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INTRODUCTION

Capacitor and inductor are two important passive
elements.

Capacitors and inducto d ’r dissipa’re energy but

store energy whi h b ved late

That’'s why the capacitors and inductors are called

energy storage Im nts.

quaci’rors and inductors can also be connected in
and paralle I electrical circuits.




CAPACITOR

A capacitor is a passive element designed to store
energy in its electric field.

Capacitors are used extensively in electronics,

Communicqtions qnd power SysfemS. Dielectric with pcrmitli\'ily €
/

A Capacitor consists of two Ymal plates,
each with area 4

conducting plates separated

by an insulator (dielectric). - ! *

d

CAPACITOR

In practical, plates may be aluminium foil while the
dielectric may be air, ceramic, paper or mica.

When a voltage source s J

connected to the capacitor, the
source deposits a positive
charge on one plate and +q —q
negative charge on the other.

The charge stored in capacitor + =
is directly proportional to the
applied voltage.

g = Cv + —




CAPACITOR

Where ‘C’ is constant of proportionality, known as
capacitance of the capacitor.

Capacitance is the ratio of the charge on one plate of
a capagcitor to the voltage difference between the two
plates, measured in Farad (F).

| farad = 1 coulomb/volt.

The capacitance of the capacitor is directly
proportional to the area of plates and inversely

proportional to the distance between the plates.
€A

C=—
d

CAPACITOR

Where ‘€’ is constant of proportionality, known as
permittivity of dielectric material.

The capacitors may be of fixed value or variable value

type. ] C i C
1 " A
I r 9 A1

—+—Ir— 4-[!._

The passive sign convention is equally applicable for
capacitors.

According to Passive Sign Convention: if v>0 & i>_O or
v<0 & I1<0, capacitor is being charged, and if v or 1<0,
the capacitor is discharging.




‘ CAPACITOR
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CAPACITOR

Differentiating both sides of capacitor equation;

_ dv
i = C—
dt
This is current-voltage relationship for a capacitor.
i A
<— Slope=C

0 (7 v/dt




CAPACITOR

The capacitor obeying current-voltage relationship

straight line is known as Linear Capacitor.

Capacitor voltage can also be calculated;

1 ~s
V= — ’ i dt
( v —oC
== [’ dt + v(t)
V= C ) I v(to
where v(to) = q(to)/C

CAPACITOR

The instantaneous power delivered to capacitor is;

) dv
D —
dt

The energy stored in capacitor is;
~ 1

p=uv=(

w = p dt

- 9
w = —Cv~ Ww
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CAPACITOR

A capacitor is an open circuit to dc supply.
dv
dt

I =

The voltage on a capacitor cannot change abruptly.

A real non-ideal capacitor is modelled as shown.
_ Leakage resistance
»

Capacitance

PROBLEMS

Calculate the charge stored on a 3 pF capacitor with

20 V across it2 Also find energy? (60 pC, 600 pl)

The voltage across a 5 pF capacitor is V(t)=10cos6000t,

calculate the current? (-0.3sin6000t A)

Determine the voltage across a 2 UF capacitor with
current i(t)=6e3000 mA2 Assume that initial capacitor

voltage is zero. (1-e73000t V)




PROBLEMS

Determine the current through a 200 pF capacitor
whose voltage waveform is shown;

>

v(1) 4

50

/

50tV 0<t<1
100 — 50¢V 1 <t<3
=200 + 50tV 3<t<4
L 0 otherwise

< v(f) = §

I
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(10 mA, -10 mA, 10 mA, 0)

PROBLEMS

Obtain the energy stored in each capacitor?

2mF —o+ vy —
||
[l ‘)kQ '—‘

2kQ .
b 5kQ .:;:
D R S l :5;
i 2 SkQ < 6 mA = 3kQ o S 4kQ
4 mF —
1 | [ |

(16 mJ, 128 m))




SERIES AND PARALLEL CAPACITORS

First consider parallel capacitors;

i C* Ci== G =—= G — Cy =—v

Applying KCL; @ = 1| + 1 + 13 + -+ 1y
dv dv ~dv ~ _dv

1 = (1— {- 2 3: ,.\— . co e wb \__

dt dt dt dt

dv , (/l‘
( 21 ) dt 9 df
Cl + Cz + C3 + eon C\

P!
Il

SERIES AND PARALLEL CAPACITORS

The equivalent capacitance of N Parallel connected
capacitors is the sum of the individual capacitances.

@ Lol ol ot




SERIES AND PARALLEL CAPACITORS

Consider series capacitors;

i C C, Cs Cy
> | || ||
Iy || | ——_“
| + V9 - + V- + 03— + Uy —
16
Applying KVL;
UV = U, Vs L UA

Putting capacitor voltages;

‘ SERIES AND PARALLEL CAPACITORS
1 (f 1 [
v = (_}.ll'l‘(’)dl t v(2) (—_ ,’ i()dt + v,(ty)

l
} ?' i(1) dt + vy(ty)

lo

1 1 1 [
=|—4+ —+ -+ — (1) dt + v(ty) + va(t
<(‘] Cs (,.\> J/ 1(7) ¢ 1(Zo) 2(%o)
t Unltp)
] i’
= (—ll[ i(0) dt + v(ty)
] | | ] |
Y = Y + + + T + f
ch C C; C; Cy




SERIES AND PARALLEL CAPACITORS

The equivalent capacitance of Series connected
capacitors is the reciprocal of the sums of the

reciprocals of the individual capacitances.
e Cs C; '
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For two capacitors connected in series;
C GG
Lq Cvl + Cvz

PROBLEMS

Find equivalent capacitance?
5 uF 60 wF

|| .
O d
| |

(20 pF)




INDUCTOR

An inductor is a passive element designed to store
energy in its magnetic field.

