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PART 2. WAVE GUIDES

By the Engineering Department, Aerovox Corporation

Two -wire transmission lines and
coaxial (concentric) lines and cables
have found wide acceptance in com-
munications and research for convey-
ing high -frequency energy between
points in an electrical system. These
conducting systems, and refined ad-
aptations of them, have been employ-
ed at frequencies up to several hun-
dred megacycles with reasonable suc-
cess. Both two -wire lines and con-
centric sections have been used also
as tank circuit elements in high -fre-
quency oscillators and amplifiers and
as the tuned portion of wavemeters.
The latter -mentioned systems have
been practicable at ultra -high fre-
quencies because the short wave-
lengths involved have permitted frac-
tional -wavelength elements with small
physical dimensions. Such systems
would have been just as useful at low-
er communication frequencies but the
required dimensions would have been
ungainly. (For example; a quarter -

wave section of 2 -wire transmission
line is only about 29.5 inches long at
100 Mc., while a similar section at
1000 kc. is approximately 24.5 feet
long).

At the extremely high frequencies
encountered in microwave work, the
wave guide has taken precedence over
the two -wire transmission line and the
coaxial cable.

DESCRIPTION
A wave guide is a pipe through

which microwave energy may be
transmitted. The wave guide differs
from the concentric line principally
in that it has neither central conductor
nor return circuit, but only an outer
wall. Pipes used most frequently as
wave guides are circular, oval, or
rectangular in cross section, although
the latter form appears to have the
widest application at this writing.
Complex cross sections distinguish
several types of wave guides that have

been employed experimentally and in
service, and in some composite forms
the configuration alters the electrical
characteristics at various points along
the pipe.

Some types have made use of low -
loss solid dielectric filling, but most
wave guides are hollow. The conven-
tional wave guide is metallic, although
somewhat less satisfactory propagation
has been obtained experimentally at
certain frequencies through solid die-
lectric rods employed as wave guides.
The wall thickness of the pipe is not
usually a material factor. Microwave
energy may be transmitted through
wave guides with such improved ef-
ficiency as to justify abandonment of
lines and cables at those very high
frequencies where wave guide dimen-
sions are small enough to be prac-
tical.

The hollow, rectangular wave guide
may be considered to have been evolv-
ed from a two -wire transmission line

AEROVOX PRODUCTS ARE BUILT BETTER
Printed in U. S. A. Copyright 1946 by Aerovox Corporation



on each side of which have been con-
nected facing quarter -wave shorted
stubs. This evolution is depicted by
Figure 1.

At 1-A, a two -wire transmission
line is shown with one shorted quarter -
wave stub connected below. The
nature of energy distribution along
the shorted quarter -wave stub is such
that the open end of the stub is equiv-
alent to a high impedance. In conse-
quence, the line impedance is not dis-
turbed appreciably by connection of
the stub. A number of similar stubs
may be hung on the line, as shown at
1-B, also without altering the line im-
pedance detrimentally. And, con-
tinuing the process still further, facing
quarter -wave stubs may be connected
above the line as well, as shown at
1-C, with an upper stub matching ev-
ery lower one. The addition of facing
stubs above and below the line may
be carried out indefinitely, the spac-
ing between adjacent stubs becoming
successively smaller until finally the
adjacent stubs are in close contact
with each other. An infinite number
of such stubs thus finally constitutes
a rectangular pipe open at each end,
as shown at 1-D. In the latter illus-
tration, the dashed lines represent the
position formerly occupied by the
transmission line. This evolution es-
tablishes the theoretical minimum
height which this type of wave guide
may have as 1/2 wavelength. Other
versions may be some multiple of a
half -wavelength in height. However,
the minimum height (h) which this
type of pipe may have is 1/2 wave-
length. The width (w) serves to
establish the voltage breakdown and
mode of operation. Mode will be
described in its place.

From the foregoing description, it
may be seen that the tube or pipe
comprising a simple rectangular wave
guide shows little complexity on the
surface. It is not so simple, however,
to gain an exact understanding of pro-
pagation of microwave energy through
even a simple wave guide, since a
complete examination of the action
requires application of Maxwell's
equations. Nevertheless, it is pos-
sible for the reader having no com-
mand of higher mathematics to gain a
practical understanding of wave guide
action in terms of physical phenomena
with which he already has some ac-
quaintance. The following paragraphs
aim to present such a qualitative pic-
ture.

