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Chapter no 1: Electrostatic
Part-1 Electric Forces and Field

1- Change on Body is in integral form is called Quantization of charge

g==ne where:n=1,2,3,
Let ‘e’ is the charge on body
Proton = +q = +e =1.6 x 1071°C

Electron=—q=-e=—-1.6 x 1071°C

Conduction and Induction

Property of charges
S} g2 Property
+ + Repel
+ — Attract
- + Attract
- - Repel

Like charge always repel
Unlike charges always attract

Every Body is Neutral body mean equal number of +ve charge = equal number of negative charge

Net charge =ng —nq=0
But any Neutral body become positive charge body or negative charge body.

Conduction
A positive charge body connected to neutral body than neutral body converted into positive charge body.

Neutral Body

+ T+ + T+ + T+ +++
+ + " 7 + + + +
+ + — + + + + +
+ ++ + + ++ + ++
+ + + +
I I 11
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Induction

Phenomena of charging an uncharged conducting body, by bringing a charged body near it, without
making a direct contact between the two bodies called “charging by induction”.

Attraction. so that not move,
g}ﬁsﬁl{ﬁ& I r
[ ]

Now, Rod & Earthing — Remove

Eut these Now Body become
charge will be (Negative charged
transmitting to Body)
whole body

[ ]

| \"““ No charge
Rod remove hm ——— [Negative charge

earthing remain = also goes to earth]

E“Q%,H

Eg.




Note

=" i1
IS

Uniformly distributed

2- Rate of change of charge is called “current”

= dq =ne
dt’q

ne 1
I=—=nexv where T =—
t \Y

T is Time period and v is frequency
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3- If ‘e’ is electron moves in circular path with velocity (v) and radius (r)

Then current is

I_q_ne ne nexV
_T_T_ZTII'/V_ 2mr I I
ne XV
Current: | =
2Tr
Potential: V = I x R = | ="
otential: V=1x R = p-— v r

Where R is resistance

4) Coulomb’s force

_ 1 191ll92]
4mey 12
where: =K =9 x 10° Nm?c?and g, = 8.85 x 1072 N-1¢?m

TE
Unit of g5 = N-1c?m=
Dimension of g, = M1L=T?C?
Unit of K = Nm?c2
Dimension of K = ML3T“A2
€, = Electric Permittivity of free space
€ = Electric Permittivity of medium
€. = Relative electrical Permittivity of Medium with space
€= gy X &
Note: f1 is a force between two charge and f; is new force when free air is replaced by another medium.

1 1q4ll9z|
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1 ]q4llqzl
, = — A2
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_ 1lasllgzl
? 4TIEnX €412

New force after replace air/ free space by medium.

f,
&r

f2=

Note:
* g, is 81 for water
* g, IS oo for metal

*e 21

5- Resultant of Coulomb forces

Let there are two forces then resultant force will depend upon the direction of forces.
Case 1: When both force in same direction

Resultant force will be

fr=f1+1;

Example: 1 —  »f

fi=2N, f,=3N « ————*f;

f=fi+f,=5N
Example: 2

f1=2N, f, = 4N, f3 = 5N >
f=fi+f,+f; = 1IN —_—
—_—

=l ]

Case 2: When both force in opposite direction
Resultant force will be

fn = fi— 12 ;=
Example: 1

fi = 12N, f, = 3N

fn=fi—f,=12-3=6N

»f]

£

Example: 2
f1 = 1ON, fz = 20N, f3 =5N
f=f+f,—f;=25N
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Case 3: When angle (0) is between two forces

Resultant force will be

fz\lflz +f,% + 2f,f, cos ©

Example 1:

fz\lflz +f,% + 2f,f, cos ©

J(3)2+(5)2+2 %3 x5 x cos 30
= /9+25+30§

» Special Case
Case 1: When 0 is 90°

fz\jflz + £, + 2f,f, cos 90

f= /flz + £,

Case 2: When 6 =0°

f=/f? + 2 + 2f,f, cos0

f= 7+ 7 + 2fif,

(f; +£,)2

fi=3N

=130°

fi

fi—s
o —

f=f; +f, (Maximum force or greatest force)

