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Introduction

Introduce two new and important passive linear circuit
elements:

The capacitor and the inductor.
Resistors are dissipate (disperse/Waste) energy.

capacitors and inductors do not dissipate but store energy,
which can be retrieved at a later time.

For this reason, capacitors and inductors are In contrast to
a resistor, which spends or dissipate- called storage
elements.

Capacitor and inductor can store energy only and
they can neither generate nor dissipate energy.



5.1 Capacitors (1)

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

Dielectric with permittivity €

Metal plates,
cach with area A

+ o

d

* A capacitor consists of two conducting plates
separated by an insulator (or dielectric).
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5.2 Capacitors

* A capacitor consists of two

separated by (or dielectric).
Dielectric with permittivity € C :%
e d
Metal plates, E =€,&,

each with area A

£, =8.854 x10"'*(F/m)
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* Common types of fixed-value capacitors.

* Polyester capacitors are light in weight, stable, and their change
with temperature is predictable.

* Instead of polyester, other dielectric materials such as mica and
polystyrene may be used.

* Film capacitors are rolled and housed in metal or plastic films.

* Electrolytic capacitors produce very high capacitance.

FIgLIFE 5.4 Fixed capacitors: {(a) polyester capacibor, (b)) ceramic capacitor, (¢} electrolytbc capacitor.
W Courtesy of Tech America. )

Eastern Mediterranean University 6/



The most common types of variable capacitors.

The capacitance of a trimmer (or padder) capacitor or a glass piston capacitor is varied by
turning the screw.

The trimmer capacitor is often placed in parallel with another capacitor so that the equivalent
capacitance can be varied slightly.

The capacitance of the variable air capacitor (meshed plates) is varied by turning the shaft.
Variable capacitors are used in radio receivers allowing one to tune to various stations.

In addition, capacitors are used to block dc, pass ac, shift phase, store energy, start motors, and
suppress noise.

L=
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Three factors determine the value of the capacitance:

Capacitor voltage rating and capacitance are
typically inversely rated due to the relationships.
Arcing occurs if d is small and V is high.

1. The surface area of the plates—the larger the area, the
greater the capacitance.

2. The spacing between the plates—the smaller the spacing, the
greater the capacitance.

3. The permittivity of the material—the higher the Permittivity,
the greater the capacitance.

8/



5.1 Capacitors (2)

* Capacitance C is the ratio of the charge g on one
plate of a capacitor to the voltage difference v
between the two plates, measured in farads (F).

g=CvVv and C:ﬂ

d

* Where ¢ is the permittivity of the dielectric material

between the plates, A is the surface area of each plate,
d is the distance between the plates.

e Unit: F, pF (10-12), nF (10-9), and  uF (10-%)



5.1 Capacitors (3)

* Ifiis flowing into the +ve .
. I C
terminal of C — |7
- Charging => i is +ve O AN
- Discharging => i is -ve + v —

* The current-voltage relationship of capacitor
according to above convention is

dv 1
| =C — and |v=— |idt+v(t
i=C— Cj: (t,)




5.1 Capacitors (4)

* The energy, w, stored in E. C
the capacitor is — |7
1 , = B =
w=—CyvV
2

* A capacitoris
- an open circuit to dc (dv/dt = 0).
- Its voltage cannot change abruptly(shortly).
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(a) Calculate the charge stored on a 3-pF capacitor with 20 V across 1t.
(b) Find the energy stored in the capacitor.

Solution:
(a) Smnce g = Cv,

g =3 x 1071 % 20 = 60 pC
(b) The energy stored is

_1 2_1 —-12 —
LL'—EI:'L' —E::{B:u:lt] = 400 = 600 pJ

The voltage across a 5-uF capacitor 1s
v(t) = 10 cos 6000t V
Calculate the current through 1t.

Solution:
Bv definition. the current 1s
d d
i) = cZX = 5 « 1055 (10 cos 60001)
dt dt

= —5 % 107% x 6000 x 10sin 6000t = —0.3 sin 6000¢ A
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Obtain the energy stored in each capacitor in Fig. 6.12(a) under dc con-
ditions.

