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J Two new linear (passive) circuit elements will be
introduced:

v The capacitor.
v The inductor.

1 They do not dissipate energy, but instead, they store

energy.
J Called storage elements.

¥ 4

J Practical circuit application are composed of resistor,
capacitors and inductors.



Capacitors

It is a passive element.
J It stores energy in its electric field.

J It consists of two conducting plates
separated by an insulator (or dielectric).

J The plates are typically aluminum foil.

J The dielectric is often air, ceramic, paper.
plastic, or mica.

J Each capacitor has a capacitance C
measured in Farads (F).

d The symbol: €
——
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Capacitors

d 1 F =1 Coulomb/Volt.
J Most capacitors are rated in pF and pF.

Lonpryrgd © T ke pmn 14

J Capacitance is determined by the
geometery of the capacitor:

v Proportional to the area of the plates)(A). e

e

L

e e el o g

Dielectric with permittivity €

v Inversely proportional to the space
between them (d).
A

c=5
d

where ¢ 1s the permittivity of the dielectric.

« Note. more details will be covered in EM
courses.
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Meital plates,
cach with area A




Capacitors

U A capacitor stores charges (energy) on
its plates! How??

* When a voltage source v 1s connected to
the capacitor, the source deposits a
positive charge g on one plate and a
negative charge —¢g on the other (these
charges will be equal in magnitude).

* The amount of stored charge 1s
proportional to the voltage:

q=Cv

-

*In general g = q(t) and
= v(t),and i = i(t).
*Note: if v = V (DC), then

g =Qandi = 0,1.e., the
capacitor = O.C (see later!)
Note: The value of C does
not depend on v or q.




Capacitors

U For capacitor Types, shapes, and
applications see the textbook!
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Capacitor Current-Voltage Relationship

By taking the first derivative of
q(t) = Cv(t)
with respect to time t, we can have:

dv i‘

v : N
/ dt T

= Note: this assumes the

; - I L
paSS]VC Slgﬂ e - —_—l I(
convention.

B P -

Note: if vi > 0 —— the capacitor is charging.
ifvi <0 the capacitor is discharging




If v ="V (DC), then i = C=> = 0.

Also g = Q (constant stored charge).

This means that with DC voltage applied to
the terminals no current will flow, 1.e., the
capacitor 1s open circuit (0.c).

However, the voltage on the capacitor’s
plates can’t change instantaneously.

The capacitor’s voltage is continuous
function of t

. o
An abrupt (sudden) change in voltage
would require an infinite current (see the
equation)!

0

=
= T




Capacitor Current-Voltage Relationship
!; d\
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(a) (b)
Figure 6.7

Voltage across a capacitor: (a) allowed,
(b) not allowable:; an abrupt change is not
possible.



Capacitor Current-Voltage Relationship

= The cap’s voltage can be obtained from the current by:

¥
v(r) = ? ' I(T)dr + v(tp)

f“

~swhere v(t,) is the cap’s voltage at the initial time t,. It can be obtained

from the initial stored charge by v(t,) = 3%9-)- .
* Proof:
dv = %f“ ) di

and then integrate” between the times #, and f and between the correspond-
ing voltages v(fp) and v(f):

* Note: this shows the capacitor has a memory, which 1s often

et B e e SRS, e i -



Energy Stored in the Capacitor

/
* The energy stored in the capacitor 1s computed by:

L B
w =~ Cv? Or e et
2 2C

= Proof:

The instantaneous power delivered to the capacitor 1s

A dv
p=uwut=C_Cv
drt -+
The energy stored in the capacitor is therefore (
': '8 i ¥ ]
. H'f‘ . L ik s
o = pi7)dr = ( v—dt = ( vdv=_Cv
aT JIM ) - o )

We note that v(—%) = 0, because the capacitor was uncharged at
¥ = —=. Thus,




Capacitors
- Example 6.1 P

(a) Calculate the charge stored on a 3-pF capacitor with 20 V across it.
(b) Find the energy stored in the capacitor.

