Chapter - 2
Gauss' Law and Its Applications

In previous chapter we have studied about point
charge and system of point charges at rest, and concept
ofelectric field. We have also seen, howthe principle of
superpositionis of help in calculating the electric field due
to a systemof discrete charges. Inthis chapter curaimis
to determine electric field due to a continuous charge
distrbution . For such cases, concept of charge density is
utilized along with Couloumb's law. What we haveto do
18 to divide the charge distribution into infintesimal
elements of charges which may be considered tobe a
point charge. Electric field due to such an element can
then be calculated using Coulomb's law. Accoding to
principle of super position the total field 1s the sum
(integral) of all such contributions over the charge
distribution.

In principle this method is possible for any
continuous charge distribution, however in many cases
either it is cumbersome to perform the integration or
impossible to solve it exaclty. In situations related to
continuous charge distributions where charge distribution
isuniform the Gauss's law 1s very helpful which makes the
determination of electric field mathematically very simple.
To work with Gauss's law it 1s essential for us to
understand the concept of electric fhux, so we start this
chapter with the study of electric flux.

2.1 Electric Flux

Electric tlux throughaflat surface ot area S lyingin
aunitorm electric field E is defined by

@, = luscosd ..(2.1)

Where Gistheanglebetween 7. and normaltothe

surface (Fig2.1) § isarea vector
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Fig 2.1 : Electric through a flat surface

The area of a flat surface can be represented by
vector § (called area vector) whose magnitude is equal

tothearea S and whose direction is normal to the plane of
the area. Accordingly we can write

¢, = E-s

Thus, electric fhux s a scalar quanity value of which
depends on electric field, area of surface under
consideration and the angle between area vector and the
electric field. The electric flux ¢ through a surface 1s
proportional to the net number of electric field lines
passing through that surface. ¢ 1s positive (when 90°>
8> 0%, negative 180°> 8> 90°and zero (when 8 =
90°). When electric field lines are coming out fromthe
area fluxisregarded positive while field lines entering the
area corresponds to negative flux. Whenfield lines are
parallel to the flat area the flux is considered to be zero.
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Fig 2.2 : Flux through a closed surface

In a general case where 7 is non uniform and

surface isnot flat, to calculate electric flux we consider
the surface to be divided into alarge number 'n' of small

area elements As,, As, . As (fig 2.2) where each area
element As, 15 small encugh so that

(1) 1tcanbe assumed to be flat (planer)



(i1) The variation of electric field over this area
element is so small that electricfield £, canberegarded

asconstant, thenusing the equation (2.2) the flux linked
with such anarea element is

Ag, =L - As, . (2.3)

Summing the contributions of all elements gives an
approximation to the total flux through the surface.

b =2 F -As
Ifthe area of each element approaches zero the
number of elements approaches infinity and the sum
Y. isreplaced by an intergral. Therefore, the general
expression of electric flux is

b = [ £ ds (24

The integral in equation (2.4) must be evaluated
over the entire surface under question.

We are often interested in evaluating the flux
through a closed surface, defined as a surface that
divides space into an inside and an outside region so that
one cannot enter in one region to the other without
crossing the surface. For example, the surface ofa sphere

isa closed surface. Using the symbol (_f) torepresent an

integral over aclosed surface the net flux througha closed
surface canbe written as

As we have described above, the vector area
element is directed normal to the surface, however,
normal can be intwo directions. By convention for an

... (2.5)

area element of a closed surface, area vector AS, always

points outward. This conventionisused inFig2.2. For
this fig note that tor different area elements,

corresponding vector area elements AS, will be pointing

in difterent directions but each such vector willbe along
outward normal to its corresponding surface element.
Also the flux leaving the surface is considered to be
positive while that entering into it, is considered to be
negative. Ifthe number of tield lines leaving the surfaceis
more than those entering the net flux is position. If vice
versa fluxis negative.
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The STunit of electric fluxis N m*Cor Vmis and
it has dimensions of [MIL3 =A™ }

Example 2.1 : Find the electric flux through a
vectorarea S =5x 107 jm’ placed in electric field
- =200/ +300 jVm !

Solution : Electric flux

-

§=E-§=(2007 +300})-(5x10 ")

$=0+1500x10" =1.5Vm

Example 2.2 : Acylinderis lying in a uniform
electric field such that its axis 1s along the electric field.
Show that the net electric flux through the cylinder s zero.

Solution :

ds
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ds

Asshownin figure we can considerthe cylinder to

be consisting ofthree surfaces, two circular faces .S, and

S, and curved surfaces .S, , thus the net flux through
cylinder.
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From figure it is clear that for face S, .~ and
ds are parallel (8 =0)for face S, E and d5 are
antiparallel (6‘ = 180°)and everywhere on curved

surface £ and ds are mutually perpendicular

((9 = 900) ,hence

b= j Ldscos 07 + j Lds cos180° +I Ldls cos 90°
KA

S 5,

or ¢ - EIS\‘I - E&S’z + 0

Asarea S, =5, = S(say)



$=FES—ES=0

Thisresultis expected since electric field 1s uniform
so number of field lines entering the cylinderis equal to
the number offield lines leaving.

Example 2.3 : Acircular sheet of S cmradius s

situated in auniform electric field of Sx 10" Vm™ such
that its plane makes an angle of 30° withfield. Determine
electric flux through the sheet.

Solution : The angle madeby area vector (normal
to the plane of sheet) with electric field is

8 =90"-30" or g =60°
So, electricflux ¢ = £Scosf = £ (?1'?'2 ) cos 60°

¢=5x10" ><3,'14><(5><'10-3)" x%

¢:125x3,14x%x10:1.96x103 Vm

2.2 Continuous Charge Distribution

On a microscopic scale, electric charge 1s
quantised. However, there are often situations in which
many charges are so close together that they can be
conisdered to be continuously distributed. 1fwe consider
such acharge distribution to be consiting of point charges
the number of such charges is enormously highe.g. arod
containing a small charge of only InC it contains 10"
point charges. Thus, thoughitis possible to imagine a
charge distribution to be covered by point charges and to
calculate the electric field at the desired point using
Coulomb'slaw and then vector sum of electric fields due
to all the point charges to give the net electric field, but
presence of avery large number of point charges makes
such an approach hoplessly complicated. Instead we
regard the charge distribution to be continuous, use the
concept of charge density and the method of calculus to
calculate the electric field. The use ofa continuous charge
density to describe a large number of closely spaced
charges s similar to the use of a continuous mass density
to describe air which actually consists of a large number
of discrete molecules.

