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Phasor Domain C/

(\/\/\—/\/\/\/—\—«

= Phasor is d complex number representatior
in terms of amplitude & phase of a sinusoidal

Otasl
wave shape

m Engineers use phasors to simplify solution of

circuitry involving sinusoidal voltages &
currents.
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" S Euler’s identity

Im |

— .  + - Y————

sin 0 2 1

—J
e/9=cos 0 jsin 6
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" J
for Voltage v(t)
v(t)=Vucos(wt+0)
Using Euler’s formula
e’ = cos(x)+ jsin(x)
=V "9 =V, cos(ot+0)+jVy sin(ot+0)
=v(t)=Vy cos(ot+@)=Re| V) ei©O ]

=Re[Vye“te®]

=Re|Vy £@ei! ]
=v(t)=Ve'

where \VZVMZﬁ) . Dropping eJ® since it

Y exists 1n all terms
Phasor form
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Phasor representation :
| \J
h‘ime domain <> Phasor form
Rugtotc0)orrzio ( sebomngos o

+ Asin(ot£0) <> AZ(£0-90°)

+é\‘V\KWI"+ﬁ§ — ("’6(/”’!'“*&;010)\‘
_: 9wlc»{“ Jr{“ﬂ —) C.?S(G/J!ﬁ—}@ Ta0.

CU\'(‘{{M\“ —) (03 /
l\/\@\xva}k( “\'W
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Example : /—\\/
0}11 time domain to phasor form
Nl

v(t) =24 cos (337 t - 45°)
i(t) =12 sin (337 t+120°)

V =24 /(-45°)V
[=12/(120°-90°)=12/30° 4
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Example : Ry

Convert from phasor form to time domain

V=162120° V
[=104(-75)
it \f=1KHz

w=2nf=2n (1000 )= 2000 =

v(t) =16 cos (2000 7 t + 120 °)
i(t) =10 cos (2000 7 t — 75°)
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Phasor Domain Representation of Circuit Elements
For Resistors: —\ i(1)

»

t(t) I cos(ax+¢)

E(:):R i1) | B Y\

v(t)=RI, . cos(oX+ @)
v(t)=V,,. cos(ax+¢)

&

Phasor domain 7
—
=1, 2+¢ i
V = Vmax4¢o V
A
1,0 29" Lpux —1 £
' NOTE: The voltage | _Phasor domain
. and the current //“ﬁg" .
. arein phase. |

I r————— (}
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N
For Inductors:
i(t)=1,,. cos(at+¢); +

_ g di(2) )
Z; = JoL ‘:_(L)_Ld(t) v(Z£) L \'\
v(t)=—-wlLl, . sin{(ox+ @)
v(t)=+all, . cos(ax+¢+90)  S—
Phasor domain Time-domain
_ 0 I
I=1,,/+¢ L
© +
i V=eaLl,, /(¢+90)°
P 740 V=(as/90° )(1,,.2¢°) V ;’;‘lL
V = jeL I B |

' NOTE: Thelcurrer P .
. laggj | ===
E voltage by O® E t | Phasor domain 1

2LI:JWLJJL 7 "
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N For Capacitors: /__\,\/ / i(1)

v(t)=V,,. cos(at+\@) +

—
: dv(t)
D= = P~ g v(1) G_CF
= PR 2 L

i(t) = —@CV,,,. sin(at+4)

O i(t)=+aCV,,,. cos'(:t —
—_ '

Time-domain

/|

Phasor domain

@C>@d V=V, Z+¢° I

+  —
I=aCV,, /(¢+90)° J
V =
I=(aC/90° )(V,,.2¢°) -1 ;
IR90° 4 jooC
I=joCV -
. NOTE-The qurrent | v o1
& th l bp = —=—— Phasor domain
. @ | I joC
+ voltage by(90° ) | e
RIS AN w
AR P N & .
ow(C
T
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Rules for impedance reduction

Impedances in d:
Z] V4 (Z] + ZQ‘ )

o - 0 —> O— —0

.

