X
and ¥ are respectively 1 : 15. If initially there is no
¥ and half life period of X is 15 years, then fin
years is

(1) 70 {2) 50
(3) &0 {4) 40
A radicactive nuclel, decay by two different
processes. The half life for 1st and 2nd processes

are § years and 2 years respectively. Then effective
half life is

10
(1p°T years 2 = years

7
(3) 10 years {41 3 years

What is the relation between half life {f) and average
life {T) of a radioactive nucleus?

T 0693
1 = 2 -
(1) t= e @ t=—
(3) 70639 @4 r_o_t
T== T=3%e
SECTION - B

Previous Years Questions

If the nuclear radius of 27Al is 3.6 fermi, the
approximate nuclear radius of Cu in fermi is
[AIPMT 2012)

(1) 4.8 (2) 3.6
(3) 2.4 (4) 1.2

A mixture consists of two radioactive materials A,
and A, with half lives of 20 s and 10 s respectively.
Initially the mixture has 40 g of A, and 160 g of A,
The amount of the two in the mixture will become

equal after [AIPMT 2012]
(1) 20s (2) 405
(3) 60s {4) BOs
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Muclei

3

A certain mass of Hydrogen is changed to Helium
by the process of fusion. The mass defect in
fusion reaction is 0.02886 u. The energy liberated per
nucleon is (given 1 u = 931 MeV) [NEET-2013]

(1) 26.7 MeV (2) 6.675 MeV
(3) 13.35 MeV (4) 2.67 MeV

The half life of a radioactive isotope X' is 20 years,
It decays to another element Y which is stable.
The two elements 'X" and 'Y were found to be in
the ratio 1 : 7 in a sample of a given rock. The age
of the rock is estimated to be [NEET-2013]

2y 80 years
4) 40 years

{1) 80 years
{3) 100 years
The binding energy per nucleon of JLi and iHe
nuclei are 5.60 Me\ and 7.06 MeV, respectively. In

the nuclear reaction JLi+)H —3 He +; He+Q, the
value of energy Q released is [AIPMT 2014]

(1) 19.6 MeV 2) —2.4 MeV
(3) 8.4 MeV 4 17.3 MeV

A radio isotope X with a half life 1.4 = 10° years
decays of ¥ which is stable. A sample of the rock
from a cave was found to contain X and Y'in the rati
1:7. The age of the rock is [AIPMT 2044]

{2) 3.92 = 10° y&ars
¥
(4) 8.40 » 10° years

(1) 1.96 = 107 years
{3) 4.20 x 10° years

A nucleus of uranium decays at rest into nuclei of
thorum and helium, Then [Re-AIPMT-2015]

(1} The helium nucleus has less kinetic energy
than the thorium nucleus

(2} The helium nucleus has more kinetic energy
than the thorium nucleus

(3} The helium nucleus has less momentum than
the thorium nucleus

(4} The helium nucleus has more momentum than
the thorium nucleus

If radius of the %] Al nucleus is taken to be R,
then the radius of 2°Te nucleus is nearly

[AIPMT-2015]

a Qo Q

10.

1.

12.

13.

14,

) 13"
(1) [E] Ry
5
(3) ERAI

The half-life of a radioactive substance is 30
minutes. The time (in minutes) taken between 40%
decay and 85% decay of the same radioactive

substance is [MEET (Phase-2) 2016]
(1) 15 (2) 30
(3) 45 {4) 60

Radioactive material "A' has decay constant ‘84" and
material 'B' has decay constant "4, Initially they
have same number of nuclei. After what time, the
ratio of number of nuclei of material 'B" to that "A'

wil be =7 [NEET - 2017]
K 1

(1) Y (2) o
1 1

®) 55 @ 57

The ratio of kinetic energy to the total energy of
an electron in a Bohr orbit of the hydrogen atom,

is [NEET - 2018]
(1 1:1 2y 1:-1
3 1:-2 ) 2 -1

For a radioactive material, half-life is 10 minutes.
If initially there are 600 number of nuclei, the time
taken (in minutes) for the disintegration of 450

nuclei is [NEET - 2018]
{1} 20 {2) 10
{31 15 {4} 30

n-particle consists of [MEET-2019]

(1) 2 protons and 2 neutrons only

[2) 2 electrons, 2 protons and 2 neutrons
(3) 2 electrons and 4 protons only

(4} 2 protons only

The rate of radioactive disintegration at an instant
for a radioactive sample of half life 2.2 x 10 s is
10" 57", The number of radioactive atoms in that
sample at that instant is  [NEET-2019 (Odisha)]
(1) 347 = 10" (2) 3.17 = 10%
(3) 3.17 x 10'7 (4) 3.17 x 101
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Chapter 14

Electronic Devices

-

SUb'tﬂPi':_El Energy bands in solids (gualitative ideas only), conductors, insulalors and semiconductors,
semiconductor diode-I-V charactenstics in forward and reverse bias, diode as a rectifier; I-V
characteristics of LED, photodiode, solar cell, and Zener diode; Zener diode as a voltage
regulator. Junction transistor, lransistor action, characleristics of a transislor, transistor as an
amplifier (comman emitter configuration) and oscillator. Logic gates (OR, AND, NOT, MAND
and NOR). Transistor as a switch.

Energy Bands in Solids (Qualitative ldeas Only)
They can be classified as :
{1) Metals : They possess very low resistivity dvhigh conductivity. (p is of the order of 10°% to 10°% £-m).
(2) Insulators ; They have high resistivity{p ~ 10% £2-m).
{3) Semiconductors : They have resistivity intermediate to metals and insulators. (p ~ 10% to 107 £-m).
(a) Elemental semiconductor : Si and Ge
ib) Compound semiconductor : CdS, GaAs, anthracene, poly aniline ete.

Energy Band : A group of closely spaced energy levels is called energy band. When a solid is formed by a
collection of large number of atoms, the energy levels of single atom split into a group of closely spaced energy
levels.

Due to merging and splitting of outer energy levels, two energy bands are formed. Lower energy band is called
valence band. Higher energy band is called conduction band.

Conductors Insulator

t ce
Energy
| E.=3ev
r
VE
O Band overlap (@]
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Semiconductor

Instrinsic : A semiconductor in pure form,

{1} In instrinsic semiconductor, at 0K, VB is completely filled and CE is completely empty.
{2} Instrinsic semiconductor is pure insulator at 0 K.

{3) At temperature above 0 K (say room temperature) VB is partially empty and CE is partially filled. Therefore
it can conduct at room temperature.

Y

E,<3eV T=0K

(4] With increase in temperature, number of free electrons in conduction & —+ T(K}
band vary as n = nye -5/,
Therefore conductivity of semiconductor increases exponentially with increases in temperature.

{5} Jumping of an electron from VB to CB is equivalent to breaking up of a band and creation of electron- hole
pair, The electron created moves to interstitial$oid.

{6) In an intrinsic semiconductor n_ = n, = ny
where 1, = number density of intrinsicocharge carriers.

(7} n;is a constant at a given temperature. By doping, n_ or n, increases, but their product ie., n, n, = constant.
= n?=n,n, = conslant (at a given temperature).

Extrinsic Semiconductor

The conduction property of a semiconductor can be drastically changed by addition of impurities (DOPING).
A semiconductor with impurity added is called extrinsic semiconductor.

N-type semiconductor P-type semiconductor

1. Pentavalent impurity is added 1. Trivalent impurity is added

E,=00tev 4 -
Energygap |51V RhhhbERhhR] E =aotey |5 F1ev

2 Danor enargy o) _ Acceplor energy
] lawal ' el lavel Briergy 0ap
vE v
2 = 2 =
3. n ==n, but ng=nn, 3. n,F=an, butng =nn,
4. Electrically nautral 4. Electrically neutral
5. Majority charge carriers — electrans 5. Majority charge carriers — holes.
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Conductivity : o = elnu, + mul.
n, = number density of conduction electrons

n, = number density of holes

i, = mobility of electron = Ve (v, = drift velocity, E = electric field)

E
atn Vi
K, = mobility of holes = £
\ \ — Ly =
Semiconductor Diode — =0
{1} Due to concentration difference, diffusion =] N P N
of holes from P to N and diffusion of hhhleee h n:E LIe a
e = + h
electrons from AN to Plakes place. hegeh Eﬂﬁ{;‘e . h h:#‘ i:e e ’
a8 =
(2) P side attains lower potential. hhhleee P "Iﬂhe PN
—|n +

{3} N side attains higher patential.

(4} An electric field is created directed from p-side to P-side.
(5} Any hole near the junction is pushed into left half and electron is pushed into right half.

(6) Mo free charge carriers are left in a small region near the junction. This is called Depletion layer.

