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ELECTRIC CHARGE AND ELECTRIC FIELD

14.1 INTRODUCTION

In our day to day life, we are dependent on electricity. An electric power failure demonstrates
our dependence — lights in our homes/schools go out, fans and/or coolers stop working,
radio. T.V. and computer cannot be operated, in village field cannot be irrigated as pumps
fails. electric trains and elevators stop. This list is not complete and you can add many more
things. Qur dependence on electricity runs even deeper than our reliance on electrical
machinery and home appliances/gadgetry. As you all know, electricity is inherent in all the
atoms — of which our own body and environment is made of. Thus our immediate
environment-behaviour is dominated by the behaviour of electric charges it contains. We
know that matter consists of elementary chargesd particles: electrons and protons and neutrons.
In the following lesson we will study about the frictional electricity, nature of electric charge
and then about the electric field produced by them. We will also Jearn about electric forces
and their effects. Broadly speaking all these come under the heading of electrostatics which
is a branch of physics dealing with charges at rest.

14.2 OBJECTIVES

After studying this lesson, you should be able to :

o explain frictional electricity and give the account of its historical development;

® state hasic properties of the electric charge and explain the meaning of gquantisation
and conservation of chorges:

state Couwlomb's law and write it in vector notation ;

explain the principle of superposition;

define electric field at a point due to an electric charge;

drew electric field lines of a charge or two opposite charges:

define electric dipole and its moment and derive expression for the electric field intensity
due to un elecrric dipole;

stute Guuss-theorem and its significance and use it for determining electric field of a
point charge, long wire, spherical shell. solid sphere. plane sheet of charge.
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14.3 FRICTIONAL ELECTRICITY

We know that when a glass rod is rubbed with a piece of silk cloth, the rod develops a
property of attracting small pieces of paper, leaves etc. towards it. This rod is said to be
charged or electrified. Similarly a comb is charged on passing through dry hair. An electric
charge is developed on a sheet of paper moving through a printing press and so on. The

% charges at rest are produced due to friction between two insulating bodies which are rubbed
against each other.

The knowledge of frictional electricity dates back 1o 600 B.C. We find, in writings of carly
Grecek philosopher Thales that amber (the gum that long ago, cozed from softwood trees
hardengdinto asempitransparent solid, ranging in colowr from yellow to brown) acquires the
: tonmnctﬂicsmaﬂplecesofhghtmatter whemtisrubbedagmnstthefurorwool
“The Greek name of amber is "Electrum®, which is origin of the words electric charge,
electricity, electron etc. In 1600 A.D., William Gilbert after nearly 2000 years of Thales
observation, published a book titled ‘De Magneta® which may be considered as first scientific
account on the subject. According to him. in all experiments on frictional electricity, two
kind of charges are produced. An American scientiest Benjamin Franklin (1706-1790),
named these charges as positive and negative. These names are followed till today.

14.3.1 Properties of Electric Charges
In electrostatics, the process of charging a body has been traced to' the actual transfer of
'_electrons You are aware of the fact that every atom consists of nucleus around which
negahvc!y charged particles revolve in arbits. When we rub two substances against each
‘other, we provide encrgy to over come friction between them. This energy is used in removing
clectrons from one substance and transferring them to the other. This transfer takes place
" from the material in which clectrons are held less tightly to the material in which they are
’ strongly attached. In this process, the material which losses electrons acquires a positive
charge and the material which gains clectrons acquires an equal amount of negative charge.
"What is an electric charge”? It is a difficult question of physics. This is because "charge ‘
ummmbymymgofwkatﬂ&bntby what it does”. We may, however,
define it as follows — The electric charge is a basic and characteristics property of the
elementary particles such as electron, proton etc. We can identify electric charge with some
properties, which are mentioned in the following text.

{a) Charges are of two kinds : There are only two kinds of charges, positive charge
and negative charge. There is no third kind of charge. The positive charge in ordinary matter

g 14.1: Objects acquire two kind of charges on subbing
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is carried by proton and negative charge by electron. To show that there are two kinds of
charges, let us take a glass rod, rub it with silk cloth and suspend it by a thread. If another
glass rod rubbed by silk is brought near to it. as shown in Figl4.1 (a), two glass rods will
repel each other. Similarly two ebonite rod cach rubbed with fur repel each other Fig.
14 I(b). But a glass rod rubbed with silk attracts an ebonite rod rubbed with fur as shown in
Figl4.Kc). These observations show that the charges developed on glass rod are different
from the charges deveped on abonite rod. '

e

Conventionally, the charge developed on glass red is taken as positive and that on the
ebonite 1od as negative. These observations also show that like ckarges repel each other
while unlike charges attracts each other. Electric charge is thought of as the source of
electric force jisst as mass is the source of gravitational force. o

