PROPERTIES OF L-C IMMITTANCE FUNCTIONS

Consider the impedance Z(s) of a passive one-port network. Let us
represent Z(s) as

Z(S) — Ml{j) + Nl(s)
My(s) + Na(s)

where M,;, M, are even parts of the numerator and denominator, and
N,, N; are odd parts. The average power dissipated by the one-port is

Average power = § Re [Z(jw)] |I|* (11.2)

where 7 is the input current. For a pure reactive network, it is known that
the power dissipated is zero. We therefore conclude that the real part of
Z(jw) is zero; that is

(11.1)

Re Z(jw) = Ev Z(jw) = 0 (11.3)

M (s) Ma(s) — Niy(s) Ny(s)

M{(S) - Nat(-'i) o

where Ev Z(s) =




Cont....

In order for Ev Z(jw) = 0, that is,
M,(jw) My(jo) — Nl jow) Ny(jo) =0

either of the following cases must hold:

(a) My=0=0N,
() M;=0=N,
In case (a), Z(s) is
1\*]"
Z(s)y = —
(s) v
M,

' b Z(s) =
and in case (b) (s) N

(11.5)
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(11.8)



Cont....

We see from this development the following two properties of L-C
functions:

1. Z;o{s) or Y{s) is the ratio of even to odd or odd o even poly-
nomials.

1. Since both M,(s) and Ns) are Hurwitz, they have only imaginary
roots, and it follows that the poles and zeros of Zy(s) or ¥y(s) are on
the imaginary axis.



Finally, let us summarize the properties of L-C impedance or admittance
functions.

L Zy(s) or Yp(s) is the ratio of odd to even or even to odd poly-
nomials,
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The following functions are not Z-C for the reasons listed at the left.

3 2(s) = Ks(s* + 4)
‘ (s*+ 1)(s* +3)
s° + 4s° + 55
2. Z(s) = [1.20
8 35t 4+ 65° (1120
| 3 K(s* + 1)(s* + 9)

(s* + 2)(s* + 10)

On the other hand, the function Z(5) in Eq. 11.21, whose pole-zero
diagram is shown in Fig. 11.2, is an L-C immittance.

2s* + 1)(s* +9)

Z(S) = 5(39 f 4)

(11.21)



* A function F(s)= P(s)/ Q(s) is positive real if the
following condition are satisfied—

1. F(s) is real for s real.
2. Q(s) is hurwitz polynomial.
3. F(s) may have poles on the jw axis.

4. The real part of F(s) is greater than or equal to
zero for the real part of s is greater than or
equal to zero. ie

Re[ F(s) ]20forRes=>0
So Re[ F(jw) ] =0 for all w



A simplification of condition 4 is possible

F(s) = PG _ Mi(s) + Na(s)

Q(s)  Ma(s) + Ny(s)

Wherc IVIL\D) — TVCII 1UlILLIUII

M:(s) = odd function
Even part of F(s) is
M; M, — Ny N,
MZ — N3
Odd part of F(s) is

Ev[F(s)]=

Ny M, — My N,
MZ — N2

Odd [F(s)] =



e [fwelets=jw(sinceoc=0)

We see that the even part of any polynomial is
real, while the odd part of the polynomial is
Imaginary ie

Re[ F(jw )] = Ev [F(jw)]

jIm[F(jw )] = 0dd [F(jw)]

F(s)=Re[F(jw)] + jIm|[F(jw )]