Case 3: When 06 = 180°

f=/f? + fZ + 2f,f, cos 180

f=/f2 + 12 - 26,

f=5N

Body
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(f; — )2
f=f;, — f; (Minimum force or least fore

Important Results:

Angle Resultant Force
6=0° fn= VEZ+ 12 + 2f2= 22
8 = 30°

fN=\/f2+f2+2f2>< ng\/(2+ V3)

0 = 45° _ 2f2 _ 2\ _
fn = \/f2+f2+ﬁ—f\/(2+ﬁ)—f /(2+ V2)

0 = 60°
fn = Jf2+f2+2xf2x ~=1\3

0 =90° fn=Vf2 + 2 + 2f.fcos90 =2 + f2 =f+/2

6 =180° fn =VI2 + 2 + 2f.fcos 180 =V2f2 — 2f2 =0

ABCD is asquare, AB=BC=CD=AD=A,

A

A

A
N

5
—a —

a2 n a2 2a2 a
r= |- - = |[— = —
4 4 4 V2

AO=BO=CO=DO=r=

NIl

K|gallqol
(A0)?

Forceon O by A=fa=
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_ ¢ _ Kklaggllqol
ForceonObyB=fg = —(OB)2
_ . _ Klqcllgol
Forceon O by C =fc = —(OC)2
_ . _ Kklapllgol
ForceonOby D =fp = —(OD)Z

Note:

1) —q charge is always is mode, so it will become positive in all forces.
fa=fe=fc=fpo=f

2) Direction of force from +q is outside —

3) Direction of force from —q is inward <——

Direction of coulomb forces

Ques.1 Find the force on ‘O’.

A D
q +q
O
Ty o

Ans. fa and fc are equal and opposite in direction so they cancel out each other.
Similarly fp and fg are equal and opposite in direction so they cancel out each other.

So net force, Fn =0
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Ques.2 Find the force on ‘O’.

A D
-1 —q

Ans. fa and fc are equal and opposite in direction so they cancel out each other.
Similarly fp and fg are equal and opposite in direction so they cancel out each other.

So net force, Fn =0

Ques.3 Find the force on ‘O’.

A D
+q —q
O
—-q +
B C

Ans. fa and fc are equal and opposite in direction so they cancel out each other.
Similarly fp and fg are equal and opposite in direction so they cancel out each other.

So net force, Fn =0

Ques.4 Find the force on “‘O’.

A D
—-q +q
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Ans. fa and fc are equal and opposite in direction so they cancel out each other.
Similarly fp and fg are equal and opposite in direction so they cancel out each other.
So net force, Fn =0

Ques.5 Find the force on “‘O’.
A D
+q A D+q +q +q
Q
0 0
5 i
+q —-q +q -1
B C B C
Ans. fg and fp are equal and opposite force and fa and fc are in same direction

kQq _ 2kQq _ 4kQq
r? (a/\/i)z r?

Sonet force, Fn=fa+fc=f+f=2f=2 X

Ques.6 Find the force on ‘O’.

A D
+q —q

+q -q

Ans. Letfa=fg=fc=fo=f

fz and fp are in same direction, so
fi=fat+fc=Ff+f=2f

fa and fc are in same direction

hL=fo+fg=f+f=2f

f= Jflz + £, + 2f,f, cos ©

fN = \/flz + f22 + Zflfz COoSs 90




fn = (202 + (26)2
fn = VA4Af2 + 4f2

k k 4+/2k
fN:Zﬁf:zﬁ%ZZﬁ Qq2= \/_ZQq
r (a/\/f) a
Case of equilibrium
+q Q +q
» L -
) A C B
fra——o
1) Force on ‘A’ fo—
K .
A C B
—»fc
2) Force on ‘B’ —f,
f=fatfo . . .
A B
3) Forceon ‘'C’ fot—o—>f,
f=fa-"1s -q Q |
' * )
A B
an P . "
A C B
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1) Force on ‘A’ »f5
—afc
f=fsg+fc —q —q
* » ]
A B
2) Force on ‘B’ ) fa
«— fr
f=—fa—fc —q Q —-q
» * -
A C B

