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I - Summary of Research A

The main emphasis of the research performed under this grant
has been on theoretical studies of high-frequency diffraction and
scattering, with the goal of a better understanding of the appli-
cability of available techniques, such as the geometrical theory
of diffraction, to problems of interest to the U.S. Air Force.
Although much of the effort has been directed to the scattering
by perfect conductors, some work has been done on scattering by
a plasma-coated body [4] or by inhomogeneous dielectric lenses
[5,14].

Exhaustive, critical reviews of high-frequency technigues
have been developed in the article [1l] and in the report [11].
Specific studies of scattering by perfectly conducting bodies
have been directed to the flat-base circular cone [3], to the
finite circular cylinder [16], to the semi-infinite elliptic
cylinder (211, and to the behavior of torsional creeping waves on
a circular cylinder {15]. Article [3] also contains comparisons
of the theoretical predictions with experimental data.

Keller's cone of edge-diffracted rays has been experimentally
detected, as described in [2]. This result, which was first
presented at the URSI General Assembly in Warsaw, Poland (August
1972), has elicited considerable interest, evidenced by numerous
requests to borrow the original slides (for example, it is in-

cluded on two permanent MIT video tapes of a short course on
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principles of radar given at Lincoln Laboratory in October 1973).

A problem which 1s presently of great important in aerospace
systems 1s the penetration of electromagnetic fields inside a
shielding enclosure. Two works have been devoted to it: the
development of a simple model for penetration through a gasket or
seam joining two metal sheets [8], and the derivation and appli-
cation of a new integral equation for the transient fields inside
a shielding enclosure of arbitrary shape [23].

The above works are concerned with direct scattering. The in-
verse scattering problem has been considered in the paper [9] where
presently available methods are surveyed, and in a detailed study of
low-frequency inverse scattering by discrete far-field measurements
10,183,

The emerging research area of integrated optics will probably
lead to important applications to Air Force electronic systems in
future years. With this consideration in mind, moderate efforts
have been devoted to this area of research and two new results have
been obtained: a theory has been developed for propagation in
triangular dielectric waveguides [20], and a strong-coupling
theory has been obtained for rectangular optical waveguides [13,19]
that leads to the previously avallable theory of Miller and Marcatili
as a limiting case. This latter work has elicited interest and
favorable comments by Stewart E. Miller and his collaborators at
Bell Telephone Laboratories.

Finally, several studies have been carried out on problems
of radiation from antennas. The possibility of steering the main

beam by means of a variable active impedance loading has been

-
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investigated [6]. A pattern synthesis method has been developed
for radiating apertures on a cylindrical surface [7]. An improved
formulation of radiation from feeds and horns has been given [17].
A preliminary study has been conducted on the transient radiation
from spherical and spheroldal antennas, with particular attention
to early-time radiation [22]. A report which contains new results
on antenna admittance and gap problem, on transient radiation from
antennas and on transform properties of radiated fields has been
written [12].

A list of grant publications is given below, with related
abstracts or summaries. The work performed under this grant in-
cludes ten refereed journal articles, three scientific reports,
and ten papers presented (7) or to be presented (3) at scientific

meetings.
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II - Publications

a) - Refereed papers

[1] "Geometrical optics calculation of radar cross sections",
Proceedings of the National Electronics Conference, vol. 27,
pp. 237-242 (83 refs.); invited paper, Chicago, October 1972.
(No abstract). Index terms: electromagnetic scattering,

high-frequency methods, radar cross sections.

[2] "Experimental detection of the edge-diffraction cone", Proc.
IEEE, vol. 60, no. 11, p. 1448, November 1972. (with T.B.A.
Senior).

Abstract: The cone of diffracted rays, which is produced
when an optical ray is incident on the edge of a
reflecting wedge, is detected by illuminating the
edge of a razor blade with a laser beam. All expe-

E rimentally observed features are in agreement with

the predictions of the geometrical theory of dif-

fraction.

[3] "Further studies of backscattering from a finite cone", éi
Radio Science, vol. 8, no. 3, pp. 247-249, March 1973. |
(with T.B.A. Senior).

Abstract: Certain errors in the second-order contri-
butions to the scattered field derived in an
earlier study are pointed out, and the corrected
formulas are presented. The results are compared

with experimental data, and an explanation is sug-

gested for the remaining small discrepancies.




(4]

[5]

(6]

"Scattering by a plasma-coated cylinder", Alta Frequenza, vol.

