ELECTROSTATICS

CLASS24

1. ELECTRIC CHARGE

1.1 DeNMnition

Charge is the property associated with matter due to which
it produces and cxperiences electrical and magnetic eflects.

12 Type

There exists twa types of charges in nature
(i} Positive charge
(iy  Negative charge

Charges with the same electrical sign repel each other, and
charges with opposite electrical sign attract ench other,

N
-

1.3 Unit and dimens onal focmla

S.L unit of charge is ecdlomb O,
(1mC =107C, IpC =107 C, InC = 107°C )

C.GS. unit of charge is exa 10 =3 - 107 e

Dimiensional lormnula [Q] = [AT]

1.4 Point Charge

Whose spatial size is negligible as compared to other
distances.

1.5 Properties of clhiarge

(i) Chargeis a Scalar Quantity : Charges can be added
or sublracted algebrically.

{ily Chargelstransferable: [fa charged body isput in
contact with an uncharged bodyv, uncharzed body
becomes charged due Lo transfer of electrons from
orie body to the other

{ili)
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(viiy

{vii)

Charge is alway s assodialed with mass, Le., charge
can ned exist without mass though mass can exist

without charge.

Charge ls conserved : Charge canneither be created
nor be destroyed.

Invariance of charge : The numerical value of an
elementary charge is ndependent of velocity,

Clear e prodoces decteic Bed and mmenaie field : A
charged paicle ot rest produces only electrie field in
the =pace sumomdime . However, if the charged
particle i= i umaccclerated motion it produccs both
clectric and maznetic fields. And if the motion of
charzged particle 15 accelerated it not only produces
clectric and mazetic fields ot also radiates encrgy in
the space surroundmg the charge in the form of

electroirsgnaic waves

Clearge pesides on the sur Bace of conductor : Charge
resides o the outer sirfice of a conductor because
ke elimaes pepeel anud B to get as G away as possible
from one another and stay ot the farthest distance
frem each other which s outer surface of the
conductor. This 15 why a solid and hollow
conducting sphere of same outer radios will hold
myaanm equal charge and a spap bubble expands

on charging.

Quantization of charse : When a plovsical quantity
can have only discrete values rather than any value,
the quantity is said to be quantised. The smallest
charge that can exist in nature 15 the charge of an

electron. If the charge of an electron

{—1.'-':'»- m'laf-') is taken as clomentary unit ie.

quanta of charge the charge on amy body will be
soene ntegral nmltipleofe e, Q=+pewith n =0,
1.3

Clirge ona body canneverbe 0.5 ¢, £17.2 cor 2107 ¢
clc.



L6 Comparison of Charze and Alass

W are Lamiliar with rele of mass in pravitation, and we have
Just studied some [eatures of electric charae We can
compare the two s shoan below

Charpge Alasy
1. Electric charpe canle 1 Mlass ef abody jsa
pursilive, nealive o g, Prsilive guantity
2 Clarge camied by abody | 2 Beflass al o Doady incresses
sues el depend upon with its velucily ws
. i — ”lln__
veloaity of the body. JT where ¢
1% I.'.l."..'i-..:\ c;'-!.igﬁl n
Vicclm. mos the mass af
e velociy v oardm i
Fees? s o) Ehae Thedy
3 Charge 15 gquantized. 3 The quantization of mass
15 yel to B cstablighed
4 Blectric charge walways | 4 Blass = mot corerved as
conserved il can be clunged inte
energy and vice versa
A TForee between charges 5 The gravitatoral [ores

can be attractive or berwesn two masses is

repulsive, according as always atractive
charges are vnlike or like

charpes

L7 Alethods of Charging

A hody can he charged by [ollow:ng methods

(i) By friction : Tn [riction when tvo bodies ane rubbed
wogelher, clectrons are tmnsbormed from one body Lo
the mbuer, As g oresult of this one bady hecomes
positively chargedwhile e ather negatively charged,
e, when a plass red s rubbed with silk, the red
becomes positively charged while the silk becomes

(i)

negatively charped. However, Cmssz 4
wool becomes negatively chy N i
posttively changed, Clouds atsue oecome changed by
[Fiction Tn chargmg by fnction in sceordange with
conservatien of charge, both positive and negative
clurpes in cgual snounts appar simultanoously due

1o transler of clectrons from one body 1o the olther,

By clectrostatic induction @ 11 a charged body s
Broveht near an wicharged body, the chargad Body
will attract cpposite charge and repel simalar charge
present 10 the uncharoed body. As a result of this
ane side af peutral hody (closer to chearged body)
becomes appositely charged while the other 13
anrlarly eharged. This provess is called clectnestatic
mduchion

0oy

' (.?

-
41 - - -
e T

T / '
) - ) -
T ) B | s
Aonta ﬂ‘
Incucting body nesther gains nor loses charge.
{iii) Charging by conduetion : Take two conducters, one

charged and other uncharged. Bring te conduclons
inwortact with each other, The charze (ahether —ve
or — el wader its ovm rapulsion will spread over bath
the conductors. Thus the conductors wall be charged
with the same sign This is called as charging by
condvction (through contact),



12} Charged electroscope Cl H ssz4
" J"" gl "_"+ - e g

Lncharged Charged Haodies im contact

2. COULOMB'S LAW

Buth are positively oFareed

Iftwo stationary and poimnt charges ©, and Q. arekept at a
distance #, then it is found that force of attraction or

/ repatlsion between therm s Mathematically, Coulomb's law
et can he writien a3

A truck camying cxplosives has a metal chain

touching the gronmd, to conduct away the charge I g

produced by friction T

where K 15 @ proportionality constant,

1.8 Electroscope I 51 units k hias the value, b = 8 088 < TP N m/C*

It is a sirnple apparatus with wdnch the presence of electrie L0 LOFN e
charge on abody i detected Caee D), Whenmnetal knob

is louched with a charged body, some charge = e tarel

to the gold leaves, which then diverges due to repulsion ) Q.

The separation gives a rough idea of the amaoun of charge G:r 9’

on the body, I a charged body Groueht near a charged

electroscope the leaves will also diverge. 11 the charze on

body is similar to that on electroscope and will wsually () The direction of force is always along the line joming
converge ifoppoesite. e induction ellect is strong cneugh the two charges,

leaves after converging may again diverge,
(b)Y The force is repulsive if the charges have the same

(1) Uncharged electroscope sign and altractive il their signs are opposite.

: i) Thas force is conservative in nature.

(dy  Thisis also called inverse square law:

2 Varfalion of &

Constant & depends upon svstem of units and medium
between the two charges,




2.1.1 ENMect of units

iay  InCGS. forairk =1, F= r‘?":f". Thone

r
@  InSLforark = ——=@c]g’ SN
A miy 1
1

F:—-_izau . %NCHIHIUNN __lﬂ'EDjrm}
.Afﬁ../
] £, = Absolute permittivity of air or free space

= 88510+ c* o Farad

N-m" m

Dimension is [31"];51",1-

& £, Relates with absolule magnetic pernneability

(1, ) and velocity of light (¢) according to the

following relation ¢ = = i

2.12 Effect ofmedium

(2 When a dielectric median = completely Blled m
between charges rearrangernent of the chiarges nside
the dielectric medinm takes place and the force
between the same two charges decreases by a factor
of &K known as dielectric constant, A iz also called
relative permittivity & of the medium (relative means
with respect to free space)
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Here £ K = £,£, = & {permuittivil I H ss24
k.

Mednimn

Vacuurn / air 1
Water 80
Mica i)
Glass 510
Metal i

2.2 Vector form of coulomb s law

It is helptul to adopt a convention for subscript notation.
F,, =force on 1 dueto 2 F,,=forceon2 duetol
Stippe-e the position vectors of twe charges q, and q, are

foarl rcthen electric force on charge q, dueto charge q,

l q:9: .- -
1 B _(z_F)
iTEy i 'r.slj e
at .
.
\‘i
f_‘.'f ay
0 - X

Sinalarly, electric force on q, due to charge q, is

x ] Qs a a
Py = yra— ir,-n)

Ty -1
Force1sa vector, 5o in veclor fomm the Coulomb's law 1s
wTitten as

! 9.9 .
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where T, is a unit vecter directed toward g, from q..

otal. /

iz ="Tu
= 1 q; - P 0.9,
Fose——=p =—— —5 -1y ]
" 475, & SR - £
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[{u} | [u]

Remember convention for 1.

Here q, and g, are 1o be substituted with sign. Fosition
vector of charges q, and q, are 1 - Ak ];,_.i ;2 k and
N= x:i'—y:jﬁ-zzll respectively. Where ¢, v . 7 hand i,

¥, ) are the co-ordinates of charges q, and q..

2.3 Principle of superposition

According to the principle of super position, total force
acting on a given charge due to menber of charges 15 the
veolor sum of the ndividual forces acting on that charge
due 1o all the chiarges,

Consider number of charge Q,, Q.. Q... .are applying force
ona charge O

Wet force on 2 will be

E

st =fl‘l +i§: +on

The magnitude of the resultant of two electric force s given by

[ +F

F=yF «F +2FF cost and the force direction is given by

- simed
N o = ——
F o+ E-_ oS H

A pesitive charge or a negative charge 15 said to create its
feld around tselll Thos space around a charge in wiich
another chiarged particle expenences a Torce 15 said Lo have
electrical field

31 Electrie field intensity (E)

The eleciric field imtensity at amy point is defined as the
force experienced by a unit positive charge placed at that

point. E= Ll
Qo
0 Q)
1 TS —]

Where g, —0so thal presence of this charge may not

affect the source chiarge Q and its electne Hedd isnot changed.,
therefore expression for electric field intensity can be better

writtenas E = lin

F
Ty =~} q“



(a1} Unit and Dimensional formula : I's 8.1 umit —

MNewton B valt B Jenile

anil

coulomb  meter  coulomb < mcter
C.GS. unit = Dy St eoilomb,

Dimension:  [E]J=[METYAY]

{n  Direction of electric field : Electric field (intensity)
F 5 avector quantity, Electric field due toa positive
charge is always away from the charge and that due
to a negative charge is abway s towards the charge

Sl -+

-{) D. ............. Y E.

1.2 Relation between electrie Force and electrie field

In an electric ficld 1 a charge (€) expericnces o force F
QE. If charge is positive then force i dirceted mthedmrection
of freld whele if charge 15 negative force st cnal mthe
opposite direction of field

T QC I'_' F. " I

3.3 Super position of eleciric feld

The resultant electric field at any point is equal tothe vector
sum of electric fields at that poin due to vanons charges.

EE +E, <E,+.

The nagmitude of the resultant of two electric fields are

given by

E :.JL- + E3 + 2E,E; cos6 and the direction is given by

E.=int

tinge = ———
E +E,cos0
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Point charge produces its electric ficld at a point P which is
distance r from it given by

3.4 Point Charzge

b
E; = “ — (Magnitude)
dregr

®  For + vepont charge, E is directed away from it

= For — ve point charge, E is directed towards it

1.5 Continuous charge distributi ons

There sre infnite number of wirvs inwhich we can spread a
cortinneas charge distribution over a region of space. Mainky
three tpes of charge distobutions will be used. We define
tirce ditferant churzedensitics

Svnihol Definition Sl unils
implsdin b= Chadge per i length i
(si@nai g = Charze por uml arca A
(daip - Clarge per unit volume Ciny'

I tedal charee g s dstriboted slong a line of length £, over
astriice area A o thronghout a volume V) we can calculate
charze densities from

3.0 Properties of Eleciric Field Lines

L Flectric field lines originate from a positive charge &
terminate on a negallve cliarge.

