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¢S [L;mm (5) ]] Capacitors and Inductors (S
& Introduction: &

w The capacitor and the inductor. Unlike resistors, which dissipate energy, capacitors and g
¢ Inductors do not dissipate but store energy, which can be retrieved at a later time. For this g

g reason, capacitors and inductors are called storage elements. '8
5 8
ra . <
& Capacitors S
a! Yal

8 A capacitor is a passive element designed to store energy in its electric field. Capacitors &
¢ are used extensively in electronics, communications, computers, and power systems. For '8
s example, they are used in the tuning circuits of radio receivers and as dynamic memory 'a

¢ elements in computer systems. 3
8! - ] ] ; O
% | A capacitor consists of two conducting plates separated by an insulator (or |
% | dielectri %
® | dielectric). 3
Yad A
::1 In many practical applications, the plates may be aluminum foil while the dielectric may Igj
::1 be air, ceramic, paper, or mica. 03

® When a voltage source v is connected to the capacitor, as in Figure (5.1) (b), the source &
¢ deposits a positive charge (q) on one plate and a negative charge (- g) on the other. The 8
¢ capacitor is said to store the electric charge. The amount of charge stored, represented by &

;:j q, is directly proportional to the applied voltage v so that, ;:1
ral Pal
S = C 5.1) %
(3 q = LV (51) &
0 02
3 . o . ) >
I:j Where C, the constant of proportionality, is known as the capacitance of the capacitor. ::1
3 (3
ral Pat
% | Capacitance is the ratio of the charge on one plate of a capacitor to the voltage .
" ! s
K3 difference between the two plates, measured in farads (F). 63
;:j The unit of capacitance is the farad (F) (1 farad = 1 coulomb/volt). ;:1
ral Pat
:g ‘&iclcctric with permittivity € \b :?
:.: Metal plates, 4 _ :.:
>:1 each with area 4 o %
3 g —4q 8!
(3 A (3
3 8!
(3 - - (3
¥

¥, —

Zn\

I§1 5 @ ;g
::j (a) A typical capacitor. _ (b) A capacitor with applied voltage v. ;:1
S Figure (5.1) '8
3 3
® vAg (3
& <(61)> &3
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& Although the capacitance C of a capacitor is the ratio of the charge q per plate to the
® applied voltage v, it does not depend on q or v. It depends on the physical dimensions of

# the capacitor, the capacitance is given by

at

& €A

3 (=7 (52)

% where A is the surface area of each plate, d is the distance between the plates, and € is the
s permittivity of the dielectric material between the plates.

8 | The ratio of the flux density to the electric field intensity in the dielectric is called
% | the permittivity of the dielectric

® For a vacuum, the value of e (denoted by €,) is 8.85 x 10™ F/m.

% The ratio of the permittivity of any dielectric to that of a vacuum is called the relative
a  permittivity, €,. It simply compares the permittivity of the dielectric to that of air. In
a equation form,

(5.3)

g € =

€
€0

& Capacitors are commercially available in different values and types. Typically, capacitors
® have values in the picofarad (pF) to microfarad (uF)range.
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% Figure (5.2): Circuit symbols for capacitors: (a) fixed capacitor, (b) variable capacitor. 8|
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& Figure (5.3): Several examples of commercially available capacitors &
? »
'8! '8!
'8! '8!
S <(62)> 03
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(2 (2
DX 4

e . el
Yal = 02
:;: ) ’ :;:
e - 8!
8 . Pal
O O
S / \ e
:;: ..lr l --. % :;:
N\ i [ ~ PA
e e
(3 @ ) © ® 0
e e
& — : : Figure (5.5): Variable | ¥
S Figure (5_.4). lee_d capacitors: (a) polyeste_r capacitor, capacitors: (a) trimmer | 8
S (b) ceramic capacitor, (c) electrolytic capacitor. capacitor, (b) film trim | §
& capacitor. 3
o a
o a
o al

& 10 obtain the current-voltage relationship of the capacitor, we take the derivative of both

» . . ral
3 sides of Eq. (5.1). Since :g:
A A
¢ =49 3
::} =3 (5.4) ¢S
I:l differentiating both sides of Eq. (5.1) gives &
ol dv *
% i=C — (5.5) &
(2 dt (3
I:j The voltage-current relation of the capacitor can be obtained by integrating both sides of I:j
::1 Eq. (5.5). We get ::1
& &
¥

S [ 1 ¢ S
ral —_ ' Pal
% V=s J_i.dt (56) %
ral 4
& or S
ral Pal
5 Lt g s
ral = —_ Pal
8 V=2 ftoz. t+ v(ty) (6.7) %
'8! '8
& &
) . . . .

::: The instantaneous power delivered to the capacitor is ;::
o P=vi =Cv — (5.8) %
'8! dt '8
® : L 2
I:l The energy stored in the capacitor is therefore I:i
Pat Pal
K2 T l () 3
rat | . - [ ; . . 7 rat
;& w = pdr = ( v—dr = C ‘ vdav = _—Cv” (5.9) ;&
(3 dat i 2 P '8!
3 . . : 03
'8! '8
'8! '8
'8! '8
::: vAg :::
& <(63)> &
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2 t = —oo. Thus,
>;1

DY

< 1

'8! w== Cv?
s 2

>;1

D4

o or

>x< 2

o _q

a! W=

al 2C

a4

\_/
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®  We note that v(—%) = 0. because the capacitor was uncharged at ¢

(5.10) %

'8 1) Note from Eq. (5.5) that when the voltage across a capacitor is not changing with 8
'8! time (i.e., dc voltage), the current through the capacitor is zero. Thus, 8

ot A capacitor is an open circuit to dc.

8 However, if a battery (dc voltage) is connected across a capacitor, the capacitor

o 2) The voltage on the capacitor must be continuous.

charges. &

e ral
ral . ral
::: The voltage on a capacitor cannot change abruptly. :::
'8! '8!
03 : : . o 0
I:l 3) The ideal capacitor does not dissipate energy. It takes power from the circuit when I:l
& storing energy in its field and returns previously stored energy when delivering %
* power to the circuit. '
o 02
>:1 S Leakage resistance 731
I:l 4) A real, non-ideal capacitor has a parallel-model AV I:j
I:l leakage resistance, as shown in Figure (5.6). The ;::
I:j leakage resistance may be as high as 100 M and can ;:j
. . . Il
I:j be neglected for most practical applications. © | o ;::
s Capacitance s
3 &
;:j Figure (5.6): Circuit model :::
;:j of a non-ideal capacitor. :::
'8! 3
8! - - . Pat
::: Example 1: (a) Calculate the charge stored on a 3-pF capacitor with 20 V across it. (b) :::
::: Find the energy stored in the capacitor. :::
3 o~ , Ny 03
;:: Solution: (a) Since ¢ = (v, :::
'8! L el
K g =3x 107" %20 = 60pC 03
Pal ) . Pat
::: (b) The energy stored 1s :::
! L1, -12 e
el w=_(v=_-X3X10 X 400 = 600 pJ %!
Pat 2 2 bl
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:3: H.W.: What is the voltage across a 3-uF capacitor if the charge on one plate is 0.12 mC? :g:
% | How much energy is stored? Answer: 40 V, 2.4 mJ. :i
D< al
e 8!
e —— e
s | Example 2: The voltage across a 5-pF capacitor is, '8
A A
'8 v(t) = 10 cos 6000t V '8
A - A
'8 Calculate the current through it. '8
A - N\
% Solution: '8!
8 - : 8
By definition, the current 1s a
at . at
5 I / 3
8! . . dav = _g @ A
3 i(n) = C—=5x10"°—(10 cos 60007) 03
a4 dt dt ral
'8! . —6 : - '8!
'8} = —5 X 10" X 6000 X 10 sm 6000 = —0.3 s 60007 A '8!
8 R
el —— . . e
;i: H.W.: If a 10-uF capacitor is connected to a voltage source with, v(t) = 50 sin 2000t V ;i:
A . - A
s | Determine the current through the capacitor. Answer: cos 2000t A. 8
'8! '8!
"al "al
| Example 3: %!
val . N . L ral
::: Determine the voltage across a 2-uF capacitor if the current through 1t 1s :::
&S 8
* . —3 '8
'8! i(r) = 6e """ mA '8!

. . . <
::1 Assume that the initial capacitor voltage 1s zero. &
"al - ral
;g Solution: L[ ;g
'8! Since v = — | idt + v(0) and v(0) = 0, '8!
o C 02
o 0 62
o 62
':‘ 1 r —3000¢ -3 >:<
:.: V=T ¢ be - dr- 10 :‘:
(3 2 X 10 62
R o 02
::} _3X10 e300 (] _ p=3000r) ::}
(3 —3000 0 (3
o &
R &
R &
R 62
R 62
R 62
R 62
& | H.W.: 3
yal . . . - . D<
% | The current through a 100-uF capacitor is i(f) = 50 sin 1207 mA. |§
ral Pal
R - o _ : 02
&| Calculate the voltage across it at 7 = 1 ms and 7 = 5 ms. Take v(0) = 0. | %
& &

4 T T )
& Answer: 93.14mV, 1.736 V. &
& &
R &
* YAy (3
4 v Olg 4

AR R
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Y 4
& 03
e al
62 o
e : -1 8
e | Example 4: Determine the current through a 200-uF capacitor whose voltage is shown in | g
| =
:3: Figure. :g:
::: v(f) A :::
A A
Yal Pat
63 5
% 0 | 1 | > %
8! 1 2 3 4 1 s
& &
& B &
A A
® Solution: &
®  The voltage waveform can be described mathematically as !
Yal Pat
63 I ¢
e 50tV 0<r<1l e
< R
5 100 — 500V 1 <t<3 R
% YO = 2200 + 500V 3 < <4 %
Yal - - - Pal
& 0 otherwise :ﬁ:
Ya( Pal
& Sincei = Cdv/drand C = 200 uF, we take the derivative of v to obtain &
< R
3 50 0<r<]1 3
0 ¥ 03
' o s )50 1<t<3 3
& () =200 X 107X~ (3
'8! ; N '8!
s . i (mA) A 8!
8 0 otherwise s
Pat Pat
R 10 62
% 10 mA 0<t<1 ,&
Pat Pat
& —10mA 1 <¢<3 . | &
Pat = > pat
(< I0mA 3<¢<4 |2 3 41
'8! : '8
::j 0 otherwise ol ::j
ral . . . B D<
;:: Thus the current waveform 1s as shown n Fig. ;::
& [ H.W. 3
03 . : : 03
::} An nitially uncharged 1-mF capacitor has the current shown in ::j
I:l Fig. 6.11 across it. Calculate the voltage across it at + = 2 ms and I:}
| = 5ms. ®
R 62
R 62
R 62
% | Answer: 100 mV, 400 mV. :&
Pat 1
’:‘ i (mA) ’:‘
'8! 3
'8! 100 '8!
Pat Pat
R &
R 62
R &
}.{ 0 | | | > }‘{
8 2 4 6 1(ms) %!
Pal Pat
S vAg (3
Pal Pat
3 <(66)> K3
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:3: Example 5: Obtain the energy stored in each capacitor in Figure under dc conditions. ;g:
A - A
s Solution: g
I " , _ . %
::: Under dc conditions, we replace each capacitor with an open circuit, ;::
A - . . - . - A
s as shown in Fig. 6.12(b). The current through the series combination '8
A . . : . .o 8
& of the 2-k{) and 4-k() resistors 1s obtamed by current division as &
8! 8!
a! 3 !
& i=———(6mA) =2mA &
ral 3+2+4 Yat
8! 8!
8! : 8!
s Hence, the voltages v, and v, across the capacitors are '8
A A
8! 8!
8 v, = 2000 = 4V v, = 4000 = 8V (3
a! 2!
® and the energies stored in them are &
a! 2!
3 ., 1 32 &
¢S w, = ;_(]L'[ = ;{E K107 )4 = 16ml 3
a! - - 2!
a! 2!
ot 1 . 1 a4 at
8l w->=_—Cv5= (4 X 10" =128 ml !
A A
< R
(2 2wmF Ot o -0 Pl
:.: Il 2 kO ! :e:
(3 I 2KQ — (3
o 6
K2 2kQ 2
(2 SkQ :&
Pat (
3 N AN . o (S
K P 5 kO 6mA (4) 3 kL) Q 4 kQ K2
(2 6ma (4) 3kQ 1 KO T , (2
,.: 11 -, i) :‘:
» _

