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Discussion on Optimum

Bead Spacing*

Mr. Dettinger’s articlel on the optimum
spacing of bead supports in coaxial trans-
mission lines is too sanguine as to the per-

formance which will result. He states that
an array of M beads arranged according to
his theory will result in a total reflection co-

effici,mt of no more than <~1’o where ro is

the reflection of one bead. In his Fig. 5 he

shows a chart of the reflection of four beads

equally spaced and the reduced reflection
which he hopes will result from application

of his rule. The case where there are four
beads will result for equal spacing in a maxi-
mum value of 4r0, and from his theory for

progressive spacing it should be possible to

arrange the beads so that the maximum
possible reflection is only 2r0.

Assume that the reflection of each bead
in F’ig. 1 is very small so that the total re-

peaks in a limited frequency band for a long

coaxial transmission fine made up of many
identical sections. The idea of the limited

band was discussed in the text and figures,

but was not explicitly restated in the sum-
mary or in the conclusions.

Mr. Reed has presented a concept re-
garding the average reflection from any
number of beads arbitrarily dispersed along

a line. This concept is only incidentally re-

lated to the subject of my paper, in that it

considers neither the actual envelope of re-
flection peaks nor the possibility of reducing

the envelope in a fimited frequency band by
the use of a controlled dispersal of beads in

each section.
However, he has raised a philosophical

issue. The question might be stated—Can

the maximum value of a varying function
be equal to its average value under any
circumstances? I believe that the answer is
yes in the special case where the maxima
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flection of the array of beads can be found

by simple vector addition of the reflections
of th e individual beads. Also assume that the
reflection from each bead is invariant with

frequency and the differences in bead spac-

ing a and b are constant with frequency,

Then the reflection patterns of Figs. 2 and 5

of Mr. Dettinger’s article become equivalent

to plotting the pattern as a function of
phase angle @ instead of frequency.

1f now the value of the total reflection

coefficient rt as a function of @ is computed
and this value is squared it will be found
that the average value of this power re-
flected computed for one cycle is exactly
MIW. In this case M= 4 but the statement

is true for any M and is independent of a
and b. Now let us imagine that we are able

to space an assembly of beads so that the

total reflection coefficient has a constant

value over a cycle of +. Of course this con-
stant value of reflection coefficient would
hav,: to be <~ra. But this is just the value

of reflection coefficient which Mr. Dettinger
claims is the peak for his spacing.

JOUN REED
Wayland Laboratory

Raytheon Co.

Wayland, Mass.

A uthor’s Commentz

I am sorry that the objectives of my
paper were not clear to Mr. Reed. My goal

was to reduce the envelope of reflection
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are measured in a frequency band which is
narrow in comparison with the band over
which the average is computed. This hap-

pens to be the very case we are considering.
The bandwidth of reduced reflection en-
velope is necessarily limited by the require-
ment that the progressive increment remain

close to its nominal design value, whereas
the average reflection would be computed
over a much wider band. Therefore, I believe
that the two concepts are not inconsistent.
Instead, Mr. Reed’s work has yielded the
interesting observation that the reflection
may ‘tpile up” in other parts of the fre-

quency band.

It is perhaps necessary to point out that

in his second sentence Mr. Reed has mis-

stated my formula for the predicted reduc-
tion of reflection envelope. The relation he
gives, ~MI’0, is a simplified form obtained

only for the case where ilf, the number of
beads per section, is equal to N, the total
number of beads in the array; in short, for
one section. The general form would be
Nr,#~%f. This formula is not intended to

aPP1~ to th~ cas~ of one section and WOLM

requ]re modification for that use.

As was indicated in my paper, a com-
plete mathematical analysis of the progres-

sive dispersal across a wide frequency band
has not been achieved. It has been sug-

gested that the solution may be arrived at

through conventional antenna array theory.
I hope to carry this through when time per-

mits, In the meantime, I should welcome
any contribution of another worker, such
as Mr. Reed, to the mathematical solution
of a relation which has been verified experi-
mentally.

DAVIII DETTINGER
Wheeler Labs.

Great Neck, N. Y.

Concerning Riblet’s Theorem*

I would like to add yet another com-
mentl,j concerning Riblet’s theorem.a Ozaki’s

impedance function

z(p) =
2Pz+2~+4

3@+l
(1)

which satisfies an equation of the form

ml (P)m(t) - ?t1(p)$22(@) = C(l - ja)” (2)

(with C=4 and n= 1), can be realized in
many ways, of which only four are shown

in Fig. 1. [Type (b) was the only one given
by Ozaki and his numerical solution was

incorrect.]

