COULOMB’S LAW

Coulomb’s law is formulated in 1785 by French colonel , Charles Augustin
de Coulomb. It deals with a force exerts on a point charge due to another point
charge . Charges are generally measured in coulombs , one coulomb =6 X 108

electrons; one electron e = -1.609 X 10°%°.

STATEMENT :

The force between two point charges Q1 and Q 2 is

e Along the line joining them

e Directly proportional to the product Q1Q2 of the charges
e Inversely proportional to the square of the distance R between them.

Mathematically expressed as

K Q1 Q2ag

(1)

K = Proportionality constant , Q1,Q2 = charges in coulombs (C) ,

R - distance in meters ( m) , F = Force in newton ( N )

1

TT€Q

K =

=9X10° m/F

€o 2 Permittivity of free space ( in farads per meter)

€, = 8.854 X10712 »

36T m

Substitute K in equation ( 1) , Equation ( 1) becomes

__Q1Q2ag
B 4megR?

)

If the point charge Q1 and Q2 have a position vectors r; and > , then the force F

1s represented as F,

Where R =1-14

Magnitude R = |Rq3|

: _ Ry
Unit vector dg , = =

Substitute eqn (6) in eqn (3)

24 EE301

3)

(4
(5)

(6)

ELECTRO MAGNETIC FIELDS



102
Fi, =&Rn (7)

Substitute eqn (4 ) in eqn (7)

1Q2(ry,—
F12 _ Q Q (7'2 rl)

 4meglr— 1|3

(8)

Fig 18 : Coulomb vector force on
point charges Q1 and Q2

rrigim

1. The force on Ql due to Q2is  Fpy = |Fiplag,, = [Fizl(—ag,)

le = - Flz (8)
AR, = ~ ARy,
Fig 19: a,b, - Like charges repel ; c-
— -~ — — Unlike charges attract.

ia) (b (c)

2. Like charges repel each other while unlike charges attract.

3. The distance R between the charges Q1 and Q2 must be large compared
with the dimensions of Q1 and Q2.

4. QI and Q2 must be static ( at rest).

5. The signs of Q1 and Q2 must be taken into account in eqn (3 ).

Force due to N — point charges : ( Principle of Super position)

If more than two point ( N point) charges Q;,Q2,Qs , .... Qn are located
with position vectors i, 12, 13, .....In , the force on charge Q located at point r
is the vector sum of the forces exerted on q by each of the charges Q;,Q,,Qs ,

. OQx .
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QQ1(7r—71) QQ(r-r3) + QQN(Tr-TN)

" 4ameg|r— 1|3 ATTey|r— 1353 U 4meg|r—ry|3

©)

The above equation can also be written as

F= Q ZN Qr(r—rg) (10)

amey “K=1 jr— 13

Electric Field intensity :

The electric field intensity (or electric field strength ) E is the force per unit
charge when placed in the electric field.

. F
= g "
F
E=3 (12)

The electric field intensity E is in the direction of the force F and is measured in
newtons/ coulomb or volts / meter. The electric field intensity at point r due to
point charge located at r’ is obtained from eqn ( 8) and eqn ( 12)

Q Q(r-7)
= 41€(R? ar = 4TTE (
0 olr-r13
13)
For N point charges Q1,Q2,Qs, .... Qn are located with position vectors
11, I2, 13, .1~ the electric field intensity at point r is obtained from eqn (10) and
(12)
_ Q1(7r—11) Q2(1—T13) Qn(Tr—TN)
Ameglr—11|3  4meglr—r1y|3 T ameglr—ryl3
(14)
1 —_
E = N Qk(r-T7k) (15)

amey “K=1 jr— 1y 3

Electric fields due to continuous charge distributions

++ A !h
+
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Point
charge

Line

charge

Surface volume
charge charge

Fig 20. Various charge distributions and charge elements

» Charge distribution is continuous along a line, surface & volume.

Total charge dQ = p; dl
Q = [ p. dl (line charge)
dQ = pg ds (Surface charge)

dQ — charge element

Q= fs ps ds
Volume charge
dQ = p, dv
Q= fv py dv
The electric field intensity due to p;, ps, p,
F Q(r-1") Qar
E = — = —
Q ameg|r—r'|3 4TEGR?
_J, PLdL X
E = imeor? IR ( Line charge)
_ Ps ds
E= [ o OR (Surface charge)
E= | DD e (Volume Charge)
v 4meyRZ R

Electric field intensity of Line charge
( Finite and infinite Line Charge)
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Fig 21: Evaluation of the E field

diie to a9 line charoe



Line charge with uniform distribution from A to B along z axis

The charge element dQ associated with element dl = dz

dQ = p,dL = p,dz ... (1)
Total charge Q = [, p, dL = fZZf pLdz............ ()
The electric field intensity E at point P(x, y, z)
dl = dz
R= (x,y,z) — (0,0,2) p=Rcosa
=xax +yay + (z—2z)az z—2z =Rsina

(or) R= pap+ (z—2z")az

R>=|R?*|= x*+ y>+(z—2)> = p*+(z—2")?

aR _ R pap+(z-z)az
_2 —_ 3| 3/ ......... (3)
REIRTL|p2+(z-2")2( /2
J, pLdL
E= +t——aq
4meyR2 R

