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9.5 Impedance and Admittance

I
V = RI, V = joll, V=
joC
L
\Y | — T =
I R, X :ij’ X = ——
I I I  joC
(@)
v
Z = T or V=271 c
| -
Z =R+ jX Z=|Z|/6
(b)
X
Z| = VR? + X, 6 = tan ' —
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9.5 Impedance and Admittance

The admittance Y is the reciprocal of impedance, measured in

siemens (S).
1 I
Y = — = —
Z VvV
Y=G+ B
Element Impedance Admittance
1
where G = Re Y is called the conductance and B = Im Y is called R Z =R Y = 2
the susceptance. 0
L 7 = joL Y=—
JjwL
1
C 1 =— Y = joC
JjoC @
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9.5

Impedance and Admittance
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v,= 10 cos 4t

5Q

0.1 F =

| = <+




Solution:
From the voltage source 10 cos 4t, o = 4,
V,=10/0°V
1 1 ,
Z=5+—=5+—"—"=5—-j25Q
JjoC j4 X 0.1
v, 10/0° 1065 + j2.5)
Z 5-—j25 52 + 2.52 (9.9.1)
= 1.6 + j0.8 = 1.789/26.57° A
The voltage across the capacitor is
I 1.789 /26.57°
V = IZC = - X
JjoC j4 X 0.1 9.92)
1.789 /26.57° .

= 4.47/-63.43°V

0.4 /90°

]
5Q

———AW——

v, = 10 cos 41 Cf)

0.1F =

| = <+




9.5 Impedance and Admittance

v, =20 sin(10t + 30°) V
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9.5 Impedance and Admittance

Answer: 8.944 sin(10r + 93.43°) V, 4.472 sin(10¢ + 3.43°) A.

v, =20 sin(10t + 30°) V
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9.6

TKirchhoff's Laws in the
Frequency Domain
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U1+U2+"'+U”:0

V.1 cos(wt + 6,) + V,, cos(wt + 65)
+ -+ V,,cos(wt +6,) =0

Re(V,,;e”% ¢’ + Re(V, ,e’%e’®") + -+ + Re(V,,e’% e’ = 0
Re[(vmlejel + sze_fﬂz + o anejﬂ”)ejwr] =0
Re[(V, + V, + -+ V)1 =0

V1+V2+"'+VH:()

il+i2+"'+i”:0

Il+12+"'+ln 0




9.7 Impedance Combinations

V=V + Vot o+ Vy=IZ +Zy+ - + Zy)

I
, Z, Z, Zy
+yv — + v - +yv —
Vi \2) W

-V
7.+ 17, r
Since V, = Z,I and V, = ZI, then Z,,
Vil y oy y \%
V2,47, 7, +12, Zeg= =L+ Lo+ + Ly

Zeq:Z1+Z2+.“+ZN
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9.7 Impedance Combinations
I=1L,+L + - +1 —V(—+L+ +L)
1 2 N ] Z2 ZN
1 1 1 1 1
=—=—+—4 -+ —
Z., V 7, 1, Zn
V = IZeq — I]Z1 — IzZz
; 1 1 B 1 77,
“ Yy YWt Yy VZ +1/Z, Z,+1Z,
Zl + Z2 Z] + Z2
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Find the input impedance of the circuit in Fig. 9.23. Assume that the
circuit operates at @ = 50 rad/s.

7., = Impedance of the 2-mF capacitor

Z, = Impedance of the 3-() resistor in series with thel 0-mF
capacitor

Z-; = Impedance of the 0.2-H inductor in series with the 8-{)
resistor
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0.2 H
o—| T
Zin § 30
—_—
— 10 mF
O




Find the input impedance of the circuit in Fig. 9.23. Assume that the

circuit operates at @ = 50 rad/s.

7., = Impedance of the 2-mF capacitor

Z, = Impedance of the 3-() resistor in series with thel 0-mF

capacitor
Z-; = Impedance of the 0.2-H inductor in series with the 8-{)
resistor
1 |
Zl = - —3 = _j].OQ
JoC  j50 X 2 X 10
1 1
Z,=3+_—=3+ =3 -j)Q

joC j50 X 10 X 1077
Zy =8 + joL = 8 + j50 X 0.2 = (8 + j10) Q

(3 — j2)(8 + j10)
11 + /8

L, =17, + Z2”Z3 = —j10 +

_ g 4 W HIHAL -8

11> + 82

Z.. =322 —j11.07Q
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= —j10 + 3.22 — j1.07 Q

0.2 H
o H 1)
Zin § 3.Q
—_—
— 10 mF
O




Determine the input impedance of the circuit in Fig. 9.24 at w =

10 rad/s.
ImF 100 Q SH
—ww, 2112
Zin
—_— — 1 mF 200 Q
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Determine the input impedance of the circuit in Fig. 9.24 at w =

10 rad/s. ImF 1000 -
—ww, 2113
Answer: (149.52 — j195) Z,
- —— 1 mF 200 Q
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