3) Forceon ‘C’

f = fB - fA
- Q -
- » -
A C B

6- A charge (q) is moving in circular path around the charge (Q) then:

. mv?2
Centripetal force on charge (Q) = fc = <
kq xQ q

Force betweenqand Q =f = 2

For uniform circular motion, both force are equal
fc =f
Radius

kqQ mv2

r2 r

kqQ
V2

r=

Velocity (v)

kgqQ _ ,
— =V
mr




RAHEIN EDUCATION NEET/JEE

www.raheineducation.com

V=TIw
\'"4
w=-
r
kqQ
mr _ |kqQ _ |kqQ
W= = =2 0= >
r mr.r mr

Time period (T)

1
W=2TV =21 X =
T

2TC
T=—
(o
T=on |2
=21
kqQ
Freguencygvz
w = 21V
o
2T
1 kqQ
" 21 A mr3

7-A charge particle (g) moving in circular path in electric field

Force on charge particle (q) in electric field

L

— >
f=qE {: }q »E

Centripetal force on charge particle :

mv?2

r

fc=

For uniform circular motion, both force are equal
f=fc

mv?2

qE=—

r

radius (r)
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mv?

qE

Velocity (v)

V=
m

Angular velocity (w)

V=arxow
A qEr qE
wWw=—= 2: —_—
r \’mr \/mr

qE

(1): —

mr

Time period (T)

1
W=2TMV=2TT X =
T

2T
T=—
o)
mr
T=2m
qXxE

Frequency (w)

w =21V
o
2T
1 qE
_Zn mr

8- A field around a charge due to a given charge as the field that permeates the space
around the charge, in which electrostatic force of attraction or repulsion due to charge can
be experienced by any other charge.

E = lim —

qo—~09p
1_1Qllgol
E=41‘tso r2 _ 1 E
do 4Tg r?

Unit of Electric field
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E= f Newton N NG
- q " Coulomb C

Dimension of Electric field

f MLT 2
E=—= = MLT—A
q AT

Electric field is a vector quantity

When, (qo) is test charge, which is used to find electric field of other change (Q)

5

Property of Test charge (qo)
1) Electric field due to Test charge (qo) is negligible
2) Magnitude of Test charge (qo) is one (1).

Electric field lines for different charge systems

1) Electric field lines of a positive point charge

2) Electric field lines of a negative point charge

3) Electric field lines of an electrical dipole

4) Electric field lines of two positive charge ﬂ)

p 2
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5) Electric field lines of two negative charge

6) Electric field lines of a positive charged plane conductor

L B Y 1[ ‘l[

L A A A A

] + 4+ 4+ + +

7) Electric field lines of a negative charged plane conductor

Note:

ryvYy

Jh‘uunh

Neutral point — The point where no electric field lines passes —_—

L

Condition of neutral point
1) Both charge should be positive
2) Both charge should be negative

9-Path of charge particle (q) when it move in electric field (E)

L kq
Electric field E = —
T

For charge (q)

E—£=>f— E
q q

f=qE 7!

Force on charge (q) when it move in electric field (E) 7

Path of charge particle (g) when it move in electric field (E)

Y Y Y YYOYyY

Force on charge particle in electric field f = gE

When charge particle move in electric field with acceleration (a) then force will be
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Then equation of path covered in y — axis is
_1 (E) x
y= 2 \m/ v?

1 qE
y=kx2,whenk=5 d

mv?2

The path or trajectory of charge particle is parabolic

10-Velocity and Distance travelled by charge particle in electric field

Force on charge (g) when it move in electric field (E)
f=qE i
Path of charge particle (g) when it move in electric field (E) TR

Force on charge particle in electric field f = gE

Yy Yyryvyy

When charge particle move in electric field with acceleration (a) then force w... -2
f=ma
ma =qE

_QE
" m

a

initial velocity is zero for charge particle

u=0
qE
v=u+at = v=—:111=
m
1 1qE
S=ut+—at®? = Sz—q—.t2
2 2 m
qE

V2=u’+2as = V=2 —s
m




RAHEIN EDUCATION NEET/JEE

www.raheineducation.com

11- Electric dipole: A pair of equal & opposite charge +g and —qg separated by a small distance is
called “electric dipole”

—a—A— a—
Al+q -q|B
Electrical Dipole Moment = Either charge x Distance between them : 2a !

