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Electrostatics: It deals the study of behavior of static or stationary Charges.

Electric Charge: It is property by which material get electrified. It is denoted by ‘Q or q" and its
unit is coulomb. Charges are of two types (i) positive (ii) negative.

A point charge is the dimensionless and mass less charge that can experience or exert electrostatic
force. The point charge may be positive or negative. Unit positive charge which can only
experience the electrostatic force is termed as ‘test charge’ and it is denoted by q, .

Quantization of Charge: The charge on material /matter/particle is integral multiple of charge on
electron. i.e. g=*ne, where ‘¢’ is charge on electron whose value is 1.6x107° coulomb. The charges

on quarks are the exception to quantization of charge. Quarks may have charges + %e or + %e.

Coulombs Law: The force acting between charges is called as electrostatic force. Coulombs law
provides the magnitude and direction of electrostatic force acting between two charges. According
to this law- “The electrostatic force between two charges is directly proportional to product of
both charges and inversely proportional to square of distance between them”.

Let q and q;are the two point charges and are ¥
placed at a distancer; . z ry
F o qi(jj Ti U
" ;
1 49 Y v
or Are 1} @ (0.0)

Here ¢ is the permittivity of medium where the charges are placed. If € and ¢, are the
permittivity of free space and relative permittivity or dielectric constant respectively then ¢ can be
given by following expression.

£ =¢,¢, ; here g, =8.854x10*Coulomb® / Nm?

In vector form the force is given by,

169, 1499 .
4me rij2 i = 4me rif’ i )

This force is experienced by both the charges. Let F, is force exerted by charge , on charge

F=Fh=FFf =

q, and F,, is force exerted by charge q, on charge .
From equation (2) we can write,

= 1 qq; . 1 qQ; .
F.. = | r. = | I. 3
o 4me jz U 4ne I’ij3 ! ()

= 1 qq . 1 qq; ..
nd F. = 17 = s 4
A " dne rp " dne rp #

Since, T, =-F; and ‘ﬁj‘ :‘— F],‘ thus from equations (3) and (4) we can have

Fy=-F; o)
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Equations (5) implies that the forces experienced by both charges are opposite in nature
while their magnitudes are same.

Note 1: If T, and T, are the position vectors of ¢ and q; charges then electrostatic force is
written as:
1 q|Q, P 1 qq; (f _q)

F= i = 3 i
47e r] 4dre ‘F, _ ﬁ‘

Note 2: If Qand q charges are placed at a distant r then electrostatic force is written as:
= LQ_;J and  E=-t Qq r Q ’ 7
4me 1 4ne 1°

w—pe- F

Superposition Principle: The resultant electrostatic force on a charge is vector sum all forces
experienced by it.

ie. F=F+F+F+
If q charge is surrounded by charges o, Q,, Oy, ..., Which are at t,, t,, 1,,... apart from q
respectively then,

=_ 1 49 - 199., 14qq. q g -
F = + r+ I R T =— )Y X7
g r3 e 4me 1) > Ang re ° 4ﬁ82i:ri3 |

Electric Field: The space or region around the charge or group of charges where the effect of these
charges is felt or another charge experiences the force oris called as Electric field. It is denoted by

E. It is ratio of force experienced another charge or test charge and its amount of charge.
, - F
Le. E=—
%

(A) Electric Field due to point charge ‘q":

(1)

Let qq charge s positioned in the electric field of charge q at distance ‘r’. The force can be

written as,

= 1 Qq —F , E

F = 2 q r 9o
4ng r° 2

From equations (1) and (2), we finc[ tﬁat
_ 1 q.
== Y5 E

4ner’® and ‘ ‘ 4n8 r2

Equation (3)is expression for electric field due to point charge.
(B) Electric Field due to group of c/iarges

()

Suppose Pis a point which is at 1., t,, 1,,... distances from the group of charges q,, Q,, G5, ...

The electric field at point P will be vector sum electric field produced by each charges at that
point.

