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6.1 Capacitors

A capacitor is a passive element designed to store

energy in its electric field.

= A capacitor consists of two conducting “\plates
separated by an insulator (or dielectric).

= The amount of charge stored, represented by.qQ:

q=Cv

= Capacitance C is the ratio of the.Charge g on one
plate of a capacitor to the voltagerdifference v between
the two plates, measured in farads.(F).

« For example, for the parallel plate-capacitor shown in
Fig., the capacitanceds giveny eA

d

where ¢ is the.permittivity (4=sl) of the dielectric
material between the plates, A is the surface area (4abus
==-l)) of éach plate, d is the distance between the plates.
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Types of Capacitors

Typically, capacitors have values in the picofarad (pF,102), v -

nanofarad (nF,10°), microfarad (uF,109).

There are two types: (a) fixed and (b) variable, withcircuit ~ o—3#"——
symbols as shown in Fig. ©)

If v>0andi>O0orifv<0andi<O0,theicapacitor is being
charged, and if v-i < 0, the capaciterisidiseharging.

Fixed capacitors: (1) polyester,(2)eeramic, (3) electrolytic.

Variable capacitors: (4) trimmery(5) filmtrim.

. . 3
In addition, capaecitors are used &

to block dcypass,ac,, shift phase, 5 VA P _

store energy, start motors, and |

suppress neise.
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Current & Voltage of the capacitar

If v>0andi>O0orifv<O0andi<DO0, the capacitor is

being charged, and if v-i < 0, the capacitor is discharging.

The current-voltage relationship of the capacitox, IS

defined as following:

q=Cv and i:d—:> 1=C—
dt

dv

dt

The voltage-current relation of ¢theseapacitor can be

obtained by V(t):%]‘t i(z)dz 0"

v(t) = % Jli@ydr+vtt,)

where Vv(t,) =q(t,)/C isithe voltage across the capacitor

at time t,.
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Power & Energy of the capacitor

The instantaneous power delivered to the capacitor is D < Vi= Cvﬂ

The energy stored in the capacitor IS

V() A
W= j p(z)dzr = cj dr cj dy =5Cv

_oo)

V(=)

We note that v(—) = 0, because the capaeitor was uncharged at t = —o.

Thus, W= ECVZ . We may. rewsite.energy stored as q°

Important properties of a capacitor:
1) A capacitor is an open circuit to dc voltage (the current through the
capacitor is zero). (dc conditions)

2) The voltage on acapacitor cannot change abruptly (slad).
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Example 6.1
1) Calculate the charge stored on a 3-pF capacitor with 20 V acrossiit.
2) Find the energy stored in the capacitor.

Solution
1) Sinceq=Cv,? q=3x10"x20=60pC

_ w=le2 :1><3><10‘12><(20)2 =600pJ
2) The energy stored is 2 2
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Example 6.2
The voltage across a 5-uF capacitoris__ v(t)=10cos6000t V
Calculate the current through.it.

Solution dv d
i(t)=C N 5x107° p” (10cos6000t)

=-5x10"%% 6000 x10sin 6000t
=-0.3sin6000t A
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Example 6.3
Determine the voltage across a 2-uF capacitor if the current through'it is

i(t) = 66 mA

Assume that the initial capacitor voltage is zero.

t
- J’ e300t . 102 ¢ -z 3%10° o300t _ (1_ e—BOOOt) v
2><10 3000 |,
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Example 6.4
Obtain the energy stored in each capacitor in Fig.
(a) under dc conditions.

Solution
Under dc conditions, we replace each capacitor

with an open circuit, as shown in Fig. (b).
The current through the series combination of the 2-
kQ and 4-kQ resistors is obtained by current

division (CDR) as 3
I=——6mA=2mA
3+2+4

Hence, the voltages v, and v, across-the capacitors
are v, = 2000i = 4V; v, =2000i =8V
and the energies stored in them are

W, = %clvf = %x (2x107°)(4)* =16 mJ

W :%szj =%><(4><10‘3)(8)2 =128 mJ
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6.2 Series and Parallel Capacitors

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

Co =C+C, +C +..+Cy

Series capacitors

The equivalent capacitance af " @Series-
connected capacitors is the reciprocal of the
sum of the reciprocals of, the \individual

capacitances. 1 1 1 1 1

=—F — 4+ —+ ..+
C., C, C, C, Cy

€q

For N = 2 (i.e., twO capacitors in series):
— C1C2
" C,+C,

C
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Example 6.5
Find the equivalent capacitance seen between terminals a and=b“of ‘the circuit in

Fig.