Inductors are used extensively in power systems,
electrical machines and electronics.

An Inductor consists of a

-—Length, (—»{

coil of conducting wire. N
Cross-sectional area, A

Core material

Number of turns, N

INDUCTOR

The voltage across the inductor is directly proportional
to the time rate of change of current through it.

di

= [—
v dt

Where ‘L' is constant of proportionality, known as
inductance of inductor.

Inductance is the property whereby an inductor exhibits
opposition to the change of current flowing through it,
measured in Henry (H).




INDUCTOR

The inductance of inductor is directly proportional to the
number of turns & area and inversely proportional to

the length.

Where 'Y’ is the constant of proportionality, known as
permeability of core material.

Inductors may be of
fixed value or

variable value.
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v =
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INDUCTOR

(a)

(b)

(c)




INDUCTOR

The current-voltage relationship for inductor;

di

= [—
v dt

Inductor obeying straight line in current-voltage is known

as linear inductor. 4

<— Slope =L

0 di/dt

INDUCTOR

Integrating inductor equation gives current;

l

| = —
L

~ 1

v(t) dt

L

0

I = : J v(?) dt + i(tp)

The power delivered to inductor is;

. <1(/1'>.
5 = I = [ —
i VI " I




‘INDUCTOR

The energy stored in inductor is;

~ 1 ~ I

'—’ /—l <1£>'/
ll—‘ f/)(l—. _(/[l(l

'  _ l_.
= L ’ idi = :Li‘(!) —_ :L[‘(—’f-)

1

w = —Li*
2
An inductor acts like a short circuit to dc supply.
7 di
U= L——
dt

INDUCTOR

The current though an inductor cannot change
instantaneously.

A practical, non-ideal inductor can be modelled as

shown.
L R
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PROBLEMS

The current through a 0.1 H inductor is i(t)=10te™t A.
Find voltage across inductor and energy stored?

v(t) = {

3012,
09

Also find energy at =5 s?

[e~t(1-51) V, 51210 J]
Find the current through a 5 H inductor, if the voltage is;

t >0
<0

(213 A, 156.25 k))

PROBLEMS

Under dc conditions, find i, v_ and i 2 Also find energy?
5Q /

I 1Q

i

Z4Q

vc — 1 F

l '

o 1Q

5Q

o l ’

(2A,2A,10V,50),4))




SERIES AND PARALLEL INDUCTORS

First consider inductors are connected in series;
i L L, Lj Ly

—_—T

000 —"000— 000 —————000"—
+ + - + -— - e o o . —
2 vy vy vy

v

Applying KVL; v = v, + v, + 03+ + Uy

di di

L. =Ll +L2+L3++L\

‘ SERIES AND PARALLEL INDUCTORS

The equivalent inductance of Series connected inductors
is the sum of the individual inductances.
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‘ SERIES AND PARALLEL INDUCTORS

Consider inductors are connected in parallel;

I
—
R
’ L, L, ;f L; Ly
5 | | | |
Applying KCL;
=0y iy e iy

Putting inductors currents;

SERIES AND PARALLEL INDUCTORS

i = 7. ’ v dt + i)(tp) + 7. l v dt + ix)1)

l .[ll - .[1D

] 'S
d cow e L—\ -’[ vdt + iy(tp)

= (LL, + LL_ + oo L%) -’, vdt + i)(t) + ixtp)
+ o<+ inlto)
NN [ N L[
1 1 1 1 1




SERIES AND PARALLEL INDUCTORS

The equivalent inductance of Parallel inductors is the
reciprocal of the sum of the reciprocals of the individual

inductances.
cadl et s
: L, L, L L,

For two inductors connected in parallel;

L\L,

PROBLEMS

Find the equivalent inductance?
4 H 20 H

L

— = 7H = 12H

8 H 10 H

(18 H)




CHARACTERISTICS OF BASIC ELEMENTS

Relation Resistor (R) Capacitor (C) Inductor (L)
'R —ljl‘dﬂr to) —Lﬁ
U-1 V=1 U—C’I v(ity) v = ar
d 1 [’
i-v: i =v/R i = d—l; = Z J’ vdt + i(ty)
. 2p U_Z _ lC 2 = —L -2
p Or w: p =i =R w—zv w—zz
: B GG B
Series: Rq=R,+R, Cy= C + G Lg=L, + L,
Parallel Ro=— o _ci+cC [, =12
arafiel ‘AT R, +R 9 ! 2 9T L+ L,
At dc: Same Open circuit Short circuit

Circuit variable
that cannot

change abruptly:

Not applicable

v
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Do exercise problem yourself.