42, no. 6, pp. 296-297, June 1973.

Abstract: A solution is found for the scattering of an
E-polarized wave by an imperfectly conducting cy-

linder coated by a thin plasma layer.

"Numerical and asymptotic scattering from two inhomogeneous

lenses", Applied Physics, vol. 2, no. 1, pp. 11-14, July 1973

(with S.R. Laxpati).

Abstract: The scattering of a time-harmonic, plane elec-
tromagnetic wave by either a Maxwell fish-eye or a
metal-like lens is conslidered. Numerical values of

the monostatic cross sections are obtained by eval-

uating the exact, infinite series solutions of hyper-
geometric functions of the 2Fl type. These results
are compared with the high-frequency asymptotic es-
timates based on either geometrical optics or a mo-

dified Watson transformation.

"Antenna beam scanning by active impedance loading", IEEE ;
Trans. on Antennas and Propagation, vol. AP-22, no. 5, pp. 722- H
723, September 1974 (with N.G. Alexopoulos and G.A. Tadler).
Abstract: The concept of antenna beam steering by variable
surface impedance loading is investigated. It 1is
shown, as an example, that i1f an electric dipole is i

mounted over a prolate spheroid with a variable sur-

face impedance, then the radiated beam can be scanned




(71

considerably. This 1s achieved provided that the
real part of the surface impedance can obtain both
negative and positive values. The possible reali-

zation of such a scheme is briefly discussed.

"Synthesis of the antenna pattern for a radiating slot in a
metal cylinder", IEEE Trans. Antennas and Propagation, vol. AP-23,
no. 1, pp.-28-36, January 1975 (with O. Einarsson and F.B.
Sleator).

Abstract: The synthesis of a prescribed far-field pattern by
means of a radiating slot in a perfectly conducting,
infinite circular cylinder is considered. The narrow
circumferential slot and the infinite axial slot are
studies in detall. 1In either case, the problem 1s to
find the distribution of the electromagnetic field in
the aperture that ylelds a radiation pattern which is
the best mean-square approximation to a given pattern,
under certaln constralnts.

Various quality factors for cylindrical modes are
discussed, and a detailed comparison with the synthe-
sis problem for a planar aperture is performed. It
turns out that Rhodes' synthesis method has no equi-
valent in the cylindrical ocase, and that the best ad-
missable mean-square approximation to a given pattern
may be a very poor approximation in amplitude. How-
ever, an iteration scheme 1s developed in which the
phase approximation is sacrificed for the sake of

substantially improving the amplitude approximation.

alfion




Numerical results based on such a scheme are displayed,

for prescribed omnidirectional and sectoral patterns.

[8] "A simple model for electromagnetic field penetration through

gaskets and seams", Alta Frequenza, vol. 45, no. 10, pp. 616-620,

October 1976.

Abstract: The penetration of electromagnetic radiation
through a gasket or seam joining two metal sheets is
studied, under certain simplifying assumptions. In
particular, it 1s shown that the transfer impedance
is an important and meaningful quantity which has a

E simple physical interpretation.

; [9] "Inverse scattering methods", Alta Frequenza, vol. 45, no. 10,

pp. 629-632, October 1976.

Abstract: This is a survey of presently availlable methods
in inverse scattering for electromagnetic fields,

with a selected bibliography. The inverse geometric

optics method is not discussed; see Keller (1959) and +1
Weiss (1968). The related quantum-mechanical problem
is discussed in a large number of articles and books
(for example, Faddeyev, 1963; Loeffel, 1968; Sabatier,
1972). A comprehensive discussion of the inverse
Sturm-Liouville problem in one dimension is con- t
tained in Barcilon (1974). The methods used in geo- |

physical prospecting are based on the theories des-

cribed in the books by Brekhovskikh (1960) and Wait
(1962, 1971); see also the special issue of "Geophy-

sics", February 1971.




(10]

"Low-frequency inverse scattering by far-field measurements",

accepted for publication in IEEE Trans. Antennas and Propagation.

