UNIT -1
ELECTROSTATICS

Introduction

Charges at rest produce Static Electric Field or Electrostatic field.
Field: It is the existing space in particular area due to some elements.
1.1) Coulomb’s Law

Coulomb stated that the force between two point charges separated in a vacuum or free space
by a distance which is large compared to their size is

(1) proportional to the charge on each
(i1) inversely proportional to the square of the distance between them
(iii))  directed along the line joining the charges
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Fig. 1.1 If Q; and Q; have like signs the vector force F, on Q) is in the same direction as R,

10>

F=k
P

(1.1)

Where Q; and Q, are the positive or negative quantities of charge, R, is the separation, and k
is proportionality constant. If the International System of Units (SI) is used. In SI units,
charges Q; and Q, are in coulombs (C), the distance R, is in meters (m), and the force F is in
newtons (N) so that k = 1/4ne,. The constant &, is known as the permittivity of free space (in
farads per meter) and has the value

6= 8.854x10"2 =17 gy
361

k = 1/(4re,) =9 x 10° m/F

Thus Eq. (1.1) becomes
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4me, R4,

If point charges Q; and Q; are located at points having position vectors 7y and 7, then the
force F, on Q; due to Q,, shown in Figure 1.1, is given by

1 0.0
= —-—c 1.3
27 4me, R?,, @R1z (1.3)
Where
R1;
ar, = IR_12| (14)
Ry =712 —14
Ri2 = |Rqq|
By substituting eq. (1.4) into eq. (1.3), we may write eq. (1.3) as
1 0.0
— x1lx2 1.5
It is worthwhile to note that
The force F, on Q; due to Q, is given by
Fy = |F3|lag,, = |F;|(—ag,,) = —F,
F{=—-F, (1.6)

Problems

1. The charge Q, = 10 pc is located at (3,1,0) and Q; = 50 pc is located at (-1,1,-3). Find
the force on Q.
Ans. Ry =(-1-3)i+ (1-1) j + (-3-0) k = -4i-3k

IRyl =+/(—4)2+ (—3)2 =5
_ 10

V™ 4me, R3,,

21

9% 10°10x 107® x50 x 10°° ,
Fy = = (—4i — 3K)

Fi=-0.144i-0.108 k

2. A point charge Q; = 300 pc located at (1,-1,-3) experiences a force F;= 8i-8j+4k due
to a point charge Q; at (3,-3,-2)m. Determine Q.
Ans. Ry=(1-3)i+(B3-D)j+2-3)k=-2i+2j-k



IRyl =+/(=2)2+ (2)2+ (-1)2=3

1 010

3
4me, R34

1=

21

9x10°Q, x300x%x10°°

(8i— 8j + 4k) = =

(=2i+2j—-k
Q2 =-40 ue.
1.2) Force due to N no. of charges:

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 Q;,

Qx Qs Qn  located, respectively, at points with position vectors
1,72, 73 . cee we ... .. Ty, the resultant force F on a charge Q located at point(p) 7 is the
vector sum of the forces exerted on Q by each of the charges Q;, Q2. Q3. Qn. Hence:
F=F1+F2++FN
1 Q0 1 Q0; 1 Q0
R ————R —_ 1.7
47‘[80 R3 1w 4me, R3,, zp ot 4me, R3pyy Np (1.7)
i
i 1.8
47‘[80 Z R3,, Rip (18)
N
F=9x10°Q ZRTL Ry (1.9)
i=1 P

Problems

1. Find the force on a 100 pc charge at (0,0,3)m. If four like charges of 20 pc are located
on x and y axes at +4m.
Ans. Ri;=(0-4)i+(0-0)j+(3-00k=-41+43k