Diffusion Current : A current flows from p-side to n-side due to diffusion of electrons from p-side to p-side
and diffusion of holes from p-side of n-side. This is due to majgrity charge carriers,

Drift Current : A current flows from n-side to p-side due toodrifting of minority charge carriers,
Diffusion current increases with decrease in strength ofelectric field and vice versa,

Drift current is fairly independent of electric field urless it is very strong. In this situation, the electric field may
cause breaking up of bonds and large amount.of drift current flows in a circuit. This situation is called break
down, Break down voltage depends on doping.

Zener breakdown ; When doping is very high, zener breakdown takes place,

Avalanche Breakdown : When doping is not so high, avalanche break down takes place.

Note : For an unbiased P-N junction, |, =1, ie., | =0

IV Characteristics

- *
Forward Bias : e:E el
(1) Barrier electric field strength decreases. 3
h h= tg @
(2} b= 1, Fl,—2, N
{3} Thickness of depletion layer decreases. I—"t:=-’.rﬂ,

{4) P-N junction offers low resistance.

Reverse Bias
{1} Barrier electric field strength increases
@ 1, > Iy

(3) Thickness of depletion layer increases,

ol = = =

(4} P-N junction offers high resistance.
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fim)

R = sVl (dynamic resistance)
Zener
voltage

VﬂRuwréa}lE KE:; i"'{Furward}
voltage

fipA)

{3) In reverse bias resistance is high, but at breakdown, B = 0 = AV = 0 or V = constant.

{6) As a P-N junction conduct only in one direction, it is called diode valve.

Diode as a rectifier

(a) Half wave rectifier

I oy :
nput R, % Output [N fm=%
|

Step down nesn
transformer

i1l Input frequency = Qutput frequency of ripple
(i} Maximum Efficiency = 40.6%

ac component.c | 17

(lii) Ripple factor r = ————0=
dc component 12 gan

-1=121

(b) Full Wave Rectifier

Output T . I
Input { %H% output _L_i" - =ﬁ
- L

Centre tap Iean
transformer

IS

i) Output ripple frequency = 2 = input frequency
(i) Maximum Efficiency = 81.2%.

(iii} Ripple factor r= 0.48

I-V characteristics of LED

When a junction diode is forward biased, energy is released at the junction due to recombination of electrons and
holes. In case of silicon and germanium diodes, the energy released is in infrared region. In the junction diode
made of gallium arsenide or indium phosphide, the energy is released in visible region. Forbidden energy gap for
Gahs is 1.4 eV which gives infrared radiation when recombination of electrons and holes takes place but when
this is doped with A/, the width of depletion region increases, so it gives visible light in forward bias.
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Light emitting diode is a heavily doped p-n junclion encapsulated with a transparent cover so that emitted light
can come out. When the forward current of the diode is small the intensity of light emitted is small. As the forward
current increases, intensity of light increases and reaches a maximum. Further increase in the forward current
results in decrease of light intensity. LEDs are biased such that the light emitting efficiency is maximum.

The Y-l characteristics of a LED is similar to that of a silicon junction diode but the threshold voltages are much
higher and slightly different of each colour. The reverse breakdown voltages of LEDs are very low, approximately
around 5V, So high reverse voltages should not appear across them.

LEDs are used in remote controls, burglar alarm systems, optical communication system etc, Advantages of
LEDs over low power conventional incandescent lamps is that they have less operational voltages, less power
consumption, fast action with no warm up time, are nearly monochromatic, have long life and ruggedness and
have quick switching on-off capability.

Photo diode

In semiconductors, current carrers are produced when energy is supplied to release electrons from valence band.
In photo dicdes this energy is supplied in the form of light energy. A junction diode made from photo sensitive
semiconductor is called a photo diode. It is represented by the symbol as shown in figure. In photodiode one region
is made so thin that incident light may reach the depletion region.

FPhoto diode is operated under reverse biasPWhen the photo diode is illuminated with energy greater than the
energy gap {Eg} of the semiconductor, thén electron-hole pairs are generated. The construction of photo diode is
such that electron-hole pairs are generated in or near the depletion region of the dicde. Inside the diode, electric
field is such that electrons are collected on M-side and holes are collected on P-side giving rise to an emf. Hence,
when an external resistance is connected then current flows through it. The photo- current is proportional to

incident light intensity.

If a photo dicde is forward biased then photo current will be more, still a photo-diode is connected in reverse bias
because fractional change in reverse biased current is easier to observe when light intensity falling on it changes.
Thus photodicdes can be used as photodetector to detect optical signals. The typical
characteristics of photodiode is shown below.

+mé

Reverse

) Bias
J N volt
1
F2
I
Ir“ L ] |.l|'E'|.

(L=h=h=>1)
Fig. : Characteristics of photo diode for different illumination intensity £, > 1, > [, >/,
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Solar cell

A junction diode, in which one of the p or n-regions is made very thin (so that the light energy falling on the
diode is not greatly absorbed before reaching the junction), can be used to convert light energy into electrical
energy.

In a solar cell one region is made very thin so that most of the light incident on it reaches the depletion
region. In this diode (selenium is used as semiconductor) when photons of visible light incident to depletion
region, electrons jump from valence band to conduction band producing electron-hole pairs. These free
electrons under the influence of barrier electric field moves to n region and holes move to p region, so the
potential of p region increases and that of n region decreases. A net potential difference develops across the
junction, Hence when a load resistance is connected to p-n junction, electrons flow in the resistor from B
to A resulting into a net current from A to B as shown in figure,

L

p type 3

ntype

M

Mote that the -V characteristics of solar cell is degwn in the fourth quadrant of the co-ordinate axes. This is
because a solar cell does not draw current but sUpplies the same to the load.

Jlf

V.. (open circuit voltage)

\ *

ishort circult current)

Fig : I-V characteristics of solar cell

Since solar radiation spectrum has maximum intensity at 1.5 eV, therefore, semiconductors with band gap close
to 1.5 eV are ideal materials for solar cell fabrication. Materals used are Si, Gafs, CdTe, Cu In 832 elc.
Materials should have high optical absorption, electrical conductivity, low cost and availability. Solar cells are
extensively used to power electronic devices in satellites and space vehicles, in caleulators etc.

Zener diode

In the usual junction diodes, the reverse current increases rapidly at large reverse breakdown voltage. The
junction diodes of low power rating are destroyved by reverse breakdown voltage. The specially designed junction
dicdes which can operate in the reverse breakdown voltage region confinuously without being damaged, are
called Zener dicdes. These are generally highly doped Silicon diodes. Silicon is preferred over germanium
because of its higher thermal stabilities.
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A Zener diode is represented by the symbol shown in figure (a)

R
o W s
P n £3
wE
_[>\LL = R, Constant DC
= E output
(a) o

(k)
An important application of Zener dicde is that it can be used as a voltage regulator. The regulating action
takes place because of the fact that in reverse breakdown region, a very small change in voltage produces
a very large change in current. In the Zener region, the resistance of the Zener diode drops considerably. Let
us consider a Zener dicde and a dropping resistor R connected to a fluctuating de supply such that Zener
diode is reverse biased [figure (b)]. When the applied voltage is such that the voltage across Zener is less
than Zener voltage, the diode will not conduct. Hence the output voltage will be proportional to the input voltage

and is given by v, = RR’:‘? V., . but when input voltage is such that the voltage developed across the Zener
+y

is more than Zener voltage, the diode will conduct and will offer very small resistance. Hence it will allow all

the extra current and the output voltage will be equal to Zener voltage ie, V_ = V.. But every Zener diode

has a certain value of current limit and corresponding power limit. If the current in the Zener diode exceeds

this limit, the diode will burn out. Note that Zener diode is always used in reverse hias.

Junction Transistor

PNP MNEN
PN P N P N
h hie h hh h ectlhle ee e
hehhﬁehheh g€ e|le|le ee e
h hlel h_hh_h Cnlnleleele
Emitter Base Collector Emitter Base Collector

E c E C
B ‘B
(1} Arrow represents the direction of flow of emitter current or flow of majority charge carriers,
(2} Emitter is very heavily doped.

{3) Base is made thin and very lightly doped.
{4} Doping (base) < Doping (collector) <= Doping (emitter) and collector is wider than emitter.

Transistor Action

(1) Active state ; When E-B junction is forward biased and C-B junction is reverse biased,

{2} Saturation state : When E-B junction is forward biased and C-B junction is also forward biased.
{3} Cut off state ; When both E-8 and C-B junction are reverse biased.

Transistor is used in active state as an amplifier.

