The Basic Elements
and Phasors




EXAMPLE 14.16 Convert the following from polar to rectangular

form:
C=10,45° (Fig. 14.47)
Solution:
X = 10 cos 45° = (10)(0.707) = 7.07 -
¥ = 10 sin 45° = (10)(0.707) = 7.07
and C=70T7T+;7.07 —j

Mathematical operation :

Addition

To add two or more complex numbers, simply add the real and imagi-
nary parts separately. For example, if

Elzﬂlij}rl and (.‘3=ﬂ1ij1’3

then C,+C=(xX; =X, +j (21 £ T?) (14.30)




EXAMPLE 14.19
a. AddC, =2+ 4and C; =3 + 1.
b. AddC, =3+ 6and C; = —6 + j3.

i
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Solutions:
a. By Eq. (14.30),

C,+C=02+3)+j@+1)=54+j5

Note Fig. 14.52. An alternative method 1s ~
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b. By Eq. (14.30),

Note Fig. 14.53. An alternative method 1s
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Subtraction

In subtraction, the real and imaginary parts are again considered sepa-
rately. For example, 1f

C.‘1=i}i"1 i_f}'rl and (?3=ﬂ1 t__}'}rj

then

C,— G =[x, — (=X)] +j[£hh — (£F)] | (14.31)

EXAMPLE 14.20
a. Subtract C, =1 + j4 from C;, = 4 + j6.
b. Subtract C, = —2 +j5 from C; = +3 + j3.

Solutions:
a. By Eq. (14.31),

C,—G=4-1)+j6—-4)=3+;2
Note Fig. 14.54. An alternative method 1s
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b. By Eq. (14.31),

C,—GCG=B3-(—2]+j(3—-5)=5-;2

Note Fig. 1455 An alternative method 1s
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Multiplication

In polar form, the magnitudes are multiplied and the angles added
algebraically. For example, for

we write

Cl - El Lﬂl

and {:E = Ej Llﬂg

{:1 ' ('2 = E]_EE .'H']_ + HE

(14.33)



EXAMPLE 14.23
a. Fnd C; - G, of

'[.'1 =5 /220° and {:2 = 10 230"
b. Find C, - Cs if
C,=2/-40° and C,=7 L +120°

Solutions:
a. C; - Cy= (5 220%(10 £30% = (5)(10) [20° + 30° = 50 £50°
b. C, - C, = (2 £L—40°(7 £ +120°) = (2)(7) /—40° + 120°

= 14 7~ +80°

To multiply a complex number 1n rectangular form by a real number
requires that both the real part and the imaginary part be multiphied by
the real number. For example,

(10)(2 +j3) =20 + 30
and 50 £0°(0 + j6) = 7300 = 300 £90°



Division
In polar form, division 1s accomplished by simply dividing the mag-
nitude of the numerator by the magmtude of the denonunator and sub-
tracting the angle of the denominator from that of the numerator. That

15, for

’Cl - El Lﬂl and ‘:2 = .’33 iﬂg

we write

6, — 6, 14.35
c, 2z, ML ( )

EXAMPLE 14.25
a. Find C/C,if C, = 15 210°and C, = 2 2 7°.
b. Find C,/C,if C, = 8 £120° and C, = 16 /. —50°.

Solutions:

] 15 /210° 15
a. = = [10° — 7° = 7.5 /. 3°
C, 2 /7° 2




[_:' o
b. L = 8 2120 = 8 /120° — (—50°) = 0.5 ~2170°
C, 16./.—50° 16

14.12 PHASORS

If we have voltage or current in time domain we can convert it to complex ( phasor) domain as
Vi

J2

i(t)=1_.sinwt+6) —>1=-"_,0

v(t) =v .sin(wt+6,) >V = 0,

|-

EXAMPLE 14.31 Find the input voltage of the circuit of Fig. 14.65 if

S0 sin(377¢ + 30°)
30 sin(377r + 60°)

Va } F= 60 Hz

Ve
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FIG. 14.65
Example 14 .31.



Solution: Applying Kirchhoff’s voltage law, we have
€n = V, + Vg
Converting from the time to the phasor domain yields
v, = 50sin(377f + 30°) = V,_, = 35.35V /30°
v, = 30sin(377t + 60°) = V, = 2121V ~ 60°
Converting from polar to rectangular form for addition yields
V, =353V A30° =3061V +j1768V

[

V,=2121V £60°=1061V + 1837V
Then

E,=V,+ V,=(3061V +;17.68V) + (10.61V + j18.37V)
= 4122V 43605V

Converting from rectangular to polar form, we have
E, =4122V + 3605V =5476V £41.17°
Converting from the phasor to the tume domain, we obtain
E. = 5476V £41.17° = e, = V2(54.76) sin(377¢ + 41.17°)
and e, = 77-43 sin(377r + 41.17°)



EXAMPLE 14.32 Determine the current i, for the network of Fig.
14.67.

ip = 80 x 107% sin et

ir =120 % 107 sin (wt + 60°)

—_—

FIG. 14.67
Example 14.32

Solution: Applying Kirchhoff’s current law, we obtain
I-I:i'-1+f1 or I-gz?-]"_f;l
Converting from the time to the phasor domam yields

iy =120 X 10 sin(wt + 60°) = 84.84 mA / 60°
iy = 80 X 10 ° sin wf = 56.56 mA /0°



Converting from polar to rectangular form for subtraction yields

Ir = 8484 mA £60° = 4242 mA + j73.47 mA
I, =56.56mA ~0° =5656mA + j0

Then
L=Ir— 1
= (42.42 mA + j73.47 mA) — (56.56 mA + j0)
and I = —-1414mA + 77347 mA

Converting from rectangular to polar form, we have
I, = 7482 mA ~100.89°
Converting from the phasor to the time domain, we have

I, = 74.82 mA /100.89° =
i, = \V2(74.82 X 10 ) sin(wt + 100.89°)

and i» = 105.8 x 10~ sin(wr + 100.89°)



