1 Plase

Basic of Electrical Engincering.

Capacitens and Juductons
Capacitors and Inductors

Introduction

Capacitors and inductors are passive elements, each of which has the ability to both store and deliver finite amount of
energy. They differ from ideal source in the respect, since they cannot sustain a finite average power flow over an
infinite time interval. Although they are classed as linear elements, the current-voltage relationships for these elements
are time-dependent, leading to many interesting circuits.

The capacitor
Just like the Resistor, the Capacitor, sometimes referred to as a Condenser, is a simple passive device that is used to
“store electricity”. The capacitor is a component which has the ability or “capacity” to store energy in the form of an
electrical charge producing a potential difference (Static Voltage) across its plates, much like a small rechargeable
battery.

The amount of potential difference present across the capacitor depends upon how much charge was deposited onto
the plates by the work being done by the source voltage and also by how much capacitance the capacitor has and this
is illustrated below.

Condustive

Farzllal Plates Electrical
Capacitance is the electrical property of a capacitor and is the measure of a capacitors =/, _QO—/"’”’QE
ability to store an electrical charge onto its two plates with the unit of capacitance ; -
being the Farad (abbreviated to F) named after the British physicist Michael Faraday. B J—
Capacitance is defined as being that a capacitor has the capacitance of One Farad bisactic T

when a charge of One Coulomb is stored on the plates by a voltage of One volt. Syl

Capacitance, C is always positive and has no negative units. However, the Farad is a IF
very large unit of measurement to use on its own so sub-multiples of the Farad are
generally used such as micro-farads, nano-farads and pico-farads, for example, the
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capacitance is determined by
) - : l é \
C = farads (F)
Cc= % © = coulombs (C) | ' p——— ]
V = volts (V) ) T

If a potential difference of V volts is applied across the two plates separated by a distance of d, the electric field

strength between the plates is determined by
: V
c,(g A

d

(volts/meter, V/m)

The ratio of the flux density to the electric field intensity in the dielectric is called the permittivity of the dielectric:

E— ? (farads/meter, F/m)

For a vacuum, the value of ¢ (denoted by €,) is 8.85 x 1072 F/m. The ratio of the permittivity of any dielectric to
that of a vacuum is called the relative permittivity, €,. It simply compares the permittivity of the dielectric to that of
air. In equation form,

& = —
€

The current i, associated with a capacitance C is related to the voltage across the capacitor by
dv,

i.=C .
dt l i(t)

+

T ve(t)


http://www.electronics-tutorials.ws/resistor/res_1.html
http://cbs.wondershare.com/go.php?pid=5261&m=db
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Example:
Determine the current i following through the 2F capacitor for the two waveforms of following figures.
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The capacitor voltage may be expressed in terms of the current by integrating i.. We first obtain
1
d‘UC = El(t)dt
And then integrate between the times t,and t and between the corresponding voltages v(t,) and v(t,) as.

10t .
v= —f i(Hdt + v(ty)
C to

Example:
Find the capacitor voltage that is associated with the current show graphically in Figure below. The value of the

capacitor is 5pF.
i(t)

1t
ve(t) = Ef idt + v(ty)
0

0 r(ms)

v.(t) =400t 0<t<?2

o v.()=8 t>2

0  (ms)

Energy storage
To determine the energy stored in a capacitor, we begin with the power delivered to it.

p=vi=Cv—
The change in the energy stored in its electric field is simply

v(t) 1
f pdf = f v—dt _ f b dv = = C[w(O] = [v(t)]?]

o ) 2
And thus

1
we(t) — we(to) = EC[[v(t)]2 - [w(tn)]?]
Finally
w.(t) = %CUZ

2
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Example:
Find the maximum energy stored in the capacitor of following figure and the energy dissipated in the resistor over the
interval 0 <t < 0.5s. , ‘ *

100 sin 2=t V 1 MQ 20 pF
Solution: ]\

we(t) = %Cvz = 0.1sin?2nt J

Pp=— w E
R ™ g 106
0.5 102 sin? 2mt Ve

we = [ Ppdt = [P0 g

106 P Veic

Vip

V2 10%sin?2nmt

=t

Capacitors in Series -
For the following circuit the source voltage can be written as