Ifthe net charge on some object is g we divide the
charge distribution into many infinitesimal elements dq.
Each such element has a length, area or volume
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dependingon whether considering charges that are
respectively distributed in one, two ot three dimensions.
We express dq in terms of the size of element and the
charge density. Depending upon the number of
dimensions over which the charge is distributed we
define three types of charge densities as follows -

(i) Linear Charge density

In some situation charges are distributed along a
line in space (or along the length of an object) such as
charge onathin rod or wire or onthe circumterence ofa
ring. In such cases we express dq in terms of linear
charge density (charge per unit length) A whose STunitis
C/m . It the length of charge element dq is dx by
definition.

dq
A=—1L
”» ..(26a)
or dg = Adx ... (2.6b)

If a charge q 1s spreaded uniformly on a rod of
length L then we can write A =q/L and it is a constant,

(i) Surface Charge Density

Insome situations charge might be distributed over
atwo dimensional area such as the surface ot athin disc
or sheet or surface of a conductor. In such cases
elemental charge dqis expressed in terms ofthe surface
charge density (charge per unit area) o measured in ST
units of C/m?. Ifa charge dq is present in an elemental

areads$ then.
o=dq/ds .. (2.7a)

..(2.7b)

Itacharge qis spreaded uniformly over a surface

or dg = ods

ofareaSthen o = ¢/ § andisaconstant.
(iii) Volume Charge density

The charge also might be spread throughout the
volume of a three dimensional object. Inthis situation, we
use volume charge density (charge per unit volume) p
measured inthe STunit of C / ny’. It charge ina volument
dVisdq, then

p=dgl/dV ...(2.8a)
dg = pdV ...{2.8b)
Ifthe charge ¢1s distributed uniformly throughout

ar



the volume Vthen p = ¢/} andisaconstant.

2.2.1 Electric Field due to a continuous Charge
Distribution

Inthis subsection we discuss the determination of
electric field due to a continuous charge distribution, the
general method for whichis as follows -

1. Considerthe charge distribution to be consist ofa
large number of infintesimal elements.

Chooseanarbitrary charge element and expressits
charge dqinterms of relevent charge density given
by equations 2.6, 2.7 and 2.8 depending on
whether the charge is distributed over a line,
surface or volume.

3. Treatingthis charge element dq asa point charge
the intensity of electric field at the observation point

plsgivenby
.
dre, ¥°

here r is the distance between element dq and

point P. The direction of vector - is determined by the
sign of charge dq according to the force that dg would
exert onaunittest chargeat P,

4. Thetotal electric field at P for the entire charge
distribution is obtained by taking vector sumot'the
contributions from all the elements. In the limiting
case whenthe size of element tends to zero

dy .
1r210)

Fig(2.3) shows situations corresponding to linear,
surface and volume charge distributions, the
corresponding expressions for electric fields are as
follows -

ey — !

{a) linear charge distribution (b surtace charge distribution
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(el volume charge distribution

Fig 2.3 : Determination of electric field due to
(a) lincar charge distribution (b) surfacc charge
distribution {¢) volume charge distribution

(i) Linearcharge distribution : Here dg = Ad/
F- At

21D

4
dre, *L ¥

Here the symbol L on integral represents a line
integral. If A 1suniform

o
L ALy

L ’-2

E=

e (2.12)

(1) Surface Charge Distribution : Here dg = ods

1 ads .
;

E- :
dre, *8 ¥

... (2.13)
here the symbol s on integral suggest thatitis a
surfaceintegral. If gisuniform

1 ds
41 e,

E

(iii) Volume Charge distribution: Here dg = pdV’

e

. 1
k= EL'

L (2.15)

Here the symbol V on integral sign represents a
volume integral. If pisa constant (uniform)

| I dv ;
dr e, Pl r

L= L 2.16)

While solving various integrals it should be taken

care of that direction of dE dueto different elements

may be ditferent. Equation(2.10) infact represents a three
dimensional vector equation. It can be written is its



cartesion components as -
E, =[dE,, £, ={dE,, £ = [dE, .. (2.17)

In many situations one or more of the above
integrals may vanish or have identical values owing to
symmetry in charge distribution,

1fwe wishto determine the force ona point charge
q due to some continuous charge distribution, we can do
so by first determining f© using equation (2.10)
(according to the dimensional situation ofthe charge

distribution) and thenuse £ = g# . Inthis chapter we

shall limit our study to charge distributions tor which
corresponding charge density (A, c or p asthe case may
be)}isumform.

Example 2.4 Athinring of radius R has a positive
charque quniformly distributed overit. Determine the
electric field at a point on the axis of ring at a distance x
from the centre of the ring. Discuss the behavior of the
result for condition x >> R .

Solution : Asthe ring1s uniformly charged, the

linear charge density is constant and i1s given

di
A 4
|

cll'-,2 Sind

T 2xR

Now we consider twe diametrically opposite

elements A and B each of length ¢ onthe ring as
showninFig.
Charge oneach element

If7 1s the distance of each element from point P
thenthe electricfield at P dueto element A,

e 1 dy

dl, = PP (Indirection AP)

and electric field at P due to element B

1 dy

dl, = — irecti
*“aze, P (Indirection BP)

)

Clearly | dF, | = |dF,

Onresolving dﬁl and dﬁg as shown in fig, the

perpendicular component dF, sin@ and

dF., sin @ cancel each other being equal and opposite.

While compenent along axis dF, cos@ and dF., cosd

addup being in same direction. We candivide the entire
ring into pairs of such diametrically opposite elements.
For each such pair the axial component is along OP, so
electric field due to completering, at P.

[

—cosé
P

E= IdEcosé’ =
I

dre, s

X
FromFig. cosf = . andas dg = Ad/ andare

R, 4 constant and for a given point P, x, > and r are is
also treated as constant,

E=—"% [t
dre,ry

So jd £ = length of complete ring =2aR
I

I =
So Are, ¥

Ax2mR= q and from Flg F = (Rg i )1..-'3

e ™ kgx
are, ()" (R4

Se



Under condition x >> R the above expression
reduces to

kax kg

E=

3 2

XX

Which is identical to expression for the tield
produced by a point charge ¢ at a point at a diffence x
fromit. Thus, for distant axial point the ring behaves asif
its entire charge is concentrated at its centre.

Example 2.5 Auniformly charged ring and a
uniformly charged sphere are both of equal radius R and
each has acharge q. The centre of the sphereliesonthe

axis ofring at adistance of R 3 from the centre of ring.
Find the electric force acting between sphere and thering,

Solution : Electric field at an axial point ata
distance x from the centre of auniformly charge ring is
givenby

1 yx
(R+)”

dre,

;

given x = K NE] . hence the electric field at the
location of the centre of sphere, duetoring is

I ¢RV3 1 3¢ g

B 4z e, (41{3)3’"3 4gx e, 8R? 327 e, R

From symmerty the total charge q uniformly
distributed on the sphere can be considered to be
concentrated at its centre, hence the force between
sphere andthe ring is

_ B3¢

32re, R?

2.3 Gauss's Law
Gauss's law states that the net flux of an electric

field through an imaginary closed surfaceis 1/ €, times
the net charge enclosed by the closed surace.

2q

=g -

L {2.18)

8]

Ifthe closed surface is in some medium other than
free spaceor air, then

2q

Lo

g{fu:@gﬁ‘df: ... (2.19)
The above equation gives Gauss's law tor dielectric
media. Regarding Gauss's law following points are worth

noting
@)

Here . g, representsthealgebraic sum of charges
enclosed by the surtace.

