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Fig. 4. Measured and computed fundamental-mode intensity patterns across the
beam compared with the computed one for a FP resonator.

measured power loss is very close to four times that of an FP having

mirrors with apertures reduced by a factor cos (7r/4) and spacing

equal to that between two consecutive mirrors. Hence one can say
that the modes of a polygonal ring resonator are essentially of the
same type as those of the FP resonator, and this is also in agreement

with the theoretical predictions of other authors [9].
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Beam Waveguides with Minimized

Dielectric Structures

P. F. CHECCACCI, R. FALCIAI,AND A. M.SCHEGGI

Mxsfracf—An exnerirnental study of dielectric beam wavemides
with minimized die~ectric structure; is presented. Such structures

are derived from the square-frame beam waveguide described else-
where. The ~xperimental results show that even very much reduced
structures maintain guiding properties. In particular, the helix
structure results are competitive with the complete-frame beam
waveguide.

In a preceding paper [1] we described the experimental tests
performed on a new type of beam waveguide previously proposed
[2] as a by-product of an investigation on rimmed Fabry-Perot
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Fig. 1. Dielectric beam waveguidesof different shapes.

Fig. 2. Prototype of anincomplete-frame beam waveguide.

Fig. 3. Prototype of thehelix waveguide.

resonators [3]. This waveguide, which is constituted of a series of
equispaced dielectric frames, turns out to be low loss, compact, and

lightweight. However, one could think of further reducing the guiding
structures so as to get a minimum hardware but still practically
usable waveguide. For this purpose, experimental tests were per-
formed on waveguides constituted of incomplete frames. Such
incomplete frames are obtained by removing some sides of each
square frame so that the complete beam reconstruction process takes
place after acertain numberof frames [Fig.1 (a), (b), (c)l. A helical

structure was also conceived and tested [Fig. l(d)] which is a

continuous open structure along which the beam reconstruction is

performed point by point around the beam, and not at periodic in-

tervals as it occurs in the other types of beam waveguides.
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TABLE 1

STRUCTURES ilZES&MATERIALS

2a=2?Omm.28h

d.324mm=40A

teflon rods:15mmx14mm

2a=230mm=28A

d=324mm.40A

teflon rods:t5mmx14mm

2a=230mm=28A

d=324mmafOA

teflon rods:15mmx14mm

2a.230mm=28A

d=324mm=40k

plexiglassrods.10mmxlOmn

ATTEI

064VdB cell

1109dB/cell

016dB/cell

kOB7dBlturn

ATION

014dVm

l126d&tn

&50dO/m

a2d04

IOIUMEOFMATERIAI

557cm?m

279 cm3~

139cm?m

296 cm3h

Two prototypes of incomplete-frame waveguides were tested

workinxat37 GHz. In the first one, each frame was reduced to only
two co~secutive sides [Fig. l(b)], while in the other one only on~
side per frame was retained [Fig. l(c)]. Such prototypes were con-

stituted by 53 Teflon elements having overall apertures of 2aX2a,

spacingd, and strip dimensions equal to those of the complete-frame

waveguide described elsewhere [1]. For constructive convience

the prototype of the helical waveguide was made of plexiglass, and
with asquare cross section. Theaperture was still the same as above,
while the pitch of the helix was chosen equal to the spacing between
any two elements in the frame waveguide. The cross-section size of
the plexiglass rods constituting the helix was chosen so as to obtain
an optical path parallel to the beam axis like that of the frame wave-
guide.

Figs 2 and 3 show the prototypes of an incomplete dielectric frame

and of a dielectric helical structure, respectively. Attenuation mea-

surements and field pattern recording were performed using the
same procedures as described in [1]. Table I shows the measured

attenuation values for the tested structures compared with those of

the complete-frame waveguide. Values are also given of the volume

of material per meter. Fig. 4 shows some field configurations across
the waveguide measured in two different positions along the guide
axis forthe complete and incomplete frames, aswellas for the helical
structure. The different amplitudes of the patterns in the vicinity

of the launcher also depend on the different launching efficiency, as
the same launcher (a Fabry–Perot resonator with a semitransparent
mirror) was used. These data show that eveuagreatly reduced struc-

ture like the third one in Table I still maintains some guiding prop-
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Fig.4. Field patterns across the b,eamaxis forthe four tested
dielectric beam waveguides.

erties. The helical structure results competitive with respect to the
complete frames having only slightly higher attenuation but re-

duced volume of material.
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