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Electrostatics is a fundamental chapter in physics that deals with stationary electric charges
and their interactions. It plays a crucial role in IIT JEE preparation, as it forms the basis for
understanding electric fields, potentials, and capacitance.

INTRODUCTION TO ELECTROSTATICS

Electrostatics focuses on the behavior of electric charges at rest. The key concepts include
o Electric Charge: The fundamental property of matter responsible for electrostatic interactions. i
« Coulomb’s Law: Defines the force between two point charges
« Electric Field: The region around a charge where its influence can be felt.

|

« Electric Potential: The work done in bringing a charge from infinity to a point in the field

« (Gauss's Law: A powerful tool for calculating electric fields in symmetric charge distributions.

« (Capacitance: The ability of a system to store charge.

TIPS AND TRICKS FOR ELECTROSTATICS IN 1T JEE

* Master the Basics: Ensure a strong grasp of (fundamental laws like Coulomb’s Law and
Gauss's Law.

e Use Diagrams: Visualizing electric field lines_and charge distributions helps in problem-
solving

* MEMORIZE KEY FORMULAS.
* Apply Gauss's Law Smartly: It simplifies complex problems involving charge distributions
* Practice Numerical Problems: Solve a variety of problems from standard books.

* Understand Capacitance: Learn about parallel plate capacitors and their behavior in
circuits.

e REVISE REGULARLY: KEEP REVISITING CONCEPTS TO STRENGTHEN RETENTION

TECHNIQUES FOR EFFECTIVE LEARNING

Conceptual Clarity Over Memorization: Focus on understanding
rather than rote learning.

Solve Previous Year Questions: Helps in identifying important
patterns and frequently asked questions.

Use Shortcuts for Quick Calculations: Learn tricks to simplify
complex calculations.

Group Study and Discussions: Engaging with peers can provide new
perspectives on problem-solving.
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REVIEW OF BASIC CONCEPTS

=3

1. Coulomb’s Law

On the basis of his measurements, Coulomb arrived at
a law, known after his name as Coulomb’s law, which
states that the magnitude of the electric force between
two charges is directly proportional to the product of the
magnitudes of charges and inversely proportional to the
square of the distance between them, 1.e.

4 92
Fee =5~
»
or F=/\'q'2q2

#
In the SI system, k is written as 1/47 &, where & is called
the permittivity of vacuum and its value is

g,=8.854x 1072 C*N' m™

k= 1 =9x 10° Nm? C
dr g,

Then

The force F is attractive for unlike charges (¢, ¢, <0) and
repulsive for like charges (¢, ¢, > 0).

Coulomb’s Law in vector form

Fpp<—2 %
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Case (a): Unlike charges (g, ¢, <0) [Fig. 11.1(a)]
Force exerted on ¢, by ¢, is

% % n

F]Z = 2122 %)
drey r

where 0 is a unit vector directed from g, 10 g,
Force exerted by ¢, on ¢, is

Fy = - 99 ll2
drey r

Case (b): Like charges (¢, ¢, > 0) [Fig. 11.1(b)]

Fi,=- pI ) ll2
drey r
Fy = 9 9> ll2
dre,y r

2. Relative Permittivity (or Dielectric Constant)

Relative permittivity of a medium is defined as the ratio of
the permittivity of the medium to permittivity of vacuum, i.e.
£
g[' —Jpe—
€&

€. 1s also called the dielectric constant (K) of the medium.

Thus K = = or £ = Kg,. By definition K for air = 1. If
&

charges ¢, and ¢, are situated in a medium other than air or
vacuum, the magnitude of force between them is given by

_ 9% ___ 9%
= = >
drer® dmey Kr

3. Principle of Superposition

If many charges are present, the total force on a given
charge is equal to the vector sum of the individual forces
exerted on it by all other charges taken one at a time.
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@ EXAMPLE 1 Two point charges ¢; = +9 uC and
g, = (=1) uC are held 10 cm apart. Where should at third
charge +Q be placed from g, on the line joining them so
that charge O does not experience any net force?