(m)  Thefluxentering the surfaceis considered negative
and the flux leaving it is considered positive. The
net flux isthe algebraic sum of'the fluxleaving and

flux entering the system.

The closed surface considered for applying
(Gauss's law 1s called Gaussian surface. It is an
arbitrary imaginary closed surface.e. it can have
sphereical, cylindrical orany other arbitrary shape.
Itisusually chosen so that the symmetry of charge
distribution (ifany) gives, on at least part of the
surface an electric field of constant magnitude
which can then be factored out ofthe integral of
equation (2. 18) making calculations easier.

(1)

(auss's law considers only on the net charge
enclosed in the closed surface. The value of flux
does not depend on shape and size of the Gaussian
surface. It deos not depend on the location or
ditribution of chargesinside Gaussian surface. 1t
depends on amount of enclosed charges, their
nature and medium. For static charge distribution
Gauss's law and Coulomb's law are equivalent.
However Gauss'slaw is more general in that 1t is
always valid whether or not the charges are static.

(iv)

Itthe net change enclosed by a surfaceis zero the
tlux linked withit is always zero whether it is placed
in aunitorm or nonuniform electric tield. For such
asurface, flux entering is equal to the flux leaving
the surface. [see fig2.4 (a) and (b)]

v)

bl Ll , Ll —\_;
T D =
o g
» > » f
fa) th)
i'e~ ¢net = ¢i.n + ¢'Uul = O



(1) Gauss'slaw 1s valid only for those vector fields
which obeysinverse square law.

(vii) Electric field 7 at any point on the Gaussian

surfaceis the net electric field at that point, This f;

result tromall charges both those inside and those
outside the Gaussian surface, however term¢ on
the right hand side represent only the net charge
enclosed inthe Gaussian surface. In some specific
cases though the net charge enclosed in the
Gaussian surface may be zero but electric field may
not. For example if a dipole is enclosed by a
Gaussian surface than charge enclosed is zero and

¢ is zero but at some point on the surface 77 isnon
Zero,

(vi) Charges present outside the Gaussian surface do
not contribute toward the net flux through the
surface.

2.3.1 Gauss's law Derived from Coulomb’'s law

Considere a positive point charge q at point O
enclosed by anarbitrarily shaped Gaussian surface.

a5

=

’ ]
AQA

Fig.2.5:Solid Angle

Consideranareaelement ¢s, atadistancerfrom

the point charge(Fig2.5), the electric field at thislocation
18

g 1
=
4w e,

9; _
2 ...(2.21)

Sofhux inked with this area element 1s

i,,afs cos
dre, r*

di = Edscosf =

hence the total flux linked with entire closed
surface

gé:] 1 iqdicosé?: q J‘Ofs‘c?sgi
5471- E(l P 47? ED ! .
dscos
By definition — =dQ 50lid angle

subtended by the area element ds at point O.

__ 4 Ay
¢= 4 e, .[ng " ax e, [ Ldﬂ = 471'}

-9
or #=

4

which is the mathematical statement of Gauss's law:.

Example 2.6 A point charge of 7.6 uCis sitnated
at the centre of'a spherical surface of 0.03 mrads. Find
the fhux linked with the spherical surface. What will be the
change in flux ifthe radiis of surface be doubled.

Solution : As

¢,_i_ 76x10 ¢
e 885x10 "

i

=8.6x10" Nm’C™'

As Gauss law does not depend on the size of
surface it will not change on doubling the radius of
spherical surface.

Example 2.7 Acharge q is placed at the centre of
a hemispherical surface. Determine the flux of electric
field through the surface of hemisphere.

Solution : As Gauss's law deals with the electric
flux depends onthe charge enclosed by a closed surface,
s0 to enclose the charge and keeping symmetry in view
we Imagine a complete spherical surtace centred at
location of q. Flux through this surface.



Since the charge is placed at the centre, from
symmetry considerations we expect that flux through the
surface of hemisphere

é!

¢ _ 4

=3 C2e,

Example 2.8 Figure shows a closed Gaussian
surface in the shape of a cube placed ina region where

the electric fieldis givenby £ = E,)xf .Eachedge of'the
= 1 c¢m and constant
E,=25%10°NC 'm ' . Find the net electric flux

linked with cube and the net charge enclosed by the
cube.

cube has length a

Y A

C B
D E—>F

p A »X
G- a

’? {.7
Z#

Solution : Area of each face of the cube
S=d

Total flux through the cube
¢ - (E ) S;)ABEF + (E ) SE)OC'.DG + (f ) E)B[:‘DE

* (ﬁ ' lS) + (ﬁ l lS )().-'\H(T
Astoreach ofthe facesBCDE, OAFG, OABC,
and DEFG, £ isperpendicular toso corresponding flux

+ (E . S)
AT | JHECT

terms are zero.

¢ = (E')x; ) az;)_.-\m}' * (on; o (_;))

and as for the face OCDG x=0 the contribution of
thisterm toward fluxis also zero. Asfor face ABEF x=a

OCHGE
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¢ = ‘Ei]a3 -0= ‘Etlas

=(25%10")x(1x107) =0.25Nm*C”
and trom Gauss's law, the enclosed charge is
g=c,$=885x10""x0.25=221x10""C

Example 2.9 A hemispherical bodyisplacedina
uniform electric field E. What is the electric flux inked
with curved surfaceifthe electric field 1s (a) parallel to its
base Fig(a) (b) perpendicular to its base.(Fig. b)

I

S P

(a)

Solution : We can consider the hemispherical
body as a closed body with a curved surface and a flat
base (cross section), the thix linked with this body will be

zero as it does not enclose any charge. Soif ¢. and

¢, are flux be linked with curved surface and base

respectively
=0 +¢ =0
or ¢, =@

(a) For the situation of Fig (a), as the electric field is
parallel to thebase, vector area ofbase is perpendicular

to £ thus ¢, =0 andsod, =0.
(b) For the situation of Fig (b) area vector of base

isantiparallelto f

So ¢ =Fcosl80' =-FaR°

¢C'

(Inthis case the flux linked with curved surface
depends on the radius of cross section (base) and not on
the shape of curved surface)

~¢, =F-7R*



2.4 Application of Gauss's Law
2q

=

Using Gauss'slaw @ = CJSSE ds =
o

The electric field due to a highly symmetrical
charge distribution can oftenbe easily calculated. Theaim
in this type of calculation is to determine a surface
(Gaussian surface) which satisties one or more of the
following conditions -

1. The value of electric field can be argued by
symmetry to be constant over the portion of surface.

2. The area vectors of the portions of surface are

either parallel or pendicularto £ .

In following subsections we will discuss selection
of Gaussian surfaces for some symmetrical charge
distributions.

2.4.1 Electric Field Intensity due to an Infinite
Line Charge

AL, (lasl
c]l—',l Cagh

P
Lan

Fig 2.4 : Elcetric Ficld duc to an infinitc linc charge

Consider an infinite line charge of constant linear
charge density A . We wish to determine electric field ata
point P at as perpendicular distance OP=r{romthisline
charge.

