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are +m paralflel /f they flave Ffwe points 7 commsn.

For the paraliel ccf. Shown § Heing KCL , e bave:

|# i %
Ce F B o o o
Se e = —— — e ——
2 f."ﬁ'd-ﬁ 3}
s, B, el pmedh
T R Rz a3

In ﬁ,mt#qi v ﬂ"ﬂr N resisters connected sn parallel, then:

Lovg ol sl ammieapona s
ET .l‘?#. Rz K3 I'FH

—

candueetance =

x MNeotation

Far paralle! netweorks, /& s commen to uie Fhe
idea ef cenductane inthe cet. analyiis . The coaductance

() is defrned as:
s Siemens (s)
=
Ep, e Canm warite Fhe tofal senductunce GT E{lﬂ' rthe
porallel cc?2 Shown, as

ke B i G—‘{} G G;,.ir.’;3
R = T :
e s

NAOTE +hat , the fpofal resistance ET of paraflel resisfars /s
Sfways fess Frhan the value of the smaflcst resisfor .
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Specia/ Cases
T The ﬁ..g.nzr:lf relfotion {‘-:I'i‘ Hia fofal resigpPance

-

ﬁFFﬂfaﬂef Freslstars 4L

= : s o a
= — _’l_ T re— L B —
s 2s R R
o+ Caxie T .
Far egual resisfere in paraflel ,ie; wifen
"l‘-"?r -"-‘r'?g = ﬁg - === I'FN = E
! f ! 1 i
then ; — T e e o ok = = s =
! £r e ~ 5 2
- S - A
o
N 7 7
& — —3 N g~ N—— 3 E . —
LoaweE) = |Rr=g

#» Coase 2

1 Fop felo Feiisfors dwv Pnrmﬁ"df" s ThHen "?'l' 1 ?}Fm =2

Ry + Rz '

This meows thot, the fotal resistance of the fwo paralie] resisters is
rhe product of the fwo ofivided by their sum.

* Cece . )
: .+ Foer three resistors n parallel; ther '@T i$ given as
"?T' 2 ""'?IJ'?? ‘?1‘
RiRy + BRy +RzRz
Example

: Defermine the toktal resisfance [for the nefovork shown ;

2 JL
4..‘-1[ R
Ealution
Redraw the sct. fe be as shown ;
i 1 1 { - ¥
. E e — . :
R Ry Ry Kz R, Ry R
i 1 { =
i s Gk gl o c¥r L4
== Z + = R, En
= 0.5 0285 402 &
—_ GHqE - _“_- ;? = Fi -
— ey 1.052 N



Exawmple

For +ha pmfnlie_l netwarlk shown ;
. Calowlate ET .
b. Determine L, .r"‘"I'r .l,'{r 2 Ll +
c, Caleulomte I, awd L 27V l‘?u W R W
d. Determine the pswer fo each Vi 124 &
resisrie load. &
@. Darermine the pawer delivered
by the Sowrce and coaw pare it
wirh the total power dissipatk ed
by the resistive elewienks.
Seolfutian
: Be KiRe  _ CayCr8) _ 182 _ ¢
Ry +®y q+18 ke WS
by Fhamis. w2f o AR
K =y
= I::,.V—r=£:£:3ﬁ
&y = S '
= -
T, T R R P
<32 2 18
Irr_.i:.‘..f?': t::l'\l'd;aﬂﬂ-‘
d. P = I,v, = &I, = (27)(3) = 8¢ [y
P, = IaVy= EL; = (27)(1.5) = 40.5 W
e. P = &Ly = (27)(4.5)= 121.8 W
=

= F + P, = 8t +40.5 = t21.5 W
Ra + Ry =risoilb ¢ &Lﬁk:___u R TR e R

E a---|‘_",,.5-'s Lﬂ}i:;_ﬂ"’l#.—.-.l.-ll :_531._..*

2.2.V Current Divider Rule

Cepaszider Ehe paralffel cct

. ERewn;
(e h‘-ﬁ.u’t_, Wil F =2 Ve IET &
——T
+ : FI LIE
| A K R & d
e E'rf-f?; 73 R| ?RE
R =>
v I Rr _E_'.l_.
but Ij=s— = =y T
= % R + R nga it




Semifarfy » for L; sele have _-!'?,E: =&
v .-
—.rg 2 Z -r.fFr 2 ¥ 7 'P'R'FI
"?E -’?i "?E
o
= Iz. R ANyl
R, + Rz
E.n:am‘ﬂ.l"-E'
—_—  : Determine the currcnt Es ﬁ-ﬂ‘ Fhe Metopsark -sﬁ.g“ﬂ;
FrxiEh
® Rz 1%
I S B k0
Sofution Er
.E"z = .IT e ——
R+ Rz
axta”
= g = &. . = 2 A
(& +&)xeat e -

E xamp/e
—_— Flngd +hae canrrent 11 ﬁﬂf tha rwboiorle ahown

—aL=42 mA

7| :
40 2401
Solfution R Zecn R, ES
|
FomE __ET
<
<, R k.
Rr = ¢z K3
E,Fi'-p_ —p.—EgEJ-}-EzRJ
=5 &
1 { 1 £ f 1
A+ , K2 ~<q & 25 2k
- =2 Rr= 40




2.2.2 Veltage Sources in Parallel |E=2
Ir -r..'l IE
{’-'-v“ —_— 1 —_—
] 7 =
5 — = __[
! -|-l'3'-" Eleav C 12V
E,= By = & _— Fgm Erals

Te mcrease the current rafing of the seource; fwe or rrare Dol riss
i parajiel of the some ferminal u.-_aa’fa?.a edoslad Be died.

2.3 Open and Short Circults

We offen need to apply the
apen and Ihort Circargs in the aaalysit fof efccbr’c nefuarks,

ap D‘pen Crreurt

An open circuit 5 simply Fwe /solated
terminals Aot comnnectad by an element
of any kind,

Comnsicler *A€ Circuit shown i wirh open circwié terminals

g and b . L=
— e T q
PN i
E [+ _
Voras: o Wiom pm .{._ Vs u &
=T

Simece I f:-"'s-'-.Jrl-'u'- apen #11'::-1.-..'11-} =0 &

e ?an.:rnj

An spen circuit CAN HAVE a potential difference
-fu;.u’f-m?:j acroess: ffc fearminoals Bulb the Currant
is always ZERO.

o Sherl Cireuit

—: A shore = roei i3 g direct cenn=ctian of Zero
CAmE Acress 98 alement ar combinadian
af elements.

Ceasiaer tHe cilreudd shawn » wmiith o Shert gjpewit ocrase

the resicrter K5
‘FT Lsc

| \ - e g T = .E- Si I =0
""-:%u"'f ] Ir E sc r 3 G R
g b r £20)
[= R l : !I"";scs

uhrrl" = b;‘

5
=cit.,

¢:=D
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I E'H.l'.‘.ln_!#'-n‘.i'

A short circurd AN CARRY =« current of any
level but the potential &ifference (Uo/tage)
feress A5 ferminals 8 alfways ZERD.

Examples

1 faal . For the Aefwarf shown, Scfermine 1-";!]_
R, Rz _L
' a

2 kN & feat

I
;]‘ zov Vas

Solution = Lle foss an opEn Sl Across T
ferminal a awed & the

Ir=0 :&H:ﬁ nol E-"'E=i'.':|

- Applying VL = I, = £ =20V

£b). Calecalate L owedd | Aer tos nefweorlk shawn ;

v ==
3 =y = r Rz
Skl 1o kL
+
E e SV

Soluftion

— e lowst a 8heres Tel ., asross J‘?E.

= MNo current 'f'hl"ﬂ'-‘ﬁ["l Eﬂ_
Moefe @ +ha cec® com be

redrawn +o ke o o = iz
shaown = I = = S mt——y
R+ R, +0 5 kil
£ = 2.6 mAH
- o=

pil
E—[— E*éf N Ve IR, = E =18V

\wl«" E’k.ﬂ\_ . g
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Wye - Delta Transformotion

o Thave puie SEAE CadSE SFFew arEed

Mo EirmLiE M:\-—Qﬂa&l,ﬁ s tihen tha registors are Adirher tu pavalicl nor ww
sevies . For emawple , concider fhe cirewnit Shown !

