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Periodic structures ore used as filters and os interaction structures in micro-

wave tubes. In this paper some of the effects of anisatropic 100ding ore dis-

cussed. It is shown that plane structures can be used for separating modes and

that praper loading of waveguide circuits with anisotropic media causes their

~ - /3 plots to be shifted. A ring circuit is discussed which has the non-

reciprocal property that the phase shift fram ane port ta another is the negative of

the phase shift in the reverse directian. In all cases the medium is assumed to be

Iassless ferrite; however, the conclusions also apply to plasmas and optically

active media.

In isotropic periodic media vertically and horizontally polarized modes are

degenerate. The presence of ferrite and a longitudinal d-c magnetic field break up

this degeneracy.1 In addition, if there is a d-c magnetic field oblique or transverse

ta the direction af pawer propagation, longitudinal components of a-c magnetic

field will exist. At the boundary of an anisotropic media cross coupling can exist

between the various modes. In a media consisting af slabs with infinite trans-

verse dimensions this behavior can be treated by a 4 x 4 transmission matrix

formulation. The elements of this matrix have been derived. For Iangitudinal ar

transverse magnetic field the 4 x 4 matrix reduces to two 2 x 2 matrices diagonally

within the 4 x 4 matrix, the ather elements being zera. Thus for these cases the

modes may be treated separately. The results lead to polarization filters which

can separate right circularly fram left circularly polarized waves for a longitudinal

d-c magnetic field and parallel from perpendicularly polarized wave far a transverse

d-c magnetic field. Figure 1 shows o vs. @ for plane waves in three media; the

first consisting entirely of ferrite, the second of alternate sections each .0025

meters long of air and ferrite, and the third of all air. The ferrite had an fm of

4.76 GHz and a longitudinal magnetic field strength af 2000 oersteds. The second

case demonstrates the filtering property for left and right circularly polarized modes

since the pass bands for the two modes do not occur at the same frequencies. A

uniform ferrite medium also has this praperty, but anly near resanance where the

losses are high.

It can be shown that the change in propagation constant of a periodic wave-

guide is given by2

.lJ8A[Ko(Ho*. M + Ho . M’)] da
P-PO= %0

for small perturbations, where So is the power flow in the guide and Ho the

magnetic field before it was perturbed, M is the magnetization of the ferrite and

the increment af area is taken aver the ferrite. This expressian gives opposite

signs far the magnitude of the change in ~ for TEOl waves propagating in the

forward and reverse directions in rectangular guide, as it does far uniformly

loaded guide, when the magnetization is found using the permeability tensor for

ferrite. Therefare a periadic structure lacking transverse reflection symmetry can

have an 0- /3 plot which is not symmetrical about the ~ = O axis. This is never

true far an isotropic guide with longitudinal reflection symmetry.
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A periodic structure is usually shorted at a plane af reflection symmetry to

measure its properties. This works because the forward and reverse propagating

modes have the same transverse field function, a property which in general is nat

true of a ferrite loaded waveguide. Therefore, a ring circuit which was periodic

in the 6 direction was used to test the conclusion reached from perturbation theory.

A ring circuit, unlike a linear circuit with infinite length has discrete resonances.

If the numberof sections is allowed to ga to infinity while the section length is

held constant, the number of resonances will ga to infinity and the resonances will

become points on an co – ~ curve. Thus the discrete resonances of the ring

circuit can be considered to be points on the o — ~ plot of a linear structure,

provided the original curvature of the sections was small.

The resonances of the ring circuit must occur for phase shifts totaling

multiples of 2rr radians around the ring. For an CJ - /3 plot which is symmetrical

about the ~ = O axis each resonance at a positive ~ is degenerate with a

resonance with a negative /3 of the same magnitude. Shifting the GJ - ~ diagram

breaks this degeneracy. With this degeneracy broken, an isotropic radiator in the

ring excited at one of the resonances will excite a traveling wave unlike the

isatropic case where a standing wave is excited. Therefore, for an anisotropic ring

circuit, resonances between sectians can be excited with an isotropic radiator

whose phase shift can be measured to be multiples of 2rr/n apart, where n is the

number of sectian, while with an isatropic ring circuit only phase shifts of O or m

can be measured. Also, the magnitude of the field functian for an isotropic ring

circuit with isotropic excitation will have nulls, but those for an ani sotropic ring

circuit may not.

Figure 2 shaws the ring circuit. The two arms at the tap of the picture al law

phase shift measurements to be made between two adiacent sections and the

bottom arm is the input. The ring on the left forms the top of the circuit and the

two rings on the right hold it in place. Figure 3 shows the internal configuration

of the assembled circuit. The ferrite had a saturation magnetization of 1700 gauss.

The resonances of the ring circuit with and without ferrite loading withaut d-c

magnetic field are shawn in Figure 4. Table 1, which shows the phase shift per

section measured with a bridge circuit demonstrates the shifting of the 0- ~ plot,

and Figure 5 shows corresponding o – ~ plot, The phase shift is small on a per

section basis but is prapartionally larger far a structure consisting of many

sections. Figure 6 shows some patterns of the internal electric field squared vs.

position around the ring made by the frequency perturbation method.4 These

patterns also show that traveling rather than standing waves exist inside the pass-

band which also confirms the shifting of the o – ~ plot.
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TABLE I

neore~ical Versus Measured Phase Shift

4

3

a 2

t

0

I

/ //’

//

/ ,/”;&

/

/

[

/’

i ,/’”
/’

,’

. 2. ,“ o

LEFT F’OLARIZEO

,,,.!,za
,. %,,!
~.~

0
45

90

135

180

225

2?0

315

,,,,,so.,

,. ,.CU ,m,

0

42

10,

,4,

I 7s

22s

2.,

3,,

I

///’”
/ ,’”

j..’”-_;;;:Eew,,
..
k —.—,,.
/ --––--=7---

f

---

/“”
,/

-
. 2. 3.

R(GHT RWAR, ZECI

8L - RWAN$ ISECTION

. VERSUS S FOR THE CIRCULARLY POLARIZED PLANE – WAVE
MODE IN A PERIOCIC ARRAY OF FERRITE SLABS

FIG. 1

FIG. 3- Circuit Configuration
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FIG.4. Frequency versus Phase Shift for an 8-Section Periodic
Ring Circuit Without D-C Magnetic Field
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FIG. 5- Frequency vers.s Phase Shift for the first Pa
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