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Alsor+r =30m . r;=2m, r,=1m

Hence, the pomt Pis at a distance of 2 m from g,and I m
from g,.

Two points masses, m each carrying charge —q and +q are
attached to the ends of a massless rigid non-conducting
rod of length /. The arrangement is placed in a uniform electeic
field £ such that the rod makes a small angle 8 = 5* with the
field direction, show that the minimum time needed by the
rod to align itself along the field (after it is set free) is

m [
2\ 2gE

Soln.: The torque on rod 4B is given by

T = gE(Isin6)
=gqEIl®

The moment of inertia of the rod 4B about © is given by

n? N mP
I:m(wj +m[4] ==
2 2 2

We known that,

t=fa or cn=l
7
E
a:ﬂ_zﬂ_ 29 where (02=2q—-
(ml~(2) ml ml

As acceleration is directly proportional to 8, hence the motion
of rod is SHM. The time period 7 is given by
T= 2—“—: 7
o 2q9E
The rod will become parallel to £ in a time

_T_ 27 [ ml] n [ ml]
4 4\ 29E 2qE
ELECTRIC FLUX

e  If the lines of force pass through a surface then the
surface is said to have flux linked with it. Mathematically
it can be formulated as follows :

The flux linked with small area element on the surfiace
of the body

dp=E-ds
where &5 is the area vector of the small area element.
The area vector of a closed surface is always in the
direction of outward drawn normal. The total flux linked
with whole of the body

¢=¢E-ds

@ Gauss’s Theorem : The total flux linked with a closed

ml

surfiace is s times the charge enclosed by the closed

€9
surface (Gaussian surface) i.e.,

P4
<j>5~d§_80

This law is suitable for symmetrical charge distribution
and valid for all vector fields obeying inverse square
law.
®  Gaussian Surface :
(a) It is imaginary surface.
(b) It is spherical for infinite sheet of charge,
conducting and non conducting spheres.
It is cylindrical for infinite sheet of charge,
conducting charge surfaces, infinite line of charges

charged cylindrical conductors etc.

(c)

APPLICATIONS OF GAUSS’S LAW

® Electric field due to an infinitely long tbin unifermly
charged straight wire
Electic field due to thin infinitely long straight wire of
uniform linear charge density A is

X
2meyr

where r is the perpendicular distance of the observation
point from the wire.

e  Electricfield due to a uniformly charged thin spherical
shell

Elecwric field due to uniformly charged thin spherical
shell of uniform surface charge density 6 and radius R
at a point distant » from the centre of the shell is given

E=

as follows :
O At a point outside the shell ie., »> R
_ 1 a
B 47[80 r2
QO At a point on the surface of the shell i.e, r=R
[
471:8. R-
O At apoint inside the shell i.e., r <R
E=0

Here, g = 4nR%c
The variation of £ with » for a uniformly charged

thin spherical shell is as shown in the figure.
o

o

.

ad r=R r—» "

e Electric field due to a uniformly charged non-

conducting solid sphere

Electric field due to a uniformly charged non conducting
solid sphere of uniform volume charge density p and
radius R at a pointdistant » from the centre of the sphere
is given as follows :
O At a point outside the sphere i.e., » > R
1 g
4ng r?




Efectrostatics

QO At apoint on the surface of the sphere

e, r=R
L ¢
47[50 _32
O At a point inside the sphere fe., r < R
/:!_r_____lmq_) forr<R
dgg  dugy B
Here,

The variation of £ with » for a mniform charged non
conducting sphere is as shown in the figure.

=

r=R r—»

Electric field due to a snifermly charged infinite thin
plane sheet
Electric field due to a infinite thin plane sheet of
uniformly charge surface density ¢ is

. a

B 280

£ is independent of r, distance of the point from sheet.
Electric field due te tws thin infinite parallel sheets of
egual and spposite charges
Electric field due to two thin infinite parallel sheets of
uniform suiface density +o and —g, is given as follows :
O At a peint anywhers in the space betsween the two

sheets
(v}

Ew—
8p
QO At point outside the sheets, £ = 0.

An eleckic dipole is placed at the centre of a sphere. Find
the electric flux passing through the sphere.

Seln.: Net charge inside the sphere #, = 0. Therefore,
according to Gauss’s law net flux passing through the
sphere is zero.