Current equation for transistor is

Characteristics of a Transistor
In CE configuration, the input is between the base and the emitter and the output is between the collector and
the emitter. The variation of the base current /, with base-emitter voltage E,_ is called the ‘input characteristic'.
Similarly, the variation of the collector current |, with the collector-emitter voltage E_, is called the output
characteristic. Note that if base current is increased or decreased then collector (as well as emitter Jourrent
increases and decreases respectively.
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The typical inpul characteristic graph between /, and E, , is shown below in Fig (a). The collector emilter voltage
E., is kept fixed while studying the dependence of |, on E, . It will be like forward biased diede graph as expected,
because emitter base junction in a transistor is forward biased

4 lplnA) _

1004 Ee=8Y E.=10V
80+ E.=12V
E.D__

A0+
20+

02 04 0.6 0.8 10 E,vol)
Fig (a) : Typical input characteristic of CE configuration

Since the increase in E_ appears as increase in E_, its effect on J, is negligible. As a consequence, input
characteristics for various values of E_ will give almost identical curves. Hence, it is enough to determine only
ane input characteristic curve.

The outpul characteristic is oblained by observing the variation of I, as E_ is varied keeping /, constant. It is
obvious that if E,_ is increased by a small amount, both hole current from the emitter region and the electron
current from the base region will increase. As a consequence both J, and I, will increase proportionately. This
shows that when [ increases [, also increases. The plot of I, versus E_, for different fixed values of |, gives one
output characteristic. So there will be different output characteristics corresponding to different values of J, as

shown in Fig (b).
4 L(mA) Base Current (i)

ELETEY

30 pA

8 E_(volt)
Fig (b) : Output characteristics of CE configuration

Transistor as an amplifier (Common Emitter Configuration)

[e=te=ic

PNP ' NPN
L L,
o -
b R.% Output G R Output
— —_
Input T e
vt | L I
v Voo Vec
Input V=V sin wf Output Vy = WV, sin (wf  w)
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AT\
\_/

(1} There is phase reversal of 180"

lll|i‘

2} DC current gain o
b

' Al

(3} AC current gain P = —=.
A

(4) AC voltage gain 4, = AVh
AV,

VI.'.\
{6) Power gain F’g =A% B,

(7) Ay =-f,. * R (negative sign shows a phase
difference of 180%)

Al

[

AV,

il

(8) Trans conductance g, =

() A, =-g,*R,

{3} Resistance gain Ry = % (R, = input resistance).
{

Some other related points

{1} For amplifiers in series, voltage gains get multiplied,

11 (e
A (-]
p
@) “ g7
. L)
@ P=9=3
(5) <1, p>1

Transistor as a Switch

Consider CE configuration of transistor as shown below in figure (A)

Figure (A)
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Applying Kirchhoff's voltage rule to the input and output sides of this circuit we get

Vi=lg- Rg+ Vge [V, = dc input voltage)
and V, = V.- 1I.- R, [V, = dc output voltage)
MNow we can analyse how V_ changes as V, increases from zero onwards.In case of Silicon transistor, if V,
is less than 0.6 V, Iy will be zero, hence /. will be zero and transistor will be said to be in cut-off state, and
V, = V... When V, becomes greater than 0.6 V, some I flows, so some /.. flows (transistor is in active state

now) and output V', decreases as the term I. - R, increases. With increase in V, the /. increases almost
lingarly and so V, decreases linearly till its value becomes less than about 1.0 volt.

Cut off
region

L

)&

_ Active:  Saturation
region region

E——
Figure (B) : Transfer characteristic

EBeyond this, the change becomes non linear and trangistor goes into saturation state. With further increase
in V, the output voltage is found to decrease furtherdowards zero (however, it may never become zero). If we
draw the V_ versus V, curve [Figure-(B)], we seeithat between cut off state and active state and also between
active state and saturation state there are regigns of non-linearity showing that the transition from cut-off state
to active state and from active state to satUration state are not sharply defined.

Mow the operation of transistor as a switch is understood the following way. When V, is low (in cut off region),
V_ is high. IT V, is high {in saturation region), then V, is low, almost zero. If we define low and high stales as
below and above certain voltage levels corresponding to cutoff and saturation of the transistor, then we can
say that a low input switches the transistor off and high input switches it on. Alternatively, we can say that a
low input to the transistor gives a high output and a high input gives a low output. The switching circuits are
designed in such a way that the transistor does not remain in active state.

Transistor as an Oscillator

The purpose of this circult is to generate large energy sinusoidal wave of desired frequency.

Tank
Circuit
4 CE v,
VigL 3¢ Amplifier

m,

Positive Feedback
Circuit

Figure (a) : Block diagram of feedback oscillator circuit
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As shown in the block diagram of Figure (a), we have a tank circuit which is essentially an L-C oscillation

i ) i . 1
circuit, It generates electrical oscillation (of low energy) of desired frequency given by f= ——.
g ( ay) quency g Lt Jc

This oscillating signal is then fed into a CE transistor amplifier where its power increases and it is sent as
output V. In a practical tank circuit, there are resistive and radiation losses in the coil L and dielectric losses
in capacitor C. During each cycle, a small part of the originally imparted energy is used up to overcome these
losses. The result is that the amplitude of oscillating current decreases gradually and eventually it becomes
zero when all the energy is consumed as losses. However, in practice, we need continuous undamped
oscillations for the successful operation of electronics equipment. In order to make the oscillations in the tank
circuit undamped, it is necessary to supply correct amount of energy to the tank circuit at the proper time
intervals to meet the losses. This is done by taking small fraction of output energy {mv_) and feeding to the
tank circuit with the help of positive feedback circuit, 'Positive’ word implies that the applied feedback energy
is in phase with the tank circuit oscillations. Also the applied feedback energy has the same energy as that
of the oscillations in the tank circuit.

v | | )
Here Fﬂ: Ag (gain of the complete amplifier with positive feedback]
4

Y
If Ais the gain of transistor CE amplifier (without feedback) then you can see A = ﬁ where m s
d +m &
v
feedback fraction. This gives A, = F" = 3 al i In order to produce continuous undamped oscillations at the
A =-m

i

output terminals of the amplifier, the positive feedback should be such that m - A = 1. Once this condition is
set in the amplifier with positive feedback, continuous_gndamped oscillations can be obtained at the output
immediately after connecting the necessary power sUpplies

In actual practice, a CE transistor amplifiep is used with LC oscillation as the input signal. Variable
capacitor ensures signal frequency of desired value as shown in Figure {b). The output of CE amplifier is 1807
out of phase with the input signal. So, it can't be directly used as a feedback signal, as it will work as negative
feedback. So the output is passed through another inductor L, which is mutually inducted with inductor L, of
tank circuit. As per Lenz's law the current induced in L, is again 180° out of phase (opposing nature of induced
emf) of L,. So now current induced in L, is in phase with itself and that is the way ‘positive feedback’ is
ensured in the tank circuit. (Here M is the coefficient of mutual induction between L, and L,). Value of M will
decide the feedback fraction m. Now the final output will be put into load resistance R, from where it can be

1

used as high energy wave of desired frequency f= G .
bl

Figure (b) : Transistor as an oscillator

There are many other types of tank circuits (say RC) or feedback circuits giving different types of oscillators
like Colpitt's oscillator, Hartley oscillator, RC-oscillator.

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.011-47623456



NEET Electronic Devices 179

Logic Gates

OR Gate : Y=A4+ B

A
0
0
1
1

=0 =0m
-1
[8s) Ta

-

1]

I

+

m
L:ULB

AND Gate : Y= A B

Al B|Y
0 0|0 a ¥
0 1 0 - ¥=A8
1 0|0 — | A B
1 1 |1 B ——
NOT Gate : Y= A
R
Al Y

NAND:V :E: E'{-E

O~ a8 A B

Al BlAB [AB| & |
5 4%
0o 0] o |1 U
o | 1] o |1
I S
1 0 0 1 A — A B
1 1] 1 ]o DOL.B |
]

NOR: 'F:A+B:E.§

A A+B A+B VQ
A | B [A+B]| A+B
0 |o | o | 4 B LA
o | 1 1 | o U
1 |o 1 0 A e ~B
1|1 1 | o ::j>°ﬂ |
B !

XOR Gate : v - 784 AR

o= o - o)
(=T = I B
B ot

= o=0|m
=R ]
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= >

-l :h-
N e A | m
e == I

Note :
NAND or NOR (called universal gates) alone can be used to realise NOT, AND and OR gate.

