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Fig. 8. Attenuation characteristics of amplitude modulation.

Fig. 9. Reciprocal phase shifters
and amplitude modulation.

CONCLIJSION

The reciprocal ferrite modulators de-
scribed have important applications in mi-
crowave systems for antenna beam scanning,

amplitude and/or phase modulation, power
switching, pulse shaping, and simulating
radar target cross section.

An extension of the preceding modulator
techniques is presently being used to design
a new type of digital (or latching) reciprocal
phase shifter for use in phased array antenna
systems. These new devices make use of the
square loop maguetic properties of toroidal
shaped ferrite materials in waveguides.

Digital increments of reciprocal phase shift

are obtained by latching or switching the fer-

rite magnetization froma near-zero value to

one of its remanent field values.
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Suggested Name “Nanowave

Region” for the E-M Spteclrum

Between 10 Micrometers to

10 Millimeters Wavelength

With the growing activity making use of

that portion of the electromagnetic spectrum
which lies between the visible and micro-
wave, I would like to enter a plea. for an imp-
rovement in nomenclature before too mauy
more grotesque synonyms become generally

accepted. This is a highly controversial sub-
ject, I grant, but oue which should be given

the dignity of serious discussion by tlhe
people who are inventing the jargon.

The activity in this spectral region is a

natural extension of the exploratory research

and development by microwave engineers
and optical engineers. The former bring with

them the techniques of radio engineering
based upon coherent radiation of long wave-

length while the latter bring with them opti-
cal techniques evolved from a huudred years
of experience with incoherent radiation of
very short wavelength. This is bound to
produce a provocative technical confronta-

tion completely apart from the semantic

confusion of using identical worcls with clif-
fereut technical definitions, e.g., coherent.

Fig. 1 shows some of the slpectrum desig-
nations commonly and imprecisely used by

these two technologies. It does not show
other phrases like “far far infrared, ” ‘(rrl tra
microwave, ” or “extra high frequency. ”

Fig. 1. Electromagnetic spectrum designations.

I propose that the spectrum from 10 mic-
rometers to 10 millimeters be called the

“nanowave region” in the same spirit with
adwhich the word mtcrowave 1s now usc .

There are two intended meanings for whidh I
find microwave being used: the comparative,
in which the Greek prefix m ikms (meani ug

small ) is intended and meaus that compo-

nent dimensions are of the order of k, and
the definite meaning in which x k regarded
as being of the order of a clecimeter. Now
wicrowave is an uncomfortable hybrid of
two languages, but nammxme is not less

comfortable, using the Greek prefix nanos,
(meaning “dwarf”). The analogous double
meaning for mmowme would be that the

dimensions of the components are very large
compared with h or that k is of the order of

a millimeter.
When the word o@ical is examined, it

appears that its original C,reek meaning,
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pertaining to sight and vision, has been
somewhat generalized. An analogous pair of

definitions for optical would be that the
dimensions of optical components are enor-
mous compared with A, or x is of the order

of a micron. Putting all these statements
together, we have the comparative meaning

L-k X< L<108k L> 103A

Microwave Nanowave Optical

and the definite meaning as shown in Fig. 1.
It should be noted that nanowave, in its

comparative meaning, is synonymous with

quasioptic (Latin prefix, Greek stem !).
I hope that the new word nanowaw will

be given some serious consideration for use
in this growing new technology where the

traditional fields of optics and radio engineer-
ing meet and overlap. As an example of how
it might be used, consider the title of the

recent conference in Colorado entitled
Boulder Mdlinteter Waw and Far Infrared

Conference. It might have been called the
Boulder Nanowave Conference. The con-
ference announcement proclaims a special
issue of the IEEE P~oceedi~gs to be titled

“Millimeter Waves and Beyond. ” An alter-
nate title could be “Infrared and Below, ”
but why not “Nanowaves-a new Frontier”?

R. W. ZIMMERER

2300 Kenwood Dr.

Boulder. CO1O.

