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At last year’s Symposium, it was shown that dielectric-disc loading could greatly increase the use-

ful bandwidth of circular wave guide (Reference 1). Figure 1 is a sketch of a circular waveguide con-

taining spaced high-k dielectric discs which strongly load the TE - 11 (dominant) mode, but have little

effect on the TM-O 1 mode which normally limits the single-mode bandwidth. Figure 2 shows the fre-

quency range over which modes can propagate for disc loading and for uniform loading. Disc loading

offers a much greater ratio of single-mode handwidtb, whose upper limit is then determined by the

TE -21 cutoff. This wider frequency hand is useful in the design of various components, particularly

the polarization converter to be described.
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Figure 1. Dielectric-Disc-Loaded Circular Wave guide

It is well known that a conversion between linear and circular polarization can be accomplished in

circular wave guide by providing differential loading for the two crossed TE - 11 modes. An historic

example of this is a dielectric slab located in one plane of polarization in air-filled waveguide (Ref-

erences 2 and 3). Unfortunately, this approach lowers the cutoff frequency of the next higher mode.

Also, since the wave guide is air-filled, there is no opportunity to decrease tie loading in the other

plane of polarization.
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(b) MODES PROPAGATING IN UNIFORMLY LOADED CIRCULAR
WAVEGUIDE.

Figure 2. Relative Cutoff Frequencies

Differential loading c~nbe achievedin disc-loaded waveguide by oblong discs which present dif.

ferent “equivalent dielectric constants” in orthogonal planes of polarization. Such a polarizer does

not proportionately load the next higher mode. Moreover, the loading may be increased in one plane

and decreased m the orthogonal plane, thus minimizing the departure from the “normal” loading in

the abutting waw+guide. As two component waves with space-quadrature polarization propagate

through the anisotropic discs, a 90 degree difference in time phase maybe obtained, this being the

requirement for conversion between linear and circular polarization. The phase difference can be

maintained very close to 90 degrees over a wide band of frequencies. This principle is illustrated

in Figure 3, where the vai-~ ation of transmission phase with frequency is plotted for 3 degrees of

dielectric loading. The center curve is for a medium value of “effective dielectric constant” (k) and

corresponds to the loading in the waveguide which abuts the polarizer. The other two curves are far

greater and lesser m%lues of k, effective intbe orthogonal planes of polarization. It is noted that
/

there is a bandwidth over wfnch them is nearly constant phase difference between the high-k and

low-k channels. Exact time-quadrature may be achieved ai?two frequencies in the band.

A polarizer has been designed with four oblong discs as shown in Figure 4. For reference, one

iterative section of the abutting waveguide is shown at the rear in the photograph. In the polarizer

region, the effecti”e k is decreased along the vertical axis, which includes series air gaps. Along

the horizontal axis, the effective k is increased, because the polarizer discs are thickened and air

gaps are avoided. The partial filling that is characteristic of disc-loaded waveguide allows flexibil-

ity for these adjustments in the design of tie polarizer.

As previously stated, the TE-21 cutoff frequency imposes the upper limit on the useful bandwidth

in disc-loaded wa”eguide. One might wonder if the thicker discs in the polarizer region would give

slower cutoff frequency in the TE-21 mode, This does not happen, since the average loading of the

TE-21 mode is not increased. The single-mode feature of simple disc loading is preserved.
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Figure 3. Phase versus Frequency for Differential Loading



The dimensions of the developmental model were determmed empmlcallyby slotted.lme meas-

urements. T,m transmlssmn phase thlouqh the polarlzer was measured for linear polarlzatmn m

the respective high-k, and low-h planes. Impedance matchmgm both planes was accomplmhedby

tapering the change of loading frvm the center to e,ther end Of the PO1arlz~r. The reflectlOn meas-

ured m each channel of the polar lzer ,s plotted m FIZure 5. The SWR ,s w,thm 1,5 db o~-er a band-

w~dth of about 15 percent. Fl<ure 6 shows the phase difference between channels oter the same

bandwldtb, the varlatmn IS wlthm +1 degree from the average, and wlthm 2 degrees from the ob~ec -

t~”e (’30 degrees), From these proper t~cs, the amal ratm of polar~zatmn M computed to be wlthm

0,3 db over this bamhmdth Th~s performance qual,i,es the dlelectmc-d~sc polar~zer for appl,ca-

tmns where w,ckband con”ersmn between Imear and cmcular polar, zat~on M requmed. Such a

polamzer mzy be used ,n the feed of a reflector-type antenna, mthe radmtmg element of a phased

array, or m a two-cbanml rotary ~omt employmg waves with opposite cmcular polarlzatmn.
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Figure 5. Polarlzer ReflectIon Across Approximately 15 Percent Band
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Figure 6. Phase Shift versus Frequency
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600 W. John Street Hicksvllle, N. Y. I
MOS and Multlchip M,crocmcuits: Slllcon/Germani~ Tran-

sistors, Diodes: Sdicon/Selenlum Rectlflers and Assemblies,

Class-Amp@ Rectifiers and Zener Diodes.
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GENERAL RAD1O COMPANY

Type 900-LB Precmlon Slotted Line, VSWR spec 1.001 at
300Mc/s to 1.01 at 9Gc/s, 50. Orz LO 170, Adaptors to Types

N, TNC, GR874, BNC, and C systems, w,de lme of GR 900

precmlon components avadable.
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