@ SOLUTION Charge Q will not experience any net
force if the forces exerted on it by charges ¢, and ¢, are
equal and in opposite directions.

g, =—1uC

q,=9uC o .
A B 5

10 cm
Fig. 11.2

It follows from Fig. 11.2 that charge Q will not
experience forces in opposite direction if it lies at any
point between AB. Let x be the distance of O from ¢,. Then
forces exerted on Q by ¢, and g, respectively are

o @Qi _ 9x10°0j
' 4mey (0.1+x)°  4mey (0.1+ x)
and F,=— "2Q3,=1XIO<6QE
B 4re, x° 4 e, x°

Net force on O =F, + F,
Net forceon Q=0 if F;+F,=0

-6 ry =6 ry
- 9x10 Qlﬁ_lX]O ?lzo
4r ey (0.1+ x)° 4rey x°
g 9= (O.I-t.\’)
X
1 3= 0.1+ x
57
= x=005m=5cm
=

© EXAMPLE2 Two charges,eachequalto—4uC,are
held a certain distance apart. A charge Q is placed exactly
mid-way between them. Find the magnitude and sign of Q
so that the system of three charges is in equilibrium.

@ SOLUTION A system of charges is in equilibrium
if no charge of the system experiences any net force.

—4uC o

g, =—4uC

A o B

Fig. 11.3
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Equilibrium of charge Q at O

Since Q is at the same distance from equal charges ¢, and
q,, it will be equilibrium for any positive or negative value,
because it will experience equal and opposite forces.

Equilibrium of charge q; at A

If O is negative, it will repel ¢,. Also g, will repel g;.
if 0=+1 uC.

Hence g, cannot be in equilibrium if Q is negative. So O =
must be positive.
Force exerted on g, by QO is
4x10° Qi
po 4x10°0i
r
dre, | -
0(2)
Force exerted on g, by g, is
g (4x107°)x (4x107);i
4dr g, r
Net force on ¢, will be zero if F + F' =0, i.e. if
4x107° Qi (4>< 10_6)>< (4>< 10'6)3 5
rY dne, r
arey | -
2
@ EXAMPLE 3 Four point charges, each equal to
q =4 uC, are held at the corners of a square ABCD of side

= O=1210"C=1pC

It is easy to check that charge ¢, will also be in equilibrium.

Hence the system of three charges will be in equilibrium
=10 cm. Find the magnitude and sign of a charge Q placed

at the centre of the square so that the system of charges is in

equilibrium.

© SOLUTION

q a q

a

,
.
v
QX IO
-
e Oy

C & ‘4 g
q D

Fig. 11.4

AC(=r)= V2a . Let us consider the equilibrium of charge
q at A (Fig. 11.4)
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Force exerted on charge at A4 by charge at B is F
" E= limo—
A pur
Fug = izi , Wwhere k= i
4re, If a charge ¢ is placed at a point where the electric field
Similar] due to other charge or charges is E, then the charge g will
DALY - experience a force F given by
= M

kqO A A outwards from it and for a negative charge (—¢), E is

—(cos45° + sin45°j) directed radially inwards it. Because electric field E is
a vector quantity, the net electric field due to several charges
V2 is given by the vector sum of the electric fields due to the

and Foa =

individual charges.

(2) Electric field due to an electric dipole A pair of equal
and opposite point charges separated by a certain distance
is called an electric dipole.

i [qu qu + V2 k qQ ]; Case (a): Electric field at a point on the axis of a dipole

- 2842 4.j)
a

Net force on charge ¢ at 4 in the x-direction is

X

Let 2a be the separation between point charges —¢ and +¢

o
2 2 2
& @2 a’

(Fig. 11.5).
= F_= k"(q+—+\/_Q]| ai Axis of dipol
= = xis of dipole
Y oa 2V2 2 4
—q q E. P
/\C]( ° . — o E,
where o= g+—=+2 QJ o :
2f b :
Similarly net force on charge ¢ at 4 in the y-direction is )
F = aj '
e Fig. 11.5
Resultant force on charge ¢ at 4 is o .
Electric fields at P due to +¢ and —¢q respectively are
i \/F‘.2+Ff=\/a3+az=\/§a g
: .- 9
Charge ¢ will be in equilibrium if 7= 0, i.e. if arey(r— a)2
o=0 2
E--— &
1.e. 1f P . . e, (r+ a)
a* d 2\/_ 20 .

Electric field at point P is
= Q:—%(l+2x/§) E,-E,+E

_ 2g (2a)r h 2pr
dmey(r’ —a*)*  Amey(r’ —a*)’

_3BC 4 2V3) =+ 2v2) e

4. Electric Field where p = g(2a) is the dipole moment and 2a is the vector
distance between charges —¢ and +¢. Dipole moment p is
a vector quantity directed from —¢ to +¢.