P=]q| X 2a

Unit P =Coulomb x metre=C X m
Dimensional P =[AT][L] =[ATL]
Direction of electric dipole is (-ve) to (+ve)

Direction of electric field is (+ve) to (-ve)

12- Electric field due to dipole at axial point Ee Ea

—a—i—a— M
_ 2k(q2a)x _ 2kPx Al+q _qFB
7 (x2-12)2 ~ (x2-r2)2 .

P=qg2a
Special Case
a2 < < <r?so a? neglect

2kPx _ 2kPx _ 2kP

_(X2_02)2 T x4 %3

a

13- Electric field due to dipole at equatorial point

E.= kq2a kP ’qEﬁ*
e = (x2+a2)3/2 - (X2+a2)3/2 <E+

%
P=q2a A °F

&

’ X

Special Case R4

a2 < < <r?so a? neglect af—a®

Altq -q|B
[ 2a |

_ kq2a kP
- (x2+02)3/2 T x3

e

Relation between an electric field at axial point (Ea) and equatorial point (Ee)
electric field at axial point = 2 x electric field at equatorial point

Ea=2 X Ee
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14-Torque on a dipole in a uniform electric field

An electric dipole is placed in electric field at angle (8). It will experience a Torque (t)

T=PEsin® (~P=qx2s)

=PxE (A x B = ABsin 0)
B .
A >
Iy >
23/ / .
i »
¥ /-1/18 -
A >
Work done in rotating the electrical dipole through an angle 6 in electric field (E)
Let electrical dipole rotate from 6, to 0, B » >
Then work done will be ; B2 >
w = —PE (cos 82— cos 61) f - l..;
A - Az Bz 4
6, = initial angle VA > A >
0, = final angle
work done by electric dipole
1) Stable condition
it =,
7 > >
L - L
4 4 - 4,
B, = 90° B2 = 0"

w = —PE (cos 62— cos 61)

w = —PE (cos 0°- cos 90°) = -PE (1 - 0) = -PE

2) Unstable condition

Y Yy Yy yywy

+q —q
B = 90° B2 =180°

-+
YY Yy yy
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w = —PE (cos 62— cos 61)
w = —PE (cos 180° - cos 90°) = -PE (-1 -0) = PE

15- Electric flux (d) is measure of total number of electric lines of the force passing normally

through that area. /

$=E.S=E.Scoso (A.B = AB cos 0)

0 is angle between Electric field (E) & Area vector (i)

Electric flux is a scalar quantity

/
Every area has area vector (i) i
il is always perpendicular to the surface
Case 1: Maximum flux >
-
Angle between E & i, . — »E
n
0=0° >
[~ >
$=E.S=EScos6=EScos0=E.S P >
n
Case 2: Minimum flux 4
>
Angle between E & 1, - 30° .
S .
0 =90° Y v E
I 7 "
$d=E.S=EScos6=E.Scos90=0 >
L
Note: B =90°

1) Normal form of electrical flux
¢=E.S=EScosH
2) Integral form of electrical flux

Let dS is a small surface area and ¢, is integral of close surface area
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¢=§.E.dS=§ E.dS cos 0

3) Electric Flux density % =E

4) Charge density

A is Linear charge density, A = g/l

o is Surface charge density, o = g/A
p is Volume charge density, p = g/V

I is length, A is area and V is volume

16- Gauss theorem states that the total flux through a closed surface is 1/gotimes the net charge
enclosed by the closed surface.

a

¢=gﬁSE.dS=€0

Application of Gauss Theorem

L o , : E E EF o
1) Electric field due to an infinitely long straight charged wire. 2
A n i n
E = - \--- “-Mty=-===- - —_———
21'[80 r ! \ :’ N a
la l|'1 ' ‘\.
Where, A is Linear charge density, A = ¢/l [n ' \

T .+ &+ + + ¥ +

-
-
-

-
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2) Electric field due to a uniformly charged infinite plane sheet.

