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na = O in Tl, so that (16) may be written as

–1
*2(&,%r7) = log {(z – g)’ + (?4– q)’) + H(%&J’,?7)

Zrw(l +,,)

(17)

where H(z,&y,V) is continuous. For computational purposes this
separation of the singularity is important.

Forb~ m (16) reduces totheopen microstrip Green’s function

(12) whereas fore,= ltheonly nonzeroterrn sin (16) occur with

m = nz = O and it corresponds to the in vacuo case of a microstrip
between ground planes.
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Field Propagation in an Open-Beam Waveguide

A. CONSORTING, L. RONCHI, AND R. TOGNAZZI

Absfmct-A new method is described for the investigation of the

open-beam waveguides, which maybe applied even when the optical

elements are not inserted in absorbing screens.

The theory of an open-beam waveguide deals, in general, with the

determination of the iterative beams associated with it [1]. When

the finite size of the optical elements composing the beam waveguide

is taken into account, the iterative beams turn out to be strictly

related to the oscillation modes of a suitable defined two-mirror open

resonator, equivalent to the beam waveguide [2], [3]. Such an open
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resonator is composed of mirrors which behave in reflection like the

optical elements of the waveguide behave in transmission.

An alternative method of treating the open-beam waveguides is to

study how the field originates from a given source, at a given distance
from the first guidhg element, propagating from cell to cell. To this

end, we can choose a plane per cell, for example, at the input of each
guiding element, and evaluate the field at the points of the plane

m+l in terms of the field at the points of the plane r~ (Fig. 1). By
referring to a two-dimensional problem, where the quantities of

interest depend only on the longitudinal coordinate z and on one

transverse coordinate z, we can write, in the scalar approximation,

rCv
%+1 ($7z+1) = V. (wJ Kn,n+l (zn,%+Jdz.

J-m
(1)

where V; denote8 the field (impinging) at the points of the plane ~i,
z~,.s~,the coordinates of the points of ~~, and Ki,i+I, the Green’s
function describing the propagation from the plane rr~ to the piane

~i+l, including the transmission through L.

Starting with the source distribution V,(m), (1) allowe us to eval-

uate vi (xl), then VZ(m), and so on, in other words, to study the

evolution of the field through the waveguide. In the general case, the

evaluation of the fields Vi (xi) must be done numerically, using an

electronic computer. ‘This implies some practical difficult y when the
guiding elements are not inserted in absorbing screens. If the guiding

elements are’ Waphmgmed” (Fig. 2), (1) can be written in the form

where bn — q represents the aperture of the nth pupil, and the
evaluation of Vn+l requires an integration over a finite interval, which
is easily done by the electronic computers. When the pupil apertures

have infinite width (only partially occupied by the guiding elements,

in practical cases), the integration is to be made over an infinite

interval, which creates problems of accuracy of the resultg.

It occurred to us, however, that this difficulty can be overcome in

the following way. Let us denote by & and En’ the limits of the region

of the plane Z. occupied by L.. Equation (1) maybe rewritten in the

form
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Fig. 1. A general beam waveguide composed of the elements Li, with
the reference planes mi.
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Fig. 2. A sequence of diaphragmed guiding elements.
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W+I(%3+1) = V. (x.) G.,n+l (%jx.+1) C%
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f.’

+ Vn(%) Gn,n+I’ (G#k+l) Ckt

(n

(3)

where Gn,n+l describes the free-path propagation from (Xn,Zn) to

(&+uz~+d, wtile G~,~+l’ deseribes the transmission through L. and
the free-path propagation from Lntom.+l. Equation (3) can also be
written as

[

.

%+l(xfi+l) = vn(%)Gn,n+l (zn,G+l)hn
—.

/

t.’
+ V~(@[Gn,w+I’(w,z~+I) — Gn,~+l(W,W+I)]dX~

&

/

.
—— w-l (G&l) K?l-l,n+l’ (Xn–l,xn+l) 0%-1

—co

/

t. ‘
+ on(xn)[Gn,n+I’ (xn,z.n+l) — Go,n+l(%,z~+l)]dxn.

E*

(4)

Here I&,n+l’ describes the propagation from T~-I to mn+l in the

absence of Ln. In other words, the field impinging onto r~+l can be

derived from the field impinging onto the plane m..l and by means of

anintegration intheplane unlimited to the region occupied byLn.

By iterating the procedure, we arrive at a formula for the field Vn+l by

means of anintegral in the plane w of the source and of n integrals
over the regions of theplanes~l,rz,...,~~ occupied byLl,L~,...,Ln.

