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PHASE-STEP BEAM WAVEGUIDE
P.F.Checcacei, A.M.Scheggi
Istituto di Ricerca sulle Onde Blettromagnetiche of C.N.R.
Via Panciatichi 56, Florence,Italy

The present communica
tion is concerned with a new ty
Pe of beam waveguide which
seems attractive both for its
constructive simplicity and for
its low transmission losses.

The equivalence bet-
ween beam waveguides of diffe-
rent types and open raesonators
is well lmown. This particular
waveguide is derived from the
planar Fabry-Perot open resona
tor with a step rim along the
edges of the mirrors, extensi-
vely investigated by the au~
thors. A very interesting pro=-
perty of this type of resong-
tors is the periodical beha-
vior of the losses as a func-
tion of the rim thiclkness with
periodicity A/2. The beam wave
guide equivalent to the rimmed
Fabry-Perot resonator is consti
tuted by a series of identical
irises in opaque screens, whi-~
le the mirror rims are replaced
by equivalent phase jumps. This
rhage step can be obtained by
Placing a slab of dielectric
material across the iris aper-
ture leaving empty an area cor
responding to the rim of the
mirrory Fig.1. Alternatively,
taking into account the perio-
dicity of the losses, the same
phase step (corresponding to
the same value of the losses)
can be obtained with the com-
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rlementary structure, i.e. by

Placing the dielectric material
along the edge and leaving empty
the central region, Pig.2.

Due to the presence
of the rim, the field at the ed
ges of the iris is extremely
low, consequently the opaque
screen can be eliminated with-
out any appreciasble perturba-
tion. The resulting structure
is extremely simple, being con-
stituted by a series of dielec-
tric frames, Pig.3. Such a wave
guide has lower loss per itera-
tion with respect to the simple
iris type of the same aperture;
further it presents the advan-~
tage of low semnsitivity to the
accuracy of construction and
to misalingement along with an
extreme ease of construction.
The dissipation, scattering and
reflection losaes which are re-
levant in the lens type beam
waveguide are here negligible,
as the bulk of the travelling
energy does not impinge on the
dielectric frames.

A prototype of this
waveguide constituted by a se
ries of square teflon frames
(28x28A3 A=8 mm, spaced by 40A)
has been constructed and te~
sted. The measursd transmission
loss is of 0.02 4B per cell.

‘ Different structures
derived from this type, which



present other practical advanta
ges of construction have been
conceived and tested. They in-
clude alternate asymmetric and
helicoidal structures.
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show the pulse delay as in fig.3, and

the term in [

) of the sbove results

give the pulse deformation, with the

term of & %% ., Scattering

coefficients

F; of the mode conversion and reconversion

due to the irregularities can
to be

be shown
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as shown in fig.l and fig.2.The intensity

Icer
ing surface §, is

where Swmais the term in {

of the output at the finite receiw-
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} in eq.(3),

Nan is the normaYization factor given

by the infinite integral.

It can be seen from the above results

sthe mode conversion
is very large. Hence, this corresponds the
strong coupiing between the beam waist and

that when (a,.7. =1

the transverse correlation of
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periodic component Jl; ‘of the irregu-
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bends along the axial direction of the
guide may be produced.In this condition
the pulse delay and deformatlon is extre-

mely large. For

Ly= P~ 10’ m™,

L= /o ., Bav 10~ 16”2
(10 ~ & few)nano second

delay and the pulse deformation with

a broadening phenomena may be obtained.
Further consideration about radiation

rhencmena in the waveguide of the finite

cross section has been also investigated.

The author is grateful to Prof.Y.Akao

for his encouragement on this work.
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