Solution:

Under dc conditions, we replace each capacitor with an open circuit, as
shown m Fig. 6. 12(b). The current through the senes combimnation of the
2-k£2 and 4-k£2 resistors 15 obtained by current divasion as

3
P = (G mA) = 2 mA
3 4+24+ 4

Hence. the voltages v; and v across the capacitors are

g = 2000 =4V vy = 4000 = 8 W

I mF —ot n -

I 2k0 D—‘ e

1kQ e

AN 5k
5 6 mA 1k0 1kQ

s mA @) % 1k jkﬂj %41:;1 ® % ¥} %

CinaE [

(a) (b)

Figure 6.1  For Example 6.5.

and the energies stored in them are
— 1 ¥ S 1 -3 7 .
wy = —Crvf = S(2x 107%)(4)° = 16 mJ

1 s 1



5.2 Series and Parallel
Capacitors (1)

* The equivalent capacitance of N parallel-connected capacitors is the
sum of the individual capacitances.

i oA all iwd] o«
i GD Epemls e, vele wey le o —_—

(a)

i G\D Ceq ———= :

(b))

The equivalent capacitance of N series-connected capacitors is the
reciprocal of the sum of the reciprocals of the individual capacitances.

F ' s g

—
11

A R L
%D 1 1 1 1

2z
I
11

(b)
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Find the equivalent capacitance seen between termunals a and » of the
circuit in Fig. 6.16.

5 uF 60 uF
[ [
1 1 C a
Ceg
20 uF == 6 uF == 20 uF ==
o h

Figure 6./16  For Example 6.6.

Solution:
The 20-uF and 5-uF capacitors are m series; their equivalent capacitance
15

—— =4 uF

20 + 5 H
This 4-uF capacitor 1s in parallel with the 6-uF and 20-uF capacitors;
their combined capacitance 1s

446420 =30uF
This 30-uF capacitor 1s in series with the 60-uF capacitor. Hence. the
equivalent capacitance for the entire circuit is
30 x= 60

o= __ """ — 20 uF
= 30 + 60 ¥

15



find the voltage across each capacitor for the below circuit

Solution:

We first find the equivalent capacitance C,, shown in Fig. 6.19. The two
parallel capacitors in Fig. 6.18 can be combined to get 40 + 20 = 60 mF.
This 60-mF capacitor 15 1n series with the 20-mF and 30-mF capacitors.
Thus,

[ —

o mF = 10 mF

1
L

1 1
%3

L
[

The total charge is
g=Cequ=10x10"7 x30=03C

This 15 the charge on the 20-mF and 30-mF capacitors. because they are
in series with the 30-V source. (A crude way to see this 1s to imagine that
charge acts like current. since { = dyg /dt.) Therefore.

0.3 0.3
g __ Y _qs5v AU e —
C, 20x103 2T G T 30x103

Having determuned v and v7. we now use KVL to determune vs by

1‘1 =

m=30—1 —1=5V

Alternatively, since the 40-mF and 20-mF capacitors are in parallel,
they have the same voltage v and their combined capacitance 1s 40 +
20 = 60 mF. This combined capacitance 1s 1n senies with the 20-mF and
30-mF capacitors and consequently has the same charge on 1t. Hence,
q 0.3

vy = = =5V
60 mF 60 x 10-3

20 mF 30 mF

L
o
=
e
o
E.‘ oF ——
||
1
| uF
|l
1
I
=

Figure 6.18  For Example 6.7.

—

-~

31}1-'. 9 = C,,

Figure 6,19  Equivalent

circuit for Fig. 6.18.
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Inductors

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

Inductors find numerous applications in electronic
and power systems.

They are used in power supplies, transformers,
radios, TVs, radars, and electric motors.

Any conductor of electric current has inductive
properties and may be regarded as an inductor.
But in order to enhance the inductive effect,

a practical inductor is usually formed into a
cylindrical coil with many turns of conducting wire

17



5.3 Inductors (1)

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

|<— Length, / ——{

Cross-sectional area, A

D)@

Number of turns, N

Core material

—

* An inductor consists of a coil of conducting wire.
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5.4 Inductors
* An inductor is made of a coil of

conducting wire ,
p =NeA

[

|~— Length, € —-‘

Cross-sectional area, A

i

Core material

D)

Number of turns, N

19



@ w=u,u,
u, =4m X10"’ (H/m)
N :number of turns.

(b) l :length.
A:cross - sectional area.

w:permeability of thecore

(c)

20



(a)

(b)

Fig 5.23

(a) air-core
(b) iron-core
(c) variable iron-core

Erl
+
I

(c)

21



Flux in Inductors

* The relation between the flux in
iInductor and the current through the
inductor is given below.

N Linear
o =Li

Nonlinear

1H =1 Weber/A

22



Energy Storage Form

* An inductor is a passive element
designed to store energy in the
field while a capacitor

stores energy in the field.