5 uF 60 uF
Solution | —oa
20- uF and 5- uF in series: 20 B g R 20 4F —= ]
20x5
=4 uF o b
2015
4-uF in parallel with the 6- uF and 20- uE:
4+6+20=30uF
. : : 30x 60
30-pF in series with 60-uF: G = =20 uF
g ) “"30+60
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Example 6.6
For the circuit in Fig., find the voltage across each capacitor.

Solution 20mE = (EOWF
We first find the equivalent capacitance C: \ H VM

40mF || 20mF = 40+ 20 =60mF 30 V) A0 MF== V3 == 20 mF
60-mF in series with 20-mF and 30-mF:

Cl _6_10 %+% mF=C,, =10mF
eq |
The total charge is d=C,v=10x107%x30=0.3C s0v(® L e
This is the charge on the 20-mF and 30-mF capacitors, becau: | 5
with the 30-V source. ( the charge acts like current, since | = dg/dt.)
Therefore, VRS RO |1V I T
C, 20x10" C, 30x10°

Usmg KVL: v, :30_\/1_\/2 —5V
Alternatively, the 20-mF, 30-mF and 60-mF in series, so they have the same
charge on it:Hence, v, = 9 __03 _ 5V

60mF 60x107
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6.3 Inductors

An Inductor consists of a coil of | | engthe

conducting wire. i

The voltage across the inductor is

_Lﬂ ..] ............... |
dt

where L is the constant, called the inductance of the inductor.

change of current flowing through it, measured in henrys (H):

where:

N is the numiser of turns; ¢ is the length, A is the cross-sectional area, and u is the

permeability (&2\adl)‘of the core.
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Cross-sectional area, 4

Mumber of turns, N

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

Core material

Inductance is the property whereby an inductor exhibits opposition to the

L =

NZuA
|
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Common Types of Inductors

Various types of inductors:

a) solenoidal wound (¢ JSG sl
inductor,

b) toroidal (s2~) inductor,
c) axial lead (s> Jase lla) inductor.

The circuit symbols for inductors:
(a) air-core, (b) iron-core, (c) variable\iron-

core.
4] AN
i i i
+
.

3.

(b)
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Current-Voltage relationship , Power & Energy of Inductor
= The current-voltage relationship is obtained as:  di =%vdt = =%jt v(r)dr

N i =% [ v@ydz +i,)

where i(t,) Is the total current for —o <t < t; and i(=e) = 0.

= The power delivered to the inductor is p=Vi= (L%)i

= The energy stored: W:.r p(r)dz=L : ﬂidrzth idizlLiz(t)—ELiZ(—oo)
o0 <o dr o0 2 2
Since i(—w) = 0, W= % Li2

Important properties of an inductor:
1) An inductor.aets ltke ashort circuit to dc.
2) The current through an inductor cannot change instantaneously.
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Example 6.7
The current through a 0.1-H inductor is i(t)=10te™ A .

Find the voltage across the inductor and the energy stored¢in,it.

Solution
Sincev=_Ldidrand L =0.1 H,

V= 0.1% (10te ™ )y=e>' +t(-5)e™ =™ (1-5t) V

The energy stored is

W= % Li% = %(0.1) x100t%e """ =5t ™" J
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Example 6.8
Find the current through a 5-H inductor if the voltage across it is

30t?, t>0
v(t) =
0, t<0

Also, find the energy stored att =5 s. Assume i(v) > 0.