<
(1) NOT Gate : Q@QQ’

i
A Yo A @&Q A Y
N
é‘@ NOT
(2) AND Gate : N
\&
&Q)

A

$o AB NOT AB
B

NAND + NOT W HOR

(3) OR Gate :

] »—
N

NAND
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Try Yourself

SECTION - A 5. For a P-type semiconductor

(1) Free electrons are the majority charge carrier
Objective Type Questions
i2) Impurity atoms are known as donor atom
1. The following circuit constructed using PN junctions

denote (input - A and B, output - Y) (3) Conductivity is more than N-type semiconductor
A —k— (4) Impurity atoms are known as acceptor atom
. Y
B ——— 6. The analogus equivalent circuit for NOT gate is

. s, a
BV — ;

H

SUT

(1} OR gate
(2} AND gate ' »S
(3) NOT gate 2) Lms

(4} XOR gate —h—l

2. In case of an unbiased PN junction

(1) M side is at higher potential than P side (3) k B
(2) N side is at lower potential than P side L s

(3) There is no potential difference exists

(4} Mo electric field is present

3. For a transistor amplifier circuit

(1} Current gain in case of CE mode is larger than

CB mode
7 A
(2} Power gain in case of CE mode is larger than

CB mode }._- ¥
(3) In both CB and CE mode, base current is very B._@_I_
small

(4} All of these For the above circuit, Y is

4. For a transistor (¢ = 0.98) operating in CE mode, (1 A
if input resistance and load resistance are

respectively 182 and 1 kL2, the voltage gain is (2) B
(1) 960 (2) 60 x 10°° (3) A+B
(3} 24000 4y 3720 4) A'B
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8.

10.

11.

12.

The truth table for following gate with A, B as
inputs and ¥ as output is

0
Y

1)

- o O
= O = O |
—_ —h'|:l'|m

3) ()

O = I = R | = I = I = e

- = O O
== 0O = O |
—t’.‘b—hl:l"]]

o

In the following figure, assuming the diode to be
ideal, potential difference between A and B is

10k A

10k 10kL2

30V
l

=
{1 0 (2) 5V
(3) 10V {4 15V
In & common emitter transistor amplifier, using
output resistance of 5000 L and input resistance
of 2000 £, if the peak value of input signal voltage
is 10 mV and [} = 50, then the peak value of
output voltage is
(1) 5= 108V

(3) 125V

(2) 125 % 1074V
(4) 125V

The electrical conductivity of a pure germanium
can be increased by

16.

{1) Dopping acceptor/donor impurities
{2} Increasing the temperature
{3) Irradiating infrared light on it
{4) All of these
The shown band diagram at absolute zero is for

L_Jos

—— |Impurity
Level

Vil

13.

14.

17.

(1) P-type semiconductor

(2} M-type semiconductor

(3} Intrinsic semiconductor

(4} Conductor

Which of the following diode is forward biased?

5V

(1)-5V L @ I_H_MWJ
2\ 5Y -2V -5y
O L ] @ Do

Calculate the current from the cell in the following
circuit, if all the diodes are ideal. All the resistances
are of 200 Q.

200V
(1 Zero 2 1A
3) 2A @) 4A

In a common emitter transistor circuit, the current
amplification factor i is 50 and I, = 2 mA,
calculate V.,

V. =20V
490 k@ §

(1) 2v @ 1V

(3} 04V {4 03V

Copper has face centred cubic lattice with
interatomic spacing 2.5 A. The value of lattice
constant will be about.

(1) 0.35 A 2) 3.5 A
(3) 70 A 4 1.5 A

Distance between body centred atom and a corner
atom in sodium is (where a = lattice constant)

(1) % 2) a3
(3) @ 4) a2

Aakash Educational Services Limited - Regd, Office : Aakash Tower, 8, Pusa Road, Mew Delhi-110005, Ph.011-47T623456



184 Electronic Devices

NEET

18. Liguid crystal display monitors are made of

(1) Monocrystals (2) Single crystals
{3} Liguid crystals 4} Polycrystals
SECTION - B

Previous Years Questions

1.  Two ideal diodes are connected to a battery as
shown in the cireuit. The current supplied by the

hattery is [AIPMT 2012)
D, 100
AN —

D, 200
A AN —
5V
T
(1) 0.25A ) 05A
(3 0.75A 4) Zero

2. The figure shows a logic circuit with two inputs A
and B and the output C. The voltage wave forms
across A, B and C are as given. The logic circuit

gale is [AIPMT 2012]
B——t .
Cot, ot t &t
(1) AND gate (2) NAND gate
{3} OR gate (4) NOR gate
3. In a CE transistor amplifier, the audio signal voltage

across the collector resistance of 2 ki is 2 V. If
the base resistance is 1 k& and the current
amplification of the transistor is 100, the input
signal voltage is [AIPMT 2012]
1 1 mv
{2} 10 mv
(3) 01V
4 1.0V

4. C and 5i both have same lattice structure, having
4 bonding electrons in each. However, C is
insulator whereas Si is intrinsic semiconductor. This
is because [AIPMT 2012]

(1) The four bonding electrons in the case of C lie
in the second orbit, whereas in the case of Si
they lie in the third.

(2) The four bonding electrons in the case of C lie
in the third orbit, whereas for Si they lie in the
fourth orbit.

(3) In case of C the wvalance band is not
completely filled at absolute zero temperatura.

i4) In case of C the conduction band is partly
filled even at absolute zero temperature.

Transfer characteristics [output voltage (V) vs input
voltage (V)] for a base biased transistor in CE
configuration is as shown in the figure. For using
transistor as a switch, it is used

[AIPMT 2012]
YRRl
—

(1} In region Il
2} In region |
(3} In region I
4} Both in region (1) and (111

In a n-type semiconductor, which of the following
statement is true? [NEET-2013]

(1) Electron are minority camiers and pentavalent
atoms are dopants

(£) Holes are minority carriers and pentavalent
atoms are dopants

i3) Holes are majority carriers and trivalent atoms
are dopants

(4} Electrons are majority carriers and trivalent
atoms are dopants

In a common emitter (CE) amplifier having a voltage
gain G, the transistor used has transconductance
0.03 mho and current gain 25, If the above
transistor is replaced with another one with
transconductance 0.02 mho and current gain 20,

the voltage gain will be [MEET-2013]
1
(1) 156G (2 36
5 2
(3 EG 4 EG
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8. The output {X) of the logic circuit shown in figure (1) 35 mA {2) 30 mA
wiliae [NEET-2013] (3) 40 mA (4) 20 mA
A '_DD_EDD_‘X 12. The input signal given to a CE amplifier having a
Ee— _
veltage gain of 150 is V, = 2'3'35[1 5t + EJ The
1) x=AB () X=AB corresponding output signal will be
3 X=A+B ) x=AB [Re-AIPMT-2015]
9. The given graph represents V - [ characteristic for : 4 . .
. . T T
a semiconductor device. (1) 30[]1::05[1 5t+€] ) Bmms[‘IEHE‘J
t | .
! i
(3) ?5:05{15!‘ - %] () 2::05[ 15t + %]
e = 13. Which logic gate is represented by the following
,_/ v combination of logic gates? [AIPMT-2015]
B
. v
Which of the following statement is correct? A
[AIPMT 2014] ¥
{1) Itis V — I characteristic for solar cell where
point A represents open circuit voltage and point a8
B short circuit current Y
{2) Itis for a solar cell and points A and B represent ) NOR (2) OR
open circuit voltage and current, respectively a 5 4) AND
{3) It is for a photodiode and points A and B } D ( _ )
represent open circuit voltage and current,e” 14- Ifin a p-n junction, a square input signal of 10 V
respectively is applied, as shown
{4) Itis for a LED and points A and B represents +5
open circuit voltage and short circuit current
respectively e R
10. The barrier potential of a p-n junction depends on: -5 o o

11.

a. Type of semiconductor material
b. Amount of doping

c. Temperature
Which ane of the following is correct?
[AIPMT 2014]
{1) aandb only (2) b only
{3) band c only 4) a, bandc

In the given figure, a diode D is connected to an
external resistance R = 100 Q and an e.m.f. of
3.5 V. If the barrier potential developed across the
diode is 0.5 V| the current in the circuit will be

(] 100 &

[Re-AIPMT-2015]

15.

then the output across R, will be

o >V @

10
L

To get output 1 for the following circuit, the correct
choice for the input is [MEET-2018]

o )

(1Y A=1,8=0,C=1
2) A=0,B=1,C=0
(3) A=1,B8=0,C=0
4y A=1,8=1,C=0

[AIPMT-2015]

=10V

M oy
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16.

17.

18.

19,

20.