For a very short dipole (a < r)

An electric field exists at any point in the space surrounding
a charge. To define the electric field, we place a small
positive point charge g, at the point in space where the
electric field is to be found and we measure the coulomb R 2p

force F at that point. The electric field E is then given by Y 4rm 801'3

Fip 2 F=q4E B
P (1) Electric field due to an isolated point charge Electric
Foc= (cos45°| oo 4501) field at a distance » from a source charge ¢ is given by
(a\/_)' | q
E — o —_—
k- s dmey r?
_ o
a2\2 (+J) For a positive charge (+¢), vector E is directed radially
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Case (b): Electric field at a point on the perpendicular
bisector (equatorial plane) of a dipole

Fig. 11.6
Electric fields at point Q due to +¢ and —¢q are (see Fig.
11.6)
E, = d — and E_= 1 3
4rgpx” 4rgyx

The magnitude of the resultant electric field at Q is
E.= E, cos@+ E_cosfO

: a 2 2
Using cos@= — and x = \r” +a” , we get
X

q9(2a)
47r.€0(r2 +a

B.=

¢

N directed from O to R
In vector form

P
471'50(;'2 "% i

For a very short dipole (a < r)

e .
dreyr

" (i) The direction the electric field at a point on

the axial line of a dipole is along the dipole
Note moment.
(i) The direction of the electric field at a point
on the equatorial line of a dipole is antiparallel to the
dipole moment.

(3) Electric field due to a uniformly charged conducting
rod A conducting rod AB of negligible thickness and
length L carries a charge a charge Q uniformly distributed
on it. To find the electric field at point P at a distance a
from end B (Fig. 11.7), we consider a small element of
length dx of the rod located at a distance x from end B.

www.aepstudycircle.com
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Fig. 11.7

Charge of element is dg = % dx = Adx where A= % is the

linear charge density. The electric field due to the element
at point P is

s dg  Adx
C Amegx’  dmeyx?
(L+a) (L +a)
Hence E=jdE= 4 j d_§= A L4
47[80 = X 47[80 xu
= E=— 4 -
drey|(L+a) a
5 L . S
drey L a(Ll +a)

If O is positive, E is directed from left to right.

(4) Electric field due to a uniformly charged ring (or
loop) of wire at a point on its axis Consider a ring of
radius R carrying a chare Q distributed uniformly on it.
To find electric field at a point P on its axis at a distance x
from the centre O, consider an element of length d/ (Fig.
11.8). The charge of the element is

_odl
2nR
dl )
dr. dEsin !
" ! dE
R ! \' o dEcos
0 ,/(
T X
pe— x P :
""""""""" dE
dEsin@
Fig. 11.8

The electric field due to element 4 is dE given by
dq
4 :30;'2

dE =

There is a similar electric field at P due to element a
diametrically opposite point B. The x components of
electric fields due to these elements add up while the y
components cancel. Hence

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122
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E= IdEcosO

h j dg cos @
4reyr’

2nR ~ 4rme, (R +x7)*?

|
- E m(,[m: sz)m] (- [d=2nR)

The direction of E is from O to P if charge Q is positive.

5. Electric Field Lines

Electric field lines of an electrostatic field give a pictorial
representation of the field. An electric field line is a curve,
the tangent to which at a point gives the direction of the
electric field at that point.

Figure 11.9 shows field line patterns around some
charge distributions.

NN
K K

(a)g>0 (b)g<0

MK

(c) Two positive point charges

K

(d) Electric Dipole
Fig. 11.9

(e) Uniform electric field

Properties of Electric Field Lines
(1) The tangent to a field line at any point gives the
direction of electric field at that point.

(i1) Field lines originate from a positive charge and
terminate on a negative charge.

(ii1) No two field lines intersect.

(iv) Field lines are closer together in the region where the
field is stronger and farther apart where the field is
weaker.

www.aepstudycircle.com

(v) The number of field lines originating or ending on a
charge is proportional to the magnitude of the charge.

never forms a closed loop. But if the electric
Note field is induced by a time-varying magnetic
field, its field line forms a closed loop.

n Electric field line due to a charge distribution

6. Electric Flux

The electric flux through a surface in an electric field is
a measure of the number of electric field lines passing
through the surface.