*
- g et T et

+ +
.+ - *
280 et

ny
-
.;,4
™
.r""
™
b
5]

o is Surface charge density, o = g/A

L
; . T+
Special Case: + L
+ o+ +
R =+
1) Thin sheet +++++++++
I - . + + 47
Electric field due to positive thin sheet. * L o Lt 4
+ + +
o + o+
=— + 7 + t
2gg + °

Electric field due to negative thin sheet.

o

280

o is negative for negative sheet

Combination:

Case — 1: Thin sheet when both are positive

o

E1—E
_©

EZ_Z_SO

—E:
—*E;

_..:El

+ + + +
+ + + 4 4+
+ + + 4+ +

Ei+
E:+—

+ + + 4+
+ + + + +
+ + + + +
+ t + + *
+ + 4+ + *
+ + + 4+ +
+ + + 4+ 7
+ + + 4+ 4+
+ + + + *
++ + + 1
+ t + + *
+ + + + +
+ + + 4+ +
+ + + 4+
+ + + + +
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| Region Il Region I1l Region
E=-E1-E> E=Ei-E E=-Ei1+E2
=% _° =% _° _0c o
280 280 280 280 E_Z_SO+E
E=_2% E=0 _ 20
280 _280
- _ 9 _c
E= ” E_s_o
Case — 2: Thin sheet when both are negative
£, = o
e 280
Eo_2
2T 280
| Region Il Region I11 Region
E=-E1-E E=E-E E=E1+E>
- (=) _ (- -2 (== =2 _9°
B ( 2 80) ( 280) 2¢& ( 280) E 2¢& 2¢gp
_ 20 E=0 2o
_280 _280
-9 -_9
E= ” E >

Case — 3: When one thin sheet is positive and other is negative

o
E1—2—80

B o
EZ__Z_so

+ + + + +
+ + + + *+
+ + + 4+ +

+ + + 4+ F

+ + + + ¢t
+ + + 4+ +
+ + + 4+ +
+ + + + +
+ + + + *
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I Region Il Region 111 Region
E=-E1-E> E=E-E E=Ei1+E2
-_(2\_ (-5 =% _(Z° -9 4, _°
E B (2 50) ( 280) E 2¢& (280) E 2¢& + 2¢gp
E=0 — 20 E=0
2 €o
-9
- 280
Case — 4: When one thin sheet is negative and other is positive.
£, - _juia
1= 280
=2
2= 280
I Region Il Region I11 Region
E=-E1-E> E=E-E E=Ei1+E;
= _(_%)\_ (S -_9%9 _ (5 -_9 4, °
E - _( 2 50) (280) 2 &0 (280) E 2 &0 280
E=0 =_2 E=0
€0

2) Thick sheet

Electric field due to positive thick sheet.

o
E=—
€o
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Electric field due to negative thick sheet.

o
E=——
€o

o is negative for negative sheet

Case —1: Thick sheet when both are positive

o
E1=—
€0
o
Ey=—
€0
—»E
—»FE;
Eie— ——E;
Fie——
Ere——
| Region Il Region I1l Region
E=-E1-E> E=Ei-E E=Ei1+E2
(o2 (o2 o o
=-Z2-2 I = 4,8
€9 €9 €0 €0 E SO+EO
E__Z_G E:0 E:2_G
€9 €0
E=-X% E=2Z
€9 €0




Case — 2: Thick sheet when both are negative

o
Ei=——
€0
(o)
Er=—— I' ’
€0
I Region Il Region 111 Region
E=-E1-E E=E-E E=E1+E>
- (=% (-% -_2_(_-Z -_9_9
B ( 80) ( 80) &0 ( So) E &9 €
- 20 E=0 E=—2%
€9 €0
Case — 3: When one thick sheet is positive and other is negative
o
Ei= —
€0
o
o ' '
€0
| Region Il Region I1l Region
E=-E1-E> E=E1-E> E=E1+E>
- (&Y (=% =2 _(-Z =2.,-°
E B (80) ( 80) &9 ( 80) E &o + €0
E=0 =2,2 E=0
&o €0
E=2%
€o
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Case — 4: When one thick sheet is negative and other is positive.