(b) Quantization of electric charges : Any charge exists only in integral multiplcs of
2 certain minimum charge, i.e. the charge on an electron. The valpe of this minimum charge
(e =1.6 x10~" coulomb) is so small that the graininess of charge (or quantization of charge)
does not show up in large scale experiments in real life. This property which envisages the
discrete nature of charge. ruling ot its continuous nature, is known as quantization of
electric charge. According to quantization of charge. any charged body can have oply an
integral multiple of the magnitude of charge on an electron (also known as quanta of charge)
ie..q = + ne, where n ia an integer i.e., # = 0. 1. 2, 3. ..... The fractional value of charge
lying in between these values is not possible.

All the known fundanental particles have charges that are some integeral multiples of
fundamental charge i.c.. charges are always 0, te, + 2e, +3e, .... etc.

(c) Conservation of electric charge : According to this property the algebraic sum of
electric charges on ail the bodies in an isolated system remains constani for all times. Thus
it is clear that charge can neither be created nor can be destroyed. It can only be transfered
from one body to other. As you know. when a glass rod is rubbed with silk, the amount of
positive charge acquired by glass rod is exactly equal 1o the amount of negative charge
produced on silk. The algebraic sum of charges on glass rod and silk. before and afier
rubbing. continues to be zero. The conservation of electric charge is one of the most
fundamental properties of charge and no violation of this. has ever been obscrved tifl today.
in any natural event or in the laboratory experiment. According to this property charges can
be created only in equal and opposite pairs as in case of pair production i.c. production of
electron and positron pair from X-rays.

Properties of electric charge

Charge is a scalar quantity:

There are two and only two type of charges namely positive and negative;

Charges of same type, always repel one another while charges of

opposit. kind always attract one another;

4. Charge is additive in nature i.c.. total charge of a given system is algebraic
sum of all the charges present in it;

5. Charge is quuntized:

Charge is consérved.

Wole =~

il
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INTEXT QUESTIONS 14.1
1. Can a body have a charge 0.8 x 10" C ? Give reason.

2. Aglass rod is ribbed with silk closh and it giins a positive charge of 4.8 x 10°4C.
What type and how muich chargcmlfbegmmdby the sr!kcloth ?

....................................................................

-----------------------------------------------------------------------

14.3.2 Electrostatic Interaction between two Charges : Coulomb's
Law

When an electric charge is held in the viscinity of another charge, it experiences 2 force.
AccmdmngmﬂombshwﬂnsfomeofMonbdwmtwnpmmdmchngesm
i) dnecﬂypmpummnltoﬂwpmdmtoﬁhemagmmdesofﬂmcham
ii) mvu:elymorhomltoﬂnsquarenfﬂndmtawehemﬂm,md '
iii) mdwgﬂlcsﬁuwﬁncjmmngthctwochmges 3

If g, and g, are two point charges scparated in vacuum by a distance *°, Then according to
Coulomb’s law the force (F) betweon them is :

9% o F- ¥4, 9 .(14.1)
o

Where ‘K is electrostatic force constant. As shown

in Fig.14.2, force ‘F acts along the straight linc

Fa

joining the two charges and is directed
a) towardsgq, (org,),if the charges are of opposite © qnge>0 :
b) away fromg, (org, )ifthe charges are of same a0 mo e

kind. L le— 5r ——e]
If F, = force on g, due to g, and £, = unit vector '
pointing from g, to ¢, then according to Coulomb’s -~ =
faw. kg aq, " Flg. 14.2: Coulomb's Low

2} p_m Iz 12
Similarly, the force on ¢, due to ¢, is
kqlqz A ALl .
F, =—-~I—r——P———-rzl (Where r,, is unit vector pointing from g, t0 ¢,
i

Asweknow f, =—F,, .. F,=-F, ' _(142)

This shows that forces exerted by the two charges on each other are equal and opposite.
The experimentally measured value of electrostatic force constant k is 9 x10*
Nm2C-2 In SI unit we write & “r— where £, {spoken as epsilon zero) is known as
absolute electric permittivity of the free space and its value is 8.85 x 10 72 C? N' m2.

-
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Remember strictly speaking Coulomb’s law is valid only for point charges. It is true for
very large distances to very small distances snch as atomic distance (= 10! m or small)

You can note that the Coulomb’s law of elecirosiatic force between two charges is quite
similar to Newton's law of gravitational force between- two masses as
' m m, ‘
F=G -t §

r

r

The SI Unit of electric charge is Canloﬂ and it is defined as the charge which when
placed at a distance of Im from an identical charge, in vacuum, will repel it with a force of
9 xT0°N.