IRl =4/ (—4)2+ (3)2=5

Rap=(0-0) i+ (0-4)j+(3-0)k=-4j+3k

IRyl =+/(—4)2 + (3)2 =5

3p=(0+4)1+(0-0)j+ (3-00k=4i1+3k



IRyl = /(A2 + (3)2 =5

Riyp=(0-0)i+(0+4)j+(3-00k=41+3k

IRyl = /(A2 + (3)2 =5

N
F=9%x10°0Q ZRTfRip
i=1 P

9% 10%100x 107 x20x 107°
F = =3

(—4i +3k—4i +3k+4i +3k+4i +3k)

F=172KN

2. Two small diameter 10 gm dielectric balls can slide freely on a vertical plastic channel. Each
ball carries a negative charge of 1 nc. Find the separation between the balls if the upper ball is
restrained from moving.

Ans. Gravitational force and coulomb force must be equal

F,=mg=10x 10" x9.8=9.8x 10> N.
1 Q@

L =
4me, R%4p

Therefore Fi=F,

9x10° (1x 1079)?

9.8x 107°= :
R

R=0.302 m
1.3) Electric Field Intensity or Electric Field Strength (E):

It is the force per unit charge when placed in electric field.

Fig 1.2 The lines of force due to a pair of charges, one positive and the other negative



Fig 1.3 The lines of force due to a pair of positive charges

An electric field is said to exist if a test charge kept in the space surrounding another charge,
then it will experience a force.

Thus,
F

E=lim = (1.10)
Qt—0 (¢

or simply
F

E==- (1.11)
Q¢

The electric field intensity E is obviously in the direction of the force F and is measured in
newton/coulomb or volts/meter. The electric field intensity at point r, due to a point charge
located at r4 is readily obtained from eq. (1.3) as

_ 1 %0 a
t 4me, R?4; Rie
Fe_ 1 G
Q; 4me, R%1¢ R
1
E= G, (1.12)

" 4me, R%,, Ru
1.3.1) Electric field due to N no. of charges:

If we have more than two point charges, we can use the principle of superposition to
determine the force on a particular charge. The resultant force F on a charge Q located at
point(p) 7 is the vector sum of the forces exerted on Q by each of the charges Q; Q-

F:F1+F2++FN

From eq. (1.9)



N
- 9 E L
F=9x%x10°Q RT.Rip
i=1 P

We know that
E_F
Q
N
E=9x10° ZRT;, Rip (1.13)
i=1

1.3.2) Electric Fields Due to Continuous Charge Distributions:

So far we have only considered forces and electric fields due to point charges, which
are essentially charges occupying very small physical space. It is also possible to have
continuous charge distribution along a line, on a surface, or in a volume as illustrated in
figure 1.2.

+ e
Point Line Surface
charge charge charge

Fig. 1.4 volume charge distribution and charge elements

It is customary to denote the line charge density, surface charge density, and volume
charge density by A (in C/m), o (in C/m?), and p, (in C/m”), respectively.

Line charge density: when the charge is distributed over linear element, then the line charge

density is the charge per unit length.

o 3
A= lim -

where dq is the charge on a linear element dl.

Surface charge density: when the charge is distributed over surface, then the surface charge
density is the charge per unit area.



— 1 dq
°= dér—rgo ds

where dq is the charge on a surface element ds.

Volume charge density: when the charge is confined within a volume, then the volume
charge density is the charge per unit volume.
dq

Py = 0

where dq is the charge contained in a volume element dv.

1.3.3) Electric field due to line charge:

Consider a uniformly charged wire of length L m, the charge being assumed to be
uniformly distributed at the rate of A (linear charge density) ¢/m. Let P be any point at which
electric field intensity has to be determined.

Consider a small elemental length dx at a distance x meters from the left end
of the wire, the corresponding charge element is A dx. Divide the wire into a large number of
such small elements, each element will render its contribution towards the production of field
at P.

X-axis

il
v

Fig 1.5 Evaluation E due to line charge

Let dE be field due to the charge element A dx. It has a component dE along x-axis
and dEy along y-axis.

dE =dEax + dEy a,



we know that

A dx

dE =
4mre,r?

