Chapter (5)
Capacitors and Inductors

Capacitors :
A circuit element that 1s composed of two conducting plates or
surfaces separated by a dielectric (non conducting) materials
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Let A : surface area of each plate
d : distance between the two plates

Capacitance As Area
Capacitance As distance
A
Coc—
d
g, A

It 1s found that C =

Where :

£, = Permittivity of free space



£, =8.85%107 B/

« Ifa voltage source (v) 1s connected to the capacitor , +ve
charge will be transferred to one plate while —ve charge will be
transferred to the other plate.

Let the charge stored at the capacitor = q

it v| ql
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vV oC q

It has been found that
q=cCcV



C 1s the capacitance
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Current in capacitor :

We know that d q(t)




Voltage of capacitors

dv_(t)
dt
i_(t)dt =Cdv_(t)

:dmmzég@m

i ()=C

v.(t)=v_(t,)+ é Tic(r)dr

T:to

Where {, : initial time



Capacitors only store and release

+
ELECTROSTATIC energy. They do not “create’

The capacitor is a passive element
and follows the passive sign convention
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Linear capacitor circuit representation
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i(0)=C"_ (1)

Write the i-v
o i‘a‘] relationship for the
following capacitors.
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Power of the capacitors :

P () =v, (D1.(1)

_ dv (t) _ dv, (1)
P (t)=v_(t)C - =Cv_(t) ”
or
PO =1.0)| velt)+ I (t)dr




Energy of capacitor

w_(t) = TPC (1)dr

T=—00

- (c v.(2) ch(T)] it

dt

T=—00

v (t)

ICV )dv_ (1)

Ve (~0)

=5 Cv, (’C) v
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Assuming
v.(c)=0

W= Cv




Example:
The following voltage 1s imposed across the terminals of a 0.5 pF

capacitor.

v.(H)=<4t V , 0<5t<]




Find the following:

1. ift)
2. Pt)
3. w,(t)

. L dv (1)
(1) 1,()=C it

0 t{0
ic(t)=<ci(4t)=4C:2uA 0(t(1

dt
C§[4 e =) (-1)e™ =—2e A 1(t(w
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(2)

P (t)=Cv_(t)

dv,(t)
dt
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3) wc(t)zchc (t)

0 t<0

wc(t)=<%(0.5uF)(4t)2:4t2 uJ 0<t<lI
%(O.SuF)[%‘(H)]Z =42 4T 1<t<oo




Example :

The voltage at the terminals of a 0.5 uF capacitor 1s

-

0

V. (t) =+
O 100 7™ sin(40000t) V




Find:

1. 1(0)

2. Power delivered to the capacitors at t =I11/80 m S.
3. Energy stored in the capacitor at t =I11/80 m S

A

dv, ()
dt

i(t)=C



- c% [100 e """ 5in(40,000 t)]
e [1 00" cos (40,000 t)(40,000) + sin(40,000t) (-2 *¥10° e 2 )]

i (0)=0.5%10"[100 (1) (1) (40,000) + 0]
i (0)=2A

11
(2) Find C(SO mj -

dv_(t)
dt
= (0.51F)(100e 2™ sin (40,0001))

* (100 e 2" cos (40,0001t) (40,000) + sin (40,000 t) (=2 ¥10° 22

P (t)=Cv_(1)

>0



P (% m)=-20.79 W (discharging)

(3) Find Wc¢ (—m) ?

W,.(t) = % Cv .2 (t) = % C [100e %™ sin (40,000t)|

I1
W.(—m)=519.2 ul
C(SO ) H



Inductors :

Inductors are circuit elements that consist of a conducting wire in
the shape of a coil
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Circuit representation
for an inductor



* [f a current 1s flowing in the inductor, 1t produce a
magnetic field ,D.

®(¢) = Li(t)

Where L is the inductance and measured in Henry [H]

*The direction of (®) depends on the right-hand rule.
As the current increases or decreases, the magnetic
field spreads or collapse

*The change 1n magnetic field induces a voltage across
the inductor. do ()

VL (t) — dt

. _p di (@
SV(H=L=




Current 1n inductors :

Vi (t) =L di(Li t(t)
di, (t) = %VL (t)dt

Integrate both sides as before

T=1t

i (O)=1i, (t,) +% | v(z)dr




Write the i -v

relationship for the
following inductors.
O— <
+ i(1)
v(t) g L
o
(a)
-
v(1)

0+

(b)

v(t) = —Li;(;—)*
dilt
v(t) = :i(:)



Power in inductor :

P (1) =V, (O)i, (1

=1, (t) {L diCth(t) }

di, (t)
dt

P, (t)=L1, (1)

. |
PL(t) = VL(t) lL(tO) + f

1=t

j v(t) dr

T:to




Energy in inductors:

w, (1) = TPL (1:) drt

T=—00

- I Li, (1) diét(r) dt

As before

W= Li 0




Example :
The current flow through an 100 m H inductor

o 0 A t<0
1 o
- 10te™ A t>0

Find :

(1) Maximum value of current.