NEET

Consider the junction diode as ideal. The value of

current flowing through AB is [MEET-2016]
A I~ 1 k& B
Wir >t 2y
(1) 10%A 2) DA
(3) 102A {4 107" A

A npn transistor is connected in common emitter
configuration in a given amplifier. A load resistance
of 800 Q is connected in the collector circuit and
the voltage drop across it is 0.8 V. If the current
amplification factor is 0.96 and the input resistance
of the circuit is 192 Q, the voltage gain and the
power gain of the amplifier will respectively be
[NEET-2016]

(1) 4, 369 (2) 4,3.84

{3) 3.69, 3.84 4) 4, 4

For CE fransistor amplifier, the audio signal voltage
across the collector resistance of 2 k2 is 4 VI
the current amplification factor of the transistor is
100 and the base resistance is 1 kL, then the
input signal voltage is

[NEET (Phase-2) 2016]
(1) 10 mVv 2y 20 mv
(3) 30 mV

The given circuit has two ideal diodes connecled as
shown in the figure below. The current flowing
through the resistance R, will be

[NEET (Phase-2) 2016]

() 15 mv

20
vt R0 ¥
'|' R.330 Rz
(1) 25 A (2) 10.0A
(3) 143A (4) 3.13A

What is the output ¥ in the following circuit, when
all the three inputs A, B, C are first 0 and then 17

[NEET (Phase-2) 2016]
P )—
é: [a>—
(2) 0,0
@ 1,1

21

22,

23,

24

25,

Which one of the following represents forward bias
diode? [NEET - 2017]

m'n‘u' R -2V

(2) =4V I R -3

(3) 2V R +2 W

LY R 5V

The given electrical network is equivalent to

[MEET - 2017]
A ¥
=]
(1) AND gate {2) OR gate
(3) NOR gate 4] NOT gate

In a common emitter transistor amplifier the audio
signal voltage across the collector is 3 V. The
resistance of collector is 3 k2. If current gain is
100 and the base resislance is 2 k2, the voltage
and power gain of the amplifier is  [NEET - 2017]

(1):200 and 1000 (2) 15 and 200
(3) 150 and 15000 (4) 20 and 2000

In the combination of the following gates the
output ¥ can be written in terms of inputs A and

B as [NEET - 2018]
A
Howe

Y
(1) AB 2) A-B+A-B
3) A+B 4) AB+A-B

I the circuit shown in the figure, the input voltage
Vi is 20 V, Ve = 0 and V. = 0. The values of
lg | and [ are given by [MEET - 2018]

20V

(1) Iy =40 pA, I, = 10 mA, = 250
(2) 15 =25pA, I, =5 mA, p =200
(3) l5=40 pA, I; =5 mA, p = 125
(4) 15 =20 pA, I, =5 mA, [ = 250
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26.

27,

28,

In a p-n junction diede, change in temperature due
to heating [MEET - 2018]

(1) Affects only reverse resistance
(2) Affects only forward resistance

(3) Affects the overall V - | characteristics of
p-n junction

(4] Does not affect resistance of p-n junction

For a p-type semiconductor, which of the following
statements is trug ? [MEET-2019]

{1} Electrons are the majority camiers and trivalent
atoms are the dopants.

{2) Holes are the majority carriers and trivalent
atoms are the dopants.

{3) Holes are the majority camers and pentavalant
atoms are the dopants.

{4) Electrons are the majority carriers and
pentavalent atoms are the dopants.

+6

A0 R

al
LED )

R
]
L
B 1

29.

30.

The correct Boolean operation represented by the

circuit diagram drawn is [MEET-2019]
(1) AND (2) OR
(3] NAMD 4] NOR

An LED is constructed from a p-n junction diode
using GaAsP. The energy gap is 1.9 eV, The
wavelength of the light emitted will be equal to

[NEET-2019 (Odisha))
(1) 654 = 10" m (2) 104 =10 m

(3) 654 nm (4) 654 A

The circuit diagram shown here corresponds to the
logic gate [MEET-2019 (Odisha)]

+BV
R

A,..f”":? %

B~ 0
1
=) LED(Y)

¥ R
(1) NAND 2) NOR
(3) AND {4) OR
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Sample Question Paper-1

Choose the correct answer :

1.

Two small equally charged spheres, each of mass
m, are suspended from the same point by silk
threads of length L as shown below (x<<L). The
rate with which the charge leaks off each sphere

if their approach velocity varies as V =% cis
x

constant) is

5 o /
{2} Efr' ﬂEum—g
1 /
3) 5"1,’4“EDE ) %Jmﬁ

An electric dipole of length 1 cm is placed at ap
angle 60°C with an electric field intepsity
0.1=10% N/C. It experience a torque egual to

2.f3 N-m. The charge on dipole is
(1) 4 mC () 3mC
(3} 2mC 4) 8mC

The potential difference (V, — V) in the given figure
is

I=1A v

Vi 30 20 10 Ve
(1) 13V @) 12V
3 1MV @) 10V

Two capacitors C, and C, of capacitance 3 pF and
9 pF are connected to a cell of emf 12 V as
shown in figure. The ratio of electrostatic energy
stored in capacitor C, and capacitor C, is

1) 1:1 2y 1:3
(3 3:1 4y 3:4
Which of the following statement is true?

(1) The cause of charging is actual transfer of
protons from one material to the other

{2) Protons are transferred from material of lower
work function to the material whose work
function is higher

{3) Electrons are fransferred from material of lower
work function to the material whose work
function is higher

{41 All of these

A long wire camying a steady curmrent is bent into
a circular loop of two turns. The magnetic field at
gentre is 10 T. It is then bent into a circular loop
of 10 turns. The magnetic fizld at the centre of this
coll of 10 turns will be

(1) 250 T (Z) 00T

{3 107 i4) Zero

A 20 Q resistance and a capacitor of 20 Q
reactance are connectad in series across 220 W
The value of displacement current is

11

1) EA 2y 1A
10
(3) EA 4) 10 A

An inductor 200 mH and resistor 20 2 are
connected in series across a source of 220 VW,
50 Hz. The impedance of the AC circuit is

(1) 10n (2) 2047 ©
(3 101+n 2 (4) 2041+7° Q
A charged particle carrying a charge 3.2x107% C

is moving in a magnetic field of (5 +4/) T with

velocity (31 +2) mis . The magnetic force acting
on charged particle is
(1) 3.4 x 102 N
(3) 6.0= 10N

(2) 6.0x 10" N
(4) 6.4 x 1019 N
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10. The magnetic field at centre O of a coil bent in the {0
form of a square of side a= JzZ m carrying current L _{CI R
1in clockwise direction is
2,
1) —::ﬂ ; vertically upwards
2 2l riically downward ©
(2} — — vercally ards V= Vsinmt
'Zu.;f_ _ 1) 30V (2} Zero
{3) T, vertically upwards {3} 50 Y |:‘4} A0V

11.

12.

13,

! .
4) i: vertically downwards

If two bulbs (30 W, 220 V} and (70 W, 220 V) are
connected in series with 220 V supply, then
effective wattage is

(1) 21w
(2) 100 W
(3) 30W
(4) 40w

An electric circuit containing a wire of resistance
2 1, inductor and battery is shown. At { = 0 switch
is closed. In steady state variation of potential drop
as one maoves from A to C is comectly shown in

A L=2mH g R=20

—
20V 5
vV
g U
(1) 2) [
A B8 C
a B C
v .
®) K )
A E o A 8 C

The given LCR series circuit is at resonance.
Potential across the inductor capacitor and resistor
are 40V, 40V and 30 V respectively. The reading
of valtmeter will ba

14.

15.

16.

17.

18.

Select incorrect statement

{1} For a given change in magnetic flux linked with
a closed coil, the amount of charge flow in it
is inversely proportional to its resistance

{2) Electromagnetic induction is based on the |law
of conservation of energy

(3) The metallic cores of transformer is laminated
to minimize eddy current

4] A time varying magnetic field can't exert a
force on the stationary charge

I a common emitter configuration collector cument
and emitter current are 3.09 mA and 3.19 mA
respectively. The current gain in this configuration
s

(1) 3.09 (2} 31.9
(3) 308 4 1.003

If & is de Broglie wavelength of electron moving in
Al orbit, then the radius of 3™ orbit in hydrogen
atom is

35 PN
(M = @ =
A
13) o 4y 3x

A gamma ray may be emitted

{1} When nucleus returms to ground state from
excited state

(2] After e-decay
{3) After fP—decay
{4) All of these

The refracting angle of a prism is A and the critical
angle for the medium of the prism is Q. . There wil
be no emergent ray when

(1) A=20,
(3) A>20Q,

(2) A<Q,
(4) Q. <A<2Q,
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18.

20.

21.

