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Due to their interesting properties the history of resonators of the cavity
type in which a dielectric space is enclosed by a conducting material, goes
back many years. In 1893 J. J. Thompson?® derived expressions for resonant
frequencies of the transverse electric modes in a cylinder. Lord Rayleight
published a paper in 1897 dealing with such resonant modes. The early
work was almost entirely theoretical but some experiments were carried out
in 1902 by Becker® at 5 and 10 centimeters. In recent years, the subject
has heen fairly thoroughly investigated (at least theoretically) for several
simple shapes. '

However, many of the presentations are highly mathematical with con-
siderable space devoted to proofs; the results which would be most useful
to an engineer are thus sometimes obscured. The purpose of this paper is
to present certain engineering results together with information upon the
application of the tunable cylindrical cavity to radar testing.

DEFINITIONS AND FUNDAMENTAL FORMULAS
Modes

By fundamental and general considerations, every cavity resonator, re-
gardless of its shape, has a series of resonant frequencies, infinite in number
and more closely spacedas the frequency increases. The total number N
of these having a resonant frequency less than f is given approximately by
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in which
V = volume of cavity in cubic meters.
¢ = velocity of electromagnetic waves in the dielectric in meters per
second.

J = frequency in cycles per second.

With each resonance there is associated a particular standing wave pattern
of the electromagnetic fields, which is identified by the term “mode.”

In right cylinders (ends perpendicular to axis) the modes fall naturally
into two groups, the transverse electric (7E) and the transverse magnetic
(TM). In the TE modes, the electric lines everywhere lie in planes per-
pendicular to the cylinder axis, and in the 7M modes, the magnetic lines
so lie. Further identification of a specific mode is accomplished by the
use of indices.

The MS Factor

With the cylinder further restricted to a loss-free dielectric.and a non-
magnetic surface, there is associated with each mode a value of @ (quality
factor)” which depends on the conductivity of the metallic surface, on the






430 BELL SYSTEM TECHNICAL.JOURNAL

become sepatated. Secondly, the peripheral gap cuts through the surface
currents at points of high density for TM modes and minimum density of
TE Omn modes and hence is a form of mode suppression. Thirdly, the gap
greatly simplifies the mechanical design of a movable end plate by elimi-
nating the need of physical contact with the side wall of the cylinder.

A similar gap may be used at the other end. This facilitates ‘‘levelling”
of a false bottom in the cavity.

Fig. 14—Panel view of a 9 kmc echo box.

Back Cavity Effects

The cavity with a peripheral gap may give rise to further spurious reso-
nances in the region behind the reflecting surface (known as the back cavity)
if these responses are not damped. The addition of a lossy material such
as bakelite or carbon loaded neoprene in the back cavity is a successful sup-
pression method.

Cylinder Tolerances

The geometry of the structure is very important in realizing the poten-
tial Q of the cavity. The theoretical computations are based on a perfect
right circular cylinder which in practice is seldom achieved. Distortions
occur in various forms: e.g., the cylinder instead of being round may be
elliptical; the ends may not be perpendicvlar to the axis of the cylinder or
not parallel to each other; surface irregularities may be present causing field
distortions within the cavity. Many of these effects have been minimized
by requiring adherence to close dimensional tolerances.

For some designs, the requirement on the parallelism of the end plates is
greater than can be commercially produced. An adjustable mechanism for
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levelling is a practical solution. Tilt adjustments in the order of 0.001 inch
at the edge of the plate (about 3-inh diameter)' are required in the 9 kmc
band. Experience in the 25 kmc band shows evidence of the need for even
finer control.

Plating

In addition, adequate control of the conductivity of the interior surfaces
of the cavity is necessary to achieve a uniform manufactured product. This
requires attention not only to the thickness and uniformity of the plating
but also to the purity of the plating baths and the avoidance of introduc-
tion of foreign matter during buffing processes.

Couplings

The type and location of the coupling means can be used to discriminate
between wanted and unwanted modes. Hence, this is a fertile field for mode
suppression techniques. For example, since TM modes have H, = 0,
orifice coupling to the main mode at the side wall of the types shown in
Table IV, cases 1A and 2A, will not couple to any TM modes. Again, if end
coupling is used in a cavity which will support-both the TE 01 and TE 02
modes, by locating this coupling at the point where H, = 0 for the TE 02
mode (about 549, of the way out from the center), it will not be excited and
coupling to the TE 01 will be only slightly below maximum.

For echo box test sets the magnitude of the input coupling to the wanted
mode is 2 compromise between the incomplete buildup of the fields within
the cavity during the charging interval and the loading of the cavity Q on
discharge. This is carried on by varying the coupling and observing the
“ringtime” (the echo box indication on the radar scope). Optimum coupling
is achieved when ringtime is made a maximum.

Output couplings for echo boxes are made so that just enough energy is-
withdrawn from the cavity to give an adequate meter reading.

Drive Mechanism

The objective of the design of the tuning mechanism is to provide a
smooth, fine control with a minimum of backlash. An illustration of the
mechanical perfection required can be cited in a 9 kmc¢ band design where
1 inch of travel covered 200 megacycles in frequency. Hence, for frequency
settings to be reproducible to within 4 mc the mechanical backlash of the
moving parts had to be held to about 0.0003 inches or 0.3 mil. To realize
this in commercial manufacture and to maintain it after-adverse operating
conditions such as vibration and shock was a major mechanical design
problem.

In the design of this drive mechanism it should be recognized that equal
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merging point of the cavity signal and the noise will show proportional
changes in ringtime. Hence, the ringtime indication measures these two
factors on which the radar’s ability to discern real targets so largely depends.

The exponential buildup and decay of the charge in the cavity occur at a
rate determined by the working decrement of the cavity. As mentioned
previously, a decrement of about 3 db per microsecond is a satisfactory value
for the 3 kmc and 9 kmc bands. A one microsecond change in ringtime
(roughly one-tenth mile) would, therefore, represent a change in system
performance of 3 db.

Uniformity Control and Expected Ringlime

By introducing an adjustment for the working Q of the cavities it is now
possible to control the uniformity of the manufactured product to very
close limits. Other improvements have also been incorporated which insure
that boxes which have been made alike as to Q will similarly give uniform
ringtime indications on a test radar. If the test sets are all alike as to ring-
time, it is then possible to quote an “expected ringtime” for each of the
various radars to be serviced by the echo box. Initially a measuring tool
indicating relative changes in day to day operation of the radars, the uni-
formity provision with its “‘expected ringtime” has made the echo box test
set an absolute measuring instrument of moderate precision.

1

Other Uses

In addition to its use as a measure of over-all performance of a radar, a
significant number of diagnostic tests may be performed when trouble de-
velops, which aid in rapidly locating the source. One such test is spectrum
analysis. The extreme selectivity of the high Q cavity permits examination
of the spectrum of the pulsed wave and from this may be deduced charac-
teristics of the pulse, including pulse length. Multiple-moding of the
magnetron circuit is easily shown by this analysis.

The meter of the test set gives a relative indication of the output power of
the radar and this in itself assists greatly in segregating transmitter troubles
from receiver troubles.

Also of importance is the use of the echo box as a frequency meter. The
high Q of the cavity plus the fine control of the drive mechanism and the
direct reading dial give excellent results (comparable to that of a wave-
meter).
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