From figure 1.5 we can write,
dE, = dE cosf

dE, = dE sinf

Therefore we can write,

_ A cosO dx

Y 4me,r?

_ Asinf dx
Y 4me,r?
Substituting eqgs. (1.17) and (1.18) in dE we get,

. A cosf dx 4 A sinf dx

= a — Qa
de,r2 F 0 Ame,r? Y

From figure 1.5 we write

L;-x =h cotf

-dx = -h cosec’d d@
(1.21)

r =h cosecl
(1.22)

Substituting equations (1.20), (1.21) and (1.22) in 1.19, we get

B A cosO do N A sin6 do
~ 4me,h % Ay h b

The electric field intensity E due to whole length of the wire

O=mt—a;
E = f dE do
O0=aq
O=m—ay
E J‘ [k cos0 do N A sin6 do o
B Ame, h % Ay h b

0=a1

(1.14)

(1.15)

(1.16)

(1.17)

(1.18)

(1.19)

(1.20)

(1.23)



A

. n—a
E = Imeh [sm@ a, — cosf ay]a1 g
= 5 [(sina, — sina)ay + (cosa + cosay) @] 124
= Imeh sina, — sinay)ay + (cosa, + cosa,) a, - (1.24)
Case (1)
If P is the midpoint, 0y= 0, = a
E=—2 [(si ina)a, + + | N
= Imeh sina — sin a)a, + (cos a + cos a) a,, -
A N
E = yr [2 cosa ay] r
A N
E = 2meh cosaa, T (1.25)

The direction of electric field intensity is normal to the line charge. The electric field is not
normal to the line charge if the point is not at midpoint.

Case (i1)

As length tends to o0
oy=0and a; =0

from equation (1.24), we get

A N

R Y T (1.26)

1.3.4) Electrical field due to charged ring:

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

Let dE be the electric field intensity due to a charge dQ. The ring is assumed to be formed by
several point charges. When these vectors are resolved, radial components get cancelled and
normal components get added. Therefore the direction of electric field intensity is normal to
the plane of the ring. The sum of normal components can be written as



E=de cosa a,

dqQ
E = f4n£oR2 cosaa,
. _] Adl h
= ) ane,R2 R

_ Ah fdl
 4me, R3 Az

Ak
 4me, R3

X 2ma a,

Ah
E = 3 X2maa,

4dmte,Va? + h?

E Aah N
~ 2g,(a? + h?)3/2 G

-y

Fig. 1.6 charged ring

(1.27)



1.3.5) Electrical field due to a charged disc:

A disc of radius ‘a’ meters is uniformly charged with a charged density o ¢/m”. It is required
to determine the electric field at ‘P’ which is at a distance h meters from the centre of the disc
as shown in figure 1.7

—> —
dE‘-_"L dEB

Fig. 1.7 charged disc

The disc is assumed to be formed by several rings of increasing radius. Consider a ring of
radius x meters. Each ring is assumed to be formed by number of point charges.

Let dE; be the electric field intensity due to a charge dQ; and dE; is the electric field intensity
due to a charge dQ;.

Electric field due to one ring be obtained by adding normal components of dE;, dE; .......
dEn.

Therefore

dE = (dE; cos@ + dE; cosé + ....... + dEn cosf ) a,

dE =(dE; +dE; + ....... + dEn) cosf a,

d d d
dE = (28, 4 | +-29 ) cosh a,
4mer?  4mer? 4mer?
dQ +dQy+-+d
dE = $&+d% - 9 056 a,
4mer
d
dE = g 5 cosf a,
4TET

The total charge of the ring is ¢ ds which is equal to dQ



cds

dE =
4

cosf a, (1.28)

mer?
ds = [ (x + dx)* — x]
ds = ni[x* + dx” + 2xdx — x*] = 27 x dx (neglecting dx” term)