Abstract:

It 1s shown how to determine the electric and
magnetic dipole moments as well as the electric
quadrupole tensor of a small metallic object, by
means of eleven independent measurements of ampli-
tude and phase of far-field components. An explicit
solution is obtained for an array of six sensors in

the shape of a Latin cross.

b) - Scientific Reports

[11]

"High frequency scattering methods", Report No. AFOSR-TR-72-

1281, July 1972 (839 pp., 317 refs.). Also presented at the

Third International Course on Computer Electromagnetics,

University of Naples, Italy, September 1972.

fbstract:

A survey of the principal methods used to obtain
the electromagnetic and acoustic scattered fields at
high frequencies is presented. After a discussion of
the Watson transformation, geometrical and physical
optics are applied to a variety of scatterers with
different shapes and made of different materials.
Further refinements of these methods, such as the
geometrical theory of diffraction and the theory of
fringe waves, are described and compared with each
other. A speclal sectlion 1s devoted to the scattering
by inhomogeneous media. The accuracy of the methods
is discussed, and comparisons are made with numerical

and experimental data. Other results which are

-




£ often useful in high-frequency scattering are given
. . in the appendixes.
The treatment is expository in nature, but the
reader 1s introduced to several topics of current 1
research interest, and to a few as yet unpublished
results. Although the bibliography 1s necessarily
selected, it should enable the interested reader to

proceed with applications and with further research.

[12] "Topiecs in advanced antenna theory", by G. Franceschetti,

Communications Laboratory Report 76-2, July 1976 (87 pp.).

Abstract: This report contains new research results in (1)
antenna admittance and gap problem, (ii) transient
rediation from antennas, and (iii) transform pro-

perties of radiated fields.

[13] "Coupling between rectangular optical waveguldes", Communica-

tions Laboratory Report 76-4, December 1976 (59 pp.) (with A.

G. Kazkaz).
é Abstract: A theory is developed for strong coupling

between two rectangular optical waveguides, that

contains the Miller-Marcatili result as a limiting
case. The theory allows for a more accurate deslgn

of a directional coupler than was previously possible.

¢) - Papers presented at scientific meetings

[{14] "Numerical and asymptotic scattering from two inhomogeneous

lenses", IEEE International Symposium on Antennas and Propagation,

AT




Williamsburg, Virginia, December 1972. (with S.R. Laxpati).

Abstract: The scattering of a time-harmonic, plane elec-
tromagnetic wave by either a Maxwell fish-eye or a
metal-like lens of radius a is considered. Numerical
values of the monostatic cross sections are obtained
for ka $ 8 by evaluating the exact, infinite series
solutions of hypergeometric functions of the 2Fl type.

These results are compared with the high-frequency

asymptotic estimates based on geometrical optics for
the Maxwell fish-eye and on a modified Watson trans-

formation (Uslenghi and Weston, Appl. Sci. Res., 23,

147-163, 1970) for the metal-like lens. It is found
that for both lenses the exact cross section oscillates
about the average geometric-optics value as ka increases
An explanation of this resonance is provided on the
basis of the Bremmer series.

Computations based on the exact series solution
have also been performed for the total field inside a
family of lenses that includes the above two lenses
as particular cases. A good qualitative agreement

exlists with the geometric-optics predictions.

[15] "A study of torsional creeping waves'", URSI Fall Meeting,

Williamsburg, Virginia, December 1972 (with H. Inada).

Abstract: The field produced by a point or dipole source
in the presence of a large cylinder of infinite length
1s considered. The cylinder 1s perfectly hard or

soft 1n the scalar case, and perfectly conducting in

0~




the vector case. Both source and observation points
are located at an arbitrary distance from the cylinder
axis. A modified Watson transformation is applied to
the exact solution., and the scattered field 1is ex-
pressed as the sum of the reflected field and creeping

waves contributions. The results are compared with

those obtained by a direct application of Keller's

geometrical theory of diffraction.

[16] "High-frequency electromagnetic scattering from a finite

circular cylinder", URSI Symposium on Electromagnetic Wave

Theory, London, England, July 1974 (with E.F. Knott and T.B.A.

Senior).

Summary : The scattered field produced by a linearly po-
larized, plane harmonic wave obliquely incident on a
solid right circular cylinder of finite length is de-
termined at high frequencies by applying Keller's
geometrical theory of diffraction (GTD). The first

two terms in the asymptotic expansion of the far field
are derived for a metallic cylinder, and are compared
with fhe corresponding expansior or acoustically
soft and hard cylinders. Particular attention is
devoted to backscattering; in this case, the theo-
retical predictions are compared with measured data.
The contributlons to backscattering of various f
types of optical rays are considered: singly and doubly
diffracted edge rays which are coplanar with the
cylinder axls; rays doubly diffracted at two migrating

wils
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points on the edge of the illuminated base that

are symmetrically located with respect to the plane

of incidence; and rays which creep on the cylinder
surface and are diffracted at the edge of the shadowed
base, forming a caustic in the backscattering direction.
This last contribution is quite different from the cor-
responding one for a finite cone. The migrating rays
have been previously introduced in studying the scat-
tering properties of large metal disks and cones 1-3
as well as elliptical platesu,-and have improved the
agreement between GTD predictions and experiment.
Their contribution is easily calculated by means of an
improved form of Keller's edge-diffraction matrix2’5’6.