For a plane surface of surface area S in an electric field
E, the electric flux ¢ is defined as

¢= E-S=ES cosf
where S is called the area vector, its magnitude is S and its
direction is normal to the surface and away from it. Angle

0 is the angle between E and S.
For a curved surface,

9= [E-dS=[(E-n)ds

where n is a unit outward .
normal to the surface. dS is the AN
surface area of an element of the ds

surface (Fig. 11.10). The SI unit
of electric flux is NC™' m? or Vm

(volt metre). Fig. 11.10

7. Gauss’s Law in Electrostatics

Gauss’s law states that the electric flux through a closed

surface S in an electric field E is equal to Z , where ¢ is
€

the net charge enclosed in the surface and g, is electrical

permittivity of vacuum.

fE-as = L (1)
S &
Gauss’s law is used to obtain the expression for the electric
field due to linear, surface and volume charge distributions
which are uniform and symmetric so that a proper and
convenient closed surface (called the Gaussian surface)
can be chosen to evaluate the surface integral in Eq. (1).

Some Important Points about Gauss's Law
(1) Gauss’s law holds for any closed surface of any
shape or size.
(2) The surface that we choose to evaluate electric flux
[i.e. to evaluate the surface integral in Eq. (1)] is
called Gaussian surface.

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122
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(3) If the Gaussian surface is so chosen that there are
some charges outside and some inside the surface,
then charge ¢ on the R.H.S. of Eq. (1) is the net
charge (taking into account the sign of charges)
enclosed inside the surface but electric field E on
the L.H.S. of Eq. (1) is the electric field due to all the
charges both inside and outside the surface.

(4) The exact location of charges inside Gaussian surface
does not affect the value of the electric flux.

(5) If Coulomb’s law did not hold, Gauss’s law also
would not hold.

8. Applications of Gauss’s Law

(1) Electric field due to a thin infinitely long straight
charged rod or wire Electric field at a point at a
perpendicular distance » from a thin, infinitely long straight
rod or wire carrying a uniform linear charge density A is
given by

An
2w gyr

where A = ¢g /L is the charge per unit length of the rod
and n is a unit vector pointing away from the rod if ¢ is
positive and towords it if ¢ is negative.

(2) Electric field due to a thin sheet of charge Electric
field at a perpendicular distance » from a thin, flat‘and
infinite sheet carrying a uniform surface charge density
o is given by

on

2¢,

where 0 = g /A is charge per unit area and n is a unit
vector pointing away from the sheet if ¢ is positive and
towards it if ¢ is negative. Notice that E is independent of
r, the distance from the sheet.

(3) Electric field due to a thin charged spherical shell

Electric field at a distance » from a spherical shell of radius

R carrying a surface charge density o (= ¢/4 nR*) is given

by ~ 2

- 4% - gR’n (for > R)
4reyre £or’

o (for r =R)
&
zero (forr<R)

where n is a unit vector pointing radially outwards if ¢ is
positive and inwards if ¢ is negative.

9. Electric Potential

The electric potential at a point in an electrostatic field
is the work per unit charge that is done to bring a small
charge in from infinity to that point along any path.

www.aepstudycircle.com

w
V= lim —
9% -0 g,
(1) Electric potential due to an isolated point
charge Electric potential at a point P in the electric field
of a point charge is given by

1 ¢

drey r

where 7 is the distance of the point P from the charge. This
potential is spherically symmetric around the point, i.e. it
depends only on r for a given charge ¢. Since potential is
a scalar function, the spherical symmetry means that the
potential at a point does not depend upon the direction of
that point with respect to the point charge; it only depends
on the distance of the point from the charge.

Notice that the potential due to a positive charge
(g > 0) is positive, it is negative in the neighbourhood of
an isolated negative charge (¢ < 0).

(2) Electric potential due to two point charges To find
the electric potential at a point in the electric field due
to two or more charges, we first calculate the potential
due to each charge, assuming that all other charges are
absent, and then simply add these individual contributions.
Since, unlike electric field, electric potential is a scalar, the
addition here is the ordinary sum, not a vector sum.

The potential at any point due to two point charges g,
and g, is, therefore, simply given by

(s
dreg\ny 1

where | and r, are the distances of the point in the question
from charges ¢, and ¢, respectively.