o
Ei=——
€0
o
E,=—
€0
| Region Il Region I1l Region
E=-E1-E E=E-E E=Ei1+E>
=(=Z)Y_(Z =_2_(Z =242
E - _( 80) (80) =0 (80) E &0 + €0
E=0 E = _28_" E=0
0

19- Electric field density due to uniformly charge spherical shell

kq

Eon surface = —
r

Eout surface = ?
Einside=0 (As charge inside spherical shell is zero, the Gaussian surface encloses no charge)

Variation of electric field intensity E with distance from the centre of a uniformly charged spherical shell.
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0 r=R X

—_—
Distance from centre (r)

20- Electric field density due to uniformly charge solid spherical shell

¥
Em:u
E| # 1
wi Ew—
i T
f/
]
0 r=R X

— Distance from centre (r)

Let r is the radius of the solid sphere and p is density of solid sphere.

Let € is a electrical permittivity of solid sphere. The electric field due to the sphere,

_rp
" 3€e

I
o

At the centre of the sphere, r =0, % =

At the surface of the sphere, r =R

Rp .
E = — = maximum
3€
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Electric Potential and Capicitor
Part — 2

1- Let g charge move in electric field of charge Q. Then g will experience force by O.

Electric potential (V) at any point in a region of electrostatic field is minimum work done in carrying a
unit positive charge from infinity to that point.

Electric Potential due to charge (Q) at distance (r) "
_kQ __Q ‘ A
V= r  4meyr '@' q

Unit of electrical potential is volt (V) ‘.

1
1V=—J=1.]C‘1=1NmC‘l
1C

. . . . W MLT?
Dimension of electrostatic potential =V = E ==

= ML2T=A™

It is a scalar quantity.

Electric potential energy (W or U) of charge q at point P in electrostatic field due to any charge
configuration as the work done by external force in bringing the charge g from infinity to that point.

Electric potential energy = Electric potential by source charge (Q) x charge (q)
Qq

4TEGT

W=U=V.q=

Unit of electrical potential energy is joule (J)
Dimension of electrostatic potential energy =W = U = MLT

It is a scalar quantity.

Variation of Electric Potential Energy (U) with Distance (r)

0 —r
u
T Q}ﬂ' l Qcc{ll
u
0 —
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When charge (q) move from (B) to (C), charge in electric potential energy is

AU = Potential energy at B — Potential energy at A

kQ kQ
AU =Ug-Ua= (VB—VA)q = (— - —) q
rp ra
w o) ¢ 4
AB _, A B
o Ve—Va I re — x —
w X=ra-rIe
BA _\/, Vs
do
w A% A\
A2 ¢ —PA = —AB% = (Vg — Vi) + (Va - Ve) = Zero
do do do
Potential Energy of system A D
q, q,
Work done by (q:) = w: = Potential x charge
=VXQ1=OXQ1=0 5
q, q,
Work done by (g2) = w2 = (Potential by g1) X g2 B c
_ [K(h » ]
12 2

Work done by (gs) = ws = (Potential by g1 & q2) X g3

_ [KQ1Q3 ] + [KQZ% ]
ri3 rz3

Work done by (q4) = ws = (Potential by g1 + 2 + gs) X Qa4

= [V104] + [V204] +[V304]
K K K
=[ Q1Q4]+[ QZQ4]+[ Q3Q4]
14 24 I34

Total work done

W=W;+ W2+ W3+ Wy
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W=0+ Kqg,q1 N Kq1qs N Kq,q; N Kq14q4 + Kq,q4 + Kq3qs
iz rqys ra3 14 I24 I3q
2-Potential Enerqy of system AQI
Work done by (q:) = w: = Potential x charge
=VXxg:=0x0:=0
Work done by (q2) = w, = (Potential by g1) X g2 2 qé
B
_ [K(h X q ]
12 2
Work done by (gs) = ws = (Potential by g1 & g2) X 03
_ [KQ1Q3 ] + [KQZ% ]
ris Iz3
Total work done
W =Wy + W2 + W3
K K K
W=0+ J241 o J143 o d243
Iz s I3
Electric Potential at Axial Point
5 X |

Let Vais potential at M by charge at A
Let Vgis potential at M by charge at B

V= Vet Vpz —L 4 —X4
TUAT VBT x+a) | (x-a)
_ —2Kqa
 (x%-a?)