[ B

The number of field lines originating/temminating on
a charge is proportional to the magnitude of the
charge.




3 The number of Field Lines passing through
perpendicular unit area will be proportonal to thie
magnitude of Electric Field there.

4. Tangent toa Field line at amy point gives the direction
of Electric Field at that point. This will be the
instantaneous path charge will take ifkept there,

5 Two or more field lines can never Intersect cach
other,

[they cannot have mmiltiple directions|

i Uniform Geld lines e stracht, paallel & unifonoky
placed.

Field loves cannot fommna loop.

8 Elednc field lines orignate & temminatc per pendioalar
Lo the surface olthe conductor. Electric lield lines do
net exist mside a conducton

(RY (14}
g Field lines abways flow from higher potential to lower

polential.

10, Ifinaregion electric Geld is absent, there will be ne
field lines

3.7 Motlon of Charged Particle in an Electric Fleld

{:1) When charged partide initially atrestis placedin
the wnd form Meld :

Let a charge particle of mmass s and Cl H ss24
rest in an electric feld of strength & £

»F
-0 (O— F-OF
F-oF 4—i{) -1
Fiz. (A)
» |
= L " |l i
e £
»
Fig. ()
iy Foreeand aceeleration : The lorce expericnced by

the charged particle 15 I = QE, Positive charge
caperiences force ntlic direction of electric field while
nezative chirge cxperiences foree m the direction
nppositeto e feld [Tz (A

' . . F OE
Accelemtion prodiced by this forgeis a = — = —
m m

Smce the Leld E moconstant the acceleration is
constant, thus motien of the particle s uniformly

accelerated.

{ii)  Velocity : Suppose at point A particle is at rest and in
tine £ of reaches the point B [Fig (]

= Pptential difference between A and B;
5 = Scparation between 4 and B

(a) By using

E
v=u+al, v=0+0—1,
m

= W= E
m

i By using

wh= e 2as, 4l




{Hiy  Momentum ; Momentum g =,

p=m- B _ OE
Im
M Kinetle energy : Kinetic energy gained by the panticle
i lime £ is

1

1 T
I{=f—‘rmf'= r|1—~{"':2ﬂ'1'I =Q 2

1
2 m 2m

#y  VWhen a charged particle enters with an initial
velority at right anglete the uniform Held

When charged particle enters perpendicularly inan
electric field, it describe a parabolic path as shown

{1y Equnation of trajectory : Throughout the motion
particle has umiform velociy along x-axis apd
horizontal displacement (30 is siven by the cquation
X =

e & F & & ' 3

I (TN

:1r
:-"“.

Since the maotion of the particle is accclerated along y-os,
we will use equation of metion Lor unifoem acceloration 1o

determme disp lacement v, From 5 =ut +

bl |

-

We have u = 0 {along v-axis) so v = — al

b | =

i.c., displacoment along y-axis will increase rapid by with time
(simecey «1%)

From displacement along x-axist = xu
1VQEY (%Y o
So¥=<|— ][—| ; Lhis is the equation of parabola
2hm Ly

- 3
which shows y « x°

{iiy  Velodtly at any instant : Ata C I !‘ ss24

SRLEL

¥y
) m

4. ELECT IC POTENTIAL ENERGY

4.1 Patential energy of 2 charges sy stem

It 1= always chanze m potential coergy that is designed as

MU =W

B lize bty S

Potentinl energy s defined of a system of charges in a
particular confieuration.

Consider a svstemn of two charges q, and q.. Suppose, the
charge q. 15 fved and the charge q, is taken fromea peint Ato
39

[ g .
I | iy
] QA L AN iR
1 A l B
ie

— ——

Q:0;

The electric force on the charge q, is F = T
At

The total work done as the charge q, moves from B lo Cis

w =f q.9: dr:ﬂ[l_L]

oodmegrs dng,
|



The change in potential energy Udr,) — Ulr )15, therefore,

as b
Ufr)-Ury=-w=3% (1 1
- L) 4ml:. rj rl

The potential energy of the two-charge system is assumed
1o be zero when they have infinite separation.

The potential energy when the separation is ris

1 1 3
Uiri=Uiry =L = AUKES [.. = ..] = 20
dngg Ar =) Amer

The potential energy depends essentialh on the separation
between the charges and is indepondent of the spatial
location of the charged particles.

Equation gives the electric potenitial encrey of a pair of
charges.

Anm/’

* Electric polential energy is o scalar quaitity 5o in
the above formmula take sign of O, and &,

4.2 Flectron volt (#1)

It s the sallest practical wnn of enerey vsed e atonie and
nuclear phvsics. As electron volt i delimed as e e
acquired by a particle having one quantum ol charge Le
when accelerated by 1volf” Lo

1 1J 11
leV=16<10"" =160 Yr=teo00 "t ers

4.3 Potertbal energy ol a systemn of n chiarges

In asystemnol m clarges electric potential enerey is calculated
for each pair and then all emergies so obtained are added

I. UIQ] + Q;t.‘?] E S

el I o Fiy

algebraically. fe. U= anl

in case of continuous distribution of charge. As

dU=dQ. V= U=|VdQ

¢.g. Electric potential energy for a systemn of three charges

Potential energy =

I[Q%+Q%+Qﬂq

4%, | N, [, r

" L}

Stppose. a test charge q s moved in an electric field froma
pasiat At point B while all the other charges in question
retiain fixed. 11'the electric potential energy changes by L
= LT due to this displacement, we define the potential
dilference between the point A and the point B as

q
® e
B 13
q
] ©
it A
AU U.-U, W
AV="" de V-V, =—E 2 -5 [AKE=()]
q q q

Converscly, il a charge q 15 taken through a potential
dilference WV, -V, the electric petential energy is neoreased
by Uy —U, =iV, - V,).

AlsoW_ =q(V, - V,) [AKE=0)]

Potential difference between two points give us an idea about
work which has to be done in moving a charge between those
points,

5.1 Flectric Potential due o apolnt charge

Consider a point charge O placed ot a point A,

The potential at P is,




-
xrn_\,rw__ﬁ= RQ =V, = Q
i q dmer dmer
(Vo 15 taken as 0)

The electric potential due to a svstem of charges may be
oltained by finding polentials due tathe individual charges
using equation and then adding them. Thus,

v-— i
Arey =8

Electric polential is a scalar quantity, hence sizn of charges
is Lo taken in expression it s denoted by 7

£2 Unit and dimensional Formmila

. Joul
5.1 uni - _-ou'r u vl

Coulomb

[V]=[MLTA]

5.3 Tapesof electric potential

According to the nature of charge potential i= of tvo types
(i) Positive potential : Due to positive charec

(i) Negative potential 1 Due to neaative cliaroe,

w'.f;ﬁl. . /

& At the centre of two equal and opposite charge
V=0t E=0

E At the centre of the line joining two equal z2nd
sirnilar charge V20, E=0,

L Ifleft freetomove,

Positive charge will abways move from higher to

lower potential points,

Mezative charge will always move from lower to

higher potential peints,

(Because this motionwill decrease potential energy

of a system)
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Inan clectric field rate of change of potential with distance
i5 krown as potential gradient It 5 a vector quantity and
it"s direction 15 opposite to that of electric field. Potential
gradient relates with electric field according to the following

. av o . . .
relation E = - ——; This relation gives another unit of
dr

electric field is I the above rleation negative sign

meter

indicates that in the direction of electric field potential
decreascs,

I space around a chiarge distribution we can also wite
E-F.i+E, j+E.k
v dav

where ;2 - -9 g o IV g E -8
p il ! Ii':\. - dz

SupposcA, B and C are three points inan uniform electnc field
i shown m limre.

(b Potential difTerence between point A and 8 is
5] -
V.-V, =—[E.dr
A

Since displacement is imithe direction of clectric field, hence
A=

-"'.;|II i

B B
S0, V-V, = - E. dreos0= —J E.dr=-Ed
A s



Equipotntial Surface or Lines

h

i

(5

[Fevery point of a surface is at same potential, thean it
15 said to be an equipotential surface dark fora given
charge distribution, locus of all points having same
potential is called “equipolential surface™ regarding
equipotential surface following points should keep
i reund :

The direction of electric field is perpendicular to the
equipotential surfaces or lincs.

The equipotential surfaces produced by a point
charge or a spherically charge distribution are o
lamuly of concentric spheres,

-

L 2
¥

E(_‘-r.ll et |

i fave

For auniform el ectric field, the cquip otential surfices
are a farnily of plune perpendiculir to the ficld hnes,

A metallic surface of anmy shape 15 an equipetential
surface e.g. When a charge is given o a melallic
surface, it distributes stsell in a manner such that its
every point comes i same pelential even ifthe object
i= of irregular shape and has sharp points on i

Storalie clhagpe! spdiere

Isaidv ot irreenlar Al

L harged metallic

1)

Equipotential surfaces cann CI Hss24

It is a conumnon IHI'*H‘HCE’]“I'

by a positive test charge is a field line ht]t actualby
the path traced by a unit positive test charge
represenls a field full line only when itmoves along a
straight line.

7. ELECTRIC DIPOLE

7.1 General information

Svstemnt of two equal and opposite charges separated by a
strall e distance 15 called a dipale.

Equatorial mxis

Lipoie axy

:.—Jc}.

(i

{ity

i}

(RY]

Dipole axds : Line joming negative charge to positive
clirge of @ dipole 15 called its axis, It may also be
termed as its longitding | wis,

Fquatarial axis : Pependicular bisector of the dipole
1= called o= cquatorial or transverse axis as il 1s
perpendicular to length

Dipole length : The distance between two charges is
Enown as dipole leneth (d)
Dipole moment : It iz a quantity which gives

informetion about the strength of dipole Tt is a vector

gquantity and 15 directed from negative charge to
po=itive cliaree along the axis. IUis denoted as poand is

defined as the product of the magnitude of esther ofthe
charge and the dipole length.

ie. =qld]

Itz 5.1, unit is confombemetre or Debye (1 Delne =
33 =00%C ey and its dimensions are AF £ AL

A

I.f;;:

A region surounding a stationary electric dipole
has electric field ondy.

When a dielectric is placed in an electric field, its
atoms or molecules are considered as timy dipoles.



7.2 Flectricield and pot ential due to an electric dipole

(2} Hertric Potential dueto a dipole

=

_ ki=q) \ ki=q)
AP BP
r==d (distance 'r’ is large as compared Lodi

AP = 0P,

Ve

BP =0T
OP=p+d/2 Cosfl, P =p—cl/2C0s0

v o ke ki)
ooired/2e0s6)  (r-di2cos0)
= ki+q) ool

r—d/2cos8 r4d/ 2enss

redi2cos0-r+di2eosn | . Padenst

2 : od .