(3) Electric potential due to many point charges The
potential at any point due to a system of N point charges
is given by

1 2 qn

47t€0 n=1 Ta

V= V|+V2+...+I/NZ

10. Relation between E and V

Electric field is the negative gradient of potential. This
means that the potential decreases along the direction of
the electric field.

o av

d/

11. Electric Potential Energy

The electric potential energy of a system of point charges
is defined as the amount of work done to assemble this
system of charges by bringing them in from an infinite
distance. We assume that the charges were at rest when they
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were infinitely separated, i.e. they had no initial kinetic
energy.

The electric potential energy of two point charges g,
and ¢, separated by a distance 7, as shown in Fig. 11.11 (a)

is given by
|
Uy, = 49
drey, 1,
q3
-
n3 r23
g1 g2
. . g1 —e g2
r2 2
(a) (b)
Fig. 11.11

The electric potential energy of a system of three point
charges as shown in Fig. 11.11 (b) is given by

GO M s Y 1 fl|‘12+‘lz‘13+41(l3‘
Sl 4rey \ ra 23 13

This expression can be generalized for any number of
charges.

12. The Electron-Volt

The SI unit of potential energy is the joule. In atomic
physics a more convenient unit called the electron-volt
(written as eV) is used. An electron-volt is the potential
energy gained or lost by an electron in moving through
a potential difference of I volt. Since the magnitude of
charge on an electron is 1.6 x 1077 C,

1eV=16x10"]J

13. Potential Energy of an Electric Dipole in an
External Electric Field

When a dipole is placed in a uniform electric field E, as

shown in Fig. 11.12, it experiences a torque given by

+
—>qE

/sin@

- gF =

—»E

Fig. 11.12

www.aepstudycircle.com
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T=pEsin 6
where 6 is the angle between the line joining the two
charges and the electric field. In vector form
T=pXE
The torque tends to rotate the dipole to a position where
0=0, i.e, p is parallel to E.
The electric potential energy of a dipole is
U=-p-E

14. Additional Useful Formulae

(1) Electric field and potential due to a group of charges

(i) Charge g at each vertex of an equilateral triangle of
side a (Fig. 11.13).

Fig. 11.13
: 3q
At centroid O, E; =0 and V, =
dreyr
5 a
where r= —=.
V3
(i1) Charge ¢ at each vertex of a square of side a (Fig.
11.14).
- 4 q
’ \\ ’,’r/'
a e a
AN
gk - dg
Fig. 11.14
; 4q a
Atcenter C,E,=0and V= S r=—
Areyr V2

removed from a vertex, the net electric field at
Note Oand Cis E = q/4n:£0r2, directed towards the
empty vertex.

" In the above two cases, if one of the charges is

(ii1) For Fig. 11.15,
2\/5(/

4r 801'2

V,=0 and E, =

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122
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+ +
q % — +q
% ;

4 ;

5
.
b p
3 y
e
7
,I\C
A
e
; "

; $
2T Ee N
// \\
/ 4
= -q
Fig. 11.15

(iv) For Fig. 11.16,

V,=0
E.=0
+q ¢ -q
A0,
ik d+g
Fig. 11.16

(v) Infinite number of charges, each equal to ¢, placed.on
the x-axis atx =r, x = 2r, x =4r... and so on. Electric
field at origin O is

O S L.
dregr-\1° 27 4
11
= q 7(1+—+—+ )
Ameyr” 4 16
_ q__ . 1 __ 4
4 gyr? (l—l) 3wy
4

Potential at O is

V“: 4 (|+l+l+)
dreyr 2 4

g4 1 __ 4
4m gyr (1 1 ) 21 ey
2

(vi) A short electric dipole of dipole moment p
(Fig. 11.17)

2pcosB psin@

At point 4, E, = and Eyz=

dm gy dmeyr’

Net electric field at 4 is E, = \ E* + E}

_ P 12
= 7(3c0s26 +1)
4r gyr

www.aepstudycircle.com
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Y. P E:l \
Equatorial —» Ee - -
line C
\ ¢
\ 6 Axial line
L, L B
q 9 %
[)
X—
Fig. 11.17

1 .
Also tanax = — tan6. Angle between p and E, is

(ax+ 06).
; T 2D =
At point B on axial line, £ = = (- 6=0°
4 gyx
At point C on equatorial line, E = P 7
4re,y
(- 6=90°)
. . . pcosO
Electric potential at 4 is V= 5
Areyr
U 2
At point B; V= =
4reyr”

At point C; V=0
(2) Electric field and potential due to some charge

distributions (Linear charge density A = %)

