Frmply 141l

Ema gy a1

ol wy

FIG. 14.35

Digfinimy if et e magpiomcry oy
compti plams.

145 COMPLEX NUMBERS

o our amalysts of & motworic, we fomd 2 mecessary o dofarmame the
alawlranc s of voltam: and crents. Simce the same will also be s
for ac matworks, e question anises, How do we defemmne the algebmaic
v ot or mars volagss (o7 curmats) that are varying smmsoadally?
Altheragh o salufion would be to find the algebric sam oo a poinio-
poimt e (3 show in Section 14.12) this would be 2 long md
tudbous proces: i which accuracy would be diecdy rabied 1o the scale
ol

It 1s the purpose of this chapéar to mirodocs a system of complex
mambers thf, when ralated o the smusnidal ac wevedormy, will reult
in 2 tochniqua for fnding the alphraic sum of smsoida) Wi
that 1% quick, direct, and acowate. In the following chapiens, the fech-
migs will be axtunded to pemmut & ambysis of simuoad] ac nerworis
10 2 mannar T amilar to ot appied to ¢ networks. The mwhod;
and thoorem; 2 described for de nefworks cam then b applied o simr-
il ac nefworks with kel drficalty

A compler mumber represamts a pomt I 2 tav-dmensoml plns
located with rafereacs to tw distmect o, This point cam also dotar-
i 3 radan vecior drwn from the ongm to the pint. The horzontl
s 55 caled the real as, while the verdcal ams & called the il
iy s, Both am bsbeled m Fig. 1433, Fvary mmsher from 2em 10
*om o b ropmaamted oy o poimt alony the real ams. P o the
development of & system of conplax mmbars,  wes baboved that



147 RECTANGULAR FORM ' .
Th et for the rectampmlar form is |
I 1
i
o L
2 shown i Fig. 14.36. The letter € s chosen from the word “com- i ‘ -
Pl The beddface noftion is for amy member with mapmmde and
direction. The ieafic is for magdmds coby. -
- - FIG. 14.36
]EEHH:'LE 14.13 Shwich the following complex mumber in the com- iefinury e rrctanralr firm
2 C=3+p4
bC=0-6 ’
, C=3+p
. C=-10-;20 4
. 1
Solutions: a !r—4
2 SeaFig 1437 ]
b 5ee Fig 14.36. - o123 +
c. 5ea Fig 14.39. +3
) =
FiG. 14.37
I Feple 14,130l
_ k- .-
-+ E-o-p
_‘ -
-
B ] -][l
K g o
FIG. 1438 - "
Fxampie 141 3%, |
! (-0
I
148 POLAR FORM e
C=-i-
Tha foemeat for the palar form is 7
FiG. 14.39
T

with the Jether £ chowan from the sequescs X, 1, £



I wiem ¢ ndicaks mogpmimds coly and § is always messered comnter-

cloclomise {CCTW) fremn the pesidue real sy, as shomn i Fig. 14500

Axgios mwasured in e clodowise direction. frops the posithe mal axds

mmst e 2 mogative sien assocated with dham

¥ A mepitee sign in fone of the pelar foom has the affect showm I

+ Fiz 1441, Mobs: that it results in a complex member dimcly opposite
the complex mmmber with a poaithe sign

| €C=-Z:i0=2:0+180" | (14.21)
FIG. 1440
Dgfinimy she pdar e,
' EXAMPLE 14.14 Shwich the following comples munhers in the com-
Plas plans:
- a C=3.30
b C=T7s-120"
= .
'll.-" l] u c. C 43 o600
- N Solutions:
P 2 See Fig 14.42.
- b See Fig 14.43.
¢ Sea Fig 1444
-
FIG. 14.41 =2 £ 86F =42 2 BF + 1RF
Demonstrating the ofect of & negeinee sfgn on TP
s pufer e, ;
) +240E
. C=5 .2 WF -\.II
T30
Pl — T "
_ — N 4
o] —120° o “120°
= C=TL-12F | C-aze 28 |y
FIG. 14.42 FiG. 14.43 FiG. 14.44
Foroede 14, Mz Excmpde 1414k, Fresmpde 4. 14cl
C=Feg=T+)F
]
: 14.8 CONVERSION BETWEEMN FORMS
& E, Thw: tare forrms ame mlated by the following equations, & distated
i Fiz 1445
¥ H
- i - Rectangular to Polar
Z=Wx'+r (14.23)
_ ¥
FIG. 45 f=tm [14.24)
Cownversdon beferen Grma



