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Fig. l—Section of the plasma apparatus showing the
microwave cavity.

Fig. 2—Exploded view of the microwave cavity.

The mechanical complexity introduced
by the requirements of water cooling and

vacuability make the construction of sepa-

rate cavities for each frequency undesirable.
A single circular cylindrical cavity shell is
described below which can by means of in-

sert rings and plugs operate over a fre-
quency range greater than 2 to 1 (36 to 88
Gc). The assembly has considerable me-
chanical strength. The cavity is short enough
to avoid serious fluid flow problems but long

enough to achieve a reasonable Q. Both the
iris size and position can be changed to allow

a variety of modes to be excited.

The cavity assembly is shown partially
dismantled in Fig. 2. The cavity shell con-

sists of three parts: a body 3 inches in diame-

ter and 0.438 inch thick and two end plates

each 3 inches in diameter and + inch thick.

All are copper with 0.5 per cent tellurium
added for ease of machining. Copper pro-
vides both the high thermal conductivity
and when polished the high surface elec-
trical conductivity desired. Water channels
milled in each part are connected via &
inch copper tubing to ~ inch polyflow fittings.
Each end plate is secured to the body by six

screws which clamp a Parker 2-38 O-ring-

vacuum seal. The actual microwave work-
ing surfaces are formed by an insert ring

which reduces the diameter from 1.5 inches

to that desired and two insert plugs which

attach with screws to the end plates and fit

inside the insert rings to reduce the length.

In the foreground of Fig. 2 one sees from
right to left an end plate, insert plug, insert

ring, cavity body, and the other end plate
with insert plug attached. Behind is shown
the waveguide which is built up to fit the
rectangular hole in the body. The coupling
iris is drilled in a 0.010 inch brass plate

which is soldered directly onto the end of

the input waveguide. This waveguide is in-
serted through the hole in the body, past the

slotted ring until it seats against the plugs.

A sliding flange shown mounted on the
waveguide is then tightened down against
a small O-ring (stretched over the wave-
guide). This arrangement affords a vacuum
seal to the waveguide and also holds it in
place. For nonsymmetrical excitation the

Correspondence

waveguide is located as far off the cavity

midplane as possible and the iris is moved

off the guide center if necessary to obtain

the appropriate coupling. While this scheme
is not perfect it works well enough to allow

excitation of TEnnZ modes with adequate
coupling.

The theoretical QO for the TEOII mode at
38 Gc (neglecting end plate holes) is about

7000. The experimental 00 is found to be
greater than 2000. At sore-e frequencies this

exceeds the wavemeter Q used in spite of the

cavity’s large end plate holes and pancake

shape. In the smallest cavity employed, the
plasma need leap across a gap of only just
over & inch.

Data reproducibility is excellent. In
actual use measurements were taken with

the cavity. It was then dismantled and as-

sembled with a different set of inserts. When
it was reassembled in its original form, the
original data were reproduced exactly (with-
in experimental error).
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Radiation Characteristics for a

Magnetic Line Source in

Homogeneous Electron
Plasmas

The radiation characteristic of a mag-
netic line source in an anisotropic compres-

sible electron plasma was discussed in a
recent paper by Seshadri. ~ In Seshadri’s

paper an excessive amount of effort is de-
voted to evaluating certain integrals occur-
ring in the Fourier transform solutions of
the single-fluid magnetohydrodynamic equa-
tions. The following discussion presents a

greatly simplified method of evaluating the

appropriate integrals describing the “op-
tical” and “plasma” modes of radiation.

The time harmonic (exp –id) equa-

tions for the single-fluid compressible sys-

tem may be formulated as

vXE–iu~OH= –J. (1)

v X H + iut-OE = NeV (2)
–iwNOV = iVe(E i- v X ~o) – Vp (3)

a%NOV A V — iwP. (4)

The notation utilized in (l)–(4) is that

which Seshadri chose in his formulation.
Furthermore, we now restrict our attention
to a magnetic line source parallel to the y-

axis of a right handed system (A, y, z), Im-
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posing this constraint to (l)–(4) and apply-

ing Fourier transform theory, we obtain the

integral equations for HV and P (see Ses-

hadri’).

l–x–w XY.q =
1– yn’ .,. i=?