Substituting ds in eq. (1.28) , we get

6 2nxdx

dE = >-cosf a,
4TTET
o xdx
dE = o7 cosf a, (1.29)

From above figure we can write
Tan6 = x/h

X = h tan@
(1.30)

dx = h sec’0 d@
(1.31)

cosf =h/r

r =h/ cosf =h secf
(1.32)

Substituting eqgs. (1.30), (1.31) and (1.32) in (1.29) we get,

o (h tan6)(h sec?6 do)
2¢h sech?

dE =

cosf a,
dE = < sinf d@ a,
2€

On integrating

o a
E=zj; sinf d6 a,

o
E= CP [—cosO]§ a,

o

E =
2¢&

(1—-cosa)a, (1.33)

From figure 1.7

h

cosa =



.E_i<1_ h _>a N (1.34)
220 J@+wy) C ¢ '

For infinite disc, radius ‘a’ tends to infinite and o = 90.
E=—(1 90)
=5z cos a,

o N V
E = Z a, E Ora (135)

From equation (1.35), it can be seen that electric field due to infinite disc is independent of
distance. Electric field is uniform.

Problems

1. Determine the magnitude of electric field at a point 3 cm away from the mid point of
two charges of 10™°c and -10”c kept 8 cm apart as shown in figure.
Ans. E, =2 |[El cos 6

|E|=IEzI=E

__t e

 4me, R?

- 1 108
" 417 8.854 X 10-12(.052

=36KV/m

E, =236 x 10°cos 53.1=57.6 KV

2. A uniform charge distribution infinite in extent lies along z-axis with a charge density
of 20 nc/m. Determine electric field intensity at (6,8,0).
Ans. d = (6-0)i+(8-0)j+0 k = 61 + 8]

d=./(6%2+82) =10
A N
- 2me,d 4 ¢
20 x107° 6i + 8j

E =
2w 8.854 x 1071210 10
E =21.571 + 28.76) N/C

3. A straight wire has an uniformly distributed charge of 0.3x10™* ¢/m and of length 12
cm. Determine the electric field at a distance of 3 cm below the wire and displaced 3

cm to the right beyond one end as shown in figure.

CP 003 _ 0.03

Ans. tanoy = — =
AC 0.12+4+0.03 0.15




o, = tan(0.03/0.15)= 11.3°

tan B =0.03/0.03 =1
B =45,
ap = 180-45=135°
4
4me, h

(sina, — sina,)a, + (cosa, + cosa;) a
2 1/%x 2 84

9x10° x03x107* _
= 003 [(sin 135 — sin 11.3)a, + (cos 135 + cos 11.3) a,|

E =459 x10°a, + 2.4 x 10° a,

E=(459%a,+ 24a,)Kv/m

4. Find the force on a point charge 50 pc at (0,0,5) m due to a charge Of 5007 pc. It is
uniformly distributed over a circular disc of radius 5 m.

Ans. o = LZ
ma
500 107°
o= T =20 % c/m
E=-(1- cosa)
=5z cosa)a,
20 x107°
E (1 —cos45) a,

~ 2x 8854 x 1012
E=33x10%a, N/C
F=Eq

F=33x10% x50 x 1076 = 16.5 N

F=165a,N

5. A charge of 40/3 nc is distributed around a ring of radius 2m, find the electric field at
a point (0,0,5)m from the plane of the ring kept in Z=0 plane.



Ans. Q=40/3nc
40

= —?X10_9—106x10-9c
" 2ma  2m2 m
Aah N

=—Qa —_
2e,73 2 C

1.06 X 107° x2 x5
E = 7 4,
2 X8.854 x 10712 x /29

E=383a,V

6. An infinite plane at y=3 m contains a uniform charge distribution of density 10™/6x
C/m?. Determine electric field at all points.
Ans. (1) y>3

E =0/2¢ j = 10%/(2x6mx8.854x10"?) j=29.959 j

Magnitude of electric field at all points is same since the electric field due to an
infinite plane (or) disc is uniform.

