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It is considered that a combined use of
the above described criteria gives a practical
means to investigate the stability of complex
tunnel-diode circuits and to determine the
limits of permissible mismatch and diode

characteristics variation.
The authors gratefully acknowledge the

supervision and helpful criticism of Dr. H.

Heffner.
B. HENOCH~,

Y. KVAERiNA$,

Electronics Res. Lab.
Stanford University

Stanford, Calif.

t On leave from Res. Inst. of Natl. Defence, Stock-
holm, Sweden.

$ On leave from Nera Bergen A /S, Bergen, Nor.
way.

On “An Impedance Transformation

Method for Finding the Load

Impedance of a Two-Port

Network”*

The above articlel begins with ten ex-

tensive footnotes, but the authors omit the

one reference that discusses their problem:

Deschamps’ “Hyperbolic Protractor.”2 The

undersigned writers concede that the method
of Mittra and King is different, but it is more
complicated and less useful than that of
Deschamps.

Concerning footnote 15, one notes that
RIIR22 –Rlzj >0 is only a necessary but not
sufficient condition for a positive definite

quadratic form, and RII >0, or R,z> O is also
required for sufficiency.

The undersigned find it somewhat e.ur-

prising that many of the techniques found
in Deschamps’ pamphlet are not more

widely used, for they apply to the interest-
ing problems in measurements on linear

passive reciprocal two-ports.
D. J. R. STOCK

L. J. KAPLAN

Elec. Engrg. Dept.

New York University

lNew York, N. Y.

* Rcccived March 1, 1962.
1 R. Mittra and R. J. King, IRE TRANS. ON

MICROWAVE THEORY AND TECHNIQUES, vol. MTT-lo,
PP. 13-19; January, 1962.

2 G. A. Deschamps, “A Hyperbolic Protractor for
Microwave Impedance Mea.s”rements and Other
Purposes, ” Federal Telecommunication Labs,, Nut.
Ie y, N. J.; 1953. [See especially problems 7 (lossless
case) and 13 (lossY case).]

Authors’ Cornment8

Concerning our paper,l Messrs. Stock
and Kaplan have made the comment that
our method for calculating an unknown load
through a junction is complicated. To

illustrate their point, they cite two ex-

3 Received June 1, 1962,

amples ( 7 and 13) given in a booklet by
Deschamps.~ 4

We feel that Stock and Kaplan have
missed the most important points in our

paper. Section II of our paper is devoted to
the establishment of a linear relationship

between the input reflectance r,. and a

mgdified load reflectance rL’ by I’,. – i
= b( 1 –1’~’). The constants @and 6 may be

easily found but are not necessary for

calibration. This linear relationship is the
very heart of our paper, just as Deschamps’
invariance of “hyperbolic” distances and

“elliptic” angles is the basis of his booklet.
The examples chosen for comparison by

Stock and Kaplan involve the so-called
“three point method” which is subject to

experimental errors. In any case, it is in-
structi~-e to compare the two methods of sol-

ution of a typical example and let the reader

decide which is more complicated and which
is more accurate.

Example (Probletz 5—Lossless Case):

Iire have chosen problem 5 instead of 7

which is essentially the same but has addi-
tional property of more nearly showing the

inverse transformation from load to input

as well as the transformation from rln to
J7L’. The choice of the input reference is
arbitrary so let us rotate the data given by
Deschamps2 clockwise 71° on the Smith

chart so that when rL = + 1(ZL = m),
ri, = +1. The data would then read as fol-

lows :

1) Z,. =j90 when ZL = O,

2) Zim=~ when Z~=cu,

3) Z,, =81 +~90 when ZL=ZU=200 fl.

\Vhat is the input impedance for a termi-
nation of Z~ = 520 fl?