N N " (?| (?g (jx + _
N, S i H [ 4] | +| |-
vg = vy = o i(t)dt + v(ty)
n=1 n=1L Ml I | | | |
N 1 ¢ N C"'-{-l
= Z —f i(Hdt + Z v(ty) Us Vs
n=1Cn to n=1 +| I- +| |
|
And | I |
1
Vg = — l(t)dt + Z v(ty)
Ceq J¢
As a result
N
:E: 1 +_ o 1
4 C -_ wen CN
o Cy Cs
Example: I{ IC IC
For the circuit shown below <=, )
1- Find the total capacitance. + r 200pF  SOuF 10 pF
2- Determine the charge on each plate. Em=== 60V
3- Find the voltage across each capacitor. -
Solution
oLt _y3 2t 1t 11 1 T 6 — 6
1 o Y1 i + c + & = 700x10 * Sox0=8 T Toxtos (0.005 + 0.02 4+ 0.1) x 10° = 0.125 x 10
Cr = ! =8 uF
TT0125%x 106 O

2- Qr=0Q,=0Q,=Q5=CrE=8x107°%x 60 = 480uC

Q 480x10~°
L=——— =24V
C; 200x1076

480x10~°
vy, = % _ — =96V
Cy 50x10~6

480x107°
vy =2 =T — 48y
C3 10x10~6

3- v =
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Example:

For the network of Figure shown below

a. Find the total capacitance.

b. Determine the charge on each plate.

c. Find the total charge.

Solution

C C, Cs

T~

48V 800 uF

T T~
60 uF  [1200 pF

= Crp=C +Cy+C3 =800X107¢+60x 1076+ 1200 x 106 = 2060 uF

b- Q, =CE =800x107°x 48 = 38.4mC(
Q, = C,E = 60 X 1076 x 48 = 2.88 mC

Q3 = C3E = 1200 X 107° x 48 = 57.6 mC

c-Qr=0Q;+0Q,+0Q3=384x10"3+288x 1073+ 57.6 x 1073 = 98.88 mC

Capacitors in parallel

The circuits of following figure enable us to establish the value of capacitor which is equivalent to N parallel

capacitors are

Example:
Find C,, for the following network
1X5%2 10
C,=———"—==—uF
1X5+1X2+2X5 17

C, =+ 12 = 12.588uF
12.588x%0.4%0.8

il

c1

w]l_ﬁ V]I:\.-

C3 CN

iz

C = =
3 12.588x%0.4+0.4%x0.8+12.588x0.8
__7X5 35
47745 T 12
Ceq = C3 + C4 =

Ceg

Important Characteristics of an Ideal Capacitor
1- There is no current through a capacitor if the voltage across it is not change with time. A capacitor is an open

circuit to d.c.

2- A finite amount of energy can be stored in the capacitor even if the current trough the capacitor is zero, such

as when the voltage across it is constant.

3- It is impossible to change the voltage across the capacitor by a finite amount in zero time, as this requires an

infinite current through the capacitor.

4- A capacitor never dissipate energy, but only stores it. Although this is true for the mathematical model, it is
not true for a physical capacitor due to finite resistor associated with the dielectric as well as the packaging.
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The Inductor
In the early 1800s the Danish science Oersted showed that a current carrying conductor produced a magnetic field.
Shortly thereafter, Ampers made some careful measurements which demonstrated that this magnetic field was linearly
related to the current which produced it. The English experimental Michael faraday and the American inventor Joseph
Henry discovered that a changing magnetic field could induce a voltage in a neighboring circuit. They showed that
this voltage was proportional to the time rate of change of the current producing the magnetic field. Mathematically
can be expressed as

Example:
Given the waveform of the current in a 3H inductor as shown in figure below, determine the inductor voltage and
sketch it.

n]
1 \ yo &
> S dt
-1 1 2 3 t (ms)
V=3x1=3 —-1<t<0
V=0 0<t<?2
r 3 V
3 V=3x(-1)=-3 2<t<3
-1 1 7 3 f (ms)
=3
To calculate the inductor current, rewrite the voltage expression as
1
di = —vdt
b=7v

fl(t) 1 t
diz—j vdt
ity Lle,
1t
i(t) —i(ty) = —f vdt
L to
t

1 ;
i(t) = —f vdt + i(tg)
L to
Example:

The voltage across a 2H inductor is known to be 6cos5t V. Determine the resulting inductor current if i(t = —g) =

1A.

Example:

A 100 mH inductor has voltage v, = 2e~3'V across its terminals. Determine the resulting inductor current if
i (—=0.5) = 1A.
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The observed power is given by the current-voltage product
di
p =i i i

The energy w, accepted by the inductor is stored in the magnetic field around the coil. The change in tis energy is
expressed by the integral of the power over the desired time interval:

t i(t) 1
dt =1L —d = idi [ 2
ft pa f & ai = f i =5 O (@)
Thus

Wi (1) = wi(tg) = 5 LILCOP ~ i)

When t, = —o and i(t,) = 0, so that the energy can be expressed as
1
wy (t) = ELIZ

Example:
Find the maximum energy stored in the inductor of following figure and calculate how much energy is dissipated in
the resistor in the time during which the energy is being stored in, and then recovered from, the inductor.