[° = e s 4
4

=k
: ;o d ?
r e L5 BN

4

v - kigdycosd kpcoso
P i Z o E
‘ cos @t —E—Imﬁz &

[ p=ad]

re—

sincer ==

v - kpcosg 1

b 3

pcosd
T Ing r‘1I )

8 15 angle with the axis of dipole ; ris distance from centre of
dipole.

(Ir) Electric Field dueto dipole
(I} For points on the axis

Let the point P be at distance ¢ fiom the centre of the dipole
o the side of the charge q, as shown in fig (2). Then

] a

E  =-—-1p
drepir+a)”

-1

where p isthe unil vecter along the CI H ss24
qb. Also .

E+q:#¢ff
dngy(r—a)
E E f— 2 ——w
iy - . op
e —p O “+ 0
i b T
gt ot point o the avis,
Thetotal feld at P is
E=E+E = 4l 1 - 1 -
' 458y [ (r—ay  (r+al”
__a_ dur
Imen e —a”)
Forr !
4qa .
- (r==a) 6D

(i) For points on the cquatorial plane

The nrmmutudes of the electric fiefds due to the two charges

+ i anedd —g are given by

AREL p+ p-

aril are equal,

£

oL

)

(b point on e equatoriad plane of the dipole. p iy the
elipole moment vecior of magnilide pr = g = Ja and
chirected from —f o .



The directicns of E, and E__ are asshownin fig. (b Clearly,
the components nornal te te dipole axis cancel away, The
carnponents along the dipole axis add up, The total electric

feld is opposite to P, We have

E=-(E, +E_}cost j

a .
2)3;‘ 2

2
dmegirs +a

Al larpe distances ir == a), this redoces Lo

L
E=- P ir==a) A}

Amear
From Eqs. (1p and (11}, it is clear that the dipole field at larze
distances docs not invelve g and a separately ;. it depends
on the prodoct ga. This suggests the delimmion of dhpole 15
defined by

P=g=2ap

that is, it is a vector whose magnitide 15 chiarze q times the
scparation 2a (between the pair of charges q. g and the
direction 15 alomg Whe line from—g o q. In tomes elp, te dleciric
Geld of a dipole at large distances takes sigple Toms

Al apoint oo the dipale axs

2 2
E=—L==L(r:-a)
dreqr” i

At a point on the equaterial plane

|E = -

| P -kp
4rEn r r-

(1 == ﬂ]l

7.3 Electric Dipole in umiform eleciric lield

(i) Force and Torgue : ITa dipale is placed ina unifomn
ficld such that dipole (i.e. p ) makes an angle 8 with

dircction of field then two equal and opposite Torce
acting on dipole constitute a couple whose tendency
is torotate the dipole hence a torque is developed in it
and dipole tries to align it selt'in the direction of Tield.
Consideran electric dipole in placed ma uniform electne

field such that dipole {i.e. f ) makes an angle 8 with

the direction of electric field as shown
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q_s—

. A .
y g S
Foif e -
Cd I\-..,l:_i.- -
(a) et force on electric dipole I, =0
Iy -',tpl-:sjnﬂl:f—.ﬁxl:.':l

{iij  Work : From lhe above discussion it 1s clear thal m
an uniforn electrie field dipale tries to align itself in
the direction ofelectric field (1., eqeuilibrivnn position).
To change 110 angular pesition sorme work has 1o be
done,

sieppose anelectric dipole iskept in mn uniform electric
feld by making an angle & with the field, ifitiz again
furn <o that it makes an angle 8 with the Geld, work
donie in this process 1= given by the fommila

L E TR TR R T C
WoW oW W W W W

W =pE{costy —costy)

iy Potential energy : Incaseof a dipole (in a uniform
fieldy, potential energy of dipole is defined as work
done in rotating a dipele from a dircctien
perpendicular Lo the leld to the given divection Le. if
6, = % and 6,= 6 then

=

AP
JF
A8

A
£

WOW W W W W W
WY W YWY Yy

W=alU=1,-U_ . =-pEcosd

=U,=—pEcos# - [U(20%)=0]or |[U=-p.E




8. ELECTRIC FIELD

8.1 Continuons charge distribulions

Diagram

Caraph

'l.-l-{-rl-q-i--l---- FI
L. . i

— ) kO
. dilL+d)y dil+d)

5 Wiy
Fas —
M <k
kQz {
ol —- :
. - ¥
[, PR \_/In \
3
. a
L‘x-r|'“ S—
s ) g
(B ]
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[Hagram
L
ki . .
E, = Lisum+sm[’i]
’ ¥
i | -.___F'r k;‘
e, ~ E. = —icosu—cosfi)
. Eh
K
B = l_’
R
k&
P =
SR
E . Y2k
R
ki
l J*‘: SITH{ L )
P ki
T E.=—|1-cosiau)
i R Leosia)]
! hr o Cw) kQsinfo/2
¥ E._ '.k"'_-1n|E|—L‘_'-'~I}:’”]" h
: ’ B V1) R {w'2)
8.2 Neutral Point

A neutral pood 15 a point where resultant electrical field is
zero, Thus newtral pois can be obtaimed onby at those
points where the resultant field is suliractive,

{a1) At aninternal point along the line joining twollke
charges {(Due toa system of two like point charge) :
Suppose two like charges. Q, and €, are separated
by a distance x from cach other along a line as shown
in following fgure.

0, = {0,
X X >
< X >

IF'N is the neutral point at a distance x, from () and at a
distancex, (=x —x, ) from ), then for natural pt. at N,

IEF dueto @, |=|EF dueto Q. ie.,

R R[] (X |
- b ;Q_'| LX)

dmey w; Ay

Short trick

% X
X = sand %, = ——
L LR I r{_‘l,}*’,ﬁ!ﬂ



A

In the above formula if Q, = Q.. neutral point lies at the
centre so rememnber that resultant field at the nadpoint of
two equal and like charges 1s zero,

__
s |

My At anextermnal point along the lne joining two unlike
charges (Duetoasysten of twounlike point diarze)
: Suppose twoumlike charge O and O separated by
adistance x fromeach otlicr.

T U
h 1
..0_7 ~( : i
— —
. X e

Here neutral point lies outside the line jomiz 1w unlike
charges and also it lies nearer to charze which is smaller
in nmaznitude.

If |0 = [C1] then neutral pomt will be abtaned on the side
of Q,, suppose it is at a distance { from 0

Hence at neutral point ;

£ X £y Q.|

kO] k@] |t:r-_|_|-- ¢ -|:

o

X

(Yorlal-1)

Shorttrick: #=

sz A

In the above discussion 1if [(),| = [Q] neutral point
willbeat infinty.

IRNE
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8.3 Equilibrivin of Charge

(2)  Definitlon: Acharge is said to be inequilibrium, et
force acting o it is zero. A svstern of charges is said to
be requilibum feach charge is mequilibrivm.

() Type ofequilibrivm : Equilibricm can be divided in
following bpe:

{i} Stable equilibrium : After displacing a charged
particle from it s equilibriurm position. iCil returns
back then it is said 1o be in stable equilibrium. If
U is the potential encrgy then in case of stable
couilibrivm U is minineim

(i) Unstable equilibrinm : Afer displacing a charged
particle fromit’s equilibruwm position, if it never
returms back then it is said to be in unstable
couililaizm and m unstalde equilibriom, I ls
nerdnnme

(itiy Meotral equilibrivm :Afer displacing a charzed
particle trom s equilibrnam position if it neithor
cornes back, nor moves away but remains in the
position g which o was kept it is said to be in
neutral equilibrion and in peotral equilibrivn

Llis constant.
) Pilferent cases of equililrlum of charge

supprose tree sunilar charge QL qand Q, are placed
alongz a straiglt line as shown below

L) I
.0 F
QG < > Q.
S
3 X >
Case-]:

2
&

T |
Charge qwill be in equilibrium if |F | =[F| Le., 9 _ | “_J .
e

This is the condition of equilibriven of charge g. Afler
following the guidelines we can say that charge i is instable
equilibriurm and this system is not in equilibriom



it
% = anl %, —o

R TN AT TN SN
e.g i two charges +4 uC and +16 p are separated by a
distance of 30 cm fom each other then for equilibrium a
third charge should be placed between them at a distance

=10 ¢m orx, =20¢m

30
o, =
' 1441674

Case-2:

Two similar charge (), and (), are plac ed alonz a sraight line
at adistance x from cach otherand o third dis sonilar charee 7
15 placed in between theam as shown below

By 14 I
F,. o F.
Q. = L. |
o X, ;l-{ X c
e X

Charge gwallbe inequilibrnenif F | - [F |

Aot /

Sarne short trick can be used here to Dind the position of
charge  as we discussed in Case-1 L,

X X
X i Xy = ——
"1+ 0,0, 1+, /Q,

It is very inportant to know that magnitude of charge g
can be determined ifone of the extreme charge (either Q,
or ;) 1s in equilibrium i e. 1 Q) 15 1 equilibrinm then [g)
=0Q,(¢/xF and if Q, 1s in equilibrium then |q) = Q¢ /X¥F (It
should be remnember that sign of ¢ is opposile o that of
Q, (or Q.

Case-3:

Two dissimilar charge Q, and Q. are placed along a straight
line at a distance x from each other, a third charge q should
be placed out side the line joining Q, and (., for it to
expericnce zero net foree,

T CLASS

—_— e — I

(Let 0 <10))
Short Trick :
Forit's equilibricene Charge g lies onthe side of churge whichis
stogtllest i toagrutude and
X

JO ]

(i) Equilibr ool suspended choree Inan dectric Qeld

d=

{i}y  Freely suspended charged particle @ To
spsprenid a charged a panticle Geely in air under
the influence of electric field it"s downward
weight chould be balanced by upward electric
Force for example iF a positive charge is
arspended frecly in an electric ficld as shown

then
l—'
A N Ly
F-QE b=
nr
+1{) -
¥ mz
m * =
i ' '
T —a ]
ir
'~ H) d
l i l
— e d — do— o e -
T
q-ne——

Inequibibrivm QJE=mg = E = %

sl

In the above case if direction of electric field is suddenly
reversed in any figure then acceleration of charge particle
at that instant will be a= 2g.



(i Charged particle suspended by amasd ess iInsulated
string (like simple pendulurn) © Consider a charged
particle (Iike Boby of mass m, baving charge & is
suspended inoan electric feld as shown under the
intfluence of electric field. It tumed through an anzle
{say 8} and comes inequilibraam

S0, inthe position of equilibrium (O position)
Tein0=0QE i)
Teoso=mg ..fii)

i1

By squaring and adding equation ( iy and (il

T= ,hQE V +img)

B .- . tJE
Iividing equation (i) by (i1} tan s = —
T

(Y  Equillbrivm of suspervded podnd clorze systenn :
Suppose two small Balls having charze - ¢ on each
are suspenided by bwo strings of equal lenzthd Then
for oquilibrivm p osition as shown m fiaure.
Tsin9=F, ..

