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A Note On Lumped-Distributed Synthesis 
K. ZAKI AND R. NEWCOMB 

A&tact-Discussion is given on recently published works concerning III. DISCUSSION OF THE COUNTER EXAMPLE 
a problem in lumped-distributed cascade synthesis. 

The counterexample given in [l] and modified ~- - 
I. INTRODUCTION 

ECENTLY there has been considerable interest in R the cascade synthesis of resistively terminated uniform 
transmission lines and lumped passive lossless 2-ports. 
Recent papers [I], [2] h ave demonstrated basic errors in 
the earlier interesting work of Koga [3]. The object of this 
letter is to show where the proof given in [3] breaks down. 
Since the ideas behind Koga’s technique are relatively 
straightforward it has seemed worthwhile pinpointing 
errors in the reasoning in order to perhaps obtain a modified 
synthesis, even though explicit formulas do exist for some 
recently presented syntheses [4], [5]. 

II. ERRORIN PROOF 

We shall show that the following statement of [3, p. 4491 
is not necessarily true: 

“ . . .recalling that g1 and hi and therefore g;, and h,, are 
relatively prime, we see from (39) and (40) that k =’ 
k,k, . . . k, divides both &+, and qr+ 1 ;. . . .” 

In fact, using [3, eq. (39)] one gets 

kt(l,l) = 2v’+v2+...+Vtglg2...gt51+1(~,1) 

kr@,l) = 2Y’+Y2+‘..+Y%1g2 ... gt&+l(l,l) 

which does not prove the above assertions since k could 
divide g2 . * . gt. A similar argument holds for [3, eq. (40)]. 
In fact, it cannot be shown that k = k,k, * * * k, is a constant, 
and this condition ‘has to be assumed in order for the 
synthesis problem to be solvable as given in [3]. Un- 
fortunately, the assumption that k is a constant cannot be 
made at the outset in a simple way, but rather, in each 
synthesis cycle, ki has to “come out” as constant; otherwise, 
active sections may appear in the process. 

Therefore, [3, kernma 71, which is fundamental to the 
theory, cannot be proven, since it depends on the assump- 
tion that ki 5 1 and hence some of the ti (i = 1,2, . . . , 
t + 1) and the gi (i = 1,2,. . . , t + 1) may not be Hurwit: 
zian, in which case the remaining scattering matrix Si = 
?i/51 need not be bounded-real. An additional condition is 
therefore needed to guarantee that xi in [3, eqs. (29) and 
(30)] are equal t0 gigi* - hihi* as at (31). 
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in [2] 
illustrates the above. In the notation of L3J, the scattering 
function corresponding to the counterexample in [l] is 

&I#) = ;e) 
> 

where 

g&p) = (a + 1)(71 + 11)(2;1 + 5)(p + 1)2 

+ 2(1OA - 1)(1 - $) -.15(A - 1)2(1 - /.@ 

h(Q) = -3(1 + 1)(7A + 1 1)(1 + p)’ + 4(2 - 71) 

* (1 - p2) + 5(5 - 21)(1 - 1)2(1 - p)2. 

Following the synthesis procedure in [3], one gets 

dfwlmo = g1(4/~1(~), 

h,(nj = -3, gl(n) = 21 + 5 

&Cl - 91111 = 4(1 - /J)[(2A - 1)(73, + ll)(l + PI 

+ 5(1 - 1)2(n2 - 4)(1 - p)] 

= +u - P)Xlyl2 by (29) 

g1.51 - h,*rf, = 4(1 + /q-n + 1)1(7A + ll)( -I2 + 4) 

* (1 + p(> - 5(n 7 1)(2A + l)(l - p)] 

= (1 + PhlS2 by (30) 

9191* - hlhl. = 4(-A2 + 4) = flfl. = k,X1 by (33). 

Therefore, comparing these with x1 the common factor 

x1(4 = 1 k, e +(-A2 + 4) 

and 

q2 = 4[(21 - 1)(71 + ll)(l + p) + 5(A - 1)2 

* (A2 - 4)(1 - 41 
<2 = 4[(1 + 1)(7il + ll)( -AZ + 4)(1 + p) 

* (21 + l)(l - &I. 

From 12(L1K2(41) = g2(W2(4, one gets 
g&l) = (a + l)( -A2 + 4) 

h,(a) = (2A - 1) 

9292* - h,h,, = -64(A6 - 9A4 + 2012 

A252 - gzylz = 16W - PM - 1) 

- 

5(/J - 1) 

15) 
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92*e2 - h2,tj2 = -32(1 + /4(7/I + 11) 

Therefore, 
- (P - 9L4 f 20A2 - 15). 

x2 = -32(A6 - 9A4 -I- 20A2 - 15) and k2 = 1 

rpJ = 5(1 - a) 5s = 71 + 11. 

Thus, in the first cycle, k, does not come out a constant, 
i.e., x1(4 # glgla - hIhI,, and hence an active section is 
encountered since E,(IZ,p) and g2(A) cannot be made 
Hurwitzian. 
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