Now consider two small elements 4 and 4, of

equal lengths situated symmetrically with respectto O on
this line charge (Fig 2.6). The electric field inensities at P
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dueto these elements are dﬁl and dﬁg respectively with

dF,and JF., directedalong 4 P and 4,7 . Onresolving
these electric field along OP and perpendicular to OP we

note that their perpendicular componenets 7, sin & and
dF., sin@ cancel while components along OP,

dF, cos@and dF., cos @ add. Inthis manner the infinite

line charge can be divided into such symmetrical pairs.
Resulting electric field from each such pairis along OP.
Thus we concludethat the electric field dueto infinite line
chargeis directed perpendicular to the line chargei.e. it s
inredial direction (which is redially outward or inward
depending upon whether the charge is positive or
negative). This result is expected on the basis of
symmetry. Imaginethat while you arewatching some one
rotates theline charge about its perpendicular axis. When
you look again you will not be able to detect any change.
From this symetry it can be concluded that the only
uniquely specified direction in this situationis along a
radial line.

Now congider a Gaussian surface in the form ofa
closed cylinder of length / coaxial with the line charge
such that the point P lies on the its curved surface. (Fig
2.7)

The charge enclosed in this Gaussian surtace

Yqg=Af (224
so from Gauss's law
s e g M
(ﬁsﬁ'd‘;_e_[,_e_[, (225
=1
-1
-1
—1 A
L o
£ 4=
- ;
- 5
N =

Fig 2.7 : Cylindrical Gaussian surfacc for a linc charge



This closed cylindrical surface can be subdivided
into three parts

(i) Upper circular face (cap) S,
(1)) Lower circular tace (cap) 5,

(ii1) Curved surface .S,

Sothe equation (2 25) canbe rewritten as

A

5

IE-CE-FIF:‘-CE-F
5

5

or

I Fedycos90" +

5

_ _ ¢
I Fdscos90” + I Felscos O’ = A—
A kA =

or 0+0+j£a{s:ﬁ

5 0

... (2.26)

Since the magnitude of electric tield E 1s same
everywhere onthe curved surface so E canbe taken out
ofthe integral in equation 2.26, giving

£

Ejds = AL

5 Sa

AL

FEx2rrf=— . .
or e, , bja‘.s =2xrf
o K= A ..(2.27)

2xr €,

= AL
Invectorform £ = r ...(2.28)
2re,r

Clearly the magnitude of electric field dueto an
infinite line chargeis inversely proportional to distance and
directly proportional to the charge density and
corresponding graphs are as showninfig 2.8
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. 1
ie B " and I x A ...(2.29)

T [

{b)

()

Fig 2.8 : Vanation of electric field dueto a line
charge with (a) distance (b) charge density
Example 2.10 : The linear charge density ot a

straight infinite wireis 2 pC/m . Find the magnitude of
electric field ata point 20 ¢cm from the wire in air.

Solution ;
2
2re,r dre,r
=9%10" x M
20x107
or  FE=18x10"NC”

Example 2.11: An electron s circulating on a
pathofradius 0.1 m around ainfinite line charge. 1f'the
linear charge densityis 10°cm™ thenfind the magnitude

ofthe velocity of electron, [Given m, =9.0x10 *' kg,
e=16x10"C]
Solution : Force on electron due to infinite line
charge
1 2ed

F=gk=e¢l=
dre, ¥




This force provides the electron necessary

_ 2ed
dre, ¥

. 2eAd
dre, m,
_J9x105’x2x1,6x10 10 ¢
9.0x107"

mev‘

centripetal force, 5o

or

v=v2x16x10" = 44/2 x107
=5.65x10"ms '
2.4.2 Electric Field due to an Infinite Uniformly
Charged Non Conducting Sheet

Let ABCD1s some portion of auniformly charged
non conducting sheet of infinite extension. The surface
charge density ¢ forthis surface 1suniform. We wish to
determine electric field at a point P at a normal distance
OP=rfrom the sheet. (Fig 2.9)

J—

ALty Bl daF,
0 W d g 1Tl

7 R

dJ_"..l 31l aF,

Fig 2.9 : Electric field due to an infinite non
conducting charges sheet

Consider two small area elements 4 and A4,
equidistant from O onits sides at adistance then electric

field dl- and di-, due to these elements have same
magnitude and these are directed along A7 and

A, P respectively. Onresolving these electric fields along
OP and perpendicular to it, the perpendicular

40

components dF; sing and dF, sin@ cancel while
parallel components ¢/ cos& and dF., cos@ add.

In this manner we can divide the entire charge
sheet into pair of symmetrically placed area elements. For
each such pairthe net electric field 1s along OP. Thus we
can say that the net electric field due to complete sheet at
point P isalong the normal joining P to the sheet.

Now imagine a cylindrical closed surtace of cross
sectional area § and length 2# with point P at one of its
circular face (cap). The sheet dividesthis cylinder into
two equal parts (Fig 2.10).

Fig 2.10 : Construction of Gaussion surface for a non
conducting uniformly charged infinite sheet.

The net charge enclosed by this surface 1s

>qg=08 ...(2.30)
therefore the net electric flux lined with it
. A
¢=<j5£-d?=§=a— 23N
$ e

il il
We can consider this closed cylindrical surface to
be consisting of three parts (1) circular cap .S, (ii) circular

cap 5, and (iii) curved surface .S, . Thusthe equation
(2.31)canbe written as.

oS

jﬂ'-aﬁs’z -

55 D

. (232)

Rl

j.E‘dST-FIE'Q{S:-F
3z

For both surfaces S, and 8, F andds are

parallel so at these surfaces I7-ds = Fids , while for



surface S, , £ is perpendicularto oS so 2-ds =0
So fromequation (2.23)

4

ol
=

Rl

IEd5‘+IM3'+0:

o

As for surfaces .5, and §, E is same at every

point, so
E[ds+E[ds= s
s, S, So
j ds = j ds =358
oS
ES+ES =
SO c.
oS
ZEJS\‘ -
or c
o
or k=g - (2.33)
. . T .
In vector form £ = 2—n . (2.34)
c

8]

Where 7, 1saunit vector normal to the sheet. Ttis

obvious that the electric field due to aninfinite sheet of
charge does not depend on distance i.e. such a charge
distribution produces a unitorm electric tield. Thisresult
canbe extended for points in the close vicinity it a large but
finite sheet of charge provided the points are not near its
edges.

E a

 of 8 '} > G

(a) (b

Fig 2.11 : Dependence of electric field fora
Uniformly charged infinite sheet
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Example 2.12 : For auniformly charged infinite
non conducting sheet, area of 1 cm*anywhere on the
sheet contains 11 C charge. Calculate the electric field
near the sheet in air,

Solution : Surface charge density

g 17.70x107°C

o=== -
4 10 *mr®

o =1770x107* C/m*

So electric field

a 17.70x107

_ _ — :.loll) NC 1
2e, 2x885x107"

;

2.4.3 Electric Field due to an Uniformly Charged
Infinite Conducting Plate

For auniformly charged infinite conducting plate
the electric field is directed normal to the plate asin case
of anuniformly charged infinite non conducting sheet.
This can be shown by arguments based on symmetry
similar to thoseused in earlier subsection.

