14.12 PHASORS

Az poted sarber @m this chapder, the additon of simsoddal wolkages
aned curmets will freqeantty be reqeied in the amabyuis of ac cizoats
Cmw langsiny e vabid petheed of parforming this oparaton is to place
both wimsecidal wneform: oo the sape set of ames and add alse-
braicalby the magnimdes of cach at ewery peoint dong the sbscisia
thoam for ¢ = o + & m Fig 1462, This, boweuer, cam be 2 long amd
tedous procs with Exvied accomacy A shorer mothod uses the
romating rades vector firet appearing in Fig 13_16. This rasbier wecron
hrving a consromr maprseck Jength) with ome cod foed o the ol
pin, it malled & phasor whon applied oo elecrnic cromits. Daring it
Mlh:nlupmﬂd'ﬂﬂmm‘ﬁﬂ:ﬂ-ﬂ:ﬂ:ﬂ'ﬂuﬂm
instamt 2 0, heve the positions shoom in Fig 14.55{a) for each
wamuiom i Fig 14.483(h)

FliG. T4&F
Ay Perer sbmweonsiake) worvfirer am o pasini-inepotet baede

blote i Fig 14.63(b) dat v, pasces throegh the borinonta] ocis at
r = {1 5, requiring thet e mdins wecior in Fig. 14.634) bo oo the ho-
monial axis o snnre a veriical projection of raro volis &t r = O 5 T
lezerth i Fig. 14.632) s eqml to the pek wine of &% sousoid 2
required by fe mdes vwecior of Fig. 13146 The ofer simeoid has
passad throegh 80" of its roaion by the tme r = 0 s is reached and



¥g= ¥ R

2.2 -
=2 T et F BEATE)

¥y = 2 mn g+ W

¥y~ I mmad

-
o

o
8= 8 (1)
E=on

@) Ther phmr reprenen ety of S smensdde) wessfivrss o Fig. 0 4.6378),
fid g e snoms of e sfreniand sosamr o ¥, and B

tharedom bos i masrremm vertical poojection 25 shoam in Fig. 14.63{a).
Simog the wertical projection is 3 maxvnre the peak vahe of the wH@m-
soid that it will pencrie is alvo siened & ¢ = 0 5, 25 chows W Fig
14.53(b). Mow aleo thert wr = w, atr = 0 5 gincg we = OV at this insiame

It cam be showsm [wee Fig. 14.63(2)] nsing &= wector algebm
desizibed i Secton 14.10) that

1WA0 + 2V £ 90" = L1366V £ 63,43
In oihar words, if we comeart v, amd v, o the phasor Some ming

¥ = K sl * ) = Vo 228
2 add thes using conmplex membter alzchma, we can find the phasor
form for v with very lithe diffcnlty B can then be commried o the
time domam and ploted oo the sarw set of =xme, a5 shown i Fig
14.53(h). Fipee 14.63{a), showing the masnitade: and mixtie pod-
thons. of the werices phasors, is called a phaser disgram It & acmaihy
2 “sozpshot” of S rotating radins vectors a2t = 05,

In the fotem, thorefnre, i the addition of teo dmemds & reqeired,
they wheruld frsf b cormeried fo the piosor dopsrin amdl the: s formd
nsing consplex algslma. The resnht can then be comered to te tme
deEmin
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The case of two wosoadal fimctons boning phass: angles. difent
from 0 amd S0° appean I Fig 1463, Dok ampin that the vertical
haight of tho ferctions m Fig. 14.5Kb) at ¢ [Is-:l..l.’itn:lm.'l:ﬂ-ﬂ.'h':.f'l:l:n
roiaiionall poaitioes of S rudins weciors in Fig 146430

Simce tho m=s, mther than the peak, values am mesd afosost wxcho-
shmly in the amlysis of ac crouits, the phascr will mowr e redaned for
'anmpaﬂ:afpmht:rnnﬂumﬁmyuhnmam@.mimﬂ.
to the s vadure of the e wne it repesants. The angie associamed
with the phasor will memin as previomsly desoibed—the phass amglke.