Tn this Circuit ;, R, + Ry s Ry —-- Rg are ncirther in sSerics
mar in parafla]

2 Wye ( ¥ or star) connection

2 = . a4

T— cerpasctian

F =p SEtap siessit eenaeet i@y
‘V e T ceaaeckions

e Dalfe {-ﬂ:’- e F J‘tf) Zirouit copnestian

¢ &) ¢ T
Deltq circult connpetian o b equiuslen Fi. capnea&ian



Fa Y

o Delta te W}rg ?:‘aﬂ.rfdrmait.;an
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— W= bawse N and waat re .?-:I ks v:nru.,;un..l'pu:f & Lk ear

sircait

- T srfer PHE A circase Shown ; te be Frd.-n-.l.'FﬁrnnL"f mebis
ks eqau alpad dbar showa below 1

Kol B L
Erz“ b{ Rag + Rc)

Ra + Ru+ Re

I e -I'Er_- (1"'?& 1‘-!"?5,}
Ak

Ra + Ry + e

Eﬂ}f-‘?bﬁ-ﬁc}

Eﬂ+‘qb+‘?:

ara

By

E‘l-f-ﬁa_ =

Ry Ry =

3 Re

Delidq

Eb(i‘?ﬂ-ﬂ-ﬁc) ."@
Fa + By + Re
‘?:f"?b-kf{:l ‘“®
Ra+ Rp + Re
RKa (Eb 1-E'c} & “_@
Ra + Ry + Re

Subfractien Eq.(3) from E£gq, (1) and adding the r:auih‘ua
=-:}=|.ﬂ.1!:."dﬂ fo Eq.f!,} Fesalts ta i

Rr;—-’

Eb 'r‘?t:

Eq' o '[?b +i‘?=_




oy ifar F'{}’ %

and

TN FENERAL
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e£2

Ez - E: "?ﬂ
Ry - Ry o+ o
£, o _RaRs

Each recistor in thae I netwark i1s the product of
the resistord sn Fhe tog gdnr'n::ﬂt A brnn;hzs_,dw;dgd

by the sum of the three resistors

# Wye te Delte Transformation

- We have Y conneceted cirewit and want +o get ks
eguivalent O .

— Consider the ¥ aircuit shown , i eguivalent A Js shown

befow ;

ﬂa‘;ng Fhe previcsds Sets of sguabioamx ., fhea

EIEE -+ Eg E_T'F I'-Fr.li?.g I

R

EgEz'FEIES*EIE-T
Ra

Re

we fawe 1
i‘?a':
Ry =
Fad
R. =

In t;ensem_E

RRy + EaE:{+E1RE

Ra

Egch regsictor in the d netwark fc the

Sum =f SN pessible

products of lI"’ rl:s.l.:r'nr: fa.ﬁ:en fwn at a &ime , givided by

tha sppeo site

F resistar.
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Notes

& The Y and £ rAelwarke gre Sald fo be balanced
Lifran :
.l’?‘. = EE =y -'l‘?g — E}.r
and

a {dndger balance con o ey an L Fhe con yersion Sgualion

Eereame

KR
R, = 8
¥ 3
(=l g
Ry = TRy

Example

Obtain the gquivalent resistance ﬁ?a& t;w Fhe circdit shewn
And ufe L& to ﬁ;_na’ Fhe currant I

q I

& —l
E 100

oz
g ? Jo.

5 204

b

A

Selttian

£ We cand wuge tha relatians #F Sered coantstes or
parallef econneectes resizfors fo abiadn "'?.qf; "

a e r'r.?[. fe age ALY f‘!’ﬂﬂ:ﬁal‘mm.ﬁHJ er =48
?"'t E‘ab.
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# Lf we traniform the Id
SSAE TS Ty !‘F i
K = fon
R, = 204
o Rps dA0 12,
—_— B
s = I 1
< the eguivalent L sircwsit
SRnda /g :
Ky = Ri Ry ".'_E!E R + R Fs
R,
— l0x2p +20XKF 4 SXI0 _ 3so
o 10
= Jad5.J41
Similarily ;
Ry = RiRs + ReRg + Ry _ 350 _ 13s5n
F i) - o
S ered
& = —
S = 2.8/ 17.5
‘f_..-’-" " ;2,5#.’?.5. 721
' f?—sl.n?.g

o Hgp o= f?aj'-fm.,s'jff 30 - aon
r7-Ex 2t
17.8 +21 ..
= Eab = %.632 n . —
Yo + 30
"?-5-52 q- o
< 7.3
= I = 1246 A B = »
;iEm,E,n
-3
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Tuterial Shest N2 2 57’52

o eus Al AN Sl Ll Bl P Bl
Exampie ) = '
__: Three pegistors are zonnecfed awm ser'es qcreoss
a 2 bafesry - The Lirst resistor Aas a valus of rJi , #he
seeznd fas o uslfage Srop of 41 , awd the third ha: =
power oissipadion aof T2 W.
Calcaiate the value of the cireu/t currant,

4

=

Seolution T

—

We bage
PJE. I:EE = 12 —--@

and _ :
Vv, = IR, = &4V —@
Frnm
she NS i
Ra

Xy
B
]
o
Iy e
K
in o n
A REEN |

From +hs clrewdl shown , We have |
12 = L (R, +Ry+ R3) = L{r+Ra+ Ry)
Sr.-..b.ﬂh"fu-i.'nﬂ' ﬁ'er A PR "QE ; we fFave !

3 4
fzzi{'f+£2 +;..-E‘t}
2

A
b B3R BBy 24 =0

g 3£-f€{r~#3

= 2.1 cr.z__n'-

= -
3 % f
- SO Byz 38 = _ 0
3 5 "?z = 3 3
&, e = e : = A
Ry+FRa+ B3 T+ 2 +3 '
=)
g
I = = &4

r+{§>+c§} e



Practice Problem

o el Eheu

fup oL 41
a b Ay ; Afvhy
b .
Arasurer
Eﬂb. f'fl.E Il.
Fractice Froblem
—_—— Find Rap for the circwt Shown
20 4L

Aaswer

Practice Froblewm

Eend W, end Vg in
ghe alrewdt shouwrn . Gloe caloulat I, and
Lo a@nd the power aisdipated bn the [2 00
aad .4:.{].11- P e o

HAnaswer s
vW==sy , K=1ov
I, = 416.3 mA , I,=259 mA

F=2o083w . R=25w

30

! Cafeadati Mg Eﬁ,...q..r'n-r-d.-ﬂz-.u..l‘.' redasloumee Kab awne Hhrs

= S

~t 24
l Ady
+-.T-’: -
54
S
i
w 3
T 101 l"fi‘l

g 40n




3. Daterminants

¢ Ceasfader fhe foo sieulpadenus STl TS

&, + .bfy - al®
71 e

T - By y = La

tlhere & and Yy arfe FHe ankpomn varables gnd 2, 2 Ty br a by .y

a4y Cz Fre omoaasifaontz .
Lrimg e oefzrminandsd » ti= foffowing Ffermiafc ore abisacs For mach

af the werifobizg ] x and ¥ @

Zr I]::l||
5 s A ” Ca lﬂz1 ]
ﬂ ":11' b| s
ﬂ'g =5
prhake ) .I':'n.|:':.lb= -'E.'-‘;l'l-'l'#
A = by -ty by
‘U-I i
Lo T
Fay &
ol = = —
& 2y b
Hqp g

L g ) A, =a,04 —8aC

AL A o A, are cafed smc=nd order olelorninanls ;, Sice b cantains

el e FPoes oeesd Fara s foenns,

Thired oroler of aterminands are dica fo safve fhree Simaltaneods G eor
egpstipas, consioder  the Fodlfesing Fhre= Bl uifoneost equlations

ax + by 0,2 = d,
Qo + bay +Cz2 =d;
cax + bay + Cz2 =dg

i . = e ; £ g = & N L
The wakown poapiables , M , Omd & pre oorsemines & '::';?"F



EE 3
oy =F 2
) dl i;g ":E 1
ﬂ] dj bj‘ Cr
. B 8
ﬂ a-l b| lC‘-|
f Qe Bz Sz
L= 8 =1 Ca
2y =y =
a! g ot
aﬂg a3 dg =
Ll Y i
a, by =
) ‘21 :L'.!z d:
Az 2z bz 43
s |
£y
Fa

The +hird archey determinasd coan be eveluodid a3

£6=) w01 gy

& by g - TR - T =3 Qa, K,
& = e by C¢ :;> Ta be &, B i
Az bz € :
t &3 # B S [y b
- E(+
e
({4} z2(+) 304D L=} £ (=)
= A= o,b;C3+b,Caqy 4+ 8350y —~a35,0, -bCray
£¢-)
o, Jﬁf_b

4&.4‘-" ﬂ;b:cs rf-&lrl':-g Iﬂ'_\g -h'::;ﬂab;_l .—-ﬁjhzciubg'c!gl - :.'F'aﬂéf

Example
_____xi_-: Find x owed Mo 3 2
{-2 - l (s)(-2) = =2)(=)
oo 8L = i T el ¢
BB o P e l—: 2\ =110-2)=(3)(2)
3 =2l -3 {
i 3 =R
Iz Lz} C=1)(=2) = (3)(3) -3 5
P, § = - = = o

Al % "
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-

EX Gnnp (& |E'-E3'

= Fingf A,y od g ; lf_‘f""' e ﬁ.’:;"-"'nd-dinag S da?m:-—;n-

2o BE et

i
3'};’—2 = B
e 4 2y 4L FES0

Epiﬂ.d::s:lﬂ
- =% .-!'-]'rrw-g,:_ b savebions o be ol
T e Dy — 28 = —1
Bx o By 0 1B = &
| _l.___ o ) || -1 =
Ehoa F 3 t ® of
o R - E_I_ = _-_—E_:l : L) i - - "
ﬂ 'T ! ) o I| - o
J a 3* il a =
v 2 R g

i s A ORIERY S bl ) T +-<-z}fa;*fz.1~£_-=}r:s:w:-_z:uh C2)C1) (-1 % (3)C2) ()]
COCRIB2 + (o)) )+ Ca0md Co) —[Cyca) (-2) 4 COCTICHD + C3)Co)(or)

& 215 o _ I5
13 13
25 b e
b2 <3 =& e it o i
\a 2 R AL LT R
| a 3 1.-*'" o gl = .
o = = ' = A
ay iz E
C)Ce)Ca) + (1)L () (= 2)Ca)Co)- () ) (-2) + (a) (1)) +(3)Ce) (-]
ik L P TN E
13
t3 i
I g = o O T
& "B ' 2 a 3
% .|"i'|3, 2 H j (] _-l. 2
i 13

C)Ca)€=) + (o) C2) (1) + (adCad () = [ (D3I CE1) 4 (2) () (1) + Cod(opCo) )
I3




2.

