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SGMMARY

The present thesis comprises four chapters. Chapter I
describes the present state of art and cdevelopment of the
main optical communication system components namely the
transmitter wnich includes a lignt scurce, a receiver which
inciudes a detector, and low-loss optical fibers as the
cormunication mecia. Light sources used are either lignt
emitting diodes or injection lasers while detectors are
either PIN photo diodes or avalauche Filcto diodes. The
advantages of optical communication are given. The mair
types of optical fibers namely step~index, graded-index,
monomode and multimode fibers are described. Also the fiber
characteristics inciuding attenuation, modal and material

dispersicn are presented.

Chapter II is concerrned with the application cf Maxwells
eguations to the propagation of e.ectromagnetic waves inside
cylindrical wave guldes. Deduction of wave gulde eguaticons and
modal equation provide the main characteristics of moade
propagation in step-index and graded index fibers. Thnese
inciuce the snape and numper of modes in both fibers. Leaky

modes in graded-index fibers are also described.

Chapter III deals with the determinations of “ne two

important parameters of mul<imode graded index optical fibers,
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namely the index profile parameter o and n, the difference

in refractive indices pbetween core and c:adding. Application
of the matnematical expression for the shape of multiple-beam
Tizeau fringes crossing a graded-index optical fiber when
inserted in a silvered liquid wedge has beern extended. The
effect of using the enclosed liguid of different refractive
indices on tnhe shape of the ﬁultiple—beam fringes crossing
the fiber, in core, ciad and liguié regions has been dealt

with theoretically and experimentalily verified. Using the
minimum variance technigue, formulae are utilized for caicula-
ting both o and in from fringe shifts. Experimental results
have been obtained from microinterferograms with ligquid
refractive index close and in between refractive incices of
clad and core. The consistency of the vaiues of o ané 4n
found experimentally and caliculated theoretically for different
- is a proof of the religpiiity of the multiple-beam inter-
ference method developed for determining accurately the two
previcusily mentioned parameters of multimode graded incex

optical fibers.

.Chapter IV deals with the process of fiber splicing.
A new method based on utilizing two-beam interference forme:z
by & Zeiss-Linnik interference nicroscope has been presented
and applied to examine the topograpny of the fiber suriace

around the region of splicing. The interference fringes
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revealed the existence of two buckiings on both sides of the
point of splicing. Their heights have been determined inter-
ferometrically and the corresponding losses due to their
exlstence measured. It is concluded that the dimensions of
such buckling which result from the process of fusion spliic-
ing should be less than one micron so that no detectable loss

i1s introduced.

A block diagram of the optical communication system
used in the measurement of the 1oss due 1o splicing, and
erected at Ain Shams University, Faculty of Science, Laser
Lab. 15 presented as well as the appafatus ased in the present

WOTrK.

This project was supported by the Foreign Relations

Coordination Unit (FRCU), Cairo, Egypt.
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I.1 HISTORICAL ACCQUNT AND THE PRESENT STAVE Of ART OF

CPTICAL COMMUNICATION SYSTEM COMPONENTS

Inspite of the potential advantages of optical fibers

in optical communication, it was not untlil 1966 that thelr

use in this field was proposedll‘. Tne reason was-that the
attenuation exnibited by glass fibers available at that time
was in the range of thousands oI d3/Km. This allowed trans-
mission only over short distances., In addaition Ligat sources

and detectors were not at zll compatible in size anc ruggedness

-

with optical fibers. 1In 196€, Kao and Hockman poilnted out L
that the attenuation found in glasses employed for optical
fibers was not a basic property of the materiali, but produced
by the impurities present, mainiy metallic ilons. Since the
intrinsic material loss, essentially determined by Raylieligh
scattering, which decreases as the fourtn power of tne wave-
length, is verv low, getting rid of the impurity content would
ailow acnleving much lower 1csses. It was also recognized that
an attenuation of 20 dB/Km for glass fibers was the .imit, i.e.
the maximum value acceptable for practicail appli;ation to long

distance transmission. In 1870 Corining giass works succeeded

e

n fapricating monomode fibers, hundreds of meters long wita
attenuation under 20 dB/Km-"-+. The techricue was based cn

depositing a thin layer of very pure, 2oped si.ica material

inside a fused silica tube. This was a real preakthrougi wnicih
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