" 1 qL 109,. 1 1 g .
E 4 —0+ 2F 3]“ ------ =—)) 1
“ETEAE " 4ne (2 Aner} ? 4ner? 3% 4TCSiZI'-
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(C) Electric Field due to charge distribution:
Suppose dE is amount of electric field at point P due to charge dq in a charge distribution. Point
P s at r distance from the charge dg.
1 dg
dE= )
Total electric field at point P due to whole charge distribution can be obtained by
integrating equation (5)
1 (dqg
") 2 ©
There are three types of charge distribution.
(i) Linear charge distribution: If the charges are distributed over a line then it is called as
linear charge distribution. The charge per unit length is called as linear charge density. It

is denoted by A. Let dq charges are distributed over a length dl then ) = % .
(i) Surface charge distribution: If the charges are distributed over a surface then it is called as

sutface charge distribution. The charge per unit area is called as surface charge density. It

is denoted by . Let dq charges are distributed over an area ds then o = % :
(iti) Volume charge distribution: If the charges are distributed over a volume then it is called

as volume charge distribution. The charge per unit area is called as volume charge density.

It is denoted by p. Let dq charges are distributed over a volume dT then p = % .
=2 i =
, r
e [
++++ -+t
(a) Cinear cﬁargj i‘ﬁrrfﬁurx‘on (B) Surface Charge distrifution (c) Volume charge distrifution

If the charge density remains unchanged throughout the charge distribution then the
distribution is said to be uniform charge distribution otherwise it is called as non-uniform charge
distribution.

Using equation (6), the electric field due to these three types of charge distribution can be
written as:

:i @ or E:i Gdzs or E:ij‘pdz’r
Aue’ r Aue? r Aue? r
Electric lines of forces:

Electric lines of forces are the imaginary lines in an electric filed which represents the path
of test charge. The tangent on these lines at a point provides the direction of electric field at that
point. The electric field will be large at the point where the electric lines of forces are dense.
Similarly electric field will be weak at the point where the electric lines of forces are rarer.
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(a) Uniform electric field: If the electric lines of forces are represented by parallel lines

then electric field will be same at every point. Such electric lines of forces represent the
uniform electric field.

(6) Non-Uniform electric field: If the electric lines of forces are linearly/curved diverging
or converging then electric field will not be same at every point. Such electric lines of

forces represent the non-uniform electric field. Thus position and time dependent
electric field is called as non-uniform electric field. e.g.

(1) The path of test charge in electric field of positive point charge is linear along
outward direction because the force acting on test charge is away from point

charge. Hence the Electric lines of forces of positive point charge are outward
linear. They are concentrated near the point charge and rarer away from the point
charge thus positive point charge generates the diverging non-uniform electric

Sfield.

(2) The path of test charge in electric field of negative point charge is linear along
inward direction because the force acting on test charge is towards the point

charge. Hence the Electric lines of forces of negative point charge are inward
linear. They are concentrated near the point charge and rarer away from the point

charge thus negative point charge generates the converging non-uniform electric

feld.

(3) If the path of test charge in an electric field is converging or diverging curved lines
then electric field will be same at every point. The electric field will be position
and curvature dependent. Such electric lines of forces represent the non-uniform

electric field.

(i) Uniform electric field

« Y i A - 0% M AU y
. : - 'r

— 4 - . .E : -

¥ : - %

& 4 A 4 - A - | R 4 "

Y é— Fry v
(@) (®) (©

(i) Non-uniform electric field: electric field due positive , negative and combination of charges

Note 1: The two electric lines of forces do not intersect to each other because direction of electric
field can not be two at a single point.

Note 2: Parallel straight electric lines of forces represent the uniform electric field while
converging or diverging curved/straight lines represent the non-uniform electric field

Dr. D. K. Pandey



CSIM University Class: B.Sc.-Il  Sub:Physics Paper-I|
Title: Electromagnetics Unit-1: Electrostatics Lecture: 1to 4

Electric Flux; The number of electric lines of forces passing through a surface is called as electric
flux linked with surface. Mathematically, it is equal to product of component of electric field
normal to the surface and area of surface. It is denoted by ‘¢ .
Suppose the uniform electric field E
represented by straight parallel electric lines of
forces makes an angle © with the area vector

S.

@ = component of E along S xareaof surface
@=ECos0-§
9=ESCosO=E-S (1)

(i) When E || Sthen 6 = 0and hence ¢, = E S
(i) When E LS then 6 = 90 and hence ¢, =0
(iti) Let do electric flux linked with elementary area dS of a surface. Then,

dp=E-dS )
The total electric flux linked with surface can be obtained by integrating

o= .[ E-dS (3)
If the surface is closed then total electric flux linked with surface can be written as;

Q= {> E-dS (4)

Gauss law: According to this law, “the net outward electric flux through closed surface is equal
to the 1/ g, times total charge enclosed by closed surface’.