Ly Source Trarnsform atiorn |-"-"'E.E |

]
[

fE s afften feceisary or cesRues/ et Fo Have = ua-.u"r‘:n?esaur’c.e
Faffer FEAA A carreAl sedroe =r & cdrrend soaurce FAMEr Miapng
® vallags Sowrce.

In the ect.ghoun , we Aawt = veltage Ssurce campacted foa
lgpad i =ais tovace J‘E”L

e Hawve

B 2 & B
Ky He + Ry
r"'Tu.H'-'.? arhe tha Pumerabror By

( Re] R, =1) , we have

1
I
i
1
|
|
|
!
!

I

)
!

L

L— ; CReIRSIE Ry (E/Rs) ,
gﬁl t Rs+Ry By +%r  levaes a3
=0,
s Ii = _EE.'_I_ F’aa’ﬁa? Spurce
Rs+ Ky

Tl:u:ﬁ -;.d. o p,_-_,.i._..',‘-rh.\_'t =l deTt Eﬂﬂ.ﬁi\ﬂ'ﬂ _i.l‘.._'l-'lﬂrch-\ Cta
be represcwied by the cirewitr below) whick s
o :q'lu.'-..un,lg,u_-.l: ceh, o +ne -J':H-ELE!IS. BT WTES

- -LrIJ'-

| .
= I
L=_ .[.I‘Es ? E'L
I
i

In WWH\Q

CAsvy pesd sowyee

A Vo ltope Soures tiith uuh-:_-.%z_ E oo series
resistor Rg =au be reploced By a currewd Seuwrce with
& cuyyrpuwt I gead Fﬂ,-;.m,'l.';='l. ragiaroyr R as shoun:

&

b

-_— currewd 8 \rall-e\_%g_ S&MT LY

' g
L=
- r': g &

E E-EIEE- % - » E‘:

b

'xrn'l-\rn..%; SCWMTLE 45 Clurppnd S6WIEE —



Example E£d
i Cenvert Flhe vol/fate Source , m Fha cct below, 7fa a cetrrent
Source , fhen calcwlode ths currewk +'ﬂ‘:‘=:u-a'5."| tha |eoad ﬂﬁf
gn.r_L_ Zaurog|, o
E‘Jl 4 ) R
L
s 4
SEM.I‘-@ﬂ -"]- o
a Eor fhe uafﬁﬂ-ﬂ.{ sSeurce el ', g;
1 S i e A,
R+ Ry e (T —— F
L
= Fae _ £ "
LA % d %3 A
_ & 260 &0
2
w For the civeresd Scuaree cof ), = 34
e L s o ¢332} - b
T '?51"‘?{ 2 =+ & CALr T maak 55 i ca
= 5 4
~‘2—E“a‘-:":'..-"- f—’_"-:-"u”fl S e T, By les
Exow ple .
Convert the currcud Source ; Am Has cct. Shown, +a
a. uplrome Bowrce owd dekermine I Lﬁm eacl, source.
| -
- L = L
S o liad o r o
; I'=3mAa
# For Fhe curread Socwurces cek; l;
Chhr Rk - z
Aivider o “?i:i‘.f‘; =f?r:aﬁlf3xra} a
'n ; -
ikl Ke+ Ry €3+ Jxra¥

= 3Xxin = 3 mA

# For the va i'}*ﬁ-l-ﬂ.-l'- Source ceot

= g 2%
T, = : e
Rr Rs+ Ky (B2+6) %16




3.2 Loop (Mesh) Current Method £E€3

Caa s der L cirenit ghowyn be o !

g s o

w "
B I

Te v e this eireuit wiing the foap (meak) methad ; the [ellewing 3 feps
wod B épﬁ'amud s

ZETEF1 =
¥ I o diftinelr curpewt e the clockwize ditechon bo sache
Lvd.w.Fn:M:l.Lm.'t loap =f He network

F;'l, i R,'! 4
I
f
Er A
-TEV
Mofe : thare ouns cr-d-d Fune M-..:Lgfawni:_-u.t Ju-q.la.: ’
ETEPE
t Ladieats the F_-..;;..Lq..r.-u-.'-w within eael Loap ﬁpr aoch, pesisior
o cebermaived I:;uﬂ dlhi miseesd Aivesticon o |¢.an;|:| ELLTT Bk &P'r'
Hlant l'EtEF.
T
Ei-[ < a W
STEP 3 ) .
‘qFP»‘!'a'ICHUI'L:I are waedd 2asds -2-]'::.$'Ed' fugip- pone 2he csfockuiise oirechion.
3 |l% |m
I'-Eirj'}.l%‘ -Fnr fosp f == 'Ed - t",’: = l"{j' =a -‘_;'" E,! e 'LTI"RE = CIEAIE;IE-SEEI
5 1
q .
b 2 a2l ~-4{L-T)=0°
3' Far loopl

o =8y Vp=Vp =0 W -5 RylLfasl))= IR0

-6 4(L,-T)=1I; =0

At w233 59448 D

- alaps ;L\ s



Kl
MNafesr 1o 'f o pesisboy fnis fles o5 S el Gaessabe 15_!53
ﬁ'h“r:;mﬁ"ﬁ A8, Phe fobal carresd mweek be boliea
_;.d:m -zln.i::clu-mj:.
- The pelerity oF the usliese Bource 1y e ehed
By e lewp carrouds poasien hrowah ik
ETEP 4
—_— Serbe the H.-aml'rh«.::g Sl ulboisows sauallens -En'f +as ot unted
loap cuarrends
- e 'r"_.y.lu.LJ:nI{:-m,ﬁ éﬁ-;’ [=a !:' 1 ek lan-r.lg. ETE reLdr e
o be obd
'L-nag k]
B EER. mih s
L.G-:Hi‘.‘a- ".E,
oy Lig Sla
‘Eﬂ;hi*l—ﬁ! lE,l-r_ﬂl a’.q_.,h.-?'mfy_a...—t-'j 2 s 1
gl
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: : o .
LJ’:‘ = Ji,jz = 1 = J680 ccw rotaticn

onnd we hpea alsse:

e 3
]7 — W
o :

Palar Farm

I this farm , the complex pumbers a represented as

o «ClE

where & F5 fha ma,inr'f'udl: :IH-L? i cunne] ¢ L4 ﬁi’w-ﬂ#’-{

mrasured counfer-clfockuide
J

P
/{L

o

- frwal

= 4 nzgmtiue Sr'g'n Has tha seffect shoism im Fhe 1!’-"|;s,-urf

- Feal




Examp/le

Shkercsh the ﬁ"aiﬂ'awf’ng Eo ke gles Aummbart Mo Fha covmplen plane,
{2 Ft = 5 ! -ﬂ_ﬂe

—_

B =37/ it

-

o = - 4,9 [60

bl
Selution

E‘aﬁﬂ
Dol
o
L=
-
205
=
e
i
Ty

: - — Rgal
£

Conversion Between Forms

= ﬁm:f*ansufar ta Polar

1
Example
Canvert the following frem re ::‘aﬂ:arul'nr te pefar Fform
:':mJ-t—J*‘fi {'ld E:ijii
The imiaquitbecele c=y 3w gt 3|
= 5 2
1
The oungle P = ban (2-) g
a
= 53.13°
- sy -]
' im tha pelar form i1 & =5 53.13
v
= Pofarte Egcfgngumr
= ¢
C =rol4s

Examg fe

: wanverd Fhe following [
from pslar e rectangualar form: 45-

it _" ! e .‘:J‘FH!

C =10[%5

e .IEE&I-FJ Imagin-ﬂfj Real = i0 co3 #5& = 2.07

LNE = Imqﬁ'|nﬂ|1'5 = {6 sin 45 = 7-07

J40F 4+ 707



EELC
1 Convert the fellowing frem rectangular te pelar form .

