
o+@IEEE TRANsAcTl(~Ns ON

MICROWAVE THEORY
AND T..~CHNIQUES ~
JANUARY 1S75

A PUBLICATION OF THE IEEE

VOLUME MTT-23

MICROWAVE THEORY AND TECHNIQUES SOCIETY

NUMBER 1

SPECIAL ISSUE ON INTEGRATED OPTICS AND OPTICAL WAVEGUIDES

EDITORIAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D. Marcuse 1

PAPERS

An Introduction to Integrated Optics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. H. Kogelnik

The Progress of Integrated Optics in Japan (InvitedPaper) . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..y.suematsu

Heterostructure Injection Lasers (Invited Paper). M. B. Punish

Integrated Optics at10.6-~m Wavelength (Znuited Paper) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. W.~. C. C~lang
GaAs and GaAIAs Devices for Integrated Optics (Invited Paper), ., ., ., . V. Evtuhov and A. Yariv

Optical Waveguide Modulators (Invited Paper). ,,, . . .. I. P. Kaminow

Nonreciprocal Magnetooptic Waveguides, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. J.Warner

Radiation Fields of a Tapered Film and a Novel Film-to-Fiber Coupler (Znoited Paper), . . . . . . . .

P. K. Tien, G. Smolinsky, and R. J. Martin

Tapered Optical Directional Coupler. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. M. G. F. Wilson and G. A.Teh

Coupling from Multimode to Single-Mode Linear Waveguides Using Horn-Shaped Structures (ZnoitedPaper). . .

. . . . . . . . . . . . . . . . . . . . . . . . .R. K. Winn andJ. H. Harris

Propagation, Attenuation, and Dispersion Characteristics of Inhomogeneous Dielectric Slab Waveguides. . . . . . . . . . . . . . . .

,. ..,.. . . . . . . ..... . . . . . ... E. F. Kuester and D. C. Chang

Propagation Effects in Optieal Fibers (Znvited Paper) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. D. Gloge

Pulse Propagation in Multimode Fibers with Frequency-Dependent Coupling. . . . . . . . . . . . . . . . . .R. Steinberg

Theory of Periodic Dielectric Waveguides. . . . . . . . . . . . . . . . . . . . . . . . . . . . . S. T. Peng, T. Tamir, and H. L. Bertoni

Reflection at a Curved Dielectric Interface—Electromagnetic Tunneling (Inuited Paper) A. W. Snyder and J. D. Love

Radiation from Bends in Dielectric Rod Transmission Lines . . . . . . . . . . . . E.-G. Neumann and H.-D. Rudolph

Rays, Beams, and Modes Pertaining to the Excitation of Dielectric Waveguides. L. B. Felsen and S.-Y. Shin
Modal Analysis of Coupling Problems in Optical Fibers A. Cardama and E. T. Kornhauser

Quasi-Guided Modes and Related Radiation Losses in Optical Dielectric Waveguides with External Higher Index

Surroundings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..! . . . .. YSUe~Ut SU Und K. Furuya

2

16

20
31 .
44
57
70

79
85

92

98
106
121
123
134
142
150
162

170

LETTERS

A Method for Measuring the Refractive Index Profile of Thin-Film Waveguides, ., . . . . . . . . . . .R. Mittra and T. Itoh 176
Distributed Capacitance of a Thin-Film Electrooptic Light Modulator. ., E, Yamashita and K, Atsuki 177

Power Transfer of a Parallel Optical Fiber Directional Coupler. fi.” Ku~uhara, J. Hamasaki, and S. Sairo 178

A Semi-Transparent Mirror-Type Directional Coupler for Optical Fiber Applications. . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . ....... ....... . H. Kuwahara, J. Hamasaki, and S. Saito 179



eCL
1

IEEE MICROWAVE THEORY AND TECHNIQUES SOCIETY
@

The Microwave Theory and Techniques Society is an organization, within the framework of the IEEE, of members with principal Professional interest in the
field of microwave theory and techniques. All members of the IEEE are eligible for membership in the Society and will receive this TRANSACTIONS upon
payment of the annual Society membership fee of $7.00. Affiliate membership is available upon payment of the annual affiliate fee of $18.00. For information
on joining write to the IEEE at the address below.