>:1 4 mF T T ::1
Pat (
03 3
::: (a) (b) :::
s | H.W.: Under dc conditions, find the energy stored in the capacitors in Fig. '8
03 3
Pat Pat
3 ; 5 03
::: Answer: 810 wJ, 135 pJ. :::
K 3 KO &
Pal Pat
0 —MWA— 03
(2 1 kQ (2
o [ o
S ! S
::: 30 uF ;::
'8 10V 20 uF == % 6 kQ '8}
& 2
& 62
& 2
& 62
o 2
& 62
o 62
& 62
o 2
S Ay (3
; ek :

Vv ST or
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(3

3 Table (5.1) o
ol al
& NO Series Circuit Parallel Circuit &
ol al
ol al
®| 1 | The connection is as shown The connection is as shown 0
A A
al . al
(2 i C C, (y Cy 2
% — L I '|\ np| el s v | o+ %
:g 1l I — _| ) - ‘ ’ :g
= +v - +vy— +v3—  + vy — Cl=—= == 3=/ Cy == v | g
3 v () K
¥ T ¥
3 3
A A
hat al
hat al
% | 2 | The same current flows through each The same voltage exists across all the 0>
& 8
& capacitor. capacitor in parallel. &
::: |:|1:|2:...=In V:V]_:Vg:...:Vn :::
& | 3 | The voltage across each capacitor is The current through each capacitor is &
& different. different. &
I:l 4 | The sum of the voltages across all the The sum of the currents through all the | %
I:l capacitor is the supply voltage. capacitor is the supply current. *
::: V=V;+V,+...+V, =L+ L+ ... +], :ﬁ:
'.‘ 1 [ - - . 1 - - 3 duv i duv ) du B dv P‘{
s v =—_ | i) dt + vylfy) + — | (1) at + va(ty) i 1 - C— {— L s
>.: ¢ L4 ¢ 2 '-l'll'l - '.":'1.:‘ : :"l' B Lit :’:
8 . ) O
(3 1 (" ) (< - \dv dt 03
' — | w0 dr + vty | D Cp | — = Coq— '8!
% E—.‘-' VE=1 ;oat at ’:‘
:.: (_ R L a1 L' | A L 1 [':l Lo .n) :.:
:g [ 'y C / U1l Uallo :?
:.: T t'_\_-(.rc] :.:
8! = — | i(f) d v s
(3 Cea J; !
(3 . ) . ; . . (3
I:l 5 | The equivalent capacitance is, The equivalent capacitance is, I:I
K2 1.1 1 Ceq=C1+Cy+...+C (3
:.: :_.|___|_.”_|__ eq 1 2 n :.:
»:1 Ceq Cl CZ Cn ::1
a! - - - - - - q
;3: 6 | The equivalent capacitance is the smaller | The equivalent capacitance is the largest ;::
:3: than the smallest of all the capacitance in | than each of the capacitance in series. ;::
& ®
% parallel. Ceq > C1, Ceq > Ca..., Ceg > Cy 0
(3 03
(3 (3
(3 3
(3 (3
(3 3
Pal Pat
&3 0
(3 03
3 vag 3
)
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Y Pat
8 &3
val . N . N N N ral
:3: Example 6: Find the equivalent capacitance seen between terminals a and b of the circuit ;g:
% Solution: &
A A
8! s
8! s
D< <
5 5 uF 60 uF &
K I I &
3 | | ——— &
& Ceq 3
:ﬁ: 20 uF = 6 uF = 20 uF = -— :ﬁ:
8! 8
A <
K o b 3
'8 The 20-uF and 5-uF capacitors are in series; their equivalent capaci- '8
A . O
& tance 18 3
8! 8
val ral
8 20 X 5 R
0+s M
A A
8! 8
8! 8
val . . .. . . Pad
5 This 4-uF capacitor 1s in parallel with the 6-uF and 20-uF capacitors; :%
e ) ) : : a
8 their combined capacitance 1s '8
A A
8! 8
s 446+ 20 =30 uF K
val Pal
3 &
al . . . . . . . al
::: This 30-uF capacitor is in series with the 60-uF capacitor. Hence, the ;i:
O . . . . . .o &S
* equivalent capacitance for the entire circuit 1s K3
ral Pal
s 30 X 60 ¥
3 ~ S
'8 eq = = 20 uF '8
K3 30 + 60 *
ral Pal
3 &3
ral Pal
3 &3
ral Pal
3 &3
ral Pal
s S
s S
& &
;g H.W.: Find the equivalent capacitance seen between terminals a and b of the circuit. ;g
ral Pal
(2 50 uF e
'8! I '8
e 1l 60 uF Yo
'8! o I '8!
3 - n S
S f S
’.‘ Ce: Il ’.‘
'8! —= TOpF == 20pF = 120p4F | ¢
3 . S
S Answer: 40 uF. o e
S S
S S
Pat Pat
3 &3
'8! '8!
'8 (3
'8! '8!
3 3
Pal Pal
* A (3
Pal Pal
$ ~(60)= 3
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Y Pat
s 3
::: Example 7: For the circuit in Fig., find the voltage across each capacitor ;g:
A - A
s Solution: %
:% Solution: 20 mF 30 mF :;:
:g We first find the equivalent capacitance Ceqy. shown in Fig.b The two H ‘ :g
:;: parallel capacitors in Fig.a ~ can be combined to get 40 + 20 = 60 mF. |7 M-y :;:
& This 60-mF capacitor is in series with the 20-mF and 30-mF capacitors. 30V () A0mF == ¥3 == 20 mF 1
% Thus T B '8!
Pl ‘ rat
Yal 1 Yal
D Cog =17 717 —7mF = 10mF . ) ' Pa
::: Lyl L Figure a :g:
A A
¢ The total charge is '8
Pl g rat
< _ <
(2 g=Ceqqu=10X107"X30=03C 0
val Yal
:;: 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 1s to 1magine § — . %
:ﬁ: that charge acts like current. since 7 = dq/dr.) Therefore. M ) :ﬁ:
:ﬁ: U q 0.3 15V v q 0.3 10V Figureb :ﬁ:
% " = o = —_3 = b 7 _-2 = — = 1—_3 = %
a y 20 X 10 5 30 X 10 D
val ral
::: Having determined v and v,. we now use KVL to determine vy by :::
A A
'8! vy =30 —-vy —va=35V '8!
o 3 k 1 2 - <
%: Alternatively. since the 40-mF and 20-mF capacitors are in parallel. :ﬁ:
:0: they have the same voltage vy and their combined capacitance is 40 + :ﬁ:
>:< 20 = 60 mF. This combined capacitance is in series with the 20-mF and at
::: 30-mF capacitors and consequently has the same charge on it. Hence. :ﬁ:
val Pal
% q 0.3 5V %
a! vy = = =35V al
>:< * 60mF 60 x 1073 >:<
a! D<
(2 ()
a! <
(2 ()
a! <
& &
a! 4
(2 . . . - ()
;:j H.W.: Find the voltage across each of the capacitors in Fig. ::1
::j Answer:v;=30V,v,=30V,v3=10V, v, =20 V. ;:j
a! a!
S 40 uF 60 puF S
(2 ()
a! D<
% T %
S : : S
% e + U3 - 3
3 S
"al T + Yal
02 P 02
| 60V (T 'y —— 20 uF vy —— 30 uF (2
K iy R 4 >sbp K2
a! D<
(2 3
'8 (3
a! D<
R &
R &
R &
R &
& &
R &
R &
R &
* vAg (3
al D<
$ ~(70)= 3
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3 3
A A
a! !
a! !
& Inductors £
W had

% An inductor is a passive element designed to store energy in its magnetic field. Inductors ’s
% find numerous applications in electronic and power systems. They are used in power '
s supplies, transformers, radios, TVs, radars, and 8
& electric motors. |~—Length, ¢— %
% Any conductor of electric current has inductive Cross-sectional area, 4 &
% properties and may be regarded as an inductor. /
s But in order to enhance the inductive effect, a |L

Yal . . ) . - P
R \. \J ™ S
(3 pra_ctlcgl mdqctor_ is usually formed mto_ a Core material 8
3 cylindrical coil with many turns of conducting 3
:2: wire, as shown in Figure (5.7). Number of turns. N I:I
::: Figure (5.7): Typical form of an inductor :::
A A
e ral
e . . , . . a
:2: An inductor consists of a coil of conducting wire. ;i:
8 di &
s v= LE (5.11) s
A A
Iﬁl where L is the constant of proportionality called the inductance of the inductor. The unit of Igi
I:l inductance is the henry (H),(1 henry equals 1 volt-second per ampere). Igi
al . ) . oy at
::: Inductance is the property whereby an inductor exhibits opposition to the change :::
| of current flowing through it, measured in henrys (H). e

E:i Like capacitors, commercially available inductors come in different values and types. s
::: Typical practical inductors have inductance values ranging from a few microhenrys ( uH), :::
::: as in communication systems, to tens of henrys (H) as in power systems. Inductors may be :::
::: fixed or variable. The core may be made of iron, steel, plastic, or air. The terms coil and :::
::: choke are also used for inductors. Common inductors are shown in Figure (5.8). The :::
& circuit symbols for inductors are shown in Figure (5.9), following the passive sign &

ral - ral
& convention. 8!
o | *
(3 , i "
S / S
o { i *
* o *
o *
S 4 S
o j *
o *
* C ' *
* ' *
* = ‘ *
* Vi ' *
* *
* | *
* *
ral ral
(< IIIIfllll‘llII|HIII%III|II|I,HII,IIII’H|||IlH‘III||lllI‘Il|I|Il|I‘IIlI||I|Iil|II|H|illI|||Il||lIIII|IIlI|IlH|IIH< el
:.: nyl "2 "3 "4 's5/ ‘6] ‘7| '8 ‘o "m0 11 1 :‘:
;? Figure (5.8): Several examples of commercially available inductors ;i:
ral ral
(3 YAy S
8 s Oig 5
S SeTeaiw, 9
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3 3
A A
8! 8!
< at
(2 l o ' l o) l o) &
2 i I i [
8! 8!
< at
% + + + %
- CONNE- LG
8! - - - 8!
8! 8!
8! 8!
8! 8!
al o o o) at
al Ml
'8! (a) (b) (©) '8!
A ; . . . . . . . O
s Figure (5.9): Circuit symbols for inductors: (a) air-core, (b) iron-core, (c) variable iron- '8!
ad Ml
s COre. '8!
ad Ml
8! 8!
8! 2!
8! 2!
'8! The current-voltage relationship 1s obtained from Eq. (5.11) as '8
& 8
gl 1 X
'8! di v dr Pl
"a\ I "al
a! ’ 2!
a! 2!

