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Summary.

The comnlete modal snectrum in the complex nlane of the nropagation constant for a rec-
tangular guide partially filled with transversely magnetized lossless ferrite has been investigat-
2d and some numerical calculations have heen carried out.




In a previous work"’ we have investigated the modal spectrum for a rectangular guide
with perfectly conducting walls partially filled with transversely magnetized lossless ferrite (Fi-
qure 1).

Our discussion was however limited

to real values of the propagation constant

k
o

It is the purpose of this work to in-

vestigate the modal spectrum in the whole
compnlex % _ plane. Our discussion will be
limited to zero order modes (k, = 0).

The characteristic equation to bein-
vestigated has been known for some time(2’
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and it is the following .
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Fig. 1 - The recmnquhr guide partially

In equation (1) dependence of the filled with ferrite.

form exo (j(wt~ k; x)] has been assumed, the propagation constants k,, k., and k, aremea-
sured by assuhing asunit wyu, € , and .
— . = \[7 _ 12 . 2 -
ko =Y1- K : k,, = V& - K : t €

where € is the relative dielectric constant of the ferrite and 4, and u, are thecomponents of
the ferrite tensor relative permeability :
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For alossless ferrite ) and 4, are real and are given by the followinz exnressions
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where :
M @
)
p = : T = : @ :-'y'i :
o Hy “ ° 0

1, is tie satnration ~a metization >f the ferrite, "1 is the applied d. c. magnetic field, ¥ is
the zyroriagnetic ratio foc the electron.
To our knowledse discussions of equation (1) have been rather limited and the only nn-
merical results available for lossless structures refer to real values of the ~rona ration constant.
In what follows we shall consider only lossless structures. It is 2asy to verify that if
%, is a solutinn of (1), k} (the asteris's inlicates the conplex conjugate) is also a solution.
T siwnlify onr analysis ve shall assume b, =b,. For this case it is easy to carry out

an asymntotic analysis by assn~ing :
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andin adlition :
py fu, #0 and by -, t1 A0,

From (1) we obtain the following asynntotic solntions (k, = k® +i k! ) :
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For alossless ferrite ; and 4, are real an4 are ziven by the followinz exnressions

_ P T
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where :
M @
P = | T = . W = - ')"i :
#o Ho % ° 0

!, is tie saturation -a etization of the ferrite, 1 is the applied d. c. magnetic field, y is
the zyromagnetic ratio for the electron.
To our knowledse discussions of equation (1) have been rather limited and the oaly nu-
merical results availahle for lossless structures refer to real values of the ~rona ration constant.
In what follows we shall consider only lossless structures. !t is 2asy to verify that if
is a solution of (1), k) (the asteris in dicates the coplex conjugate) is also a solution.

To simolify our analysis ve shall assume b, = b,. For this case it is easy to carry out

an asymototic analysis by assnaing :

(? Ik | >>1 111 Ik, |->> [e2]
and in adiition :
p,1+y2#0 and /'Ll"u’2+]"J:O‘
From (1) we obtain the following asynntotic solntions (k = k‘: +i kl ) :
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Fig. 2 - Solutions of equation (1) in the complex plane of the propagation constant k = k’i + jk{ . The nume-
rical results refer to the numerical values of 5, €, r,by and by indicated in the figure. These values may be
taken to correspond to -

My=0.3 Wb/m?® - W = 1054 A/m ; = o/2r =9000Mc/s ; (bet+by)/ w¥igg =0.9



or : r 2 2
1 Ky — K~ #4y
' k®? =—coth’! ——
bf N #2
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In (3), (4) and (5) n is any integral number sufficient to fullfill (2).

We have considered a numerical case for which we have solved equation (1) without any
asymptotic approximation. The values of the parameters are indicated in Fig. 2,in which the so-
lutions of equation (1) are recorded only in the k! > 0 plane, since the solutions are sym-
metric with respect to the real axis.

The solution of equation (1) have been obtained by separating real and immaginary parts
and setting them separately equal to zero. In the plane k‘}( , k{ , each of these two equations
is represented by a cwve with many brances. From the intersections of these two ciirves we ob-
tain the solutions sought.

We have investigated the following zone of the k, complex nlage :

-20 <k% <20 ; 0 <k

e

<2

This investigation has required about twenty five hours of a medium speed eleétronic
digital computer.

With the numerical values assumed in Fig. 2, the asymptotic solutions are given by (3)
and (4) .

From the numerical results and the asymptotic analysis it appears that the structure con-
sidered possesses only one zero order unattenuated propagating mode and an infinite number of
attenuated propagating modes, lying in a narrow strip including the immaginary axis.