Let charges @, O,, G, ..., are enclosed by a closed surface. Then,

Net outward electric flux = R total charge enclosed by closed surface
)

0

1 1
0= X (g, +qg, +q,+)=—Dg =1
€, €, 7 €,

_{E.gS=-1
(p—jSE ds -

0

If charge enclosed by the closed surface is zero then the net outward electric flux will be

zero.
Proof: Suppose total charge ‘q’ is enclosed by a closed surface and an elementary surface dS is at
distance ‘v’ from the charge ‘q. If E electric field at distance ‘v’ from charge ‘q’ Then,
= 1 q.
E= — T 1
Ane, 1’ @

taking dot product with dS on the both sides of equation (1) we have,
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- - — ,.4 A
E-dS:i d—ch-dS ) N
Ameo 1 //_,-- N
Integrating equation (2) over a closed / Ve o
surface, :.- 7

- & ;7-dS \ /

E-dS= 3 L N S
} it e 3 e

0

The projected area divided by 1% is termed as solid angle (dw) subtended by dS at q.
_ dSCos® rdScos® F-dS

ie. do 2 % = 4)
From equations (3) and (4), we have;

fE.dS-= 47‘380 fdo
As  fdo=4r thus fE-dS= 4:80 4n

fE.aS=3 )

80
Hence the law is proved.
Note: If q charge is at centre of an sphere of radius v’ then net out outward electric flux,

= gS= -1 (9T =9 (90 |dp-—I . an-9
§E dS—§4n80(r2)(r SO b d7) 4n80£8in0dej;¢{¢ e,

Divergence of E : According to Gauss law, “the net outward electric flux through closed surface
is equal to the 1/ g, times total charge enclosed by closed surface’.

fE-dS=1T )
80
If p is charge density of distribution and dq charges are distributed over a volume dt then,
dg=pdt
= q=fpa (2)
From equations (1) and (2), we have;
§E~d§=i§pafr ;)
80

Using Gauss divergence theorem we can write that, §> E-dS= §(§E)a’r :

hence equations (3) becomes as;
f(VE)h =Lk )
80
Since equations (4) holds for any volume thus integrands must be equal.
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VE=P (5)
80

Equations (5) is called as differential form of Gauss law.

Notel: The closed surface considered in Gauss law is called as Gaussian surface. Symmetry is the
essential criterion for the application of Gauss law. There are mainly three type of symmetry.

A) Spherical symmetry: for a point charge, the Gaussian surface concentric spheres.

B) Cylindrical symmetry: for very long line charge distribution, the Gaussian surface
concentric cylinders.

C) Plane symmetry: for very large surface charge distribution, the Gaussian pillbox is
Gaussian closed surface.

Note2: If charge is enclosed by closed surface is zero then net out word flux will be zero. This
implies that divergence of electric field will also be zero. i.e.

fE-dS=0 = V-E=0

A vector field is solenoidal if its divergence vanishes. Since the divergence of electric field is
zero, hence the electric field is said to be solenoidal.

Proof: The electric field due to point charge at a distance r is given by,

Taking divergence on both sides we have,

VE=9v. - 97 (%) alVeA=(V0)A+9(v.A)

dre  r*  A4ne
-.~:i_.73_. =l \vall :i_ 52\ -3
V-E 4n8[(Vr )rr(V.r) 4n8[( 3r°F )F +17°(3)]
V.E=-d[arrr+ar]=—d[-ar+3°]=0
4ne 4rie

Hence E is solenoidal for r # 0,

* E_irrotational and conservative field:
%* Curl of a vector quantity is a measure of how much the vector curls around. If curl of a vector
field vanishes then vector field is not rotational by it is irrotational field.
%* For an irrotational field, the line integral of a vector field over a closed path is zero. This
implies that the line integral of a vector field is path independent. Such vector field is called
as conservative field.

% The electric field is irrotational and conservative field. i.e.
VxE=0
§ E-d=0 = J. E-dl is path independent.
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Proof: (a) The electric field due to point charge at a distance r is given by,

@xézier—: q Vx(r r as’de)A (V(I))XAer)(VxA)‘

dte  r®  Ame
?-E=4:8[(Vr xr 41 (er)—4n8[(—3r5F)xF+r3(O)]

—

V.E=—L [ ar*rxr+0]=-1[0+0]=0
Ane Ane

VxE=0 1)
Hence E is irrotational field. We Rnow that E follows the superposition principle.
ie. E=E+E+E+--
So, VXE=VXE +VxE, +VxE, +----- =0 2)

Thus E is irrotational field for any static charge distribution, i.e. there is no matter where the
charge is located or it is distributed.