Fig 2.12 : Electric ficld duc to uniformly
charged conducting plate

Let the surface charge density for the conductor
plateisa. Wewish to determine the magnitude of electric
field at a perpendicular distance r from the plate. Imagine
acylindrical Gaussian surface of cross sectional area S
and length ras showninFig(2.12)



Charged enclosed by thissurface > g=c8 ...
(2.35) Form Gauss's law the flux linked with this
cylindrical surface

e

z .. (2.36)

. Zq
g=0L di=—=
(js = 0

This Gaussian surface can be considered to be

consisting of three parts. (1) Left circular cap .§, (i) right

circular cap S, (i) curved surface 3, . So the equation
(2.36) canberewritten as

-‘.E‘dg-ﬁ‘fﬁ'dsz-‘r o8 .. (2.37)
3z

Rl

jﬂ'-aﬁs’z -

55 D

Ascircular surface S, isinside conductor soE=0
forit while for S, £ and s mutually perpendicular,

thus 7-ds =0 . Also for surface S, 2 and ds are

parallel and E 1s same for every point on .5, from these
considerations equation (2.37) yields

OJrEJ.a'.«HrO:Cr*S
5 =
o LS-2
=
.
In=— ..(2.38
or - (2.38)
Invectorform
s
E=—n ...(2.39
. (2.39)

Where #, is aunit vectornormal to the surace of
conductor. Thus, the electric field due to a uniformly
charged infinite conductor plate does not depend on
distance 1.e. electric field is uniform. This result is
approximately true fora uniformly charged conducting
plate of finite dimensions for points in close vicinity of it.
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Ea

» 7

0O

Fig 2.13 : Dependence of electric field fora
uniformly charged conducting plate

Example 2.13 : The surface charge density fora
uniformly chargedinfinite conductor plate is

4%10 °Cm * . Find the magnitude of force on a charge
—2x10™ C placednearit.

Solution : Electric tield for the conducting plate

=<
E[J
Magnitude of force onq
PR g T
F:qE:E: 2x10 X4>:EO _ 3
=h 8.85x107 " 8.85
{7=0903N

2.4.4 Electric Field Intensity due to a Uniformly
Charged Spherical Shell

Fig 2.14 : electric field outside the charged
spherical shell
Suppose acharge Qs distributed uniformly on the
surtace of a spherical shell of radius R. The surtace
charge density tor this shell is then.



_Q_ ¢

A 4ri?

We wish to determine electric field at a point P
tromthe centre of the shell. The Gaussian surface for such
achargedistribution must be spherical. Dependingupen
location of P three situations are possible.

(a) When P is outside of the sphere (r> R)

For this case consider a spherical Gaussian
surface of radius r (#> 1) concentric with spherical shell
as shown in tig 2. 14. The net charge enclosed by the
Gaussian surtaceisthen

.. (2.40)

2g=0 ...(241)
Sothe net flux linked with Gaussian surface
Xq_0
I ds =
b= Lds = =2 = L (2.42)

4 4

Thentensity of electric field 77 and area element
s arebothactalongthe radial line for every point on this
Gaussian surface. Also note that as each point on this

surface is equidistant from centre the magnitude of Eis
same so from equation (2.42)

¢ = qSLd‘ gﬁms Lcj’;ds -.(2.43)

Cﬁsdf =471" = Area of spherical Gaussian
surface
50 ¢=Lﬁx4ﬂn‘2=g
ED
.0 ek
50 o ar c, 2 c, 2 ..(2.44)
- : ¢ )
{-- From equation (2.40) e oR™}
id

From equatin (2.44) it is clear that for external
points a uniformly charged spherical shell behaves as if its
entire charge is concentrated at its centre. Thusthe force
due to auniformly charged sphere having acharge Q on
another charge placed outside the shell is same as the
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force on this charge dueto a point chargeQ placed at the
centre of shell.

(b) When point Pis on the surface of shell (r=
R): For this case on substituting r= Rin equation (2.44)
we obtain

0
S Arcek

T

=

..(2.45)
8]

(c) When point P is inside the Shell (»<R) In
this case Gaussian surface is well within the spherical shell
(Fig 2.15) and as the charge is on the outer surface of
shell the net charge enclosed by the is Gaussian surface s
ZEer0.

24=0
So form Gauss's law
g _
I ds =
6=, -

- ds=0 and £ and ds are not mutually

perpendicular hence at every peint inside the spherical
shell

E =0 . (2.46)

Alsoifsome charged particle is situated inside a
charged spherical shell no force is exerted onit by the
charge onthe shell.

E

O <R =R =R

Fig 2.16 Variation with distance of electric
ficld duc to a uniformly charged spherical shell

The variation of electric field with distance for a
charged sphereisshowninFig2.16

2.4.5 Electric Field Intensity due to a Uniformly
Charged Conducting Sphere

If an excess charge is placed on an isolated
conductor that amount of charge will move entirely to the



surface of conductor. None of the excess charge can
reside within the body of conductor. This 1s logical
considering that charges of same signrepel each other.
We may consider that by moving to the surface the added
charges are getting as far away from each other as they
can. Under electrostatic condition the electric field inside
the conductormust be zero. For metallic conductors this
1s easy to explain. Ifit were not so the field would exert
forces onfree electrons and thus current would always
exists with in a conductor of course, there 13 no such
perpetual current in side a conductor and so interal
electric field must be zero. Anelectricfield doesappear
when excess charges is given to the conductor but the
added charge distributes very quickly to the outer
surface (in a time of the order of nano seconds) so the
interal electric field due to all charges both inside and
outsideis zero. Then the movement of charges cases. As
the net electric force on each charge is zero now the
conductoris said to be in electronstatic equilibrium,

As the charge resides on the surface a spherical
uniformly charged conductor behaves like a uniformly
charged spherical shell and expressions for electric fields
are exactly same as have been derived in subesction
244

2.4.6 Intensity of Electric Field due to a Uniformly
Charged Non Conducting Sphere

Consider a non conducting sphere of radius R
whichis givena charge Q whichis distributed unitormly
over its entire volume. Theretore the volume charge
density is given by

Q¢

VR

(247

We wish to determine electric field at a point Pat a
distancer tromthe centre O of the sphere. The Gaussian
surface to be considered here is spherical with radius r
centred at O. Depending upon the location of P three
situations are possible.

(A) When point P lies outside the charged
sphere (> R): Inthis situation the charged enclosed
by the Gaussian surface is same as the charge on the
sphere under consideration(Fig2.17)
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Fig 2.17: Gaussian surfacc for determination of

clectric field outside a uniformly charged non
conducting sphere

Thus X¢=0

Hence, from Gauss's law the flux linked with this
Gaussian surfaceis

...(2.48)

: Xgqg @
¢:<j}55-d§=€——— L (2.49)
0 0
O
or ¢:(ﬁs Fdszel .+ since for

8]

spherical surface ; and ds are parallel}

As from symmetry magnitude of £ is same at
every point on Gaussian surface we heve

¢
or =k} dy==
¢ is’ Ei]
;Y
or = Fxdmr == L (2.50)
i
0
F=—=
or dre, s’ ... (2.51)
. op [ K
=" —
or 3e, [rb J ...(2.52)

- . R S
{--Fromequation 247 ¢ =-7R p}
2



Invector form

o
dre, v

0
3e,

F=

R.’%
!,2

Thus we can say that for points outer to the surtace
the charged sphere behaves as if the entire charge is
concentrated at the centre.