(i) Charge Q distributed uniformly on a rod of length L
(Fig. 11.18)

IE
S
N

L b,
[ + + : + - ]----o— F

P
I L |
Fig. 11.18

. 1
Al pOlI]I P. El’ = 4”Q£ [m}
0

P L
0 log, ( : )
4L r

(i1)) Charge Q distributed uniformly on a conducting
sphere or shell of radius R (Fig. 11.19)

(Surfacc charge densitky o = 0 5 )
4 R”

VI):
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R I}
Fig. 11.19
At point C outside the sphere or shell (» > R),
g.=_2
C™— 2
4 eyr

At point B just outside the surface (r = R),

__ 9
4r g, R?

At point 4 inside the sphere or shell (r<R), E,=0

Ep

Potential at center O of sphere or shell, V=

4w ey R
At points inside (r < R), V, = = Vp (at
surface) 4w e) R
At point C outside (> R), V= Q
4rey R

(iii) Charge Q distributed uniformly on a ring of radius R.
(Fig. 11.20) Electric field at a point P on the axis is

+

= Ré

1 20

B & ——— X
max 47!'80 3\/§R

www.aepstudycircle.com

Electric potential at point P is

0 1

= 4re, X(R2+rz)l/2

V' is maximum at » = 0 (i.e. at centre O) and

_ 9
R dme, R
(iv) Consider a semi-circular rod of radius R having a
charge + Q distributed uniformly on it. Linear charge
density is (Fig. 11.21).

-
R
4
X H X
X H X
i \dl = Rd©
&7p : ING
X i 70 >
X | dE cos \*
_______ dE cos® 1/\60 [ U 5
C
2 ~— dE sin®
dE due to .' dE due to
element A dE sin ! element B
Fig. 11.21

Consider a small element at 4 of length d/ = Rd0 at A. The
charge of the element is dQ = Adl = ARdO. The electric field
due to this element at centre C is

dQ  Ad6
d4mey R* 4meyR

dE =

The x and y components of dE are dE cos 6 and dE sin 6.
Now consider an element at a symmetric point B. The x
component of electric field of this element will cancel with
that of element at 4 but y component will add up. Hence the
electric field at C due to the complete semi-circular rod is

n
E= jdEsine
0

n

= Ljsine de
4r €, 4
T
= ———|—cos @
dre) R o
B
2w ey R

directed vertically downwards away from the rod. If the
rod carries a negative charge (—Q), then the electric field
is directed vertically upwards towards the rod.
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The electric potential at point C is

sz a0
4m ey R
A b/
= dé (= dQ= ARdO)
drne
or V= L
4¢,

The above results also hold for a non-conducting rod.
(3) Potential energy of a system of charges
(1) Charge Q kept at each vertex of an equilateral of side
a. Potential energy is (Fig. 11.22).

(e}

Q a
Fig. 11. 22

30°

Areya

(i1)) Charge O kept at each vertex of a square of side «
(Fig. 11.23)
0 a 0

a a \/5 a

0 a 0
Fig. 11.23

20?
+
4reya 47r£0(ax/§)

0>
drega
(iii) An electric dipole of dipole moment p placed in
uniform electric field E with angle 6 between p and
E Torque Tt = p X E and potential energy U = — p.E.
The zero of potential energy is taken at 8 = 90°.
(a) When 6= 0°, 7= 0, U= minimum = —pFE (stable
equilibrium)
(b) When 6= 90°, 7= maximum = pE, U=0
(c) When 6= 180°, 7= 0, U = maximum = pE (un-
stable equilibrium)

a5
y= 3xQ

(4+\/§)

(iv) Work done in turning a dipole from angle 6, to
angle 6, is

W = pE (cos 6, —cos 6,)
If 6, = 0° and 6, = 180°, W= 2pE

www.aepstudycircle.com

ElecTrosTaTics

© EXAMPLE 4 An electric dipole 4B is placed
along the x-axis with its charges placed at distances x,
and x, from a very long thin wire having a uniform linear
positive charge density A as shown in Fig. 11.24. Choose
the correct option.

