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Circuit II

Chapter 9 —
Sinusoidal Steady-State

Analysis

Part 2 |
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We can transform a sinusoid from sine form to cosine form or vice versa.

sinflwt = 180°) = —sinwt

cos(wt = 180°) = —coswt / P
sinflwt = 90°) = *coswt s

cos(wt = 90°) = Fsinwt

7
+ sin wf

(a)

180°

> » + COS wl
y

y
+ sin wt

(b)
Figure 9.3

A graphical means of relating cosine
and sine: (a) cos(wt — 90°) = sinwt,
(b) sin(wt + 180°) = —sinwt.
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9.2 Sinusoids (4)

Find the phase angle betw

Solution: .
C NN

Since sin(wt+90°) = cos wt \ﬁ\z
( ) RO e/
i, = 5sin(377¢ — 40° ) = 5sin(3774+ 50°) B,
I, € — si?1(377t +25%) =4sin(377¢ +180" +25%) = 4sin(377¢ E 2050j)

therefore,!i1 leads i, 155a<§7z/ @ - 9
v > @fz

S >o8 - Lo 2) \Sﬂj
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Example 4

Calculate the phase angle between v, = —10 cos(wt + 50°) and v, =
[ 2sin(wt — 10°). State which sinusoid is leading.
— A

B METHOD 1 In order to compare v, and v,, we must express
them in the same form. If we express them in cosine form with pos-
itive amplitudes,

v, = —10 cos(wt + 50°) = 10 cos(wt + 50° — 180°)
= 10 cos(wt — 130°) [ or) v, = 10cos(wt + 230°) (9.2.1)
»

and "\% ‘ JV \%

vy, = 12 sin(wt — 10°) = 12 cos(wt — 10° — 90°)
vy = 12 cos(wt — 100°) (9.2.2)
w

It can be deduced from Eqgs. (9.2.1) and (9.2.2) that the phase differ-
ence between v, and v, is 30°. We can write v, as

» = 12 cos(wt — 130°+ 30°) or v, = 12cos(wt + 260°) (9.2.3) )
Comparing Eqgs. (9.2.1) and (9.2.3) shows clearly tlﬁt v, leads v, by 39
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B METHOD 2 Alternatively, we may express v, in sine form:

P ]

v, = —10 cos(wt + 50°) = 10 sin(wt + 50° — 90°)
= 10 sin(wt — 40°) = 10 sin(wt — 10° — 30°)

}
But v5 = 12 sin(wt — 10°). Comparing the two shows tha&, lags 023

by 30°. This is the same as saying tha{ v; leads v, by 30°.

B METHOD 3 We may regard v, as simply —10 coswt with a
phase shift of +50°. Hence, v, is as shown in Fig. 9.5. Similarly, v,
is 12 sinwt with a phase shift of —10° as shown in Fig. 9.5. It is easy
to see from Fig. 9.5 that v, leads v, by 30°, that is, 90° — 50° — 10°.

» COS wl

50°

X

lll \ ]00

) 11

Y
sin wf
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( Sinusoid-phasor transformatimy

Time domain representation Phasor domain representation
) Vycos(wt + ) —~ 0 — a Vo & /

—Em———

Vsin(wt + ¢) —> ( OS( !/FACP 0) — Vb — 90°

I, cos(wt + f) ‘> I ZQ

I sin(wt + 6) <D CGDS( U/f‘“’wCPCDS

N In /0 —90°
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9.3 Phasor (8)

Relationship between differential, integral operation
in phasor listed as follow:

()

-2 V=V/¢

o

@_,

n

b (uo

B

=
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9.3 Phasor (9)

Example 8 /

Use phasor approach, determine the current /(t)

in a circuit described by the integro-differential

equation.
o
> T 4z+8jzdz—3—_5 75°) o
w=2 vadfe
Answer: i(t) = 4.642c0s(2t + 143.2°) A >3

M ¢ [52) 2J e
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Solution:

We transform each term in the equation from time domain to phasor
domain. Keeping Eqgs. (9.27) and (9.28) in mind. we obtain the phasor
form of the given equation as

81
41 + — — 3jwl = 50/75°
Jw

But w = 2, so
I(4 — j4 — j6) = 50/75°
S50/FS7 50/75°

I —_ z —_
4 —jl0  10.77/-68.2°

= 4.642/143.2° A

Converting this to the time domain,

(1) = 4.642 cos(2t + 143.2°) A

23
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9.4 Phasor Relationships
for Circuit Elements (1)

~ Resistor: Inductor: Capacitor:
! i I i 1’
O = o— o— o— o—
+ + + + +
N
R A% § R % L \Y (% > v = C \Y% GJ
= - - ~ -
= o—— O—— o—— o———
V=IR y:L% v f i=c‘(1—,}’ I=joCV
__.--2 —_ LY o
(a) (b) (a) (b) \j" -—"L~
Im A Im A JWC
v
w w
v \ I \
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9.5 Impedance and Admittance (2)

o &)

Impedances and admittances of passive elements
| Element Impedance Admittance &
1 .
R /\/\—j Z — R \ Y:E ,
L o \ yo L
N Z —sz()L ol
L C /\/“322;} Y = joC
joC? ‘
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W = 0 —\ AC —

9.5 Impedance and Admittance (3)
L Shorlocircuitozn dc @’ g__:_g-
._ﬁ A1 -
g:]a)}— O_Ogencirc;)ita_t (()—)OOEZ —)Oé
high frequencies p—

(a)

C Open circuit at dc —_—

— [ T
B 1 e
/ = o Short circuit at a — (Xi / = O)
J high frequencies R ,
—_—

(b)
B Ye \QQO-:DS\Y)O\/(\?,Z
(R == PN
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9.6 Kirchhoff's Laws

in the Frequency Domain (1)

/ [/ -

« Both KVL and KCL are hold in the phasor j;\ﬁ)

domain or more commonly called frequency .

domain. -
—

. ver, the variables to be handled are
@which are complex numbers.

* All the mathematical operations involved are
now in complex domain.

e
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