22,

23,

24,

25,

NEET

An unpolarised light of intensity /; is incident on a
pair of two polarocids held coaxially such that their
transmission axes make an angle of 307 with each
other. The fraction of intensity of light emerging
from the pair is

i1 (2)

) [ Y
Sl

) @ 1=

In ¥DS3E the fringe width is 0.08 mm. If the
wave-length of light used is increased by 25% and
the slit separation is decreased by 25% then fringe
width will be

(1) 0.06 mm {2y 0.03 mm
(3} 0.05 mm 4 0,10 mm
In the given circuit the output y is given by

D
}-ﬁ'

Ce e
(1) (A+B)C (2) (A+B)C
@) (A+B)+cC @) (A.B)+cC

Which of the following is a correct statement?

{1} Energy of thermal neutrons is approximately
0.025 eV

(2} The electron emitted in beta radiation origihates
from inner orbits of atom

I3} Fast neutrons can be slowed down by elastic
collision with heavy nuclei

(4} The rest mass of a stable nucleus is more than
the sum of the rest masses of separated
nucleons

Energy of the photon produced by annihilation of

an electron and a positron is approximately

(1) 1.02 MeV (2) 1.02 keV

(3) 1.02 eV 4y 1.02 GeV

During transition of an electron from higher energy

level to lower energy level in hydrogen atom photon

emitted has frequency £ The recoil energy of atom is

(1) =12 (2) o f
1
B =7 @ =z

In a photo cell, if a line source of light is placed
at a distance 20 m, the photoelectric current is
2 ph. If distance of the source is halved then
photoelectric current will become

(1) 2 pA (2) 4 pA
(3) 16 pA (4) 8 pA

26.

27.

28,

29.

3.

After three half lives, 8 g of radioactive material
remains in a sample. What will be the amount of
substance at t = 0 57

(1) d8g 2) 649
(3) 20g 4) 44 g

An inductor of inductance 10 mH and a capacitor
of capacitance 5 uF are in LC oscillation. If the
maximum energy stored in the capacitor is 2 J, the
maximum current in the circuit is

(1) 0.2A 2) 2 A
(3) 20A (4) 5A

Two antenna are radiating electromagnetic waves of
frequency 80 MHz and 160 MHz. The ratio of
power radiated by these is

1 1:2 2y 2:1
(3 1:4 4) 4:1

Current in the following circuit will be

_D'—

2 k&2
AW
11
]
T4
20
|t
1!
(1) Zero (2) 10 mA
(3) 1 mA (4} 9.6 mA

Two slits, 4 mm apart are illuminated by light of
wavelength 6000 A, Position of 2™ bright fringe on
the screen will be

(1) 0.24 mm (2} 0.6 mm
{3) 6 mm 4} & mm

Which of the following has/have zero average value
in a plane electromagnetic wave?

0

{2) Magnetic energy and electric energy both
3)

{4) Both magnetic and electric fields

Magnefic energy

Electric field only

The matenal of a permanent magnet has

Retentivity Coercivity
(1) High lowy
{2) High high
{3) Low high
{4) Low e
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33, If a galvanometer of resistance 25 Q is shunted by 39, In a full wave rectifier, input ac current has a
a resistance of 2.5 2 then fraction of total current frequency fthen output frequency of current is

that flows through the galvanometer is (1) f 2) 2f
K 3 f
— —_ - 4] 4f
M 15 @ 3 3 @
: 3 : 1 40. In photoelectric effect, the electrons are ejected
3 — 4y — from metals if the incident light has certain
10 1 maximum
34. A photon of energy 3.4 eV is incident on a metal (1) Amplitude (2) Wavelength
of work function 2 eV, The stopping potential is (3} Frequency () Intensity
equal to . . i
41. A conducting sphere of radius 5 cm and carrying
17y (2) 54V charge g is joined to a conducting sphere of radius
(3) 6.8V 4 1.4V 10 em and carrying a charge — 2g. The charge
flowing between them will be
35, The variation of magnetic susceptibility (%) with g
absolute temperature T for a ferromagnetic (1) 4q @ g
material is 3
X pa 9 9
(3} 3 5
1) (2) 42 An arc of radius R is charged. The linear density
s
r T of charge is A and the arc subtends an angle 3
_?E & at the centre. What is electric potential at the
centre?
® “” s s
——T T ) %, @ B,
36. Select the correct statement about PN junction i
{1} The potential is same everywhere if it is not (3} Be 4) I3
connected to any circuit N ’ , i
) i o 43. An object moves towards a plane mirror with a
{2} The width of the depletion zone is independent speed V at an angle of 30° to the perpendicular of
of density of impurities the mirror. Velocity of object with respect to its
{3) The electric field in the depletion zone is image will be
produced by the ionized impurities atoms.
{4) Potential barrier doesn't depend on mrmammsey )
temperalure y/
37, Avray of light passes through the equilateral prism v
such that angle of incidence is equal to angle of :
emergence, If angle of incidence is 45° then angle 1 vf3 2 v
of deviation will be ) 2 @
{1 15° {2y 75° W
: (3) 3v @ 5
(3) 60 (4) 30° >
38. The sun is rotating about its own axis. The spectral ~ 44. A simple microscope has maximum magnifying
lines emitted from the two ends of its equator for power of 7. The minimum magnifying power of the
an observer on the earth will show microscope will be
{1) Shift towards violet end (1) 6 (@ 5
(2) Shift towards red end 3) 3 W2 _

3] No shift 43. The energy released when Jo-paricles combine to
(3) No shi _ form a C'Z nucleus is, (mass of ,He* = 4.002603 u)
{4) S_h:ﬂtm:-grgs r:ta: erl'l_d by one line and towards (1) 23.67 MeV (2) 0.961 MeV

violet g other line
y (3) 1.3674 MeV 4) 7.27 MeV
o o o
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Choose the correct answer :

1.

The refractive index of a material is given by the

8
eguation, = A+ F where 4 and B are constant,

The dimensional formula of B is
(1) [M°LET]

(2) [MPL=TO]

(3) [MPLET#]

(4) [MOLETO]

In an experiment three guantities a, b and ¢ are
measured with percentage error 1%, 2% and 3%
respectively. Quantity P is calculated as follows

A2
F‘=a: . % error in P is
(1) 14% 2y 10%
3) 7% () 8%

Among the four graphs, there is only one graph for
which average velocity over the time interval (0, &)
can vanish for suitably chosen T. Which one igit?

X4 K
= t
(1) ; (2)
=
e W
o) \ @)
¥ | |

Under the action of a force F = kx, the position of
a body changes from 0 to x. The work done is

2
(1) % @) ke
(3) kx (4) Z—x

A man wanls to reach point B on the opposite
bank of a river flowing at a speed as shown in
figure. What minimum speed relative to water
should the man have, so that he can reach
point B7

B
450 —
A
i
(1) w2 @ 5
@) 2u @ =

A missile is fired for maximum range with an initial
velocity of 20 m/s. If g = 10 m/sZ, the range of
missile is
(1) 30m
(3)c20 m

(2) 60 m

(4} 40 m

A aircraft executes a horizontal loop of radius
1 km with a speed of 200 km/h. Ratio of
centripetal acceleration to acceleration due to
gravity is

(1) 12.3 (2) 3.3

3) 6.4 {41 Mone of these

Bar magnet is cut in two equal parts along its
length and in this case magnetic moment of
individual part is M,. Another identical bar magnet
is cut in two equal parts perpendicular to its length
and in this case magnetic moment of each part
becomes M,. The ratio M, : M, is

(11 {2 1:2
(3) 2:1 4 z:1
A wire AB carrying a current is kept close to

unifarm wire of infinite length carmying current of
same magnitude. The wire A will

A—+—5

(1) Remains stationary

(2) Experience torque only

(3) Accelerate downward

(4) Move towards infinitely long wire
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10.

11.

12.

13,

14,

A charge particle enters in a uniform magnetic field
by making an angle of 30°. Which of the following
guantity will change?

(1) Speed of charge particle

(2} Kinetic energy of charge particle

(3) Linear momentum of charge particle
4) All of these

A dielectric of dielectric constant K is filled
between plates of a parallel plate capacitor, When
it is kept closed to A, midway between A & B and
closed to B, capacitance in these cases are C,,
C, and C, respectively, then
1 ¢, =G =6, A
2y C, = C‘z = Ca

13} C,=C,=C,

i4) C,=0C,=0C,

Force acting on an electron kept between plates of
a charged capacitor is F. If one of the plate of the
capacitor is removed, force acting on the electron
will becomes

(1) Zero 2y F

F
(3) 2F @ =
2
Which of the following graph comrectly shows the
variation in electric field due to an infinitely long
charged wire, at a perpendicular distance r from it?
. . =

\_

E 3

\.E -
wg k (2) Jﬂ

E & EJ

o , o\ )
(3) N

Equal amount of an ideal gas from same initial
state are expanded through three different process
A, B and C to same final volume, A is isobaric, B
is isothermal and C is adiabatic expansion. If P,
Py and P, are final pressure, then

(1) Py=Py=P, 2) P, >Py> Py
(3) P, < Py< P, @) P, >P, =P,

>

(1

15.