Xx-axis

Wire —

Fig. 11.24

The force experienced by the dipole is

Ag (1 1 -
(a) ——| ——— | along —ve x-direction
2meg\ X, X,
A 1 1 -
(b) _q[_ - —) along +ve x-direction
dreg\xy  x,
Aq -
(c) (x, — x;) along +ve x-direction
2 e,
Aq o
(d) (x, + x,) along —ve x-direction
2w e,

@ SOLUTION The electric field due to the long wire
at a point at a disance x from it is given by

_ A
2mey x

As A is +ve, the direction of E is along +ve x-direction.
Hence the force experienced by charge (—¢q) at 4 is
l oy
—
2T EY X

The force experiened by charge (+¢) at B is

Agi
2T gy x,

.. Net force on the dipole is
F=F, +F,

So the correct choice is (a).

7

© EXAMPLE 5 A metallic solid sphere 4 of radius
r has a charge ¢ distributed uniformly on its surface. It is
surrounded by a concentric metallic hollow sphere B of
radius R. The electric field at point P at a distance x from
O where r < x < R will be
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L b) ———
4re, R? 4rwey (R —x)r
(c) g (d) zero
4re,

Gaussian
surface

Fig. 11.25

(© SOLUTION The charge ¢ on A induces a charge
—q on the inner side of B and a charge +¢g on the outer
side of B. To find electric field at P we draw a Gaussian
spherical surface of radius x, shown dotted in Fig. 11.25.
Since point P is inside B, according to Gauss’s law, the
electric field due to B at P is zero. Now flux through the
Gaussian surface due to charge ¢ on 4 is

o= <f)E~dS=E><47rxz

From Gauss’s law, ¢ = 4 Hence

=)
[’ b}
4 - EXx4rmx*
&
= E= 5» which is choice (c).
4 e, x”

=

© EXAMPLE 6 In Example 5 above, if a charge Q is
given to the spherical shell B, how will the electric field
at P be affected?

(© SOLUTION In this case, the total charge on the
outer surface of B will now be (Q + ¢). Since point P
lies inside this sphere, the electric field at P will remain

q

unchanged equal to =
4rey x”

=

© EXAMPLE 7 Figure 11.26 shows two point charges
+¢ and +¢ and a metal rod of length L carrying a charge
—q with a part L/3 of its length inside a box. The electric
flux through the box is

www.aepstudycircle.com

ELECT(@ST@JTHCS

4q

(a) E (b) 3e,
=0 g
(c) 3¢, (d) 2

tq

>

L
3

Fig. 11.26

—q

Closed

box
= 4 L
@ SOLUTION Charge in rod of length T g
According to Gauss’s law, the electric flux through a
closed surface is equal to Inet \yhere et 18 the net charge

€

enclosed inside the surface; the charge outside the closed

W |

surface does not contribute to the flux. Now

q_2q
Gnet = +CI“§=T

_ ne _ 29

, which is choice (¢
e, 3g (c).

Hence
© EXAMPLES8 Three thin concentric spherical shells
1, 2 and 3 have radii r, , and r; respectively. Charge +¢
is given to shell 1 and charge —2¢ is given to shell 3 as
shown in Fig. 11.27(a). If shell 2 is earthed and r3 = 2 r»,
the charge on the outer surface of shell 2 will be

(d) ¢

(a) zero

24

N _<4 g
(c) 3 (d) 3

Fig. 11.27(a)
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© SOLUTION Let g, be the charge on the outer
surface of shell 2. Charge +¢ on shell 1 will induce a
charge —¢q on the inner surface of 2. Charge ¢, will induced
charge —¢, on the inner surface of 3 and + ¢, on its outer
surface. Thus the outer surface of 3 will have a charge
(¢, — 2q) as shown in Fig. 11.27(b).

929

Fig. 11.27(b)

We know that the potential at any point inside a spherical

shell is equal to that on its surface. Hence the potential on
the outer surface of shell 2 will be

V, = potential due to charge +¢ on | + potential due to

charge —¢ on inner surface of 2 + potential duelto

charge g, on outer surface of 2 + potential due to

charge —¢g, on inner surface of 3 + potential due to

charge (¢, — 29)

- g 9 ., @D

dregr, 4dmeyr, 4Ameyn
@ (9-29)
drreyr;  4Ameyn

_ 1| %, @-29)
drey |, n r

Since shell 2 is earthed, its potential V, will be zero. Thus

2 2 = 2
@ _ %, (@ 9 _ 0
n 3 £

2qn

=2 D=~
3

Given r; = 2 r,. Hence ¢, = ¢, which is choice (b).
=

© EXAMPLE9 Acharge g is placed at the corner of a
cube of side /. The electric flux passing through the cube is

(@) L (b)
& 6¢,
q

© 3a (d) 3280
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© SOLUTION It is clear from Fig. 11.28 that eigdlbei=s
cubes, each of side /, are required to form a Gaussian
surface so that the charge ¢ at the corner of a small cube
appears at the centre of the bigger cube. According to

Gauss’s law, the electric flux through the bigger cube =

ei- Hence the electric flux through the given small cube
0

- é So the correct choice is (c).