Solution
t3

i - i= L (V) dr+i(t) <i=2['30r%dr+0=6x L =2t A
SinceL=5H=> I—ELOV(T) r+|(0)—|_gj0 r°dr+0= ><3_

The power:  p=vi=30t* x 2t? =60t>-W

5

6
The energy stored: W= [‘pdt = j0560t5dt=6o% ~156.25 kJ

0

Alternatively
! 1.4 1. . 1
wj, = Y Li%(5) - Li2(0) = 5(5)(2X53)2 —0=156.25 kJ
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Example 6.9 \,

Consider the circuit in Fig.(a). Under dc conditions, find: =¥ ] ¥ 1
a.) i, Vc, and iL’ §4ﬂ L h
b) the energy stored in the capacitor and inductor. RVENS" + ] 2M3

Ve —‘— 1F
Solution @)

a) Under dc conditions, we replace the capacitor with an open circuit and the
inductor with a short circuit, as in Fig. (b).

. 12 i_1e 50

I=1, =——2A AN, A _

| T 145 Lok
The voltage v, is the same as the voltage across 2v () [ !
the 5-Q resistor. Hence, v, =5i=10V v f 5

=

b) The energy in the capacitor is

W, = %Cvé = %(1)(10)2 =50J; w, :%Lif :%(2)(2)2 =4
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6.4 Series and Parallel Inductors

Series inductors

i L L L Ly
The equivalent inductance of series-connected ;Mﬁ—w
inductors is the sum of the individual inductances. T Q $2 s w 1
L, =L+L+L+..+L o
i
o — -
Parallel inductors i 2
The equivalent inductance of parallel\inductors is 0
the reciprocal of the sum of the reciprocals of the ;
individual inductances. i_:l o Y o
1 1 1.1 1 . % % % .
= + + + .+ — Ly Ls L3 Ly
Leq Ll I—2 L3 I—N o r
For two inducterstin,parallel (N = 2), —
L = L1L2 -:— :;L-:Leq
" Lo - 7
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Important characteristics of the basic elements.

Relation  Resistor (R) Capacitor (C) Inductor (L)
. . 1 (. : di
V=i = iR r=— / i = L—
V=1 N ELF[E}(T+ Wilp) N i
- - .y . :
-y i=v/R :_EE :—ELIIH{T}JT+J{I¢>J
por w: p= iR =é W =%{‘:‘pl W= %{f
: £,C,
Series: R. =R, + R0 o= = =L, +1-
= l 2 e 'f:] + C} ’i—'cn.] 1 2
R.R L,L,
Parallel: R 12 . =C, + C. __L1%a
ARG R, T 1T Leg L, +L,
Atde: Same Open circuit Short circuit

9/23/2018

Dr. eng. Hassan Ahmad

20



Example 6.10
Find the equivalent inductance of the circuit shown in Fig.

O

Leq

.

Solution
The 10-H, 12-H, and 20-H inductors are in series; %
thus, 10+12 +20 = 42H
This 42-H is in parallel with the 7-H :
[x42_ o
[+ 42

This 6-H in series with 4-H and 8-H. Hence,

L, =4+6+8=18H
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Example 6.11
For the circuit in Fig., i(t)=4(2—e™") mA . If1,(0) = =1 mAs find:

'\..!!_IUI_#' "

i.(0); V(t), v,(t), and v,(t); i, (t) and i,(t). NGl

Solution N

a) From i(t)=4(2-e™) mA=i(0)=4(2-1)=4 mA. o  an:
Since =i, +i,=i,(0)=i(0)~,(0) =4~ (-)=5mA

b) The equivalent inductance is L =2+4|/12=5H

Thus, "
v(t) = L, d—l — 5(4)(=-1)(£10)e"™™ = 2006 mV

v, (t) = 2% =2(-4)(-10)e ™ =80e " mV

VEV+ Ve =V (t) = v(t) — v, () =120e ™ mV
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c) The current i,is obtained as

120

i(t)== j vdt+1,(0) ==~ ‘1°‘dt+5 mA

t
=30x% (—ij e
10

Similarly,

+5mMA=-3e"+3+5=8-3*

0

()= jvdt+ 2(0)_—2 Oe‘lotdt—lmA

t

:le(—ij e _ImA=—""41-1=—p""
10)° |,
Note that

il(t) + iz (t) =1(t)

8—-3e ™ mA+(—e™ mA)=4(2-e"") mA
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i) =4(2-e) mA
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W
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QUESTIONS

The end of chapter @
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