KUSAL ACADEMY

CAPACITANCE

CONCEPT OF CAPACITANCE
When a conductor is charged then its potential rises. The increase in potential is directly proportional to the charge
given to the conductor. QaxV=Q=CV

The constant C is known as the capacity of the conductor.

Q Q2 AT? 124 2

Capacitance is a scalar quantity with dimension C = =< = =M L'TA

Unit :- farad, coulomb/volt

PARALI FL P ATE CAPACITOR N
co 9 _EoA -
\% d -

. If one of the plates of parallel plate capacitor slides )

relatively than C decrease (As overlapping area
decreases).

o If both the plates of parallel plate capacitor are touched

each other resultant charge and potential became zero.

o Electric field between the plates of a capacitor is shown in figure. Non-uniformity of electric field at the boundaries of the

plates is negligible if the distance between the plates is very small as compared to the length of the plates.

Edge effect

T —— E = uniform in the centre

N
+——_ E = non-uniform at the edges

THE CAPACITANCE OF A SPHERICAL CONDUCTOR
When a charge Q is given to a isolated spherical conductor then its potential rises.

If conductor is placed in a medium then
C =4neR = 4negR

‘medium
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SPHERICAL CAPACITOR OUTER SPHERE IS EARTHED

C = reed C=C +C,
—a
(b>a) C = 4nefa+b)
CYLINDRICAL CAPACITOR

(ii) Force between the plates
2
F=-QE 9
- - 280A
2
1
Magnitude of force F = Q =—g AE?
280A 2
Force per unit area or energy density or electrostatic pressure = X =u=p= E € E
COMBINATION OF CAPACITOR A 1Q l*Q Q Q +Q| 7| Q
. Capacitor in series: C G, C,
In this arrangement of capacitors the charge has no alternative 4 Vb Vb e Vb
path(s) to flow. +I =
v

Q . RR @
C= v =4ng, R, R, (in air or vacuum)

Spherical capacitor Inner is earthed Connected and Connected
outer is earthed and outer is given outer is given spheres
a charge a charge

A Q/¢

2menr 27'5801‘

Electrical field between cylinders  E =

R,
R
Potential difference between plates V = I Q dr = Q (n| =2
2rggrl 2nggl R,
1

v
AT TR H
||”’[

Q 2nepl

Capacitance C = — = ———— 0~
Padiai®®™= 3 ~ log. (R, /R})

The charges on each capacitor are equal
ie. Q=CV,=CV,=CV,
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The total potential difference across AB is shared by the capacitors
in the inverse ratio of the capacitances V=V, +V, +V,
If C, is the net capacitance of the series combination, then

Q Q Q Q 1 1 1 1
R_, R

—_——-— Y — 3 —

=
G ¢ G G G C G G

Capacitors in parallel
In such arrangement of capacitors the charge has an alternative path(s) to flow.
+ 4
The potential difference across each capacitor is same and equal the Q I I CQ -
1
Q Q Q A | tQyQ B
total potential applied. i.e. V=V, =V,=V, = V = —L==2-= 2I IC . !
Q1 Q| F
The total charge Q is shared by each capacitor in the direct ratio of the Ic,
capacitances. Q=Q,+Q,+Q, Y

If C, is the net capacitance for the parallel combination of capacitors :
CV=CV+CV+CV =C,=C +C,+C,

For a given voltage to store maximum energy capacitors should be connected in parallel.

If N identical capacitors each having breakdown voltage V are joined in

series then the break down voltage of the combination is equal to NV

parallel then the breakdown voltage of the combination is equal to V.

+11— +11—
Two capacitors are connected in series with a battery. Now battery is removed |—{ |—| }—‘
AN

and loose wires connected together then final charge on each capacitor is zero.

NC

If N identical capacitors are connected then C

series > parallel

_C ¢
N

In DC capacitor's offers infinite resistance in steady state, so there will be no current flows through capacitor branch.