Teosd=mg ...1i)
T*=(F F+{mg¥

and tang=— ;

{iv}  Equilibramn ofsuspended poind Cl H ss24
: Ini the previous discussion i =1

taken into a hiquid of density poalen mar o remam
saine then

. T il
A

s

iy [ . —= : R
| T ':i')-u
% L

g el

K3

[ equalibritam

Fe'=T'sine and (mg—Vpa)=T' cosd

¥ fiaried Eci = QT
imz—Vpe) 4=z K{mg-Vpg jxc?

VWhie tis sy<temn was in air

Fe g
1NN = - = —E‘}
mg e, mgx”

S0 equating these two gives us

| 1 - m".rr - lv :
m-Yp -2
|

m - ki{m-=%pj )

[T e 35 the density of paterial of ball then

1 _ &
- Y a_ A
1—E| a-8&

. o)

I =

8.4 Time Period of Oscillation of a Charged Body

(7 Sloople penduluin based : 10 simple pendulombaving
lenath § and nass of bob m oscillates about it's mean
position than it’s time period of escillation

T=2rnJrig




Case -1 : If some charge say + (is given 1o bob and an
electric field E s applied in the direction as shown i figure
then equilibriurn position of ¢harged bob (point charge)
changes from O to 0"

3

On displacing the bob from it's equilibrium position O 11
will ascillate under the effective acceleration &' whee

mg' = 1,’4'mg}3 + [QE]]2 = o=

Hence the new thine penwod 15 T, = 27 |

£

= T, =2= :
[g:+{QE .’m]'l j

Since g'> g henee T =T
Le. tme period of pendulumwill decreasc

Case -2 ; If electric field = applied imthe dowawsn] divection
then.

—
T &

Effective acceleration g'= 2+ QE'm

. . f
Sonewtime period T, = 2x s
. g+{QE/m)

T.=T
Case -3 = In case 2 if electric field is applied in upward
direction then, effective acceleration,

)

(c)

g'=g-QEm

S0 new time period

T} = ;
g2 —(0QE/mj)

T,>T
Charged circular pling © A thin stationary ring of tadius B
has a positive charge + O umit. 1 a negative charge — g
{nss m) i5 placed at a small distance x from the centre,
Then mation of the particle will be sinple harmonic moet ion,

CLASS24

+
ot o 4Q
q-+

Fo D
by =
DT +RT)
Since == R Sox neglected hence F = L . E
Anz, RS
1 Ox

Force coperienced by charee —gisF= -0
z ' ’ g4 drz, R*

u

= F o —x hence motion s simple hannonic

L . 4re.mR 7
Having ime peried T =25, | ———
Qg
Spring mass svstem : A block of mass m containing a

negaltive charge — 215 placed on a fictionless horizontal
lable and is connected to a wall through an unstretched
spring of sprinz constant & as shown, 1f electric field &
applied as shown in figure the block experiences an electric
force, hence spring compress and block comes in new
position. This is called the equilibrivan posstion of black
under the influence of electric field. IFblock compressed
further or stretched., it execute oscillation having tone period

T = 2z m/ k. Maximum compression in the spring due

o clectric feld = QEK
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9. ELECTRIC POTENTIAL E“ERG\"

For the expression of total potential energy of a svstem of n

nin-1j
2

charges consider

Using Work energy Uieorern

10. ELECTRIC POTENTIAL

numiber of pair of charges,

1001 Potential dueto charge distribulion

| W, = AKE+AU |

CLASS24

If only conservative forces are there (e.g. gravity / spring /
coulomb force), then W__ =10

ARE +AU=0 or, KE+U =KE+U

Work = AKE + AU

FAKE=0] AU=W_=-W__
Ifcharges are assernbled fom infinity | AU=Uir) - Ulx)=
Uiy [Usc) =10]
We know, AU=W__ [when AKE =0]
Uy =0 = U=W__

If W, =0 AKE+AU=0orKE + U =KE +U,

Diagram kit Gragh
o
L IEEEEEEE TN e 'f.L:_
1 | L i = |.l‘-. ”L_I |
R 1} i e
— N
[N} >t
LN
T .
| . \
1 ::-~.||.!' YT
i % 2kAfn| - :
s i e S 3 ) | ¥
L3 P ' >
- L1 -
*
x . \
+* L s e b
W W " 0 T e
o == VesVix)ep—x [
'\ !1‘ x"+R I W — >
b




To Calculate net electric field at P we need E (Radial
Component) & E tangential conponent) of electric ficld at P

Lo =y . —
E; = —— [When we travel in the radial direction].

dr
E, = _hl_l. [When we travel in the tangential direction).
v, - K2coal

I

. —d{KPcost| ZkPcosd
¥ |
. =d [kPecosth | <kP d kPzino
ht:_ yr— = ———rosh = - e

rds : rde &

B =alE.‘+E° =J[%T[-Im~ th+sin |:|]
T

= J[rE;J[I 4—34:052(!]
Eo= r—kfs‘l+3m3: L]

E
8] :' It i

kP .

— 5y .

E, r tah O -q| tang |

mmi=—=-—"—=— o =tan
E, okPeost 2 2

= ]
r

[Mote: o isthe angle with the radial direction]

11.2 Equilbriumofldipole

We know that, for any equilibriumnd torque and net forceona
partic le or systermn) should be zero,

We already discussed whena dipole is placed i an vmiform
electric field net force on dipele is ahwavs zero. Bul net
torgque will be zero only when 8 = (F or 180F,

Wheno=0j¢ dipeleizplaced along the electric field it iz
gaid to be m stable equlibrivm, because afler wming it
tlrough a small angle, dipole tries to alig itsell again in
the direction of electric field,

When 0 = 180 ie. dipole is plag
field, it is saad 1o be inunstable eq

CLASS24

—>r T > — > §
H=0 a=00- =180
Stable equilibrinm Unstable equilibrium
=0 t . =FE =10
=0 I=pE W =2pE
Ir =-pg U=0 U =pE

113 Anoular SEHM

In aumfonm electnie field (intensity Ky if a dipole (clectric)
i =hightly disp lwced fromm it's stable equilib riuen p osition it
exeotes angular SHM having period of oscillation, 117 =
wenent of merti of dipole about the @xis passing through
it"s centre and perpendicular to its length.

For electrie dipele: T = 2,01/ pE

10,4 Dipele point cluarze interaction

I a peint charge is placed in dipole field at a distance r
trcen the mid pomt of dipole then force experienced by

. 4 . , L1
pomd eharee varies according to the relation Fo —

r]

11.2 Electric dipole in non-uni form dectric field

When an clectric dipole is placed in a non-unifonm ficld,
the two charges of dipole experiences unequal forces,
therefore the net force on the dipole 13 not equal Lo zero,

e to twonequal forces, a torque is produced which
rutate the dipole so as Lo align ot mthe direction of Held.

So it non-unifomn electrie fleld

(1) Motion of the dipole is translatory and rotatory

(1) Torque on it may be zero.
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1. ELECTRIC FLUX

1.1 Definition

Electric Mux is defined as proportional to number of {icld
lines crossing or cutting amy area of cross section in space,

“The nurnber of field lines passing through perpendicular
unit area will be propeitional to the magnitude of Electric
Field there™ (Theory of Field Lines)

™A
—al = NaHEA,
AL

Electric Flus, D, =EA,

"~ Acosf- A
E g i -
> 1o
. i
A s B

As o increases, e through area A decreascs [F we draw a
vector of magitede A aleae tie positive nomel, atis called

the area vector, A corresporiding to the arcs A

v

L 4

m
\
'

L A ) » E
B ‘\u’

» P

-

Electric Fhus, @, = EA cos = E. A

CAssuming Electric Field is uniform overwhaole area)

e }.:}ﬂ. /

If Electric field is not constant over the area of cross
section, then

m:jE‘.di
A

«2 Unit and Dimension

Flurc 15 @ scalar quantity.

g M.’
S1 it (volt =mor - - -

1t’s Dimnensional formla : (ML T"A™)

1.3 Thpes of fTux

For a closed body eubwand fhee is taken Lo be positive, while
mpward flies s takion tobe negative.

T o
()

Positive-flux Megative-flux
5y {m

|
|
|

1
2. GAUSS'S LAW

2.1 Thelinifion

Avcvomires o G L, total electne e broogtia closed anface

aichosing a claree s L times the magnitude of the charge
2
aicloseil
ie g, e L (Y
! £ e
: Q.

s A

Crauss's law is only applicable for a closed surface,



2.2 Gunpssiun Surface

Ihe closed surfoce on which Gouss law s applicable i
detined as a Covssan surface.

A /

- Gaussian surface can be of ary shape & size, only
cendition 15 that it should be closed.

] Gaussan suzface 1s hypothetical in nature. It does
not have a phvsical existence,

2.3 Driving Gouss™s Liw Trom Coulomb's Liw

Lets take asphersenl gaussian surfac e with charee “=0F kept
at the cenlre.

Wi know {ield lines for a ve charge are alwavs radially
outward,

Angle between (A & T is zere

e >
q “a ‘l.-

e

J——
=

=%

h

Hence NetMux =Q0E .

Aot / CLASS24

Although we denved gauss law Tor a spherical
surface 1 s vahid for any shape of gausian surface
and for any charge kept anywhere nside the serfiee

2.4 Coulomb’s law Irom Gauss's law

W chowse an imaginary sphere (Gaussan surfaoe) of rados
reer v an the charge =g, Due oesvmimetry, B st bave the

sme mcmilude Al any pom on te surlfaee, and B peints

racdic 1y ousesrd, perllel 1o &4 TTenge we write the inteprdl in

Liguss's Lmw os

e = PRGN = RN 1 - 1)

'[_g_" Y

Thus, Fldar -+ or E-——
C. 4re, 1

From the delimition of the cleetric Geld. the [oree onoa poin
charge g Jocated st a Cestanee e from the charpe g isF = g 1

Therelore,
po L 9%
dne, o

whithis Coulombys Jaw

3. APPLICATIONS OF GAUSS'S LAW

Usig Guuss™s luw 1o derve "E7 due wo vanous cherge
distrhutions.

L1 Electric FFleld due ta o Line Charge

Corsider annlinie linge which has a lincer charge dersity X
Tlsing Grawss™s Taw, ot us Tind the electric Deld at & distance
“r’ from the line charge.



The evlindrical symmetry tells us that the teld strength
will ke the some at all poants at o fead distanca ¢ trom the
line. This, of the charges wre pusitive. The lield Tines are
dipeeted radially oubwards, perpendicular wathe line charge

+ )
+
-t T
+
+
1]
RIS
L s " *DI_’T:
i : B =y
+
+
e
+
..d""-._ ——— -
G| e
=
+ lg?’