(b) Whenthe point P is onthe surtace (r=R). In this
case on substituting r =R inequation(2.53) yields

]f" .(253)

o @ PR
dze,rt 3e, .. (2.54)
and invector form
- O . pR .
IN=————r= iz
47r EI) r;. 3 E(I P (2‘55)

{(c) When point P lies inside the sphere (r <R). In
this case spherical Gaussian surface is inside the charged
sphere (Fig 2.18) and charge enclosed by it say Q' is
givenby

Fig 2.18 : Gaussian surface for Determining
E at internal point

(__}*':pxiﬂ'r3
J
i o _
o= A O . (2.56)
3

Se the flux linked with Gaussian surface

: o o

— fds ==
gé Cﬁs g[] Ei] RJ
or

or

6= Fds=

o

{ Asat each point on Gaussiansurface £ || s +

From symmetry of charge distribution magnitude of
Eis same for every point on this surface.

, Oor’
= fds = _
So & fﬁs e, R
q 2
F= F= F
Invector form
g - p .
¢ = —F = —
4@[]!{.‘ 38 PP (2,58)

8]

as at centre of sphere r =0, so from equation
(2.57)

E centre=0

From above discussion for a spherical charge
distribution it is clear that

(i) Atthecentre E=0

(11) For the interior of the sphere, electric field 1s
directly proportional to distance (r) from centre £, oc #

(ii1) Electric field is maximum at the surtace of
sphere

(iv) For points outside the sphere electric tield is
inversely propotional to the square of distance

, 1

Lr}ux % _:

Sotor aunitormly charged non conducting sphere

the variation of electric field with distance from the centre
1s as showninFig2.19



>

?';H

O <R reR

Fig 2.19 : Variation of Elcctric Ficld ducto a uniformly
charged non conducting sphere with distance r

Example 2.14 A conducting sphere of T0m
radmsisgiven | nC charge. Determine electricfield at (a)
its centre (b) a point 5 cm from centre (¢) ata point 10
cm from centre (d) at a point15 cm from centre in air.

Solution : (a) Theelectric field at the centre of a
conducting sphereis zero.

{b) r=>5 cm wheres radius of sphere R= 14 cm,
so the point isinside the conducting sphere. Electric field
inside conductoris zero (¢) r= 10 cm, point is on the
surface of sphere.

; :%:gx']of’xL
dre, R ('|0><'|0 3)
—9x10° NC !

(d)r=15cm, point is outside the sphere, so

0 9a0"xIx10°
4z e, r’ (15x10—2)2
— 4x10° NC

Example 2. 15 : A sphere of diameter 10 cm is
uniformly charged so that electric field at its surface is

5x10° Vm™ Calculate the force on a

Sx 107 u( charge situated at a distance of 25 cm from
the centre of sphere.

Solution : Let ¢ bethe charge givento the sphere,
then at surface

__9q
T Are, R

Electric field outside the sphere at adistance rfrom
centre

46

Iz 1 5
dre,r
E R
S
2 5 z C125x10°
v E=n. - O) 5y 212810
P (25)‘ 625
F=2x10"ym™

Force oncharge I” = ¢,/ =5x 107" x2x10*

=10x10*=10"N

Example 2.16 : Acharge of 0.5 uCis distributed
uniformly over anon conducting sphere ofradius 10cm,
Determine the electric field at a point (a) at the centre of
sphere (b) 8 cm from the centre (¢) 10 cm from the
centre (d)20 cmfrom the centrein air.

Solution : Atthe centre of sphere E=0
(b) Whenr =8 =8x10"m cm the point is
internal to sphere so
dre,

360

3 0x10°x05%x 10" x8x10~" 3
10—3

(1010 3)3

I£=3.6x10"V/m

(c) When = 10 cm point is on the surface of
sphere

_ 0
dr g, R*

'

_ 9x10r xO,Sﬂxzﬂ —45%10° Vim
(10><10—-')

(d) When r=20 cm, point is outside sphere so

F=—Y
dre, r



_ 0x10°x0.5x10 ¢
(20x107)

=1.125%10" V/m

2.5 Force on the surface of a charged
conductor:

Excess charge given to a surtace gets distributed
over its surtace. The charge present in any small portion
of the conductor 1s under repulsion from the charge
present inthe remaining portion of the conductor. Thusa
force of repulsion acts on every surface element of the
conductor and the net force on the surface is the vector
sum of forces acting on all such elements. Thus a charge
conductor surface experiences an outward pressure.

Let the surface charge density on a conductor
surface be . Now consider two points /] and 7}
placed symmetrically with respect to the conductorwith

P justinside and 7, just outside the conductor (Fig
2.20)

£

Fig 2.20 : Determination of foree on the
surface a charged conductor

As the electric field out side the conductor is

a/ g, sotheelectric field at point 7

Fq L (2.60)

and since the electric field inside a conductoris

zero so at point 7,

47

£, =0 ...(2.61)

Next, we consider this conductor to be consisting
of two parts (i) element AB having area ds and (ii)

remainder of the conductor, ACB. It I??l and EZ arethe

electric field dueto AB and ACB respectivelyat pointsin
their near vicinity then from fig

Fy =E+F, .. (2.62)
(/. and /., areinsamedirectionatPoint £ )

and £, =k —E, ... (2.63)
( £, and £, aredirected opposite at point 7, )
From equation(2.16)and (2.63)
I —F =0
ie. K =F,

Fromequation (2.60)(2.62)and (2.64)

. (2.64)

B+ =2

Ei]

g
E,,

or 2T .
2e,

..{2.65)

So, the electric field due to part ACB at the

. . o
location of area element AB can be considered as 2—
2e,

Ifthe total charge on element AB is dq then torce onit

di = E,dg = 2idg As ( dg = ods ) .80

o

]
Z

dl = a

e ... (2.66)

ds= L e, I-ds
2

8]

a .
— soo=¢, L}
=

{0 E=

i

Force acting onthe complete surface is then given
by

o

o’ e, I-
F = —Cf_ﬁ' = _l] dS‘
P, 2c 47973 - (267)

and the force per unit areai.e. pressure



- o 1

= —= :—E(IE;"
ds 2, 2

Vol

. {2.68)

i
this pressureis called as electrostatic pressure
2.6 Energy perunit Volume for an electric Field

We have seen that an electric force acts along
outward normal on the surface ofa charged conductor.
Forincreasing the amount of charge onthe conductor or
toncrease the volume of region in which the electric field
1s present, the work is required to be done agains this
force. This work gets stored in the form of energy in
electric field.