ENERGY STORED IN A CHARGED CONDUCTOR/CAPACITOR

Let Cis capacitance of a conductor. On being connected to a battery. It charges to a potential V from zero potential. If
qis charge on the conductor at that time then q = CV. Let battery supplies small amount of charge dq to the conductor
at constant potential V. Then small amount of work done by the battery against the force exerted by exsiting charge is

Q 279 2

q 1 Q

dW = Vdq = —dq :w:jidq . = W=—
C 0 C c| 2

0

where Q is the final charge acquired by the conductor. This work done is stored as potential energy, so

2 1 1 2
=X L& CV2=—(ng2=EQV :Q—:icvzzin

1 1
2 2 C 2 2 2C 2
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o As the potential of the Earth is assumed to be zero, capacity of earth or a conductor
. . fe s q 4
connceted to earth will be infiniteC = — = — = o
vV 0

1
¢ Actual capacity of the Earth C =4ng R = 9x10° x64x10” = 711 pF
X

»  Work done by battery W, = (charge given by battery) x (emf) = QV but

1
Energy stored in conductor = 5 Qv

50 50% energy supplied by the battery is lost in form of heat.

REDISTRIBUTION OF CHARGES AND LOSS OF ENERGY
When two charged conductors are connected by a conducting wire then charge flows from a conductor at higher potential
to that at lower potential. This flow of charge stops when the potential of two conductors became equal.
Let the amounts of charges after the conductors are connected are Q,'and Q,' respectively and potential is V then

(Before connection) (After connection)
. Common potential
According to law of Conservation of charge Q
= CV,+CV,=CV+CV

before connection Q after connection

Ve C\V, +C,V,
C, +C,

Common potential after connection

. Charges after connection

. Q,+Q C
Q1=C1V=C1(C:+Cj = Cl +]C2 Q (Q : Total charge on system)

1 Q1+Q2 CZ
-CV=C =
s 2[c1+c2j [CI+CJQ

Q' _CV_R (in case of spherical conductors)
Ratio of the charges after redistribution = = p

. Loss of energy in redistribution
When charge flows through the conducting wire then energy is lost mainly on account of Joule effect, electrical
energy is converted into heat energy, so change in energy of this system,

1 2 1 2 1 2 1 2 1| CcC
AU=U,-U, 3[—C1V +—C,V j—(—CIV1 +=C,V, | = AU=—— 172 (V1—Vz)2
‘ 2 2 2 2 2{ ¢, +C,

Here negative sign indicates that energy of the system decreases in the process.
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EFFECT OF DIELECTRIC

The insulators in which microscopic local displacement of charges takes place in presence of electric field are known
as dielectrics.

Dielectrics are non conductors upto certain value of field depending on its nature. If the field exceeds this limiting
value called dielectric strength they lose their insulating property and begin to conduct.

Dielectric strength is defined as thle {nafo’(im%lm value of electric field that a dielectric can tolerate without breakdown.
Unit is volt/metre. Dimensions M L' T A"

Polar dielectrics

In absence of external field the centres of positive and negative charge do not coincide-due to asymmetric shape
of molecules.

Each molecule has permanent dipole moment.

The dipole are randomly oriented so average dipole moment per unit volume of polar dielectric in absence of external
field is nearly zero.

In presence of external field dipoles tends to align in direction of field.

Ex. Water, Alcohol, CO,, HC/, NH,

Non polar dielectrics

In absence of external field the centre of positive and negative charge coincides in these atoms or molecules because
they are symmetric.

The dipole moment is zero in normal state.
In presence of external field they acquire induced dipole moment.

Ex. Nitrogen, Oxygen, Benzene, Methane

Polarisation :

The alignment of dipole moments of permanent or induced dipoles in the direction applied electric field is called
polarisation.

Polarisation vector p

This is a vector quantity which describes the extent to which molecules of dielectric become polarized by an electric
field or oriented in direction of field.

P = the dipole moment per unit volume of dielectric = np

where n is number of atoms per unit volume of dielectric and Pis dipole moment of an atom or molecule.

5 g - did [i) induced surface charge densit
= =—— = = o, = induced surface charge density.
Unit of P is C/m2 Dimension is L “T'A’
e o e Il
oy - H o, = - _
VE +i _E v i
s B o HEBD B o
+ . — + > — "‘i E E—
T He® b oo
PN _ o = I L
— > — — beeeeeee- - G -G, G, -G