¢ Integrating gives

v I. . 7/
%} = — v(r) dt (5.12) &
'8! L. 8!
s 3
® or *
%! o1 at
s 3
s 3
S S
'8! ' '8!
s ) | . ) '8!
e i=— | v()dt + i(ty) (5.13) o
8 L ] 8!
'8! fo '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
o o
::: Power delivered to the inductor is, ;2:
’:‘ X |:'I|;|".‘ ) ':‘
:.: :,l_:y =pl = i— I {5-14) :‘:
. "|'I'. / .
'8! ) '8!
'8! '8!
% The energy stored is '8!
"al s) ha!
’.‘ [ [ - :'.3717- w
:0: w | p df ‘ (;’_ - )f' dt :0:
o' J_. J_ . ut/ s
'8! (5.15) !
ol -t . ral
( ' 1, 1, (X
O 7 7i%(t i e ®
%! | 7 —L17(1) S LI ) !
e = - '8!
8! '8!
8! '8!
e '8!
8 '8!
8! s
8! '8!
S s
8 '8!
%! vAg s
$ Inf- $
! SrTar, 03
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Y,
o Since i(—=) = 0, 62
e e
e e
& L 5 &
:31 w =Lt (6.24) :g:
A — A
e e
e e
e e
e e
ral . . . el
;2: 1) Note from Eq. (5.11) that the voltage across an inductor is zero when the current is ;2:
A A
'8 constant. Thus, '8
A . . N . e
& | An inductor acts like a short circuit to dc. *
:g 2) An i_mportant prgperty of the inductor is its opposition to the change in current %:
® flowing through it. &
® | The current through an inductor cannot change instantaneously. *
A A
o e
o e
o e
& Example 8: K
'8! - - St : S
63 The current through a 0.1-H mductor 1s #(f) = 10f¢ °" A. Find the volt- 03
& | age across the inductor and the energy stored im it. &
'8! . S
& Solution: *
®  Since v = Ldi/dtand L = 0.1H. '8!
&S &
S (3
S (3
® R ~5n _ _—5i 5t _ _—51 g 03
K2 v = D.ldr(mre' J=e " +t(—5e " =e (1 —50V &
S (3
S (3
S (3
% 1 ., 1 2 —10r _ o2 —10¢ %
¢ w = —Lic = —(0.1)100t%e = 5t°e J 8
& 2 2 62
& - = 62
S (3
S (3
o [ HW.: 3
S (3
yal - . . - D
& | If the current through a 1-mH inductor 1s #(#) = 20 cos 100f mA, find | &
'8! : '8!
;:j the terminal voltage and the energy stored. ;:j
'8! '8!
'8! '8!
3 . . 2 s
% | _Answer: —2 sin 100rmV, 0.2 cos” 1007 pJ. K3
& &
& 02
o 02
02 02
R 62
&3 &
'8! '8!
3 vAg '8
(3 <(73)> (3
8! v, 3
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A
val ral
& | Example 9: &
s | Find the current through a 5-H mductor if the voltage across 1t is '8
A A
Yal Pat
D< <
2 3017, =0 8!
& v(r) = . &
(3 0, t =0 (3
Yal Pat
Yal Pat
o Also, find the energy stored at F = 5 5. Assume i(v) = 0. 03
'8! - '8!
¢ Solution: *
Yal ri Pat
¢ _ 1 i i _ ¢
& Sincei=—| v(f)dr+i(ty) and L = 5H. e
£ L £
W L rad
Yal f 3 Pt
g 1 - t 2 gt
8 i=— | 30r-dt+0=06x—=21"A 3
s 5 1 3 s
Yal Pal
Yal Pal
'8! ; ! '8!
¢  The power p = vi = 60¢”, and the energy stored 1s then &
Ya( Pal
A - - P
o - i 6|5 2
’i‘ _ 7. 5 T — ! _ T ’i‘
S w= |pdt=| 60 dt= ﬁDE = 156.25kJ 8
Y
(2 . ‘o 0 "
‘: or :;:
¥
'8! '8!
(3 5 I, 1 1 . 342 I '8
'8! wl|? = =Li7(5) — =Li(0) = =(502 x 5°)" — 0= 156.25k] '8!
ral 0 Pal
o 2 2 2 62
&3 &5
S S
3 | (S
I:} as obtained before. ,:1
ral Pal
S S
S S
& [ H.W.: o
}.: . e :.:
Y . ~ . . ’ . .
| The terminal voltage of a 2-H inductor is v = 10(1 — 7) V. Find the |§
&3 . . . &
& | current flowing through it at # = 4 s and the energy stored mitat/ = 4 s. | %
Pal Pal
&3 : _ 3
| Assume i(0) = 2 A. '8
S (3
?
&3 - &S
s | Answer: —18 A, 320 1. '8!
8 S
'8 (3
'8! '8!
'8 (3
'8! '8!
'8 (3
'8! '8!
'8 (3
'8! '8!
'8! '8!
Pal Pal
S vAg (3
: DY :

Vv ST or
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$ &
A A
Yal Pat
< - T " - - - at
% | Example 10: Consider the circuit in Fig. (a). Under dc conditions, find: (a) i, v; and i, (b) :%
< . ) . 3¢
& | the energy stored in the capacitor and inductor. e
Yal - Pat
w Solution: . , Pl
(2 i1 50 0
:3: (a) Under dec conditions, we replace the capacitor with an open circuit — _ :;:
:;: and the inductor with a short circuit, as in Fig. (b). It 1s evident _ lrl :;:
::: from Fig.(b) that . C) 40 - g :::
(D - + - O
Yal 12 Pt
(3 1+ -1 63
Yal Pat
< at
& The voltage v is the same as the voltage across the 5-() resistor. Hence, (a) o
Yal Pat
* ve=5i=10V i1 - *
P2t C e 5Q Pad
< at
:g (b) The energy in the capacitor is lfl :%
a 40 8!
3 we = ot = - (1)(10%) = 507 v () 3
& 2 2 T * 8
8! : : : e 8!
::: and that in the inductor is -9 :::
A A
Ya( Pal
0 1 1 5 (b) a
’al . ) ral
3 w; = Eer; =22 =47 3
S S
3 &
< al
(2 2
Pat Pat
< Pal
(2 2
Pal Pat
::: H.W.: :i:
% | Determine vc. iz. and th - stored in th itor and ind s
».: eternune v, iy, and the energy stored in the capacitor and imnductor :.:
» . - . - -

;:: i the circuat of Fig. under de conditions. ;::
S &
::: Answer: 6 V., 3 A T72J 27 ] :::
'8! l '8
4 1 6H 3

#

Pal Pat
3 S
S + (3
s $
<

(2 S ()
$ "NO 60 20 vc == 4F ‘
'8! 3
0> '8
'8! 3
0> '8
¢ '8
0> '8
¢ '8
'8 '8
3 '8
0> '8
¢ 3
0> '8
'8! 3
Pal Pat
S Ay (3
$ Lrs%- $
S SeTeaiw, 9
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(3

! Table (5.2) !
% e
* NO Series Circuit Parallel Circuit o
% e
e | 1 | The connection is as shown The connection is as shown '8!
A s A
% i !
Yal —_— Pt
2 o———mF—7—--- a
el )] al o] 1%
el ) ‘ e
K v L, L, L, Ly | &
e o X
< !
% !
ral rat
% | 2 | The same current flows through each The same voltage exists across all the ¥
"al "al
o inductor. inductor in parallel. *
:g |:|1:|2:...:In V:V1:V2:...:Vn :g
% | 3 | The voltage across each inductor is The current through each inductor is '8!
s ’al
;:j different. different. ;g
;:j 4 | The sum of the voltages across all the The sum of the currents through all the *
;:j inductor is the supply voltage. inductor is the supply current. ;%j
::: V=V1+V2+...+Vn o |=|1+|2+:..+In :::
:.: . i ;1;‘ LT i LT n“: 1 Jil_' n“;’ — w C’?I-." T e'.]_': .":. ) i [ '.":"l' T nf;[ufg] :.:
O L 1, Lz L33 N . L, L O
:.: at f dt dt L 2 4 :.:
& &
Yal 1 i rat
s (L, + Ly + L Ly~ Foo | vt s
ral Pat
% | l'|. [ 1 1 1 - i ’:‘
S (D)7 = Ly \Ltn Tt v e s e
% \Ei=1 F adl I = - ’:‘
S in (o) :g
».1 |. E . || | v oar E iglfp) v ar + ilfy) ».1
».1 “E=1 4K/, =1 Leg >.1
8! " - . - . . D<
;3: 5 | The equivalent inductor is, The equivalent inductor is, ;::
(2 = 1 1 1 1 (2
= + )
::: Leq Ll L2+.+Ln L =L_+L_+-.._|_ L_ }::
Pal Pal
() eq 1 2 n O
Pal = - = - = = Pat
% | 6 | The equivalent inductor is the smaller The equivalent inductor is the largest e
< . . . . . "al
::: than the smallest of all the inductor in than each of the inductor in series. ;::
0 parallel. Leq> L1, Leg> Lo, Leg > L &
3 3
'8 (3
3 3
3 (3
Pal Pat
8 0
3 VA 3
$ Dy $
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A A
8! e ' ¥ 8
' Important characteristics of the basic elements. 8
A A
8! 8!
& Relation Resistor (R) Capacitor (C) Inductor (L) 0
8! 8!
Yal - . Pt
62 _ _ 1 [ . di R
3 b-i: v = iR v="27 idi+uv(ty) ©v= LE &
A A
Yal I, Pt
& ; ; f ; dv s ' %
0 i-v: i=uv/R i= CE i= 7 var + ity) 8
8! . 8!
8! e 8!
a » al
8 2 v l . 1 1. s
'8 porw: P=FR= r W= SCv w =L '8
K : , C1C %
(2 Series: Rg=R1+ R Cqq=—"T— Leg=1IL1 + L7 &
a4 O+ Oy Y
a! 2!
ral R]_.Rﬁ L]__lil_--: <
val - - = T R - == 2
'8 Lo - 1 8
K At dc: Same Open circut Short circuit &
K K
A A
a! 2!
o Pl
(2 - - - — = >
I:l Example 11: Find the equivalent inductance of the circuit shown in Fig. &
" . ’al
& Solution: R
P ’al
>:< The 10-H. 12-H. and 20-H mductors are in series: thus. combining 10 W H %
::: them gives a 42-H inductance. This 42-H mductor is i parallel with . rr L :::
:0‘ the 7-H inductor so thar they are combined. to give . _ '8!
8 - - o = = s
s % a2 — SR LN
O =nH O
! 7+ 42 i '8
(3 - ] ' . '8
! : L e ) §H 10H S
».: This &-H inductor 15 i series with the 4-H and 8-H mductors. Hence. :.:
»

(2 . (2
(3 I,=4+6+8=181 02
(2 (2
(3 '8
(3 '8
(3 '8
(3 '8
(3 - '8
s H.W.: (3
::: Calculate the equivalent inductance for the inductive ladder network in :::
| Fig. 6.32. 62
:.: 20mH 100 mH 40 mH :.:
;:q o A1 4115 A115 ;:q
Pat X
& % 50 m1 % 40 mH g 30 mi % 20 mH (S
rat rat
3 0 '8
Pal Pat
| Answer: 25 mH. o
K K
S A 5
$ I7%- $
'8 ey '8
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$ &
A A
a gt
S TR ~Tor -y 3
'8} For the circutt m Fig. ., i(f) = 42 — e " )ymA. If i5(0) = —1 mA, '8!
O - .. . N L., . O
(3 - find: (a) i1(0): (b) v(r), vy(r), and va(r); (c) 7;(7) and i5(7). &
& | Example 12: &
Yal Yl
< b
o o—m o
a! + T oy - * I I 8!
% . K
8! 3
(3 v 4H % v g 12H | g
A A
< - b
O
:31 Solution: ;3;
A - A
< . : ; ‘ ; i : <)
R (a) From i() = 42 = ¢ '"YmA., i(0) = 42 1) =4 mA. Since i = e
8 e 2
:ﬁ: I + ia, »ﬁ:
Yal Yl
& 11(0) = i(0) — i2(0) = 4 — (=1) = SmA &
Yal Yl
:ﬁ: (b) The equivalent inductance 1s :ﬁ:
Yal Yl
a =LAl =9 4 3=1=5 <
(3 Lo,=2+4|12=2+3=5H *
Yal Yl
'8! Thus, '8!
A A
< at
':‘ di 107 y “ 107 %
o] V() = Leg P S(A)(—1)(—10)e mV = 200¢ mV '8}
(D ¢ O
al al
(D O
al al
>:< and ':‘
'8! 3
'8! : 3
8! di 107 (1~ 107 . 7 0!
'8 vi() =2 " = 2(=4)(—=10)e mV = 80¢ mV '8
'8! ¥ — 03
! Since v = v + v,, !
& &
3 va(D) = v() — vy () = 120e™ " mV :g
ral 4
2 o ; : (3
::: (¢) The current 7, is obtained as :::
ral Pal
(D ; ; O
:.: ] , , 3 lz() r 107 :‘:
% () = A v, dt + 1,(0) = e dr + S mA ,&
’.‘ ol 9 | 0 w
'8! 3
s e N 1017 5 = 3 107 5 & _ Q 5 107 8!
el = =3¢l +ImA = =3¢ +34+5=8 - 3¢ mA e
Pal Pal
(2 ()
Pat ” . Pal
e Similarly., 3
Pat Pat
P“ i § “ all & }“
R . . 120 L0r &
K i-(1) U, dt + i-(0) g dr — 1 mA (2
i ; 12 . ™ : 12 o
K gy L KD
(2 ()
s 1071 107 107 8!
P —@ [ — 1 mA —e = = ] —e mA P
ral . | : , D
»:q Note that i,(f) + i2(f) = i(?). >:<
& &
& &
* YAy (3
Pal Pal
(3 <(78)>~ 03

