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ICapacitance: H

Q
The work done in moving a unit positive charge + -
from plate 2 to 1 will be proportional to Q + =
hence, V a Q. Thus Q/V is a constant + : )
Thus C=Q/V, where C is called capacitance of + _ "
capacitor + -
Sl Unit: Farad (F)  Dimensions: [M™ L2 T4 A?] + -
Smaller units:1pF=10"% F,1nF=10"F,1pF=10"2F ® @
Case 1: Without dielectric i
A=Area of the plates which are t—-
parallel to each other and separated ~ 7_,, i = -
by distance d. s 5> -

Let +Q be on the left plate. The right
plate will induce -Q on the inner —d—>
side and +Q on the outerside, which
would be neutralized once the plate is earthed. Thus, for outer plates net
E=0.
For inner sides of the plates electric field will be from + to — and given by
o o o Q

FE= —4+— = —=

2e0 2e0 €0 Aeco
where o=surface charge density.

Since E = V/d.
4 Q Q oA
Thusd Ieo HenceC—V—T

Case 2: With dielectric medium
A=Area of the plates which are ) O O

parallel to each other and separated ¢ T o=

by distance d and containing a k5 5

dielectric medium of dielectric ; Tl B T oo
constant k and having thickness t + = o=

(t<d). i:<_,_>jr:

o = surface charge density of the
plate = Q/A and Eo is the electric
field before the dielectric is introduced (or in the region where the
dielectric isn’t there).

o _Q
Thus Eo = — =——

g0 Aeo
As seen Q induces —Qp on the dielectric on the closer side and +Qp on the
far side of the dielectric. Thus creating and electric field in the dielectric Ep
in the opposite direction of Eo.
% _ Q&

Ep =
p g0 Aeo

Eo
NetE=E0—Ep=T=kA£0

Eo t
Thus,V=Eo(d—t)+E.t:Eo(d—t)+7.t=Eo[d—t+E]

V= Aso[d_t+k]

Q €0A
Vo fe-erg]
d—t+ X
Special Case 1: t=d (the dielectric fills the full space)
Thus C = gokA
us,C = —
Special Case 2: . —s -
Multiple dielectric in series of
thickness ty,tz,....tn - T -
C EoA < ~ =<
T hL ot
BTt S k.

Special case 3: MuItlpIe dielectric in parallel of thickness ty,tz,...,ta
C= C1+Ca+....+Cn =— [k1A1 + szz + o+ kpAy]

If Ai=Az=.. —An—A/nthenC— [k1+k2+ -+ k]

Special Case 4: If the space between the two plates is filled by conducting
slab (k=)

A d A
Thus, C =28 = € CowhereCo=22

d-t  d-t d

Energy Stored in capacitor:
Work done is stored in the form of electrostatic energy in the electric field
between the plates. | |

Consider a capacitor of capacity C connected to a DC
supply of V volts. Let q be the charge on the
capacitor and voltage across it is V. Thus, C=q/V +

I
Say we transfer a small charge dq between the |
plates. The work done for this would be
dW=Vdqg=q/C.dqg
Total work done is
Q Q 2 2
q 1 J 1fqg°lQ _Q
w=|dw= —dg= = dq= =|=| . ===
Wjocqcoqqczo 2c

1 1
Other forms.W = ECVZ = EQV

[Combination of Capacitance: , N

Series : The charge on the
p!ates is same but Volatage is e g SR
different PN A 4

V=V1+V2+V3
e_0.,0 @ o] “e

C_s_c1 Cz C3 l

1 1 1 1
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Generalizing, — = —+—+ - ...+ —
Ceq C2 Cn

1 n
if,C; =C, =+-.=C, =C,then C—=E.thus,Ceq =—
eq

Parallel : The capacitors have {548
same potential difference but

plate charges are different Qi, Qz, A 0,
Qs

Let total charge be Q
thus, Q@=Qu + Q2+ Qs
CoV=C1V+ GV + GV i
Thus, Co,=C1+C2+C3

Generalizing, Ceq = C1#Ca#..cvureeee#Cn

if C1=C3=....=Cq=C, then Ceq =nC

Principle of Capacitor:

Consider a positive plate P1 with charge Q and V1 volts and capacity
Co=Q/V1. When a neutral plate P2 is brought close to it, the inner side of
P2 will induce a negative charge and positive charge will reside on the
outside of P2. On earthing P2, the positive charge of P2 will get neutralized
hence the potential of P2 decreases (say the value is V2). Now the
potential difference between the two plates is V1 — Va.

$0. €0,

Thus, + < T +

0 + -+ -
C= HE =+ +

Vl - VZ + -
Clearly C > Co. Thus, capacity - * (a) id
of plate P1 is increased by + - |+ a
placing an identical earthed P+ = P+ P+
metal plate P2 near it. ‘ ' ‘
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