A = (~’ + f2 – ~~pz)(~z+ ~z – &Oz)

‘[

(l– X+ Y)(l --X-Y)

1(l– X)(l– X–Y2) ‘

kmo2 and kmrzare roots of P (k) = O, where

P(h) = k4 – (Q2/C’ + 02/a2) (1 – X – 172)

+ (@’/&) (02/.2) [(1 – X)2 – Y“],

co’ (1 – X)2 – Y2~a2= ~
[ 1l–x “

Unfortunately, Seshadri chose to evalu-
ate the integrals in (5) and (6) in rectangular

coordinates ystems as given. In so doin~g, he

encountered multivalued i ntegrands which

complicated the evaluation of the magnetic
field and hydrostatic pressure in the plasma.

The following evaluation of the integrals
provides a rather simple methc)d for the de-
scription of the radiation characteristic of
the line source.

The integrals are defined as

Transforming both real-space and transform-
space variables to polar cocmdinates, we
recognize the integration with respect tothe
angular variable as an identity for the
Bessel functions and obtains

We now make use of complex function
theory, substitute Hankel functions for the

2Ib{d., see (35) and (36) on D. 43.
8 E. Jabnke and F. Erode, “Tables of Funct) ens, ”

Dover Publications, New York, N. Y.; 1945.
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Bessel functions and distort the contours of

integration into the first and fourth quad-
rant of the complex k-plane. Integrals in-

volving HO(2) (kp) are evaluated kr the fourth

quadrant and those with Ho(l) (kp) in the
first quadrant. The integrals are then com-

pletely specified by the residues in the first
and fourth quadrant.

However, we may simplify the evalua-

tion by imposing the argument that there

can be no poles in the fourth quadrant as
such poles would generate space waves
which would not satisfy the radiation condi-
tion as p+ co.4 The integrals are then evalu-

ated as

I,(p) = 2mi ~ Residues

“[

2rr(A’ – k.’)xilo(’) (XP)

2A(X) 1
, (11)

1*t

Iz(p) = 2~i~ Residues

“[

27rx3Ho(’)(kp)

2A(k) 1
(12)

4th

The poles of the integrands in 11 and 12

are determined by the roots of P(k) given
above. We find for the magnetic field and

pressure the following expressions:

CM,,J, (?t~P’ – ka’)
H,(p) = ——

{
————- HO(’J (k.,p)

461(1 – 0) (km; – kfio?

(km,’ – k.’)

1
+ ~~:~m~ HO(’) (L.P) , (13)

7n

BoXJo Wf(le
———P(P) = 4(1 – x) ,,(1 – @

{

&n2

. —— — Ho(’) (kmPp)
kmpz – kmoz

+ –~”~
1

Ho(’) (kmop) .
kmoz—kmPz

(14)

The optical and plasma modes are de-

scribed by the wave numbers k~o and kmp

respectively. Assuming the velocity of

sound is much less than the velocity of light
(a<<c) in the electron plasma, the wave num-
bers may be expressed as

kmoz = B(I – ~1 – C/Bz),

kmP2 A B(I+ x/l – C/B’), (15)

where

2B = (@/aZ + t#/c2) (1 – X – Y’),

c = ; [(1– x)’ – Y’].

To discuss the propagation characteris-
tics, we need only consider the range of
values for the parameters X and Y. For this
purpose we define the “parameter plane”
defined with X and Y as coordinates. In this
plane the critical curves are those for which
B = O and C’= O. These curves are plotted in
Fig. 1.