The appropriate chotee of Gawsinn surthce i a oy linder of
radins rand length Lo Cin e fhat end Feces. 5 and 50 3 15
perpendicular J5 L whichmeans Sux s zere om hem O e
curved sirface S5 . F isparallelte ¢ sothal £ _Js = Eds

The charge enclosed by the exlinder 1< G 21 Applyinge

Crousss law io the surved surface we b

Hrfd:;_mzmt._p_”' s | 10 i

- 1 = -
"y il '
Aot /

This 15 the tield at a distance ¢ trom the lne. 111s
drected away from the line o the charze i postive
and towards the line if the charge 15 negatve

3.2 Eleetric Field duc toa Pl Sheet of Clarpee

A

Pty
"I'. ™

\ +
E :i v P %E
s ot :I?-ur

++t

1+

-

Considler i Targe plane sheet of charee with surface chirge
denstiy (charge per unitarea) o We bave to fmd the elecine
ficld T oata point T in (ront of the sheet

I'the charge 1s pesitive, the lield s away from the
plane.

T caleulate the Gield 12 at 12 Choese a cvlinder of area of

cross-seclion A throuszh the peint Pras the Gaussian surlace
The fhrs due 1o the electric field of the plane sheet of charge
passes ondy through the two circular caps of the cylinder,

According to Grass law :!'JE- ds - i PR

[ Fas - f BaS- | Ras-2
I =k n-mike il L,
5" s srinn
or [ - A +OSE
L
5]
X | El“_,
2z,

N

Wi s thiat the Deld o umiform and does mot Jepend
snthe distanoe iem the chearpe sheet. This is true as
lorir as the sheet 12 laree a8 comparcd 1o s distance
from T

3.3 Uniform Spherical Charge Distribution

3.3.1 Quiside Lhe Sphere

P isa point cutinde the sphere at a distance r [rom the centre,

Laanlasian
T




According to Gauzs Law, -;j‘:-ﬂ'.d§= L or E [l'-l::rj]=

by

e
El:l

Electric field at P (Duwiside spliere)

1 aR*
T dmg g
1 Q oR’

v, = -jE:dr‘ =
p 4:|'I:£u T gr
Vz,r:;,__/
Q=0oxA
=gxdnR’

332 Acthe surfuce of splicre

At surfacer=IL

Se, E, = : -Q~=E and V¥, =- 1-.Q. oR
dre, B & IEE

333 Inside thesphere

Inside the tolltilitling (‘ilihguil :-p||t| e electric ield iz zero
and potential remams constant every where and copals (o
the IJI:II'E'I:II'iE'I.I al the surface,

)
E_=0and V_=constant =V = S
s = drney R

Graphical varialion of eleciric feld and poatential with
distance

E —r graph W —raraph

34 Uniform Spherical Volume Chs CLASS24

We consider a sphicrical mniformly charge distribution of
rmdius B in which total charge Q) is uniformly distributed
throughout the volume.

The charge density

_ total charge O i

total volume -_1_-__R1 T
o7

Acconiling to Ganss law 3{31.-: s = L or E I:-ln;l."J 'I =—
&

‘ L. (
1D . —;.-:'_]- arel W ui = | Fdr = L —:"‘
4 o dre, r
Q
usnE rE
t nR°
A
E.= o ™ Vou = FR. (Vim=0]
K 3gr
3.4.2 Atthesurface ofsphere
Atsurfacer=R
R ) :
5 = ‘—I—Q £ and ¥, = ! ,Lz pR
img, R° 34 dng; R o

3.4.3 Inside the sphere

At adistance r from the centre. {r=R)

o e _ e ) . 3
.‘FEul_dg,: }-_I:l'_ = _L-Eﬂ- ar 17_”. [_1 i ]_ Q' _
O Y (3 R




J
E.:.= 1 _E—_T_:EFEHI-I[': ard
dng, B°35
:_ Q3R -] p(3R*-¢
V,=-[Ear= L o { )
- dnEy 2R 6L,

cesg L] o]

Graphical varistion of eleciric feld and potential with
distance

E - wraph V-1 graph

L

4, PROPERTIES OF CONDUCTORS

1. Insdde aconductor, elecrosiatic Oeld Is zero

f‘uu.l::':h-r ] cm:t[uctnr. 11t1]t|‘:|| or chzn‘st‘:l. T'Eu:rr.- ey also
be an external electrostane held. In the stahic situation the
electric field is zera everywhere inside the conductor As
long a= ¢lectric [ield iz not zero, the free charge camiers
would experience force and drift. In the static simation. the
free charges have so disinbuted them sebves that the electric
field 1= zero evervwhere mside, Electrostatic field s zero
mside a conductor.

2. Atthe surface of a charged co CLASS24
field must be normal to the surl =3
1f E were not normal to the surface, i would have some non-
zero component along the surface, Free charges on the
aurface of the conductor would then experience force and
move. In the statie situation, therefore, E should have no
tanegential component, Thus electrostatic ficld ar the surfoce
of 4 charged conductor must be normal to the surface at

every poind. (For a conductor without any surface charge
density, field is zero even af the surface).

3, The charge Repitln thematerial ofa conductor will come
Lo s out emost sur Fce.

We know clectric field at all paimnts inside the material of a
conductor is zero, Thiz means “E° at all points on the

Gian=stan =surlace 15 fero.

Giaussim surface

Comductor

e e W] 7
[EdA = — = LE=0 = |,=0

A

Charee connot remain maide =a o comes outside dotted

surface.

4. Elecirostatic potential is constant throughout the
voluiie of the condu etor aid has tie same value (as
inside) on its surlace

This follows from resuliz 1 and 2 above, Since E = 0 inside
the conductor and has no tangential component on the
surtace, nowork 15 done inmoving a small fest charge within
the conductor and on its surface. That is, there i3 no potential
difference between any two points inside or on the surface
of the conductor Hence, the rezult. IF the conductor is
charged, electrie field nomual ta the surface exids: thismems
potentinl will be dilferent for the surface and o paint just
outside the surface.



Inva systemn of conductors of arbitrary size, shape and charge
conliguration, each conductor is characterized by a
constant value of potential, bt this constant may differ
from one conductor to the other,

£ Flectric Meld at the surface of a charged eonductor

[n]

E=—i
Ep

where a isthe surface charge density and n is a unit vector
nomil e the surface in the outward direction.

For > 0.electric field is nopmal to the sirfac e sutward | for
a = 0, electric field is nomel tathe surface ivard.

£.1 Somelmportant points ab out Ganss Law

"EE=Q;

(Het fls]  Ep

f’- ‘\.,.--.\\

Q Q, '\u_.

¢ /
1
\"'----w-

In the above expression, charge enclosed 15 (Q, & Q).
et fhex will only depend on Q) & Q.

Dt ‘" i the Gauss Law willbe due to all the charges Q.
€. Q, & Q. Hence electric field caleulated through Gauss
law is not ust due to oclosed charges but due to all e
charges.

Q

S .

I 3, by a gaussian auface is giver Cl H ssz 4
nad necessanly imply that E=0.Itn =

For exarmple :

Gausman Sua r!'a S

4
)

'\-_J
Q,=0

bt electric field on the Gaussian surface is present.

il

[ F st all potmts onile ganssian surface is zero then it mean
0, has to be zero,

Fiecatse 1' EdA : Q_n

Eq

52 Fero finy

AL I L o
[I"a dipole 5 enclosed by a surlace

'l;l_r'l:'l:‘:!:l ;n

e magnitude of positive md negalive charzes are equal
insidle a closed surfhce,

Q.=0 g, o= 10
(i) Charges are absent

If a closed body (net enclosing any charged is placed inan
eleetric field deither wafomm or ren-uniforrnd tobal fus Lk ed
with it will be zero
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I 2 The cubwe has six fac CLASS24

5.3 Obscrve Fluxihropgh Common Geomet rical Figures

531 Cube

Chirge a1 the contre of cube

Tl

o /

Dot = — 1)
Bt

L
GE,

4

Flux through each face, &, =

Cherge siuated ut the corner of a cube,

For the charge ot the comer, we reguire 2ight cube ta
symmulneally enclose it in s Grussen surface. The total

‘
e ¢, = 2 . Therefore the Tus through one cuse will be
&,

HE,
three facesithrmgmh &) 15 zero (ABCD, AHED, ABGH], su
c
s Timked with remning three foes will -33 Mo s Lhe
[
rertairmmge theew are wentical so Qus bnked witheach ol the
i q W
three Taces will he —l-- l E =l2
3 | ¥E , M
Charge Mosition #y B
ks contee q/ &g &,
Fioe centre qfZc, &
AL corner ofBe, 3
A centre of l.‘:.i;__"'l_' L]I.lld-z‘ u

020 Hemisplwre

& -l

_—
-
E
.:-. I..I
R
o
lTl___' ¢I jiliet _a.
l:__ ..'f_,
i

|_-[|1'!1'l'!'i,l J'I:'lﬂ shonas in":ujnaf}' ri:u'l toy enelose the 1:h:1r|_:x!
completely]



53 3Cylinder

s EECr CLASS24
$o = L e -

£, 2K,
o
b e
=]
e L
L Fustly do charge distribuiion before cathng,.
. - - Alber charpe diztribution, asume some “x cherae own Lo

errosumal (zfer earthing).

6. CASES OF CONCENTRIC SHELLS 3 Lo re-distribution of charge,

4 Take & pant on the conductor (which i= cartbed) & danet

]m"“":" i derbi] ol 1 I."\..l.a'r.l:'ii-. CH!.‘.‘.I,.I,IH.‘I,:;,{
+ + g
o 1_',__._,+_+ . o1 + +
S é N
B + ..\l-
+ b4
1 L -
+}l'. i :\_I : "i 3 '.I'Ia.
. ..';-,/i'""
¥ =+
A
_ i T S
1‘._ _I:'-x L | - 4 = :N=f'-2‘|_lfg.
3 r © -
Fireal disteitwation
Charge s Town Tom eater surloe becnwse ws long as

per e oit inrershell, - QJ' will be indeced aniinner shell

o

TR

et chiarze shonld he
crmserved dselied syom)

ook RO RO -

o

-z r.‘. r?‘

{(Refer Section 3.3)




_KQ-x) k(-(Q -x))  R(Q+Q, %)

I Iy Ty

‘VF =1

Q:_x_{QI. _x.]+0|_+Q1 -X =0
I I I;

— 9. ‘_r-w:.':-_::"'_: x:QI-t-Qz#r-

oy

As il can be seen not all charge on the auface flows 1o
ground. When the eutermest conductor is carthed then
the charge residing on the outernost swriace of ouler
conductor will flow to growmd,

8. CONNECTION OF CHARGED CGHEUC_[PRS

Steps

1. Do charge distribution before connection

2 Assurne %7 charge flows rom ene conductor Lo another
3 Do redistribition of charzes.

4. Equate net potential of conductor {1 equalto nel polential

of conductor (2,

‘ILL o

Assumption : Distance between them is very large,

+ 4+ % + 4+

k(Q -x) k{Q+x)_
L I

_ Qn-Qf

Lt

=Y, = X

Final charges Cl H ss24
Q' Oyl wThapa
f AT o+
' R
Final conmmon potential =k [ Q0 .
GEL

r, I P
1"r|=_"19.
Rt —x) R0, —x) i .
- B, — %) _ [[ln__x].[]__l}=u
f; r L n

Thi= indicates that all the charge on shell (13 will flow to

el i 2,

9. SELF ENERGY OF CHARGED SPHERE

Consider a unilommly charged sphere of radivs R having a
total churge Q. The electric potential energy of this sphere
15 ciqual to the work done in bringimg the charges from
nfinity to assemble the sphere.