(b) Taking volume integral of equation (1) over a closed path we have,
§(VxE)v=0 3)

From stoRes theorem, the volume integral can be converted into line integral with

following formula.

§(VxE)dv=§Ed )
v |

From equation (3) and (4), we can write,
§Ed =0 )
|

If closed path is AXBYA then from equation (5), we can write,

jEd|+jEm ’/,ff“~axx

[Edl = jEdF 7
A B
[Edi = [Edl (6)
path _2x3 path 273
Equation (6) indicates that the line integral of a electric field is path independent. Thus it is
conservative field.
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Application of Gauss Law
1. Electric field due to infinite linear charge distribution

Suppose charge are distributed along a line, whose linear charge density is ‘A’. If q charge
is distributed on the length [ then,

g=A 1l (1)
If the charge is positive then the electric field will be away from the line. Let Electric field

at distance ‘v’ due to this charge distribution is E. The Gaussian surface for this charge
distribution is a cylinder of radius v’ and length ‘[ whose axis contains charge distribution.

LY S

5, ¢ ++++@«++5++++@+++ ------ » d,

[

Applying Gauss law to this Gaussian surface,

JE.ds=2 2)
8O
Since the Gaussian surface is composed of three surfaces s, s; and s3. Thus equation (2) can
written as,
[E.dS+[E-dS +[E.dS =2
S S2 S3 80

[ EdSC0s90 + [ E dS,Cos90+ [ E dS,Cos0=—
S S, S5 e

0

0+0+ [EdS =+
S3

80
jﬁaﬁ%zi = Ef d83:ﬂ
53 80 Sz 80
E27cr|:7h—I
80
1 8
dne, 1

2. Electric field due to uniformly charged plane sheet

Method 1: Consider a plane sheet of area A is uniformly charged with charge ‘q’. If surface charge
density is ‘0’ then charge on plane sheet will be written as;

q=0A (1)
If the charge is positive then the electric field will be away from the surface and for negative it
points towards plane. Since charges are distributed on plane thus cylindrical Gaussian surface

Do not publish it in any form. 9 Copy righted material.
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(pill-box) shall be the Gaussian closed surface for it whose half portion lies on one side of the
plane and rest on the other side.
Applying  Gauss law to this Gaussian
surface, .

fE.as=2 2)

8O

Since the Gaussian surface is composed of
three surfaces s;, s, and s;. Thus equation (2)
can written as,

[E.dS+[E-dS +[E.dS =2

, =
S S2 S3

€

E
ﬂ‘l

B

)
]

[EdSCos0+ | EdS,Cos0+ [ E dS,Cos90= q
S Sz S3

€o

[EdS +[Eds,+0=2
S S2

€o

E[ dS +E[ dS, =
S S2

80
EA+E4 =L
80
2FEA = ﬂ
80
(o)
E=—
2¢,

Method 2: Consider a plane sheet of area A is uniformly charged with charge ‘q’. If surface charge
density is ‘0’ then charge on plane sheet will be written as;

q=0A (1)
If the charge is positive then the electric field will be away from the surface and for negative it
points towards plane. Since charges are distributed on plane thus pill-box shall be the Gaussian
closed surface for it whose half portion lies on one side of the plane and rest on the other side. The
electric flux through half pill-box will be EA.

Applying Gauss law to this Gaussian surface,
§@g:i
€

0
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net out ward flux through pill - box = 9

0

2% fluc through fialf pill - box =L

€o

2@/21:%
€

0

(@)

E=—
2¢,

3. Electric field due to uniformly charged sphere
Consider a sphere of radius ‘R is uniformly charged with charge ‘q’. If volume charge

density is ‘p’ then charge on plane sheet will be written as;
4n
g=pv=p R’ @)

Since charges are distributed within the sphere thus concentric sphere shall be the Gaussian
surface for it. For the Rnowledge of variation of electric field with radial distance we have to
determine the electric field at three different point’s i.e. external, surface and internal point.