From this plot it is now a simple matter

to determine the regions of the X = Y’ plane

4B. B. Baker and E. T. Copson, ‘fThe Mathe.
matical Theory of HuYgens’ Principl e,”Oxford Uni-
versity Press. London, England; 1950.
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Fig. I—Optical-plasma radiation characteristics.

in which the optical mode or the plasma
mode are propagating or evanescent, Indeed
one finds the modes propagate as illustrated
in Fig. 1. The optical mode exhibits “cutoff”

characteristics along the lines defined by
(l–X)Z– Y1=O and l–X– P=O. The

plasma mode has only cutoff characteristics
defined by 1 –X– Y2=0. It is now quite

clear as to what values of parameters, .X and
Y, are critical in the excitation of radiation

modes in a compressible plasma. Power

splitting between the modes is now a rela-

tively simple matter for the regions indi-

cated in Fig. 1.
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Quasi-Optical

Filters
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Waveguide

Oversize rectangular waveguide oper-
ating in the TE1o mode is useful in con-
structing components operating at millimeter
and submillimeter wavelengths [1 ], [2]. This
communication describes preliminary results
on quasi-optical oversize waveguide tl ters.
It is easier to construct filters using this

technique and they have lower attenuation
loss than conventional-size waveguide filters.

When the waveguide is appreciably over-
size (10 or more times standard-size TEIO

waveguide), a good approximation to plane

wave propagation exists. This enables grat-
ings and dielectric slabs to be used in a way

that is similar to their application in optical
structures, which have previously been con-

sidered as filter-like elements at millimeter
and submillimeter wavelengths [3], [4], [5].
We have examined the problems of making
multi-element filters in oversize waveguide

using the techniques of free-space optics
modified appropriately for the oversize

waveguide. We will describe in detail a two-
port metallic grating and a four-port dielec-

tric-slab filter.

A typical two-port band-pass metallic-
grating structure can be constructed in over-
size waveguide using quasi-optical tech-

niques. The filter consists of n resonators,
each resonator being q half wavelengths long.

A typical grating consists of many regularly
spaced iris holes in a flat metallic plate.

Any coupling coefficient value can be ob-
tained by choosing holes of the proper
diameter.

The design theory for this filter, for the

calculation of coupling susceptance, is

similar to that for waveguide filters using

standard-size waveguide except that stand-
ard coupling structures such as irises and

slits cannot be used. To prevent higher

modes from being produced, it is necessary
to operate uniformly on the plane-wave

front. Uniform operation is possible if the
coupling is distributed throughout the sur-
face that connects the two resonators. We
have constructed and evaluated a filter of
this tvpe at 9 mm in a design that can be

scaled to the submillimeter region.
This experimental two-resonator band-

pass filter was designed in S-band wave-

guide. It operated at 32.775 Gc with a 22.5

MC bandwidth and a 1.7 db insertion loss at

its center frequency. Each resonator was

five half-wavelengths long. A similar design

in conventional waveguide (WR2 8 coin-silver
waveguide) using a Qu 60 per cent of theo-
retical, would have had a 6.6 db insertion

loss. Fig. 1 shows the completed filter. The
outer coupling holes are 0.104 inch in di-
ameter and the inner holes are 0.053 inch in
diameter. Each plate has 105 holes.

A graph of the insertion loss versus fre-
quency for the oversize waveguide filter is
shown in Fig 2. This figure also shows the

insertion loss vs frequency characteristics at

frequencies where each cavity was six half-
wavelengths long. A scaled version is now

under construction for operation at 330 Gc.
In addition, we are studying quarter-wave-

length dielectric-slab filters with similar
characteristics.

A typical four-port dielectric-slab filter
consists of a pair of parallel dielectric slabs,
oriented at 45° in relation to the incident
radiation, of thickness t, and separated by
an air space d. This device couples power
from port 1 to ports 2 and 4; no power is

coupled to port 3, and port 1 is matched
(Fig. 3).

The power transmitted from port 1 to
port 2 is a function of d and k. The multiple-

slab structure can be used as a variable at-
tenuator or as a directional coupler in addi-
tion to being used as a low-pass/high-pass
filter. The preliminary evaluation and anal-
ysis of this filter has emphasized coupling
properties (at a fixed frequency) with re-
spect to the variation in d. The actual device
was tested at 0.9 mm with a CSF carcino-
tron; it was far more practical to vary the
slab separation than to vary the incident

wavelength. The carcinotron was not oper-
able over a wide enough bandwidth for
meaningful testing nor could its frequency

be determined very accurately. A theoretical
analysis of the expected performance of the

device was made for the single-frequency

condition [1 ]. This analysis is readily modi-