Vv ST or
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$ &
A A
Yal Pat
Yal Pat
| H.W.: M
Yal Pat
Yal Pat
Yal Pat
Yal - P . - : MH Pal
al In the circnit of Fig.. i(r) = 0.6 " A IF#(0) = 1.4 A, find: _ 8!
< _ . . . ' ) i <
O | (@) (00 (o) i(r) and i(r): {eh vqlr). v-(r). and vir). — o (2
Yal ¥ ! Pat
Pal o ) - i I [ e B 2
o | Answer: (a) 0.8 A (b) {(—04 + 12 7) A (—04 + 1.8 1) A — u - at
ra m —wr e —Tpn b o —Trae ;o0 <
& | (e} —36e V. —T2e V. —288e V. g S SE 8
Yal - Pat
Yal - Pat
Yal : Pat
Yal Pat
Yal Pat
Yal Pat
Yal Pat
Yal Palt
Yal Pat
Yal Pat
Ya( Pal
Ya( Pal
Ya( Pal
Ya( Pal
Ya( Pal
Yal Pal
Yal Pal
Ya( Pal
Ya( Pal
Ya( Pal
Ya( Pal
Ya( Pal
Ya( Pal
3 Pal
& 2

A
& 62

A
& 62

A
& 62

A
& 62

A
& 62

A
& 62
R 62
o 62
o 62
o 62
o 02
o 62
o 62
o 62
o 62
o 02
R 02
R 02
R 62
R 62
R 62
o 62
o &
o &
R &
R &
(2 ()
3 3
Pal Pal
(2 ()
3 3
ral Pal
(2 ()
3 3
ral Pal
(2 ()
3 3
ral Pal
R &
(2 ()
ral Pal
R &
R &
R &
R &
o 62
R &
o 62
R &
(2 A 62
S (5%~ S
<) al

Vv ST or
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Y,

A A
§ [Lectuee 7)) SERIES A.C. CIRCUITS
'8! '8!
'8! '8!
g Let K3
® V =r.m.s. value of the applied voltage, 0
® | =r.m.s. value of the resultant current &
'8! '8!
'8! '8!

. A
s 1) A.C. Through Resistance and Inductance (R-L) 3
O ] = ] . R . ¢ . . O
& A pure resistance R and a pure inductive coil of inductance L are shown connected in series o
& in Figure(7.3). B '8!
o 2 2 1 e
% Vg = VCosd R
:e: —_- 1 ‘) I.' :e:
:31 VL= Vsin ’ - ;i:
% Phase difference angle ¢ = tan™* = R
Y Vr AP Pt
@ VR \', I ’;‘
' Power Factor PF (cosp =-R). o 7 T ¥
D %4 R A
'8! '8
'8 : : '8
::j Figure(7.1):Voltage triangle &
'8! '8!
Yal .. . Pad
o If we divide the voltage triangle by current (1), we get impedance triangle. 3
(D . - - . ~ O
;:j V/1=Z, where Z is the circuit impedance in (). C %:
& Vr/I=R, where R is the circuit resistance in (Q). &
ral . . . . ral
;g VU/1=X., where X, is the inductive reactance in (). z =0l ;g
::} (X.= oL =2xnfL) - :::
ral Pal
I§1 Z=\R?+ X} e ., I?
;:j R =Zcosd R ;:j
E:i XL=2Zsing Figure(7.2):Impedance triangle E:i
& . -1 X O
;:j Phase difference angle ¢ = tan™? ?L ;:j
o R . '8!
::1 Power Factor PF (cos¢ = E) lag or lagging. ::1
& &
& Notes: &
;:j 1)V = IZ — voltage drop across Z (ahead of | by angle less than 90°), ::j
;:j 2)Vr = IR — voltage drop across R (in phase with I), ;:j
;:j 3)VL = 1. X, —voltage drop across coil (ahead of | by 90°) ;:j

¢ 4) Power factor is lagging because the circuit current lags the total voltage by 0< ¢ < 90). s

. 03
::j v= V sin ot :::
& i =Insin (ot - ¢) lag voltage by 0< ¢ < 90) K
& A K
() =Y (2
A < = ()

(> N 03
A

Q- 0-O-O-O-O-0-O-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0- - OO-O-O0-0-0-0-0-0-0-0-0-0-0-0-0-O-O-O-O-OOROO-O-O-O-O-O-O- OO 00
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v=1F, s mt 02

1= I,sin (ot - D)

'8! I Y

NN

N
RN

AR

AR RS
RWRW

AR RN
ARRRRRRTITITIRE

\\&\\N\:\\\\:\\\\\ 5
AN

ARAAAL
N

.......

M 7 Pa
rad <
'8! '8
& &
&3 _ _ o _ 8
I:l Figure(7.3):Series R-L circuit, phasor and vector diagram 0
&S 8
'8! '8!
'8! '8!
& Instantaneous power 3
s . . . Vil s
:g P = Vi = Vplpsin (ot) sin (ot - §) = % [cosd — cos(2wt — )] ;g
® Note: ®
::: o 2 : 1 1 :::
' % sin(A) sin(B) = 5 cos(A-B) - 5 cos(A+B) '8
&3 &3
Pal 1 1 Pat
::: % cos(A)cos(B) = - cos(A-B) + - cos(A+B) :::
62 . 1. 1. 02
% sin(A)cos(B) = - sin(A-B) + - sin(A+B) &
'8! '8!
'8! '8!
ral Pal
;gj Power consists of: ;g
Vil . .

I:l 1) A constant part % [cosd] which is the real power. Igl
'8! : Vil 3
I:l 2) A pulsating part % [cos(2wt — ¢)]of frequency double that of voltage and I:I
Pat . . . Pat
::: current waves. It does not contribute to actual power since its average value over a :::
::: complete cycle is zero. :::
62 02
S Hence, the average power consumed is, S
% Vil v I

:? p= %cosq) = T‘; X \/_r% X cosd = Vpys X Ipys X cosdp = VI cosd [watt] :g
Pal Pal
K3 <(ho)=- &

'2’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X'X'X'X'X'X'X’X’X’X’X’X’X’A’A'z’A'A'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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s e
s , e
& Power Triangle: 5
s 9 : . : ral
3 1) If we multlpl_y the voltage triangle by current I (or multiply impedance triangle by 12), 03
s Wwe get power triangle, "8
al . al
o (i) apparent power (S) '8
A - - - - - A
s Itis given by the product of r.m.s. values of applied voltage and circuit current. '8
A A
s - S=VI=1?Z volt-amperes (VA) s
< ] IR
& (ii) active power (P or W) e
s Itis the power which is actually dissipated in the circuit resistance. '8
A A
e P=Vrl =Vlcosop=IR watts e
< : e
& (iii) reactive power (Q.) &
b ) ) . ) . Yal
g Itis the power developed in the inductive reactance of the circuit. 3
::: QL=Vil =VIsing=1°X.  volt-amperes-reactive (VAR) :3:
A A'
o — 2 2 <
::} S=P*+ Q; 5
'8! '8
'8! '8
& &
A A
Yal b Yl
'8 ; '8!
:g %/ Q=1 2XL :f:
3¢
'8! '8!
o] P=1°R 03
S Figure(7.4):Power triangle 3
&S 8
'8! '8!
'8! '8!
'8! '8!
rat o o . ral
::: Representation of AC Quantities in Complex Numbers Forms :::
¥ V=Vr+jVL orV=VL¢ 8!
'8! - '8!
'8 =140 orI=1IL0 '8
S Z=RH+ XL orZ=ZL ¢ 3
I§1 S=P+jQL orS=SL ¢ I§1
74 VR +j VL .

s o= — = s
8 S=VI=(VeH Vi)(14]0) =P+ Qu s
'8! '8!
Pal Pal
3 03
s Power Factor s
(< _VR_R_P : e
s Power Factor PF (cos¢ =—=-=~) lagging S
o 1% zZ S e
'8! '8!
'8! '8!
'8! '8!
& &
Y

3 &3
Pat Pat
&3 &3
ral Pal
3 03
? »
'8! '8!
'8! '8!
Pat A Pat
R VYL &
o A 62
&'X'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X‘i’i’%X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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Electrical Engineering Fundamenta :::
8 — - 1st Class . '8
| riversity "J(%M Lecturer : Wisam N. AL-Obaidi 3
| Engineering College Year (2013-2014) &:
:: Electronic Department o
e '8
$ tance (R-C)
5 sistance and Capacitance (R-C in series in Figure(7.7).
S ) A.C. Through Resistance itance C are shown connected in series in F gure( S
5 istance R and a pure capacitance [ 8
s A pure resistance Vi S
<
& Let )q) I:I
vl 2 A
\/ 2 — \/
& Vr=Vcos) ; o8
< . 5
I% Vc=-Vsind Ve &
$ Phase difference angle ¢ = tan Vr \ s
: =) iangle %
::: Power Factor PF (cosd = v/ Figure(7.5):Voltage triang :g
A
o hal
(2 '8!
& impedance triangle. 8
& - angle by current (1), we get impe [
::1 If we divide the voltage tﬂaﬂg[e y‘[ cin (©Q) R A - §
% V/1=Z, where Z is the circuit impedanc )q} 8
(7 H . . . : <
& — R is the circuit resistance in (Q). &
¢ Ve/I=R, where R tive reactance in (Q2) 3
Pl H e 1e : at
%: Vd/1=X,, where X is the capacttiv _XU :::
K 1 _ 1 7 8!
S (K= o= ¢S
::: Z:\/R2+(—Xc) t-E|e S
8! : : ria Pal
% R =2Zcos) Figure(7.6):Impedance triang $
O ]
& Xc=-Zsing i 3
s . = Tt — Pad
% Phase difference angle ¢ = tan R :?
8 R
& =2y '8
:§1 Power Factor PF (cos¢ =) :::
& : than 90°), &
::: ll\l)(i;es.z = voltage drop across Z (ahead of | byharl1)gle less E:i
3 =1L = in phase with 1), 8!
& 2)Vr = IR= voltage drop acrossSFi a(pact)itance (lag | by 90°) T E:i
3 o= DG =L B LT EEe ircui rent leads the total voltage by 0< ¢ < '8
% Ve Is leading because the circuit cur %
::: 4) Power factor is le s
8 ®
* 90). '8
el '8
® V=V, sin ot 0 %
& V=V e by 0< ¢ < 90) S
& i = I sin (ot + ¢) lead voltage by '8
(S (3
(S S
(S (3
el '8
(S (3
el '8
(S 3
el '8
(S (3
el '8
(S (3
el '8
Pat ;d
Pal = '""vva"Q'Q'Q'Qv"'X’A
:? O .v.vj‘ioio%XQXQXoXoXoXoXoXoXOXOXOXOXoquuuuuuﬁﬁﬁﬁ AATATAA

