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INTRODUCTION

Electrosatic is fundamental concepts that are
applicable to static(or time-invariant) electric

fields in free space(or vacuum).An electrostatic
field 1s produced by a static charge distribution.

Study of electrostatics by investigating the two

fundamental laws governing electrostatic fields:
Coulomb's law, and
Gauss'slaw.



COULOMB’S LAW
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Expressed mathematically,
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Where k 1s the proportionality constant. In SI units, charges are in
coulombs (C),The distance R is i1n meters(m), and the force F 1s in
newton (N) so that
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VECTOR FORM OF COULOMB’S LAW
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COULOMB’S LAW
(IMP. PTS TO BE NOTED)

F = —-Fp,

2. Like charges (charges of the same sign) repel each other while unlike charges
attract. This is illustrated in Figure 4.2,

3. The distance R between the charged bodies () and (2, must be large compared with
the linear dimensions of the bodies; that is, ¢; and &, must be point charges.

4. O, and Q, must be static (at rest).

The signs of ¢, and (0> must be taken into account
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PRINCIPLE OF SUPERPOSITION

If we have more than two point charges, we can use the principle of superposition to
determine the force on a particular charge. The principle states that if there are N charges
(. O, . . ., Oy located, respectively, at points with position vectors ry, ry, . . ., Iy, the
resultant force F on a charge Q located at point r is the vector sum of the forces exerted on
( by each of the charges O, Q5. . . ., 0y Hence:
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ELECTRIC FIELD INTENSITY
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Thus

or simply

The electric field intensity E is obviously in the direction of the
force F and 1s measured in newton/coulomb or volts/meter.



ELECTRIC FIELD INTENSITY

The electric field intensity at point r due to a
point charge located at r ‘ 1s

@ _ Qir — 1)
= M= 3
dre,R dre,lr — r'|
For N point charges ), (3, . . ., Qylocated at ¥y, ry, . . ., Iy, the electric field in-

tensity at point r s obtained from eqgs. (4.8) and (4.10) as
Qiir — 1) n (hir —r); I adr — Ty

dxer — P dwejr — | dare,|r — ryl*
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EXAMPLE 1

Point charges 1 mC and —2 mC are located at (3, 2. — 1) and (—1, —1, 4), respectively.
Calculate the electric force on a 10-nC charge located at (0, 3, 1) and the electric field in-
tensity at that point.

Solution:
B {en QQdr — 1)
"o dﬂ'ﬁ‘ﬁz W A-zt.‘z dxe,lr — 1)’
_ Q {m (0,3, 1) — (3,2, -] 2107°[(0,3,1) — {—1,—1,431}
are, | 10,3, 1) — (3,2, — D] 0,3, 1) — (-1, -1,4)
_ 10710 m“-*[ (-3.1,2) 21,4, —3}__]
10°° ©+1+4H2 (1 +16+ 972
4o+ ——
3|Ewr
_ 5. m_gw 1,2 (=28 ﬁ;a]
i Id-"a./_ 26V26

F = —6.507a, — 3.817a, + 7.506a_ mN



EXAMPLE 1

At that point,

F
E=—
Q -3
= (—6.507, —3.817, 7.506) -
{ ) 10- 107
E = —650.7a, — 381.7a, + 750.6a, kV/m




EXAMPLE 2

Two point charges of equal mass m, charge O are suspended at a common point by two
threads of negligible mass and length £. Show that at equilibrium the inclination angle « of
each thread to the vertical is given by

0" = 167 & mef” sin® o tan o

If e is very small, show that

o O
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EXAMPLE 2

Solution:
Consider the system of charges as shown in Figure 4.3 where F, is the electric or coulomb
force, T is the tension in each thread, and myg is the weight of each charge. AtA or B

Tsina = F,

Fecos a = mg

Hence,

sinee _ F, 1 o*

COs o g mg 4?r.=.:¢..r‘2
But

r = 2¢€ sin o

Hence,

OF cos @ = 16we meb” sin’ o
or

Q° = 16we, mef” sin” o tan o
as required. When e is very small

tano = o = SiN o



EXAMPLE 2

and 50
Q* = 167e mefla’

ar

0
167e mgt”
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ELECTRIC FIELD DUE TO CONTINOUS
CHARGE DISTRIBUTION

So far we have only considered forces and electric
fields due to point charges, which are essentially
charges occupying very small physical space.