ELECTRIC POTENTIAL

rleciic potential at a paint can be physically interpretsd.
as the work done by the field iz displacing a unit positive
charge from. some reference point to the givén point

Potential at a point is analytically defined as a scalar
function of position whose negative gradient at a point
gives electric intensity

- - v -
E=zwgradV=-VV )

§V A 8? ;\

e
gy o
Potential at earth. is assumed to be zero as it is a large |
conductor and its potential is approximately constant

~
(A

| Potential Difference :

»
Vo=~ |E.dF
a

Its value doss not dspend on

frame of reference, hence it is o

an absolute quantity. W

As electric field is conservakve, worx done and hence

porential difference between two points is pathk

independent and depends only on the position of points.
W, =W,=W,

®

Fireetectricpotential at poiat 4 is 20 V' and at B s — 40 V.
Find the work done by an external force and elecirostatic
force in moving an electron slewly from 5 to 4.
Seln ¢ Here, the test charge is an electron,
ie., g,=1.6x10PC

V,=20V and V;=--40V
Work done by external force (¥}, oo i = @olV, ~

={— 1.6 x 107[(20) — £ 40)1=--9.6 x 1071
Work done by electric ferce
{’/l —A)c}v:c?xic.force - (WB~A}cx(cmal foree

= (—88x 107 J=96%10"18]

Flectric potential due to a peint charge : Eleciric
potential at a point distant » from a point charge ¢ is

¥

4‘1‘[3(‘?'
Electrie potential due tosystem of charges : Theelestric
poteutial at a point due to a system of charges is equal
to the algebraic sum of the electric potentiais due i
individual charges at that point.
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Electric poten#al at any peint due to an electric dipale

in
Shkins
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The electic potential at point £ due to an electric dipole is
1 pcos®
Tdmg,
Special cases :
@ “Wheutke poini Plieson the axial hine of dipolei.#., §= 0"

V= B

g r”
O When the point P lies on the equatorial line of the
dipole, i.«., 8= 90°¢ V=0

Electrie pstential due te uniformily charged thin
spiierical shell

7,

¥

Elecwdic potentiai due to a vniformly charged spherical
shell of uniform surface charge density s and radius R
at a point distant » from the centre of the shelil is given

with respect to given charge to it.

as follows :



At a point outside the shell i.e., r > R

At a point onthe surface of the shell 7.e., r = R
1 g

4neg R

At a point inside theshell i.e., ¥ > R

RN J
- 4me, R

Here, g = 4nR%c

The variation of ¥ with # for a uniformly charged thin

sphericalﬂshell is shown in the figure.

AN
Mg

O =R r— »

¢ FElectric potential due to a uniformly charged non
conducting solid sphere
Electric potential due to a uniformly charged non-
conducting solid sphere of uniform volume charge
density p and radius R at a point distant » from the
centre of sphere is given as follows :
O At a point outside the sphere 7.e., r > R

y-— 9
4meg
O At a point on the surface of the spherei.e., r =R
= 9
N 4megy R
O At apoint inside the sphere i.e., » < R
po L 4GR-r))
4ngy 2R}

4
Here 9= §“R3P

lllustration 8

A spherical conducing shell of inner radius », and outer
radius r, has a charge Q.

(a) A charge g is placed at the centre of the shell. What is
the surface charge density on the inner and outer
'surfaces of the shell?

Is the electric field inside a cavity (with no charge) zero,

even if the shall is not spherical, but has any irregular

shape? Explain.

Seln.: (a) Surface charge density on the inner surface of shell is

o = 4
4t

and on the outer surface of shell is

(%)

O+gqg

0‘Dllt

475"22
(b) The electric flux linked with any closed surface S
inside the conductor is zero as electric field inside
conductor is zero.

J

So, by Gauss’s theorem net charge enclosed by closed
surtace S is also zero i.e.,

qnct =AY

So, if there is no charge inside the cavity, then there
cannot be any charge on the inner surface of the shell
and hence electric field inside the cavity will be zero,

even though the shall may not be spherical.

_}f!"ﬁ'sﬂ:?}ion*_gg}--

A charge Q is distributed over two concentric hollow
spheres ofradii » and R (> ») such that the surface densities
are the same. Find the potential at the centre of the two
spheres.

Seln. : If g, and g, are the charges on two spheres of radii  and

R respectively, then the surface charge density is given by

4

- b _ % o oa_ T
a? 4nR: ¢y R? B
2 2 2
,q_l +1= i —+ 1 = M - 7_+2—R_ ‘
q» - 2 R

But q, + g, = tota! charge O.
Q_r+R OR_r+R* 4 _ OR
R? el

43 ‘+R°
a OR
'

R
r2+ R?

Potential at the common centre =

Similarty,

1o, 1 a
47t€0 r 47]:80 R
L o (Lzz_j _ ] [ or QR__)
angg \r R/ 4mgy \#2+ R 24 RY
EQUIPOTENTIAL SURFACE

e An equipotential surface is a surface with a constant
value of potential at all points on the surface.
Properties of an equipotential surface

e  Electric field lines are always perpendicular to an
equipotential surface.

e  Work done in moving an electric charge from one point
to another on an equipotential surface is zero.

e Two equipotential surfaces can never intersect one
another.

Relationship between Eand ¥V
E=-VV
where V :(f.a_+j£+;}_a_:|
ox "oy &z

—ve sign shows that the direction of E is the direction
of decreasing potential.