vvvvvvv"""""'AAA
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$ &
a .
::: I vV =V, sin 0t :;:
A
3 AN I $
8! R 8!
3 I e o —=t &
N\ g —
PR P4
5 Al £
8 8
& &
& v ~ i=1,, sin (Ot+0) &
R rad
8! O
8 8
8 8
8! 8
8 S
8 8
8 8
8! 8
:ﬁ: v =V, sin ot ':‘
8! S
8! S
8! 8
8! S
8! S
% —1 ’;‘
8 - D 8
8! 8
! S
! S
! S
! ) S
s i=I; sin (Ot+9) sl
! S
rat 7’1
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 i i L ) »&
::: Figure(7.7):Series R-L circuit, phasor and vector diagram '8
(2 £
(2 £
3 &
& Instant r &
S nstantaneous powe 3
)
) I . . _ Vil ,Q
::} P = Vi = Vplpsin (ot) sin (ot + ¢) = —”; = [cosd — cos(2wt + )] :::
rat .
& Power consists of: :::
Pat
(D Vml . ; O
;:j 3) A constant part% [cosd] which is the real power. ;:j
(3 : Vil 3
;g 4) A pulsating part === [cos(2wt + ¢)]of frequency double that of voltage and ;:j
- - - }
I:l current waves. It does not contribute to actual power since its average value over a .:1
I:l complete cycle is zero. I::
::1 Hence, the average power consumed is, ::1
Pt Vil Vv I D<
s p=—"2coshp=-—2X 2 X cosd = Vpys X Igys X cosd = VI cosd [watt] e
».q 2 \/5 \/E :.:
)
& A 0
3 A '8!
& (M) &
'2’1’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X‘i’i’%X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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Y,
s Power Triangle: S
A . . . . . A
3 1) If we multiply the voltage triangle by current I (or multiply impedance triangle by 12), 03
s we get power triangle, '8
A' - A
s (1) apparent power (S) "8
"al . . . . . "al
s Itis given by the product of r.m.s. values of applied voltage and circuit current. '8
A A
s~ S=VI=12Z volt-amperes (VA) '8
' (ii) active power (P or W) '8
A - - - - - - - - - A
s Itis the power which is actually dissipated in the circuit resistance. '8
A A
§ P=Vrl=Vlcosgp=I1°"R  waltts 8
s (iii) reactive power (Qc) '8
:2: It is the power developed in the inductive reactance of the circuit. :2:
:g Qc=-Vcl =-VIsingp=-1?Xc  volt-amperes-reactive (VAR) :%
& S=4/P2+ (=Qc)? 8
Yal 2 Pt
Q2 P=IR 2
3 - -V £
S Jo S
'8! '8
& &
:31 s=1z :31
R e
o e
o e
o e
o e
I:j Figure(7.8):Power triangle I:j
& &
8 : e g
;:j Representation qf AC Quantities in Compléx Numbers Forms ;:j
::: V:VR-ch OI'V:VL-d) :::
::} I=1+4j0 orI=1L0 ::}
% Z=R-jXc orZ=ZL-¢ &
& S=P-jQc orS=SL -¢ &
® - _V __ VR-jvC . !
::: Z_T_ 14j0 =R—=JjXc :::
R g - - 62
& S=VI=(Vr-jVe)(14]0)=P-jQc %
Pat 4
'8! '8!
$ &
& Power Factor *
% Power Factor PF =& =2 =" |eadi %
::: ower Factor (cos¢—7—z—§) eading :::
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! '8!
'8! VA '8
& <(A)= K
'A’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X‘i’i’%X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘



NANANANANANANANANNANANN/
5200 00-0-0-O-0-O-O-O-O-O-O-O-O-O-O-O-O-O-O-O-O-O-O--O-O-O-O-O-O--O-O-O-O-O-O-O- - O-O- OO O-O- OO O-O- OO OO

3
:: University of Diyala Electrical Engineering Fundamentals :::
% Pat
:: Engineering College 1st C&zss. . O :::
x| Electronic Department Year (2013-2014) Lecturer : Wisam N. AL-Oba 3
e ) e
% 3) A.C. Through Resistance, Inductance and Capacitance (R-L-C) %
& A pure resistance R, pure inductance L and a pure capacitance C are shown connected in o
e SR '8
% series in Figure(7.11). $
A AB ¢
Al — 2 2 9.
§ V—\/VR+(VL_VC) I E:i
® Vr =VC0sd \D . &
pat - . 9.
% (V, — Vo) = + Vsing v " Vi >L ;:;
& . _ -1 "L-V¢) >
w Phase difference angle ¢ = tan T (3
'8! 4 A ot
;3; Power Factor PF (cos¢ = VR). 0 Vi . 3 :3:
(2 A
O - Ve 2
:21 Figure(7.9):Voltage triangle C %:
' a
'8! . '8!
& 1f we divide the voltage triangle by current (1), we get impedance triangle. &
o a
& z= \/RZ + (X, —Xc)? \C X, &
o a
% R =Zcosd (2
& S B 3
:31 X, —Xc =+ Zsing o , T X, ) __(TX . :::
% Phase difference angle ¢ = tan~t 2=2¢ (XX R
:e: R R A l ) l I :%:
. —_— 0 = () - - e
::1 Power Factor PF (cos¢ = p ). R XV R S
® DY DY -jX, 8!
:& Figure(7.10):Impedance triangles &
ral 2
% Notes: (3
'8! : . — D
;:j 1) If X, > Xc, then the circuit have inductive characteristics, the current _Iags Fhe voltage :::
I§1 by an angle 0< ¢ < 90, power factor is lagging and we use the positive sign. :?
I:l V =V, sin ot :::
I:l i = Iy sin (ot - ¢) lead voltage by 0< ¢ < 90) :::
o (3
ral . . (2
;:j 2) If Xc > X, then the circuit have capacitive characteristics, the current I(_eads _the :::
I:j voltage by an angle 0< ¢ < 90, power factor is leading and we use the negative sign. :::
3 : &S
I:} V =Vp, sin ot ::j
I:l i = Iy sin (ot + ¢) lead voltage by 0< ¢ < 90) :::
o S
Pal I . . D<
::1 3) If Xc = Xy, then the circuit have resistive characteristics, the current and voltage are :::
::1 in phase, ¢ = 0, power factor is unity. :::
::j V =Vp, sin ot :::
S i = Iy sin ot &
£ S
o S
3 S
o S
3 S
o S
3 S
'8! '8
'8 A el
3 % 3
:’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X‘i’i’&':’:’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A‘
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- - - - ’v‘
'8! Figure(7.11):Series R-L circuit, phasor and vector diagram :3:
a al
a al
a al
o Instantaneous power N 2
:31 Depend on wether the circuit characteristics is inductive or capacitive. :31
o 2
8 . 8!
& Power Triangle: | - %
& Depend on wether the circuit characteristics is inductive or capacitive. S
o al
3 al
0 <
s Power Factor 3
:‘: VR R_P :%:
& Power Factor PF (cos¢ = == E) S
% %
(3 ral
3 S
S 3
3 3
3 3
3 3
3 3
3 3
% ¥
% ¥
% ¥
% ¥
% ¥
% ¥
rat (3
S 3
S 3
3 3
3 3
3 3
& 3
¥ 3
& 3
¥ 3
& S
¥ 3
& S
¥ 3
& S
¥ 3
& S
¥ 3
& 3
¥ 3
& 3
¥ 3
& 3
¥ 3
& 3
S (0% s
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$ ? &
e 2
e e
'8! '8!
=1 SERIES A.C. CIRCUITS
& 8
0 Example 1: In a series circuit containing pure resistance and a pure inductance, the current Eﬁi
}" \ /
% | and the voltage are expressed as: :i«
al | . . . al
e | i(t) = 5sin(314t + 2m/3) and v(t) = 15sin(314t + 51/6) e

& | (2 ) What is the impedance of the circuit.(b) What is the value of the resistance? (c) What | &
w | IS the inductance in henrys? (d) What is the average power drawn by the circuit? (e) What | g

w« | IS the power factor? 8
P2l P
'8! '8
® Solution: w =314 rad/s &
e 2T 2T o
& i(t) = S5sin (314t+?> =52 5= —25+)433 63
al hal
8 5T 5T o
& v(t) = 15sin (314t + ?) =15« - = —13 +j7.5 &
al hal
3 v(t)  —13+4j7.5 *
8 7 = = = 2.6+ 1.5 =3230° Q 0
s (0 —25+,433 ~°0tJ £
& ~Z=R+jX, = Z.0 &
'8 '8!
al . _ _ _ _ L . _ o
& ~Z=3Q,R= 26, X, =15 =L =— = —=4.78mH e
& W 314 hat
& 2 5\ %
8 (P=1PR=(3) 26=325W K3
3 R 26 ) S
::} () PF = cos@ = COS 30° = 0.866 lagging (PF = cos® = 7= ?0.866 lagging) I:I
E:i Alternative solution E:i
(3 V, 15 e
o Z=—=—=23(Q S
€« "I, 5 s
;:: Hence, current lags behind voltage by 30°. It means that it is an R-L circuit. ;:j
S 5t 2m W . g
$ %= %6 3" 5 %
'8 o '8
% R = Zcos® =3C0S30°=260 '8
3 '8
o X, =Zsind =3sin30°=150 L= —=—=4.78mH 3
e w 314 '8!
S P=vi @—(E)(i) 300 = 32.5W s
::: =vicosp =(+)(5)cos = . :::
% PF = cos@ = C0S 30° = 0.866 lagging '8!
& %
33 2
E:i Example 2: The potential difference measured across a coil is 4.5 V, when it carries a ;:i
;:: direct current of 9 A. The same coil when carries an alternating current of 9 A at 25 Hz, ;::
::: the potential difference is 24 V. Find the current, the power and the power factor when it is :::
% | supplied by 50 V, 50 Hz supply. 3
% 0
::: vAg :::
::: <(92)> ;:j
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'8 '8!
D- Al
s e
s o e
% Solution: &
& At 9A dc &
# There is no inductive reactance (because for dc sources f =0 ) only resistance found, &
$ r='=2_0s0 $
! I 9 a
& At9A ac &
# There is resistance (same as previous) as well as inductive reactance, 0
& At25Hz 0
e s
e s
'8! Vo 24 '8!
& Z = —= —=2670Q 3
'8! X 2.623 '8!
, 2 L 2
E:i XL(ZSHZ) = \/2(251_12) - RZ == \/2672 - 052 = 2.6230 => L = ; = m E:i
A A
& = 0.0167H &
& At 50 Hz 3
"al "al
E:i XL(SOHZ) == ZXL(ZSHZ) = 2 X 2623 == 5 24‘6Q E:i
A A
val ral
;g Z(s0Hz) = JRZ + Xisonz). = V0.52 + 5.2462 =527Q ;g
e s
8 oy = 2802 _ 20 _ g 49, 5

OHz) — - - 7 e
::: Z(SOHZ) 527 :ﬁ:
'8! '8!
::: 2 2 %:
s Psonzy = (Iisonz) R = 9.49% x 0.5 = 45W 3
'8! '8!
'8! '8!
'8! '8!
'8! . ; —— 8!
;:j H.W.1: In a particular R-L series circuit a voltage of 10 V at 50 Hz produces a current of ;:j
;:j 700 mA while the same voltage at 75 Hz produces 500 mA. What are the values of R andL ;:j
;:j in the circuit. ;:j
'8! '8!
Pat Pat
& Answer: 40 mH., 6.9 Q. s
'8! '8!
e | H.W.2: A series circuit consists of a resistance of6 (1 and an inductive reactance of 8 Q A | i

E:i potential difference 0f141.4 V(rm. s) is applied to it. At a certain instant the applied voltage s
& | is+ 100 V and is increasing Calculate at this current, (i) the current (ii) the voltage drop | &

Pat . . . Pat
::: across the resistance and (iii) voltage drop across inductive reactance. :::
S o
$ %
::1 Answer: = —7.847A,—47V,147.2V. :::
'8! '8
% %
% '8!
S &
0 02
::: VA :::
’:‘ <'> %
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a! !

w | Example 3:In an alternating circuit, the impressed voltage is given by V = (100 — j50) |
w | Volts and the current in the circuit is I = (3 —j4) A. Determine the real and reactive power |

(s in the circuit 3
;% Solution: I;I
s Power will be found by the conjugate method. Using current conjugate, we have '8
e 8!
& Sy = (100 — j50)(3 + j4) = 300 + j400 — j150 + 200 = 500 + j250 = 559226.56° &
e s
a! . !
(3 =P+j0, &
'8! '8!
& Alternative solution &
& V= (100—j50) = 111.82 — 26.56° V, & I=(3—-j4) =52-53.13°4 &
& 0= —2656° + 53.13° = 26.57° K3
'8! v 100 —,50 S
$ 7= 2= 17 _ 90410 (S
(3 i 3—Jj4 (3
al ) at