Exnample

5:’—-5-‘|-J3

< = \fra."*sf-p (3} = J45 = g.%1 $d

=

Sslution

g = tan (

T -
= 26.857° J

L] a
= ¢ = 180 ~ 26.57
- 153, 43°
=~ © im pofar form s

= & -

Exampie
Converd from pelar to rectangular form.
@
S = 10/239 vl
Sa/lution
&
A =re c=s [ t._H_.A——.._ &= 270

_ff-_“*\ - Rt

- [
= faces " 230~ 1E80)
= ff casB0®

= E.4258

B =roamn @ B
1G sin (230-150" )

= /0 sin 50°

= 7.66

i

D s s

:Jﬂ{zjﬂ _J

Y € in rectanguwlar form 4d

C &« _E‘.QEE._J 7.66



Matrhematical Operations i the £Ee
Palar Form

« Adaidien agnd Swbtraction
Aclelitron or subtraction

cannet be perfermes i, palar form unless the :amph'x
mambers Aave the same angla P or aiffer snly by multiples

of 180° : . y
o 2/45 L 445 = ¢ [5S
J
I' "
=
45’
- Koai
o =]
= 2l - {r‘aﬁ'ﬁ' 5
=]
- =0 a ]
=z L% 4180 2[a
P - A X Real
/ % ot g ]
2180
+» Multiplication
If wa have *wo aamplex numbers
l!:-:-|I =] ¢'ﬂ_
éz =Cy [
Then ﬁ:-:,éz = C,C; %1%
(-]

Find & Cy 5 i € =5420 , amd C, = 1022

s e & - s
C1.8, = (ri(urm)l 2820 o JgolfL

gk

*~ Division
(f we have Fwo complex aumbers

l:-; = !::, Lgb,f and é; =C=. fr_‘_qﬁ‘ 2

< | ¢"r'¢e

Ca
& s

15412 aned &, = 265, fined .?

b

i}

Then

ot
Ce
Ex: (Frven lf_,':‘,-_-“
5
2

prgeg” = wnlal



Series £ Parallel AC Cireuits

1] Series AC Cirecuwits

1.1 AC Through R andl

: Coarder fhe oiredif Showts Below,

. Vi
" L"
o= the rma value af Ha —_—1 I
applied voitage - e, P e W
I s the rms vafus of e A L =
res wlfank eurrant . o Vg | — vz vy + v
p
)
I

= Va- = Irg { i phase with I)

V= rx, (leadingl by 9a)

The weclar i'agram ﬁr Phege upfﬁ.w_?.r Srops can be abtained ad !

B
F 2
= V= L:é' - I‘E y
Vi’-.
< i 2 u‘#;n
=J}IE} +(IXx;) % . e
= I'||||' .E'E-qk X“r_: o l"h A
o oo o (AU ) = .
J o2 an? Zr =3 | Z ss knewn as Fhe wmpedance
A ¢Ff.|‘;= Eiretif
# The phase da‘;‘."lﬂ‘rruncﬂ ﬁ‘#gf! ?5 \{i—T
can be Fefermimed as: 27_; R+ X
.ﬂ'q,ﬂ ’li = -F_L = .E.x;_ = ML EE = & 1..1- Jlfi
Ve IR R T
' 1
a2 o o } Z %
& - — ey = ¥ e i,
B
It is elear that the cerrent I lags Impadance traingle

befind the zprplied voifage i by an
wrgle (gb)



J [(E£7]

o Ln phaser norfation u
1

LY
]
M
*
Ty

Example [Impcn#amcu_ eﬂ'nﬁlrﬂm-l

Far the «ecircu/t shewhn, =elermine rhe toral ‘mpedance

aad alraw the mpedance agram

e

[
ek’
=

Safut;-un

.::’: "-é.f""éz = J'?LE_;_XL&E = f?-;-.JﬁL

&
Nete ther, the angle & (= 5243 i Paud

thie exampie) 18 afways pesitive sn He

impegeasces da'aﬂrn.m .

?Efﬂn-; o’ = '.Fan-f i
= &

= SF.02



s Hetive J Heackjiye

and Appareat Power

{' The FPower Th‘p.nslr‘E'J

+ The Apparewt Pouer
IF e thae preduect of the rms values of

the :lpppfj'a,nr Ll'ﬂ“-ﬂ.aj. ound the Sircwif cuirpeet

> Hpparewt power = 5 = VI = trz).r = 1>
I.-r'eE-'b__linl..a-_.

b fp —ompera f}-’ﬁ;}

# Tha Active Power
[+ rg the Pouler HHSEHL‘@ ar#ua_.‘f!,r df::;F.g_f-qu

M Fhe girewiF resibbasze

=y HGFJ"UE pPowear = F’ = IRE = 'l-f‘.f CcoE {#J waths {W}

¥ THe Feaclive Pawer

PP S

If rs the power developed ww tha

FEa SRS CE uf‘ Fhe eilrcwit .

2%, = I Zsnd)

= Reactive Power = ()

Q

i

VI |5.:n t#

Iy

[.H-"':I.:"—"i‘—-"-vﬂ'n
Ve I'F--ﬂu..-.-fn ¥ rescbive

{vARY

These three pewers ane shown e 4he powWer 1"1':-!1-.«.%[1

Frem tha pouser Ha’m-ua,ﬁ?.l. :

SO R P.3+ QE

The power friangle

+ The guality facter of the Ceil
: [+ 75 degfined a¢ #he reciprecal

ef the power facter of the coud . FHence :
[
P e f s il . B Rt
: L I‘?;- ! QFEE‘F"‘F = = B e ey
pewsr Fackar css £ R R

— M =
"F Ko /s toes amall COmmparea it ﬁfﬁ 3 Phen:

.Ln——u——llﬂ-l

el k{ K

Fﬂthr -E:




l"i‘p.hl: :":b_l. “‘f

LELIVE Doy
Creald

Feac fvd
et a

Excrmp.l"E'

SEclutieon

f — -]
o - VaTEL G Stawl = V= ro00/f8

£57
Fer the Sireuil Shown , siraw the phaser Siagram sf
the veltages acreas each elemeni owmd the applied uelFege,
poud Setermina o The powey Pocber -
- The metive ound recctive pawer.

= The Sp Al gt pouver .,

cof-Fz.13"

= 36- 48

¢ Zp 2 & pl,= Ryjk v = dit ke Fintil
= J+54
= 5| -53.]’..?4
n = v
+ ?FJS-EH,...E-_WEI = I - g
] EI'1"
g Fa JEOEE go {83 .05"
Sfl52.13"
+ The ve ftage ereps {'.‘:q anal E‘:_ :
.I!:"T - i-?ﬂ gV l'i = !.:I"?;..- f.@ =(2¢£=?J-J'J}{’3}
-

ax Tha ph-b.:.‘_n:-'r d—:ﬂ.%r-ﬂm

w Poweps

or 2

Q@

F = I*R :fza.ﬁz.{:,}::zpnw -

Ve 3€_ 148 4+ 64 - 42
feg

raai0”

=
-

= IX, =Ceelog805)(4 /92,
do L3%:87"

B4 + 14 F

=

—.
—

=N

fFeal
Vicosgh = {iea)(zo)eas ST.13
f2co W o2 felat

=)

VI gin g = ffﬁﬂj(?ﬂ_}m-n 53.|"3 |

.
=
= 'seg VAR = f.& EkVAR
E =\VPL.O =v;{'—‘?e=a.3’+ (+&650)F
= 19685 vA = 1.948 kVA
+ TRe poue tar :
kel S P P xgesh =

Ca3 5508 = 9.8 1.1'553;@

“.;J-;'-J.d- e L R



1.2 AC Through R and C " g |EET
- WL ]
Sensiaepr he circult shewn ; wlhere st T Ve
= c
I L

ralue =f fhe El_llﬂ‘ﬂ.l'la'i.'ﬂl rp.l'a‘ﬂ&l-

¥V = rFms
I =2 rms vaba of thy reselfand carreat. e T
d":? = Ik (rin phare with I) I r
V)= £k (ragging I byei) —= &
¥

#a La Vecter Notations:

¥

o= p .
=

* P

% P_J{‘ = Eﬂ.5¢ — z

I.ﬁ'.r:r =

=I‘-"J?:=- .}{:

o
=  Fariy i

i

A

fear fhat I fead [ .E}r S,

am-ab g . Heaca o
;Jupldﬂhﬁ':l: frfmg.fq

FhAEs -

Y= L-"M Err Il

Lo Stnfut + @)

&
Se thal the ctrrewt: £ 2 Srad rhe n.lpph"t:f up.ﬂf-n?.n /] by muuua(;_q:’

|

Up = ImR Sin (et + P)

Ve = "rhxa:' & th {l-'-f +¢"qu }
3y RC‘ l:-;.rﬂ.ﬂ:l"
Ve

L .

@ The plasor dagram of R un-f'.i-n?su: af the sar’
Cou. Be o ' ' |

ni.""'h‘ a‘tl I"il =1

shawmpm

RRRF

I

]




& Tha J;nwﬁu-d.mu r:{--:a..:fﬂ.n..w-.

SE7

. phator maration | = i o Xﬂ-L__';E

Note FMat & e ::-r’um.au. Maa.hu-*. a'#l' RC

crrecEl S .

Exgmpie

Z_ =\ ®”*: X;

G P L%

Feor the cireait chown, =fraw the phaier diagram .