PROPAGATION THROUGH REC-
TANGULAR WAVE GUIDE

Slater has stated in his textbook
Microwave Transmission that "an in-
finitely long hollow pipe, of rectan-
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gular cross section and conducting
walls, transmits many types of elec-
tromagnetic waves with small atten-
uation and is a practical transmission
line."

Microwave energy introduced at
one end of a wave guide will tend
to pass through the guide in a manner
analagous to the behavior of high -
frequency electromagnetic waves
transmitted into space. That is; the
electromagnetic waves will, if the
wave guide is properly proportioned
for the operating frequency and the
energy is properly introduced (as will
be shown later), be reflected from
wall to wall in a zig-zag passage
through the guide. Propagation of
this sort, illustrated by Figure 2, re-
sembles that of the sky -wave com-
ponent of short waves radiated from
an antenna. Each wave comprises an
electric (E) and a magnetic (H) com-
ponent operating at 900 with respect
to each other but in time phase.

With highly conducting inner walls,
which are assumed, the angle of in-
cidence of the waves is equal to the
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angle of reflection. At each reflection,
the electric field of the wave is re-
versed. This reversal is depicted in
Figure 4 by a change from a solid to
a dashed line after each indicated re-
flection.

In a wave guide of given dimen-
sions, high -frequency waves (See Fig-
ure 2-A) will undergo less reflections
between walls than will waves of low-
er frequency (Figure 2-B). This
gives the higher frequency the more
rapid propagation through the wave
guide. The velocity of propagation
of a wave of any frequency through a
wave guide (termed group velocity)
is lower than the velocity of a wave
of the same frequency in air because
of the zig-zag path taken inside the
guide. Multiple reflections cause the
wave to travel farther while in the
guide than the actual guide length.
In a simple rectangular wave guide,
group velocity depends upon dimen-
sion h (See Figure 1) and is direct-
ly proportional to frequency.

Operation of the wave guide dif-
fers especially from that of the simple
2 -wire transmission line in that reflec-
tions in the former are not in the
direction of propagation but at an
angle. These "angular reflections" give
rise to standing waves in the usual
manner. In order to comprehend, in
a physical sense, the formation of
standing waves within a wave guide,
it is helpful to consider that the elec-
tric field of the wave is reversed at
each reflection. The reflected com-
ponent accordingly is of opposite
phase, and cancels the ordinary or
primary component. The physical
concepts are the same that would



apply to the simple 2 -wire transmis-
sion line in which the transmitted
wave encounters reflections from the
far end of the line and the result is
the setting up of maxima and nodes
along the line.

In order to achieve good wave
guide operation, as just explained,
any skin currents flowing on the
metallic walls of the guide must he
negligible if not completely zero. This
requirement necessitates that the elec-
tric field of a wave to be transmitted
be minimum, or zero, where it meets
the walls. Figure 3 shows how this is
accomplished by proper dimension-
ing of the guide for a given operating
frequency. The arrangement depict-
ed will insure that the electric field
will be tangent to the guide wall sur-
face and zero at every point.

Both 3-A and 3-B show distribu-
tion of the electric field intensity with-
in the guide. The corresponding sine
curves are plots of field intensity,
with positions in space as the ordin-
ates. Close grouping of arrows cor-
responds to high field intensities, and
vice versa. Those portions of the
field which have not been included
within the guide (and which do not
exist outside of the guide but are
shown here merely for reference) are
indicated in Figure 3-A by outside ar-
rows. In Figure 3-A it is seen that
the electric field has the required zero
intensity at each wall. In order for
this condition to obtain, exactly one-
half wavelength is represented by the
space distribution of the field inten-
sity within the guide. And it may be
seen by examination of the arrow
grouping and the corresponding sine
plot that no smaller fraction of a wave-
length would place electric field min-
ima at the walls. However, a multiple
of 1/2 wavelength might place zero
field intensity points at the walls of
a wave guide of the same size. This
is shown in Figure 3-B where three
half -waves have been "fitted" into the
same guide dimension.

