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Light propagation in glass-fiber waveguides
Planar Optical Waveguides and
Fibres

H.-G. Unger
751 pp. Oxford UP., New York, 1977.
$45.00

Reviewed by Esther Cnnwell

A significant by-product of the invention
of the laser and the advances in electro-
optic (or opto-electronic) techniques that
followed is the rapid growth of optical
communications. Optical-communica-
tion systems, although still considered to
be at an experimental stage, have been
used for cable TV, computer and military
systems in many parts of the world.
Many telephone companies, including
AT&T, are testing experimental systems
for introduction in the early 1980's. The
essential ingredient of these systems, after
the laser, is the glass-fiber waveguide for
transmission. Manufacturers can now
make these fibers with a thickness of the
order of a human hair and in multi-kilo-
meter lengths with the remarkably low
attenuation of 2 dB/km, or less, at the
wavelength of the semiconductor laser or
near infra-red neodymium-based lasers.
The rapid development of these fibers
owes a good deal to microwave theory and
techniques, on the one hand, and to
semiconductor technology as well as, of
course, usual and unusual glass technol-
ogy, on the other hand.

H.-G. Unger devotes the major portion
of Planar Optical Waveguides and Fibres
to the theory of light propagation in these
fibers, developed with a view to their ap-
plications. He also treats planar wave-
guides, that is, guides with rectangular
(rather than cylindrical) geometry, as well
as techniques for introducing light into
the guides. Although Unger begins the
book with a brief historical treatment, he
does not attempt to survey the by-now
voluminous literature in this field.
Rather, the book constitutes a unified and
fairly complete exposition of the theory of
planar optical waveguides and fibers that
starts from first principles, assuming only
a knowledge of Maxwell's equations.
Unger supplements his exposition of
waveguide theory with brief accounts of
the design and fabrication of the guides

An optical fiber, provided the core diameter is large, can guide many modes, and the penetration
of the electromagnetic field of the light into the cladding is different for each of them. Several modes
in a step-index fiber are shown above. The fundamental mode (top left) has most of the power
concentrated at the center of the core and is the only mode that can be guided in a single-mode
fiber. H.-G. Unger discusses these guided modes in his Planar Optical Waveguides and Fibres,
reviewed on this page. (Photograph courtesy of the Bell Laboratories Record)

and the technologies that have been de-
veloped for and applied to them.

After the historical introduction, the
book begins, appropriately, with the dis-
cussion of plane-wave absorption, scat-
tering and dispersion in the bulk of opti-
cal-waveguide materials, and total re-
flection at interfaces. The exposition on
planar waveguides—films (slabs), strips
and strip-derived structures—follows.
As the interconnections and the basis for
the components of integrated optics, these
may one day play an important role in
optical communications but that is not yet
clear. In any case, the discussion of these

waveguides provides a good background
for the treatment of the more complicated
fiber guides. As he does frequently for
easier physical insight, Unger first derives
the guided modes (characteristic elec-
tromagnetic-field patterns that can sur-
vive propagation over long distances)
from the simple geometric-optics concept,
of rays and total reflection at the guide
boundaries. He does this not only for the
simple slab guides but for each new type
of guide—guides with transverse con-
finement, graded-index guides (in which
the index of refraction changes gradually
throughout the guide rather than in steps

PHYSICS TODAY / FEBRUARY 1979 51



tfrtrr.

TIME ANALYZEK
•fl MODR 2043 J

IIMt MIIGE MULllPlltB

10 ^Ht ' no^^M*v
OVf R ^ B IWCi

•—GAIt—, |
^kllTlcmRC urn

0 S-iO S US
- l i l t SD^-

l l _ f t , , n ) I S

1100(1

02044 r
TME RANGE

t M R O SECONDS)

o

<Sh %£!l _̂̂?

AMPLIntR PUR

f 2013 i»

SHAMKtUBICi

(H3C OR

CANBERRA

RATQntTER

COORTS/SCQM)

fc*
/̂
l'&



Your Best Deserve Our Best.
New NIM from Canberra.
Because you shouldn't have to com-
promise we are continually reevaluat-
ing our product line to insure your
needs are being met. Keeping pace
with your ever increasing require-
ments is a challenge we welcome,
for your best does indeed deserve
our best. Holding to this concept we
are pleased to announce the follow-
ing new NIM for 1979.