K=€¢n X.=84

“’“‘*‘:“':'

P
Spmiky 2y . E
=cle” . a/=-72 : I=5(83.11

s 7 )
£ E.E'-?. = {’5{_’53-”"}{{9 [ -5 3.3 )
- = 8a/l2
e 2 '
Go= IR = (£L5393 )¢q)
= 3;{5;.:"_.1‘”
g.'-i 7
1 Vs £X =( sLS24E Y s [=%C
= bn ll_'—ﬂ'ﬁ &7 " i

Hou Conm é;ud that i

£z Vp o+l

= Beal

Ak by zhos abeve valuss ,




w Fietfarfy , as oo Hor cose of Beries FL sirewit , Fhe active ( eova ;

or frut ) power , reactive peower cau de defermined.

w THe mefive powar F id
Psl®p

{P.': l-"'fca.;.-iﬁ

4 The reacsfloe power 0§ L4
: QeIl®X,

—

lGJ = WIsing 1

# ounel the appovest poser S =VNP:Q°



Example

=

_‘I’FE:

Salutian

For Fhe cireaf Bhewn , Sfefcrapias

ET' ¢ Oomd Araw fha wedmﬂ d.'d?vﬂm.

I-i i I-'; A fhs pheascr Hevaain,

g = Fag L qujﬂ.r ‘Jl:.qﬁ'l"ﬂ""ﬂ‘l-

‘E’ 4

‘?ﬁ:yﬁ 3% s Y da g Fows domeatin .
Fauler F'n.a;fa? = Fhe Sirealt,

The sefive i Feastive gwe the apparead

Powere

4

ik

== T8,7 sinwlk

ELF

in P."m_,;or nafp.h:an fhe eEilrcwlf ‘s Fegrawn A |

= Kaal

5 -]
E"';: _zxe - (fﬁ -EJ.IJJ{’JL__E}
= gol=l43.13"

- = 7 i f 3n A 2 JL
o T S i ; T — AT —]
= Ri2 » x, (820 + X, (232 » v KoK
Iﬂ._ ﬂ’
= Ja g F - 3 - £ns0l2
= .j+u|:'-lf|- =
— . i
L2, = SLE500 J A
KLET L
The impadance =agram s ==
#‘-"h‘;:#i _____ ’
s vl
¥, '
- & f
Fa.E, Seld = sof~53.13 i el
2 F/88. 15" R=d
A 45 - ®
Vo w IR = (ro 222 Y(ale K239
- a
Ve I = (102838 (y[%)
= 70 f36.B7*



£ The phazer Sfagram EEF]|
= Peal
L]
s The Eime domarn
£ =2¥Z (ro) sinfwsr -83.13) = ta.ih Sinfwt -53.13)

Y, = VE (38) sin (ot - S53.03) = 42.42 din (wb— 53,13}

v, = V2 C70) sm (w4 36 .B7°) = 98,95 Gun (et + J6.57°)
) _ i L]

Vo= V2 (3e)sin (et — 143,13 )= 42,42 sin (= 143.17)

# The Fatal pewer

Fr = Vliecoagh = (50)Cr0)c<s5a.13"
= S96 W

Pr = I7R = {.rr::nf{g} = doo W

-

Fwekiy e ™ T B BRRER P oy .
Uslinge phaia; : Bf= cos @ = cex 5F.1F
o e

I
{u ]
LEY

é;‘-

b

3

[y

ar p.f = cod P —_-_;. _—.-5—3 =g.6 fd_ﬁﬁ@
b i

P;ﬁ- R T poar = frece pewer = Erg:g£¢ j{Eﬂ}ffﬂ_Jcpf 3.0 = 300 W
Q = Reactive power = & = vr sin @ =(5e)f o) sin 52./3 = dog VAR

Lo~ Apparent pouer 5 = JP_’TQT: W o s SRS
Ii
Tha Fawer i‘.'r'.?.s-.wa[q Q - o
2

r§= Pri@ |

é = Complex apparewt pouwer,

. I
li‘b

)

£




Tutoria! Shasg N2 7 Ire7

Exgmple

Lrgos the }ﬂ;pe-n*’gnce a"}'.a.?ram Ef-nr FhE Clecasd Shawn
and find the toral mpedance.

e
A~
4 JL BEn

Sofutien

My
"
Py
'l-’.
N

ET = B.944 /6343 N

Real

Example

Saildtian

- -

2:--"‘3;-#2;*!-5;
= RLO 4 x, 190 , x, (299

= Ry jXy=jXe

IE*‘L‘E(X,{":{::'
.-_s.,.jr;'m-rzj
= 6 -2

-_— —
a ZoxG.FisliEds



A €0 Hz Jfruseidal veliags (v = /4 Zawt ) 13 applied to

Fel cireuit. The valfues of the rediftoince and fhe

rndactance are JJ1 awd O .0f06 H raapectiuvely -

fa). Compute the rms Valde =f the current o tha eircuil gl
@y phade -n-u-'-?“h- elith redgeet 1o Foa vl

Ch)- Write the expreasion fer tha [astanfancous ST Bk P

Saompole

a meries

Civewik .
Le} . Fiasl the ausTogs EOWET disspated by the civewlt .
(=), Cafcalfare #he Ip-f‘ o f pha Cireadid .

Salutron
We hame ; va W Snaw
= V= n =_’r"_. = rea V &
h"_ e an
% oo l2
i : L
V= ] Eiewl
- i a-atos H
O o
E —_-_‘—h‘_‘_‘_-‘-‘
= Fejdfy

= l‘?-g-l;l {axrf L)
= 2 +j(2nx60x0.0/06)
= ;3_+J4‘. 5

L2 = 5 | &2

— ﬂ'
& T fa-ug'_
20 |!$."u.f'
I = ﬁﬂE_ I.1 2 PrAE sdrrent J'n.gs the wa ftage by sia”

e
L 8in (- 83.1) :
VZt2o)ain(wt=-53.1 = 28.28 arn(wit~53.1)

e

tr

e
™
|

(e). F= WVILzsasg
= (tog)(2a ) ees S3.f = 12ea W

=y P= I?R =t(20)f3) = 120 W
(ed): p-f = coscp

cos 538 W
T - fq§§.f'ﬁ3

n

Example
A fus e@legnments asried slredlé fe comnpetec] @crazs oA Ao

cirewk ha.m.q; a Spurce |_"E = ¥z (tea) ﬁrn[‘_'wu!'—pzu] V. T,
ConrrEat M e efremit (5 Fhaaa tguud.-‘.—ﬂ'bt iE l-"’if.fa}ca.s(«?fﬁt EE]

It e ferwsime Fhe Pu..-rﬂ.ml:_#lr.l o eirewit .




a T5T
Salubion

Tas n.-FFJ.-innl Un[is:l.%-i. P

: L
¥ oz yelzoolaml{wt +20)
a
= ¢ = a2oel22
T cirtremE | € 3
L e ur_l:'!.ﬂ') :ua(wf 2‘53‘
= V2 {ra) sin{uwt - 2’ "Iﬂ)
s A = VE (1) sin (Wi +65%)
e I = o 5_54
- L ]
= é—.-‘i_ ___ED::-_{EP = 2o -45° MNake $=-45
L fta [&85° (leading)
= Jufh - jI4.04

This .'rmpc.dﬂ-»qf;..: regresents A& Jarigl eiveuit wirk = gy

oned @ capacitive reactance [ becaunie sof the j) of Xes M. 1hdl

x$ =—f- = ..-.-i.—..— I_.I"i-_:eJ":ﬂ;';_...bnri e
e enfl s 3l pood fiee .
R { TRy T Emal  wEmasEiet R
< J R Crarga{3iu)
The ecirewit has He= k.14 n

el w225 MF

Example

Tweo caifs A awnsd B oSre coanectad /A sarier acress 240 V,

5o Az ﬁu.ppl'ﬁ . The resisFamce a g A fs 5N owedd M inductances
ef B js c.or8 H. If the inpgat supply is IRW owmd 2 kVAR .,
Fmd the resistance of B awd th inductamcs ef A. Calculate

T Uﬁ.l'.l‘ﬂ-%.l acrecs sack sad
Selubkion

# Fraw rhe pouer Fiangle, omd th
Cirewit Slhpuam ,

S =ypii@r =2

= 3.60& KVA

=" :Iiﬂ

¥

= = Vr

Eg, P

=,

3 ket

"o

Anoo =

== Rﬁ‘rﬁﬂ
Sinee Rg=58n =»

ol = 7%
(155025 ( Ry Rg )
3.3 .0

240V,50 Hz

JE0 6

1£.025 A
24e

=

=

oo W
szﬁﬁ+ﬁa'}

=

Ir'?E- = 1313a5:: &E.3 I




Similarly 5 we fot e TLEPVN S S,

E—""'L-\.,'l"-'l'“'..!"'ll..l' ‘l-l-"Jﬁ',-,-b :-5\..-
G = 2 kAR = 2pas VAR AR T=tY
= 1’y =(Crs.o3) X,