For y<3
E =-29.959

For y<3, electric field is directed along negative y-axis. Unit vector along negative y-
direction is —j.

7. A straight line of charge of length 12 cm carries a uniformly distributed charge of
0.3x10° coulombs per cm length. Determine the magnitude and direction of the
electric field intensity at a point
) Located at a distance of a 3 cm above the wire displaced 3 cm to the right of

and beyond one end.
(i1) Located at the distance of 3 cm from one end, in alignment with, but beyond
the wire.
(ii1)  Located at a distance of 3 cm from one end, on the wire itself.
ans.

. cP 0.03 0.03
@) tanoy =—=————=—
AC 0.12+0.03 0.15

o, = tan(0.03/0.15)= 11.3°
tan p = 0.03/0.03 = 1
B =45,

a, = 180-45=135°



P

T |
- i

_,-o-""'-- oz ﬁ |
5 - ik,

Ay pazm —

Q.0=m

[aka s

4
" 4me,h

[(sina, — sina,)a, + (cosa, + cosa,) ay]

9%x10° x03x107* _
= 003 [(sin 135 — sin 11.3)a, + (cos 135 + cos 11.3) a]

E =459 x10°a, + 2.4 x 10° a,

E=(459%a,+ 24a,)Kv/m

consider an element dx of charge Adx at a distance x from A. The field at P due to
the positive charge element Adx is directed to the right.

(ii)

A dx B P
* s —]
X L-x h
e a
< % i
Adx

A = e G+ h—xp &

. A j" dx
Tane, ), U+ h-x2 Y

E— A [1 1 ]
“ame, lh L+nl ™

1 1
E=9x10° x 0.3 x 104 ———]
003 015] %

E=72x10°a, v/m
@iii)) Now L=AC=6 cm =0.06 cm
h=0.03m
A 11 1

E= ——
Ame, lh L+h] O

1 1
E=9x%10° x 0.3 x 10~4 ———]
003 0.09] %



E =60 a; K v/cm

1.4) Work Done:

If a point charge ‘Q’ is kept in an electric field it experience a force F in the direction of
electric field. F, is the applied force in a direction opposite to that of F.

Let dw be the work done in moving this charge Q by a distance d/ m. Total work done in
moving the point charge from ‘a’ to ‘b’ can be obtained by integration.

b
W = —j F-dl (1.36)
a

Wz—beQ-dl

b
W = —Qf E - dl (1.37)

E=E;ac+E;a;+E,a,

dl =dx ay+ dyay +dz a,

E-dl=Exd.+E;dy+E,d,
(x2,52,22)

~ W= —Qf (Exdx + Eydy + E, dz) (1.38)
(*1,¥1,21)

Problems



1. Find the work involved in moving a charge of 1 ¢ from (6,8,-10) to (3,4,-5) in the
field E=-xi+yj-3k.
Ans.

(3.4.-5)
W =- (Exdx + Eydy + E, dz)

(6,8,—10)

3 4 -5
W=—1U —xdx+fydy—f Zdzl
6 8 —-10

(=" (i
W =- (T) + (?) - (32)—%
1 6 8

.2+2+2 2

W=2551]

2. Find the work done in moving a point charge of -20 uc from the origin to (4,0,0) in
the field E = (x/2 + 2y) 1+ 2x j
Ans.

(x2,¥2,22)
W=—Qf (Exdx + Eydy + E, dz)
(

X1,Y1,21)
dl=dxi
(4,0,0)
W =-— (Ex dx)
(0,0,0)
(4,0,0)
W =20 X 10_6f ((x/2 + 2y)dx)
(0,0,0)

x2\*
W =20x10"° <I>
0

W = 80x10°J

1.5) Absolute Potential:

Absolute potential is defined as the work done in moving a unit positive charge from infinite

to the point against the electric field.