14.3.3 Vector Form of Coulomb's Law

Let two point charges g, and g, be located at points A and B specified by position vectors r,
and r, reSpecmely (see F:gl4.2) We then write Coulomb’s law in vector form as

_ 1 9,4
z- 41“_:0 r-_-y 21
_ Y a4
axe, |r, |t 7
1 "
- 9,4, o, -r)
4xe, r—rf ,
_ 1 9.9 -r)
- 4ng  |r—r}
__le
, - -
?le = = . :
Irggl (r) - r,)
and '},, = T _ (’." )
S N r, —.1)

incaseoneofthechargeéis_ﬂ’nmbdattheolt‘iﬁnitselfr,..=0.rz=r(say).
9,4, ’
A4re, WP

14.3.4 The "Diélectric Constant" of the Medium

Then, F =

. (14.3)

Il:fmbcmemtwuw g, and g, kept at a given distance "r" apart, decreases, when
ﬂ:edmgcsmrmsmﬁmamedwmothuﬂmnmmmlnmﬂnchmesmkeptma
medium Coulomb's law is written as :

1 1.9,
o T
# 4ne ¢ r "
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The factor €, turns out to be a characteristic propesty of the medium and is known as its
relative permitiivity ox its dielectric constant. N

The dielectric comstont (or relative permitivity) of a medium may be defined:

as the ratio of the magniude of force between the two charges placed at &

given distance apart in vacuum, to the force between the same two charges,
Fvacoum)

T, S mctim)

We often write :
Absolute permitivity e=£ g,

Note that € is a dimensionless constant and it has no unit.
14.3.5 Forces among many Charges and Superposition Principle

If a large number of charges ¢, g, 9.........q, are
present in space, at position7,, 7, .....r, , the force

on any charge ‘.’ placed at position 7 due to these z or
charges (See Fig. 14.3) is given by: Fu
F=F,+F +F +o... F, |
Fet
o

1 n r—7r,
F.= 2 qd‘ ql(J )
dxe, i=1 Ir-rf (45

Flg. 14.3: Principle of superpasition the
compowent forces are shown

According to the saperpusition principle, the force between two charges is not altered due
fo the presence of the other charges. Coulomb's law is applicable to calculate the interaction
of each pair, irrespective of the presence of other charges in the system. The total force

experienced by any charge due to the presence of the rest of charges in the system can be
obtained by the vector sum of all forces of interaction on the charge.

Electric forces produced by different charges combine in accordance with Iaws of vector
addition.

A §

14.4 ELECTRIC FIELD AND LINES OF FORCE

To explain the mechanism of interaction between two charges placed at a distance the idea
of electric field is concieved. When charged body is placed in the neighboarhood of another
charged body, it experiences an electrostatic force, we say that there is an electric field in
the surrounding of the charged body. The value of electric field st any point is calculated in
terms of electric field intensity, which is explained below.




Electric Charge and Electric Field :

14.4.1 Electric Ficld Intensity
The eloctric field intensity at any point is the strength of electric field at that point. It is
defined as the force per conlomb of charge acting on a very small positive test charge
phoedatthtpo}m.

ie E=—NC! .. (14.6)
Here, E is electric field intensity (strength) and F is the force acting on the test charge ‘g’
at that point. It is a vector and its direction is same as the direction of ¥.
The use of concept of electric field is that we can calculate readily the magnitude and
direction of the force experienced by any charge held at that point in the electric field i.c.
F = gE. The direction of force on positive charge is the direction of electric field intensity.
Intensity of electric field as a point r due to
apoint charge @ at the origin is given by,

M1 1 g

= %
s 9 49, 4%
1 9
= . 4 P » .
= ' » €
o &
Similarly, field due to a number of charges

in space can be calculated. The force _
experienced by test charge g, at any point Flg.14.4 : Elactric field intensity dwe 10 a point
b inciple of ition i given as,

1 om ,
F= y L9
dne i=1 rf

Thas, electric field intensity at that point

E=—-= — 3 —F ..(14.8)

E=E +E+E +E+ — .(14.9)

Hemce, electric field intensity at any point is the vector sum of the intensities due to each
individual charge. The principle of superposition isvafld in case of electric field intexsity
also.

0.