(i) At external point: Let the electric field at external point (at distance r (>R) from the centre

of charge distribution)is E, . The Gaussian surface for it is concentric sphere of radius ‘r’

and external point lies on the surface of it. If charge distribution is of positive charge then
field will be normal away from this Gaussian surface.
Applying Gauss law to this Gaussian surface,

qu;-.g:i

€

“» E // dS and total charge enclosed by Gaussian surface is g thus,

&Eex 45 cos0 =-L

80
E, fds="1
8O
as
E., Anr® = 4 33
€, q T E
1
(Eex = i2
Ane, r
1
= Eex oC - (261)
r

Using equation (1), electric field can be expressed in terms of charge density.
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ﬁ(&3
E = 1 3
“ Adng, 1’
3
p 1
Q*:EX =§r—2 = Em oC 1’_2 (26)
0

(ii) At surface point: Let the electric field at the surface of charge distribution (r =R)is E_ .
The Gaussian surface for it is concentric sphere of radius ‘R’ . In this situation, Gaussian
surface also encloses all the charges distributed in the spherical charge distribution. Thus
surface electric field can be obtained by putting r=R in equation (2).

_ 1 g
4ne, R’
and 955:% ()

(iti) At internal point: Let the electric field at internal point (at distance r (<R) from the
centre of charge distribution) is E, . The Gaussian surface for it is concentric sphere of
radius ‘r’. In this situation, Gaussian surface does not enclose all the charges distributed
in the spherical charge distribution but it surrounds only a fraction of total charge say it
isq .

Applying Gauss law to this Gaussian surface,

§€E -dS = 1 X charge enclosed by Gaussian surface
8O

‘*E/ /dSand total charge enclosed by

Gaussian surfaceis g' thus,
!

§£m 45 cos0 =1

€

4
qsijcis_g

0
!
€ Anr? =1
80
1 !
f:in = q—2
dne, r
Since charge density is constant within the Gaussian surface and for the spherical

charge distribution thus,
Charge density of charge distribution= Charge density within Gaussian surface

4)
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!

9 _ 9
At ., 4dn ,
— —r
3 R 3
=g o
R3
Using equation (4) and (5) we have,
1 gr
L= —-— = E 6
in 4TC80 RS in cr ( a)
Using equation (1), the field can be found in terms of charge density.
pr
E, = = €, 66
-5 oer ()

From equations (2), (3) and (6) it is clear that the
electric field is directly proportional to v’ within
the charge distribution and inversely proportional

1
I
I
to r’ outside the spherical charge distribution !
while it is maximum at the surface. R, 7=

4.  Electric field due to charged spherical shell
Consider a spherical shell of radius ‘R’ is given to charge ‘q’. For the Knowledge of
variation of electric field with radial distance we have to determine the electric field at three
different point’s i.e. external, surface and internal point.
(iv) At external point: Let the electric field at external point (at distance v (>R) from the centre

« )

of charge distribution)is E_ . The Gaussian surface for it is concentric sphere of radius ‘r

and external point lies on the surface of it. If charge distribution is of positive charge then
field will be normal away from this Gaussian surface.
Applying Gauss law to this Gaussian surface,

§E-d5 = 4
80
"+ E // 45 and total charge enclosed by Gaussian surfaceis q thus,

fE, dscoso=L = g fa5="1 =&, 4nrt="1
€, €, €
1
E =
dne, r

1
f— Ee}( OC—2 (2)

r
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(v) At surface point: Let the electric field at the surface of charge distribution (r =R)is E_ .

The Gaussian surface for it is concentric sphere of radius ‘R . In this situation, Gaussian
surface also encloses all the charges distributed in the spherical shell. Thus surface electric

field can be obtained by putting r=R in equation (2)

1 ¢

E = 1
" 4mg, R ()

(vi) At internal point: Let the electric field at internal point (at distance r (<R) from the
centre of charge distribution) is E, . The Gaussian surface for it is concentric sphere of
radius . In this situation, Gaussian surface does not enclose any charges.

Applying Gauss law to this Gaussian surface,
I | ,
§£ - dS = — X charge enclosed by Gaussian surface
80
" E // 48 and total charge enclosed by Gaussian surface is zero thus,

ft;f,-n dScos0=0
E,$ ds5=0

E dnr’ =0
& =0

From equations (2), (3) and (4) it is clear that the
electric field is zero within the spherical shell and

inversely proportional to r° outside the spherical
shell while it is maximum at the surface.