Electric Potential at Equatorial Point
Let Vais potential at M by charge at A
Let Vgis potential at M by charge at B

Kq Kq
Vx24a?2 Vx?4a?

V =Va+ V=

F—a—i— a—i
Al+q -q[B

[

vai+x2,” | pnval+xl
&

S—ad|—a

M




RAHEIN EDUCATION NEET/JEE

www.raheineducation.com

V=0
Note:

Potential and Work done are scalar quantity so direction will not consider. They will add as a
numerically.

Equipotential Surface

The surface where potential is same at every point

Let (go) charge moves

Wae = Vag X Qo
Wag = [V = Va] X Qo
VA=VB=V

WABZ[V—V]XQOZO

Wag = 0 [work done on equipotential surface is zero]

Equipotential Surface

1) When charge is positive (Q > 0)

t Equipotential
2) When charge is negative (Q < 0) % E . :;. 7;7’ surface

Negative Charge

Q=




3) When both charge are positive

4) When both charge are negative

5) Equipotential Surface of Electric Dipole

6) Equipotential Surface of Uniform Electric Field

; v -
iy Y F
eyt 5 LI
) [ W s
i J
L g b
' . -
i =
L] - % “F-f-
% o .
a e o T
- = o

-t

Two equal positive charges

Equipotential Surfaces
L

Two equal negative charges

Equipotential
Surface

Uniform Electric Field

Electric Dipole
Equipotential Surfaces
* —r 'fl —— ——p— —‘{—1-——
— S S
- ] — > ! L Ll - L . el -

my
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Graph between Electrical Potential (V) and Electric Field Intensity (E) with distance (r) when
charge is positive.

=

Electric Potential V and
Electric Intensity E

—> DISTANCE (1}

Graph between Electrical Potential (V) and Electric Field Intensity (E) with distance (r) when
charge is negative.

O —p distance (r)

Variation of Electric Potential with Distance r

_KQ
_r

\%

— U

— AN e 11
DISTANCE () Q=0 Q<0

Relation between E & V (Potential)

Potential Gradient

Electric Field is negative of potential gradient

dv . . . . .
E= - Potential change with distance = Potential gradient

= —Potential gradient

dvy
Ex =
X dx

(x — axis)
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£ dvy, )

vy -ads
_dv, .

E;= iz (z —axis)

Electric Potential is negative

v
~ dr
fdv=[E.dr
V=—[E.dr

CAPACITOR

1-Electrical capacitance of a conductor is related to its ability to store the electric charge or
energy.
Let charge (q) is store in capacitor (C)

q=CV

Capacitance is a unit of Capacitor
Unit of capacitance is farad.
q=CV
c=2

\%

1 coulomb (C)
1 volt (V)

Dimension of Capacitor

1 farad (F) =

w
q=CV ['.'W=V><q,V=E,W=F.S]
c=2

\%
_a _«

W/q W

AT]?
C= [ATI”  _ [M-1L2A2T4]

" [ML2T-2]
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It is denoted by _| I—

3 i ) i _o
Electric Field in Capacitor Q  E=gy Q
o * " -
—E=Z o=gA o
€0 + o _
where o is surface charge density A " -
+ — > _
r — o _

2-Capacitance of Spherical Conductor of radius (R)

C=4ngR
Note: Ratio of Capacitance of two spherical conductor of radius R; & R

Ci Ry
C, Ry

3- Capacitance of Parallel Plate Capacitor

_Q_ Q _&A + .
=V T =g —
€pA  — 5
.

-

4- Energy stored in Capacitor - —_— _

1 1 1q2
E=-CV’= -qV= -—
2 2 2 C

Where C, V and q are capacitance, potential and charge respectively.