An alternate formulation which utilizes the equili-
valent edge currents developed by Knott and Senior7 is
also introduced. It is especially convenient in dealing
with second-order diffraction by a circular edge under
general bistatic conditions: the double line integral
which represents the diffracted field is asymptotically
evaluated by double stationary phase, thus yielding
the portion of the far fleld associated with each
optical ray without requiring an explicit determina-
tion of the geometrical path of that ray.

For the axial and broadside directions of inci-
dence, some flash points are located on the shadow
boundary produced by a frontal edge. The fleld inci-
dent on these flash points is specified by introducing

an appropriate transition function, thus removing the

e
i
1
i
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discontinuity which would otherwise occur in the
backscattered field when a scattering center becomes
shadowed. Furthermore, the matching between axial
and wide-angle formulas is achieved by means of
Bessel functions and Fresnel integrals for the first-

and second-order terms, respectively. The expressions

thus obtained are uniformly valid for all directions
of incidence.

1. E.F. Knott, T.B.A. Senior, and P.L.E. Uslenghi .
(1971), "High-frequency backscattering from a
metallic disk", Proc. IEE (London), 118, No. 12,
1736-1742.

2. T.B.A. Senior and P.L.E. Uslenghi (1971), "High-
frequency backscattering from a finite cone", Radio
Science, 6, No. 3, 393-406.

3. T.B.A. Senior and P.L.E. Uslenghi (1973), "Further
studies of backscattering from a finite cone", Radio
Science, 8, No. 3, 247-249.

4, P.L.E. Uslenghi and S.W. Lee (1974), "High-frequency
backscattering from an elliptic metal plate", J. * 9
Math. Phys., 15, no 5, 631-639.

5. R.G. Kouyoumjian and P.H. Pathak (1971), "The dyadic
coefficient for a perfectly conducting edge struc-
ture", URSI Fall Meeting, Los Angeles, California.

6. G.A. Deschamps (1973), "Diffraction of an arbitrary
plane electromagnetic wave by a half-plane", IEEE

Trans., AP-21, No.1l, 126-127.

7. E.F. Knott and T.B.A. Senior (1973), "Equivalent

wl3e




currents for a ring discontinuity", IEEE Trans.,
AP-21, No. 5, 693-695.

[17] "Toward a novel formulation of radiation from truncated

4 gulding structures", by G. Franceschetti, National Conference
4 on Electromagnetic Scattering, Chicago, Illinois, June 1976.
: Summary : The problem of eiectromagnetic radiation from

truncated guiding structures, as open-ended waveguldes

and horns, is certainly most important from the appli-

cation point of view. When the guiding structure is
used as a primary radiator of a reflector-type antenna,
it would be highly desirable to have reliable expres-

sions for the radiated field in a wide angular region,

thus controlling edge illumination of the reflector
as well as angular variation of the phase center of
the feed. It is obvious that the aperture integration
method coupled with Kirkhhoff approximation is a rather
unsatisfactory approach to this problem and that other
computational techniques should be devised.

It is worth remembering that closed analytical

solutions exist for radiation from a limited number

of truncated structures: essentially the parallel- ﬁ
plate and the circular waveguide, the latter excited

by azimuthally symmetric as well as non-symmetric

modesl. Also, ray optical techniques have been used

2-5

rather extensively, elther for straight or flared

waveguidess'g.

In this note a novel approach 1s suggested for

=ll=




computing radiation from truncated guiding struc-

tures. The baslic idea is to relate radiation to
elementary scattering coefficients associated to
the incident surface current on the rim of the
truncated structure. These coefficients are deter-

mined, in turn, by examination of the canonical pro-

S

blem of the open-ended parallel plate waveguide. It
i1s worth emphasizing that this approach is completely
different from the equivalent edge current methodlo’ll
for at least two reasons. First, the surface currents
which are taken into account are the effective incident,
in principle measurable, ones and their value 1is inde-
pendent from the observation angle (an obvious phy-
sical contraint which is not met by edge currents).