Dielectric slab
Let E,, V,, C, be electric field, potential difference and capacitance in absence of dielectric. Let E, V, C are electric
field, potential difference and capacitance in presence of dielectric respectively.
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VO (e} Q
Electric field in absence of dielectric E; = T ==
€p SOA
c-o; Q-Q Vv
Electric field in presence of dielectric E = E, - E, = = = —
‘ ) €0 d
Capacitance in absence of dielectric C; = V_
0
Q-0Q;
Capacitance in presence of dielectricC = v !
The dielectric constant or relative permittivity K
EO VO C Q (¢ €
org ="-="T. =~ = = =
" E vV G Q-Q o-0; g
FromK= ~ 2 %0 = Q1 - —)andK=—C 1-=)
rom K= =Q = — —~)and K= =>o=0(l-7
Q-4 l K G —Gj ' K
If capacitor is partially filled with dielectric
V=E/d-1)+Et SR
EO i
E E i _E|
= v=Eg {d -t (E_Jt} o L= €, = Dielectric constant H ' & d
E !
0 E, |
¥
—T
t q t g A g A
:>V=2 d—t+— |=—|d-t+— :Czi: 0 = 0 .0
€ € Ag € Vv 1 1
0 r d-t|1-—| d-t|1-—
€, €,
If medium is fully present between the space. s
t=d
8[’
. . C _ 808rA
Now from equation (i) - = —d
If capacitor is partialy filled by a conducting slab of thickness (t< d). E, |
A 5 i
g, = oo for conductor C = %0 _ G tfe=0  —~E=0.] d
1 - + i
d—t(l—j (4-1) E, i
0 _l_
DISTANCE AND AREA DIVISION BY DIELECTRIC
. Distance Division
@) Distance is divided and area remains same. %
(ii) Capacitors are in series. A
B8 A o €, A
(i)  Individual capacitancesare C,=——=—, “~2 = d S
d 1 2 ——— ! wr(] mmmmmmenan >
.1 1 1 14 d,
These two are in series —= —+ — =>—= +
C, C, C gg A ggA

)
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d g,A| 2¢, €,
Special case : Ifd1=d2=5 >C=—-|——

d | e +e,
. Area Division
(i) Area is divided and distance remains same.
(ii) Capacitors are in parallel.
€€, A €08, A,
(i)  Individual capacitancesare C, = dl C,= d

€& A, €& A, ¢
A “ 2 = t(e, A, +e,A,)
d d d

These two are in parallelso C =C, + C, =

A SOA 8[] + 8r2
Special case : I[f A = A, = ; Then C= d )

. Variable Dielectric Constant :

If the dielectric constant is variable, then equivalent capacitance can be obtained by selecting an element as per the given

condition and then integrating.

(i) If different elements are in parallel, then C = J. dC | where dC = capacitance of selected differential element.

1 1
(i) If different element are in series, then E = J d (Ej is solved to get equivalent capacitance C.

FORCE ON A DIELECTRIC IN A CAPACITOR

Consider a differential displacement dx of the dielectric as shown in figure always keeping the net force on it zero so

that the dielectric moves slowly without acceleration. Then, W .-
external agent in displacement dx

F
—

Force exerted by

idv — an external agent
We =Wo i We = AU
2 2 _ 2 2 dC
=>—F.dx=Q—d l U:Q_ = -Fdx = Q2 dCz>F:Q_2 il
2 C 2C 2C 2C \ dx
This is also true for the force between the plates of the capacitor. If the capacitor has battery connected to it, then as
the p.d. across the plates is maintained constant. V= — = F=—V"—.
C 2 dx
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CHARGING & DISCHARGING OF A CAPACITOR

Charging Discharging
¢ When a capacitor, resistance, battery, and ¢ When a charged capacitor, resistance and keys is
key is conected in series and key is closed, conected in series and key is closed. Then energy
then stored in capacitor is used to circulate current in the
circuiit.

Ve Vi

»  Charge at any instant » Charge at any instant
Q Q dQ
V=V +V,=—+R =—+—R V.+V,=0
C C dt
Q- cv[l—e‘t/RC}QO [1—e‘t/RC} Q=Qe
At t =1=RC=time constant At t =1=RC=time constant
Q=Q,[1-¢"=0.632Q, Q=Q,e'=0.368Q,
So, in charging, charge increases to So, indischarging, charge decreases to 36.8% of the
63.2% of charge in the time equal to . initial charge in the time equal to 7.
+  Current at any instant *  Current at any instant
i=dQ/dt =ie /" {i,= Q/RC} i=dQ/dt =—ije "/ {i,= Q,/RC}
»  Potential at any instant » Potential at any instant
V=V,(-e /%) V=, e
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