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Fig. 1. The launching structure.
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Fig. 2. The launching efficiency m of the dominant
beam mode as a function of Ro/po.

Excitation by a superposition of a
H,,-mode and an E,,-mode (with optimum amplitude
ratio of the two modes).
.--— -- - Excitation by a H,,-mode
— .—.— .— .— Excitation by an E,z-mode.
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Fig. 3. The cross-sectional electric field distribution in
the waveguide aperture in the case of optimum
launching conditions for the dominant beam mode.
The dotted curves shows the Gaussian field distribu-
tion of the beam mode.

Inserting (1) and (4) into (9) the integrals over
~ and @can be evaluated; expressing further-
more C by (7) the power ratio TJbecomes

The maximum value itself is with (10)

La -1

+1 ‘6 ‘“’J (12)

The integrals F (8) on the right-hand side of
this equation have been evaluated by a com-
puter as functions of RO/PO. With the numer-
ical values obtained fi according to (12) has
been plotted in Fig. 2. The optimum launch-
ing efficiency is reached at Ro/pz = 2. 15; the
optimum value, as stated before, is 98.3 per-
cent. Note that for a confocal beam wave-
gnide (z, =~), the optimum aperture radius of
the metallic waveguide, according to (5), is
Riz= 3.04~zi)/k.

The dotted curves in Fig. 2 show the
launching efficiency if the dominant beam
mode is excited by only the I&mode (B= O)
or by only the En-mode (A= O). In the t3rst
case, as stated before, a launching efficiency
of 86.7 percent can be achieved; in the second
case the launchirw efficiency does not exceed
31 percent. - “

In Fig. 3 the tangential electric field distri-
bution in the wavezuide aDerture is dotted for
optimum lahchi~g co~ditions; ‘for RO/PO

=2. 15 the amplitude ratio B/A according to
(11) is -

B

z
= 0.250.

(The corresponding power ratio of the Eu-
mode and the Hn-rnode is O.184.) The curves
show the components EP(l) and EOCIJ as func-
tions of p for @=0 and @= r/2, respectively;
these components have been normalized to
unity at p = O. For a comparison the Gaussian
distribution of the components Ep<s), E@(Zj of
the dominant beam mode in the plane z =0 is
indicated by the dotted line; their amplitude
factor C (= 1.08) is with (7), determined by
the normalization of E#), E@@.

Potter’ has treated the radiation from the
open end of a cylindrical waveguide illumi-
nated by a superposition of a H1l-mode and
an ElI-mode. If the amplitude ratio of the two

where

Equation (10) yields the launching efficiency
as a function of RO/pO and of the amplitude
ratio B/A between the EII- and H1l-modes. A
simple calculation shows that ~ as a function
of B/A has a maximum for
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modes is in the neighborhood of the value
(13) a radiation pattern with a low sidelobe
level is obtained. The minimum possible back-
Iobe is achieved for an amplitude ratio that
ditTers from the value (13) by less than 2 per-
cent; in this case the sidelobe level is below
44 dB. These results are in agreement with
our calculations as the radiation characteristic
of a Gaussian wave beam has no sidelobes.
Sidelobes must be accounted for by the
higher-order beam modes which, in the case of

5 P. D. Potter, “A new horn antenna with suppressed
side lobes and equal beam widths,” Microwave J., vol.
6, pp. 71-7S, June 1963.

optimum launching efficiency for the domi-
nant beam mode, are excited only with very
small amplitudes.
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Comments on Loaded Q of a Wave-

guide Cavity Resonator

Several equations relating the doubly
loaded Q of a lossless waveguide cavity reso-
nator to the normalized snsceptance of the
input/output inductive coupling obstacles
(i.e., posts or irises) have appeared in the litera-
ture. These equations employ transcendental
functions that are not convenient for many
design calculations. In this correspondence,
an approximate equation will be presented
that does not employ transcendental func-
tions and gives reasonably accurate results
for most practical cases.

A single cavity resonator symmetrically
loaded by matched waveguide terminations
through inductive discontinnities can be repre-
sented by the equivalent circuit shown in Fig.
1. For a nominal half-wave resonator, reso-
nance occurs when

(1)

where

b= normalized susceptance of discon-
tinnitv (Note: b will be negatiue for
induc;iv; irises or posts)

4= 2~1/&o = cavity electrical length
1= cavitv VhvSiCal length

&iZ= guid; ~a~elength at resonance.

Assuming b varies linearly with k, (i.e.,
B= Khg where K is a constant), the loaded Q
of the resonant cavity has been derived by
Reed [1]

. tan–l ()
Zb,: +—======

~b’ + 4 1
(2)

where

Q~= loaded Q of resonant cavity
k~= free-space wavelength at resonance.