Take ZO1= 100 Q as the center of the in-

put reflectance chart. It should be pointed
out the original data given in the booklet
has some error in that the input impedance
corresponding to Z~ =0 should be~12 rather
than j10 in order for the other two measure-
ments to be consistent. This error may be

fairly difficult to detect with the hyperbolic

protractor because of the relatively large

hyperbolic distances (measured in db) in-

volved in this example.
Solution ( Mittra and A-i~zg): We have

chosen the input reference such that the ri.
plane coincides with the I?r,’ plane. Hence,
using the transformation z~’ = ?I,’ +jx~’

= rr,/rl+j(.x~+xl)/rl and data 3) above,

rl= 1/0.80= 1.233 and xI/rI =0.90 for ZL = 1,
which determines the calibration constants
?l and xl. To obtain z~’ =z~. for Z~ = 520 Q
we again apply the transformation relating
Z&’ tO CL. (?’L=2.6fl, XL~o. ) zl,’=~ill=$’L/r~

+jxl/rl =2.105 +jO.90 which completes the
discussion. It is obvious that the inverse
problem, Le., that of finding ZL when Z,,

is given is just reciprocal.

Solution (Hyperbolic Protj’actor Method):
Since many readers do not have access to the
booklet describing the use of the hyperbolic
protractor we reproduce the solution in
Fig. 1. Plot Q’, P’ and 0’ corresponding to

4 G. A. Deschamps, “A new chart for the solution
of transmission hne and polarization problem s,” IRE
TRANS. ON MICROWA\rE THEORY AND TECHNIQUES,
vol. MTT-l, pp. S–13; March, 1953. This paper de-
wmbes the theory discussed in Deschamps ‘rHyper.
bohc Protractor” and IS included in that booklet.
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data 1), 2) and 3) above. When the output
port is matched (200 Q), the corresponding
input reflectance point is O‘ which is called
the “iconocenter” by Deschamps. The trans-
formation may be made to the projective

chart by constructing ~ =(3(0’). Distances

on the reflectance (Smith) charts are de-
noted by [ ] and by ( ) on the projective

charts. Reflectance at the input port are

denoted by primes and points on the pro-
jective chart by bars. Thus (0~) = 2 [0~’ )

=17 db on Fig. 1. The points P’ and Q’ do
not change in this transformation P and
therefore the point U should fall on the——
straight line QP~the image of the diameter
QP. The point W which represents the in-

put reflectance for 520 Q at the output will——
be on QP at the hyperbolic distance <OW >

——

= [OVV] = 8 db or 16 db as measured on the
projective chart. This immediately gives a

means for constructing ~ which should be

between ~ and P’ since TJ’ itself lies between

O and P. Measuring (0~) with the pro-
tractor it is found to be 16 db, and W’ is ob-

tai~ed by taking the hyperbolic midpoint of

(O TV) or 8 db. The corresponding imped-

ance obtained from the reflectance chart is
then 2.06+j0.90.

Fig 1.

Exa wlple (P],oblem 13—Lossy Case): The
given data are:

1) Iconocenter = 8 db/ –90°,

2) r’,,, =9 db/28° when ZL =0.

\Vhat is the unknown load impedance
when rin= 10 db/—134°?

Solufion (Lfittra and A’ing): This exam-
ple shows how one deals with the image cir-

cle rather than the unit circle but follows the
same steps.

Expand the r,,-circle linearly and rotate
it to correspond to the r~ ‘-circle. Read the

transformed iconocenter from the r~’ plane

as ZLO’=(J.6zs —jO.65 =i’L/71+j(2L +XI)/YI.

The load corresponding to this point is

ZL= 1+.jo, so $’I= 1.60 and w = —1.04. Now
read the transformed point corresponding to
the unknown load impedance as SL’ = 0.375
—jO.043. Using the impedance transforma-
tion equation as before we find 2L = 0.60
+jO.991. Thus, the actual load reflectance
is rL = 11.1 db/80.5°. Incidentally, Des-

champs’ angle (CP”, CL”) =80.5°, not 71°,
in problem 13.
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Note that in either the Iossy or lossless

case a single arbitrary point inside the image

circle is all that is necessary to colm pletely

calibrate the junction provided the corre-

sponding ZL is known.5 However, a pure re-

active termination is often more convenient

and only two \,alues are necessary (other

than the point XL= m or 1’~=1’~’= +1) as

pointed out in Section III of our paper.
IYeither of these examples utilizes the tech-
nique of the cotangent method discussed in
Section IV which is one of the most prom-
inent features of the paper, particularly

when dealing with Iossy structures. It pro-

vides increased accuracy brought about by

plotting a mean straight line from data cor-

responding to several reactauces at the out-

put port. Also note that in the Iossless case

of example 5, the calibration and solution
are completely analytic when the original

data are taken as absolute and the reference
is chosen properly so that Z,. = ZL’.