B

2o
= = E.ES Tl
T {trent

W Jﬂ'lt

-I'{LT-_- xﬁ_r_xﬂ % ;'-‘.'A. E-Efa ?{‘E
= 885~ (2nflg)
= B85~ (RxA50 X0.0/5)
= B.BY - 4,713 = 4.13n

2q = o g = S+)403 = e-47[39.57°

el E_E =Rg 4 yXg= 5.3 4] 4N =9.94 1_23.:-;' Xgetrfly

s w2 lor 0. ¥

r = é"“éi = E 4 403 + 8.3 4 j4.73

[?q = féﬂ = L,r"r
ey The reswlts st be
ar |":q = ____I': -'4_ - bla Sowae
Za+2g
ﬂu\-d



Example
Traw the phaser o iagr e far the cirewit shﬂwHJJ:M&icaJ.'lna

the rveiltbowes ouwsd +hi recsolbesace drep ; tha tevuaiwal Un'.'.-w::a-ta
‘-jl P | ﬁ: el Fhe pusreandt, Fled e valeda =(
Cerd, Thi cwarresdt I,

bl V| fen o.05H 2on oK SouF
= rul'.l_ _N-.h,__m_ Ay mﬁ “_
(d), The pewer Coctar i 1.-";‘ ] 1}2

Salution

I?T'= IE-PEQEJGH _hzaﬁvjh
Ly=20.05 0. =0.18 H S0 Hz
=h..h:'L|: wl"_.?-zarlff._l,_ ) EW{SBJ{G‘-IJJ
= 47.1 N
i
: ! = €320

xﬂ = = = =
W FE o= 2x{so){sexic™®)

VR 4 (x40t =303 4+ (471 - g3.9)?

3.1.,”3'! -aa.h"ﬂ

i 2ac o
= = 5.83[28.9¢ | eading

‘-——___-_—u-n
3h,z|-_f5..'?ﬁ ———

Mt
Ul

-

Cal, I e

M| <



=~
n

tb). V, /

1R
I

E;:'Izl -ﬂ.‘

2 V=(5.53]28.9¢ J(18.¢|57.5)

= 105.4 | B6.4¢"

I Iﬂ—pJKL[

18 =+ ; Cexfl,))
fﬂ-p&{ﬂﬂfSﬁ}amsj
10 + 15.7

- ?-*_': 18.6 | 57.5

W=t
1
¥

Led . .
;'2 = IZ: === 2 2o + ,_u,.l'.'_ .—dﬂgz
-Eﬂ--f-a ':1-“{'1'- J' =

szC,

= 20 4 34 - 4 €3.7
= 20 -}32.3

= 37.74 |- 58.2°
! = (5. x.rLF-‘_S_f_s ) a7 ?4{»532 3

f-EiE?

(d)., The combinad (overall) power [Facter sf rha circuit

|
I

Tl
l'ul

n
Fa
o
0
.

-
- -F':um Fﬂ!’#fﬂ-:l = P F = =ga E‘P =caz 2¥.9&

= 2.B3 leading
e
-ar P = K - 20 = o.87 fl’:ndmg_}
= e 34.3

The phasar iagram

}J

— Rral




7.2 PFaralle! AC Circuits

+ Admi¥ance aopnal Susceptance

— da te & cirewsp mq_a.d’#i.u , we hAmel wsed the berm
esaaducdgrnes T2 rz:prn‘v.:zn.,t fle rcs:FraaLf of #hi

resighace Ky g

& =

—IIF' edéiape ‘:: e Fhe condlacfance
= :
The tofal conaacrance aof fhe paralled cireujs o
then ﬁﬂﬂfn-ﬂf By Rdd’fﬂ? the congacfance o cachb
Bravich .

=Tn AC sireuaif a.an.,-%':i.l g e #"ef"'.z.:-.u-e Fhe q:fﬂ?;’ﬁhxrccr?.}
e ,.__-.?.,n,..;,? b TIF . Bar sba parallef cireuiv shown:

# The fopal S s e ,}';- H

Vo5 %e B s Bawndly
then swnce }"=-_—_"’- i B0 the fotal rmpedance f?- :
=2
B skni T ! f I
e TR e o W S T W e e

~ As mentioneq earirer | for 2 branche: parallel

ac clreeit , then!

> . ZiZe
J e p—
E|'I'22
-~ Also for & parallel branches |
£ o 222
@ NGENERAL, wehave : 27 = R & jX , the
I [
r=gF— =GB
Ghere. & . = g ¥
T R = (Stemans , S ) Sy pis

B = EH'IE:FMP?EE = ( Siem sl 5_}
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= Z. .z,
El.’ = e

_ (ro-ji2)(é + jal

= a.9 q_.-‘_i'.ﬁ'..l'

(b -j2i . -
it By u Yoy 083 pofradapia) = 11.2][15:8 4
= .8 uj8. = 750304 -
- Alew , Frhﬂ"ﬂ'—n f= B — [ﬂn
5 £ L = ity (=34 g
= 17.5 [ 3.4"
w To oraw the phaser djagrem , we have (#cff mow) V¥ and I, then
we fave teo Lnd pAe f:l-l"-fﬂm.‘-.qE SyanEleies
= [r— ’ -] -
& By e FE v Do gBR gpy o BEE Y
-
= 82.2 E U ffa
- - - L ] a
r Vee =2 TZ5; = o R et L I T R Lis-8_ 5
o
= f28.8 j"_w_‘_ji_ vajlrg
1]
= g5
% f; o Ve - I2g.48 .
Zy 5.6 | ~50.2
= 2.25 |34.7* A
- izg. 82 |=i8.5"
gk Ia — = __p
fi.7 (S8
= /8.4 /-745" A
I =825
2 Vog = 82 2V
, M AB
R T80
""‘-F.V=E'ﬂﬂ'k" B
=R PR
1?‘__{_;
",
u?
Tl‘lt F-R TR ;du-:ﬁ'ﬂr "'."o‘"

=a & ¢ = =g art"fp

= &.85 I.ﬂ..aa;“a




' Exompole EL3
For e cireulr showa;
5. Defermive the ssluwitosmes of eacl browel
B, Fiad tha .pru.t' - R =TT e
| ‘."""F' ko CAAER | i
: ;ﬂ Lﬁfi. : J::Fmd =k R, % d wa
u ot PR 1 FETT ] ahatafmyu. . i zon
w‘iﬁzr
Selution
& ¢ pe y
- }:’#G"G& ;—"E'—L? '—"-—{& =ﬂ~G5L‘E
= 0.65 « jO =5
= g.65 2 .
= !
£ Xy Iz
= -u,‘a..-‘

Yr e:?-diu‘;-d-?
= ®.qz |63.42"

. Z2; _ (20l9)(rel82)
Z,+2; 2o + | 10

=
2oo [90
22 fEefe’

M
o

&
calelafbid ghove .

= H.q93

@1 Thae adiwi homes ds‘ﬁ-:rn.-m: o

— (=0.05
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Excu.ple
7 For tha Sircult dhow
a. Dereymine thae adwmittomee of eack browmek. _,4,5 = ‘x‘ —Lxc
b- Fl.;ﬁd tha PH-E R b, | A ‘?_?‘ =n B_ﬂ 20 n
E. Calculleaf tha .-..-,-apmdt l:h-u-.?ndnmf_l_. T ' T

. Daira e sl el eeasa dicgraw. .

Soluticon . : "
(=, }::G:;—L'E:E_fg nba:"_ﬂ_—taz-l-llﬂzui
i L]
2= 8 = 1 __ alif=t . .l_,.r_“_-_"i'_; = o125 /290 o _jeuzs
Kﬁm XL " E2] : .
.-3= B =t L. Jf50. ! [0 -s0s/% - 4085
X;L:Eb X 2

126 | =20.96

f 7

=) - WU :
Yr  ©0-213&|-320.88"
= &5.68 iEQ.E;“

ér e r-EEE_,f
= Fg

b
2,2,

Z-J + é; Z 3
_ (s¢e’)(x(29 ) (20/=32" )
(S49°)(8/99) + (8199 )(20/=39) + (L0 )(20L=F)

" goo [0 |
40 L32° 4 160/8° 4 100l"%2.