A point charge Q is kept at an origin as shown in figure. It is required to find the potential at
‘b’ which is at distance ‘r’ m from the reference.

r 0 D} dh’ Q at infinity, x-axis
—
+1c
REfH infinite

Consider a point R; at a distance ‘x’ m. The small work done to move the charge from R; to
P, is dw. The electrical field due to a point charge Q at a distance ‘x’ mis

E = Q/(4mex?)
Work done = Ee dx
Total work done can be obtained by integration

Work done (W) = —Q fab E-dl

v=—1["E-dl

b
Vz—f E-dl
a

E=Eiax dl=dx ay

b
V=—j dex
a Amex

Q@
V=0 (1.39)

1.6) Potential Difference: V,,

Potential difference V,;, is defined as the work done in moving a unit positive charge from ‘b’
to ‘a’.
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b
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Consider a point charge Q kept at the origin of a spherical co-ordinate system. The
field is always in the direction of a,. No field in the direction of 8 and ¢. The points ‘a’ and

’b’ are at distance r, and 1y, respectively as shown in figure.

a
Vabz_f Edl
b

E=E;a, dl=dra,

a
Vab = _f E.d,
b

T
a Q
Vb=—f d
a ry 4uer? T

0 [1 1
V= ——
a7 gne lr, 1

Vip = —
b Aner, 4dmen,

Vab=Va—Vp

(1.40)

1.6.1) Potential difference due to line charge:

The wire is uniformly charged with A C/m. We have to find the potential difference V,, due
to this line charge. Consider a point P at a distance P from the line charge.

d



Fig. Line charge
E=E,a,
dl=dpa,
Ee«dl=E,a,*dpa,=E,dp

Potential difference V,, is the work done in moving a unit +ve charge from ‘b’ to ‘a’.

Vg = — In—=2 (1.41)

1.6.2) Potential due to charged ring:

A thin wire is bent in the form of a circular ring as shown in figure. It is uniformly charged
with a charge density A C/m. It is required to determine the potential at height ‘h’ m from the
centre of the ring. The ring is assumed to be formed by several point charges.

b

Fig. Charged ring

Let dv be the potential due to the line charge element of length dl containing a charge

dQ.
10)
dv = Amrer
_ Adl
" Amer




V= A fdl
" Amer
_ A
"~ Amer

_ Aa
" 2er
Aa

V=———
2evVa? + b2

volts (1.42)

1.6.3) Potential due to a charged disc:

let dv be the potential due to one ring. Each ring is assumed to be having several point
charges dQ; dQ,, ............ dQ,. Potential due to the ring is the sum of potential.

Fig. Charge disc

dQ, do, dQn
v 4mrer + dmer + + dmrer
dQ, +dQ, + ........+dQ,
v =
Amrer
dQ
dv =
v 4mrer
ods o 2mx dx oxdx
dv = =

- Amer  Amer 2&r

Potential due to entire disc can be obtained by integration

V—fd _faaxdx_afa X g
- ) o 2er  2e)y NxZFh2 *
Let x> + h%? =t2

2x dx =2t dt

Therefore we have



Va2+h2 t dt

o
- 2e), t
. Vaz+n?
V=— dt
2¢ J,
o
V=o (Vaz + 2 = 1) volts (1.43)
At the centre of the disc , h=0;
v=22% ot 1.44
=z volts (1.44)
Problems

1. Find the work done in moving a poimt charge Q=5 u ¢ from origin to (2m, /4 , n/2),
spherical co-ordinates in the field E =5 e™ a, + (10/(r sin 0)) a4 v/m.
Ans.

dl =dra,+rd0 ag+rsinb d¢ a,

Eedl=5e™dr+ 10 d¢

b
W = —Qf E-dl
a

2 /2
W= -5x10"° U 5e‘r/4drj 10d¢]
0 0

W=-117.9 u J.