- y—
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In summary :

- @ET@“( X fc})

phasor form complex form
Z=\2|£0z Z=R+jX
7| - 7= R+ X7

m

® =0, -0, ®, =tan" (Ej
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Class Activity:
Find Z,g as a function of frequency.

S

/—"7

——— - ) Ywme OwW G
1
Ri = 100Q W2 WOONU,C
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Example :
If the voltage across the 20 mH inductor 1s

v(t)=12cos (377t+20°) find 1(t) ?

V=joLl Time
12.220° = j(377 )(20 m)1T Q owa P
12.£20°

[

S G7) @0 m)zeor AT

i(t) =1.59 cos (377 t - 70°)

_\Y
ey

Y

L ZC‘J w\“
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L= Zow‘)ﬁ} Tyme  Howmain
@%ase( -~ d\\djﬁ CJ

\/ = \?/LZQ\/ /W-*}_ﬁb’ﬂé}s

A = Jul = )'XZ#EEUOM\E?: e
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() = \ZcosCZ“f?ﬁ@v“l@\) B C2—7b

')J_? " oW 1
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Example :

If the voltage across the capacitor 1s
v(t)=100cos (314t+15°) find i (t) 2?

C=100uF
[=joCV
=j(314)(100)(100*10°).£15° "e it
[=(314)(10*)(10°)£(15°+90°)=3.14£105° vy ~
i(t)=3.14cos(314t+105°) o= |
or

dv

i= cj:—(314)(100)(100*10 Jsin(314t+15°)

i(1)=3.14cos(314t+105°)
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Example : R=3

. JM
v(t)=10sin(3t)<=v=10£-90 (0
Apply KVL to solve for the current V (t) Crb R L=2H

—V+RI+Z,1=0 where Z,=joL |
-10£-90+37+ ;61=0

Solve for |

10£-90 10£-90
- 3+j6  6.7£63.4
in time domain reference is.cosine
i(1)=1.49cos(3t—153.43)
sin(@)=cos(¢+90)
i(1)=1.49s1n(3t—63.43)

I =1.49/-153.4
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Example:
Find the voltage across tge capacitoy. i
— A ————

I
v(t)=10cos(4t) N 50
0.1F ——
Solution: ¥(1)
Express circuit V=10/0° B
In phasor domain 1 1°
JjoC Jj(4)(0.1)
Z,=5-j25 Q
V10200
Solve for current = Z, 5-j25
I=1789/2657° A
1
V.=1Z,=(1789./26.57°
Solve for c c=( )(j(4)(0-1))

capacitor voltage
Vo =447/ —-63.43°

Express voltage v.(1)=4.47 cos(41—63.43° )
In time domain

26
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Example:
o : : I, 2Q j4
For the circuit shown in the Figure, 2
determine:
1. The total impedance
P 520° ~-i10

2. The current Ix

Solution: .
IX T
ZT
7. g N PO0 D) 458 w626
(—j10)+(20+ j4)

I 2 : > 0.4607 £52.63°
= ; . —_ — = U.< D20
0 i N0(20+4) 2+4.588-38.626 10.854Z—52.63°

2 =105 201 4

1,(t) = 0.4607¢c0s(2000t +52.63) A

20Q

J
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Analysis of AC Circuits

Substitute for every network with its impedance equivalent in phasor domain
Express currents & voltages in phasor domain.

Use same approach as DC network (Nodal analysis, Mesh Analysis or
superposition) to solve for desired component

ZR| Z
i b .
O * O
i N ¢ ix(?) - \ // ‘_—_'\\ ¢ L(jo)
',/ / \ / \ / \
5 i} == Rz§ _ < Vs(jw) G) [ ) Zc | ) Zg,
% I'l(f)/" \ iz(t)/ - \ll(j(l))/ \ Iz(j(!)))/
O o O ©

A sample circuit
for AC analysis

The same circuit
in phasor form
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