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I.   Present Technology

Within the last ten years o
r so, glass fibers have bee

n

developed that are capable 
of transmitting optical sig

nals

over distances that are lon
g enough to have potential 

use

for many kinds of communications. They may replace wires,

A coaxial cable, and microwave links in many applications,

\1
'k    and some forcasters e

xpect them to do so within 
the next

      ten years or
so. A recent summary of the fie

ld was given

1/
It             in the May, 

1976 issue of Physics Today
.
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          There seem to hav

e been two main elements in
 this

advance: 1) development of very pure low-loss glass and

1
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mival ii
j silica, and 2) development of methods fo

r producing uniform

=110 0 fine fibers with radial var
iation of the index of refr

action
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1 " 9:X appropriate for a waveguide
function. A typical individual
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iT C. A fiber has a diameter of abo
ut 0.1 mm and a typical 7-f

iber

<Un .
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cable in a protective sheath has a diameter of 5.0 mm.

9,2 A To be useful for communicat
ions it is necessary to hav

e

miu  8
: -10 9 light sources and transmitt

ers, connectors and splices
,
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...1 6 0 detectors and amplifiers as
 well as the basic optical 

wave-
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g u i d e. Such components are availab
le commercially from

   A 2 8 '    1. S.J. Buchsbaum, "Lightwave Communications, An Overview,"

p.23; A.G. Chyncweth, "The Fiber Lightguide," p.28;

,
"Light Sources," p.38, Physics Today, May 1976.H. Kressel, J. Ladany, M. E

ttenberg and H. Lockwood,
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several suppliers. Figur~ 1 shows a schematic transmission 

2 
system taken from an ITT Technical Note. The normal light 

sources are solid-state light emitting diodes and Ga Al As 

laser diodes. The laser provides a brighter source, but 

costs more. Similarly, two types of solid~state detectors 

are in use, PIN diodes (Positive-Intrinsic-Negative) and 

avalanche photo-diodes, APO .. The latter provides greater 

sensitivity at higher cost. 

Fig. 1. S~hematic of optical transmission system from ITT 
Technical Note. 

It appears that it should be pos~ible to dev{se couplers, 

modulators, and switches for optical waveguides.
3 

I have no 

assessment of their practicality. In principle, the existence 

of switches should imply the ~xistence of logic circuits 

utilizing light signals rather than electric. 

II. Some Performance Information 

3ased on some produce information from Corning, ITT, and 

Galilee Electro-Optics, the following seem to be typical values 

of some parameters of interest: 

Attenuation - May be as low as 6 d3/km or as high as 

high as 45 dB/km. Values of 10-20 are typical. 

2. 

3. 

ITT Technical Note R-1, Haptical Fiber Communications," 
Electro-Optical Products Division, ITT. 
Esther M. Conwell, "Integrated Optics,H Physics Today, 
May, 1976, p.48. 
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Dispersion - Can be expressed as a pulse broadening 

in nanos ec /k.m. Values range from 1.2 to 23. 

Radiation Effects - 1000 Rads are estimated to increase 

attenuation 1 dB/km. 

Connection L~sses - Sh6uld be in range 0.5 to 1.5 kB. 

From a hasty reading of the product information sheets 

it would appear that transmission over a few kilometers is 

practical ~~thout amplifiers or repeaters and that transmission 

from detectors to analysis computers at ISABELLE would be easy 

to do. 

III. Some Cost Information 

No thorough survey has been made, and the following 

L.· figures may be out of date. They seem ra~her hi~h, but one 

would expect costs to be going down since this is a new 

technology. 

Single fiber!? $1 to $5 per meter 

Cable (e.g .. 7 fiber) $10 to $15 per meter 

LED source $500 

Laser source $650 

PIN detector .$200 

APD detector $450 

Thus, interest for use at ISABELLE would be based on 

the 
~~ 

expectations of.large reductions in cost with mass 

production for use by the Bell System and other segments 

of the communications .industry. I do not know whether 

that will happen, but it seems to be a good possibility. 
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IV. Some Advantaaes 

An indication of the good features is given in Buchsbaum's 

summary~ "What are some of the attractive features of li~ht-

wave communications systems? Fibers are smalL and so are 

fiber-guide cables, a potential boom in metropolitan areas 

where duct space is crowded and expensive. Fibers are light 

compared with copper wires, an important advantage where weight 

is at a premium, in aircraft, missiles, and satellites. There 

is no metal in fibers; they are, therefore, essentially immune 

from electrical interference. The very weak dependence of 

optical loss in frequency and temp•rature in fibers simplifies 

the design of receiver electronics - no equalization is required. 

t ,..__. And ·last, but certainly not least, is the hope - nay, the expec-

tat~on- that this.technology will turn out to be less cbstly 

than present technologies based on wire, cable or radio~ 

Compactness, freedom <= • .... rom nol.se, and high data transm~ssion 

rates seem to have importance at ISABELLE, so lightwave communi-

cations may be useful if the cost goes down in the next few 

years. As·an example of their compactness, ITT lists a 7-fiber 

cable in a light jac~et with 2.5 mm outer diameter. These 

would, in principle, allow packing 16 X 7 = 112 channels per 

cm 2 
with bandwidths up to 400 MHZ per channel. A 10 em square 

·hole filled with such cables can then transmit -4 X 10
12 

bits 

per second, which should be plenty. 

( 
\___ 
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Schematic of optical transmission sys .tem from ITT Technical Note. 