&

.

I
Sno R

" 20ms R




10. ENERGY DENSITY

The energy stored per unit velume around a point in an

Lo g 1=
dectric ficld is givenby u, = ———— = SeE- IWin place

Volume 2

of vacuum some medium of dielectric constant K is present

1 e
then u, = —‘I‘\E.;l:'.

11. PLATE THEORY

11.1 Charged Conducting Plate

] . | .
Met Flux = Qe = o (ovlindrical Gaussian surface)
o’
Em' =
&
- O

q =

Conductor + |

/E-n /*-“ E F

E=—
&y

Met electric field at point B near a conducthing surta o,
o’ iz miven by [oE ).

11.2 Parallel PFlate Theory

To find charge distnbution on each swiace of plates

G

oy
7

(1% (P4

Comduactor Conductor

Two conducting plates having area "A° (area 15 large as
comnpared to distance, so that field is uniform) and the
thickness ni‘pl;!trs 15 strall 5o that charge only appears on

paratle] faces,

—— CLASS24

Q.- q) q PP, Sy Y
+ + +
+ + + +
(1) 2]
+ t + +
+ il+ w1 |+
\—) Jaussian surface

Smee the ficld lnes are paralle], the net fux reegh the
ganissian surface will be sero, surface (1) & (2) be inside the
material of the cenductor,

Hence it czn be said that net charge enclosed will be zero
which implies the charges appearing on the facme surfaces
are equal & opposite (o each other.

J V

g - ol -1 10+ g
¥ / + i / +
l/-l- B /-I-

in / 24} . /
+ + 13 = + ()
= - -
+ P + "1 +

et elecine feld @i any puil it P or ‘R hastobe zero
(E_ Y =0
L

1 here ared distributions, the net field at P should be zero.

0 —q)
= ()= ) (B, = (e
3 iq 0+
(E: | {—»] E.) ==f—"{ s
17 24, \Er ), .:m;_.{ ]

s [0E b [ = OB L (B )

(-9 9 q o+

This shows = + = +
e,  lAg,  1Ag, A,

Q,-q,

‘q === zo final distributions would be

R
-Q;—Qz '{e"1“;|'3|
3 =7
252 7 125

. 17l
f

-t =t




A /

When charged conducting plates are placed parallel 1o
each cther, the two outermost surfaces get equal charges
and the facing surfaces get equal and opposite charaes.

11.3 Force on a charged conducior

I'o find force on o charged eonductor (due 1o repulsion of
like charges) magine a snall part XY te be cut and just
separated [rem the rest of the conductor BLX, The feld in
the cavity due to the rest of the conductor 15 [, while field
duz tosmall part is BT hen '

Tns de the conductor

L =torli =L

CLASS24

Cutside the conductor F - E,+E.- e 1 hus,
R
. . 0
E-E -
25,

Ta [ind [oree, imagine chureed part XY (having chirge
od placed in the covny A havine field B). Thus feree

dF = (GdAJR, or dF - —

2k,

_ ) JF _ o
clectne pressure 15 P dr oo

dA L The foree per unitarea or

(Tleetrostatie prossune

Tha force 15 alwavs outwands a5 (£ 6} 1s positive Le.,
whether charged positively or negatively, this force will
iry o expand the charped bedy:

A s Pauthle or rubber Balloon expands on given charae
Er b choamae ol any kind @ arsi

CAPACITORS

1. CAPACITANCE

1.1 Nefinitian

Wee bnvenw that charge given te a conductor erenses it's potential
[ N

Whoere 7 is a4 properiiomlity constant, called capacily or
capacitanee of conductor. TTenee capacilance s twe abiliny
of condweior 1 hebd the chirae Gind associsted clecorical

emeryl

1.2 Unitand dimensional Formula

. .o Coulomb .
ST umitis o Farsad (F)

ol

Smaller 5.7 umits are mF, uF, nF and pF

{lmz-' | LT OO TV GO RU O T TE T DR T I U TV O

OO0 vt s tat Farad 1 =9 WY Stat FFarad,

Ihmenzien: [C]=[50 'L 1A

21 CAPACITOR

2.1 Definition

S csanilor s adevice thal stoes electnie enerey. Tt s alse
named condenser

A gapueior is 4 pair of e conductors ol any shape. which
are elose (o cach other and have equal and oppesite charge,

A 0/

-




2.2 Symbol

The svimhol of Gipacitor are shown below

[ 4 I
[ 3 AN

2.3 Capacitance

The capacitanee of 1 capacitor is delined as the magniiude
of the charge @ on the posilive plate divided by the
mageritude ol the potentsl difTerence 1 bebween the plates
P, O =00

A /

Capacitance ofa capaeiior 1< consiant [or the piven
dimensions & medisn,

2.4 Charge on capacitor

et ehitget oma capaiar i alway = core, bl whenwe spesh

of the charpe €3 ona capacitos, we are relering fo the
mamitude af the charge on cach plale

2.5 Energy stored

CLASS24

When a eapacitor is clirged by a vollage source (say
basttery) 1l stores the electnie enerpy.
. [SE| -
Enery density - == g B
vol :

I € = Capacitance of copacitor; {4 = Charge on
capécilor and = Potennal dilference across capasitor

then energy stored i capacitor 17 — ] Oy ! v - Q
)

2 ol

y

f JJ'*
In charging eapacitor by battery half the energy
supplied 15 stered 1n the eapaciter and remanimg
fall emerey (102 CH70a8 bost in the form of hear

L0 Tvpes ol eapacitors

{ ‘zeacitars are of mainly three tyres as desenbed in given
tahly

FParallel Plaie Capacitor

Spherical Capacitor

Cylindrical Capacitor

It comsists of vo parallel nretallie |1t eonsiits of twe coneenine
plates (ray be circular, rectangular, |spheres of radit o and & (a - 6. lnner

sejLearey separated By aosmall distarce [sphere i oiven charge V00 while oater

A arca o plate

) = Waznitede of charpe

+1) —)

I

sphere s aiven churae O3 [ Batleny]

<

conducling | [t consists of two concentric ovlinders
of radn a and & (a = b)), irner ey linder 15
wiven clurge O while outer eyvlinder 1z

viven charge =0 Comeon lergth of the

cylinmders 1= T then




£ h

Capadlance: U=

ab

Capacitance C:-Irl:a,ll
"h_a

I aly
mC.Gs C= —,
~a
a =Surface charge density
V=Fotatial o Hioroms

E=Eledric fidd betweemn thepldes | belween the spheres

the plates (= aig,)
In the presence of diclectric

k w . ub
between plates ff:—;'i Lo =drnz K-

(I |

In the presence of dieleciric

medivm {diclectric constant K

J.’HIE;'

v a

Capacitance O =

Inathe presence of dielectrie mediam

(dielectric constant K capacitance

mecreases by K times and

2.7 Caparily of anisolated spherical conduct or

When charge (¢ is given to 2 sphencal conductor of radis
£ then potential at the surfice of spliere 1=

e ‘4\&‘3
LY 3
_ 1 N IR ',

V=—,
Irg, KNG (8]

Henee it's capacity O = ::I = dne R

1
- CedngR==——_ R
= T

nC.GS. C=R

2.8 Forcebetween the Plates of a Parallel Plate Capacitor

Ficld due to charge on one plate on the other s F = °,
p
2g,

hence the foree F = QE

A 05 Adr

—
o
i

M | i
(o : oA
Fo-OAr|— =& =[Flz 20 2
2g, P g, 2gA

{:

il

[y

{c)

A bartery Lias o lepminals.

The potesitial diflerence V' between the terminals is
cop=tant for @ given battory. The teominal with higher
protertial 15 called the positive termimal anad that with
lower potential is called the negative termnal.

The value of this tied potential difference is equeal o
e electrometive force or anl’ of the battery. 1T a
condisctor s cotmected 1o tetinal of a battery, the
protential of the conductor becomes equal to the
potential of the terminal When the two plates of a
capacitor are cometed to the termimals of a batlery,
the potential dilTerence between the plates of the
capacitor becomes equal to e anf of the batt ey,

The total charge in a battery always remains zero, IF
ils positive terinal supplies a charge ), its negative
terminal supplies an equal. negative charge —0).

When a charge ) passes through a battery of end’ £
from the negative termunal 1w the positive terminal,
an amctml QE of work is done by Lhe battery,

Anideal battery is represcnted by the symbol shown
int figure. The potential difference between the facmg
parallel lines is equal to the eint 'S of the battery, The
longer line is at the higher potential.




4. GROUPING OF CAPACITORS

CLASS24

4.1 Series grouping

4.2 Farallel grauping

=

{1 Charge on cach capacitor remains same ard equals

to the main charge supphied by the battery

L Cy y Ca
1 |
i 4 i I |
=] " - [ Fi—— I —pi— 1 —
1 1
Q'IE_
=l
() loquivalent capac itance ] l 1
i) LOUIvS apacitance — -
= uny r 1 T

(3 I two capaclors havig copactanges O amd C, are
conredted 1 senes then
% ¥ -

s
[ . >
V- e
:.| l:_'! + [-1_'. J - ) r_'l __.:-l.

are connected in series with supply voliaze I then

Lywivalent capacitance - :
n

arsd Potentiol

difterence across each capactior V' =
n

S /

®  Twocapacitors arc in series when charge leaving
one capacitor directly emers into anather capacilor,
undivided and undisturbed

®  Inseries combination eguivalen capacitance s always
lesser than that of ether of the individual capacitors

() It :dentical capacitors each havene capacitunces O

(N Povential disTerence across cach capacitor remains

sitme end equal W the applied potential dilferenee

PO - 0.+, A0
N
Lpe
{2 7 =00 F O
: o ; |
i3] L twer capacibors avane copacitance ) and C.

pespectively are cermeactad 1 paralel then

a* foe )
=l (O oand QL - 0
B ey CLC -,
(4 [fardentical eapacitors are connected i parallel

Leuivalent eapacitznee € = ni” and Charge on each

e 1)
capasior 14T —
n
ot /
#®  Twocapacitorsare in parallel when their positive

plates are comnected and nepative plates are also
connected with each ather

#  In parallel combination, equivalent capacilance 1%
always greater than the individual capacitance.




5. SIMPLE CIRCUITS {SERIES & PARALLEL)

Suppose equivalent capacitimee is Lo be determined m the following networks between poiits Aand B

CLASS24

ELD R,
N e €
Ik tuF 3k ﬂ“";: 2uk
Y /‘ ------ h_‘\'_ _ 3 :
i 2 T l szt | ..., --4:; :5- -
: - ! P A T B i
A .': It I_'! I; + 3 3" I. |3 :l _? ‘1.:‘ 't'l.-[" i
| L IV . 5 g T LT { hersnarenreranres
,-'Ir--;":ll
il __"'| |.:‘_ —-i
: = itnl' = P — iy
" [ 3uk ; 1 o F b
(i oyl il F .-"-‘-L =
T T e |
. il H
A - E '
2k L = 4
g
auF auF auF : : BpF Guf ::"- -'.I : T 5 auF
A—| il Ik Poove b b P e
J_ l L v il Y i Y L Y
(iig) el o gl :— W= i = _1."_ el ;'_._ .
He—}| -|_ i1 T {k T ] | [} ’}—{—',-': P A
GF auF IpF R oyl uF A P b oyF
i
i Ll il
: "-H-H—Pﬁ—ﬂ-\\
L ‘ _ S S Y
By Similar process C., = 3pF <= - HE - l_y'
e
i “““ +otl il




6. DIELECTRIC

Dielectrics are insulating [non-c onducting) materials which
transmits electric effect without conducting. We know that
in every atom, there is a positively charged nuclews and a
negatively charged electron clowd swrounding it The twe
oppaositely charged regions have their own centres of charge,
The centre of positive charge is the centre of mass of
posilively charged protons m the oucleus. The centre of
negative charge is the centre of tnass of nezatively charged

eleclrons in the atoms/molecules.

