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Capacitors and Inductors

. Passive elements: — - (U

u Resistors Resistor Capacitor Inductor
= Capacitors
- IndUCtprS Resistor Capacitor Inductor

® Resistors are passive elements which dissipate energy only.

® Two important passive linear circuit elements:

® Capacitors and inductors do not dissipate but store energy, which
can be retrieved at a later time. Capacitors and inductors are
called energy storage elements..

»  Capacitors: Series and Parallel Capacitors
» Inductors: Series and Parallel Inductors



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).

* Capacitance C is the ratio of the i et e il
charge g on one plate of a capacitor Yﬁiﬁi‘iﬁiﬁ‘iim J | T
to the voltage difference v between coRvl)
the two plates, measured in farads || | ° T A

= ie(f)
(F). A mi
g=Cv C= e — @ 2

* The plate charge increases as the voltage increases. Also, the electric field T‘\\

Intensity between two plates increases. | . ||
* Where gis 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-%), nF (107°), and pF (10-9). e




1- Capacitors

* If 1 i1s flowing into the +ve terminal of C i C +
e Charging => i is +ve o—— o , ¢ —
 Discharging =>11s—ve Ll B

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

i—c%Y and v=L(idtev)
d t C

» The energy, w, stored in the capacitor is: W = — C y?

A capacitor is G aa
= an open circuit to dc (dv/dt = 0).
= its voltage cannot change abruptly. 0 du/dt




1- Capacitors

Example 1 5 _l> |C,
a. Calculate the charge stored on a 3-pF capacitor with 20 V across it. + Iz> -
b. Find the energy stored in the capacitor.
qg=Cv
g =3%x10""x20=60pC
W= 1 Cv?
2
W= l X 3 % 1(]1_12 x 400 = 600 pJ Answer:
2 q=60pC

w= 600 pJ



1- Capacitors

Example 2 i

a

The current through a 100-uF capacitor is ©

1(t) = 50 sin(120 =t) mA.
Calculate the voltage across it at t =1 ms and t = 5 ms. Take v(0) =0.

< ™
O

Answer:
v(lms) =93.14 mV
v(5ms) =1.74V
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1- Capacitors

Example 3

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

e
dt

[ = C@ = 5><10"éi(10005 6000¢)
dt dt

i =—5%10"°x6000x 10sin 6000z
i =—0.3s1mn 60007 A4




1- Capacitors

Example 4

Determine the voltage across a 2-uF capacitor if the current

through it is: 1(t) = 6e-3000t A Assume that the initial capacitor
voltage Is zero.

v=1 j;’ idt+v(0) and v(0) =0,

V=

I6 4mmdt104 __3><103€—3r:mmI

2x107° —3000 0

vV .: (1 o e—BUGﬂr )V

)

< o~



1- Capacitors

Exercise

An initially uncharged 1-mF capacitor has the current shown below across it.

Calculate the voltage across itatt=2 msand t =5 ms.

I (MA) A

100

0

o
B

6 t(ms)

Answer:

v(2ms) = 100 mV

v(5ms) = 500 mV
9



Example 5

1- Capacitors

Determine the current through a 200-uF capacitor whose voltage

IS shown below.

Solution

The voltage waveform can be
described mathematically as:

50tV O<t<l

W(t) = 100-50t V l<t<3
-200+50t V.  3<t<4

0 otherwise

Since i = C dwdfand C =200 uF, we
take the derivative of v(7) to obtain:

(50 O<t<l]

o s |—=50  1<t<3
i(1)=200x107" x< 50 3<f<d
(0 otherwise

i(t) =+

10mA O<t<l
—10mA l<t<3
I0mA 3<r<4
0 otherwise

vir) 4

E

50

0

=50

-

{{mA)

10

-10

(1]

--.,“.
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1- Capacitors

Exercise

The voltage across a 5-(F capacitor is given below. Determine the current of the
capacitor.

() (V) }

-7 37| E

11
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1- Capacitors

Exercise: Obtain the energy stored in each capacitor in circuit below under dc condition.

2 mF
I
Solution :
2kQ
Under dc condition, we replace each capacitor AN
with an open circuit. By current division,
5 kQ
Sovi=2000i =4V, v,=4000i =8V 6 mA D %3“2 i %usz
4 mF
= (6mA)=2mA i
3+2+4
A .
1 1 : i
Lwi= oG = (2x107)(4) =16 m) v | i

W2 =%sz§ = %(4x10‘3)(8)2 =128 mJ

Skﬂ%
6 mA D %wsz O %41((2

Uy

?




1- Capacitors
Series and Parallel Capacitors

* The equivalent capacitance of N parallel-

connected capacitors is the sum of the

Individual capacitances.

@k e

- C’) ——

i,‘
G =

C,=C+C+C+....+C,

v

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

i &) C; Cy
ot [| ||
|l |l | (s —H_
- Wy R = b VN —
©
i
—_—
1 1 1
oo Ty
2 3 N
i ‘ v (X 4
- e <> q

13

A



1- Capacitors
Series and Parallel Capacitors

Example 6
Find the equivalent capacitance seen at the terminals of the circuit in the circuit shown
below: 50 wF
| 60 pF
o— H
||
Ceq I
—_— 70 F == 20pF =/ 120pF

Answer:

Ceq = 40uF

14



1- Capacitors
Series and Parallel Capacitors

Example 7. Find the equivalent capacitance seen between terminals a and b of the circuit
In the figure below.