Stock and Kaplan also maintain that our
method is less useful. Since they do not

elaborate further we are unable to remark
without specific examples. Lk’e do want to

clearly state that although we do not claim

our method to be a cure-all, the best, or any
terms of such superlatives, we do believe it is

a convenient, useful and accurate method

of calibrating a junction.

Lastly, we acknowledge the typographi-
cal error and omission in our paper and

agree that footnote 15 should read:
“The necessary and sufficient conditions

for positive reality is that R,, >0, or R,, > O
and RUR.U—RU2 >0 . . . .” W’e also agree
that the “Hyperbolic Protractor” booklet

should have been mentioned in our refer-

ences.
R. MITTRA

College of Engrg.
University of Illinois

Urbana, Ill.

R. J. KING

Engrg. Experiment Station

University of Colorado
Boulder, Colo.

~ The iconocenter is a speclaI case and corresponds
to ZL =ZOL Deschamps has gone to great length for
devising methods of constructing this point.

Mesws. Stock and Kaplan’s Reply’

tVe are most deeply indebted to ilfessrs.
Mittra and King for their worked out

examples comparing Deschamps’ method
with theirs, as well as for pointing out mis-
prints in the hyperbolic protractor pamph-
let. The object of our note was not to imply
that the M ittra-King method should not

ha~-e been published, but to point out that it
is one among many equally valid and simple

techniques for two-port calibration. Specifi-
cally, it is an alternate method to that of
Deschamps for some problems. The choice

of a given method is subjecti~e, and while
we realize the linearization technique ap-
plied to the determination of two-port input
impedance and to the Ik’eissfloch method is a

QReceived June 12, 1962.

contribution, we feel that the method of

Deschamps is simpler in allowing one to

work graphically with plotted data as would

be obtained from a loss circle measurement.

In fact, for determination of input imped-

ance for a given load impedance of a two-

port, the methods of de Bnhr7 or Bolinder,8
seem simplest, involving a calculation of

only an interati~-e impedance plus a graph-
ical construction. Indeed, the simplest cal-
culation of two-port input-output relations
involves only the use of the cross-ratio. For

lossless networks, Bracewell’s’ nomograph
is the simplest method of determining the in-

put(output ) impedance corresponding to a

known output(input) impedance though the

further extension by Hinckelmannlo is not

that simple.

In this connection, it may be pointed out
that Desrhamps’ hyperbolic distance is only
the logarithm of a cros~-ratio, so may be

calculated as accurately as one pleases from

data. It should be further pointed out that
the three-point method is not inherent in

the geometrical technique; in fact, the virtue

of the technique is that constructions maybe
made directly on a unit circle containing

plotted data. It is not necessary to expand
the loss circle once plotted.

We further note that in problem 5 as done

by Mittra-King they do not correct their

answer for the 71° phase shift. While refer-
ence planes are arbitrary for an illustrative

problem, an actual network may have
definite reference planes.

The iconocenter, contrary to footnote 4

of the N’fittra-King rebuttal is simple to con-
struct: one applies the butterfly construc-

tion to the intersection of chords connecting

quarter-wave separated clata points. Its

great value is that it represents the trans-
form of a perfect load, obtained without the

necessity of having such a load.
There are a number of problems in which

all the loss circle methods become increas-

iuglv cumbersome, e.g., in the three- and

four-ports much more work is needed here
to devise convenient measurement methods.
Steinll has illustrated well the magnitude

of these problems.

7 J. de Buhr, “EuIe neue Metbode mr Bearheitung
Iiuearer Vierpole, = FTZ, vol. 8, pt. I, pp. 200–20.!,
April, 1955: pt. 11,, PP. 335-340, .Iune, 1955.

—, “D]e zelchnerische Bestlmmung der geo-
metriscllen Keungrossen verlustloser, Iineaer Vier.
pole,” AEU, vol. 9, PP. 350--.354; August, 1955.

—— “Die geometrische Darstellungsweise kom-
blnierte~ hnearer V,erpole, ” A EU, vol. 9, PP. 561-
570, December, 1955.