Transverse Resonance Solution of

Uniform Trapezoidal Waveguides

Waveguides of nonconventional cross
sections are of interest, and several approxi-
mate techniques are being developed.
Yashkin [1 ]– [3 ] approximated the compli-
cated cross section of waveguides by a cluster

of rectangles. For example, the lateral sides

of a uniform isosceles trapezoidal waveguide

were approximated [1 ] by three steps, as
shown in Fig. 1, thus forming five rectangu-
lar guides. The solution of the wave equation

was sought by matching the five separate
solutions at the boundaries of the adjacent
rectangular guides. This led to a system of
transcendental equations, which is often
laborious to solve. Yashkin’s theoretical cal-
culations are verified experimentally as
shown in Table I,

The transverse resonance method [4] can
easily be applied to the uniform trapezoidal

waveguide with the three-step deformation
in each lateral side. The cross-sectional view

can be considered as cascaded transmission

lines with short-circuited ends, thus forming

a resonant cavity with propagation in the x

direction. With this approximation, one
transcendental equation is easily obtained

and solved for the lowest cutoff wave
number.
Fo~ simplicity, Yashkin let

s=a+ 2A, d= 2A, a=m

and defined q as the ratio of the cutoff wave

Manuscript received October 1‘s, 1965. This re-
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Fig. 1. Trapezoidal guide approximated by step Fig. 2. Transmission line equivalent of one-half
de formatmns m lateral sides. the symmetrical trapezoidal waveguide.

TABLE I

q CALCULATED FOR bjs =0.25; WITH AND WITHOUT THE “DISCONTINUITY n ADMITTANCE

Yashkin [1] Transverse Resonance Method
4

thee. 3 steps exp, 2 steps 3 steps 2 steps w/B 3 steps w/B’s

1.00 1 00 1.000
1$

1.000
1.04 1.04

1.000 1.000
1 046 1.046

20” 1.10 1.10
1.046 1.045

1.100
30”

1.099
1.17

1.099
1.17

1.099
1.167

40°
1.169

1.26 1.27
1 164 1.164

1.255
50”

1.254
1.33 1.33

1.249
1.389

1.246
1.383 1.360 1.356

60° 1.36 1.37 1.547 1.529 1.451 1.448

number of a rectangular waveguide to that
of the uniform isosceles trapezoidal wave-
guide. That is,

3= (1+%)’ ‘1)“ = 2rr/k

where k is the cutoff wave number of the

trapezoidal guide.

For the guide shown in Fig. 1, the trans-

verse resonance method dictates that the in-
put admittance looking to the right or to the

left from the center line is zero for TE

(transverse electric) mode of propagation.
.~ “discontinuity” admittance exists at every

step as discussed by Whinnery and Jamieson
[5]. I\Then only a two-step approximation is
considered, the transverse resonance method
with the “discontinuity y” admittance included
in the transmission line equations yields the
following simple transcendental equation,

tan kL = (b2/bJ cot kd – B/Yo~. (2)

The term bZ/bl results from the fact that it is

equal to YO1/ YOZ as Marcuvitz [6] pointed
out. Using the results in Fig. 5.26.3 in

Marcuvitz [6], and bZ/bl = 2, (2) becomes

tan kL = 2 cot kd – 0.8(b,/s) (1 + 2A/~)k. (3)

Equation (3) was solved for k using dif-
ferent values of the angle O, and the factor q
was calculated by ( 1). The solutions are
shown in Table I along with Yashkin’s
results.

It is evident, therefore, that the two-step
. .

approximation for all practical uniform
isosceles trapezoidal waveguides is sufficient

to yield good results. Also, it is noted that

only when the lateral walls are slanted con-
siderably, i.e., large O, is it necessary that
the “discontinuity” adn~ ittances be taken
into account. For @= 60°, the error in q is

about 6 percent. This discrepancy is due to
the fact that the B/ Yo values used in these
calculations are based on the assumption
that the line is infinitely long on both sides
of the discontinuity. Short circuits placed
close to the discontinuity and other steps in

close proximity will change the admittance

[5]. Exact calculation of B may be made by
Hahn’s method [7].

Three-step approximations (see Table I)
were developed, and the calculations yielded
no significant improvement. Unlike the
transverse resonance method, Yashkin’s ap-
proximation technique gives more accurate
results as the number of steps is increased.
By the perturbation methods [8], it can be

shown that the deviation from the exact cut-

off wave number is reduced as the approxi-
mated boundaries become closer to the

actual.
Although not shown here, results for the

case b/s = 0.50 were even better than for

bjs = 0.25, (where b = bs for two steps, and
b = b~ for three steps). Good results are ex-

pected to be obtained for guides with
bjs <0.25, provided that A/s >0.1.

It is visualized that the transverse reso-
nance method may be used for calculating
the critical wavelengths of right-angled uni-
form trapezoids, and, many of the wave-

guide problems solved by Yashkin [2], [3].

S. T. UPTAIN
Electromagnetic Lab., DRD

Army Missile Command
Redstone Arsenal, Ala.
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Huntsville, Ala.
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