S uF 60 uF
Solution H H Oa
e 204F and 5uF capacitorsare in series: WuF ==  6uF == 20 uF = _&
205 4
2045 o b

e 4F capacitor 1s in parallel with the 64F and 204F capacitors
S A4+6+20=30uF

e 30uF capacitor 1s in series with the 60uF capacitor.

_30%60
“730+60

pE =20 ik

15



1- Capacitors
Series and Parallel Capacitors

Example 8: For the circuit given below, find the voltage across each capacitor.

Solution 1

eq 1 11

(40+20) 30 20
30v (2) s

Total charge
q=C,v=10x10"x30=0.3C

This is 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 is to imagine that charge acts like current,
since i = dg/dt)

SO = mF =10 mF

20 mF 30 mF

|| ||
|| |l
+ l/l — + 1)2 ==
+
30V <t> 40mF =— 3 =f/— 20 mF
Therefore,
q 0.3
' C, 20x10°° >V,
v, =2 03  _jov

C, 30x107

16
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1- Capacitors
Series and Parallel Capacitors

Example 8: For the circuit given below, find the voltage across each capacitor.

20mF 30 mF
Having determined v, and v,, || |

we can use KVL to determine v, by i zljll _— II)L

B +
=30—-v, —v, =5V
Vy Vi —V, 30V Ct) 40mF =— V3 =— 20mF

Alternatively, since the 40-mF and 20-mF capacitors R

are in parallel, they have the same voltage v, and

their combined capacitance is 40+20=60mF.

q 0 3 30V = Ceq
vj = = 3 = SV
60mF 60x10




1- Capacitors

Series and Parallel Capacitors

Example 9

Find the voltage across each of the capacitors in the circuit shown below:

60 V <i>

40 wF 60 wF
|| ||
|l ||
+ vy — + i =
+ +
V2 == 20 uF Vg —— 30 pF
ANnswer:

v, = 30V, v,=30V

v, =10V,

V, = 20V18



1- Capacitors
Series and Parallel Capacitors

Exercise

Compute the equivalent capacitance of the following network:

3 wF
o—i—1
2 uF 1=
|
O—¢

\|

12 wF

19



20

2- Inductors

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

* An inductor consists of a coil of conducting wire. r

* Inductance is the property whereby an inductor exhibits A FW °
opposition to the change of current flowing through it,
measured in henrys (H).
. 2 |—— Length, lal
d | N ]_,l A Cross-sectional area, A
v=L— and L =
dt I
H=HH \Corc material
=47 %1077 (H/
Ho e ( m) * The unit of inductors is Number of turns, N
N :number of turns. Henry (H),
/ '1ength mH (10_3), and
uH (10°9).

A:cross — sectional area.
U : permeability of the core



2- Inductors

21

* The current-voltage relationship of an inductor:

1

i:Ej;v(t) dt+it,)

1

* The energy w stored by an inductoris: W= — L |

* An inductor acts like a short circuit to dc (di/dt = 0)
and Its current cannot change abruptly.

=— Slope =L

-
0 di/dr

voltage-current relationship of an inductor



2- Inductors

Example 10

The current through a 0.1-H inductor is i(t) = 10te=t A. Find the voltage across

the inductor and the energy stored in it. TN
L\ .

o——— P —
Solution + V)
. di
Sincev = L% and L =0.1H,

V= 0.1%(10{65’) e +1(-5)e ="' (1-5t)V

The energv stored 1s

W = %L}fz — %(0 1)100128—103 — 5128—1{]:]—

22
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2- Inductors

Example 11 W)
Find the current through a 5-H inductor if the voltage across it is: O%W—O
l.
Also find the energy stored within 0 <t < 5s. Assume 1(0)=0. ;
~J130t7, t>0
D=1, 1<o0

Solution Solution
The power p = vi = 60¢°, and the energy stored is then

5 t°15
w= | pdt = | 60r°dt = 60" |, =156.25k]

Since i = if v(t)dt +i(t,) and L =5H.

| = lr3012d1 +0 =6x i = 213 A Alternatively
37 3 w(S)—w(O):%LJE(S)—%L:‘({))

= %(5)(2><53)2 _0=156.25k]



2- Inductors

Example 12 i

Consider the circuit below in (a). Under dc conditions, find:
a. i,ve,andi, . 2v @
b. the energy stored Iin the capacitor and inductor.

Solution (g) Underdccondition : capacitor — open circuit

inductor — short circuit

12 . i 1Q 50
i=i,=——-=24, v.=5i=10V AN ANAA——
1+35 li’
| | , 4Q &
B w=—Cv. ==(1)(10%) =507, 2v &) .
2 2 |
l/(-
-7

W, = %L - %(2)(22) _ 4

24



2- Inductors

EXxercise o
The terminal voltage of a 2-H inductor is: v = 10(1-t) V o : 00} 0

Find the current flowing through it at t = 4 s and the energy storea In It
within 0 <t<4s. Assume i(0) = 2 A.