14.4.2 Electric Lines of Force

Electric ficld around a charge configuration may be depicted in terms of electic lines of
force. An electric line of force, in an electric field, is the imaginary smooth curve, the
tangent fo any point of which gives the direction of the field at that point. '

i =t

Bl

Fig. 14.5: Lines of force for different charge sysgtems

In Fig. 14.4, lines of force of different systems are shown. Lines of force due to an
isolated positive charge go straight into infinity and on the other hand due toa
free negative charge, lines of force comes straight from infinity upto negative
charge (Fig. 14.5 & and b). It is also clear from Fig. 14.5 (a) and (b) that for a
charged sphere, the lines of forces arc straight and radial and appear cither
emerging from or heading towards the centre of the sphere. In Fig. 14.5 (c), lines
of force are drawn for a system of two equal and opposite charges. The lines of
force are drawn in the field produced by two equnl and similar (positive) charges
in Fig. 14.5 (d). At the mid-point N of the line joining the two charges, the resultant
field is zero and this point is known as “menfral poins’. No two lines of force can
intersect each other, because if they do so, then at the point of intersection two
tangents can be drawn which would mean two directions of the force at that point,
which is not possible. The positive charges are sources of lines of force and
negative charges are sinks.

INTEXT QUESTIONS 14.2

1. Whyiwo electric lines of force can not intersect each other ?
2. Distinguish between electric field and electric field intensity at a point.

3. While detecting the electric field why the test charge q. showld be very small ?

214



Electric Charge and Electric Field 19

14.5 ELECTRIC DIPOLE AND DIPOLE MOMENT

An electric dipole consists of a pair of equal

and opposite point charges separated by a q P +q
very small distance. Several molecules -— —
such as HCL, H,O, Ammonia etc., behave | ¢ 2% Y

as fermanent electric dipoles, because in

these molecules, the centres of positive and

negative charge distributions are separated

by some small distance (although the net

charge on the molecule remains zero). Fig.

14.6 shows an electric dipole consisting of . ) o .
two equal and opposite point charges (+q) Fig. 14.6: E’m";m;ﬂ:mmm of electric
separated by small distance 2¢'. The

product of one of the charge of dipole and

distance between the charges is called ‘dipole-moment’ and it is usually denoted by p.

IPl=g x 2¢: p=2q¢ .(14.10)

The electric dipole-moment is a “vector’ quantity, whose direction is along the axis of the
dipole pointing from negative charge to the positive charge. Its unit is ‘coulomb-meter’.

14.5.1 Electric field of a dipole

There exists an electric field around an electric dipole. To calculate electric field intensity
of a dipole at any point, we imagine a unit positive charge held at that point. We caleulate
force on this charge due to both the charges of dipole and take vector sum of the two forces.
This gives us dipole field intensity at that point. In this comnection, two position are important
(n) electric field at a point on the axis of dipole known as end-on position and (b) electric
field a1 a point on the equatorial line pf the dipole known as broad-side-on position.

(a) Field intensity at a point on the axis of dipole (end-on-position)

Consider an electric dipole AB
consisting of charge +¢ and —¢
separated by small distance ‘2£'. We
have to determine electric field

intensity E at a point P on the axfal . E
line of the dipole and at a distance OF l':' 71
=r from the centre O of the dipole :_‘_""l: Y . (-'E-- _E_’
(See Fig. 14.7). B O A
€ r >

Let E and E, be the intensities of

electric field at P due to the charge +¢ Fig. 14.7: Electric field intensity due 10

- and —q of the dipole respectively. dipole at end -on- position
Obviously,
1 q N
E| = . —— (In the direction AP)

4zne, (&
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P is situated on the right-bisector of the

(In the direction PA)

-1
E] = ——
IEd 4xe (rt+e)

Thus, resultant electric field intensity E at the point P will be

|E{ = |E |~|E, (inthe direction AP since E, >E,)

I 20491
4ne, | ey
1 2|plr
4 3 (rz—t’)’ where i,pl = th = d!p()lﬂ moment

If € is very small as compared to r, then # term may be neglected in the above expression.
Then, electric ficld intensity at P due to dipole is given by ‘
1 2Ilpir 1 2|pl

|Ej= -—- 2 — — N .(14.11)
41!80 r 47[90 r ’

The electric field is in the direction of dipole moment i.e. along the axis of dipole from the
negative charge towards the positive change.Clearly |E| %

(b) Field intensity at a point on the
equatorial line of a dipole (broad-side-
on-position)

Consider an electric dipole consisting of
two point chasges g and +g separated
by a small distance AB = 2¢ with centre
at O (Fig. 14.8). Suppose that the point

dipole AB at a distance » meter from its
midpoint O. Again let E, and E, be the
intensities of electric field at P due to
the charges +g and —g of the dipole

respectively. The distance of P from each
charge is NP+ E Fig. 14.8: Electric field intensity due 1o dipole at broad-
‘ side-on position fequeatoricl Line}
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Electric Charge dn. “-~ctric Ficld =

We, thus, have
1

IE,| =— 4 (In the direction AP)
dng, (F+¢&)

1 g

K| =
IEd dxe, (FP+¢)

{In the direcﬁon‘PB)