ADMINISTRATIVE COMMITTEE

H. W. COOPER, President G. P, RODRIGUE, Vice President H. STJNEHELFER,Secretary-Treasurer

S. F. ADANI A. CLAVIN* H. G. OLTMAN
J. L. ALLEN A. W. GUY D. PARKER
D. ANDERSON G, I. HALIDAD R. A. RWERS*
R. W. BEATTY J. B. HORTON* F. J. ROSENBAUM

K. J. BUTTON R. M. KNOX

* Ex oficio (past chairmen)

Atlanta
Baltimore
Boston
Boulder-Denver
Buffalo
Chicago
Columbus
Connecticut
Dallas
Florida West Coast
Houston
Huntsville

Editor

Honorary Life Members

A. C. BECK W. W. MUhl~ORIJ ~. TONUYASU
D. D. KJNG T. S. SAAD

S-MTT Chapter Chairmen

F. L. CAIN India V. P. KODALI
J. E. DEGENFORD NY/Long Island E, W, MARKARn
H. E. STINEHELFER, SR. Los Angeles Council D. G. KELLI~G
A. Y. RUMFELT Milwaukee K. W. HSU
L, L. GRINIUS Montreal
S. R. LAXPATI N, J. Coast M. V. SCHNEIDER
R. C. RUDDUCK North Jersey H. S. VELORIC

M. GILDEN Orange County J. A. SANGUJNET
M. L. WALLACE Orlando W. H. RHODEN

J. L. ALLEN Ottawa W. J. STEENAART
W. L. WILSON, .TR. Philadelphia W. J. SOOHOO
J. M. LOOMIS Phoenix G. W. WILLIAMS, JR.

IEEE TRANSACTIONS@ ON MICROWAVE THEORY AND

Associate Editors

H. SOBOL
R. A. SPARKS
D. F. WAJT
L. R. WJIICK~R

National Lecturer

JOHN L. ALLEN

St. Louis
San Diego
San Francisco
Schenectady
Seattle
S, E. Michigan
Syracuse
Tel Aviv
Tokyo, Japan
Washington, D. C.

TECHNIQUES

F. J. ROSSNBAUM
J. M. DEVAN
J. H, LEPOFF

A. L. ARNLWRONG

J. C. LAMBERT

W. G. RADO

J. A. IGNZEL

A. 1. MADJAR

S. SAJTO
D. W. MAKI

F. J. ROSENBAUM H. G. OLTMAN D. F. WAIT B. PERLNtAN M. CAULTON T. OKOSHI
(Applications) (Bminess Editor} (Computer Program (Special Issues) (Abstracts Editor— Asia)

Descriptions)

Address all manuscripts to D. Parker, Stanford Res. Inst., Building 406B, 333 Ravenswood Ave., Menlo Park, Calif. 94025, Submission of three copies
of manuscripts, including figurss, will expedite the review.

THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC.

Officers

ARTHUR P, STERN, President FRANK S. BARNES, Vice Presidegr, Publication Activities
JOSEPHK, DILLARD, Executive Vice President ROBERT M. SAUNDERS, Vice President, Regional Acfioities
T. F. JONES, JR., Vice President, Educational Activities ROBERT F. COTELLESSA, Vice Presidenf, Technicai Activities
HAROLD S. GOLDBERG, Vice President, Professional Activities BURKHARD H. SCHNEIDER, Secretary–Treasurer

Headquarters Staff

H. A. SCHULKE, JR., General Manager, Execut iv. Director
DONALD G. FINK, Execufive Cons!{lfanf

TUOMAS W. BARTLETT, Controller CUARLES F. STEWART, JR,, Director, Member and Field Services
ES!VtIL. BIDSTRUP, Special Assistant fo the Presidenf BETTY J. STXLLMAN, Executive Assistant to the Executive Director
ELWOOD I<. GANNETT, Director, Publishing Services RICHARD M. EMBERSON, Director, Technical Services
WILLIAM J. KEYES, Director, Administrative Services EDWIN D. MACDONALD, Conference Services
JOHN M, RINN, Director, Educational Services SAVA 1. SFIERR, Standards

Editorial Department

H. JAMESCARTER, Manager, Ediforial Services
Senior Editors: NANCY B. BUDDE*, ANN H. BURGAfEYER, CAROLYNB ELENOWITZ, GAIL S. FERENC

Associate Editors: CLARA FEGER, HELEN S. GOLDMAN, PRIJONO HARDJOWIROGO, TRUMBULL ROGERS

* Responsible for this Transacf ions

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES is published monthly by The Institute of Electrical and Electronics Engineers, Inc., 345 East
47 Street, New York, N. Y, 10017. Responsibility for the contents rests upon the authors and not upon the IEEE, the Society, or its members. This journal
is available in either microfiche or printed form. Individual copies may be purchased at $5.00 (first copy only) by IEEE members and $10.00 per copy by
nonmembers. Annual subscription price: IEEE members dues plus Society fee. Price for nonmembers available on request. Abstracting is permitted with
mention of source. All rights, including translation, are reserved by the IEEE. Requests for republication permission should be addressed to the IEEE Editorial
Department, 345 East 47 Street, New York, N. Y. 10017. Copyright @) 1975 by The Institute of Electrical and Electronics Engineers, Inc. Printed in U.S.A.
Second-class postage paid at New York, N. Y., and at additional mailing offices,