_ _PL_ [ _papt(z=zhaz .
ameo ” (p2+(z-2")2) /2
From fig 21
R= [p*+(z —z’)2]1/2 = pseca
z' =0T — ptana

VARVA

tana =
—dz' = psec’ada
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dz' = —psec’a da

(4) = becomes

E = ZPL (% psec” a [Rcos ap+ Rsina az] dat
4mey YA (p%sec®? a) R
_  —PL Q2 :
E = [ Cos aap + sina az] da
4mEGp VX1
_ _~hPL : _ a;
E = pr— [+sin aap — cosa az],;
E=-—PL [+[sin a, —sinay]ap — [Cosa, — cos a;] az]
4TTEG P
Finite line charge
E=-LL [—[sin a, —sinay]]lap + [Cosa, — cos a;] az]
4TTEG P
e (A)
Infinite line charge
X . T —T1T
Point B is at (0,0, OC) and A at (0,0, —OC)al = ) a, = B3
Egqn (A) =
PL . . T
E = [— —sin ——sm—]a + 0
dmeyp ( 2 2 P |
_ _PL — _PL
E = pr— 2ap = e P v/m

Electric field intensity of an infinite sheet of charge:

Infinite sheet of charge in xy plane with charge density ps.
Total charge with an elemental area (ds) is

dQ = ps. ds _ > (1)

Integrate eqn (1)
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Q=J, psds > 2)

The electric field intensity is expressed in general as

___Q o,
E 4neORZaR
(A)
For a surface charge sub (2) in (A)
_ Psds — (3

s 4megR2 R

Foo, o, Ky

Fig22: Evaluation of electric field ‘E’ due to an infinite sheet of charge.

Find ds. aR and R then substitute in equation (3)
R=p(-ap)+haz

R=-pap+haz _ 4)
Ri=yp? + 2 I
(4a)
The surface is in xy plane and is given as  ds = p.d®.dp — (5)
ap =— —
R =—
IR|
(6)

sub eqn (6), (5) ,(4) and (4a) in eqn (3)
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_r2m oo (—papthaz)pg _
B=1"Jo wemirs iy forenm - PA0-dP

(7)

0<O<2n,0<p<o0
E has only ‘z’ component -pap+haz = haz - (7a)
Sub eqn (7a) in (7)

:f()zﬂ fooo pshaz.pdg.dp

41 £9(p2+h? )/ p%+ h?2

Integrate with respect to ©
Ps foo phaz.dp [ ] 2T

41ey Y0 (p2+4h2) /p2+ h?2 0

Ps foo phaz.dp [ T — O]

_47'[80 0 (p2+h2)/p2+h2

_ 2rpsh foo paz.dp —

imey 0 (p2en? )Jpte k2
(8)
Assume p?+ h? =u? .
€))
Diff. eqn (9)
2p.dp=2u.du —
(9a)
p.dp=u.du ., (9b)
If p=0,u=handp=o0,u=ow (9¢)
substitute eqn (9b) and (9¢) in eqn (8)
_ psh o u.du.az - 1
200 I i (10)
__ psh foo u.du.az
260 YR (u?)xu
_ psh oo 2
= e J, u™? du.az
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hJu™1
_ Psh _loo.az
280 -1 h
h|—-1
_ psh _loo.az
2eg Lulh

280 o0 h
po psho 1. _psaz —
280 h 280
(11)
Ps
=—=a
280 z

E has only ‘z’ component if charge is in the xy plane equation (11) is valid for
h>0, for h<0 az is replaced by —az

Infinite sheet of charge

The electric field due to infinite sheet of charge is everywhere normal
to the surface and its magnitude is independent of the distance of a point from
plane containing the sheet of charge

E = &an
280

a,, = unit vector normal to the sheet

Electric field due to charged circular ring
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Fig :23 The charged circular ring

The charged circular ring of radius ‘p’ is shown in fig. The ring is placed
in xy plane and carrying the charge density is p; ¢/m [ uniformly distributed ].

The electric field intensity ‘E’ is measured at point p which is of
distance ‘z’ from origin.

Consider a small differential length dl on this ring. The total charge on it is

dQ=p, dl - (1)
Integrate eqn (1)
Q=/[ pdl - (1a)
. . . pp dl —
The electric field due to line chargeis  E = f ——_.aR —— ()
41TEGR

R = distance between p and dl , dl in @ direction
dl= pd® — (3)
R2 = p2 + h2
1) ‘p’ is in the direction of —ap radially inwards (-par)
2) his in the direction azie h az

R=-pap+haz - (4)
IRl = /(=p)? +h? =/p?+ h? —
aR = —pap + haz - 5 ©)

/pZ +h2

sub eqn (3), (4),(5)and (6)ineqn (2) 0<®<2n

E = f27r p1pdo —-pap+haz

0 4meyg(p2+h?) Jp2+h?
(7)

The radial components of ‘E’ at point ‘p’ will be symmetrically placed in the xy
plane and are cancel each other

Hence the vector R =—pap + haz
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R=haz

—

Eqn (7) is reduced by

) 2t phaz dd
ATe, fo (p2+h?)3/2

_ _p1_phaz _ ooom
4mey (p2+h?2)3/2 [ ]0

_ b1 phaz
4mey (p2+h2)3/2°

P1 ph —

= Az
2g0 (p2+h?2)3/2
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(8) [ since —pap = 0]
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