On resolving E, and E,. paraliel and
perpendicular to AB, the components
perpendicular to AB (E sin@and E,
sin 0 ) cancel each other as they are
equal and opposite. The comp...ents
parailef to AB(E, cos € andE, cos8}
add up being in the same direction (see
Fig. 14.9 b). Hence resultant electric
field intensity at P is

|E| =|E, |cos® + |E)cos@

Fig: 14.9:
1
E =— cosb+ — cos @
4ne, (P+F) 4ne, (FHE)
i 2
E| =—— 4 cos O
dne, (ﬁ+£‘)
) oA ¢
From Fig. 14.9, we get cos 0= A (P+Ey”
1 2q ¢
Thus, |E}=
dns (F+E) (PHE)”
v g 1 ipl
dxe (PHEP? Ame (PHEN”
where | p| = 2¢¢ = dipole moment
i
E =— P . E is effective in opposite direction to p
4neg (P+EY?2

If *¢ is very small as compared to ‘7’ then ¢ can be neglected in the above relation.
Then electric intensity at a point P due to dipole is.
YL | I, LABRY (14.12)
4xe, (P)» 4mg, T
From these calculations. we see that for a dipole. the intensity on an axial point is twice the
intensity at the same distance on the equitorial line.
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14.5.2 Behaviour of Electric Dipole in a Uniform Electric Field

Let an electric dipole be placed in a uniform

external electric field E at an angle 6 with the TTTT—— :“— - =7
direction of E (Fig. 14.10). In the field the — . .. _Zg_ -“F =723
force on charge +q is F = ¢E along the direction Y _T_:‘::_,E
of E and the force on change ¢ is F<qE inthe — — g~ — b — 3
direction apposite to E . These forces being equal, F % B o= :‘_‘3 y
unlike and parallel, form a couple which rotates — — — — e u s >

the dipole in clockwise direction and tends to
align it along the direction of external electric ' -

Fig. 14.10:
field E.
Couple on an slactric dipole in a uniform slectric field
We know
Torque (1) = Force x arm of couple
=FxAC
= F x AB sin 0 ( From Fig 14.9)
=(q E}(2Isin0)

a1y

In vecter notations, we can rewrite the above relation as

r=p x E {14.14)

Remember, the force on the two charges of the dipole are equal and oppomte, therefore
net force on dipole is zero.

Case -1: We see, that in case the dipole is in the direction of external electric field, =0
and then t__=p £ sin (0) = 0 (Minimum Value)

Case -II : Torque wili be maximum when 0 =90 i.e. dipole'is kept perpendicular to external
electric field .
r. =pEsin(90)=p E (Maximum Value)

INTEXT QUESTIONS 14.3

1. A comb afier running through one's dry hair attracts small bits of paper, why ? What
happens when hair is wet, A

2. Two -free protons ami two free electrm;s are separated by the same distance. Compare
Coulomb’s force of repulsion between a pair of electron and a pair of protons.

.......................................................................

......................................................................

......................................................................




Electric Charge and Electric Ficld

5. Answer whether the following statements are true or false?

a) Electric charge is additive.

b} 10 Coulomb = 10 Ampere sec.

¢} Dipole moment is a scalar quantity.

d) Electric line of force can cut only at nevtral point.

e) Intensity of eleciric field due to a dipole on an electric axial point is twice the
Jfield at the same distance on its equitorial line.

p  Whendipole is parallel to uniform external electric field, net force acting upon it is
zero but torgue will have small finite value.

14.6 GAUSS THEOREM

Total number of lines of force passing through an area immersed in an electric field (£) is
known as flux. It is usuatly represented by ¢,.

The electric flux through a surface is defined as the product of the area (S) and the component
of the electric ficld normal to the surface. (E,)

..(14.15)

Fig. 14,11 ;

L

Thus, electric flux through a close surfece will be positive or nagative depesding on whether
the ficld lines emerge from the surface or enter into the surface.

14.6.1 Gauss Theorem in Electrostatics

Gauss's law states that total electric flux linked with & closed surface (8) in vacuum
isEl times the algebraic sum of charges (i.c. total charge) enelosed by the surfaces

Lg
: Pe= = 0 -
1.C. E‘ go
or E.§8 = o _ ~{14.16)
£

Remember location of Q inside close surface S does not affect the value of flux . There is no
contribution to total electric flux due to the charges present outside the closed surface. The
dmdswfm involved in this law is usually called the Gaussian swurface. Note that
during the application of Gauss's law, Gaussian surface is usally chosen in such a way so
that the electric field intensity may have a single fixed value at every point on the surface.
While selecting such a surface, we should avoid charges on S itself.
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14.6.2 Important Applications of Gauss's Theorem