Solution:
(a) Since g = Cv,

g=3x10"x20=60pC
(b) The energy stored is

o

w = ~Cv =—2—x3x|0”x400=600pj

What is the



Capacitors

Example 6.2

The voltage across a 5-ykF capacitor is
v(r) = 10 cos 60007 V
Calculate the current through it.

Solution:
By definition, the current is

i(7) = ﬂ—5><10‘“i(10 os 60001)
oA e

= —5 % 10 ° x 6000 % 10 sin 6000t = —0.3 sin 6000t A



Capacitors

Example 6.4

Determine the current through a 200-uF capacitor whose voltage is

Ly vil) A
50




Capacitors

St V 0<t<]
Solution: o 100 — 5Sr V o & C = 200 uF
o 200+ 5V 3<1<4
0 otherwise
50 0<1< 1 10 mA < i<}
dv =) L rED —-10mA 1<1<3
i =C— =200X10"° X =
dt 50) 13 < d 10 mA 3<1<4
0 otherwise 0 otherwise
rimA) &
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“Example 6.3

Determine the voltage across a 2-uF capacitor if the current through it is
in = pe 3000 mA
Assume that the initial capacitor voltage is zero.

Solution:

l I
Since v =EJ idt + v(0) and v(0) = 0,
0

I
p=—" _ﬁja“mdpw"’
2X107° J,

]
= (] — e 00 Y
0

_3X 10-‘8_3@,
—3000




Capacitors

Practice Problem 6.4
An initially uncharged 1-mF capacitor has the current shown

Find v(t), v(2ms), v(5ms) dais
100
Solution:

I
I1(T)dT + v(l,)

Yo {] | | | »
2 4 6 f(ms)

(/) I
U =
(-.

100 mA, 7 > 2 ms

Case: 0 <t < 2 ms:
v(t) = 1000 _l;: (ms) 50rdt+ y(O) = 25000t* V; (t in ms)
Case:Z2ms < t:

v(t) = 1000 f} ™ 100 A d T + v(2 ms) = 100(t ~ 0.002) + 0.1V, (¢ in m

, T WK1 <2ms
i(r) =



Capacitors
HW:

Find the capacitor voltage that is associated with the current shown
graphically in Fig. 7.5a. The value of the capacitance is 5 uF.

N (V)
‘ A
iNHimA)
'\ 8
i 4_/
| 1 o W I
4 ot 2 3 4 ) S oy 2 s 4 ()

el =0 1<0

pil) = MNNN =<t <lms

wit) =8 I>2ms



Capacitors
Example 6.5 Obtain the energy stored in each capacitor

2 mF

]
I

F 5 KQ g
6 mA % 3kQ 4 kQ




le 6.5 Solution:

Under dc conditions, we replace each capacitor with an open circuit,

(6 mMA) = 2 mA

342 +4
=2000i =4V v, =4000i = 8V
I | e
| | B
wy = <Cyv3 = (4 X 107°)8)* = 128 mJ

2kQ

—O+ V) el &

30,

MW

%31{0

SkQ

_OK"? +0—/ M\

4 kQ



Capacitor Response: Given v(f), determine i(f),
p(t), and w(t)

C =0.6-uF p (uW) p(t) = vi
vi(V)

20 Power transier
Voltage / ' Into capacitor
15

L | L] T L] L] '_-rlhl
- 01 2 3 6 7
1(s) o _ :
-30 Power transter

out of capacitor

(LA lv
LadiE -0
dt

Current

1(S)




Capacitors

J Capacitors in parallel:

i |

{ P
il

|'r-‘.“-"' 2 . A . - _l_ .
"I'-'ll = (" + (I_’ * Ly 4 o (‘n‘ '-__t_,rl ( 1 =49 (_‘ —— (i. — ( N —
Proof:
(i d _dv d iV G,
— | { | ( {4 - (
dt (dt dt 1
| “w I (l"l' g!f
(36)% =Ca
N\ | (i (H

Dy Yazid Khanabi Electric Circuits (1)



Capacitors

. . O i G G G O
J Capacitors in series: - ¢ v
Al |} || ,
* V) - ¥ * P - * 'y -
¢ &
T : ®
- - + - + - + .
( oy ( | ( 2 ( 1 ( N
i
For two caps in parallel —
+
GG, v (e == 0