Polar to Rectangular

e
(426
EXAMFLE 1415 Comwst the folloawmg fom mecaagular to polar f =16 M
fioam:
1
1
C=3+/74 (Fuz 1445 . :]+-'|-
Solutiorr . !
Z=VEF+ (P =vIE=73 — L
#=mm '-["'| $3.13° =
3
amel C=5,513"
i,
FH5. 14.46
- Fremple 14,15
EXAMFLE 1416 Comwt the followng fom polar to recangalar
foam-
C=10:.485  (Fig 1947} 4
L L AT
Solutiorr |r|/
X = 10 cos 45" = (1RGT) = 707 ) i .E.-;-
¥ = 10w 45" = QY0707 = 707 ——" -
amed C =707+ 707
If the complex mombar shenld appoar in S second, third, or fours FIG. 14,47
quadrant, simphy comert it in Sot quadant, 2nd careihily desmring the Bl 14, 1
Propar anglks bo be associated with the magnitnde of tho wector ¥ -
Co= -8 &% |
EXAMPLE 1497 Comeet the Sollowing from mctzngular o polar T— .
foam: 1 - N
8 ™,
C S+§3 (Fig 14925) 1 { 1
Solutionr - -c -
E=VE + 3 =vE =47
[ 3 T ]
§=tn [é_.' 26.57 )
LBD" — 26.57 = 153.43° FIG. 14.48

2xd C=&71 £153.43° Fromple M4 7.
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= Lﬂ'l'ﬂ'l.:l: oorgupmic of £
=21
FIG. 14.50
Mgfinimy Se compler cospugrote ofo compler
mumbir b recfongmizse Fen

Lompen oo uges =t L

FIG. 14.51

Dlnimy Fae compler compugrods ofo compler
mumiver in pedor e

EXAMFPLE 1418 Comrert the following foom polar to rectangelar
fioam:

C=10:Br (Fig14%)

10 con(230" — 1807 = 10.cos 507
(LOWD.6428) — 6.428

¥ = #xinf = 10sin 50" = (10X0.7650) = 7.660

axd C=—6428 — j7.660

1410 MATHEMATICAL OPERATIONS WITH
COMPLEX NUMBERS

Ciomplex mumbars lend Semselms madily to Se basic madhemancal
Opemions.

Lot w5 Gt camring the symobol § assocsied with imesvory mm-
bars. By defimition,

7=V (4.27)

To=, §-=-1 (14.28)
2zd F=ri=-Y=-j
wih b bl G} RS

=i
amd 30 on. Froihar,

1 (1% _ fivily _ a

s v v ) e
and === (1429
Complex Conjugate

The conjugyte or compler conjugate of a complex mimber can be
formnd by wimply chamging tha sign of the imazizory part in the mcam-
grilar o ar by using S negatneg of the angle of the polar fiorm . For
wxammla, the conjugsm of

C=2+;3
is 2-;3
s sbown in Fig. 1450, The comjegate of

C=2.300
r

iz 3 £

a whoam in Fig. 1451,



Reciprocal
Ths reciprocal of a cozxmplex mamber s 1 Evided oy the complex mm-

bar For axample, the recpoaal of
C=X+jF
i .t'-l_,li'
amd of 2 28,
1
Zif

We am oow prepamed to cosider the foor basc operations of
addiirion, rehiracrion, madipiinerion, md dividos with comples mom-
bars.

Addition

To add twe or maze complear monbers, sinply 3dd e mal d Zog-
nary parts separaiely. For aomple,

Ci==2X, +jF md Cp=2X2 1

then |-::._—c,=[:x.:r,)-r;[:r.:r4 | {14.30) /
Thsars is mally no need to mensari= e auaton. Simphy st oos shom
the other amd comsidr the mal 2nd Dmginery pars weparxly, % dows
in Bxzpplo 1418,

EXAMPLE 14.18
2 AddC, =2+ 4and =3 + 1
boAMC, =3+ SandC = 6+ 3

Solutiors:
L (143, FIG. 14.52
By e (15 Fomepl 14, 1910,
Ci+G=+H+jE+=5+j5
Hotw Fig. 14.32. An abarmitres mathod is i
2+ )4 e M
3+l Ayl
& e
1o J e
5+ 5 /
b EyEg {14.30), - ! .
C+C=(-§+Hf+N=-3+/9 ' :
Hote Fig 14.35 An abormtos method is 4 A 4 - 00T 4 &
3+ 6
6+ 73
[ '
—3+9 FIG. 14.53

Fesmmple 14, PRyR).