For the sake of simplicity we consider a spherical
shell of radius r for which surface charge densityis o (Fig
2.21)

T-dr

Fig 2.21 : Spherical Charge Distribution

Outward pressure onthe surface of shell

]
Z

a

P=
2e, ...(2.69)
So the outward force on the surface
F:PA:C’-—_><471'r3 .. .(2.70)

2¢e,
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Work done against this force in compressing the
shell by asmall amount dris

AW = Fr =2 — dzr*dr
2¢,

Reduction in volume of sphere (or increase in
volume of the region where electric field is present)
dV =4xrdr

]
Z

a
2e

aw = dv

So 27D

8]

So energy stored in electric field
UZ r 1 2T
W=U= J.Z—E)Cﬂ’ = J.E € EdV | (272)

and the energy stored per unit voume in electric
field or energy density.

]
Z

_dW_ a :le,) Ez

U, =—=
dim 2¢, 2

... (2.73)
If some other medium other then free space or air
isconsidered then

:dﬂj_ g ZLEC,EE
d 2e, 2

U,

L 2.73)

Although the above relations have been derived by
considering a spherical shell but their validity 1s general.

2.7 Equilibrium of a Charged Soap Bubble

For a soap bubble, the pressure at its internal
surface is more than the atmospheric pressure present at
its outer surface. This excess pressure is balanced by
pressure due to surtace tension. Ifthe radius of bubble is
r and surface tension is T then excess pressure.

4T

£

- (274

Ifnow the soap buble is charged with surface
charge density ¢ then an cutward electricstatic pressure
O_E

I also acts on the surface of bubble. In this case
il



})m' +i:£
T 2g, F
ar o
po="t
ar ax - 7 e . (2?5)

8]

On charging bubble in such a manner a situation
arise inwhich excess pressure becomes zero after which
the bubble bursts, so for equilibrium,

4T a’

P

v 2e,

...(2.76)

81
Equilibrium radiusof bubble 7 = U—E‘ 277

181 ¢
and surface charge density & = !—] ... (2.78)

and charge g = o x4xr’ =478T e,

Example 2.17 : The surface charge density fora
charged soap bubbleis 2.96 uC/m* The surface

. (2.79)

tension of soap solutionis 4x107™ N/m . Find the

radius of soap bubble so that excess pressureis zero and
thebubbleisin equilibrium.

Solution :

e 8/'e, 8x4x107"x885x107"°
o’ (2.96x10 “)3
=32x10"m

r=032Zm

Important Points

1. Electrictlux throughasurtaceis proportional to the net number of electric field lines passing through that area.
electric flux through a tlat area in a uniform electric tield is

¢=18cosf

Where & 1s the angle between direction of E and normal to the area. It electric field vector is denoted by

E be and area vector by S then

(é:}éxg;

2. Iftheelectricfield is nonuniform and (or) the surface 1s not flat then electric flux

4=|F-ds

Where ds isvector area of some surface element and 7 iselectric field at this element. Ifthe surfaceis

closed

=K. ds

3. Depending upontherelativeorientationof £ and § (or ds )¢ may bepositive, negative or zero.

49
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For determining electric field due to some continuous charge distribution, it is divided into small charge elements
dq and electric tield due to each such element is then integrated to obtain total electric tield. Electric field at a
distance r fromcharge element dq

1 dg

df. = =
dre, v

For complete continuous distribution

(a1 pdg
jrq_'[dﬁ_491'60-[r_2

If charge distributionis linear dg = Ad# where A 1s charge linear charge density andislength of element.
If charge distribution is superfecial diy = ods oissurface charge density and dsisarea of element.
In case of a volume charge distribution dg = pdV” where p is volume charge density and dV is volume

element.

Gauss's law is valid only for closed surfaces. According to it the the net flux through a closed surface in an
electric field

g =4
¢-_<}SL ds =~

[}
here gis the net charge enclosed bythe closed surface.
(Gauss's law 1s very helpful for finding electric field when charge distributions have a high degree of symmetry.
For an intinite line charge of linear charge density A

7= A
2re,

For aunitormly charged infinity non conducting sheet (surface charge density ¢ )

a
k= 25 (uniformelectric Field)
4]

c
For auniformly charged infinite conducting (surtace charge density) E= - (uniformelectric field)
8]

Continuous charge distribution can be classified as
(1) linear charge distribution distribution (i1) surtace cahrge distribution (iii) volume charge distribution
For auniformly charged spherical shell or spherical conductor Esurface

T _(r=R). E

‘.\'m_’,fhc:e = 471_ ED R3 “is = 0

[Here Q1sthe charge on sphere and R isitsradius]
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15.

For aunitormly charged non conducting sphere

: o
F o =—= (r=nR
surfoce 47 E[] RZ (F’ )
Or
K =— R
" Are, K (r<R)

Pressure on surface ofa charged conductor

P = 20-__ _1 e, F* thisis dueto mutual repulsion
=

between charges residing on surface.
Energy perunit volumein an electric field

> 1,
U, =2 =>¢ I
2e 2

8]

For the equilibrium of a charged soap bubble.

AT o°
P

—= e (T1is surface Tension, #is radius of soap bubble)

Questions For practice

Multiple Choice Questions

1.

(c)its surface

| |
(a) B € L

The electric field due to aunitormly charged solid
non conducting sphere is maximum at -

(a) the centre

(b)the mid point between centre and surface
(d)infinity

For free space the energy density in some region
where electric tield isE, is given by

by

OF v
]. 2 ]- 2

(c) EF o (d) 5 F

1 pC charge is present at the centre of a cube of

edge a. The flux through each tace ofthe cube will
be (in VM)

(@) 1.12x10*
(©) 1.88 < 10"

(b) 2.2 10*
(d)3.14 x 10

Two electric dipoles having charges + ¢ are placed
mutually perpendicular to each other. The net
electric flu throughthe cube1s

g 4q
(a) E__] (b) e__]

2g
(c)Zero (d) -

On charging a soap bubble withnegative chargeits
radius

(a) decreases

(b)increases

(c) remains unchanged

(d) nothing can be said due to incomplete
information



10.

A charge q 1s1n a sphere and flux through the

q
sphereis g . Onreducing the radius of sphere by

halfthe changeinthe tlux is

(a) four times its intital value

(b) one fourth ofitsinitial value
(c)half ofits nitial value

{d)unchanged

Complete tlux dueto aunit charge placed in air is
(a’) El) (b) E[]l

(c) (47 <, )_] (d) 47 €,

The radii of two conducting spheres area and b.
When these are charged with same surface charge
density theratio of electric field intensities at their
surfacesis
(Q)p o by 1:1
(Yo b (d)b:a

Theradii ot two conducting spheres area and b.
When these are given same charge the ratio of
electric tield intensities at their surfacesis

Q)b - a b1:1
() a b (d) b:a

Electric fieldintensity due to along straight charged
wire varies with 1/+as shown in

E

(a)

0

(b)

(c)

O i

o > Lir

A squareis situated in auniform horizantal electric
field such that a line drawn in the plane of square
makes angle of 30° with electric field (Fig). If side
of square s a the flux through the sphere will be

-
Erye
i

1
®

\/?: For?