(a) Determination of electric field due to a point charge

Consider an isolated positive point charge ¢ at . E
O. To determine ficld at point P distant » from O /
imagine a spherical Gaussian surface of radivs

‘r’ with centre O [Fig. 14.11} Let E be the L

magnitude of electric field intensity on the

Gaussian surface and it is directed radially

outwards. Further, the direction of vector dS

representing a small area element dS on the

spherical Gaussian surface is along E only, i. e,
=0 Fig. 14.12:

According to definition, flux from smal} area

pe=E.S=E. 4%~ cosb
=47 rE (14.17)

According to Gauss's Law, total flux passing through clossed surface,

q
Q= — (14.18)
.

from (14.17) and (14.8)

q
4 nr? [Ef = —
Eﬂ
q
Ane ¥

K[ =

q r
or,E = O L(14.19)

This is the electric field entensity at any point at a distance " from an isolated point
charge q. '

(b) Electric field intensity due to a long line of charge

"
A line charge is in the form of a thin charged. .
rod with uniform linear charge density A (charge r
per unit length). We have to find an expression

T

for electric field intensity at any point P at a J vlds !_F’E ‘.
perpendicular distanice r from the rod. S n
] 4 1
: i P
Let us consider a right circular closed cylinder L L

of radius r and length ¢, with the infinitely long
line of charge as its axis, Fig. 14.13. The
magnitude of electric field intensity E at every :
Fig. 14.13
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pommﬂ;ecmvedswfaceofthecyhndensthesame,becanseallmhpomtsmatthe
same distance from the line charge.

Also, E and unit vector & nommltncurvedsmfacemintinsgmedhﬁcﬁm.‘sothu a=0
. Therefor, contribution of curved surface of cylinder towards electric flux,
ZEdS =L EndS=EX dS=E(2xn)
whﬁe{erI).ismofthccmvedwfaceofthecylinden

On the edges of the cylinder, mglebﬂwmehmmﬁddnmmytmd m i3 90°. Therefore,
these edges make no contribution to electric flux of the cylinder.

=E2xzxr)

Charge enclosed in the cylinder = liner charge density x length
g=ait

According to Gauss's theorem

Pe™

A Fig. 14.14: mqm.ﬁam ‘
E = with distance .

(2x¢g,r) -(14.20)
Clearly, Ea -1-
The nriaﬁon:;feiectric field intenty E with distance is shown in Fig. 14.14
() Electric ficld intensity due to a uniformly charged spherical shell

Coasider a thin sphencal shell of radius R and
_centre O. Let a charge +g be distributed uniformly
over the surface of the shell (see Fig. 14.15).Te ~ ~ _ s
calculate electric ficld ingensity at any point P, 7
whese OP =7, imagine a sphere S with centre O /
andradmsr'!‘heswfweofthlssphere:sa: '
Gamanmﬁceatcvuypmntofwhchelecmc

/
field intensity £ is the same, directed radially \\ / S (Gaussian surface)
outwards (as is unit vector £, so that 6= 0). ~. ] 7
According to Gauss's theorem Charged shes
Fig. 14.15: Uniformly charged spherical
shell
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_ 9

TE dS =X E'ndS

E.4 nrr=

oM |-n,‘ﬂ l»-tt

q
E—41=a°rz

Clearly, electric field intensity ot any peint outside the spherical shell.is such , as if the .
entire charge were concentrated af the centre of the shell. Let us. consider a few special
cases.

Case - I: Al a point on the surface of the shell

.(14.21)

4ne R’

i o is surface denisty of charge on the shell, then

g=4n B o
4t R o o
E=41:e 7 = . {1422}

Case-I1: Ifthe point P lies inside the spherical shell, then Gaussian surface is surface of
a sphere of radius 7 (< R), as charge inside a

spherical shell is zero. Therefore the Gaussian
surface in the case encloses no charge. E max
ie. g =0 - E=0 E
ie. electric field inside a spherical shei'l is Em=0
always zero. Eom otz
, R,

The variation of electric field intensity E with N
distance from the centre of a uniformly charged - e from o

. . . e Fig. 14.16: Variation of eleciric field inmensity
spherical shell is shown ic Fig. 14.16 with distance in the case of a tharged spherical

shell

(d) Electric field intensity due to a charged solid sphere

Suppose a solid sphere ofradius R and centre O has uniform volume density of charge P. as
shown in Fig. 14.17.
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We have to calculate electric field intensity E at
any point P. where OP = r. With O as centre and r
as radius, imagine a sphere S, which acts as a
Gaussian surface. At every point of S, magnitude
of E is same, directed radially cutwards.