Then, the scattering coefficients just anticipated are

computed with reference to a different canonical pro-

blem -- the open-ended parallel plate waveguide --
thus taking into account interaction process between
the two rims of the plates.

There are two of these scattering coefficients,

relative to surface currents incident parallel and

.

perpendicular to the edge respectively. For two paral- |
lel facing elements of the guilde, each of length dx,
and with spacing 2a, the elementary scattered vector
potentlial 1s given at large distances by f

dAH & Judx exp(=-1B8r) cos6/2 exp(-iBr”) exp(-iBr").

-1 2 cosp = )
w 2rr coseg/ s cos g

© .9, 6g, Ba),




exp (-1iBr) coseg/Z exp(-1Br”) ¥ exp(-1iB8r~”)

-iw 2nr cosf/2 cosf - coseg

I(8, eg, Ba), where r”, r°° are the distances from the

two elements respectively, r is the distance from the
center of the two elements, Bcos eg is the gulde pro-
pagation constant and the other symbols are self-ex-
planatory. Note that the plus or minus sign should be
taken according to equal or opposite direction of sur-
face currents on the two rims, and that I(6, 6_, Ba) 1is

g
the function describing the interaction between the

two rims. This, in turn, is given by

& tfBa = #Ba
I(e, eg, Ba) = exp [V (7?’ vBa coseg> -V TT,/EE coseﬂ
2

+o
+
VvV (p,q) = E%i-f 1n [—l.“:exp(21rip - 22—)] ab

t-q exp(-in/4)

according to Weinsteinl.

Use of the above introduced scattering coefificients
allows recovery of the (known) solution of radiation
from the circular waveguilde, exactly for the azimu-
thally symmetric modes and up to terms of order 1/VBa
included for the asymmetrical ones. The coefficients
can be successfully used for predicting radiation from
coaxlal cables of circular cross-section and rectan-
gular waveguldes. Work is in progress for considering
non-parallel gulde elements and an eventual flare angle
of the gulde.

This theory 1s expected to play an interesting

-16-
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role in the design of primary feeds whcse radiation
patterns could be controlled by changing surface cur-
rents on the rim of the radiator.

1. Weinstein, L.A., The theory of diffraction and the
factorization method, Golem Press, 1969, Chs. 1-4.

2. Lee, H.W.,, L.B. Felsen, and J.B. Keller, SIAM J.
Appl. Math., 16, 268-300, 1968.

3. Boersma, J., SIAM J. Appl. Math., 29, 164-195, 1975.
4. Boersma, J., Proc. IEEE, 62, 1475-1481, 1974.

5. Ryan, C.E., and R.C. Rudduck, IEEE Trans. Antennas
and Propag., AP-16, 488-489, 1968.

6. Russo, P.M. R.C. Ruddueck, and L. Peters Jr., IEEE
Trans. Antennas and Propag., AP-13, 219-224, 1965.

T« Yu, J.S., R.C. Budduck, and L. Peters, Jr., IEEE
Trans. Antennas and Propag., AP-14, 138-149, 1966.

8. Yu, J.S. and R.C. Rudduck, IEEE Trans. Antennas and
Propag., AP-17, 651-652, 1969.

9. Mentzer, C.A.,, L. Peters, Jr.,and R.C. Rudduck,
IEEE Trans. Antennas and Propag., AP-23, 153-159,
1975.

10. Millar, R.F., Inst. Elec. Eng. Monograph 152R, 1955.

11. Ryan, C.E., and L. Peters, Jr., IEEE Trans. Antennas
and Propag., AP-17, 292-299, 1969.




(18]

"Inverse multipole scattering by far-field measurements", National

Conference on Electromagnetic Scattering, Chicago, Illinois, June

1976.

Summary :

The scattering properties of a small object can be
investigated by means of far-field measurements of the
amplitude and phase of electric or magnetic field com-
ponents. The measured fields are eilther directly ra-
diated by the object, or produced by the scattering of
a primary wave. In the latter case, the primary fields
are subtracted from the measured total fields whenever
the sensors are illuminated by the primary wave.

The scattering properties of the object are iden-
tified with its electric and magnetic dipole moments
and with its six electric quadrupole moments, so that
twelve scalar quantities must be determined via inde-
pendent measurements of far-field components. All
twelve quantities can be found, except for the three
diagonal elements of the electric quadrupole tensor
that are determined only within a common but arbitrary
additive constant. This is due to the fact that a
quadrupole tensor with equal diagonal elements and

zero off-diagonal elements does not radiatel. The

number of unknowns 1s therefore reduced to eleven.