Manuscript received August 30, 1966; revised No.
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CORRESPONDENCE 193

This exact expression for QL takes into
account the frequency sensitivity of Zr. It
should be noted that the center frequency is
neither the geometric nor algebraic mean of
the half-power frequencies [2].

Approximate equations for loaded Q are
available that neglect the frequency sensi-
tivity of b. In Murnford’s classic paper on
waveguide filters [3], the equation for loaded
Qis

QL .+(+)’

“[ ( )1
–b<b! + 4 tan-l ~ . (3)

Riblet [4] employs an expression for QL

as

QL = (T–95)COSI$
(4)

sins +

Letting o= tan-l(l/b), (4) becomes identical
with (3).

Pritchard [5] and Fano and Lawson [6]
compute the loaded Q from the following
as

‘L= (%)R)’
“tan-%% ‘5)

This equation-which has also appeared
in Ragan (vol. 9 of the Radiation Laboratory
Series) [7]—which presents the following
simplified equation applicable to narrow-
band filters when b>>10:

(6)

An approximate equation for loaded Q
which does not employ transcendental func-
tions will now be derived [8].

The lumped-circuit prototype of the
doubly-loaded lossless waveguide cavity reso-
nator is shown in Fig. 2. All circuit parameters
have been normalized. Replacing the shunt
loadings by equivalent series loadings, Fig. 3
is now applicable.

Wol + 2x
Q.= ~v =W$. (7)

For a short-circuited ?../2 transmission
line, wJ+2x is, to a good approximation,
equal to

u, dX u iIL
—— .—.—
2Z0 duo .0 ZO

w01) (8)

where

coo= angular resonant frequency
X= absolute reactance of waveguide

transmission line
Zo = waveguide characteristic impedance.

Since X=2, tan 2ml/&, then [9]

To obtain r as shown in Fig. 3

Fig. 1. Equivalent circuit of waveguide
cavity resonator.
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Fig. 2. Lumped-circuit prototype with shunt loadings.

Fig. 3. Lumped-circuit prototype with series loadings.

let

1 1 jb
Z=r+jz=— — —

l+jb=l+l)–l+bz
(lo)

then

1
r. =-.

I+bz
(11)

Substituting (9) and (11) into (7), it can be
shown that

()QL =~~ ‘(1 +YP). (12)

Values of loaded Q for different normal-
ized susceptances have been calculated using
(2), (3), (5), (6), and (12). These are tabulated
below, assuming (&o/kiI)’ = 2.08:

QL
—

equa- equa- equa- equa- equa-
B tion tion tion tion tion

(2) (3) (5) (6) (12)

T 8.44 6.93 5.79 6.56 S.16
— — —

4 2s. s 24.9 22.9 26.2 27. S

6 II 61.8 I 55.7 I 54.5 I 59.0 I 60.4

s“ 108 99. s 9s.1 105 106.5
—

10 166 156.5 154 164 165
. —

12 238 226 226 236 237

It can be seen that the approximate equa-
tion (12) provides the closest results when
compared to exact equation (2). Errors of less
than 3.3 percent will be incurred for values of
b z 2.o. When b z 10.0, this error is reduced to

a maximum of 0.6 percent. It should be noted

that (2), (3), (5), (6), and (12) are applicable

to the singly-loaded waveguide cavity by re-

placing the factor ~ by +.
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Control of Resonant Frequency of YIG-

Disk Filter by Doublet Tuning

I. INTRODUCTION

Magnetically tunable filters generally use
ferromagnetic resonators in the shape of a
sphere. The most common ferromagnetic ma-
terial is single-crystal yttrium ifon garnet
(YIG), which has a saturation magnetization
47rM, of approximately 1750 Oe. YIG spheres
are satisfactory at frequencies down to almost
2 GHz, but doping is required (for instance,
with gallium) to obtain high-Q resonance at
lower frequencies. Since it is difficult to con-
trol the 4rM, of Ga YIG, tuning adjustments
have to be provided in multi-resonator filters,
usually by a rotation of one of the Ga YIG
spheres on a dielectric rod, changing the
angles between its crystalline axes and the ap-
plied magnetic field.’ The lower the operating
frequency of the filter, the more doping is re-
quired, and the greater the variation in 4~M.
from resonator to resonator. By using disks
rather than spheres, less doping is required.z
However, it is more difficult to adjust the
resonant frequency of a disk by rotation, than
it is for a sphere. Another technique was
therefore developed, using a pair of disks with
adjustable spacing between them for each
resonator; the spacing is adjusted to control
the resonant frequency of the composite reso-
nator.

In order to realize a multi-resonator band-
pass filter with one Ga YIG disk per resona-
tor, one must find a set of disks whose reso-
nant frequencies at a given magnetic field, in-
cluding the effects of shape and saturation, are
sufficiently matched.z For example, in order-
ing disks (e.g., from Airtron, with nominal
4rM, = 1000 Oe), a tolerance less than t 10
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