(2) vi() , (3) P(t) , (4) wi(b)

First, findt . iL/(\t )
di, (t) N
let ;t =0 I (max)
(10t)(=5e7" )+ e (10)=0 .
e [-50t +10]=0 { max

t =0.2 sec

v



i, =i, (0.2)=10(0.2)e>0?

Lmax

—2e'=0.736 A
di, (t)
2 t)y =1 —&
(2) v (b ”

0.1H)% [IOte_St]

(0
(0.1)e”? (50t+10)
e (1-51)

{0 1<0
VL(t):

e (1-51) ,t>0



(3) P.(t)?
o il
PO =Li ()=

P, () =0 . t<0
P,(H)=(0.1)(10te™)]e (=50t +10)|

P ()=te ' (10-50t)

- 0 . t<0
T l10te™ (1-5¢0 , t>0



4) w.(@® ?

wdo=§La%o

-

0 <0

1L 0nfote) =5 e

.



Summary of results :

Capacitor Inductor
vy Vc(t0)+1— i (t)dr LdlL(t)
=1, dt
i(t) dv (t) 1 1=t
c dct i (t0)+fT£VL (t)dr
P (0 dv,. (1) di, ()
= Li, (t)—=
cve(t) m L (D) i
t 1
O Cevdo Lo




1. Ifvp(t)=constant , 1-(t)=0

——> Capacitor will be open circuit
2. vq(t) cannot change nstantaneously ( no sudden change)

because I i.(t)dt=0

T:to

3. Capacitors can store energy

W (t) = C Ve (t)



1. If 1,(t) = constant, v (t)=0
> Inductor will be short circuit

2. 1;(t) cannot change instantaneously ( no sudden change)

because IVL (t)dt=0

=t
3. Inductors can store energy

WiO=2Li



Capacitors and Inductors combinations :

1._Series capacitors :

¢ G G

| (—I(——(—

Vi) Vo) Vi Vi (1)

" V(©)




vi=v, O+ v, ([O)+ v () +--

For each capacitor,

=t

Vo (®=v, (t,) +— [i(t)ds

Cx 1=t0
vit)=v, + v, +- 4+ vy

v@)|>gvka } [f:ljiﬁ

=t

k=1 Cy

The equivalent capacitance Cg 1s

+ vy (D

(t)dr

k=1

S| 1 1
c. C C,




Parallel capacitors :
1(t
o

_l_
vig CG= =G /l—\CN >
L Y Y

1(t) =1,(t) +1,(t) + --- + 1 (t)

_C, dv(t) +C, dV(t) e+ C, dv (t)
dt c.t dt
(0 = dv (t) {Z c l=c. d\cflit)

The equivalent capac1tance ,Cp

Co =C, +C,+C, +---+Cy




Series Inductors : Vv, (f) V, (1) Vy (1)
+ e—— [ T T —
V(1) b A 5
- e

V() =v,(t) + v, (t) + -+ v ()

G0 do i
dt dt dt
-(Fr, )80, 0

L=L, +L,+L, +---+Lj




Parallel Inductors :

i)

_I_
V(©)

ORI ()

L Lo
9

. @
iN(t) ¥
LNéti
e

(0 =1, () +1,(0) + - +1y (D)

=t

where 1, () =1,(t,) + LL jv(r) drt

k T:to



i(t) = {Zlk(t )} |:2Lk:|TjtV(T)dT

k=1

i(t) =i(t, )+—j

Prto

The equivalent inductance , L,




Example:

Find the equivalent inductance with respect to the terminals a ,b?