Fig. 11.28

15. Capacitance

When a conductor is given a charge Q, it acquires a potential
V which is proportional to the charge given to it, i.e.

Qo< V or Q=CV or ng

where C is a constant of proportionality and is called the
capacitance which is defined as the amount of charge in
coulomb necessary to increase the potential of a conductor
by 1 volt. The SI unit of capacitance is farad (symbol F)

1 farad = Leoponty
1 volt
The farad is a large unit. More practical units are microfarad

(UF) and picofarad (pF).
IuF =10 °Fand 1 pF=10"?F

16. Energy of a Charged Conductor

A charged conductor has electric field in the region around
it. If additional similar charge is given to the conductor,
work has to be done against the electrical repulsive force.
This work is stored in the form of potential energy which
resides in the electric field. If a charge Q is given to a
conductor of capacitance C, the potential energy in its
electric field is given by

cv? (- O
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17. Capacitance of a Single Spherical Conductor

Consider a spherical conductor of radius » having a charge
0. Since the electric field is normal to the surface of the
sphere, the lines of force appear to originate from its centre,
i.e. the charge O may be supposed to be concentrated at the
centre. Therefore, the potential is given by

y - S

dre, r

Since C = Q , the capacitance of the sphere is given by
C =4neyr

Thus, the greater the radius of the sphere, the higher is its
capacitance.

18. Capacitors

Any isolated system of two conducting bodies, of any
shape and size, separated by a distance is called a capacitor.
If two conductors, carrying equal and opposite charge Q
have a potential difference V' between them, then
0=Cv

where C is the capacitance of the capacitor and its value
depends on the size, the shape, the separation between the
conductors and the nature of the medium between them. df
C, is the capacitance of the capacitor when the mediumdis
air (or vacuum) and C,, its capacitance when the medium
is a dielectric other than air, then the dielectric constant of
the medium is given by

G
o =0

0
19. Expressions for Capacitance

1. Parallel Plate Capacitor

The capacitance ofa parallel plate capacitoris given by
Keg A

d

C:

where 4 is the area of each plate and d is the distance
between them. K is dielectric constant of the material
between the plates. For air or vacuum, K = 1.

2. Spherical Capacitor
A spherical capacitor consists of a solid charged
sphere of radius @ surrounded by a concentric hollow
sphere of radius b. Its capacitance is given by

C=4ﬂ%K(;m)

il /|

3. Cvlindrical Capacitor
A cylindrical capacitor consists of two co-axial
cylinders and its capacitance is given by

www.aepstudycircle.com

2rey K1

where / is the length of each cylinder and @ and b are
the radii of the inner and outer cylinders.

4. If the space between the plates of a parallel plate
capacitor is filled with two media of thicknesses d,
and d, having dielectric constants K| and K, then the
capacitance of the capacitor is given by

C:

& A
4 %
Kl KZ

o=

20. Capacitors in Parallel and Series

In parallel arrangement of capacitors, the potential
difference across individual capacitors is the same and
the total charge is shared by them in the ratio of their
capacitances.

0=0,+0,+03+
and V_g_&=%:
G G, G

C=C,+C+Cy+

In series arrangement of capacitors, the charge on each
capacitor is the same and the total potential difference is
shared by them in the inverse ratio of their capacitances.

0=Ci V=G Vh=GV;=
V=V, +V,+V;+

Therefore, the effective capacitance of the combination
is given by

1 1 1 1
= eI

C CR
21. Energy Stored in a Capacitor

As in the case of a charged conductor, the energy stored in
a capacitor is given by
5

o _ 1 2
ot o V=—(W
2C 0

where O = charge on each plate of the capacitor, V =
potential difference between plates and C = capacitance of
the capacitor. This potential energy resides in the electric
field in the medium between the plates.

22. Loss of Energy on Sharing Charges

If two charged bodies carrying charges O, and O, and
having capacitances C; and C, are connected with each
other, then their common potential after the sharing of
charges is given by
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