—, “DLe geometriscbe Darstellungsweise des
Parallel- und des Serlenblin&widerstandes als ver-
lust frele sogemmnte rmmbolische Vierpole, ” NacIzr-
tech. Z., vol. 8, PP. 636–641; December, 1955.

_, ,,Die geometrlscbe Vierpol-DarsteUung des

Doppeltmnsformators,” AELT, vol. 10, Dp. 45–.!0;
January, 1956.

— “Dm geometnsche elemenkrste Darstel-
lungs for;l verlustloser hnearer Vierrmle, ” .Vudwfech.
Z., vol. 9, PP. 80–84; February, 1956.

—. “D1e zeometnsclle Darstellunrzsweise hin-
teremaniler g&chalteter allgememer,- verlustbe-
ha ftetel- \71erpole, ” AEU, vol. 11, PD. 173–1 76, k\prd,
10<7.. . .

5 E. F. Bolinder, “Impedance and Power Trans-
formatmn by the Isometric Circle h’leLhocl and
Non-Euclidean Hyperbolic Geometry, ” Radiation
Lab., M I. T., Camhridgt=, Rept. No. 312; June 14,
,“<.....,.

~ R. N. BraceweU, ‘<A new transducer rhagram,”
PROC. IRE, vol. 42, PP. 1519-1521; October, 195.4.

100. Hinckelmann. ‘[Graphical method for trans-
forming impedances, ” IRE TLLAPW. ON hI1cRowAvi?
TECHNIQUES, vol. MTT-10, PP. 139-141; March,
1962.

11S. stein, ‘<Graphical analysls of measurements on
multi-port waveguide junctions, ” pROC. IRE
(Corr’exporzde?zce), vol. 42, P. 599; March, 1954.

Messrs. Mittra and King12

There never has been any question in

the mind of the present authors that Prof.
Descharnps’ geometric viewpoints are out-

standing contributions to the theory of
Microwa~-e Measurements. They also agree

with Kaplan and Stock that there are se\,-
eral methods which possibly provide simple

graphical means for relating input and out-
put impedance through a junction; a[-
thougb the word “simple” must be used in a
subjective sense in relation to the different
methods. \l’e should like to point out again

that the main emphasis in our paper is the

averaging technique for smoothing out the

errors.

Regarding their criticism of our workout
of Problem 5, it should be pointed out that
there was the implication in deriving the
solution that the problem was stated after

the ref ereuce plane shift, and hence no crrr-
rection was necessary in the solution.

As regards the iconoceuter, it is our ex-

perience that its determination for a particu-
lar set of experimental data is difficult when
the experimental intersection points are dis-

tributed over a region due to the presence o,f

experimental errors in the measurements.

This is particularly true when the discon-
tinuity being measured is small. We agree

with Kaplan and Stock that the actual con -
struction of the iconocenter proced m-e is
straightforward if the exact values of ~ ~nare

known, but, of course, in practice such is not
the case as finite errors are obviously pres-

ent. Indeed, these were the very reasons

why the Linear ‘rransforrna tion Method
was developed.

We hope that \ve have made our position

on the major issues sufficiently clear througlh
the two communications and that this wiIl

end further discussions along similar lines.

12Received July 12, 1962.

On “A Solid-State Microwave

Source from Reactance-Diode

Harmonic Generators”*

In a recerr t paper, 1 H yltin and Kotzebn e

have given some interesting formulas about
the maximum efficiency of reactance-diode
harmonic generators. It may be interesting
to submit to the attention of the authors
sornc considerations about their theoretics 1

analysis.
1) Formula ( t 1) and the consequent re-

sults were obtained by Hyltin and Kotzebue
through a matrix inversion, starting from

the hypothesis of a voltage controlled vari-
able capacitor. It is also possible to arrive at

the same result, more directly, starting from
the dual case of a charge controlled variable
elastance 5’,~(g) (Fig. 1), which may be e~-

* Received &Iarch 1, 1962.
I T. M. Hyltin and K. L. Kotzebue, IRE TRANS.

ON MICROWAVE THEORIES AND TECHNIQUES, vol.
MTT-9, PP. 73–78, January, 1961.


