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PHASORS
The radlius vector, having a constant magnitude (length) with one end fixed
at the origin, is called a phasor when applied to electric circuits.
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EXAMPLE: Convert the following from the time to the phasor domain:

Time Domain Phasor Domain
a. V2(50) sin wt 50 £0°
b. 69.6 sin(wt + 72°) (0.707)(69.6) £72° = 49.21 ~72°
c. 45 cos wt (0.707)(45) £90° = 31.82 ~90°
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EXAMPLE: Worite the sinusoidal expression for the following phasors if
the frequency is 60 Hz:

Phasor Domain Time Domain
a. I =10 .30° i= \/5(10) si(2w60t + 30°)
and i = 14.14 sin(377¢ + 30°)
b. V=115,-70° v = \/5(115) sin(377t — 70°)

and v = 162.6 sin(377¢ — 70°)

EXAMPLE: Find the input voltage of the circuit

v, = 50 sin(3777 + 30°)

| } =60 Hz
v, = 30 sin(3777 + 60°)

in Vy

Solutions :
€n = Va + Vb
Converting trom the time to the phasor domain yields
v, = 50sin(377r + 30°) = V, = 3535V 230°
v, = 30sin(377f + 60°) = V, = 21.21 V £60°
Converting from polar to rectangular form for addition yields

V,=3535V £30°=30.61V +;17.68V
V,=2121V £60°=10.61V + 1837V

En=V,+ V,= 3061V +,17.68 V) + (10.61V +/18.37V)
— 4122V +/36.05V

E, =4122V +;36.05V =5476V £41.17°
E,=5476V £41.17° = e, = V/2(54.76) s(377¢ + 41.17°)

e, = 77.43 sin(377¢ + 41.17°)
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IMPEDANCE AND THE PHASOR DIAGRAM

Impedance
The opposition that circuit elements present fto current in the phasor
domain is defined as its Impedance.

For example, the impedance of the element of the Figure below is the ratio of its
voltage phasors to its current phasor.

The impedance is symbolically represented by Z . Thus,

z=2" (ohms)
I

Since phasor voltages and currents are complex, Z is also complex. That is,
V
Z=_/,/96
I

Where V and T are rms magnitudes of V and I respectively, and 0 is the angle between them
Z=Z/9

Once the impedance of a circuit is known , the current and voltage can be determined using:

V
I=_
VA
And

Vv=Iz

Let us now determine impedance for the basic eircuit elements R, L, and C
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1) Resistive Elements

O
—_—
i = 1, s wf
+
R§ v =V sinwt
(@,

Zza =R 20°

First class

EXAMPLE: find the current i for the circuit. Sketch the waveforms of v

and i.

+

50 § v = 100 sin wr

e,
Solutions :
v = 100 sin wf = phasor form V = 70.71' V £0°
vV Tz 7071V £0°

= = = 14.14 A £0°
Z; RZO° 50 2£0°

i =\V?2(14.14) sin wt = 20 sin w?

I=

100 V--—- v

1

(S|
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EXAMPLE: find the voltage v for the circuit. Sketch the waveforms of v
and i.

i = 4sm(wf+30°)

_
O

2Q§ 1%

Solutions:

i = 4 sin(wr + 30°) = phasor form I = 2.828 A £ 30°

V=1Zz = I £0)R £0°) = (2.828 A £30°)(2 Q2 £0°)
= 5.656 'V £30°

v =V2(5.656) sin(wf + 30°) = 8.0 sin(wt + 30°)

8V

/

30C=+‘
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2) Inductive Reactance

+

wl % v =T, sin wt

.
&
Il

7, = X, /90°

EXAMPLE: find the current i for the circuit. Sketch the v and i curves.

o
E—
i
_|_
X =30 g vV = 24 sin wt
O

Solutions:

v = 24 sin wt = phasor form V = 16.968 V £0°

\% V6 16.968 V £ 0°
= = = = 5.656 A £—-90°
Z; X, /90° 30 £90°

i = V/2(5.656) sin(wt — 90°) = 8.0 sin(wt — 90°)

I
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Problem 8
Find the voltage v for the circuit shown below:

i = 5smiwt + 307
o

_

n=40g,
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3) Capacitive Reactance

_|_

Xe = VwC A v =V, sinwt

ZC — XC /_‘_900

EXAMPLE: find the voltage v for the circuit. Sketch the v and i curves.
i = 6sin(wt — 60°)
O

X =050 v

O

Solutions :
i = 6 sin(w?z — 60°) = phasor notation I = 4.242 A / —60°

V=17, = (I 26)(X 2 —90°) = (4.242 A / —60°)(0.5 Q / —90°)
= 2121V £—150°

and v="V2(2.121) sin(wr — 150°) = 3.0 sin(wf — 150°)

A

6A

3V
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