If ¢' is the charge enclosed by the sphere S, then
according to Gauss's law

. ¢
ZE.dS=L EndS= EZd§ =—
s -] -] €

where £_ is electrical permiftivity of the material of the sphere.
q q
E(4n )= — or E=
3 4ner

Now, charge inside sphere 8.
g = volume of S x volume density of charge

4
q'= —3—nr’ X p

4/ p rp £ re
= e = —— LR = ..(14.23
3x4me, r* 3g, 3e, (14.23)

Clearly, Exr.
Case -1 :At the centre of the sphere, r =0,
E=0

Fig.: 14.17:

Case -lI At the surface of the sphere, r =R
Rp
‘E= = — maximum --(14.24)

We have already proved that outside the sphere,

1
Ex — .{14.25)
F .

Emeax
R Epur/\ E «lts
All these results are shown in Fig, 14.18 which H
represents the variation of electric field intensity E f i
with distance () from the centre of uniform sphere
of charge. from o

Fig. 14,18 : Variation of elactric field
intensity

e




() Electric field intensity due to a thin infinite sheet of charge

Consider a thin, infinite plane sheet of charge. Letcbethesmfacedansityofchngeondw
sheet (i.c. charge/ares). We have to calculate electric feld intengity E at any point P, distant
7 from the sheet (See Fig. 14.19).. :

From symmetry, we find that E on either side

of the sheet must be perpendicular to the plane

of the sheet, having same magnitude at all GB.\_/;’}/;:E:“

points equidistant from the sheet. . 1z x 1 .
S0 PR G

To calculate E, at a point distant r from the as L r

sheet let us imagine a cylinder of cross- l‘,_;‘;j.l"“hi"’”
sectional ares dS and length 2r piercing

through the sheet. At the two cylindrical edges

P and Q, E and £ arc parallel to each other, Fig. : 14.19: Electric field due to a thiz infinite sheet
Fig. 14,19, of charge

. Electric flux over these edges = 2E. adS = 2K dS

On the curved surfiice of the cylinder, E and R are L to each other. Therefore to, contribution
10 electric flux is made by the curved surface of the cylinder.

<. Total electric flux over the entire surface of the cylinder = 2K dS
Total charge enclosed by the cylinder = & d8

According to Gauss's law in electrostatics,
~d8

4
2ZEdS=— =

E= 2 .(14.26)
280

We observe that E is independent of 7, the distance of the point from the plane charged
sheet,

Further, it is clear that if the shoet carries positive
charge (i.e., 6>0), K is directed away from both "
sides of the thin plane sheet and vice-versa.

If the infinite plane sheet has iniform rhickness,
the surface density of charge o is uniform and
same on both the surfaces of the sheet.

The electric field intensity at any point P due
to each surface is K, = E, = a/2¢,. Both E,

and E, are perpendicular to the plane of the  Fip. “-”-‘E"“"“;MW"J"’"‘““‘“

+ 4

+—9£‘§
—n—".&

& & &
+ 4

-
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sheet and directed away, Fig. 14.20. Therefore, according to superposition principle,
net electric field intensity at P due an infinite plane sheet of wniform thickness is,

E=E +E,
[+2 [+ 4 o

E= — + — = (14.27)
Ze, 2e, 5

Note: That the sheet is supposed to be of inifinite size so that the ‘edge effect’ due to
distortion of electric field at the &dges (of a finite sheet) can be ignored.

(D Electric field intensity due to two thin parallel infinite sheets of charge

Let A and B be two thin infinite plane charged sheets held paralle] to each other as shown
in Fig. 14.2]. Suppose o, is umiform surface density of charge on 4 and 6, is wniform
surface density of charge on B.

We use the equation obtained above to write
the field intensity for each sheet and then
apply superposition principle to calculate the
net field intensity in the three regions. As a
matter of convention, a field pointing from
left to right is taken as positive and the one
pointing from right to left is taken as negative.

We assume that ¢,>0,>0.

Therefor in region

Flg. 14.24: Electric fisid intensity due to two thin

, = ~E, - E, parallel shest of charge
-6, o, 1 A
E=—- —=--—x(0,+0) ..{14.28)
2, 2 Ze,
Similarly, in region II
, O, g, -C,
EII‘ E'—E! =£ — z—eo- = n ..-(14.29)
and, in region IXI
T S 14.30)
E,~E+E, = Ee-: ;, 2, ' 2 : {14,
Special cases :

Supwse Uz=—U!IM'UII“kI’:!‘ =0

ie. two thin infinite plane sheets with equal and opposite uniform surface densities of
charge are held parallel to each other.
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From (14.28),E, =0
From (14.30).E =0

20 o
From (14.29). E =;B— = — = Constant.
(]

Thus, field intensity in between such sheets having equal and opposite imiform surface
densities of charge become constant i.e. a uniform electric field is produced. Also E does
not depend upon the distance between the thin sheets. Tlns is how uniform electric fields

are produced in practice.