It 1s also possible to have continuous charge
distribution along a line, on a surface, or in a
volume.

Line charge density by pL (in C/m),

surface charge density by ps (in C/m2), and

volume charge density and pv (in C/m3),




ELECTRIC FIELD DUE TO CONTINOUS
CHARGE DISTRIBUTION

The charge element dQ and total charge Q due to
these continuous charge distribution are

dQ = ppdl - Q = Jp,_ dl (line charge)
L

dQ = psdS—-(Q = [ psdS  (surface charge)
5

dQ=p,dv—=(Q = J p, dv (volume charge)



ELECTRIC FIELD DUE TO CONTINOUS
CHARGE DISTRIBUTION

o Electric field due to this charge distribution will
be

L dl
E = [ LS ap  (line charge)

dre R
A
E = i S ap (surface charge)
drwef°
o, dv .
E = a volume charge
F — [_,Rz " { E )




A LINE CHARGE

Consider a line charge with uniform charge
density o extending from A to B along the
z-ax1s as shown 1in Figure.

The charge element d associated with element
dl = dz of the line 1s ]

dQ = ppdl = pp dz

{0,0,z')

and hence the total charge Q 18

= V



A LINE CHARGE

ap (line charge)

dl = dz’
R=(xy2 —(007z)=xa +ya+(z— )

R=opa, +(z—z2)a,
RE=hIR|2:I2+}11+{E_Ei}2=p1+(z_zf}3

a, R  pa,+(z—2")a,

R? |R|3 - [#2 +(z — Et)z]_w




A LINE CHARGE

dz'

E_

or I pa, + (z — ') a,
dre,

Py 132
(0> + (@ — 2]
To evaluate this, it is convenient that we define o, e, and «, as in Figure

R = [PE + {E _ Er]l]]ﬂ = p Sec o

=0T — ptan &, d7' = —p sec’ a da

Hence, eq. becomes
! rr’ p sec’ a [cos aa, + sina a,] do
drwe, " pz sec” o
oy
PL .
= — [cos aa, + sin « a,] do
4we.p ’
iy
Thus for a finite line charge,
P : . B
E = [— (sin @ — sin ay)a, + (cOs a; — cos ay)a,]

N daep




A LINE CHARGE

As a special case, for an infinite line charge, point B is at (0, 0, %) and A at (0, 0, —=) so

that ey = w/2, @, = —7/2; the z-component vanishes and eq. (4.20) becomes
Pr.
E =
2wep %
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EXAMPLE

Solution We know that the electric field intensity E for the infinite line charge along
Z-axis is:

Replacing p in the above equation by the radial distance R between the line charge and
the point P and assuming that fip =@y, we can write from the figure that:

R=(x,y,2)-(3.2.2)=(x-3)a, +(y-2)a,

IRI=\J(x=37 +(y-2)

R (x=3a, +(v-2)a,
IRl J(x=372 +(y-2)

~

dy

Thus,
p, (x=3a, +(y-2)a,

2re, (x-37 +(y-2)°

it

_E:' =




EXAMPLE

A uniform line charge density of 10 nC/m is located at x = 0, y = 2, while
another uniform line charge density of - 10 nC/m is located at x =0, y = -2, Determine the
electric field at the origin.

Solution As we are given two infinitely long charged lines, the total electric field E at
any point is the vector sum of the electric field at that point due to individual line charges.
That is,

P P,

i B,
gnenpl 1 znea}pﬁ

apf:

Given that P, = 10 nC/m and p, = - 10 nC/m. Also, the location of p; s x =0, y =
and the location of P, 15x=0,y= -2, and we have 1o evaluate electric ﬁcld at the origin,
that is, at (0, 0, 0). Therefore:




EXAMPLE

=07 +2 =2 and p, =0 +(-2)" =2

ﬁ pl'[ 2“}' ; d - pf _2&1?
T — —— -l - L -
AT T e 0, 2 0
l
As we know that —— =9 x 10” m/E. This implies that L 18 x10” m/F.
4ne, 2me,

—_
Thus, E at the origin is computed as [ollows.