2000 Series Preamplifiers
Eight new models for Scintillation,
SSB, and Proportional Counter De-
tectors. A preamp for every applica-
tion and budget. And all feature:

• Low Noise Design
• High Charge Rate Capacity
• Fast Rise Time
• Diode Protected FET inputs

2013 Spectroscopy Amplifier/
Pi leu p Rejector A cost and space
efficient solution to your GE(Li) spec-
troscopy problems. Both a high
grade amplifier and pulse pileup
rejector in a single width NIM.

• Gated Active Baseline Restorer
• Leading and Trailing Edge Pulse

Pileup Rejection
• Live Time Correction for Pulse

Pileup Deadtime
• Switch Selectable Shaping Time
Constants

2043 and 2044 Time Analyzers
Two new TACs to cover both re-
search and utility applications. Both
offer an impressive conversion range
and excellent resolution; the utility
model trades price for flexibility.

• 15 ranges from 20ns to 1ms
• Resolution better than 0.01%

+ 5psec on any range
• DC coupling for maximum
throughput

• Fast reset for minimum deadtime
• Selectable output delay and width
• Built-in SCA and linear gate on

Model 2043

2110 Timing Filter Amplifier
The heart of any solid state timing
experiment. And fully direct coupled
to handle high count rates.

• Fast (5nsec) transconductance
output

• Independent differentiation and inte-
gration

• Continuously adjustable gain from
X1.5toX100

• Delay cable clipping for use with
pulsed optional feedback preamps

• DC coupling for maximum
throughput

2058 Nanosecond Delay
An ideal accessory for any timing
experiment.

• Delays to 63.5nsec in 0.5nsec steps
• Typical ± 20 picosec calibrated ac-
curacy

2081 Linear Ratemeter
A big meter in a small module. And a
range to cover every need.

• Eight ranges from 10 to
25,000,000cps

• Large 2%" (7cm) display meter
• Front panel zero suppression ad-
justment

• Digital rate measurement for identi-
cal accuracy on all ranges

An impressive collection of new NIM.
And it's just a beginning. Throughout
the coming year even more new NIM
will be announced, making the Can-
berra 2000 Century Series of NIM
the one to use to fill all your NIM
requirements.

But Canberra is more than just NIM.
Canberra is also Detectors. Small
MCAs. Large MCAs. Systems. And
Software. The one name you need to
know for all your Nuclear Instrumen-
tation needs.

The
one name
ou need
' now

Canberra Industries, Inc., 45 GraceyAve., Meriden,CT, Tel. 203/238-2351
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Neutral Density Filters
Made of

best grade
optical
glass

"dyed"
en masse

Available in 2" x 2" size, in densities of 0.1,

0.2, 0.3, 0.4, 0.6, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0

and 3.0. Custom made instrument box hold

ing 12 filters $300.00 per set

For certain usages the Absorption Type Filters

are preferred to the metallic and dielectric

types. Colors are stable. May be stacked to

gether for certain densities. Optical densities

are held to exceptionally close tolerances of

zt0.050mm in thickness with densities

varying in 0.1 to 0.4 inclusive ±0.005 D;

in 0.6 to 1.0 inclusive ±0.02 D; and 2.0

to 5.0 inclusive ±0.08 0.

OPTICS FOR INDUSTRY

ROLYN OPTICS
300 North Rolyn Place

P.O.Boxl48 • Arcadia,Calif.91006
(213)445-6550 (213)447-3200

Circle No. 40 on Reader Service Card

PHENOMENOLOGY OF
QUANTUM CHROMODYNAMICS
Edited by J. Tran Thanh Van
Orsay University (France)

The Proceedings of the Hadronic Session
of the Xlllth Rencontre de Moriond covers
three main topics:

QCD and lepton pair production,
QCD and multiquark states,
QCD gluons and others.

Contributors: Chan Hong Mo, G. Kane,
Tan Chung I, R. Barate, F. Bradamante, A.
Capella, A. A. Carter, A. Contogouris, J.
Dash, J. Donohue, S. D. Ellis, S. Frautschi,
M. Fukugita, K. Goulianos, P. Grassberger,
J. Gunion, C. A. Heusch, H. Hogaasen, R.
Hwa, R. Jaffe, M. N. Kienzle, J. K. Kim, P.
Kroll, L. Lederman, A. D. Martin, C. Mi-
chael, L. Montanet, B. Nicolescu, E. Pauli,
R. Petronzio, J. E. Pilcher, C. T. Sachradja,
D. Schiff, D. Schildknecht, J. Six, A. Ro-
mana, P. Rehak, J. Teiger, Vinh Mau.
Clothbound, FF. 250/US$ 56, 1978.
The Proceedings of the Leptonic Session
is published under the title:

GAUGE THEORIES AND LEPTONS
Clothbound, FF. 260/US$ 58, 1978.
Copies may be ordered by individuals by
writing to:

EDITIONS FRONTIERES
B.P. 44

91190-Gif-sur-Yvette (France)
Circle No. 41 on Reader Service Card

at the boundaries), the different types of
fiber guides—as it is introduced. Unger
then derives the modes from Maxwell's
equations plus the boundary conditions.

