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Table 7-1: Useful trigonometric identities (additional
relations are given in Appendix D).
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Vi (f) versus ¢
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Figure 7-1: The function u(t) = Vip cosawl plotled a5 a
Mo oEtey e and (11 where ¢ is called its phas For i(f) of Eq. (T.8).
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Figure 7-3: Relation between _rectangular and EUL‘\[
representations of a complex number z = x + jy = |z]e/?"
T

which leads to the relations

x = |z|cosh, y = |zl sind, (7.17)

|zl = /22 +y2,  8=tan" (y/x). (7.18)




Any cosinusoidally fime-varying function x (t), representing
a voltage or a current, can be expressed in the form

x(1) = Ne gxﬂef‘“’ i (7.28)

phasor

where X is a fime-independent function called the phasor
counterpart of x(t). Thus, x(f) is defined in the time domain,
while its counterpart X is defined in the phasor domain.

» To distinguish phasor quantities from their time-
domain counterparts, phasors are always represented by
bold letters in this book. <
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v(t) = Vycoswt — V=V (:\43097.3111)
u(t) = Vocos(wt +¢) <= V= Vueﬂ. (7.31b)
If¢p =-m/2,
v(t) = Vocos(wt —/2) <> V=Vee /™2 (732)
Since cos(wt — w/2) = cos(m/2 — wt) = sin wt and T
e IT2 = cos(m/2) — jsin(m/2) = —j, "7 Re
2 3
Eq. (7.32) reduces to L—}
v(f) = Vpsinwt <= V=—jVp, (7.33)
which can be generalized to
v(t) = Vpsin(ot +¢) <> V= Voe/ @72 (734)

i(1) = Re[le/¥], (7.35)

where I may be complex but, by definition, not a function of
time. The derivative di /dt is given by

di d ; d . ;

. Jwt — o’ Jwt — - Jwl

= ar [Re(Ie/™")] = Re [dr (Ie )] Rel jowle!™],
phasor of di /dt

(7.36)

or:

— = jol, (137

» Differentiation of a time function i(f) in the time
domain is equivalent to multiplication of its phasor
counterpart I by je in the phasor domain. «

Similarly,

f,‘ dt = f‘J{e[lei‘”’]zﬁv
=Re U T/t m] =Re

or




Table 7-3: Time-domain sinusoidal functions x(1) and
their cosine-reference phasor-domain counterparts X, where
)= Re [Xe/').

x(1) X
—AQA(M‘TA Acoswt - A »
A cos(wt + ¢) - Aei?
=Auﬂ\ﬁ'+’) R'-Acos(a)t +) - Aei@tm)
Asin ot - Ae T —_ja
(fj-"b Asin(wt + ) —  Aei@-m/D)
&{Aé —Asin(ef + ¢) - Aei@r/D)
d
E(I(’)) - joX
A g_(¢1-a %[A cos(wt + ¢)] - joAelt
fx(r) dt s L X
Jw
1 J
fAcm(wr +¢)dt = — At
Jw

» The impedance Z of a circuit element is defined as the
ratio of the phasor voltage across it to the phasor current
entering through its plus (+4) terminal, «

Z=

¥ (K2), (7.45)

and the unit of Z is the ohm (£2). For a resistor, Eq. (7.44) gives
Vi
+ Zr = B = R. JIR (7.46)
K ﬁ Ir K ol
MR

Phasors V1, and I}, are related to their time-domain counterparts

A 1 |
+ v = Re[Vie/ ] (7.48a)
and & 1_’""‘
i, = Re[Ie/]. (7.48b)
Consequently,

) i ) )
Re[VLe! ] =L d—t[.‘ﬁe(ll,e“”')] = ReljwLl e’ ],

Capacitors
Since for a capacitor

=c '/"‘ .52

1o+

it follows that in the phasor domain.

o e
T

Ic = jwCVc¢ (1.53)

and the impedance of a capacitor € is

- Yo m 1 lw-

Because Z;. and Zc are, respectively, directly and inversely ="
proportional to @, Zj, and Z¢ assume inverse roles as @ N(/
approaches zero and oo

» In the phasor domain, a capacitor behaves like an

open circuit at de and like a short circuit at very high
frequencies. <

(7.49)
which leads to
Vi = jwLl.. I (7.50)
Hence, the impedance of an inductor L is 'l' b
~“J T
Vi 38 Vi
Ay e s i, = (751)
I
Table 7-4: Summary of v=i properties for R, L, and C.
Property R L c
di - dv
v—i v=Ri quE l*CI
V-1 V=Rl V= jwlLl V=vL
jwC
1
z 7 =
R Jawl Ful
de equivalent R ——— —0 O0—
Short circuit ~ Open circuit
High-frequency equivalent R —_ = —0—0—
Open circuit ~ Short circuit
2 1] 1Zc|
Frequency response R 1 l [:uL lwc
0} @ 0}

= R
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0uf0) = 12 sin(wt — 45%)
)

Step 1
Adopt Cosine Reference
(Time Domain)

_4;‘ +

Step 2

{ ~ E Transfer to Phasor Domain
—
\n =1

9 —V

. 43 45) | ik
¥
=an(1%§)

=3
e 8‘35

Cast Equations in
Phasor Form

¥

Stepd
Solve for Unknown Variable
(Phasor Domain)

L = z
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i) = Reftefo]

Transform Solution = 6 cos(wt —1057)

ek to Time Domam
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7.2 Express the current waveform

it =Do.2 Cos(t +60°) mA
—

in standard cosine form and thenfletermine the following:

(a) Its amplitude, frequency, agl phase angle.

(b) i(r)atr =0.1 ns 3,@%4—(0 )3
g &c
(ﬁe os h Rlasd )J
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7.2 Express the current waveform g&

]
i(t) = —0.2cos(6m x 10t + 60°) mA

in standard cosine form and then determine the following:
(a) Its amplitude, frequency, and phasc angle.
(b) i(t)att =0.1ns.
!"rrs/!;"@ =2 —J-T(a,e /
L@ [K {ﬂ 2/ &1’0 +60J =1 N .
=]20
=e { PXY

ey "jwffé 1-02¢

0~ a2t Er %/;4{99

=
f::.a+m5 2.29ms

7.7 Provide an_expression for a 24 V signal that exhibits
adjacent minima at t = 1.04 ms and t = 2.29 ms. »3

T=(2.29 “l~04)>(15}= V2910

WT= 2 = w(l-ZJX\O';)'“?“J:Eﬁ%;
A .,___I._. = 1600
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signal that exhibits

7.7 Provide an expression fef
adjacent minima at t = LB4 ms and 1 = 2.29 ms.

Ver(ot+4)

7.10  Express the following complex numbers in polar form:
(@) z1=3+j4 : 5,55
(b) 2 = —6+ j8 - +3) e
(o) 3 =—6—j4
(d) z4 = j2
“e) 25 =2+ )

(®) 2= (3 - j2)°

((T.:(_—I:,@ (-HJ (\J“

=44, seps’
(0N 2 o (e 01 )

VA = 24 con((boo T4 + 2 )




4m o = con(d~1)

7.33  Find i,(1)_in the circuit of Fig. P7.33, given that

us(t) = 40 sin( —20°) V.
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Figure P7.33: Circuit for Problem 7.33.
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#7.40  The circuit in Fig. P7.40 is in the phasor domain.
Determine the following:
(a) The equivalent input impedance Z at terminals (a, b).
(b) The phasor current L, given that Vg = 25/45° V.
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