mxm"-’xlsxm?& +-mx10'“x13xm“

£= 2 ) 2

(-a,)=180a, V/m




SURFACE CHARGE

Consider an infinite sheet of charge in the xy-
plane with uniform charge density ps. The charge
assoclated with an elemental area dS 1s

dQ = pgdS

and hence the total charge is

Q= [ ps dS



SURFACE CHARGE

The contribution to the E field at point P(0, 0, A)
by the elemental surface 1 shown in Figure

dQ
= S ap
dre R°

£00, 0, k)




SURFACE CHARGE

R=p(—a,)+ha, R=IR|=[p"+h]|"

R
ag = dQ = pgdS = psp do dp
Substitution of these terms gives

_ Psp do dp ['-pﬂp + J'za{]
4HEn[P2 + hl]]ﬂ

dE

Due to the symmetry of the charge distribution, for every element
1, there 1s a corresponding element 2 whose contribution along a,
cancels that of element 1, as illustrated in Figure . Thus the

contributions to £ add up to zero so that E has only z-component.



SURFACE CHARGE

] r pem
14 _hpdp dd
E:(dEsz;_IS_J a1 8
L =0 “p=10 [ + h }
h * .
d7e, ) - 2
psft y. 21-112 "
= —— § - + h .
EEEI { [p ][ }E} H‘E
_ Ps
k 2e, =

LE,

that is, E has only z-component if the charge is in the xy-plane. In general, for an infinire
sheet of charge




SURFACE CHARGE

In a parallel plate capacitor, the electric field
existing between the two plates having equal and
opposite charges 1s given by

: Py —Ps : Py
Ez'—_ﬂ + — _Hiz‘_‘ﬂ,
EEL’I " 28{1 ( " EI:“] [



EXAMPLE

An infinite sheet in .l'y -plane extending from —eo 10 e in both directions has a
uniform charge density of 5 nC/m”, Find the electric field at z = 10 cm.

Solution: Given that p,= 5 nC/m* = § x 10~ C/m’
As the given sheet lies in xy-plane and the field point is on z-axis, the electric field £ can
be given as:

L
2-.

5%107
1x8.854%10 " &

= E= =282.34, Vim




EXAMPLE

A disk located at 0 < p < 1, z =1 has a uniform charge distribution p, = 200
pC/m?. A 30 uC point charge Q is located at (0, 0, 0). Find the force on Q due to electric
field produced by the disk.

Solution Consider small elemental area ds of the finite uniformly charged disk as shown
in the following figure

ZA

P(0, 0, 1)

<Y

If the field point P on z-axis (z = 1) is at a distance R from ds. then observe from the
figure that:




EXAMPLE

R=-pa,+la =-pd, +a.

= |§|=\]((-p}2+|=\/|+p1

the differential surface in cyhindrical coordinate system along
z-direction is:
ds = pdddp

Now, the electric field at a point due to sheet charge distribution can be obtained as:

didne R Y Didme R

o p,ds P pdsR

On putting values of ds, R, and R, we have:

i J p.(=pd, +a.) pdodp
¢ dme, (1+p)"




EXAMPLE

Due to symmetry, the electric field along p-direction contributes to zero and we have
electric field only along the z-direction. Thus, ignoring the d, component in the above
equation and taking only 4. component, we get £_ as shown below.

_ P, [ _pdodp
©odme, de(14p?)?

__Ps - 1 P _ - p
=~ _L_O ﬂ'¢_L o1+ p )72 PO dp= |¢|o _[ 0_(1 5575 dp [Given 0 < p < 1]

dv
To solve the integral, let us take 1 + p* = v. This gives —=2p = dv=2pdp. Thus,

E, becomes: dp
E,= 5 v gy Pe g2y Pe e
—m‘“’J P o U

[ [ 0

Replacing v with (1 + pz‘) in the above equation and using limits 0 < p < 1, we get:

Hence, E=L [l _Lr—] d.




EXAMPLE

Now, F = QE Given that Q = 30 uC and p, = 200 pC/m*. Therefore:

F=

| i - =12 4 .
30x10 xlzlgleﬂ [I _L] a.=9924a. uN

N
36m

2




EXAMPLE

A circular ring of radius a carries a uniform charge p;, C/m and is placed on the xy-plane
with axis the same as the z-axis.

(a) Show that

prah a
2 + a7

E(0,0,h) =

(b) What values of h gives the maximum value of E?
(¢) If the total charge on the ring is Q, find E as a — (.