23



|-V Relation of Inductors

* An inductor consists of a
coil of conducting wire.

v A

_dp _, di

_E N dt =— Slope =L

0 di/dt

e

+

\'

24



Physical Meaning

_dg _, di
dt  dt

* When the

then the voltage across the
Inductor is zero, same as

* No through an
inductor is possible except an infinite
voltage across the inductor is applied.

* The inductor can be used to generate a
high voltage, for example, used as an
igniting element.

25



Fig 5.25

* An inductor are like a short circuit to dc.

* The current through an inductor cannot
change instantaneously.
Y i A

e
e

(a) (b)
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1 1
di =—vdt ] =— v(t)dt
. Lfoo ()

i :% J:v(t)dt +i(to)

The inductor has memory.

27



Energy Stored in an

Inductor
P =vi = Ldl]l +—>
dt
B B [ di v L
W—f pdt—f\ dt]ld 1 |

_Lf“) idi = Li’(t)- ~—Li*(-0) i(-0) =0,
* The energy store%l In an m@uctor

w(t) :%Li2(t) )



Model of a Practical Inductor




Example 5.10

* Consider the
circuit in Fig
6.27(a). Under dc
conditions, find:

(a) i, v, and I,.

(b) the energy
stored In the
capacitor and
inductor.

30
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Example 5.10

Solution: capacitor — opencircuit

(a)Underdccondition:  jpductor — short circuit

i=i =12 —2A v =5i=10V
1+5
&)y :§Cvj :;(1)(102) =50,

Wi :_Li2 :;(2)(22) =4]

31



Inductors in Series
L, =L +L,+L,+..+L,

. L L, fz

' ; SO e
G ﬂl“+ﬂz_+5‘3u +”NH
Fa
o

(a)
i
—_—l

Ol = T O

(b)

32



Inductors in Parallel

+ cll c * .53# ."N*
L Ls Ly LN%
o
(a)
i
e
O
+
v % L,:q
0
(b)

33



* The inductor In various connection
has the same effect as the resistor.
Hence, the Y-A transformation of
iInductors can be similarly derived.

34



* Find the equivalent inductance of the circuit shown

in Fig. 6.31.
4H 20H
o——TIM
Lo
— TH 12H
o——1
8 H 10H
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o u } Example 6.11

* Solution:

Series: 20H,12H, 10H
— 42H

Parallel : /X4 —6H

7+42
. L,, =4+6+38 =18H

Eastern Mediterranean University 36



20 mH 100 mH 40 mH
4115 4115

50 mH 40 mH 30 mH 20 mH

Eastern Mediterranean University 37



Example 5.12

* Find the circuit in Fig. 5.33,
: wrenitm e i(t) =4(2- e )mA.

i, (0) =-1maA™:  (a) i (0)
(b) v(0), v, (1), and v, (0); () i, (t)and, (¢)

] Pl |
O—— TN
+ + v - +51 +£’1
+
v 4 H vy 12 H

Eastern Mediterranean University 38



&°""m“‘%%=
{ Example 6.12

Solution:

() i(t) =4(2- e '*)mA — i(0) =4(2- 1) =4mA.

. L(0) =i(0)- i,(0) =4- (- 1) =5mA
(b) The equivalentinductanceis

L,, =2+4]|12 =2+3 =5H

-v(t) =L, ;h =5(4)(- D(- 10)e"”'mV =200e ""'mV
v, (t) 22; =2(- 4)(- 10)e’"”*'mV =80e "'mV

=v, () =v(t) - vi(t) =120e*'mV

3%



&°""m“‘%%=
{ Example

6.12

() i :i [v(t)dt +i(0)=

i, (t) :i fvz dt +1,(0) :120 e " dt + 5mA
—- 3p 10 (t) +5mA =-3¢" +3+4+5=8- 3¢ mA
i,(t) =" [v dt +1i,(0) 11220 e ""dt - ImA

—- e'

O
Notethati, (t)

-1mA =-e ™ +1-1=-¢'"mA
+1,(t) =i(t)

Eastern Mediterranean University 40



Current and voltage relationship for

R, L C

Current & Voltage Relationship

Clircuit

Units Voltage Current Power
element
+ :
ohms (Q) v = Ri ;=% p = vi=i’R
(Ohm’s law)
Resistance

g .

Capacitance

. . di ,_ 1 .- | )
henries (H) u—LdI 1—Lfvdt+k p—vr—det

Inductance
A l + 1 dv dov
T farads (F) U=Efzdt+kz :=C—3~; p=v1=CvE
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