Thus for example,

VI(w) =
/

VO (w) Go,l (ZO,XI) dxo

V2(Z2) =
/

Vo(XO)Go,z (z0,x2) dzo

/

11‘

+ VI (xJ [Gl ,2’(x1,x2)

tl

V3(Z3) =
/

VO(ZO) G0,3 (x0,~3) dxo

rfl ‘

GI,, (z1,x2) ]dzl

+ I v1(@[G1,3’(~1,x3) — Gl,a(xi,xa)]dxl
El

/

:2’
+ v2(z2)[G2,a’(x2,zJ — Gz,a(xz,z3)ldm

E2

and so on. In this way, if the source is of tilted size, se happens in all

real cases, all the integrations involved in the evaluation of v~+l are
over finite intervals. If, on the contrary, thesource is of infinite size,
as may happen in some cases of theoretical interest, the free-path

propagation from the source to any plane r~ is to be considered known
(refer, for example, tothecase when the field impinging onto the
waveguide isaplane wave or a Gaussian beam).

As an example, we have applied the method to study the field

propagation through aperiodic sequence of dielectric frames [4],

[5], illuminated either by a plane wavefront with the same size as
the frames, or by a plane unlimited wave. Symmetry of the frames

with respect to the z axis is also assumed.

Let us denote by 2a the inner width of the frames (Fig. 3), by 1the

width, by 6 the optical thickness (given by (v — 1)8’, where v
denotes the refractive index of the dielectric and 8’ the thicknew),

and by L the distance between two consecutive frames. In the com-

putation, we have used the approximate expressions

Gi,i’ (ZWi) =
exp ( –irr/4)

(M) ’12
exp (ikr) cos O

where r = I PiPi \, with Pi = (xi,zi), Pi = (Xi,Zi), and 0 denotes the
angle between Pi — Pi and the z axis. The time dependence is

assumed in the form exp ( —id). Finally, we had to take into account
the fact that the region of any plane ~i occupied by the guiding ele-

ment is divided into two parts, from — (a + t) to — a and from a to

a+l.

The results of the calculation are shown in Figs. 4 to 8, for a =

22.36 X, t = 1.7 A, L = 100 k, 8 = 0.8 L Figs. 4 and 5 refer to the

Fig. 3. A periodic sequence of dielectric frames.
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Fig. 4. Normalized field amplitude and phase at severs,l frames,
plotted versus z, when the source is a plane wavefront truncated at
I zo \ = a + t, at z. distance 100 k from the fist element.
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Fig. 5. The quasi-stationary field conf%gumtion (solid lines) and the
iterative field of the open-resonator theory (dashed lines), for the
same case as Fig. 4.
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Fig. 6. Gase of an impinging unlimited plane wave: normalized field
amplitude and phase, plotted versus z, at several frames.
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Fig. 7. The field at the200th frame (solid lines) andtheiterative held
of the open-resonator theory (dashed lines) for the same ce,se as
Fig. 6.

plane truncated wavefront, emitted at adistance L = 100k before

the first frame. Fig. 4 shows the field distribution at anurnber of

frsmes, plotted versusz (for symmetry reasons, the field is plotted

only forz 2 O). Fig. 5showsthe quasi-stationsry field distribution,
which is reached after about 100 cells, compared with the iterative

field distribution of the equivalent open resonator theory [6], [7].
Figs. 6 and 7 refer to an impinging plane wave. Dashed lines

represent, as before, the iterative field.
Fig. 8shows the quantities @n/@l and @n/@.-lO, plotted versusn,

where

a+z

@n = J \O??(2%Jpch
-(a+l)

represents the power flux through the nth frame.
Our treatment of open-beam waveguides has a general character,

so that it can be applied not only to periodic but also to nonperiodic

sequences of optical elements. Thus itissuitable forthe study of the

effects of errorsin the position (both in the longitudinal andin the

transverse senses) of the elements, and of differences in the optical

properties of them, as well as of possible b?nds in the axis of the beam

waveguide (the planes r,arenot necessarily parallel to one another).

L

50
Lo

150 n

Fig. 8. The ratio %/@n_Io (solid lines) and the ratio @./@I (dashed
lines), plotted versus n, when the beam waveguide isillmninated by
a truncated plane wave (top), the iterative field of open resonator
theory (center), andan unlimited plane wave (bottom).

In addition, it may be generalized so asto take into account the back-
scattering of the optical elements, whlchwas neglected in (.5).
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Application of the Beam Mode Expansion to the Analysis

of Noise Reduction Structure

KAZUMASA TANAKA, MITSURU TANAKA, AND
OTOZO FUKUMITSU

Absfract—The beam mode expansion method used to discuss the

distraction problem by an aperture is applied to the analysis of the
noise reduction structure consisting of two aperture stops. The
incident field is a fundamental wave beam whose amplitude dis-
tribution is Gaussian. The transmitted field through the structure
can be represe@ed as a stun of beam mode functions and is regarded
as a signal. The noise which is mkinatecl from the spontmeous
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