Solution 12sin A (1) 3H
The energy stored in the inductor is 6

w,(t) = %Liz = 216sin2%tJ

Att = O, wp = 0

Att =3s,w, =216

The power dissipated in the resistor is
pr = iR = 14.4sin? mw

The energy converted mto heat in the resistor within 6 s interval is

wi = [y 144sin? Zdt = 6ﬂ(1 — cosZ t) dt = 43.2 ]

Example:
Find the energy stored by the inductor in the circuit shown below when the current through it has reached its final value.

R, R,
30 30
+ e
E===15V L§6mH » =15V lf
Q
-l- 20) T 20)
T Wy T Wy
= R, = R,
Solution
E 15
Iy, = = =34

R,+R, 3+2

1 1
wy (t) =§Li2 =§><6>< 1073 x3%2=27TmJ

Energy stored
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Inductors in series

Vs =v;+v, +-..tvy L, L, Ln

di di di
=L13+Lza+"'..+LNE

= (Ll +L2 + "'..+LN)Z_:;

di Us

Vs = Leqa

Leq :L1+L2 +"'..+LN

Inductors in Parallel

The combination of a number of parallel inductors is accomplished by writing the single nodal equation for the
original circuit

N N
. . 1t i
is = z in = Z —f v(t)dt + i, (ty) i
Ly J; N
n=1 n=1 0
Ly Vs Leq
N N
10t
= Z—f v(t)dt+z i (to)
— Ln to —
n=1 n=1
1t
is =— | v(®)dt +is(ty)
Leg to
N
1 » Z 1 N 1 - 1 —, 1
Leg  Lily Lyl Ly
Example:
Simplify the network using series-parallel combination.
0.8H
6x3 nN
Coq = +1=3uF
q 9 # é:GuF
2H —==1pF
_zx3 0.8 =2H M——3F
=5 TOOT m T
3H

Important Characteristics of an Ideal Capacitor

1- There is no voltage across an inductor if the current through it is not changing wit time. An inductor is
therefore a short circuit to dc.

2- A finite amount of energy can be stored in an inductor even if the voltage across the inductor is zero, such as
when the current through it is constant.

3- It is impossible to change the current through an inductor by a finite amount in zero time, for this requires an
infinite voltage across the inductor.

4-  The inductor never dissipates energy, but only stories it. Although this is true for the mathematical model, it is
not true for a physical inductor due to series resistance.
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Example:
Write appropriate nodal equations for the following figure.

|1 ]
1|
L R

1%

()

At node 1
1 (¢ ;. V1 — 7y dvy
Z to(vl - ‘Us)dt + lL(tO) + R + Cz% - O
vy dvllft , vz_lft o
R +C2 dt L tovldt R = I tovsdt lL(tO)
At node 2
d(v, —vs) v, — g
[ 0
ode . R -;ls
V1 V2 [ Us
Sy Ef4c 2=, =
RIR T Tl T
Example:
Determine v, for the circuit shown below if ~ v.(t) = 4 cos 10°t 2mH

vs(t) = v, (8) + v (£
Vg <+ = 80nF
de (t) _ _>

i.=C T —80x 107° x 4 X 10°sin10%t = —320 X 10~ *sin10°t
di
v, (t) = L% ==—-320x10"*x2x 1073 x 10%°c0s10°t = —6.4c0os10°t

vs(t) = 4cos 105t — 6.4c0s10°t = —2.4c0s510°t V
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Duality
v L v 30 i
1 2
| W 1l

i = 2c0s6t A D 3S 8H 3 55 vy = 2cos6tV<f> i 4H i, z 50

Two mesh currents can be seen in the figure, and the mesh equations are

di, di

. 2
3 4——4——=27 6t
i1+ i at cos
4di1+4di2+1jt' dt +5i, =0
at * dr ' 8)," 2=

We may now construct the two equations that describe the exact dual of our circuit. We which these to be nodal
equations, and thus begin by replacing the mesh currents by the two nodal voltages. We obtain

3v, + 4 dvy 4 v, _ 2c0s6t
Ul dt d coS
4dv1 dv2+ jt dt +5v, = 0
dt at " 8), "2 V2 =