" G +(

Dy Yazid Khanabi Electric Cirowits (1)




Capacitors

J Capacitors in series: LS S 9
I | I
*+P= +M= M=

Proof:

v=v, +U,+U3+

*+ Uy '. C:D

e

-

+ vy -

il

A v ,
. J ir)dr + v, + ir)dr + v.ll,)
( | ‘ I J g
[/ > P
o
P 900 up J i(r)dr + vnlly)
N

" '

‘o |

I | ) :
( e fer—al Belly 2o )J i(r)dr + Uyilg) + [':”H)
( | ( 2 ( \ ,
AR l‘\'tn'

| :
- J ir)dr + vil,)
!

b

WNig) = Uillg) + Ullg) + *** + Oyllp) ‘
in




Series and Parallel Caps

J Another way to think about the combinations of capacitors is
this:

J Combining capacitors in parallel is equivalent to increasing the
surface area of the capacitors:

J This would lead to an increased overall capacitance (as is
observed)

J A series combination can be seen as increasing the total plate
separation

J This would result in a decrease in capacitance (as is observed)



-
Capacitors
m Find the equivalent capacitance seen between terminals a and b

S uP 60 uF
20 X 3 ™. | {} e —t—<C a
= p . e
20+5 WaF == 6pF == 2W0uF = ... £
O b

Dy Yazid Khatabi Electric Circuits (1)



Capacitors

6.18 Find C, in the circuit of Fig. 6.52 if all capacitors

are 4 uF.

Ceq = 2.1818 pF

D Yazid Khattabi Electric Circuits (1)



e
Capacitors
W 6-E For the circuit in Fig. 6,18, find the voltage across each capacitor.

20 mF 30 mF

+ - +7N -
r +
.ww,t) OmF =ry =— 20mF
-

Dv. Yazid Khanabi Electric Circaits (1)



Capacitors

For the circuit in Fig. 618, find the voltage across cach capacitor.

a0 q2
| 20mF 30 mF
Ca ™ mF = 10 mF
T
o 7y . é + '}] thtaT > A - & "M - ql q‘
Grotal Ceq(30) = 0.3C 0V ? Wk <% <= 0 mE
charge acts like current, so:
d1 = 92 = Grotal
OR:
and then: v; =2 =15V . & : .
r - totat = U-
and v, =£ =10V C3 + G4
: Qe = L4 Grotar = 0.1C
4 = total = Y-
l'\‘JO“‘L’I—p:-SV 63+C4

Dr. Yazid Khamabi Electric Circeits (1)
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Inductors

J An inductor is a passive
element that stores energy
in its magnetic field

( They have applications in
power supplies,
transformers, radios, TVs,
radars, and electric
motors.

J Any conductor has
inductance L, but the

effect is typically enhanced
by coiling the wire up.

 d

Solenoid Wound Inductor
Arca S

Magnetic-ficld
lines




J Several Types

High current inductor

Solenoid

Planar inductor

Dr Yand Khattabi. Electnc Circuits (1)

-

(b)

Figure 6.22

Vanous types of inductors: (a) solenoidal
wound inductor, (b) torowdal inductor,
(¢) chip inductor.

Countesy of Tech Amenca




Inductors

Camgrnp € Ve W o i el Py aremd b rege b lnr 0 Segpiy

U An inductor consists of a coil of |.._ p— (_.|
conducting wire. — Cross-sectional area, A

| I

U Calculating the inductance depends on
the geometry:

Core matenal

* For example, for a solenoid the

inductance is: . NPE‘UA Number of turns, N
/ 1 O Inductance, measured in
v" Where N is the number of turns of the Henries, H.
wire around the core of cross sectional U 1 Henry = 1 volt-second per

area A and length /. ampere.

v" The material used for the core has a
magnetic property called the
permeability, p.

dd 4 £ i 4n e b P




Inductors current-voltage relationship

Jd The inductor opposes the change of current
flowing through 1it.
O If a current is passed through an inductor,

the voltage across it is directly proportional ;
to the time rate of change in current: ‘

=" di -1 y
v = LE; L }

with passive sign convention.




