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(c) Electric Potential
Curl of Electric field

Consider a point charge at the origin, then electric

. i . z
field at a distance r is given by
E--1 9%
rey ¥ b

Now we will calculate the line integral of this field FQ,//
b, q ,r’//’

from some point a to some other pointb : IE-d I 7
a I/I I’a

In spherical coordinates,dT:dr?Jr rd@6+rsin 49;5 X a

- - 1 b, o 1 b
SEdl=——tdr = [Edl=—"—[Fdr,
drey r " e, r

b -
:>'[E.d | = 1 q(l—lj where r, is the distance from the origin to point a and r, is the

4re, r,

distance to b.

Then integral around a closed path is zero i.e. C.ISEd =0 (=)

This line integral is independent of path. It depends on two end points.

Applying stokes theorem, we get VxE =0,
The electric field is not just any vector but only those vector whose curl is zero.
If we have many charges, the principle of superposition states that the total field is the vector

sum of their individual fields:

So, VxE =VxE+VxE,+........ =0

Sincecﬁ E d T =0, the line integral is independent of path.

So, we can define a function

P
\Y (r) = —I E.d where ¢ is some standard reference point.
9

H.No. 40-D, Ground Floor, Jia Sarai, Near IIT, Hauz Khas, New Delhi-110016

Phone: 011-26865455/+91-9871145498
Website: www.physicshyfiziks.com | Email: fiziks.physics@gmail.com




fiziks
LISIK2

fiziks

Institute for NET/JRF, GATE, IIT-JAM, M.Sc. Entrance, JEST, TIFR and GRE in Physics

V then depends only on the point r. It is called the electric potential.

Evidently, the potential difference between two points a and b is

> o

b—> - a_ g b
=—[EdT+]EdT v (b)-v(a)=-[Ed ] -
9 9 9

> o

Edl

D ey

b

=V (b j Edl
Now, the fundamental theorem for gradlents states that

br - b, S

V(b)—V(a):j(V.\/).d | =—[Ed]
=E=-W.

Potential obeys the superposition principle.

Potential of localized charges

a where R is the distance from the charge.

4re, R
9
Z

72'6‘0|1 i

Potential of a point charge q isV =

The potential of a collection of point charge isV =

. i 1
For continuous volume charge distributionV (r) = yr
&y

(20
R

The potential of line and surface charges are

V)=, jw) and V(r)=4; j%da’

Example: Which one of these is an impossible electrostatic field?
(@) E = k[xyx + 2yzy + 3xzz];

(b) E = k[y%x + 2xy + 22)j + 2yzZ] .

Solution:
X y z
= = o 0 0 N N A
(). VxE=kl— — —|=K[X(0-2y)+¥(0-32)+2(0-x)]=0
ox oy oz
Xy 2yz 3zx

So, E is an impossible electrostatic field.

(b). VxE =0= so E is a possible electrostatic field.
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Example: Find the potential inside and outside a spherical shell of radius R and chargeq .

g :LZF; outside thesphere (r > R)
Solution: From Gauss's law the field E = Aregr

E, =0; inside thesphere (r <R)

Potential outside(r > R) is: V(r) = —[" E.dl =" —9 f.drf = 9
(r>R) (N=-L& I P pp

Potential inside (r < R) is: V(1) = —[" E.di = —(RE,.dl - (L E,.dl =—1
(r<R) (rN=-, [ E1.dl - R Ep iR

So potential inside the spherical shell is constant.

Thus V (r) = g R;rgR andV(r):4q r; r>R.
&, &,
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