The brief discussion of planar-wave-
guide technology that concludes the sec-
tion on these waveguides is the least ad-
equate part of the book. Although the
publication date of the book is 1977, the
references in this section essentially end
in 1974. Great advances have taken place
since then, particularly in the technology
of integrated optical circuits made en-
tirely of gallium arsenide and its alloys
with aluminum and other materials
("monolithic" integration). Unger's
statements that "we obtain more efficient
optical devices when the best materials for
the respective functions are combined"
("hybrid" integration) and "usually only
such hybrid integration results in optical
circuits with satisfactory performance"
stand in contradiction to the current state
of affairs in integrated optics.

The chapters on fibers are extensive in
their coverage, with attenuation and dis-
persion both discussed at length. The
dispersion analysis takes account of mode,
material and index-profile dispersion to
arrive at near-optimum profiles for min-
imizing pulse broadening in transit.
Unger devotes a chapter to the effects of
fiber imperfections such as bending, de-
viations from circularly symmetric ge-
ometry, and microscopic and macroscopic
fluctuations in refractive index. He de-

velops the solutions of coupled-wave and
coupled-power equations and a power-
diffusion approximation to make possible
the specification of fiber tolerances for
particular levels of signal degradation.
The final chapters on fiber fabrication
and cabling, junctions and transitions,
provide much more comprehensive cov-
erage than the section on planar-wave-
guide technology.

Unger, writing well and clearly, has
digested and presented in logical fashion
material from many diverse sources.
Starting from first principles as it does,
the book provides a good introduction to
waveguide theory and fibers. It should
serve well as a text for a course on optical
waveguides, including fibers, provided
more recent references on the technology
supplement it. One suspects that Unger,
who is Professor of Electrical Engineering
and Director of the Institut fur Hochfre-
quenztechnik, Technische Universitat,
Brauschweig, developed it through
teaching such courses. Additional pluses
are numerous references at the end of
each chapter and a 9-page "List of Prin-
cipal Notation."

Esther Conwell, a principal scientist at the
Xerox Webster Research Center, has worked
on waveguide theory and other aspects of in-
tegrated optics for several years. She has
written a number of reviews of integrated op-
tics, including one published in PHYSICS
TODAY, May 1976.

Galileo at Work: His Scientific
Biography

S. Drake
536 pp. Univ. of Chicago, Chicago, 1978.
$25.00

Galileo at Work begins with a charming
vignette of the famous scientist as an old
man tending his garden, dressed as a
"clown" rather than in his philosopher's
robes. This introduces us to Drake's
purpose, which is to show Galileo in his
"working clothes" and to give a "fair
overall view of Galileo's scientific career."
He turns from perennial questions con-
cerning philosophical influences on and
implications of Galileo's work and gives
instead a careful and detailed chrono-
logical account of what Galileo actually
did.

As the major translator of Galileo's
works into English, Drake has also written
many articles about Galileo. His forte is
discovery and translation of documents
previously unknown in English—some-
times previously unpublished any-
where—and his series of "Galileo Glean-
ings" (in various history-of-science jour-
nals) includes much useful analysis of
documents and events pertaining to

Galileo's life and work. (A few of these
"Gleanings" were collected together in
Drake's Galileo Studies: Personality
Tradition and Revolution (University of
Michigan, 1970.)

Galileo at Work, Drake's first attempt
at a book-length treatment of his subject,
pulls together into a comprehensive
chronological account materials found in
his earlier papers as well as other sources.
There is also much that is new. Among
the most striking bits is, perhaps, the
background to Galileo's development of
a theory of errors (page 307), the extent
and frequency of Galileo's illnesses and
the bearing of these on his work, and
many details surrounding Galileo's nu-
merous controversies. Most of these and
similar nuggets are found in Galileo's
correspondence, which Drake has proba-
bly read more thoroughly than anyone
else since the early years of this century.
Also, much important material is here
translated into English for the first time,
including a number of Galileo's manu-
script notes on motion and the so-called
"Fifth Day" of the Discourses and
Mathematical Demonstrations Con-
cerning the Two New Sciences Pertain-
ing to Mechanics and Local Motion.

Galileo at Work contains much that
will be of interest to a wide range of
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