SOLUTION

dl = adgp, R =a(—a,)+ ha,

R=|R| =[a*+ K]  ag= %

or




SOLUTION

By symmetry radial components are cancelled
out and field is only due to Z axis

F = F'f,.ﬂhaz {2’ ifd" _ PL‘H&E:
411'&(][}12 + az]"w 0 Eso[h? + ai}m
{b} 2 2732 3 2 27172
K+ 1)y — = (2K W + &
dE| g { P T AT =5 W2HK + 0
dh 2, (h? + @’
d|E|

For maximum E, = (), which implies that

1+ @21+ @ — 312 = 0

| R

a =2k =0 or h = *+-

S



SOLUTION

(c) Since the charge is uniformly distributed, the line charge density is

¢

PL= 5

so that

Oh
E = ¥ A 4
41r£:ﬂ[h“ + a” ]m A

Asa—(

or in general

o

dae,r

which is the same as that of a point charge as one would expect.




EXAMPLE

The finite ShEEI’ O0=x=1,0=y=1 on the z=0 plane has a charge density
ps = xy(x* 4+ y* + 25)¥? nC/m°. Find

(a) The total charge on the sheet
(b) The electric field at (0, 0, 5)
(¢) The force experienced by a —1 mC charge located at (0, 0, 5)

Solution:

1 m1
(a) Q = Jpsiﬂ= J [ xy(x® + y* + 25" dx dy nC
0o =i

Since x dx = 1/2 d(x”), we now integrate with respect to x° ‘




SOLUTION

>
i

1 [
y J (x* + yz + 25y dix?) dy nC
o o

r|1 ]

dy

0

i

R SR

[ -

y% (x? + _},rz + 25y

L
rl

Lh | =
L,

!

%[ff + 26 — (v + 25)°%] d(v?)

0
. % [U’Jz 4 26]7f2 _ (}.1 + 25]?."2]

i

e
.:_-.,|-—-

0
1 ,
— 3_;5_[{2-?}?& + (25}7."2 . 2{26}—!’."2]
Q = 33.15nC




SOLUTION

b) E = JﬂstﬂR _ Jﬂsds{f —r')

Axe,rt dmer - r'|?

wherer — r’ = (0,0, 5) — (x, ¥ 0) = (—x, —v, 5). Hence,

lﬂ
367

i 1 I 1 1 !
- fdx[ vy~ | mj Vava,+ 5 [ xae [ vaya]
o 0 0 0 0 "

~1 -15
'9(6’6 4)

= (=1.5, 1.5, 11.25) V/m

JJ 10" (x? +_}r2+25} (—xa, — ya, + 5a,)dx dy
[}

2 4+ 25]3.1’2

() ¥ =gE = (1.5,1.5, =11.25) mN




VOLUME CHARGE

Let the volume charge distribution with uniform
charge density pv be as shown 1n Figure

The charge d@ associated with the elemental
volume dv 1s

dQ = p, dv

and hence the total charge in a sphere of radius a 15

Q=[mﬁ=mJ@

drd’

= va



VOLUME CHARGE

The electric field dE at P(0, 0, z) due to the elementary volume charge is

_ p, dv &
41'30!\?1 :

where az = cos o @, + sin « a,. Due to the symmetry of the charge distribution, the con-
tributions to E; or E, add up to zero. We are left with only E_, given by

. [ dveos
EE=E-az=JdEcnsu= £ [ e

4re, R?
Again, we need to derive expressions for dv, R?, and cos a.

dv = r'*sin’ dr' df' do'
Applying the cosine rule to Figure we have

R*=272"+r? - 2zr' cos 0’

r*=z"+ R* — 2zRcos o




VOLUME CHARGE

-

[ ]

fd

Substituting
o 22 4+ R = 2 1
o = A
2zR E =" [
, , , dre, "
+ r'* -
cos ' = < 7 - R _paT
2z 87,z |
T
R dR . 2
sin 0" df’ = — 4mest” )
r
_ AT
411'5022 !
or

F=

a +F 2 2 12
R dR +R -1
ﬂ'qfu’J- J r? —dr' - o
rr=0"R=z-r ¥ 2R R
g+ 2 2
r'[l 221 ]der’
0 ‘R=z-r
{zﬂ _ rrE)JHr’
¥ R — d ]
r - R . r
1 1/4 ,
[ I 3
dr-dr' = 4%“;(5 Ta pv)
E ¢ a

- 4#&;2