INTEXT QUESTIONS : 14.4
1

2.

3

Write the unit of electric flwx.

At apoint on the surface of the shell, what is the relation between electric ﬁeld intensity
due to a uniformally charge spherical shell ?

.......................................................................

.......................................................................

4. State whether the following statements are true or false.

) The normal component of electric field is positive when the electric field is out
ward from the surface.

ii} Location of charge ‘Q’ inside the closed swrface decides the value of flux.

iii) Electric field imtensity due to a long line charge is independent of the distance "r".

iv) For the infinite sheet the "edge effect” can be ignored.

v} Electric field intensity inside a umiform solid sphere of charge is always zero.

14.7 WHAT YOU HAVE LEARNT

Mm&:cnmglmmdmbeeleemﬁedmdthswasknownto(}mekphﬂosopher

Thales as early as 600 B.C.

Electric Charges are of two kinds.

Charge is conserved and quantized. It is additive in nature.

Coulomb's law state that the force of electrostatic interaction between two charges is
directly proportional to the product of two charges and inversely propostional to the
square of distance between them.

Coulomb's law of electrostatic is quite similar to Newton's Law of gravitation.

The "dielectric constant” of the medium is defined as the ratio of megnitude of force
between the two charges placed at a given distance apart in vacuum, to the force between
thcsametwochugcswhmtheyuemﬂmiyplaced,md:slamﬁapaﬂmgwm
mediwm.

Electric forces produced by different charges combined by vector addition.

Electric lines of forces and their propertics.

The positive charge are sources of lines of force and negative charges are sinks.

To establish relation between lines of force and electric field intensity.

About an electric dipole and related electric dipole moment.

To derive the expression for the electric ficld intensity due to dipole at any

(2) axial point (b) equitinal point.

286
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* Net force on the two charges of dipole when placed in umiform electric field
(E) is zero but torque 1 =p x E where p is dipole-moment.

e Flux (dg,) of electric field E through small area dS is g = E.dS where

o How to use Guass's law to obtain the value of electric field due to a long
line charge. (ii) Point charge (iii) Charged shell (iv) Sphere of charge.
{v) plane sheet of charge.

14.8 TERMINAL QUESTIONS

. Kfa hmsssheet:spiacedheﬁmﬂochmplmdatanmd:mmwhat
happens to the force between them ?

2. How many electrons should be transferred from flannel to the ebonite rod to produce a
psitive charge of 3.2 x 10-7 C on flannel ?

3. State Coulomb’s law in electrostatics. Explain the vector form of Coulomb's law.
4. What are the limitations of Coulomb's law ?

5. What are diclectrics ? What happens to the electrostatic force between two point charges
it the medium between them is filled with a dielectric medium of dielectric constant ?

6. What do you mean by electric lines of force ? Give the characteristic properties of
electric lines of force.

7. Draw the lines of force of
(i} a point positive charge, (ii) a positively charged sphere,
{iii} a clectric dipole, (iv) a pair of positive charges.

8. What is an electric dipole ? Find an expression for the dipole moment.
9. When are the electric lines of force parailel to each other ?

10. Fwo point charges g, and q, are 3m apart and their combined charge is 20 uC. If one
repels the other with a force of 0,075N, what are the two charges ?

CHECK YOUR ANSWERS

intext Questions 14.1
1. No. because this charge is equal to half of the charge on an electron, which according to
quantization of charge, is not possible.

2. The silk cloth will gain a negative charge of 4.8 x 10* C.

3. When a glass rod is rubbed with silk cloth, both get equal and opposite charge. Thus,
the tota} charge before and after rubbing remains uncharged i.e. zero. In other words
charge remains conserved.




Physics

Intext Questions 14.2
1. Ifthey do so, the tengents at two points of intersection will show directions of electric
field which is not possible.

2. Electri¢ field is the region around a charge in ‘which a test charge can be influenced,
where as the electric fieki intensity is the value of field at that point.

3. Otherwise, there may be an electric field due to test charge itseif.

Intext Questions 14.3 _
1. This is because comb gets charged by friction. If the hair is wet charge due to friction
will not develop., .

2, The forces are same because each proton and electron carries same magnitude of charge.,
3. Yes; when charge on one is much larger than the charge on other.

4. For mass, law of conservation as well as quantzation principle, not applicable.

5. a) True (b) True (c) False (d) False (e) True (f) False

Intext Questions 14.4
1. Nm?C

[+)
2. g=—
E

3. (a) True, (b) False, (c) False, (d) True, (¢) False.
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