L

U _»
Inductors T
Y wvee>
‘]ple6 8  The current lhmughaﬂl -H inductor is i(r) = 10te ™ A. Find the volt- L (k)
age across the inductor and the energy Stored in it R

LTI Bl T

R
) i T
9 = e -
1.~ L:‘) ok o
L =0.1H, X N Co>nN~
) "J?‘V:'
o ¥
b = 01 E(10fe ™) = e + t(=S)e > = (1 = SOV o
dt ~rey -
R - L.... \‘,. 2
v - 2

The energy stored is




Inductors

6.40 The current through a 5-mH inductor is shown in
Fig. 6.66. Determine the voltage across the inductor
atr = 1,3, and 5 ms.

HA)A

0 L L >
2 4 6

[(ms)



Inductors

Find the current through a 5-H inductor if the voltage across it is

s {30:2. t >0

Also, find the energy stored at 1 = 5 s. Assume i(v) = 0.

!
Since i = [ v(t)ydt + i(ty) and L = S H,

2
L ]
to

. B F ;
:=; 30r*dr+0=6x7=2rA

“n

| 2
wly = Li*(5) - —L:(()) = —(5)2 X 5’ = 0 = 156.25kJ

|
2



Inductors

6.42 If the voltage waveform in Fig. 6.67 is applied
across the terminals of a 5-H inductor, calculate the

current through the inductor. Assume i(0) = — | A.
v(1) (V)A
10
0

[



Inductors

Example 6.10

Under dc conditions. find: (a) i, ve.
and iz, (b) the energy stored in the capacitor and inductor.

1Q 5Q
A ————AAMA—— 1

‘ %4!1
1:»'@ R 2H
%c = | F

L




R
we = —Cue

Inductors

5Q

=2A
] 4+ 5 IZV(
I 1
=“;(|)(|0") = 50)J
A .
L=75(2)2°) =4]



Series Inductors

" L, Ly Ly
i

o—— TN —TIN—TIN—-——— YV
oty T YeT Ty T T Ty T
v

o

Proof:

V=0T +U;+ T+ Uy
di di di

D = [,l— + 1.1— + [.;— + v I‘N—

di “di “di

- (L| -+ L_] + L_‘, + **° LN};

. di di
S = Lo—

I
—_—
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Farallel Inductors

e
e e e
+ :‘,l 54 54 M
’ L, L, L
o
Proof:
=+ ti+--+iy

o

L' “Io
|
N
( | 1 |
— — e — e 0 e —
L L }-x

I

I .

I

"o

‘L

N ] ) o | N
= — l vd + llp) =

“L\] — i.“’..i T f1'lrr-|| T e

+ 1ulln)

== 8w

2
I

“oq -

vdet+ iy(ty)

’ v dlf La I:”“l

- e

) ] vd + n‘;“.ﬂ + f:”[;)

il

fa

vdt + ity)

|
—
O
+
LN —_— v ch
O
I l i l I
. RO DU T 5T S -
L L L L, Ly

For two inductors in parallel

i

" aka
. - L| T L:




Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display
TABLE 6.1

Important characteristics of the basic elements.”

Circuit variable
that cannot
change abruptly:

Relation  Resistor (R) Capacitor (C) Inductor (L)
B di
U-i v = IR v=—| i7)dr +v(ty) v =L—
C) dr
v LT
I-U: | = U/R | = C(_ = — J U(T)(!T + i;(fn)
dt L :
- v* e .y =
porw: p=iR= r w = ECU w = EL:
Seces:  BuwRi+ R ot L= Ly +L
Series: eq = R 2 Ceq= C +C, eq = L ,
Pacallel:  Ryg ==l ¢ e C,+C g
ek T o, T TR N L
At dc: Same Open circuit Short circuit

Not applicable v




Inductors

For the circuit in Fig. 6.33, i(1) = 42 — ¢ "")mA. If i»(0) = —1 mA,
find: (aY1,(0): (b) v(r), vy(1), and v4(1): () £;(1) and ix(1).

i 2H
o— YN
"’ - 4 i *ll *l:
+
v 4 H ) 12 H

O