These illustrations give explanation
and justification regarding the mini-
mum size of 1/2 wavelength for the
dimension h. The w dimension, as
mentioned earlier in the article, is
not particularly critical. The fact that
multiples of 1/2 wavelength will be
propagated through the wave guide
to the exclusion of submultiples makes
a wave guide comparable to a high-
pass filter. Thus, a wave guide of
given dimensions has a definite cut-
off or critical frequency. In Figure
2-A, the wave frequency is somewhat
higher than the cut-off frequency,
while in 2-B the wave frequency is
at or near cut-off. In connection with
discussion of these facts it is interest-

ing to note, however, that in practical
operation the frequency -determining
dimension of the wave guide is limited
to slightly more than an exact half -
wavelength.
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It must not be overlooked that both
electric and magnetic fields are pre-
sent in the wave guide and that these
two fields act at right angles to each
other. Both are reflected by the
walls of the wave guide. When there
is an equal number of reflections of
each field, all at the same angle, the
two fields do not overlap at any
point, and maximum energy is trans-
mitted through the guide. Since a
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number of frequencies higher than
the critical may be transmitted by a
given wave guide, the condition just
described for maximum transfer ob-
viously does not exist for each of
them. In order to obtain maximum
transfer, the proper guide dimensions
must be employed for a specific oper-
ating frequency.

Figure 4 illustrates the condition
just described for maximum propa-
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gation. The reversing electric field
is depicted by the alternate heavy and
dashed lines, while the magnetic field
is indicated by the arrows. Points of
reflection of the electric field are sep-
arated by 1/2 wavelength, as are also
those of the magnetic field. Electric
and magnetic reflection points are sep-
arater by 1/4 wavelength.

Decreasing the angle of incidence
results in fewer reflections of the mag-
netic field of a given wave, but more
of the electric field. As the angle
is lowered, the direction of the mag-
netic field path approaches the direc-
tion of propagation - that is, the
lengthwise axis of the wave guide. At
zero degrees, the direction of the mag-
netic field coincides with the direc-
tion of propagation, but no energy is
transmitted by the guide because the
electric field, being perpendicular to
the direction of propagation, then un-
dergoes only a series of reflections
back and forth between the walls.
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BOOST KVA RATING BY FIVE OR MORE . . .

CUT PRESENT SIZES OF POWER CAPACITORS . . .

AEROV0Xx-SEIRIFS 1780

TECHNICAL DATA ON REQUEST

MICA CAPACITORS
 This new water-cooled oil -filled mica capacitor
handles exceptional KVA loads for its size. This
means that more power can be handled than with
previous capacitors of similar size or, conversely,
capacitor size can be greatly reduced for given
power ratings.

Series 1780 capacitors attain their higher KVA
ratings in two ways: (1) By exceptional design
such as critical arrangement and location of
sections; choice of materials; specially -plated
parts; large cross-section of conductors; care-
ful attention to details and true craftsmanship

in production. (2) By the use of a water-cooling sys-
tem so designed as to provide maximum heat trans-
fer from capacitor section to cooling coils.

All in all, here is a sturdy, compact, hard-working,
trouble -free mica capacitor for extra -heavy-duty
service, such as induction furnaces and high -power
transmitters.

Mica stacks in oil bath. Cooling
coils in oil bath for efficient trans-
fer of heat.

Air-cooled operation. 200 KVA:
with water-cooling. 1000 K VA-a
one -to -five ratio.

Ratings up to 25,000 volts A.C.
Test. Capacitances up to .01 mfd.
Rated loads up to 1000 KVA. Typi-
cal unit: 20.000 V. at .01 mid.
Lower power factor (.01°0. Long
life and large factor of safety.

Provisions for making connections
with hiqh-current-capacity conduc-

tors. Four -stud terminal. Grounded
case.

Heavy welded metal case, her-
metically sealed. Exceptionally
sturdy construction.

Series -parallel mica stack designed
for uniform current distribution
throughout.

Silver-plated hardware for mini-
mum skin resistance. To minimize
or eliminate corona, terminals are
finished with large radii of curva-
ture. Steatite insulator shaped to
hold gradients below corona limits.

FOR RADIO -ELECTRONIC AND
INDUSTRIAL APPLICATIONS