& P= I’R= 52x20=500W (P= vicosd =111.8 x 5 x C0S26.57° = 500 W) &

rat

& Q, = 12X, =52 x 10 = 250 VAR(Q, = vi sin® = 111.8 X 5 X sin26.57° = 250 VAR) ¥

S S
'8 S=VI=111.8x 5=559VA '8

o | H.W.3: A choke coil takes a current of 2 A lagging 60° behind the applied voltage of 200 |’a
¢ | V at 50 Hz. Calculate the inductance, resistance and impedance of the coil. Also, determine |’g

ral ral
;g the power consumed when it is connected across 100-V 25-Hz supply :?
::1 Answer: L = 0.275H,R = 50Q,Z_; = 100Q,P = 112.5W :::
ral ral
o~ -
= . . R N O
I:l Example 4: When a voltage of 100 V at 50 Hz is applied to a choking coil A, the current I:I
& | taken is 8A and the power is 120 W. When applied to a coil B, the current is 10A and the | %
I:l power is 500 W What current and power will be taken when 100 V is applied to the two I:I
I:l coils connected in series. :::
ral Pal
o o
;:j Solution: :::
& For coil A 3
o o
® o
O _ v _ 100 _ D _ _ P 120 _ 15 O
E:i ZA—?—T—lz.SQ,P—IZ.RA :RA_I_Z_?_?Q E:i
i o
3 9
5 15 3
3 2 02 9
% Xa= [Zx —Ri= [125% - ()* = 12360 $
¢S : '8!
& For coil B %
::: GAg :::
I:l <(94)> :::
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s 3
Y
s s
8 v _ 100 _ 512 P _ 500 _ 8
::: ZB—?—E—ZLOQ,P—I.RB zRB_ﬁ_E_SQ :::
a! Yal
s S
s S
A — 2 2 — .
% Xg = |Z2—R% =102 —52 = 8.66( 3
e S
e S
e S
e S
ral . . . . <
% When coil A and coil B are in series, :i
3 o
s s
Yat 15 55 Pat
:gRT—RA-l'RB—(?)-FS—?Q :2:
s s
< <
% Xp =Xs +Xg =12.36 + 8.66 = 21.02 02 &
s s
val Pad
:% Zr =R + X% = /(55/8)2 + (2102)% = 22.10, :g
:f: 14 100 :ﬁ:
w [ =—= —=4.524, 5
a Zr 221 8
’al
% 2 2 %
;:j P =I°Ry = 4.52% x (55/8) = 140W ;::
K &
- - A
:i: Example 5: A 120-V 60-W lamp is to be operated on 220-V 50-Hz supply mains. Calculate '8
::: what value of (a) non-inductive resistance (b) pure inductance would be required in order ;i:
::: that lamp is run on correct voltage. Which method is preferable and why. :::
i = 8
;g Solution: 60W R ;::
'8! = P = 60 = [ ALy | 78!
::: louio V cos @ 120Xcos 0 0.5A S :::
S - 4 &
& (@) Vg =220 —120 =100V, 120 Ve R -;:::
'8! % 100 0.5A 03
¢ R=-2=12_7000 T *
% Ipulb 0.5 ’:‘
2 _
Egi Pioss = Ipup” X R = 0.52x200=50W 2330 V §
::: fa) :::
62 03
I:l (0) Vpuip = 120V . P ::1
>.: N .'rJU\-]'r L :.:
% - Wi 1 0 ()
% Vi =./(2202 — 1202) = 184.4V (<
::: VL = Ibulb X XL -] 20} "'-?_"'!"'_ F.'_j:::
Pat X
R 1.5, &
K 184. L0.5A . ‘&
s 1844 =05x (LX2mx50) = L= S5 X314 =117H 3
&3 : : &3
$ 220V &
63 — - (3
:Q l:)loss =0Ww ih ()
% () %
I:l Method (b) is preferable to (a) because in method (b) , there is no loss of power. I:I
::1 vAg :::
S
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w | Example 6: A current of 5 A flows through a non-inductive resistance in series with a |
w | choking coil when supplied at 250-V 50-Hz. If the voltage across the resistance is 125 V and | g
w | across the coil 200 V calculate (a) impedance, reactance and resistance of the coil (b) the | g

a | power absorbed by the coil and (c) the total power. Draw the vector diagram. e
A A
® Solution: &
¢ From vector diagram, '8!
(2 8!
8 12 2 _ 12 '8!
:ﬁ: VR + VL - Vcoil :ﬁ:
8! 8!
& VZ+ V72 =200 1 &
8! 8
& (1254 V3)2 + V2 = 2502 2) %
8! 8
#  Subtracting Eq. (1) from (2) , we get, 02
8! 8
a R
Eg} (125 + Vz)2 — V2 = 2502 — 2002 :g}
A A
& V., =275V K
:;: Coil :;:

’ A
&V, =2002 — 2752 =198.1V R S
% L AR A Y T ! ’X‘
P“ LAY WA R Y R | };{
al . - Vecoi 200 ) sl
'8} '8!
% Vi=IR >R =25=550 $
::: R = o= =0, 250V, 50Hz ;i;
3 S

198.1

&V, =1X, =X, =21=39.620 (@ 3
% L L L 5 %
8 or X, = V40% =552 = 39,62 o
::: (i) Peoit = IR = 5% X 5.5 = 137.5W @4 :\,1_:::
3 o v/ e
s S /40 S
¥ Also P =200 x 5 x 27.5/200 = 137.5W P A MNP <
K A 125V B V, e
. AC 1525 ) (b) S
63 (iit) €OS Prorar = 7> = == 0.61lagging (% ::j
3 S
Pal Pal
;g Total power = VI cos ¢ = 250 X 5 X 0.61 = 762.5W ;ij
3 _ S
& The power may also be calculated by using /2R formula. &
S S
Pat Pal
;g; Series resistance = 125/5 = 25/ :?
S o S
& Total circuit resistance = 25 + 5.5 = 30.5. &
S S
Pal Pal
;gj .-. Total power = 5% x 30.5 = 762.5W ;ij
ral A ral
(D o= o
Lok

>
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w | HW.4: Two coils A andB are connected in series across a 240-V 50-Hz supply The |
¢ | resistance of A is 5 Q and the inductance of B is 0.015 H. If the input from the supply is 3 |
| KW and 2 kVAR,fmd the inductance ofA and the resistance of B. Calculate the voltage | &

'8 | ACross each coil. o
;% Answer: Rg = 8.32,L, = 0.0132H (approx), 97.5V,143.5V :;:
a had
a had

¢ | Example 7: For the circuit shown in Fig. fnd the values of R and C so that V},, = 3V,, and |8
8 | Vi, and V, are in phase quadrature. Find also the phase relationships between V, and V},, and |8

% | Vo and L 03
® Solution: S 0
¢ X,, =314 % 0.0255 = 8 ohms, R, = 6 ohms TN *
\/ B 3 \/
& Z, =6+ j8 =102 53.13° ohms o !
o _ al
val - ral
& 10l + 10,1 = 90° = [@,] = 90° — |,] L ma 8
'8 0 0 0 v s ' s
03 = 90° — 53.13° = 36.87 L A 3
A T o A
’X‘ - - . - .{"‘1’ " Ixc ’;‘
# As the circuit in series, hence the same current flow in the NI *
3 circuit. E" 3
A %
® ==&~ V, =3V, %
>:< Zb Za Yl
::: 3Val |V . 3 1 S 1z = |Zy | i '8
33 - - 1= = — , , &
::: Zb Za |Zb| |Za| @ 3 +— v, rle— Vv, > :::
'8! A '8
'8! |Z,| 10 : '8
ral Pal
::: 1Zal = 3 - 3 = 3.33 ohms V, =240 V,50Hz — — :::
33 5 s
'8! '8
& Rq = Zgcos@, = 3.33 X c0s36.87° = 2.66 ohms &
'8! '8
ral . . Pal
::: Xeq = Zgsin@, = 3.33 X sin36.87° = 2 ohms :::
&3 &
& : - . : '8
;:j H.W.5: A tungsten filament bulb rated at 500-W 100-V is to be connected to series with a ;:j
;:j capacitance across 200-V 50-Hz supply Calculate: (a) the value of capacitor such that the ;:j
s | voltage and power consumed by the bulb are according to the rating of the bulb. (b) the |8
;g power factor of the current drawn from the supply (c) draw the phasor diagram of the circuit. ;:1

03
% Answer: 81uF, 0.455 (lead) ] Bulb '8!
3 C ; ; 0
< . N, =100 | ]
A | e B R - }.‘
(2 — ol L >
Pat \ ¢, Pat
& ¢ &
R 62
(2 VoV - K2
02 ‘ " L v
R RN 2
R N 62
’.‘ "j'j T “:‘. }“
o o 20V < e
K * 50Hz K
p Dy
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w | Example 8: It is desired to operate a 100-W 120-Velectric lamp at its current rating from a | i
w | 240-V 50-Hz supply Give details of the simplest manner in which this could be done using |
a | () a resistor (b) a capacitor and (c) an indicator having resistance of 10 Q. What power | g
w | factor would be presented to the supply in each case and which method is the most | g

'8 economical of power. 8
% Solution: &
o P 100 D 100 $
8! = = = = = = ’%‘
'8! Ibulb Vcos® 120Xcos 0 0.83 Aerulb Ipuip? 0.832 145 ohms '8!
a! Yal
e e
Igl (a) Using a resistor alone Igl
A A
§ Ve =240 — 120 = 120V E:i
A A'
(3 v, 120 &
¥ R=——=—""=145Q &
'8 Iy 0.83 '8!
& &
& cos @ = unit S
% y %
ral <
:g PlOSS total — Ibulb X Rtotal - 083 X (14‘5 + 14‘5 ) - 200 W :g
03 (b)Using capacitor alone 0>
& 2
'8! S
8 V.= [V2— V2, =+/240%2 — 1202 = 2079V 8
& 62
s 1% 207.9 1 1 o
R Xe=—Ct= 2225050 =>C= = = 12.7uF s
o Tpuib 0.83 2nfXc 2mX50 X 250.5 o'
& 62
$ cosp=2—220_ 05lead 3
:.: COS Y = 7 = 540 = U.o lea :.:
'8! _ 2 _ 2 _ S
::: Ploss total — Ibulb X Rtotal = 0.83° X (145) =100 W :::
;:j (c)Using an inductor ;:j
& Vr=083x10=83V &
'8! '8
% V, =V2— (V Vr)2 = /2402 — (120 + 8.3)2 = 202.8V %
o VL= = (Vpu + VR)* = —( +8.3)% = - (s
'8! 3
(> v 202.8 X 2443 '8!
X =——=""2=124430 L= = = 0.778H '8!
% Ipuip 0.83 2nf 2mX50 %
'8! '8
'8! % 120 + 8.3 '8
o __ YRtotal __ - e
M CoSQ = = = 0.535(la 0
¢§1 v 240 (Iag) i?
3 2 2 S
::: Pioss total = Tbuin” X Reotar = 0.83% X (145 4+ 10) = 107 W :::
'8 _ _ . _ 0>
I:l Method (b) is most economical because it involves least consumption of power. I:I
Yal A ral
(2 > O
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w | Example 9: In Fig. shown, calculate (i) current (ii) voltage drops V;, V,, and V5 and (iii) |
w | power absorbed by each impedance and total power absorbed by the circuit. Take voltage | ra

