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Last Lecture — Sinusoids

x(t) = Xy - sin(wt + 0)

X, — amplitude / maximum value
o - radian / angular frequency
O - phaseangle @ = ----.

X, sin (of + 6) < X,(t)

* T - period X,y sin wt xz(t)

f = % — # cycles per second i

21T
w = T = 2nf ... X; leads x, by 0

... X, lags x, by 0
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Last Lecture — Solving Circuits in Time Domain

Derive the expression for the current i(t) using the R
forcing function v(t) = V e/t instead.

response N
i(t) = I,e/(@t+o) o(f) = V,, cos wt L
KVL © =R 1) +1 di(t) — Differential Equation
v = N -7 .
dt _| ~~_ = o

. . d .
Vye®t = Rl e/ @tHe) + [ — (I,e/(@t+9)

Solution v wl
o VM i(t) = M cos (a)t — tan~1 (—))
Ay = \/RZ + w22 R
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Last Lecture — Phasors

Representation of a complex number with just the magnitude
and the phase angle.

* Forcing Function |

v(t) = Vel (@t+0) v(t) = Vy cos(wt + 0) = Re|V e/ @t0)]

— e](wt) V = Re[VM<9 e]wt] — VM<0

e Steady State Response common to .
i(t) _ IMej(“’”‘P) every term
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Phasor Relationships — Resistor ¢ () = Vyel @6

e i(t) = I e/ @00

* Time Domain * Frequency Domain
i(r)

I
I
I
I
ey I
I

M # +
v(t) = i(t)R R V =RI R
- | - 3 VM (91)
O : o ” I (9 = R
v(t) =R-i()  '--- MA\™t
~— i ~ 0, =0,
Vel ©@t+00) = R . [, ef@t+00) | -V ei% = R ., el — v(t) and i(t) are in phase
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Phasor Relationships — Inductor (D) = Vye Wt

° i(t) — IMej(wt'l'ei)
* Frequency Domain

e Time Domain

}L VM<9v s
— = JwlL
, I(6;
Bv = Hi + 90°

Vel @) = [ .iIMej(wHe,-) ~Vyel% = jwL - Iel% — U(t) leads i(t) by 90°

dt

L v, (6, =joL- 1,6, —
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Phasor Relationships — Capacitance + v(t) = Vel @ty

e i(t) = I e/ @00

* Time Domain * Frequency Domain

L 1,(0; = jwC-Vy(0, —

" 0 = i 1= jucV
+ ; : B
(o) = ¢ » " Ll 3 V{0, ~ 1 _ T
o i ; Iy(0; jwC wC
dv(t TR
l(t) =C dg:) i . 01} — Hl - 900
| > v(t) lags i(t) by 90°
I,,€/(@t+0) = . diVMej(wHe,,): o Iyel% = jwC - Vel
t |
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Impedance
The ratio of the phasor voltage V to the phasor current I.

V
Z = T |Ohms]
Va /O,
Vulo Vu
= ( -=—((0,—0,) =Z(0,
Polar Coordinates Rectangular Coordinates
Z(6, =R+ jX

l i Z = +/R? + X2 l I R=Zcos0,

. X
_ -1 :
Resistance Reactance (ez = tan (E) X =Zsing,
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Impedance
The ratio of the phasor voltage V to the phasor current I.

Series — Equivalent Impedance Vi /9,
ZS :Zl +ZZ ++Zn

Parallel — Equivalent Impedance
1 1 1 1 KVL & KCL are valid in the

— = — R .
Zp Z, 1 Z, frequency domain!
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Example 8.9

Determine the equivalent impedance of the network provided if the frequency is
f=60Hz. Then compute the current i(t) if the voltage source is v(t) = 50 cos(wt + 30°) ¥

i(z)
& -
31?:2511
(1) ffz:)
EL=10mH
»
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Admittance
The ratio of the phasor current | to the phasor voltage V.
v I 1 N
=V =7 |Siemens]
Parallel — Equivalent Admittance
Y<9y:G+]-B Y,=Y1+Y 4+ 4Y,
T

Conductance  Susceptance
Series — Equivalent Admittance

1 1+1+ +1
Ys Yl YZ Yn
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Example 8.10

Calculate the equivalent admittance Y, for the network provided and use it to determine
the current 1 if V, = 60(45°.

I
=

F 1
el

Vg Y, — S$5Z,=20Q Z, =j4Q
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Example 8.11

For the given circuit calculate the equivalent impedance Z,, at terminals A-B.

10
VWA

40 Jj20

AO— 4 - VWA e
\l

i gzu
20
Z, = }jﬁﬂ j#ﬂE
- —j20

B O

—j2Q =

/1

Basic Concepts

12
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Example 8.11

For the given circuit calculate the equivalent impedance Z,, at terminals A-B.

m A C EII T E'Eu
40 Jj20
A O——qe — VWA AR E‘eq — - Z, Z,
\|
I 220 BO .
20
Ly — }fﬁﬂ Ja0 E 20 7= Technique for taking the reciprocal...
_ 1 R—jX
—— — AT —
R+jX R?+ X?

BO &

Basic Concepts =
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Learning Assessment E8.12

Draw the phasor diagram to illustrate all currents and voltages for the network
provided.

» {J

+

I=4/45 A (‘) 20 =40y
I 1L B

- O

14
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Learning Assessment E8.12

Draw the phasor diagram to illustrate all currents and voltages for the network
provided.

+ C

I=4/45 A (‘) 20

V=716V

15
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Example 8.15

For the given network determine |, using nodal analysis.

1) oV
oo S B WL
10 CD 10 —j10 =
2/0°A I

16