16.

17

18.

19.

20.

21.

The coefficient of performance of an ideal heat
pump working between 27°C and 327°C is

M 2 (2) 1

(3) 05 #) 067

1 g ice at 0°C is mixed with 1 g water at 40°C. In
equilibrium ratio of mass of ice and mass of water
mixture is

(1 1:1 2) 1:3

3 1:2 #) Zero

Find eguivalent thermal conductivity of arrangemsent
between A and B.

i AL
A U] ..... ( - B
FEGIES
(1 % 2) %
18K
@) <7 ) 3K

A ecylindrical tube open at both ends has
fundamental frequency fin air. MNow the tube is
dipped vertically in water, so that one fourth of it is
i outside the water. The fundamental frequency of

O air column is now

(1) 2f @) f
af f
@ > @ 3

A simple pendulum is suspended from the roof of
a trolley which moves in a honzontal direction waith
an acceleration g. The time pericd of oscillation is

gven by T = 2¢ i where a is given by
a

(1) g (2) 2g

@ 2 @ V2 g

A rod of length 3 m is suspended about its one
end and is made to oscillate simple harmonically.
The effective length of simple pendulum having
same time period as the rod is

(1) 2m {20 3m

(3 6m {4 1.5m

Two particles of mass m and 4m are initially at
rest. They start moving towards each other due to
their mutual gravitational attraction. Al an instant

velocity of mass mis w | then velocity of mass 4m
at that instant is

(1) Zero

@ -5

@ -wvi

(@) avi
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22,

23,

24.

25,

NEET

A disc is rolling down on rough inclined plane
starting from rest. Assuming the condition of pure
rolling, choose the wrong statement

4
Q)

(1} Acceleration of center of mass of disc is constant

(2} Friction force acting on disc is in backward
direction

(3} Disc possess translational as well as rotational
energy

(4) Friction force acting on disc is %

A rod of length L and mass M is bent in the form of
a ring. The gravitational potential at center of ring is

(1) % 2 M o
—GM _GM
B) L W — :

Choose the wrong statement

(1} A body in gravitational field has maximum
binding energy, when it is at rest

(2) g is minimum on the mercury among'the
planets

(3) Geostationary satellite revolves around the earth
from west to east

(4} Wariation of g inside the uniform earth is non-
linear with distance from centre of earth

All surfaces are smooth and string is ideal.
Choose the correct statement.

M,
POl TRETTrT i riiiis,

M,

(1} If M, = M, then acceleration of M, is zero

(2) It M, = M, then acceleration of M, is zero or
upward

13} 1T M, = M,, then acceleration of M, is
dawnmwvard

(4) All of these

28,

27.

28.

29,

30.

3.

In the adjacent diagram shown for a projectile,
what is the angle of projection?

u
a 20m
“3om  dom
(8
(1) tan™" (1) () tan [g]
(4 (5
(3) tan [EJ‘ {4) fan [E]

A ball falls from 20 m height on a surface and
rebounds. The coefficient of restitution between ball

1
and surface is —. What is the maximum height

2
attained after collision?
(1) 20m (2] 1M0m
(3 15 m 4] &m

A force F=2i +3j -k acts at point (1, 2, 3} m
and due to this point of application changes to
1,22, =3) m. Work done by the agent applying
force is

(1) -64 {2 64

(3) 24 4) 10J

Sand is being dropped on a conveyor belt at the
rate of M kg's and a force of F newton is acting
on moving belt so that belt is moving with a
constant velocity. What is the velocity of belt?

F 2F

(n m ) o
F

(3) Zero @) o

In the given circuit, find current supplied by cell

21 20
2Q 24
—‘—I'—Hﬂ"v‘\r‘\p\:—
! 12V 20
(1) 3A 2) 4A
(3) 2A @) 1A

All diodes shown in figure are ideal, find §

14

20

(4 1)
(1) 2A 2 1A
(3) 1.33A (4) Zero
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32, When all the inputs of a NAND gate are connected F
together, the resulting circuit is (1 f @ 3
(1) NOT gate {2) AMD gate f
(3) OR gate 4) NOR gate (3) i 4) 4F
33, A p-type and n-type semiconductor can be 40. In ol | i i lectri
obtained by doping pure silicon or germaniurm with - In plane slactromagnetic wave I average elecinc
L energy density is u, then average magnelic energy
(1} Aluminium and Boron density is
(12} Indiurm and Aluminium
1w 21 2u
(3} Arsenic and Phosphorus (M . @
- ; i
(4} Galium and Antimony . (3) > @) J3u
34, The nuclei that has a radius half the radius of
oFet is 41. The power factor of LCR series circuit cannot be
(1) ILi 2 N (1 (). 25m
(3) 05 4) 075
(3) iisi (4) 35ca , .
42, Which of the following graph comectly shows the
35, The probability of survival of a sample of radioactive variation of capacitive reactance X, with frequency 7
nuclei for one mean life is g .
- . Ty x.__,.l\.
1 log 2
1) B @ ——
o {1 2]
3) 1-3 ) e f N
W v A
36. The longest wavelength in Balmer series of - e
hydrogen atom will have wavelength (R = Rydberg's
constant) 3 4)
: 36 2 2 f e
() 5R R 43. Magnetic flux through a closed loop changes
1 "5 according to eqguation (&) = 31 — 6f, where ¢ is in
3 — 4 == weber and t is in second. At what time
4R IBR | . .
) ) ) ) instantaneous emf induced is zero?
37. In Rutherford's o particle scattering experiment,
the ratio of o particles scattered through an angle (1) 1 second
of 60" and 1207 is (2) 2 second
(1) 1:2 2 1:3 (3) 4 second
(3) 21 () 9:-1 ) 4} 3 second
38. Threshold wavelength for a metal having work i ) )
function ¢, is &. What is the threshold wavelength 44. A wire of fixed length is wound on a solenoid of
for a metal whose work function is 20,7 length / and radius r and its ‘_e-elf_ inductance is
. . found to be L. Mow if same wire is wound on a
(1) A (2) 24 : Py
. A ’ A solenoid of length - and radius =, then the self
) 2 ) 4 inductance will be
38. The given thin lens is broken into four identical (1) 2L @ L
parts 1, 2, 3 and 4 and are rearranged as shown.
If the initial focal length is f, then after (3) 4L (4) 8L
rearrangement, the equivalent focal length is 45. If the horizontal component of earth’s magnetic
field is maore than vertical component of earth’s
m magnetic field at a place, then angle of true dip at
that place can be
SRS (1) 45° (@) 22°
{Imitial) (3) 20 {4) 51°
o o
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ANSWERS I
Chapter 1 : Electric Charges and Fields

Section A : Objective Type Questions
1. (2) 2, (4] 3 (4 4, (3) E. (1) B. {3) 7. 4]
. (2) 9, (1) 10 (2) 1. (4 12, (3) 13. (2) 14. (2)
15 (1) 1a. (1) 17, (3) 18.  (3) 19, (3) 20, (3)

Section B : Previous Years Questions
1. [4) 2, (1) 3. (4) 4, (2) 5. (3) 6. {2) 7. {1
8. (2) 9. (3)

Chapter 2 : Electrostatic Potential and Capacitance

Section A : Objective Type Questions
1. (2) 2. (d) 3. (3) 4, (1) 5. (3) 6. {1) 7. {3)
8. (3} g, i4) 10, (2 11 (4) 12. (2 13, (4) 14, (1)
15.  (4) 16. (4) 7. (1) 18, (2) 19. (3) 20. (3) 21, (1)
22. (&) 23, (3) 24. (1) 25 (4

Section B : Previous Years Questions
1. (3} 2. (3) 3. () 4, (3) 5. (2) 6. (4 1. (3
a. (1) 9, (3) 10, (2) (2 12, (1) 13 (1) 14, (4]

Chapter 3 : Current Electricity

Section A : Objective Type Questions
1. (2) 2. (3 3. (1) 4, (4 5 (1) 6. (3) 7. 4
. (3) 9, (2) 10 (3) 1. (3) 12. (1) 13. 4) 14. (1)
15 (4) 16. 4) 7. 3 18, (3) 19. (1) 20, (3) 2. (1)
22. (1) 23 (1) 24, (1) 25 (1) 6. (3) 27.  (2) 28. (1)
29. 1) I ] 3. (3) 32, (1 33 2) 34, (3) 3o, 4)
36. (3) 3. (2 38 () 0. 4