-}

gga £8° _ . geb Ll

E—} S
Lj.ﬁrﬂ + 160 — j fad Fé & _Ilﬁ‘r_‘:l

= san [9° - 4_ﬁ3|za.55"

170.88 -20.856" _—

@g The Admirtance Diagram

hllh—-— Eg.g‘ I
I‘En |
: |
|
i
[




Example

— i Find the admitance =4{ the <ircut chewn

':I"‘T#' e A
Zr = T2 X ;j‘_ﬂ
Eefuation _ ?I‘ F::l :
2.‘.- = 5“43
¥ s el LA YR
Z &-iE c?,.8°2 foa o8
= 2:498 ""':,j'ﬂﬂ!
2, = = QR -yt
= (0 p &8
=‘u='q1=_r.=f g GEmgbE TR s SR
2, 10+ ,3.9 g 5.9" \EE g, e
= ﬂnﬂﬁ?_dﬁ-ﬂ-.fr’ﬂ
s e ¥
= ©.064 [0.0F + :v.aa?-.d'mée.;
= 07474+ jO-048
= Eupre/in gwee
# -
== il g ?’EM £ Sun. 1"'1-}! a‘?,g,'ﬁ + 5-;& HI, F= 1y raf'f-an:.-ll.t:
E"T = Er E:
E; —ll—E[
{e-38)ro+g3.9)
(&-j8) +(lo+33.9)
ow-d, preecead to %!-_i' :ET = }/T et be  Fha
St padda

1

= o174 [17.3762°
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THustrative Examples on /. L < E-C‘, and B L.C EECE
Pralle!l AC Circuits

» L parajiel @ac circuwis

Example ¥ :
P . —m — 5L
'l.____-' ]
Far fhe sireadd Shoawe '{:'E'
- L 5
a, 2 &=
T ! . @ R % gz,.s_rl
B, Draw the adwmifog s Z8.2835in{wk 5l .33 4L
diagram s ‘P-.Er
€. The currents I, Eﬁ ;o -f|_
dd. Tirais fha cagrent phasar =|:'.-ni|1"ﬂ'rﬂ-
&, Calewiate tha active ;reactive , Sl :.u'ﬁ-n?'ll.ﬂ- appeiewt pouweif.
f. Determine the power Pactor.
Sslution
Dirge; the oivoa’b wiith phaser ﬂc'*“tl““ = -f-:;_
2 z J'I-R X
= 3.0 : [
£ Eaf__ @j 5 % 2.8
I 233.n
=3
@. Zr = = P ogg® . ¥
":l"_ll.:r 'Fr..,__‘l"g =G+EL=——.’:.E+—~E:£
3,33 2.5
= 9.3 - 0.4
= 0‘51_— 53.13"

f " .
= A E-IE'J'JI ‘J

f
¥ apif-xEar?

R

ffh
@_ The adm! Fomes sl‘.-:n.aﬁ.-rm.m
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2.3 -
2e L—"— = pale EEq

i i o
B B 2o {83./3 . w lEzay
2 3.33f o
.é" o EaLE_Jﬂ_.: o -3;.3?‘1
A z2.5]|F=2"

w For chesk

-I'-H'Fna Mol o= .I'.'-_ = .ER..Q-I.,-_

— = & i ,.I
S L= E'fﬂ_f_'; + 8 3¢5
=02.6 4 j4.8) +(6.4-4.8)
= 754-&&

=1al0”

twliich ca the 3avae as caleulokaal

abaye

@. Tht eurrewmt phasor :l.'ia..%ru.m

—

b d

\ “
I=1o" Feal

Efcos :',;:! = (2ol ro)eas FI. Fla

12 W .
= ELsing = (2o)(ro)sin 531
= /&0 VAR

Complex apparewt power = £ = FJ.,.JQ

L]

@. Active power = ~

Haaedlve power = gy
= 120 4 ) /60

§ = P!.un‘E = =a0 WA

P.f = cos P = sas §3.13 = 0.6 lagging

F.Fl-I;:;:h;,-g. @ The power factar
' 2
o ca.;:;br:r: - EYR _ £G _ &
EI Er I ¥




EET
» R-C paratiel ac cireuit =
—+Iﬂ
-+ %
= * 1 R hrﬂ X
Example I:fﬂ'L{? ¥ E é LI-TEI‘I
—_— For Fe cireuif = hown (%, 67
a. Petermine é-'r : |
B, =raw fhe admdfance o iagrou . E:
c. Calfculagte .:‘E?, fg ' E!ﬂdr.fnll Awmd  Sran the currewt phagar aiogrem.
. HAetive, reacéive ¢ Bomel Bpparend powers.
g, Determine tha pawer Cactar {Inr Fha Sirewib .
Safatian
- - - -]
& Ywlhal o L { L 1&g . Lese
' ®Le Xl omes r-57 1,28
&
= 0.6 4 0.8 = ¥ /8142
Atess _ d —_—
2 . ZiB: = ' 1 -
T E_I- +E1r ==} 2:- = ? - ——— - FE"SJ""I
r ?.If_' SF.rze
®. . >
- I fa )l a - -
B = : e ar £z T2,
LS tf8a.2"
= o )_'—53-.1';3"l
-.EEE' gé ar E‘EE
3 &
=(1o/=5343 Ja.c)
= & |- 553"
Ie = EEE 3 et —E = —f:-—.
= (1o [2853:J3" V.8 ({08 ) p
— E zana?'
= As a cheek ?
L I = -f; + L. 2
@—m_q, phosar r:liﬂ.uaTcmm f‘é.’ = £[-51.13 4+ 5 |3{-E?
= - i = fﬁ{ﬂ o
Hoaf
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. Active power = P o= EFlces s EE?
= {’-"Q;llrl'ﬂ} =1 53-!36
= &a &
w ar Pz &£°¢
= (radtta.e)
Fractive potear = G}: = -i.rn-?b = 82 W
= iaifral gl 53, T
= B¢ AR
1 ﬂpparen..‘,: Fower = 1.,||F’-3+|:'_'F 'I.ffSD}a._g.{Ea}z
= a8
. The power facter
F.f“= ems TI3.12
= 2.8 !eadﬁnﬁg #= Lrom Fha phassr
e ._n.:_.'n_ﬂ.-,—nm
I feads E
» B-L-C paraliel QC cireuct
e
Example . -
. fgr tha Sircwt & howr; }I-E #fl. f:
=, Defermise - g = XL Ke
. Baioidol, 5 B Bl = g e
5 S e O 3330 Figza 3.53
e, Drmey #ha phm-m diag £eicof51.43
d. Calewdats the ockiva IE'I‘E-I\.E:I ]
Bower t —a
g. Deterrisa b pouwer foctar
Sofution " = - = =
¥ @.Er:? = Fr-‘f".*'r":,-.'-fs .
. a'.r.i.{_-?‘d'..p_.f'?ﬂ
& XL c
] El_“_f ;-q-_i_’.*f | 9o
3.327 1. 43 3.33
= ﬂna —hﬁ-* +:-||a'l3
= = T éla-f-r
= .5 |-82./3"
= { 1 ; =
. By T = - = &£ [53.03
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w
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Gk Fete i . B .Aele
2y 2 fs&.f:
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L, = £48, = ( ran /5315 o7 /-%0) = ?Di‘fﬁ" LTk
To=E8. s (ro0[53.13° )(o.3 (32}

i
Lo ]
0
-~
-
s
e
[+

\Pmﬂ. bhad 0 I = Lp+ I, + L.

. Fe curvavt phacer m’:’ﬁgram T a

Ackive powar = F

{ Real power)

'-l'rhﬂ Power Fq:fﬂ.r o P‘]F

Euémi;_

£, 2.+ E'I.E-;"' EIE:

= £Efcos s 5
= froa){So)cea 5303
= Jooca W
= 3.0 kW .
= or P=z &G
= frﬂn;"j{';}.g}
= 2.4 ki
= casf
= o3 FJ.43
= 2.8 fﬂf’rna- = F}.’JM tha phadar S agram,

= 2, oursond ol e e
b Sl e deb s
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Example
Lrgos the Jr;;npe-ﬂ"a'nce d’éb.?ram a’nr FAE clrcaid showh

and find the toral smpedance.

e
S —
4 JL BN

Eofutien

My
"
Py
¢
N

ET = B.944 /6343 N

Real

Examp le

S eldtian

- -

2';-:2,1-22'1-2‘3
= RLO . x, 130 , X, [=30

= R jXp=jXe

I"?*L‘E{xi'xcj
-'-.Sq.j(fﬂ-!.z:j
= 6 - 2
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A o Hi S'rusoidal veltags (w= shl Sawt ) 12 applied +o
& serfes F-L cireuit. The valfussi of the redirbonce and fhe
fndactance are 341 awa ©.0r8 6 H raagectively -
{a). Compubs the rms Valde =f the current s o eirewit ol
@y phade n-u-v-cad.l- elith redgeet o Fha volb
Cb)- Write the espreasion fer tha fastanfancouws sharT ek P L

Exomplas

Civcwil .
Lel . Finel the ﬂq..l-lﬂrn.ﬁ-t o wET n{;ssf'Pnj.gd 'b':l" +hae cireowib .
(). Calfcalate #he Ip-r’-‘ of Fha Clireawid .

Salution
We hame ; va M saw
[ figr
= Yl =___. = oo V¥ g
I.-"_ vz 85
12 gol2
y 5 : 3
V) el
- ¥, g.atog H
Y. e
= Ruji

= "?"':;l {axf L)
= 3 4 (emwxcox 0.0f06)
- ;3_+'j,l1.