Under the hypothesis that only electric and magnetic
dipole and electric quadrupole moments contribute to

the scattering, it 1s clear that no more than eleven

far-field measurements can be independent of one another.

-18~




A discussion on the choice of measurements is per-
formed, and criteria are given to avoid redundancy.
The eleven unknowns are found by numerically solving
a system of eleven linear equations. An explicit solu-
tion 1s possible only for certain simple choices of
the array of sensors. One such choice is discussed
in detail: it consists of an array of six sensors
arranged in the shape of a Latin cross; two measure-
ments corresponding to perpendicular polarizations of
the received electric field are performed at five
sensors, but only one measurement at the sixth. Spe-
cific examples are worked out in detail.

Although the discussion is confined to a perfectly
conducting object for sake of simplicity, it remains
valid for a cluster of objects and could be easily ex-
tended to scatterers made of arbitrary material. The
inclusion of higher-order multipoles would entail cum-
bersome calculations and additional measurements. For
simplicity, one could consider only dipoles as done in
the direct case by Keller et a12. However, for an elon-
gated metal scatterer, the magnetic dipole and the
electric quadrupole moments yield contributions of the
same order of magnitude to the far field.

If all eleven measurements are performed simulta-
neously and fed to a minicomputer, one can follow the
variations of the dipole moments and of the electric
quadrupole moment of a small flying object or group of

objects in real time, and thus draw important conclu=-




sions as to the identity of the object. The accuracy

of the results depends on the precision with which one

can measure the far-field amplitudes and relative

phases, the distance of the object from one of the

array elements, and the angles between any two elements

as seen from the object. While accurate results can

be obtained under laboratory conditions, tolerably good

ones may be difficult to obtain under field conditions.

1. G.A. Deschamps (1952), Lecture notes on radiation
by small antennas, Illinois Institute of Technology
(unpublished), Chicago.

2. J.B. Keller, R.E. Kleinman and T.B.A. Senior (1972),
"Dipole moments in Rayleigh scattering", J. Inst.

Math. Applics., Vol. 9.,pp..1l4=22.

[19] "Coupling between rectangular optical waveguides", URSI Fall

Meeting, Amherst, Massachusetts, October 1976 (with A.-G. Kazkaz).

Abstract:

The coupling between two rectangular dilelectric
waveguldes embedded in a dielectric substrate is con-
sidered. The boundary-value problem is analyzed in

the approximation of Marcatilil, but the power trans-

e

fer between the two guides 1s described by means of a

first-order non-linear differential equation. If the 4

linear term 1is neglected in the differential equa-

tion, then the approximation of Miller2 is obtained.

Miller's approximation was previously employed by §

Marcatili1 in his analysls of the directional coupler.

The solution of our nonlinear equation, which 1s %

=20




valid for an arbitrary distance between the two guildes,
shows that the power 1s transferred back and forth
2 between the guides. Design criteria are developed i1

which yield the minimum coupling length for a pre-

assigned percentage of power transfer. In particular,

it is shown that 100% power transfer is possible only

in the Miller-Marcatili approximationl'z, which is a

T K A v

limiting case of our more general theory and cor- 1
responds to the physically unrealizable situation of
an infinite distance between guides and an infinite

coupling length.
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pp. 2071-2102.

2. S.E. Miller, Bell Sys. Tech J., May 1954, pp.
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f [20] "Theory of triangular optical waveguides", URSI Fall Meeting, &

Amherst, Massachusetts, October 1976 (with Y.-K. Lee).

Abstract: Triangular optical waveguides may be fabricated by
preferential etching technique on crystalline substra- :

tesl’2

, as demonstrated in at least two different ways:
a guide made of polyurethan (refractive index n = 1.56)
on a silicon substrate (n = 3.5) with a separating

layer of Si‘O2 (n = 1.45) approximately one micron

thick3, and a guide of gallium arsenide (n = 3.6) on a

GaAs substrate with a separating layer of Gal_xAles

(n = 3.&)“. In both cases, the gulde cross-section is

.




an lsosceles triangle.

Light propagation in triangular waveguides is
examined by an extension of Marcatili's analysis of
the rectangular waveguide. A ray-tracing interpretation
of the modal description is performed. Rough estimates
of the cutoff frequencies for the various modes are
given, and design criteria to allow for single-mode

propagation are developed.
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