Section B : Previous Years Questions
1. @ 2 M 3. 4 4. (3 5 (1) 6. (1) 7. (2
. (2) 9. (3) 10 (3) 1. (2) 12, (2) 13. (2} 14. (2)
15 (1) 16. (2} 17 (4) 18, (3) 19 (3) 200 (3) 21, (4)
22. (2) 23 (1) 24, (1) 25 (2) 26. (4) 27. (3) 28. (1)

Chapter 4 : Moving Charges and Magnetism

Section A : Objective Type Questions
1. (3) 2. (2) 3. (4) 4 (1) . (3) 6. {2) T 2)
8. (3) 9. (1) 10, {2) 1. (2) 12 (2) 13, (4) 14, (4)
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15, (3) 16. (3) 17, (4 18, (3) 19. (2) 20. (1) 21, (3)
22, 13) 23, 14 24, (4) 25 (1) 26. (3) 27. M) 28, (1)
29 (3) 300 (2) 3.3 32

Section B : Previous Years Questions
1. (3} 2. [3) 3. (1) 4, [3) 3. (1) 6. {3) T. {4)
8. (4) 9. (3) 10.  (4) 1. (1) 12, (3) 13, (2) 14. (2)

Chapter 5 : Magnetism and Matter

Section A : Objective Type Questions

1. (2 2. (2 3. 4) 4. (1) 5. (1) 6. (3) 7. (3)
8 (3) 9. (4) 10, (3) 1. (3) 12. (1) 13, (2) 14, (3)
15. (1) 16. (1)

Section B : Previous Years Questions
1. (4) 2. (1) 3 (3) 4, () 5. (2) 6. {2) 7. 2)
B. (1} 9, (1) 10, (1) 1. {3) 12, (3) 13, {3)
Chapter 6 : Electromagnetic: Induction

Section A : Objective Type Questions

1. &) 2. {4 30 4. 2) 5 (3 6. {4 o2
8. (4) 9. (2) 10. (3) 127 (3) 12. (1) 13, (3) 14. (1)
15 (4) 16. (1) 7. i2) 18 () 19. (2) 20. (2) 21, (1)
22, (4) 23, (1) 24.  (4)

Section B : Previous Years Questions
1. (3) 2. (2) 3. (1) 4, () 8, (1) G, (1) 7. {4)
8 (3) 9. (3,4 10, (4 1. (3
Chapter 7 : Alternating Current

Section A : Objective Type Questions

1. @ 2. (3) 3. (2) 4. (4) 5 (3) 6. (2) 7. 1)
8. (2) 9. (2) 10. (1) 1. (1) 12. (3) 13. (1) 14. (2
15. (4} 16. (3) 7. (1) 18.  (3)

Section B : Previous Years Questions
1. (1) 2. (3 3 (2 4. (3) 5 (3 6 (2) 7.2
a. (3} 9, (3) 10, {3) 1. {3) 12, (1) 13, {3} 14. (2)

Chapter 8 : Electromagnetic Waves

Section A : Objective Type Questions
1. (4} 2 (2) 3. 12) 4, (3) 5. (3) 6. (1) S
8. (3} 9. (1 100 (1) 1. 4 12, (3) 13, (3) 14, (2)
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Section B : Previous Years Questions
1. (3) 2. (4) 3. (2 4. (2) 5 (3) 6 (1) 7.1
8. (2) 9, (2) 10, (1) 11. (2) 12.  (2)

Chapter 9 : Ray Optics and Optical Instruments

Section A : Objective Type Questions
1. (2) 2. 1) 3 ) 4. (1) 5 (1) 6 (1) 7. 1)
8 (1) 9, (2 10, (2) 1. (4) 12, (4) 13, (1) 14. (2)
15. (4) 16. (4) 7. (1) 18. (1) 19. (3) 200 (1) 21, 4)
22, 4) 23, 4 24, (1)

Section B : Previous Years Questions
1. 1) 2. (3 3 M) 4. (3) 5 (2) 6 (2) 7. 4
i, (2) g, (1) 10, (1) 1. (3) 12, (4) 13. (2) 14. (1)
15, (3) 16. (@) 7. (3) 18, (2) 19. (1) 20. (2) 21. (2
22. &) 23. (2) 24, (2} 25. (3} 26. 4) 27. (1) 28,  (4)

Chapter 10 : Wave Optics

Section A : Objective Type Questions
1. (1) 2, (1) 3. (1) 4, {1 5. {3 . {3) 7. 1)
8. (1) 9. (3) 10. (1) 1. 3 12, (3) 13. (1) 14, (4)
15.  (4) 6. (1) 17. (2) 18¢° (4) 19.  (4) 20. (2)

Section B : Previous Years Questions
1. (1) 2. (2) 3. (&) 4, (3) 3, (&) G. (2) T. {2)
8. (2) g9, (1) 100 (1) 1. (2 12, (4) 13, {3) 14, (4]
15, (3) 16. (2) 17. (2 18. (2) 19. (3) 20. (4)

Chapter 11 : Dual Mature of Matter and Radiation

Section A : Objective Type Questions
1. 2 2 4 T 4] 4, 1) 5 (3 6 (1) 712
a8, (1) 9, (1) 10 (1) 1. (2) 12, (2)

Section B : Previous Years Questions
1. (2) 2. (1) 3 (3 4, (2) 5. i4) . {2) 7. 2
. (1) 9. (4) 10 (2) 1. (3) 12, (3) 13. (1) 14. (2)
15 {1} 16.  (4) 17. 2) 18 (1&2) 190 (1) 200 M) 2. (2}
22. (1) 23 (2)

Chapter 12 . Atoms

Section A : Objective Type Questions
1, (4} 2, (3) 3. (1) 4, (3) 2, (1) G, (2) [ 2
8. (1) 9. (4) 10 (1) 1. (2) 12, (2)
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Section B : Previous Years Questions
1. (2} 2. (3) 3 (4) 4, (3) 5. (3} 6. (2] 7. 4)
a. (3) g, (3) 10, (3 1. (4]
Chapter 13 : Nuclei
Section A : Objective Type Questions

1. (3} 2, (2) 3. (1) 4, (3) 8, (1) G. (1) [ {3)
8. (2) 9, (4

Section B : Previous Years Questions
1. (1) 2. (2) 3 (2) 4, (1) 5. [4) B. {3) 7. 2
8. (3) 9, (4) 10, (&) 1. &) 12, (1) 13 (1) 14, (1)

Chapter 14 : Electronic Devices

Section A : Objective Type Questions

1. (2) 2, (1) 3, 4) 4, (3) a8, {4 G, {3) i, (3
8 (4) 9. (3) 10. (4 1. @) 2. {2) 13, 4) 14. (2)
15. (3} 16. (2) 7. (1) 18.  (3)
Section B : Previous Years Questions

1. (2} 2. (3) 3. (2) 4, (1) . (d) 6. {2) ¥. {4)
8. (2} 8. (1) 10, 4) 1. & 12, ) 13, 4 14. (1)
15. (1) 16. (3) 17, (2} 18,27 (2) 19. (1) 20, (3) 21. (1)
22 (3) 23, (3) 4. (2) 25 (3) 26, (3) 27.  (2) 28. (3)
29.  (3) 30, (&)

Sample Question Paper-1

1. (@) 2. (1) 3. (1) 4. (3) 5. (3) 6 (1) 7. (1)
8. (4) 9. (4) 10, (2) M. (1) 12 (3) 13, (3) 14, (4)
15 (3) 6. (1) 17. (4 18 @) 19. (2 20. (4) 21, (3)
22. (1) 23 (1) 24. (1) 25 (2) 2. (2) 27. (3) 28 (3)
29, (2) 30. (2) 31, (4) 32. (2 33 (1) 34, (4) 3B (2)
3. (3) 37, (4) 38 (4) 39, (2) 40. (2) 41, (1) 42, (4)
43, (3) 4. (1) 45.  (4)

Sample Question Paper-2

1. (&) 2. (2) 3. (2) 4. (1) 5 (2) 6. (4) 7. (3)
8. (1) 9. (3) 10. (3) 1. (1) 12. (4) 13, (1) 14. (2
15 (1) 16. (2) 17. (1) 18 (1) 19. ) 20. (1) 21, (3)
22, (4) 23, (2) 24, (4) 25 (3) 26, (2) 27, (4) 28 (1)
29. (1) 30. (1) 3. (1) 32, (1) 33, (4) 34, (1) 35 (1)
36. (1) 37, (4) 38, (3) 39. (2) 40. (1) 4. (2) 42, (3)
43, (1) 4. (1) 45, (2)
g o 4
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