In penaral, for all of the ambse o follow, the phosor foom of &
rimsmdal volmgs or ormene will ba

V=Fisif and I=1.0
whom ¥ and § are mos valnes and @ s the phose axglo. It chonld be
poimed oot thet In phawor motation, e dne wne @ aleays the refar-
eme:, and the freqmency i not reprowsnied
FPhasor alpefrg for cmpredlal guanstes iy qppifcabds ol for
wavefrms dmeng die ame frogaenoy

EXAMPLE 1428 Corrsat the following oo the tiew to the phasor
doemain:

Timer [kumsin Plissasr Thsmain
PR TETL (T L
h BFA sinfud + T2 DM TYEFE]) L T2 = 8k o T

. &5 conk wi (O MDTHAS) L0 = JLED -
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EXAMPLE 14.30 Wrte the simmeobdal sxpression for the following
phasors: if the freqonancy 3= 80 Ha:

Fhasw Demais Tine: Dhsimain
al Lok i i = W3[0 En{TTeiy + 307
and i = 1414 sin( 377+ 30°)
b W = 115§ &£ —W" F o WIS sa 3T — T

il v = ELE Sin(I77E — TF)

EXAMFLE 14.31 Find e iopne wolage of the cirant of Fig. 1465 if

= WdEmET+ 3 | e
W= 30377+ 607 |

FihG. 14.65
Excmpde 1431

Solutiorr  Applyng Kirchhedf s woltam e, e b
£y = W, + W
Comueting from the tme 1o the phawor domam vilds
v, = J0sm3ITTr + 307) = ¥ = IR3FW L307
wi = J0EmITTr + 607) = ¥ = ZLI1 W £ 607
Comueting from polar o moamenlar form. for addition yicld
V=33Vl =306l WV + 7 IT6B'W
Vi=210WV.e80" = 1061V + yIEITW
Than
Eo=V.+ VWi= 306V + ) 1TE&EWV) + (1061 + r1837TW)
41 W + J3605W
Comwerting from mecemiar to polar form, we: kne
E, =4111W + 3805V = 4V 4LI1T
Commurtizeg from the phawar to e tme domain, we obain
Fo= WV L4117 = 2 = W HFLTE a3 70 + 41177
amed i = TIAY sm(FTTe + 41 1T}
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FIG. 114
Comalitions ai = @ F amd T = 0 A i & coniroled sowrss

173 SO0OURCE CONVERSIONS

Whes apphying the mwehed: to be discomed, it mory be necswary o
Comvert 3 cument wmte o 2 voliage souncs, or 2 volge sowce o2
camere wource. This eerce comversion can be accomplithed In mmck
the same mommer & fior do cirouits, @ooept oo we shall he dealing with
phasiors and iepedinces instead of fost real memibers and resistor.

Independent Sources

Ini genaml, & formet for commrting ome type of independant soumce o
amother is 25 sbows m Fig. 17.5,

EXAMPLE 171 Comwurt the voltage sowee of Fig. 17.4(2) fo a comeat
SOIDTR.

E=-1m% £ P

FIG. 126
Eromgls 17,1

E=1E

WoEEgE aowrs Lorrend sowmrss

FiG. T1S
Sorew comrerraion,



Soiutiorr
E J0OW 200
EZ S0 s531F

MA - -5313°  [Fig 17.60)]
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EXAMPLE 172 Comt the cuomet source of Fig. 17.7(z2) o a wohage
SOTECE.

T L= [OV.L —'ﬂl\:{('ﬁ;kl)
hé"l ‘::-- an - = - 1zn

in} [1-1]
F¥G. 127
Fesmple 7.2
Solutiorr
T z.p_Ir I:.’I.p.r _m“__l;l' £ 9‘[’.:|
Z.+1Z F M+ A
(01 c—B07)NE0 £ 807 MO0 e 0
JE0 + 60 200
124 -—90° [Fis 17.7%]
E=TIF = {104 £ 60712 (1 £ —507)
1IMVe—MF [Fig 1771
Deependent Sources

Fior dependent sommoss, the divect commumion of Fig 17.7 can b applied
if the comtrolling vemable (Vor I n Fig 17.4) is not determined by 2
poton of the nefoeak o which Sw cammrdon & o be applied. For
exapla, in Figs. 17.5 and 178, ¥ and I, mepecthaly, are controlled by
an oxbarmal postien of the mfoeark Comrarvieen of the othar lond,
whome V and I o commolled by a portion of the =moiweark to ba con-
varied, will b comsidered n Sections 183 amd 154