L1:2H L5:104H
o i) -
L8:16H
L,=15H S0H % L,=24H
L,=5H
b / ‘ \|
. i ik
L3:6H L7:8H

* L¢o=L¢ 1in parallel with L,
L8 L
Ly = SLY _ 9.6 H
L8+ L9




* Lieo=L: 1n series with Ly,

Ly =L; + Ly, =104+9.6=20H

* L.seo=L, 1n parallel with L,

L6 L589
L6 + L589

=12 H

L6589 —

* L ¢s90=L, 1n series with L g
Ligsso = L7 + Lgsgg =8 +12=20H

* L ¢ss0=L, 1n parallel with L.,

L4 L76589
L4 + L76589

—4H

L476589 =



* L1 76550=L3 1n series with L, g

L3476589 — L3 + L346589 =6+4=10H

* Lo3476580=L, 10 parallel with ;474549

LZ L3476589 — 6 H
L2 + L3476589

L23476589 —

* L =L, 1n series with L,;,-¢sq0

Lab:L1+L2346589 =2+6=8H



Example :
Find the equivalent capacitance at the terminals aand b ?

C,=5pF C4 =30 pF
I
°
) ( (
Cs=3 uF
: K Jc=16 pF
C3:10MF/_\ N
b /
. ( (
C2:4MF C6:48“F
* Co7 = C¢ 1n series with C,
C, C
C,=—>—"-=12uF

C, +C,



* Cs; = C; 1n parallel with C;

Cy, =C,+C,=C@+12)pF=15pF
* Cy5¢7 = C, 1n series with Cs-

C4 C567
C4 + C567

* Cy45¢7 = C; 1n parallel with Cjy¢,

Ciussr =C3 + Cusey = (10 +10)p F=20n F

C4567 = =10p F

* C,, = C, m series with C,,5., 1n series with C,

1 1 1 1 1 1 1
=+ +
Co € G Gy Sp 20p 4p




Example :

Find the equivalent inductance at a,b ¢
a

L
in all inductors
are 4 mH
L,
* L;,= L, in parallel with L, L; %
L., L b
L,=—"""=2mH °

L, +L,



°
a
L Ls
X me_ v
L,,
% Lsg
b
°

* L,,=L, in parallel with L,

L24 — L2 L4

= =2mH
L,+L,




*L,,,=L, 1 series with L,,

L,,=L +L,=(@4+2)mH=6mH

* L,,4s=L,,, in parallel with L,

L124 LS
L124 + LS

Ly = =24mH

* Ly4536= Liy4s In series with Ly,

Lisssse =Liys + Lig =(2.4+2)mH
L =44mH



Example :
Find the equivalent inductance ata, b if all L are 6 m H

L,,=L, n parallel with L, L
Ll L2
L, +L,

L, = =3mH



X
L, %;
o1
L y
L,,;=L,, 1n parallel with L,
L _ L12L3 _ (3)(6) mszmH

F o L,+Ly (3)+(6)



a
@

a T
L123 %
X ®

Ly

b T

L Y

L,,3,= L3 1n series with L,

Loy =Ly+L,=2+6=8mH



L5345 = Lyy3,1n parallel with L,

Ly L _ (8) (6) mH=342mH
Ly + L5 (8) + (6)

L12345 —

L, = L, 1n series with L5,

Lab = L6 + L12345
=6+3.429mH=9429mH



Example:
Find the equivalent capacitance w.r.t. a, bifall C’sare 4 p F

s} s}
q @
C1 4 Cs = ~ C.
X € b
b C2 ~ C3
®
b b

C,s= C, 1n parallel with C;
=C,+Cs=8puF



q @
~ Cys
C —
1~ C,
x ¢—|( b
C, =~
b e®
b

C,; = C, 1n parallel with C,
=C,+C;=8uF



C,p; = C, 1n series with C,;
L GG _(@B)
123

C,+C,;, 4+38

32
12

uF



Cab = Ci23 1n parallel with Cas

8 8+ 24
Cab:C123+C45:§HF+8HF: 3

uF

32
=22 LF
M



Example :
Find the equivalent capacitance w.r.t a,b ?

C1:3 MF

. (

X

C2:2MF

T
|

C,=12uF 2

C,; = C, 1n parallel with C,
=C,+C;=6puF



C,35= C,;5 1n series with Cs

C235 :CC23 CS — (6)(3)MF=2HF
»+C,  6+3

C,356 = Cy35 In parallel with C
=Cys tC=2+2) uF=4uF

Cab = C1 1n series with C2356 1n series with Ca

1 1 1 1 1 1 1
+—+

Co G Cus €, 3p 4p 12p