6.1 Polarization of a dieleciric slab

It 15 the process of inducing equal and opposite charges on
the two faces of the dielectric o e application of electric
lield.

I
OO
@O
S
D -
OD -|

T

Supposc a diclectric slab is inseried between the plates of 2
capacitor. As shown in the figure.

Induced electric Hield instde the diclectric is E. hence this
induced electric field decreases themain el Eto E-Eie,
Mewelectric field betweentheplates willbe B =FE-E,

0.2 Dieleciric constant

Adter placing a dielectrie zlab in an electric Geld. The net
Meld is decreased in that region hence

IfE =0Original electric field and E,_ =Net electric field. Then
£ =K where K is called dielectric constant K is also
F"Fl'"

known as relative permittivity (£, ) of the maderial

The value of K is always greater than one. For vacuum Lhere
is o polarization and henee E=E" and K =1

CLASS24

6.3 Dielectric reakdown and dielectric strengih

If & very high electric field is created in adielectric, the outer
clectrons may get detached from their parent atoms. The
diclectric then behaves like 2 conductor. This phenomenon
is known as dielectric breakdown.

The maximim value af electric field (or potential gradient)
that a dielectric material can tolerate witheut its electric
breakdown is called it’s dielectric strengtl.

5.0 unit of diclectne strength ofa rratenial 1s Vimbut practical
it is Ky,

6.4 Viriation of DilTerent Variables {0, C, V, Eand U)
of Parallel Plate Capacitor

Suryeose we bavean aiefilled charged parallel plate capacitor
himving variables as follows

Cliarges)
. . 0
Suiface charge density | o= "
p c o
Chipaciance ;Y- = ——
: i
0 0
4
N -
) -
N -
A T T
X -
+
+
——#
]|
|
y

Potential diference across the plates : V=E. d

Clectric field between the plates: E= 8. o
Ey, Ag

S
- OV = (:—C =%Qv

3|

Encregy stored : 1 =



Queantity Battery s Removed Battery Henmins conne CLASSZ4

A
A
|| —
e I
L
i l\ll

Capacity R C'=KC
Charge ' =0 {Charge is conzerved ) D'=K0Q
Potential Y=k V=V Smnce Dattery naitaing

the polential difference)
Imensity E'=EK IF'=EF
Energy U'=1K | Y

A, / sippeented at o swiable height (of several metres above
Aot

thie ground ) ever the insulatine pillarsp . p.. A long narrow
Trelt of msalating material Lke, silk, nobber or rayon is
wwipped arousd Two pulleys P, anil P P, is at the growmd
tevel and P is at the centre of S. The belt is kept moving

If nothing is said it 15 to be assuned that battery

15 discoomected.

cortingeusly over the pulleys with the belp of a motor
peet chonsann, B and B oare bwo shamply pointed metal

7. VAN DE GRAFF ELEC‘EH_GST&T’E GE“Eﬂ-ﬁTDE ' conibe fieed as shown. B 1= called the spray comb and B,

15 called the collecting comb,

A van de grafl generator is a device used for blding wp
high potential differences of the order of a fow million
volts, Such high potertial differences are nsed Lo accelerate
charged particles like electrons, protons, ions cte. neeiled
for various experiments of Nuclear Physics.

It was desighned by Van de graff in the year 1931,

Principle : This generator is based on

H
E
- - - - a »
(i) the action of sharp poimnts, ie., the phenomenon of »
corona discharge, :
L B P,
(i) the property that charge given to a hollow conductor 4y
i transferred o outer surface and s destributed b I
unifonnly over it Bkl |
+ ¥ : =N
. . - . tHT |
Construction : The essential parts of Van de graff generator = ot
are shown in fig. 8 is large spherical conducting shell of v ——

radivs cqual to a few meters. This is supported by a
conducting shell of radius equal Lo a few metres. This i




The poasitive fons to be accelerated are produced in a
discharge ube T The wen sowree Lies b the husd ol the
tube arsicde the sphencal shell. The cther end of the tube
carmy:ng the taroet nucleus 1s earthed

The penerater 1 onelosed 1na stee] cheamber © Rlled with
mutrogen or methane al hugh pressure i order 1o mnomise
leckagze i a steel spherieal conductor

Waorking : The spray comb is given i positive potential
(=1 Ok valt)wrt the earth by hightension souree 1L L
(o discharame setion of sharp point s, a pestiely charped
electric wind s sel up. which spruys posiove chirae on
the belt (eorana dischaneed. As the Bellmoves, and reaches
the comb., & negative charge 15 induced on the sharp ends
of collecting comb I3, and an equal positve charge 1
incuced on the farther end of L', This postive charze
shifts anmediately ta the outer surfzce of & Lue ta
discharzinge actien @l sharp points ol Ba negatively
chorged electric wind is set up This newlralses the positive
chargz on the belt. The wnekoread balt ceturns down,
collects the positive ehirge [Tom B.owhich i um s
collected hyBl. Lhis s repaated. 1hus, the pcsuve chirge

on 5 goes on accumulating

Tow, the capazity alsphenical shelle 4 ai Bowhere Ras

raadius ol the shell,

Q. oy @
e R

‘1 '|-|-
Tenee the potential Vool the spherieal shell poes on
nereasme with merenss mn 0

The

moement the potential ol spherical shell excecdsthisg value,

The breakdown ficld of air is abowt 3 < 107 Vo

air around 5 s 1onised and Teakaoe ol eharge starts. The
leakage is minmiised by housing the gencrator assembly
inside a steel chamber flled with nilrogen or methane al
lugh presswes,

Lt q 15 the charge onthe on o be accelerated and Vs the
potertial difference developed across the ends of the
disclarae whe, then energy acguired by the wns = gV
Tha dones lut the target with this 2neray and carry out the
artificial transmtaton ete
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(i}

(ii)

(iii}

(i)

vl

Suppose we have s identica] drops cach having - Radios
rCapacimnee e, Charge - o, Potantial v and Energy

-1

¥ zhese drops are combmed 10 form a big doop of

Radivs — R Capacitanze — O, Charae — 0, Totential - W

and Lnersy - L then

Charge on higdrop:

Q2=ng

Faadios of big dreap: Velume afhiz drop = 0= velume ofa

simale drop T

Capacitaner of big drop:

E=n''c

Pofential of big drop :

_rm

Lreroy ol bizdrop: 10— 1-: W 1 {n"":‘]{n""':'-.']

®  T1is avery common misconception that a capacitor
stores charge but actunlly o capocitor stores electnie

energy in the clectrostate feld between the plates

#  Two plates ol uncqual area can also form a capacitor

because effectiive overlapping arca is considered



M =

=g

® Capacitance of a parallel plate capacitor depends
upon the effective overlapping area of plates

(C e A), separation betweenthe plates (C «1/d)
and dielectric medivm filled between the plates,
While it is independent of charge given, potential
raised or nature of metals and thickness of plates

#® The distance between the plates is Kept snall 1o
avoid fringing of edee effect (nos-unifommity of the
field) at the bounderies of the plates

)

A
+
1

" |

E ]

-

-

EEIEIEI E
1

-

#® Spherical conductor 15 equivalent 1o a =pherical
capacitor with s cater sphere of bt radins,

& A spherical capacitor behaves as a paralle] plate
capacitor il it’s spherical surfaces have larze rdii
and are close to cach other.

#® The ntensity of electnic field betweenthe plates ot a
parallel plate capacitor (E = a'c p does not depends
upon the distance between them

#® Radial and non-uniform electric field exi=ts between

the spherical swrfaces of spherical capacitor.

9. CHARGE DISTRIBUTION METHOD

(Circuit Solving method)

Sometimes it may not be easy 1o find the equivalent
capacitance of a combination using the equations for
series-paralle] combinations, We ney thenuse the general
mecthod as follows :

Step 1:

Idemtify the two peints betweens which the equivalent
capacitance is 1o be calculated. Call any one of them as A
and the other as B,

Step 2

Connect (roentally) a battery bety CLASSZ4

postive lerminal comected to A and the negative termual
1o B. Send a charge +0 from the positive terminal of the
battery and - from the negative terminal of the battery,

Sep 3:

Write the charges appearing on each of the plates of the
capacitors. The charge conservation principle may be used,
The facing surfaces of a capacitor will always have equal
and opposite charges. Assume variables (), (). . etc. for
charges wherever needed. Mark the polarity across each
circuil element comesponding to higher (+) & lower (<)
potentisl ends,

Sepds

The alzebraic sum of all the potential differences along a
closed loogr A cirouit 19 Zera,

Vhile using thi= mle, one starts from a point on the loop
aril eoes along the leop, either elockwise or anticlockwise,
forreach the same pomt again. Ay polential difference
enicountered (iom —ve 1o fvel is taken lo be positive and
arry protential drop dfrom tveto —velistaken to be negative,
The et suim of all these potential differences should be
LT

The loop T follows direct b fiom the fact that electrostatic
force 15 a conservative force and the work done by it in
arne closed path is zero

Sep 5

Mirnber of variables QL O, ete, tust be the same as the
mnber of equations eblamed {(leop equation). The

Q

cquinvalent capacitance C.. == . where Vis the potential

difference across the asswmed battery tenminals,

10. .wﬂgﬁmﬁus BRIDGE BASED CIRCUIT

i

If in a network five capacitors are arranged as shown in
following figure, the network is called wheatstone bridge

C .. c, C,
tvpe cirewt, I i s balanced then =L = =2
k! 4

hence C, is

removed and equivalent capacitance between A and B

L, f i’
—“_I—“—
->— o —
v ( 1— 0, i
it i}




(i

(1ii

11. EXTENDED WHEATSTONE BRIDGE

.,
C,+C,

+

N
o C+C,

The given ligare consids ol twowlicatstone bridee conneded
togctha, One bridee 15 comected betwean pout= AEGHEA
ard the other is conmedted betwee points DOREHTE.

