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1. Coulomb’s Law and Superposition Principle

The electric field at any point due to stationary source charges is called as electrostatic
field.

The electric force on a test charge

. . Source point
Q due to a single point chargeq, P

z .
which is at rest and a distance R Z 5 Q_»
apart is given by Coulomb’s law q Field point
F-_1 Qg r '
4rey R
The constant ¢, is called the y

permittivity of free space.

2 X
» C°

In mks units, &, =8.85x10"" ~.
N.m

R is the separation vector from r (the location of g ) to r (the location of Q ):

R=r-r: R is its magnitude, and R is its direction. The force points along the line
from q toQ; it is repulsive if g and Q have the same sign, and attractive if their signs

are opposite.

q R Q . - o -Q
[ J R L | R Cl R ° R
—q R Q B -Q
[ R ® R q Pe R ° R

The electric field is force per unit charge experienced by source charge Q

E-=

F 1 qg;
- >R
Q 4rg, R
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1.1.1 Electric Field
If we have many point charges g, d,,...... at distancesR,R,,R;...... from test chargeQ,

then according to the principle of superposition the total force on Q is

—F=QE Source point

. y
where E(P)= 1 Z%Ri ql.qi.j - P

_ Field point
E is called the electric field of the source

charges. Physically E(P) is the force per

unit charge that would be exerted on a test X
charge placed at P .

z
If charge is distributed continuously over some region, then

E(r)z ! jizﬁdq (See figure (a) shown below)
Are, |

ine

The electric field of a line charge is(dq = Adl") (See figure (b) shown below)

E(r): ! J' A(rz) Rdl’ where A is charge per unit length.

47[80 line

For surface charge (dg =oda’)(See figure (c) shown below)

E(r): ! j G(r)Rda where o is charge per unit area.

47[80 surface

For a volume charge(dq = pdz’) (See figure (d) shown below)

E( .[ p(l’)

lume

Rdz’ where p is charge per unit volume.
47[80 v
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@/ﬁ./. P R
d
q dll
(a) Continuous distribution (b)Line charge, 1
R_—a°F
da’ R o P
dz’
(c)Surface charge, o (d)Volume charge, p

Example: (a) Find the electric field a distance z above the mid point

between two equal charges, q, a distance d apart.

N

(b) Repeat part (a) after replacing right hand charge to—q.
I q

4rig, 1’

Solution: (a) E, =E, =

Horizontal components cancels and

E, =Eqcos0+E,cosf =2E; cosO

2
Since r2:22+—,cos6?=E
4 r
= 1 2qz A
= E= VA
4meg 42 3/2 q d/2 d/2 ¢
7°+ 7
1

2q . .
—- (looks like a single charge 2q).

When z>>d, E=
Are, 2
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1 ¢ E
b) E,=E, = — !
0) & =E, drg, 1? / EZ

Component along z-direction cancel out. 2 .
r 2 S X
z

ThusE = 2E;sin 6 X, sin6?:i

2r
= 1 qd -
=E= X f _
Arg 57372 +q d/2 d/2 q
> d
2+ ——
=
= 1 qd. .. .
When z>>d, E= — X (field of a dipole)
Are, Z
Example: Three charges g, 2q and 3q are placed at the A D
q
three corners (A, B and C) of a square of sidea. Then:the
electric field at the fourth corner D. 4
Solution: B a C

Electric field due to charge at A,

Ec =
E, &7 along AD E In E
A 4 2 B
e, a A b 453
- Ea X

Electric field.due to charge at B, a
Eg = 2 5 = f > = E, along BD a ﬁa

47z, (\2a) h, A7eoa L

L 291" 3q
Electric field due to charge atC, B a C

E.= 3 > along CD
4re,a

Thus resultant field E = (E,, + E, 05 45° ) +(E; + E, sin45°) §

— q 1), q 1. El_ [c2  p2 4 By
E= 1+— |[X+————| 3+—= |y where|E|=,/E-+E7 and ¢ =tan"| —=
4rg,a’ [ \/Ej 4rg @’ ( \/Ej y ‘ ‘ S ¢ [ E,
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Example: Find the electric field a distance z above the midpoint of a straight line
segment of length 2L, which carries a uniform line charge A .

Solution: Horizontal components of two field cancels and the field of the two segment is

1 d_q dEz dEl

dreq r? 9% z
Net field is dE = 2dE; cos67 = 2 1 [Adx cos 6z r r
47[80 r2 z X

dEl = dEZ =

z 2 92 1 L 212
Here, cosf@=—,r=Vz°+x- = E= dx
r 472'80 jo |:22 N X2:|3/2 dq dq
X
L
mee-zzl 1 [ e Mol
4reg Z2 22+X2 . 47[802122“_2
Forz>>L, E= 1 %—L
47[80 22
and when L > , E= 1 22
47[80 Z
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