' vector along the reference axis. 8
& Solution: Z 7 .
§ Ly = 4+4+ij3)Q, Z,=(6—-j8)Q, Z; = (4 +j0)Q f_%ﬁ' 30 80 80 40 8
% r SR 1] _" "."'.-"-".'-."— _._;_1__. h— %
S L=LitZ+Z=(4+3)+ (6 -8+ (4 +j0) oy &
e _ . : : T
S = (14 —j5)Q 03
e s
s s
S Y 100 100(14+ j5) . '8!
% L l=-= = =6.34 + j2.26 0>
& Z  (14-ij5)  (14—ij5)(14+j5) ] :g
%: : 2 2 :::
s (i) I =(6.342 +2.262) = 6.734 S
s s
& (iD)V, =1Z, = (6344 j2.26)(4 + j3) = 18.58 + j 28.06 &
e s
e s
& V, =1Z, = (6.34+2.26) (6-78) = 56.12 — j37.16 *
e s
E:} Vs = 1Z; = (6.34 + j2.26)(4 + j0) = 25.36 + j9.04 Eg}
& R
;§: V =100 + jO (check) 8
'8! 8
E:i (iii)P; = 6.73% x 4 = 181.13W,P, = 6.73%> X 6 = 271.74W,P; = 6.73%> x 4 = E:i
&3 &3
¢ 181.13W, *
& &
& Total = 34W %
ral 4
o 62
;g Otherwise (using current conjugate) Py, = (100 + j0) (6.34-72.26) = 634 — j226 ;§j
s | HW.6: for the circuit shown in Fig. indicating the resistance and reactance drops, the '8
& | terminal voltages V; and V, and the current. Find the values of (i) the current I(ii)V; and V, | §
e S
s | and (iii) pf &
I? Answer: 5.834,108.4V, 221V, 0.875 (lead) ;g
! 10 0.05H 20 0.1H S0ukF v A s
}.‘ —AWWW—0 W0 00— . ' }.‘
'8! o '8!
8! L. L - v, - / >.<
& | | L e - 3
Pat 4 Pal
K il Y . 0
8! D200V,50Hz © — o o
'8! '8!
'8! N '8!
8! {a) Val (b !
'8! '8!
'8! '8!
'8! '8!
'8! vA¢ '8!
oo
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A ° \/
S [[ Sectute (6)]] A.C. Through Resistance, Inductance and
Yal o e
(S Capacitances (3
'8! '8!
'8! '8!
'8! '8!
g - : '8!
& 1) A.C. Through Pure Ohmic Resistance Alone $
O . A . . . .
¢ Consider the circuit shown in Figure(6.1). 03
< : : . v, e
:2: Let R = ohmic resistance ; i = instantaneous current ; [,,, = ?’" (3
O \ /
& v=Vpsin 0=V, sin ot ..(1) §
'8! v  Vpsinwt V _ '8!
§ i:ﬁ: mR = ;sinoot=lmsmoot :g
a - - - - \ /
# So current and voltage in resistance are in phase (phase difference = 0). :::
:g V=V, sin ot 3
¢ i =1, sin wt *
& o (S
:ﬁ: 4__1.%‘ V=) sin ot ’:‘
(3 " (3
A =1, sin @ A
:x: A i=1, i :::
DX ol | <
&‘ R at
&S 8
'8! S
% < S
:’: vV=F sin ot :.:
’:‘ m - ’:‘
'8! Figure(6.1) ;:j
(2 Pal
02 62
02 &
02 &
ral
& Power. Instantaneous power, e
% Vil Vil Vil 0
. . Pal
& P =Vi=Vplysin2 ot == (1 — cos2wt) =2 — ~"F cos2wt :::
ral . &5
;3: Power consists of: ;::
(2 Vil
K 1) A constant part === and &
’.‘ . Vil ’.‘
I:l 2) A fluctuating part % cos2wt of frequency double that of voltage and current I:I
Pat Pal
::: waves. Izi
&3 Vil 03
::j For a complete cycle, the average value of % cos2wt =0. ;:j
. Pal
Igl Hence, power for the whole cycle is, :::
ral
(D Vimmlm _ Vm  Im (2
% p= =—=X == X 1 watt (3
& Y 5 N Verus rms [Watt] &

® It is seen from Figure(6.2) that no part of the power cycle becomes negative at any time. In %
% other words, in a purely resistive circuit, power is never zero. This is so because the ¥

03
& Instantaneous values of voltage and current are always either both positive or negative and &
® hence the product is always positive. 0
2 A 02
8 ok 3
S S
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S &
'8 ()
:i: P=Wy Iy sinZ ot :i:
}3‘ / nt “nt S ’;‘
"al + + "a
K3 83
A A
;;1 Windn y;q
K f K
(2 ®
@ Fndm ’%‘
K 2 K
S l *
A A

Eg e ™~ V=l SIN @ 1 Eg
o Figure(6.2) ®
al hal
al hal
'8 '8

A
;2: 2) A.C. Through Pure Inductance Alone %
A’ . A ; . O
& Consider the circuit shown in Figure(6.3). 3
;g Let L = self inductance ; i = instantaneous current ;g
'8! V=Vpsin 6 =V sin ot '8
(2 ., di &
Y VL= E 5
:;: 1 1 V. V. T :;:
(2 | — = = - i = Mmoo = _m i —_ - O
& 1= [v.dt - [ Vi, sinwt. dt — (—coswt) — sin (wt 2) &
e /4 T T ¢
¥ = - sin (a)t— —) = [ sin (wt — —) '8!
K3 X, 2 m 2 *
%! . . . 4 %
::: Where: X, is the inductive rectance () and equal (X. =oL), and [,,, = X—m :::
& L )
0 . : n 02
& Note: —coswt = cos(wt — m),coswt = sin(wt + ) &
(S | N . S
(3 ~ —coswt = sin|\wt—mw+-)= sin|wt— 7 K3
val — . ral
;:: So in inductance, the current lags the voltage by 90° (phase difference = 909). ;:j
::: V =V, sin ot :::
::: L=Imsm(wt—§) :::
I:l Now, (XL = L =2z f L ohm). It is seen that X_ depends directly on frequency of the I:j
I:l voltage. Higher the value of f, greater the reactance offered and vice-versa. ::1
h D
% -7 3
(3 / '8
'8! : '8
>.1 Y '0‘
S 40010 e
3 L 3
'8! '8
8 , (T s
>:< A Y %
(3 '8
'8! '8
(3 ~ '8
'8! N &
:.: V=g, sin mt :.:
S Figure(6.3) %
¥ SvAg el
Pal Pat
»:< Dy $
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& P 03
K3 &
% Power. Instantaneous power, 3
A A
a . . . T . Vml . Pat
& p=vi=Vulysin(ot) sin (wt — E)= —Vi I, sin(wt) cos(wt) = — % sin2wt &
Yal Pat
D< . 4 . b4 . T <
2 Note: sin (wt — —) = sinwtcos— — coswtsin— = —coswt, R
G2 2 2 2 2
D< C — C <
K sin2wt = 2 Sln(wt_) cos(wt) K
& Power for whole cycle is : &
» _ Vinlm r2m . _ 8!
¢ p= - J, sin2wtdt=0 S

¢ It is also clear from Figure(6.4) that the average demand of power from the supply for a '8
¢ complete cycle is zero. Here again it is seen that power wave is a sine wave of frequency '8

* double that of the voltage and current waves. The maximum value of the instantaneous *
pPY . V 1 $/
& power is -, %:
(S 3
& &
’:‘ / Power Wave %
:ﬁ: /v V., sin ot ' :ﬁ:
8 Vol S

X . i=I,sin (Ot - 10/2) v

v 2 v
& &
::: / t(s) )& :::
& o &
o 62
o Figure(6.4) (S
o 62
& Complex Voltage Applied to Pure Inductance *
I:i If it is applied voltage has a complex form and is given by : I:i
::: V= Vipsinot + Viysin3ot + VspsinSot :::
% then the reactances offered to the fundamental voltage wave and the harmonics would be %
P 62
& different. &
::1 For the fundamental wave, X; = oL. For 3rd harmonic ; X3 = 3wL. For 5th harmonic ; Xs :::
& =S5SoL. (3
R - - 62
& Hence, the current would be given by the equation. &
8! V. T V. s V. T 3
® i=ﬂsin(wt——)+ﬂsin(3wt——)+ﬂsin(5wt——) 03
K wL 2/ " 3wl 2/ " SwL 2 &
'8! '8!
'8! . '8!
& 3) A.C. Through Pure Capacitance Alone K3
::: Let :::
& V= Vp sin 0 = V, sin ot :::
I:l g = Charge on plates at that instant. I:l
::: vAg :::
» Oy
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e ral
& Then q=Cv=C Vysin ot ...where C is the capacitance, q is Charge on plates !
(3 d d Y vV T 8
DB q . m m . <)
| = —= — (CV,, sinwt) = wCV,, cos wt = cos wt = sin (wt+—) N
% i~ at CVn ) m ( 1 ) ( 1 ) 2 %
A A
ad wC wC a
3 Ym t+2) =1, si (ot + 7T) 3
(2 = —sin (wt+=) = sin (wt + = 2
C3 X ( 2) m 2 0
"al c "a
e rat
e rat
e \Where '8!
%: . . .. 1 Vin %:
s Where: X, is the capacitive rectance (Q) and equal (X;=—),and [,, = — 8
al wC m X, at
< . . . <
:i: So in capacitance, the current leads the voltage by 90° (phase difference = 909). ;2:
A . A'
a V=Vpsin ot Pt
e ras
\/ T[,- \ /
al . . Yol
(2 L=Imsm(a)t+—) e
:ﬁ: 1 1 . . »ﬁ:
a Now, (Xc = — = ——o0hm). It is seen that X. depends inversly on frequency of the voltage. &
e wC  2nfC ral
# Higher the value of f, lower the reactance offered and vice-versa. &
A A
e ral
%} Ia v =1, sin ot :::
& C &
R 62
o 62
o : Y 62
'8! '8
'8! ~ '8
& &
::: V= L;',,sin wt A= I sin (@ t+ TC;Q) :::
(> _ Y
K Figure(6.5) &
'8! '8
'8! (3
ral Pal
& Power. Instantaneous power, :&
® . . Vil (3
::1 P = Vi = Vplnsin(ot) sin (wt + %): Vinlm sin(wt) cos(wt) = % sin2wt ::1
Pal Pal
3 ‘. 03
% Power for whole cycle is : e
S 03
ral Pal
(2 Vil 21 .
) — : )
::i p= =% [ sin2otdt=0 ::i
::: In a purely capacitive circuit, the average demand of power from supply is zero (as in a :::
:& purely inductive circuit). The power wave is a sine wave of frequency double that of the :&
( 4
& voltage and current waves. The maximum value of the instantaneous power is ~2m S
'8! : — K3
'8! 3
Pal Pal
* VA (3
Pal Pal
3 <(83)> K3
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A A
a! !

a | Example 1: A 60-Hz voltage of 115 V(r.m.s.) is impressed on a 100 ohm resistance: (i) |
w | Write the time equations for the voltage and the resulting current. Let the zero point of the | g
a | voltage wave be at t = 0 (ii) Show the voltage and current on a time diagram. (iii) Show |

' the voltage and current on a phasor diagram. '8
% Solution: 3
'8! '8!
& (WVmax = V2v =V2x 115 = 163V 63
'8! '8!
8 Lo =71 =18 163000 = 0,0 = 2nf = - £
¢ Imax = =—=1.634;,0 =0;,w =2nf =2 X 60 = 377rad/s &
(2 R 100 &
el g
# The required equations are: v(t) = 1.63 sin 377t and i(t) = 1.63 sin 377t 0
(2 A
el e
% (it) and (iii) These are similar to those shown in Figure(6.1) () and (b) 3
el e
el e
el el

¢ | Example 2:Through a coil of inductance 1 henry, a current of the wave-form shown in |8
s | Figure(1)(a) is flowing. Sketch the waveform of the voltage across the inductance and |’a

& | calculate the rm.s. value of the voltage. 3
' Solution: 3
& The instantaneous current i(t) is given by K<
3 &
S t 0<t<l1 3
S i= 12—t 1<t<3 %
(2 t — 4 3<t<4 e
'8! ( dt '8!
(s 1 Xx—= 0<t<1 s
| dt
8 PR PN C k) 1<t<3 s
K dt dt &
(3 d(t —4) &
& 1 x = 3<t<4 &
& \ dt &
& &
& - &
& &
'8} id 7 K
& &
62 03
S S
3 1 | +—/— S
S S
S S
S S
8! 0 0 S
el I N 3 /4 5 | 2 345 e
S S
S (3
e -1 -1 '8!
s 1 , 0!
’.: —1(s) —1t(s) :‘:
?