2. 5 equal, point charges of 20 nc are located at x=2,3,4,5 and 6 cm. Determine the
potential at the origin.
Ans.

By superposition principal
V:V1+V2+V3+V4+V5

Q Q Q Q+Q

4mer,  4mer, 4Amers  4mer, 4dmerg




_20x1077

(1+1+1+1+1)_261 It
4re, 4 T5 ) TNV

2 3

. A line charge of 0.5 nc/m lies along z-axis. Find V, if ais (2,0,0) , and b is (4,0,0).
Ans.

A Pb

Vyp = — Int2

ab = one npa
0.5%x107° 4

V., = In=
b T ) x8854x10-12 2

V=624 V.

. A point charge of 0.4 nc is located at (2,3,3) in Cartesian coordinates. Find V,, if a is

(2,2,3) and b 1s (-2,3,3).

Ans.
Vab = Vo =V,

Q 1 Q1
Vip = g g

e 1, Amemn,
ra=02-2)i+2-3)j+(3-3) k=+j

r,=1

rp=(-2-2)1+(3-3)j+(3-3) k=41

I'b:4

0.4 x107° [1 1

V., = Z_Z|=27
b = 3% 8.854 x 10-12 |1 4] v

. A total charge of 40/3 nc is distributed around a ring of radius 2m. Find the potential

at a point on the z-axis Sm from the plane of the ring kept at z=0. What would be the
potential if the entire charge is concentrated at the centre.

ans.
T l
T i
ﬂxlo_9 C
2=2=3"" _106x10%
l 21 2 ' m



1.06 X 1079 x 2

V= =222v
2 X 8.854 x 10712 x /22 + 52

6. Determine the potential at (0,0,5)m due to a total charge of 1078¢ distributed uniformly
along a disc of radius 5m lying in the Z=0 plane and centered at the orign.

Ans.
V= % (\/az + h? — h) volts
_ Q _ 1078
" area T X 52
108
_ X 52
V=T (V52 +52 - 5)
V=1489 v

1.7) Relation between V and E:
Consider a point charge Q at the origin as shown in figure. Electric field due to this charge at

the point ‘P’ is

E_

=——a
dmer? T

Consider
v([)=Grat ) ()
) Al a, + ... "
1 1
v"(;)=- )
Using above expression in E , we get
=" ()
E=—-V |-
4re T
1

4dte \r

Therefore,



Problem

1. Given V= (x-2)> x (y+2)> x(z-1)*. Find electric field at the origin.
Ans.

V= (x-2)? x (y+2)* x(z-1)*

E=-VV
Eo (6v.+av_+6vk>
B axl dy’ 0z

E = —2(x — 2)x (y+2)* x(z-1)’ i-(x-2)* x 2(y+2) x(z-1)’ j - (x-2)* X (y+2)* x3(z-1)* k
Electric field at the origin
E = —2(0 — 2) (0+2)* x(0-1)’1 -(0-2)* x 2(0+2) x(0-1)* j - (0-2)* x (0+2)* x3(0-1)* k
E = -(16i+16j+48k) v/m.

1.8) Poisson’s and Laplace’s Equations:

From the Gauss law we know that

[D.ds=Q (1)

A body containing a charge density p uniformly distributed over the body. Then charge of that body
is given by

Q=[pdv (2)

[D.ds =[pdv (3)

This is integral form of Gauss law.
As per the divergence theorem
[D.ds = [V.D dv (4)
VD=p (5

This is known as point form or vector form or polar form. This is also known as Maxwell’s first
equation.

D=¢EE (6)
V.EE=p
V.E=p/€ (7)

We know that E is negative potential medium



E=-VV (8)

From equations 7 and 8

V.(-VV)=p/E

V’V=-p/€ (9)

Which is known as Poisson’s equation in static electric field.

Consider a charge free region (insulator) the value of p = 0, since there is no free charges in dielectrics
or insulators.

ViV =0

This is known as Laplace’s equation.