2w g |mas’

- ﬂ'
% Fa taald
20 |!-53J'
f - E-ﬂE_&'__ 5 2 PAE sdrrent .l'ngs rthe wa H-mat by 5-1‘1-1ﬂl

(). &

]
L 8in (- 83.1) c
VZ(20)ain(wt-88.1 = 28.28 ain(wt-53.1)

{e). F= Vizsasg
= (rog)(2s ) ees Sa.f = 12as W

oy P= I?R =t20)f3) = 12ce W
(d): P-f = cos

= eos 58.1°
. a’:i'gﬁiﬂg

Example
A fwe @lemants series cireult jo conncctbec acrazs on asg

Sirewit hp.um; a Jpurce |':E 2o p'r—- f"i.ﬁn:j .5;.”"_'“#4.2,:,] ¥ . Ths
Coarrmat M e ehremit (5 tc.u.ud. yobe £ = u"z{’.ra,}ca.s(&int 25:]
e ferwsine fhe PMﬂMt,Jilrl uf e elrowit
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Salution -
T n.-Fp-L‘.nnl 'Jnl-l-a.%-t I =
¥ =2 yZlzoolam(wE vz}
a
= | = a2oel22
Thae cuitrenk |8 ;
L o= J2 (o) :aa(wf 2‘5}
= 2 {ra) sin{uwt - F ﬂ'lﬂ}
“ A= VE (fe) e (Wi +68°%)
w X owfe g5°
ot L ¥
= é:fve ._._EDE:&E = 2o i= 5 MNake ¢=-45
£ fa f&5°"° {'J'e-m'fngj
= Ihofl - b 1Y
THis .'-'mpad.d-h::: regresents & Farisl Siveuit wirk = M0 £
oeed @ capacitive reactance [ Lecauie of the _j) of Xe= M. 144
X¢=—fc.~ =,...__if__ i._,.‘i__:,'.J-\‘;a?l‘_H”_. o
" smfc Wa dih  rdiie.
e 5.y = : == .::_-;__q 2.28 xio T E
ILC Craagd{aiy)
The ecirewit has H= k.14 n
e | O = 225 uF
Examp le

Tweo coifs A and B ove connecstead /A smrier scress Z4p WV,

o Hz supply . The resiziamce ¢ A fs S owedd PR inguctances

ef B /s c.ars H . If the lnget Suppfy /¢ IRW owd 2 kVAR

Fmd the resistance of B awd th inductamcs ef A. Calculate

the veliage acress sack cant .
Solubian Zna 25

# Fram rhe pouer Friangie, omd the sa Ay Ry ©-015H
Chirewt slhouam ,

S =Jpi.qQr =Jatss =)

= 3.608 KVA 240V, S50 Hz

= = Wr .‘;'p.rziaa‘a;

¥ 250

= {£.g0258 A

Ed, P = 3kw = Icow
= IR, = L* Ry +Rg)
« 3000 = (15025)( .
== RH‘I'EBE' 13.3 4%
Sinee Rg=8a = Rg=13.3-5= 8.3 n
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S;Jh.r'-l"ﬂ.r.ﬂ'y i e Rows :.'.'.\LJ-:J a-r,.\.:rq-’:'nﬂ !t
=0 b D e

2 FUVAR = fpas VAR ' E,:-:H'L':.:Lh

£ ={ rE. .
i, (rs.03)" X

B
n

1§

-
S I = 5.85 1
T fixiapnt

= 885 = (anflg)

= B.85- (2x450 X0.008)
= B.ET-4.13= 4130

s g = ﬁﬂ*jxﬁ = |5+U-| & 3 = F'#EJ;‘TLS'?'

awd 2= Rg 4+ jKkp= B3 4] & N2 =7.54|2959  geenflp

s oy d.a

Er= 2,18, 8 Cajhad e 03 4 jh I

[-"'I;E = I‘EH - l.p"""f
UE. = IEE = l""‘f
5 e Tha reswlts st be
ar l-"ﬁ - ____.‘q'___ - blha Sonee ,
2 -]-EE
n'.".:u-d
1}& i VE’E - = P,/'
Example
A 2ue ¥, Ta Az fer/er €_-C ofreuif FRE &v red Sirrsad
Pﬁ 28 8 . The g poiny vadie ﬁpr Hua casrrend oeoowrs ',I".-"q.“
Scconds éﬂFnr- AL R e veolas of rha Uafr-n?.a v Cafenfa s
fex). The pewer ?af',g_.“'-nr.
£h), .-‘;'H-rra.rl. power,
Ce). The paramefers of the cireuls.
Solutian )
: The fwme Suration e f fha Uﬂ-lrl"ﬂ-?d fTJ = S.62 =042 Eee.

o
S 8.86 Bee, =2 3co , then

2ea (#/300) ) .

=2 "4.-'-»:.‘:4,.,,‘1.&
()

(7/906) sec = {

¢ =20



(a), . p.f=seecgp = cos 20
= 2.9727 {'In'qd.r'ns-}
- ﬁvm?.n pewar = P = VIFcargh <
= 2q4p(20) car 20
= &£5/0 W
= 4.810 kW
- i zmg *
(). - s . = = 12 |-—2$
3 2o[20" '

= BEOcasl(=2ad .|.J 12 swn 2o )
fr.aa-dq.f

e ,.a_-:f F.g.' cah-bﬂpa.!.ad i [ T = f1.28 18 ,; and

Ke= 4.1 R
.= i = J
g we 2wfc
E‘rﬂu; J{ Lo f "‘T
234’1 e e w T RTEN B
SaH2 2w f X,
T'ns;-:F = 77 uF

Example
Traw the phaseor ity o far #he cirewii shown J:M.dgi_:a.]:[n.a

the reiiitowe: swsd bl resckewacc Sirop g the teruaiwal 'Jn'.k-p\,ca-tg
"'-a' B, "-,J' Pk e pusreaad, Flad dHee valaus L] 8
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Clde H, fen o.05H 2on oaH SouF
cﬂ‘.:h r.",a- P ;
(A}, The power Coctar e 1";‘ 3 1}2 H -

Salution

——s 200V ; o

Ry s o wEp = Z0 A

Lro= 0.05 @ 0./ = @.18 M S0 Hz
=k A"Lr; el = -EarlfLT ) EJ‘F{E@](G’-IJJ
= 47.1
I
R SO = e 5 BT
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JEH Tt _-\/(aa:'% (47.1 =£3.7)¢
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260 o
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= E2, = 2 = 104+ jK,

- ta 45 C2xfl,)
© V=(5.82)28.9¢ )(18.¢|57.5) 10+ (2 (50) 0.05)
= 103.4 | E;.q‘.;"

tby. ¥,

10 =+ 15.7

5 iB.Ei 7.5

!
I

W=
]
A

Led . .
Fi_—.Iza =2 Ea-aﬂ‘ +‘_||3:.L —‘JKEI
=204 ) C2nfl,) -

ExFC,

= 20 44 3.4 - 4€3.7
= 2o -;32.3

= 37,74 |=58.2°
, = F2, = (s.33[28.9 ) az. ?4{»53; )

220 .1 f-—EE‘.E?

Ca), The cowbinad {( overall) power Facter of Fha cirewit g

=k
]

n

=
- -F':um qu."‘{'ﬂ.ﬁ =2 B-F = e.ﬁll'-‘i:l =cmz 2F8.9&

= 2.873 leading
e
- Pf = i = 20 = @.8% (lr!.ﬂ-ﬂ‘fﬂs.}
= Zy 34.3
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fFound that the applied valtaga

— i Thn & circwit +F sa
rE Po ""5'-5 Fhe carroad ..Erﬂr 2o .

(=), fg rhe power factor f'ng?,&n; eor leading 7
(BY, what s the value of #he power facter 7
¢c), Is the elrceit aductive or capocifive 7

Selutron
(o). The pawer factars FE J#qﬁ;};gl IS #ﬁam
feads #he voltage.
Ck). Tha pewer facter vs [Pf = cos &
=2 mes 20
= 0.58&5 ( /ead)
{e) The circwié i5 capaes Flue
Example

Lm rhe civeuit &lagram af the
Arop acreEs 2, (m+ju)d C(zajRug)n (1760
2. —1 % KN,

Fig. shown, fis ve /fage
I lf"*ﬁ}"";fﬂ) vaffs . Find sal ;

fal, The soarrant on +A2 Sircait

¢b). The voltage slrop merass fa an e EE

Lo, Fhe bo ffaga af the ceudrce, v
—©-
Selutran = = i
P e, _Fz?p.; = e 5
<7 i = ?
er .z'.?h_i w LA o t0L2° o f-s04°
=y R /831t
= E(cas Fat'~jeinsz. i’ ) = 1.2 =16
Eby. Wy &8 £& = (1hz-jré)(2sjdés) = 7706 +j0.952 woins
Vp = £8; = (12 = (1.63(1=jT ki) = -10.74-j10.85 uvaips

Cﬂ'}s G = E.':g + ri;i A= l;_?
(104300 4 (79364 jO-952) o (=r0-74 =ji0.55]

= V.72 -Jq.g = 2 (=53.1" volds
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Ezample e )
Darive BRErEsLiod
the gom soace Jfor Fhe clreucid Fhowa .
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|
|
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= L"Im FllrrHF
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B 1 T
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¢by. Iy AT
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Cal. Wa
ce), Ve
CEy. Average pouwer
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AC Network Analysis

Demonstrative Examples
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