(< (a) (b) e
S : (3
S Figure(1) &
S S
S S
Q3 <i(84)> 8
2 o '8
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a! !

w | Example 2: The voltage applied to a purely inductive coil of self-inductance 15.9 mH is | g
w | given by the equation, v = 100sin314t 4+ 75s5in942t + 50sin1570¢t. Find the equation | g

(s of the resulting current wave. 3
% Solution: &
¢ Here w = 314rad/s, *
e S
% X, =wl=(159x1073) x 314 = 50 %
s s
¢ X, =3wL=3x%x5=15Q. (3
S s
% X5 =50wL=05x5=250 %
g 8!
¥ Hence, the current equation is 3
e s
E:} i = (100/5) sin (314t — m/2) + (75/15) sin (942t — m/2) + (50/25) sin (1570t — 7/2) §
5 R
e s
o L= 20 sin (314t — /2) + 5 sin (942t — /2) + 2 sin (1570t — 1 /2) s
s s
I:l Example 3: The voltage applied across 3-branched circuit of Fig. 11.65 is given by v = | &
I:l 100 sin(5000t + ©/4). Calculate the branch currents and total current. *
& Solution: (3
ra ] . Pal
::: The total instantaneous current is the vector sum o fthe three branch currents. '8
::: l’r':lR+lL+lC :::
& &
% Now i = v/R =100 sin (5000 t +/4)/25 = 4 sin (5000 t + 7/4) 3
& 1 &
::: i = Z_[th :::
&3 &3
(2 3 3 -

& =221100sin (5000¢ + Z)dt = 22100 [ZCos BB, — 10 cos (5000 ¢ + 1r/4)
o 2 4 2 5000 o
'8! '8!
0 dv 02
0 i C— 0
& ¢ T dt 3
& &
&3 03
% = C=-|100sin (5000 ¢ +2)| = 30 x 107 x 100 x 5000 x cos (5000 ¢ + %) s
ral Pal
R 62
&3 &3
::: = 15cos (5000t + /4) :::
'8! '8!
Pat Pat
I§1 i, = 4sin (5000 ¢+ m/4) — 10 cos (5000 ¢t + 1/4) + 15 cos (5000t + 7/4) ;g
::: VA :::
» Oy
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S &
8 8
& &
A ] A
5 = 4 sin (5000t + m/4) + 5 cos (5000t + m/4) e
::: ipy %:
A -

Pat ~y  25=R Pl
S S
S S
S S
S S
S S
S S
S S
S S
S S
S S
S S
S S
S S
o !
& 6
& 6
& 6
& 6
& 6
& 6
& 0
& 0
& 0
& 0
& 0
& 0
& 0
& 0
& 0
& 0
& 0
& 0
& 0
& 0
& 0
& (S
& (S
& (S
& (
& (
(2 &
& 0
(2 &
& 0
& (2
& 0
& (2
& 0
& &
& 0
& &
& 0
& &
& 0
& 0
& 0
& 0
P< A <
() o= O
'®| <i(86)> o
-0~ 0-O-O-O- - H--O-O-O- A - O-O- - - O-O-O-O0-O-OX ﬁ’z’XQ’K’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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(3 £
O rad
62 G2
3 (3
3 [L;ecme (8) D PARALLEL A.C. CIRCUITS Eg
8 !
O rad
Pal . o . O
s Solving Parallel Circuits S
;2; When impedances are joined in parallel, there are three methods available to solve such ;g
A - - \/
'8 circuits: (3
A - \/
% 1. Vector or phasor Method &
% ii. Admittance Method and 3
e 1ii.  Vector Algebra '8!
S 8!
A el
8 . 8
o 4. Vector or Phasor Method 3
A

& Consider the circuits shown in Figure(8.1). Here, two impedances A and B have been joined :::
¢ in parallel across an r.m.s. supply of V volts. The voltage across two parallel branches Aand 8

¢ B is the same, but currents through them are different. &
a ral
& b S
’3‘ R L L 2
'8! MW= 2
8! A &
(3 0, \Y &
03 - &
(3 ® (3
8! R 1 C '8!
val 2 O
& M- H D) ¢
8 B - S
3 i ' 3
(2 Pat
ral O
(2 Pat
(3 v (3
& 02
(3 ~ (3
(3 \ (3
S : : S
'®! Figure(8.1) Figure(8.2) &
S 3
s s
0 62
0 62
0 62
0 62
% For Branch A, '8!
& p2 2 14 Ry >:<
::: le R1+X ) 11= Z—l,COS®1= Z_1 :::
3 : : _ ¢
% Current I, lags behind the applied voltage by @; (Figure(8.2)). ,:1
(2 X
0 62
0 &
% For Branch B, '8!
:.: D2 2 _ Vv _ Ry >:<
::: Zz == RZ + X y 12 - Z y COSQ)Z == Z_z :::
3 : :
;:j Current I, leads the applied voltage by @, (Figure(8.2)). ;:j
)
(2 Pal
(3 (3
& &
Pal O
& VA '8
¥ <(o2%- 3
3
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Y,

5 s
& Resultant Current | 8!
®  The resultant circuit current | is the vector sum of the branch currents 1, and 1, and can be &
Yal f Pt
& found by 03
¥ (i) using parallelogram law of vectors, as shown in Figure(8.2) 0
® (i) resolving I, into their X- and Y-components (or active and reactive components 0
® respectively) and then by combining these components, as shown in Figure(8.3). 0
® Method (ii) is preferable, as it is quick and convenient. 0
® X-components = I; cos @1 + I cos ¢z 0
§ Y-components = I, sin @z - 11 Sin ¢4 §
A A
e rat
< <
:% Leesuttant = (X — comonent)? + (Y — component)? :%
::} = J(;cos0; + I,cos0,)? + (I,sin®, — I,sin®,)? ::}
Yal "al
& . . '8!
'8! Y — component  I,sin@, — I;sin®, '8!
ﬁ tan@ = = a‘
k< X — comonent  I;cos®, + I,cos®, el
& X — component  I;cos®; + I,cosD, &
e cos@ = = S
:ﬁ: Iresultant Iresultant :ﬁ:
e ral
ral . .. . . . . ral
::: If tan @ is positive, then current leads and if tan ¢ is negative, then current lags behind the ;::

- A
::: applied voltage V. 3
o e
& s
}:1 A l: Sin O: 'z‘
'8 vl !
'8! '8
ral Pal
>:< I, cos @, 0 Icos®d+lcosd, A ':‘
'.‘ ¢2 - = S 9” - - = = '.‘
:.: L, cos ¢, g () v :.:
’.‘ (I) - - %) ’.‘
0 & 02
val ) .. ral
::: ylisind, N =y o :::
o B 1 (3
Ko (@) _ (b) &
'8 Figure(8.3) s}
R 62
8 03
'8! 3
ral Pal

. : ¢
R Admittance Method (V) o | 3
% Admittance of a circuit is defined as the reciprocal of its impedance . Its symbol is Y. 0>
S 11 S
% Y = - = = '8
& zZ_ Vv &
& Its unit is Siemens (S). A circuit having an impedance of one ohm has an admittance e
& 62
::: of one Siemens. The old unit was mho (ohm spelled backwards). :::
3 v «
»:< Dy $
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® As the impedance Z of a circuit has two components (X) and (R) (Figure(8.4)), Slm_llarly, S
® admittance Y also has two components as shown in Figure(8.5) . The Xcomponent is S
® known as conductance (g) and Y-component as susceptance (b). S
e g 8!
e S
'8! ¢ '8!
e S
2 Z Pas
& X b Pl
e s
8 Y s
S 0 S
v - e
:3: Figure(8.4) Figure(8.5) (3
e S
& S
a Pal
& 1 R _ R _ R S
g 9= Y=o X7 = 72T Ry 3
o 1_ X X X *
C/ = - _= = = 8!
S b =Y sing X 2 72 A2 X2 :::
& Y= g%+ b? :g:
PRy - - - - - - e
%1 The unit of g, b and Y is Siemens. We will regard the capacitive susceptance as positive 3
::1 and inductive susceptance as negative. ¢S
. : 2
& Application of Admittance Method 5
I:i Consider the 3-branched circuit of Figure(8.5). Total_ conductance is the sum of the three :::
I:l branches conductances. Similarly, total susceptance is the sum of the three branches :?
I:l susceptances of different branches. ¢S
I:l Total conductance G=01+02+ 03 ......... :::
& Total susceptance B =(—by) + (= by) +bs..... :?
ral .
& Total admitance Y =+vG2 + B2 3
ral
& Total current | = VY 3
ral O
S G S
'8 Power factor cose = v 3
s g b K
(< I ¥ 1 (X
(> -0 (3
s g b 02
’.‘ 2 1, 2 A
® =0 &
P:1 R 13 bqj :’:
'8! —| &
el B G2
Pat O
S i S
0 Y e
S S
S ~ S
3 Figure(8.5) e
* VA '8!
3 p Dy 3
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A A
a! !

S i Complex or Phasor Algebra 5

'8 Consider the parallel circuit shown in Figure(8.6). The two impedances, Z; and Z,, being '8

¢ in parallel, have the same p.d. across them. *
el g
D< <
’:‘ Ry 7z X R, IXL ’:‘
'8! MM =TT AT S
A A
el _ g
& R 1, X R, “1Xc 3
R A== T MW | (2
el z, g
:;: Al Y Al :;:
A A
& Vv \ &
el - e
'8! = S
Yad A
val . . ral
5 Figure(8.6) Figure(8.7) &
el el
"al

X =L =2 %
el =5 2= S
8 Zy Zy 8!
0> v v 1 1 '8!
Q2 I=I+I=—+—=V<—+—>=VY+Y =VY 2
.g where Y = total admittance = Y1 + Y2 (2
'8! '8!
'8! _ '8!
® It should be noted that admittances are added for parallel branches, whereas for branches ¥
3 8
& i series, it is the impedances which are added. However, it is important to remember that %

% since both admittances and impedances are complex quantities, all additions must be in %

rat rad
> ) X ! . (3
I:l complex form. Simple arithmetic additions must not be attempted. I:I
I:l Considering the two parallel branches of Figure(8.7), we have I:I
rat rad
o v 1 1 (Ry — jX1) R, . X '#!
O = — = — - —_— ] _ O
D< 1 . . : 2 2 2 2 D
(3 Z; Ry +jX, (Ry +jX.) X (Ry —jX,) R{°+X, R“+ X, &
rat rad
(2 — 1 O
rat —_— _— ral
K2 91— Jb1 &
3 LS
3 LS
o Where '8!
! LS
'8! Rq '8!
o conductance of upper branch o
Yal 91 - 2 2 pp Pal
O R X ()
! 1 L s
rat Pad
¢ b =— ———— , suseptance of upper branch '8}
& R.%+ O
3 1 L S
! S
3 S
! S
3 S
! S
3 S
s S
3 S
3 S
3 S
s SAg S
rat Pal
3 <(95)= K3
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S 3
D- Al
8 s
& Similarly $
& &
A A
'8! 1 1 (R; +jX.) R, X . '8!
& V== ~ - — =52 ) 2C 2=92+]b2 0
,i‘ Zz Rz _]Xc (RZ _]Xc) X (RZ +]Xc) RZ + Xc RZ + XC ’i‘
s S
® Where S
s S
3 R> &
3 0:= 57 4 2 , conductance of lower branch *
D< 2 Cc Pal
s X S
\/ C \/
& b,=—=—— , suseptance of lower branch &
g Y = Y1+ Y2 =(Qurjbu) + (924)b2) = (91+02) - j(bu-b2) = G - B ¢S
& V= 1(01+ g%+ (b — by)?
s S
= s
E ot (222)
W 0= tan” !
& 91t 92 &
s S
s S
s S
8 Series Equivalent of a Parallel Circuit (3
& Consider the parallel circuit of Figure(8.8)(a). &
'8! '8!
S . (3
ral 1X X
(D €q €q €q ec O
() R, -iXc K
02 AA 1 0
o 62
»:q Al Al Al %
)
:.: V \Y% V ?.:
S =~ ~ = (3
::: (a) (b) (c) :::
ba . (<
:g Figure(8.8) :§1
S (3
& R, X ; &
$ V= — o= g, —jb;
S R2+X, R2+X, S
I:i R X ::1
(2 2 . c : ()
::: ,=— >t J—= 2=g2+]b2 ®
3 R+ X, R, + X, 8
&3 &3
"al . . . . ral
s Y = Y1+ Y2=(gurjby) + (gz+jb2) = (91+92) + j(b-by) = G + B 3
% As seen from Figure(8.9) &
o 62
" R.. =Z00s8 1 % G G X.. =7sin x B B *
3 =Zcosp == X — = —, =Zsing=— X — = — &3
:‘: ™ Y Y Y2 & Y y2 :.:
o 62
R &
* VA (3
Pal Pal
p Dy
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¢ Hence, equivalent series circuit is as shown in Fig. Figure(8.8)(b) or (c) depending on &
e Whether net susceptance B is negative (inductive) or positive (capacitive). If B is negative, 3

# then it is an R-L circuit of Figure(8.8) (b) and if B is positive, then it is an R-C circuit of &
® Figure(8.8)(c). 0
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¢ The two circuits will be equivalent if Y of Figure(8.9)(a) is equal to the Y of the circuit of 8
e s
: Figure(8.9)(b). ;
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