EXAMPLE 173 Comurt the voitags soums of Fig. 17.8{a) o a cormeat

YA -"l|-

1-1]

FiG. 118
R comeernion wiH o willsge-conirolled vollagr souse
Solution:
E QOV)V O
L ki1 £0F
4= W VA [Fig I7EH]

I

EXAMPLE 114 Comwt the corent sounce of Fig. 17 %(a) o a volags

_|1

=

| = £ OF 1 &
(DI A £ O 4 k£l - T T e%

FIG. 118
S cesreernion wiih o carnmi~amninelod cernond aoece

Solutiorr

E-IZ lIII];|.'|..- O"J[$0 ka1 207
@« 1DV 0P [Fig 1790

174 MESH ANALYSIS
General Approach

Indapandent Voltage Sowrces Seform ey the applicaton
of S pxdhod to ac notweds, e siudant sheuld first reviewr the appeo-
Priaie sections on mesh smabyEs n Chopiar § wnee the comient of this
section will be limstted to the penera] conclewons of Chapder B

The gemaoral approach to mwch amahsis for Indopendant sources
inclades the same segmmce of seps appeaming in Chapear £ In fact,
troughone this section the ozly change: froee the de coverag will be o
substihie mpedance for mudstnos and adorttescs for comducance o
the genaral procedos
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Amigniny the mesh cxrrnis and e pled

impices i the acteark o Fig 1.1

Sescrbod shotsy ot b appid.

EXAMPLE 175 Uring e g apprnch tomh sy, o s
cama | inFig 1710

@_l_ JAFL

FIG. 110
Foumple 115

Solutior When appiying few metod: o & comus, it & good
Practice 10 el o masin and machmcs (or combimati:
thareed) by mubsarmpted mxpedmees. When e it solution 5 fomd
s of e minpted mopedmces, e maencal vl can be
e o find e mmiown QT
The motwork &5 redewa 1 g, 17,11 wath subscpod ipodmens:
I| 'IIII.:] ”:[E E| Wfﬂ"
L=k=401 E;=6V:i0
L=-%=-1

S | ot J 3 s ndicamd m Fig 1711



Hup 1.

+E, — LT — TJT, L) =0
L1 -I)-LZ -F. =0

or E-LEL -LEL, +LE =10
LT +LE -LE -FE =0
o than I||:I| t LJ LI =E,
LT, + T) — LI, Fs
which ae maTites as
LiE, + L) - LZ, E
LE, + IE; + ) E.
Snp 4 Using detemeizomt, we ochizin
E; .
I E; L+ T
|+ Ey I
"2 2.7
E(L + L) - E(L)
@ + INE, + L) - @)
[E, - EJZ + EL,
LL +LL +LE
Substthuting mueerical vatess velds

2V - EVHEO) + 2V~ 1)

L= To)En) + (o ta)y 20 - @O} 1)
162 16 -2 _ 16124 - —1T2ET
JE—B2 53 2444 447 63437

JEA -2 o J6LA-IERTF

Depandent Voltage Sources For dependeet voltage smumces, the

Procednm is modifed an follow:

1. Sopes | 2nd 2 o the same a thise applicd Sor indopondar vok-

= L e e

1. Emp 3 5 podified as follows: Treat aach dopandant soeros liks am

worce whemn KirchhoiTs wolge b s applied o

sach diependers loop. Howemr, ooce the egeation i wTites,

bttt the squaton for the conmolling qnantty o anwew thar
the mnkmnrams are limited solehy to the chosen mrech oot

3. Smp 415 as befom.

EXAMPLE 178 Write the mech curmnts for the merods of Fig 17.12

bxving 3 dependent 1oitaps wouma.
Solutiorr
Swps ! ovad 2 ame defined en Fig. 1712,

Sup 3 E - LR - Rl -L)=10
Rofle — 1) + gV, - Lt =0
Than sebstitute W, = (I, — L)%

Fha. 1112

Applying mash anafjsds ko nefeonk witk 2