3. Electric field due to charged conductor of any shape

The charges are free to move in a conductor even under influence of very small electric
field. Hence, when a charge is given to conductor, then they move until they find the position in
which no net force act on them. Due to this, interior of conductor becomes depleted of charge

carriers and all the charges come on the surface of conductor.
Since no charges are present at interior of conductor thus electric filed is zero at interior of

conductor. i.e. £, =0

Let the surface charge density of the charged conductor is 0. Suppose that P is point Lying
Just outside the surface of conductor and electric field at this point is to be found. Consider a
small cylindrical Gaussian surface CD having one base C at @ and other base D lying inside the

conductor.
Applying Gauss law to this cylindrical Gaussian surface,

Copy righted material.
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ft;ﬂ_f -dS = 1 X charge enclosed by Gaussian surface
8O

*.* There are three surface in the cylinder C, D and CD (curved surface). The eectric flux through

surface D is zero as no charge present at inside the conductor. Smilarly the flux through curved
surface CD will also be zero as electric field is normal to area vector for this surface. Thus flux will

be only through surface C as E // 45 .

J.f,' dS = L x charge enclosed by Gaussian surface

surface C € 0

Ifc{S‘Cos0=i655

surface C 80
1 1
E [dS=—085 E85="—03S
surface C 80 80
(&)
E=—
€

0
Thus electric field at any point close to the surface of charged conductor is 1/& times the
surface charge density.

Quel: A space is filled with charge whose charge Ans: Consider a cylindrical Gaussian surface of radius
density varies according to the law p=py/r. Here py is r and length |. Applying Gauss law,
constant and r is distance from the origin of co-
ordinates. Find the electric field as function of position
vector.

Ans: Consider a spherical Gaussian surface of radius r
with the centre of origin. Applying Gauss law,

Eods=-L
$E- 43 -

f»fszCosO zifptfv
€

oo - 4
$E-d3 -

§Ec{9C050:i_[&4nr24[r 1
& T ffc[SCostg—j;pz[w
Ednr? :MIrdr °
€

0 ffzifCosO:ijﬂ(Kr)n{rdec[z
2 curved surface €9
Ednr? :p0_47rr_ £ P
g0 2 E (& =] [0 de
Po curved surface 0o 0o 0
° g2nrd =& ong
F=Pos €0
2¢ o £
Que2: A long cylinder is charged whose charge density _38_0r
varies according to the law p=kr. Here r is radius of 7
cylinder. Find the electric field inside the long E=—y?
cylinder. 3eo
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Que3: A charge density of hallow spherical shell of
inner and outer radii a and b respectively varies as

o= k /7% inthe region a<r<b. Find the electric field in
theregions (i) r<a (ii) a<r<b and (iii)r>b
Ans: According to Gauss law,
§E-ds -4
€
(i) Inregionr<a: Snceno chargeisenclosedin
thisregion thus
$E-45=0
E=0
(ii) In region asr<b: consider a spherical
Gaussian surface lying inside the spherical
shell. In this situation charges lying between
radii ‘a’ to ‘r’ are responsible to the electric
field. Applying Gauss law to this surface.

Eofs=1

$E-d3 -

3§fE(£S'C050=i§pz{v
€0

Ednr? =i_[i24nrzz{r
€0, 7
:i(r—a)
80 1’2

(iii) In region r>h: consider a spherical Gaussian
surface lying outside the spherical shell. In
this situation all the charges existing between
radii ‘a’ and ‘b’ areresponsible to the electric
field. Applying Gauss law to this surface.

E

Ednr® = ij&mtrzdr
€047

Kk (6-a)

E = 5

80 r
Qued. The electric field due to spherical charge

distribution varies radial as& = ar + 6r2 . Find the total
charge enclosed within the radius of ro.

Ans: Method 1: Given that, € = ar + 61>
So, at r=ro, g = arg + bré

According to Gauss law,

§E-d5 = 1

€0
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q= 80§{E0 . tig:
q=€o§Eq dS cos0
q= Sofof a8

o
q= Sofojd:?

0
qg=¢q(arg+ 61’02 )47'cr02

‘q =4ngg(a+ bry )ros‘

Method 2: Given that,
E=ar+br?
E=(ar+6r°)

fE:(ar—i-ErZ)E

E=(ar +6r7)
According to Differential form Gauss law,
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p==go(3a+6(3r+r))
p=¢o(3a+46r)
qszz{v
noq=¥{eo(3a+467)}dv

p==gg(3a+6(3r+

o

= qzsoj{3a+46r}4nr2 dr
]
o

= g=¢o[{3a+4br}anr’dr
0

o
= q:4nsoj{3ar2+46r3}afr
0

3 4
= g= 4n80(3a%+ 45%]

:>| q:4n80(a+5r0 )ros‘
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