5- Enerqy stored per unit volume or the energy density of electric field of a capacitor

1
_ total energy (U) _ total energy (U) _ ECVZ 1 (EOA) (Ezdz)
"~ volume (v)  Area of capacitor x Distance between the plates Ad 2 \ d Ad

1 2
u=-¢6oE
2
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Note:
+ —_—
When capacitor filled by air then capacitance will be Cq
€oA
Co=——
°" 4
_d —
When capacitor filled by dielectric then capacitance will be C + 7
C=K.GCo Dielectric
€A (K)
CT T
_d —_—
+ - + - + -
+Qf+ - +Ql+ - +Q -
+ - + - -
6- Capacitor one in series + = + - -
1 1 .\ 1 N 1 N .\ 1 C, | C; | G,
—_—= — - i — - H" - 1.'1‘ - |'_a
cC ¢ C ¢35 Cn ! ' 7
In series combination charge is same on every capacitor ) : E-
and Potential will be different for every capacitor
7- Capacitor one in parallel
C=C1+Co+Cs+........ + Cp + -
+, o8
In series combination charge is different on every capacitor v
+ -
and Potential will be same for every capacitor . .
+0y ...Cz_
+ -
+3 . -
~Qy +C3-
+ -
+* -
+ [ ] >
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Ques. Find the capacitance of diagram.

Sol. Let C; and C; are two capacitance.
They are connected in series
Distance between the capacitor will be half for both capacitors

_ EOAKI

YT 42

Ques. Find the capacitance of diagram.
Sol: Let C; and C; are two capacitance.
They are connected in parallel
Distance between the capacitor will be half for both capacitors
_gKi A
Td 2
_gKz A

=74 2

C=C1+(C,

Ques. Find the capacitance of diagram.
Sol. C; and C; are connected in series

_ le £0A

d 2

1
C Cl Cz
C and Csare in parallel

_K3X £0A

d/2 2
Cr=C+0GC;

3

1 Ca2
—| Ki K2 —
di2 di2

I | |
A K1 G
Az K2 Ca2

I d 1
Kx K:
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Note:

When a dielectric slab is introduced in between the plates of a charged capacitor with battery
connected across the plates:

» Potential V remains constant, (V = Vo)
» Capacity C increases, (C = KCy)

» Charge Q increases, (Q = CV)

» Electric field E decreases (E = Eo/K)
>

1
Energy U increases, (U = ECVZ = KUO)

However, when battery across the plates of charged condenser is off and dielectric slab is
introduced between its plates:

» Charge Q remains constant, (Q = Qo)

» Capacity C increases, (C = KCo)
\Y%
> Potential V decreases, ( 2 —0)
C K
\Y% \Y%
> Electric field E decreases (E =—= —0)
d Kd
2 v
» Energy U decreases ( = & = —0)
2C K

Common Potential and Loss of energy in capacitor

Case 1: Capacitor before connecting

Before
Connect _I | | |
C1 C2
Vi V2
Capacitor 1
Charge in capacitor (C1) = q: = C1V1

1
Energy in capacitor (C1) = u; = > oA\’

Capacitor 2
Charge in capacitor (C;) = g2 = C2V>

1
Energy in capacitor (Cz) = uz = > A
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Case 2: Capacitor after connecting

After Connect — Charge move from higher potential to lower potential till, potential became equal.

i

"IT
Capacitor 1
Charge in capacitor (C1) = q; = C1V
1
Energy in capacitor (C1) = uj = > C1V?

Capacitor 2
Charge in capacitor (Cz) = q5 = CoV

1
Energy in capacitor (C;) = uj = > OAVL

Charge always conserved
Charge before connecting = Charge after connecting
So, O+ 02=qj + b
CiV1+ GV, =CV + GV
CiV1+CV2=(C1 +Cy) V

Common potential =V =
P C,+C,

Energy before connecting (Us)
Us = z C1V12 + z C2V22

2 2
Energy after connecting (Ua)

Un=1 CiV2 4= Co\V2
A—2 1 2 2

——

"I'u"

Energy loss = Energy before connecting — Energy after connecting

C;1C2(V4—-Vy)?

AE=Us—Un= 2(C1+Cp)
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