This problemis known e cdended whent o bl ce problomn,
it Bass tweo branchies BF and GE to thie left sl vizhn o which
syirunelry in the radio of capacitics can be <o

It can be seen that ratie of capacitances i byanches AL
and EG is same as that between the capacitances of he
branches AF and FIL Thus, mthe bridee AEGIHTA e
branch EF canbe removed. Similarbe mthe brdee EGEBHITTE
branch GEH can be removed

[ | L
L g
11 l 11 l =l
¢ i
A -[ -[ T
11 1 I
|_- E |_| H 1_|
LA LN L
C C LA
I-| ’ I} 1 e
il L [}
. -
f"| rﬁ
| L I k |k
17 T 17 " 1 b
9 C L4
s
c.h!-: o
3
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(i

Suppose the effective capacitance between A and B is C.
Since the network: 15 infinite, even if we remove one pair nf'
capacitors fromthe chain, rermairang network would still have
infinite par of capacitors, Le., etlective capacitanc e between
X aned Y would also be

X
AO— T P
4y L, [0
C.o= C.o= ¢ == 4
H O— It - ——
¥
i X
—i} o Pare i
= —a
o5
4§
g -, hEoms
, 5
— . EE T Tk e o
| T I
1! 5—
Hence equivalent capacitance between 4 and 8
S + O
i S — E '.'r
O+

L+ 1%-"-1J
Y

Forwiut value of O inthe circuit shown belowwall the net
elfective cap :'.r.'llancc between A and B be independent of

the munnber of seclions in the chain

H C

>

= e T —— L
£
i
_Ll

[=F Y A—

Suppose there are 0 sections between A and B and the



relwaork s terminated Ty O with eguivalent capacitance e e ] '
- . ) . AL+ .
oo b we add ome more sections o the network | Henee ) _¥: s e
[} “-.. P I;-' E e

buelween [ and O (s shown in the follawing ligured, the Aty
equivalent capacitance uf the netwark O will be
mdependent of number of sections if the capacitance | - simplification € L

m Ty

huetween Trand O il remains © e |

13. CARCUITS WITH EXTRA WIRE {PLATE NUMBERING METHOD)

Lf there 15 no capocnier n any branch of o netwock then every pamt of this branch will be at same petential. Suppose equevalent

capaclianes 15w b determme 1o follow mg cases

A "
0 [ (X 1 A |
(1) t——”——ll——ll——. +——] ] }——} g
fi =] gl {5 1. RRE [ i
Fi I i
C =8l
A
L]
t ‘ ! I it
i - i
(i) @ = m N T —a — & —
A H A H A R
. . .
1 ~ — ! T

Moo g, across vertical branch so s removed

¢ =20
=~ \— n
[ -
iy [ » »-— \ -
! A 1% A % 15
T A =y i
[ 3




o -
sl
~.

d t &
- = —e => & B
vy & B -
{1 A i } E o=20 o
Hence equivalent capacitance between A and B is 20/5.
ﬁ -\1&"' e
L o
+ = i
L
(V) o ARG e points A, P and 8 are clectrically same Le., the mpuat and output points are

directly cormected (short coreuited)

Thus, entire charge wall preter to How alenz path APE I means it e cpeacitors comedted i the cireunt will not reccive army

charze for doring. Thus equivalent capacitance of Bns corvut 15 cro,

14. USING SYMMETRY BETWEEN TWO POINTS

{1}

Svmmmetry is always defined between 2 points, '

Equivalent {svmmetric) paths have same number, value
and oeder of circuit elements along it b

| [ ‘
I

]
& - - L}
When two or moere paths in amy network are equivalent, 1
then charges flowing throogh those paths will be same.

P

Between A & B, pathsily & (3 5y tri =1,
This technique makes the circnit easy to comprelend chver patistl) & (3)are symmetric =q, =,

|"'|.|F

1uF 'L Il

N

1
Q) ~—"$&5’ s 1 e Ly
IJ} l 7© 1} = ‘: (i) o -|-1| :
A 1 il
1
TG;I o '_”'I':'[._r_ ”:ﬂr o

Pk Paths (1) & (3} are svinmedric between A & B thus equal

charge will low in them
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4 If the combination of elements inthe network 1s symmetric wrk battery ends, then the distribution of ©
same as is on the other end.
u.
2
{ -l ——-I_-*il —
_'_I]F 1|||T 11'1
Il _:
L
-‘1""‘*-*_‘_ Combining "//
4 ] o L
5 e
0 n 2uF O m g n (1
e — ==l —e I ——
T W T r F
i " . i M N ii_\-} -F -
“Ng charge
n Conibined elTect
15. BATTERY SUPERPOSITION'METHOD _
1uF %

Ina circut involving mmltiple bint crics, the chiraze lowing

will be the superposition eilect of cach Latier

Tul 5%
i
B ” | |
IuF i
b |
1
1r
o
EfMect ol 10V batfery
s
l_| |—
LTy Aul”
S — 1 |. —
Jpt” f' el 2
|._ — ||.. —
IS8 | 2iek
Effect of 5V baltery
dpt AW
e f—
2l Iut 2 Al
e
pC [ “uL pF
21'.: .'f;_l

ol

’—II—H—
g

. .L | Dk JI
10 | :
{1 ——
[y IEET
,.f-"’
M

When more than 2 batteries are present, take individual
citect of battery, assuming other batteries absent. And
then superampose to get lotal effect

16. DIELECTRIC

16.1 Series and Parallel {with dielectrics)

{a) When diclectric is partially Mled between the plates

If a dielectric slab ofihickness 1t = d1 s inserted between
the plates as shown below, then E = Main electrie field
between the plates, E=Induced electric field in dielectric.
E'=(E- Er= The reduced value of electric field in the
dielectric, Potential difference between the two plates of

capacitor is given by



¢ El"JL
—F C=
F O /- (d-t)
- o+
. E
31 P aES |-
+ | ur
- = &+ | A
LI [P—— RS
E B+ -
et E—]
e | —

VI=E(d )+ Et=E(d—tj+ ;]f" t

"= = (Inthis case capacitor is said Lo be shord circuited)

o t a Iy Qo 1 X )
= V' =E|d=1+— [=—|d=I+— | = () Advance case of compound dielectrics
K! & R/ Azl K. : , . .
‘ I several diclectric medium filled between the plates of a
MNow capacitance of the capacitor parallel plate capacitor in different ways as shown,
.0 . £,A i The sv<tern can be assumed tobemade up of two capacitors
= v S j ] ' and O whicl nen be said o copnected i series
—lae = i -

B oA 11

L= = C,=— _and —=—+—

! d d R S S

':-.ll: = : 1 -
d—(t, +1, + [,y | FAK, | £A W, K,
Co= — | —/— Ao K, =——
- | E‘L-_ + I\; i d I\] "‘I\:

iy Inehis case these two capacitors are in parallel and

H— o ——H

o 5A ‘: T //f/

L Lt ] ——s
K K. K K,
ShoE T T oo BEA L Kiga
(b} When a metallic slab is inserted between the plates I W 2d
l Henee, C =C +C. o C _[E"IEJJEJ’E
T e
A o= ) K, + K,
. Also K, = o2
l Capacitance 2
— ] ———#i




iy Inthis case C, and C': are in series while this combination C I !‘ ss24
151 i ol

15 irt petial lel with C
it 1 Henee, ¢, = ——2 +( = Tea &
t.,_. K5 A

f RJEEI-.':- LB, A k2 K.e. A
Y &4 2 e
A
K=
and ¢, = | "f_zhﬁi‘a‘
[ 2

16.2 When separation between the plates is changing

A o, Z 1 :
IF separation between the plates chanzes then s copacitance alzo chongees according to ¢« — - The ellect on other varables
d

depends on the Bact that whether the charocd capacitor is disconnecred fam the baltery or battery 15 stll connected.

(i} Separatlonis increasing

Chintity Baattery is retnoved Battery remains connected
| \
A l
1 | —|
—d—H | 1
v
. 1, .
Capacity Decreases becanse C e 1 fe, C'=C Decreases ie, C<C
Charge Remains constant because a batlery Decreases beeause battery is present e, <
ts rot preseit Le, Q' =0Q Remaining charze (O - 07 goes back to the
battery.
Potential difference Increases because v = Q =V ! e, V' 2V V=V (Since Battery naintains the potential
C T
dilference)
Hextnic licld Ranains constant because E = — =L ic. E'=E Deorease becawse E = 2 = ExQic,E<E
g Ag Ag,
Freroy hicrosesbocmse 17 = — U-:rl e U'=U Dorosesbecase U = -I-C'\. == ie, U<l
o o 2
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(i) Separation Is decreasing

Cuanlity Baltery is rernoved Batlery renmins connect ed
Capacity Increases hecause e l ie, OO Increases Le, "=
d
Charpe Remains constant because battery 1s Increases because battery is present ie., (3" =)
not present e () =1) Renmining charge (3" - Q) supplied from the
baltery.
Potentin] ditference Decreases because V' = Q = Ve Lie A2V |V =V (Since Battery maintains the potential
o C
i toence)
: . e 4 Q !
Bleutre fielid Fermairs constard becne E= — = — Le, E=E Inocaesbecase E=—— — E« (3 ig, E-E
B i A
M - ' S
Enerey Detressesberinse U - == — e B e Lhe L e reswses bocmee U = sCV- =S U« e, U=1U
=t =
16.3 Force on dieleciric /’
When dielectric is placed near the chargcld capacitor
(rectangular plates), it expericnces force towards the E ] Force doesnt depend on the amount of dielectric
capacitor. due to mneng Geld just cutside the plates. in=ide the plates.
L Foree becomes zero when Dielectric i3 inmiddle
AN of plates.
3
1 l ll- L= ey Brattery discomnmec ted (0 ramains same)
Fringing =~ he—_— L fax X b
ficld
/ IR EEEEY Y
(2} Battery conneded (V remains same) H K l J’ lF(—-. } } [
———————— L

Qd(K -1)
Zeb(f+x(K-1))

Ao /

Force depends on x {anount of dielectric inside the
{towards capacitor) capacitor plates).

F=

2 bV (K -1}

1
5




17. REDISTRIBUTION OF CHARGE BETWEEN

TWO CAPACITORS

When a charged capacitor is conmected across an
uncharged capacitor, then redistribution of charze ocour
to equalize the potential diference across each capacitor.
Some energy 15 also wasted m the form of heat.

Supprose we have wo charged capacitors C, and C, after
disconnecting these two from their respective balteries.
These twe capacitors are cotmected to each other as shown
below (positive plate of one capacitor 15 connected to
positive plate of other while necative plate of one s
comnecked to negative plate of other)

—e

L] —m— e _ T

i bt » patils

Wi Wy

Charge on capaciters redistribuote CI H SS24

f
t} illbe €% = Q| L ] =
remwill be Q5 1LC.+C;; N "‘L

xS

CL'!'C:J

s i L H
< lec"l"l v -

‘ \
The commonpototial V= L 1 oss
A & C, +C
L v
of energy AU = 172 (v oWy
2[(-1| If::'}{ | .}

Two capacitors of capacilances C, and C, are charged to
potential of WV, and V, respectively. After disconnecting
from batteries they are again connected to each other
with reverse polarity ic., positive plate of a capacitor
conneeted Lo negative plate of other. So common

potential W 1?" ~, -ﬂa

C +Cd ‘ C+C,
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