As is well known in lumped constant
network theory, for a driving point imped-

ance Z(p) to be physically realizable, the
degrees of its numerator and denominator
polynomials can differ by at most unity. The

same m_oDertv carries over to resistor-trans-. .
mission-line ~ircuits by Richards’ transfor-
mation.i It follows from Riblet’s proofs of

his theorem, that a rational impedance func-

tion Z(p) which is positive real and satisfies

an equation of the form (2) can be realized

as a cascade of n equal-line sections termi-
nated in a resistance and possibly one stub,

as in Ozaki’s example. As with the three
circuits (a), (b) and (c) of Fig. 1, it can be

seen that in general, if one stub appears at
the termination, it can be moved in whole
or in part, and placed at any one junction

or shared out between several j unctions any-
where along the cascade of lines. (Of course
the characteristic impedances of the cas-
caded lines will change as the stubs are
passed over them, but there will always be

just n cascaded line sections, whereas the
number of stuba may be changed, ) The

form Z(P) determines the minimum number

of stubs required, and Riblet’s theorem may
be generalized as follows:

‘(The necessary and sufficient conditions
that a rational function of p, written in
its lowest form,

ml(p) + m(t)
z($) = –

m’z(p) + f12(P)

1)

2)

with ml and mz even, and nl and m odd
polynomials in P, be the input imped-

ance of a cascade of n transmission line
sections of equal length 0, terminated in

a resistance with at most one study of
length 0, are

Z(p) must be a positive real function of p;

mlmj – nlnz = C(I – pz)”.

The numerical difference between the
degrees of (ml+nl) and (m~ +m) is

equal to the minimum number of stubs
involved. ”
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Fig. 1—Four circuits with the same input impedance
(1): All lines are of length 0; all numbers are either
resistances or characteristic impedances of lines.

The theorem thus stated specifically

excludes common factors of (WI +nl) and

(ws,+w). As Riblet has pointed out,z this
results in a mathematical loss of generality,

which however is physically trivial, since
no measurement can distinguish between
two one-ports consisting, respectively, of a
resistance R, and a resistance R preceded
by a length of transmission line of character-
istic impedance R.

A final comment on terminology. In my
paper5 on the same subject, I specified
“homogeneous” transformers without clearly
defining this term, and would like to make
up this omission now.

Definition: A homogeneous waveguide k

one in which the guide wavelength is
independent of position.

6 L. Young, “TabIes for cascaded homogeneous
quarter-wave transformers,” 1RE TSANS. ON MICRO.
WAVE THEORY AND TECHNIQUES, vol. MTT-7, PP. 233-
237; April, 1959.

THEORY AND

As a corollary, an inhomogeneous wave-
v,lide is one in which the guide ~ave]engtha-

varies with position; i.e., i; is not uniformly
dispersive. The quarter-wave transformers
which are the subject of this discussion

and of the references mentioned So far are
all homogeneous transformers. There has

been little need in the past to distinguish
between homogeneous and inhomogeneous
quarter-wave transformers (as defined
above), as no theory existed for the latter.
However, inhomogeneous quarter-wave
transformers have recently been analyzed,b
and the above terminology was introduced
to distinguish between these two situations.

LEO YOUNG
Electronics Div.

Westinghouse Electric Corp.
Baltimore, Md.

o I.. Young, “Design of microwave stepped trans.
formers with applications to filters, n Dr. Eng. disxr.
tation, Tbe Johns Hopkins University, Baltimore,
Md.; 1959.

TECHNIQUES October

Broad-Band Stub Design*

Mr. Muehe’s results for broad-band

stubs,l while going beyond that of previous

investigators, are similar to my design curves

published earlier without detailed deriva-
tion. ~ The main difference is that my cUrVe5

were based on a formula involving the band-

width as defined by the lowest and highest
frequencies of ze~o reflection. Mr. Muehe’s

analysis is therefore superior to my simpler

approach: my design curves erred on the
safe side in predicting a slightly smaller
bandwidth.

LEO YOUNTG

Electronics Div.

Westinghouse Electric Corp.
Baltimore, Md.
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Attenuation of the HE1l Mode in

the H-Guide*

The properties of the lowest order hybrid
mode of the H-guide line have been analyzed
by Tischer in a number of papers. 1–8 This

type of transmission line has also been under
investigation at this laboratory for some

time and a number of discrepancies exist
between our analysis and those of Tischer.

The geometry of this line is shown in
Fig. 1. For comparison purposes, the co-

ordinates and notation introduced by Tkch-
er will be used throughout this letter.
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Fig. l—Cross section of the H-guide line, The
positive z-axis is into the paper.

In Tischerlt the dielectric slab is con-

sidered thin and as a result, I) dielectric
losses are neglected, and 2) in the derivation

of the expression for the wall losses the
power flow in the dielectric slab and the
losses in the portion of the walls contacting
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