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Fig. 2. Characteristic impedances.

relative shape of this rectangle which, in turn, determines whether

the inner and outer conductors of the two coaxial systems will be

close together or far apart. As k + O, side AB ~ co, and both char-

acteristic impedances ~ m; while as k + 1, side OA e m and both

characteristic impedances ~ O. For the curves of Fig. 2, k varies

from 0.005 to 0.65.
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Comments on “Transmission Line Impedance Matching

Using the Smith Chart$>

P. I. SOMLO

For the recently discussed problem of R. M. Arnoldl of finding

the characteristic impedance and electrical length of a uniform, loss-

free transmission line which transforms a given impedance into

another given impedance, an alternate approach using an elemen-

tary auxiliary calculation (with no trial and error) has been given

in [1].
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An Alternate Derivation and Procedure for CM stal’s

Transformation for Transmission-Line Networks

A. I. GRAYZEL

Abstract—This letter gives an alternate derivation and procedure

for Cristal’s trsnsfomlation which transforms commensurate trans-

mission-line networks with unit elements from the frequency vari-

able x to I/k, where k = tanh(YL).

Given a network with input impedance Z(X) composed of com-

mensurate transmission-line elements including unit elements, we

will now give a procedure for finding a network with input im-

pedance Z(l/k) directly from the element values of the given

circuit. This derivation is believed to be simpler, the rlethod easier

to apply and somewhat more general

The method is based on the following theorem: If the network

of Fig. 1(a) has input impedance Z(A) then the input impedance of

the circuit of Fig. l(b) is Z(l/k).

Prooj: The input impedance of the network of Fig. 1(i) is given by

ZL(A)+ U-o
2A = 20

20 + AZL(X)“
(la)

Since the unit element in Fig. l(b) is terminated by a load im-

pedance ZOz/Z~(l/X), the input impedance of the network of ~lg.

l(b) is given by

zo’/zL(l/h) + u,

“ = ‘020+ A[zc#/z.(1/x)]
= z, ~(fil,:):l~ . (lb)

Comparison of (la) and (lb) shows that ZB = Z~(l/1). Q.ED.

Using the above theorem we can easily transform ladder networks

contatilng unit elements from the A to the l/k plane Consider as

an example the network of Fig. 2(a) with input impedance Z(h).

Using the above theorem we obtain the network of Fig. 2(b) with

input impedance Z(l/A). Eliminating the impedance i nverter then
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Ex@
(a) .

Fig. 1. (a) A unit element
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terminated in a load impedance. (b) The
transform of (a).

h z 02 Z04

z(k)+ z’(k)+ Z. z,(A)-
UE

(a)

Zol 202 Z04

---I( II

Z. 1~ ~edmce

z (+)- z’+ + Illverter z,+ - R
UE

K=ZO

(b)
2

‘(~i’

(c)

Fig. 2. (a) A transmission-line network composed of inductive and
capacitive stubs and a unit element. (b) The transform of (a). (c)
Equivalent circuit of the circuit of (b) without impedance invezters.
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Fic. 3. (a) A transmission-line network composed of inductive and
capacitive stubs and two unit elements. (b) The transform of (a).
(c) An equivalent circuit of (b). (d) An equivalent c~~t of the
circuit of (b) without impedance inverters.
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yields the network of Fig. 2(c). Siiarly, starting with the network works composed of stubs and unit elements. If one can synthesize

of Fig. 3(a) whose input impedance is Z(X), we obtain the network Z#/Zz(l/X), then one obtains the network whose input impedance

of Fig. 3(b) with input impedance Z(l/h). Fig. 3(c) and (d) shows is Z(l/h) as shown in Fig. 1.

the steps used in eliminating the impedance inverters. The exten-

sion of this method to more complicated ladder networks is obvious. REFERENCES

The networks thus obtained are identical to those obtained by

Cristal [1]. It should be pointed out, however, that the preceding
[II E. G. Crietal, “A frequency transformation for commensurate trana-

theorem applies to any ZL(A) and is not restricted to ladder net-
znission-line networks,” IEEE Trans. Microwaoe Theor~ Tech., vol.
MTT-15, pp. 348-357, June 1967.