OB

(c)Zero {(d)none ofthese

Very Short Answer Questions :

1.

|F¥]

When does the electric flux through an area

element placed inan electric field  iszero?

Atwhat positions the electric field intensity due to
auniformly charged sphere is zero?

Write the expression for force per unit area of a
charged conductor and give its direction.

Where does the energy due to a charge 1s stored?

A charge Q is a given to a conducting sphere of
diameter d what is the value of electric field inside
the sphere?

Suppose the Coulomb's law has a 1 / #°
dependence instead of 1/ »* dependence, is the
Gauss'slaw still valid?

Ifthe net charge enclosed by a Gaussian surfaces
positive then what 1s the nature of flux through the
surface?



10.
11.

14.

Ifthe net flux through some closed surface in an
electric field is zero what can be said about the
surface?

Ifnet charged enclosed by a Gaussian surface 1s
zero does it mean that electric field at every point
onthesurfaceis zero.

Detfine linear charge density.

What will be the change in electric field in moving
trom one sideto the other of'a charged plane sheet
having surface charge density ©.

Graph the variation of electric field with distance
foraumformly charged non conducting sheet.

What is the value of electric field at the centre ofa
uniformly charged non conducting sphere?

A charge qis at the centre of a sphere. Ifnow this
charge is placed at the centre ofacylinder of same
volume then what will be the ratio of net flux in the
tweo cases?

Short Answer Questions :

1.

|F¥]

Explainthe term electric flux. Write its STunit and
dimensions.

Explain theterm linear charge density. Writeits SI
unit.

Explain the term surface charge density, Writeits
Slunit,

Explain the term volume charge density. Write its
SLunit.

State Gauss's law for electrostatics.

The excess charge given to a conductor reside
always on its outer surface? Why?

Establish expressions for electric force and
electrostatic pressure on the surface of a charged
conductor?

Establish expression tor energy stored per unit
volume in electric tield.

Establish expression for maximum charged density
tor the equilibrium ot a charged soap bubble.

Verify Gauss's law from Coulomb's law.

Youare travellingina car. Lighting s expected what
should you do about your safety?

Consider two long straight line charges having
linear charge densities 4 and 4, . Derive
expression for the force per unit length acting
between them.

Consider two infinite parallel planes having charge
densities + and - respectively. What is the
magnitude ot electric field at some point inregion
betweenthem.

Essay type Questions

[

For a spherical conductor of radius R having a
charge ¢ determine electric field for following
situations

(A)r>R (B)yr<R
(C)atitssurtace (D)atits centre
Graph the variation of electric field with distance.

Determine the electric field due to a uniformly
charged sphere tor tollowing cases

(A) Outside the sphere

(B) At the surface of sphere
(C) Inside the sphere
(D)Atthecentre of sphere

Using Gauss's law determine the intensity of
electric field at a point near auniformly charged
infinite wire. Graph the variation of electric field
with distance.

Using Gauss's law determine the intensity of
electric field at a point near auniformly charged
infinite non conducting plane. Explain the
dependence ofelectric field.

Determine the direction ot electric field dueto a
uniformly charged infinite conducting plate for
points inits vicinity. Using Gauss's law determine
expression for its electric tield. Draw necessary
diagrams.



Answers (Multiple Choice Questions)

1.(c) 2.(d)
8.(b)9. (a)

3.(c) 4.(c)
10.(c) 11.(c)

5.(b) 6.(d) 7.(b)

Very Short Answer Questions :

1.  When g and 5 are mutually perpendicular.
2. Atitscentre and infinity
3. e and isdirected normally outward.
i
4. Intheregionofelecricfield.
Zero
6.  No, Gauss'slaw holds only forfields which obeys
inverse square law.
7. Positive and outwards
Net charged enclosed by the surfaceis zero and
¢?m1t = g’('gin
_ s .. .
9. No, from ¢ = Cﬁ F-ds = —=— =0 thissituationis
§ E[J
possiblewhen [7 but 77 isperpendicularto ds .
10.  Amount of charge per unit length.
e 2. g |2
] ] ‘ 2 E[J 2 E[J ei]
Ea
12.
0 4
13. Zero
14. 1:1
Numerical Problems

The flux entering and leaving a closed surface
are400 Nm?/ C and 800 N m?/C respectively.
What isthe net charge enclosed by this surface.
(Ans:3.54nC)

Ans: (1)

4.

The surface charge density on auniformly charged

conducting sphereis 80 uC/m-*. Calculate the

charge on sphere and net fhux through surface.
(Ans: 1.45mC, 1.63 x 108 Nm?/ C)

Consider a cube of side a, Let a charge q be placed

(1)at entre (ii) at one corner of cube

(i11) at oneface ofthe cube

Foreach of the above cases calculate the total fhux
linked with cube and flux linked with each face.

q q

4 q . 4
: Wye 16e W2e " 10,

f)gl] 680

The intensity of electric field due to a charged
sphere at a point at a distance of 20 cm from in
centreis 10 V/m. The radius of sphereis 5 cm.
Determinetheintensity of electric field at a distance
of 8 cmfromthe centre.

(Ans: 62.5V/m)
Aninfinite line charge produces on electric tield of

9% 10* N/C at2 cmiromit. Determine the linear
charge density.
(Ans: 107 C/m%)

A charge of 10 uC is placed directly above the
centre ofasquare of 10 cmside ataheight of 5cm
as shown in Fig. Determine the magnitude of
electric flux through the square?

/

(Ans ; 1.88 x 10°Nm?*/ €)

A charge of 10 pC is given to a metallic plate of arca
1072m-. Determine the intensity of electric fields at
points ncar by.

P
5cm

I
|

10 cm

Cin

10

(Ans:5.65x 10°V/m)

Two metallic plates each of area are Im?placed
parallel to cach other at a separation of 0.05 m.
Both have charges of equal magnitude but of
opposite nature. If the magnitude of clectric field in



10.

12.

spacc between them is 3.5 V/m then calculate the
magnitude of charge on each plate.

(Ans: 4.87x10'°C)

A particle of mass 9 x 10~ gmis placed at some
height above auniformly charged horizontal infinite
non conducting plate having a surface charge
density 5 x 10°>C/m?, What should be the charge
on the particle so that on releasing it will not fall
down,

(Ans: 3.12x1077 ()

Alarge uniformly charged sheet having a surface
charge density of 5x 10 C/m? liesinX-Y
plane. Calculate the electric flux through a circular
loop of radius 0.1 m, whose axis makes on angle
of 60" with Z axis.

(Ans:4.44 < 10 "Nm?/C)

An electron of 10° ¢V energy is fired from a
distance of 5Smm perpendicularly towards an
infinite charged conducting plate. What should be
the minimum charge density on plate so that
electron fails to strike the plate.

(Ans: 1.77 x 10°C/m?)

The internal and external pressures for a soap
bubble are same. The surface tension or soap
soultionis  0.04N/mand its diameteris 4 cm.
Determine the charge on soap bubble.

(Ans: 59.8nC)

th
th