ANnswer:
1(4s) = -18V
w(4s) = 320J

25



2- Inductors

EXxercise o
The current i(t) in a 10-mH inductor has the following o _: ftflﬁ? o
waveform. Find the voltage v(t) of the inductor. o
i(t) (mA)
B0 | soseen s 5 g

I\)-——_

4 t(ms)

26



2- Inductors

Exercise

Determine v, I,, and the energy stored in the capacitor and inductor In the circuit
of circuit shown below under dc conditions.

I 025H
—
IR

4A (D 3 10 ve 7= 2F

ANsSwer:
I, =3A, v =3V
w, =1.125J, w;=9J

27



2- Inductors &

* The equivalent inductance of N series- * The equivalent capacitance of N parallel-
connected inductors is the sum of the connected inductors is the reciprocal of

individual inductances. the sum of the reciprocals of the individual

B 2 - N inductances.

o—— TN — VTN —TV—------ g 1 g i

+ +yl—+zh_+zh_ s +1;\— —

- O
. + l|¢ lz‘
o B L,
Ly,=L+L,+L;+...+L, o
i
R o
f | | |
=—+—++—

eq

L

o N




2- Inductors
Series and Parallel Inductors

Example 13: Find the equivalent inductance of the circuit given below.

4 H 20H
Solution: O al
Series: 20H, 12H, 10H —42H Leg
S— T 12 H
Tx42 6H
Parallel : 740 T

~L,=4+6+8=18H 3 H 10H

29



2- Inductors .
Series and Parallel Inductors

Exercise

Calculate the equivalent inductance for the inductive ladder network in the circuit
shown below:

20 mH 100 mH 40 mH
O 4115 A11A
ch
— 50 mH 40 mH 30 mH 20 mH
O
ANnswer:

Leg = 25 mH




2- Inductors
Series and Parallel Inductors

EXxercise
Find the equivalent inductance (L) of the following network:

12 mH

12 mH

31



2- Inductors 2
Series and Parallel Inductors

Example 14 i 2H
For the circuit given below, i(t)=42—-e"*)mA. S 000 L
£ i,(0)=—1mA, !

[

Find: (a) i (0) y AH v, DU
(b) v(2), v,(¢), and v, (¢); B
(c)i,(t)and i, (?) =
Solution: _
(@)i(=42-¢")mA >i(0)=42-D)=4mA. ..v()=L, % = 5(4)(~1)(~10)emV = 200e™""mV
i(0)=i(0)~i,(0) =4~ (1) =5mA y

n(n=2" = 2(~4)(—=10)e""mV =80e 'mV

(b) The equivalent inductance is (1) = W(£) = i(t) = 120 mV
L, =2+4[12=2+3=5H 2



2- Inductors :
Series and Parallel Inductors

Example 14 i 2H
—
For the circuit given below, i(r)=4(2-¢'")mA. +O~+ Uv”_ L ;
£ i,(0)=—1mA, ‘ ! ¢
Find: (a) 7 (0) v 4 H %, 12H
(b) v(2), v (¢), and V) (2); =
(c) i (¢)andi,(2) o

Solution:

1 120 ¢ o,
f,(t)=£—ljﬂv3 dr+fl(0)=Tfﬂe"“ dt + 5mA

i _ | i _120 I 101
Iz(f)_ﬁjnvzdf+lz(0)_ﬁn€ dt —1mA

="' _1mA =—" +1-1=—-""mA

=3¢ 6+5mA =3¢ +3+5=8-3¢"" mA 0

Notethati (t)+1i,(¢) =i(t)



2- Inductors
Series and Parallel Inductors

EXxercise
In the following circuit find the energy that is stored in the inductor and capacitor.

g +* = p

3A 20 < v - Y 0.6 H

34



Capacitors and Inductors

Important characteristics of the basic elements.’

Relation Resistor (R) Capacitor (C) Inductor (1)
_ 1 [". di
v-i v =1iR v F idt+ v(tyg) v = LE
o
dv 1 [
i-U: i =v/R i= CE f=E‘r vdt + i(to)
- '{E-i .-l(‘*-’ —
p or w: p=tR=—5H w=5Q w = ZLi
. L GG
Series: Ra=R+R, Cy= m Leg=1L,+ L,
R\R, L\L,
Parallel: R.y = R, + R, Coq = C1 + G, Log = I+ L,
At dc: Same Open circuit Short circuit
Circuit variable
that cannot
change abruptly: Not applicable v i

35



Capacitors and Inductors

* Current and voltage relationship for R, L, C

Elements RESISTOR | CAPACITOR | INDUCTOR
Denoted by R C L
v v
Equation R=— C= Q L=— L
' vV (di/dt)
: 1 17 1
series | Rr=RirRa e % e, |t he
1_1,.1 1_1 .1
P llel = + C.=C.+C — +
aralle R. Ry R, | T -17%21 =7 %

36



	Slide 1: Capacitors and Inductors
	Slide 2: Capacitors and Inductors
	Slide 3: 1- Capacitors
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

