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Snapshot: Jacobs discusses the technological beginnings of 
fiber communications systems and couples them to key 
regulatory events that catapulted lightwave systems to 
their current status. 

There has been a long-standing interest in com
municating at optical frequencies. Indeed, in 
1880, Alexander Graham Bell received a patent 
for the photophone,1 an instrument that used 

reflected sunlight to transmit sound to a receiver. The 
reflected light was intensity modulated by the vibration 
of a reflecting diaphragm located at the end of a tube 
into which Bell spoke. The modulated light was trans
mitted to a receiving mirror placed 200 m away, and 
focused onto a selenium photodetector. It appears that 
Bell's interest in the photophone was stimulated by his 
knowledge that selenium could convert light to an elec
tric current.2 Advances in materials science and engi
neering have played, and continue to play, a key role in 
the evolution of telecommunications; this is particular
ly true for fiber-optic systems. 

Although Bell considered the photophone his most 
important invention, its practicality was limited by the 
fact that sunlight isn't always available, and the Earth's 
atmosphere isn't always transparent. Optical communi
cations required a more suitable light source and trans
mission medium. The invention of the laser in 1958, 
and the achievement of various laser structures in the 

early 1960s, restimulated interest in optical communi
cations. Limited by the atmospheric vagaries of free-
space transmission and spurred on by the invention of 
the laser, researchers turned to guided wave transmis
sion of optical signals. Various structures, including 
hollow pipes with gas lenses and dielectric waveguides, 
were considered in the early 1960s, but these were dis
carded when "low loss" optical fibers were first achieved 
at the end of that decade. 

The fact that thin filaments of glass can guide light 
by means of total internal reflection is an old phenome
non (going back to at least Tyndall in the 19th century), 
and had been used in instrumentation and illumination 
applications for many years. However, in the 1960s, 
even the best quality optical glass had attenuations (for 
this and other terms, see glossary, page 21) of the order 
of 1 dB/m, which would limit transmission distances to 
at most a few tens of meters. In 1966, Kao and 
Hockham of the Standard Telecommunications 
Laboratory in England indicated in a landmark paper3 

that if high silica glass were used, if impurities were suf
ficiently controlled, and if a lower index of refraction 
cladding surrounded the core of the fiber, then attenua
tions of the order 20 dB/km might be achieved. 
Extensive research in achieving low-loss fibers was 
undertaken in England, Japan, and the U.S., and first 
success was attained in 1970 by Kapron, Keck, and 
Maurer at the Corning Glass Works, who reported4 the 
achievement of a loss of 20 dB/km at a wavelength of 
632.8 nm in single-mode fiber. Also in 1970, the first 
operation was reported5 of a semiconductor laser that 
operated continuously at room temperature. 

In 1971, I was appointed director of the Digital 
Transmission Laboratory at AT&T Bell Laboratories in 
Holmdel, N.J.6 Our principal responsibilities at that 
time were the development of a 6.3 Mbits/sec digital 
transmission system (T2) on a new low-capacitance, 
twisted-pair metallic cable, and a 274 Mbits digital 
transmission system (T4) on coaxial cable. My boss, 
Warren Danielson, executive director of the 
Transmission Division at Holmdel, together with 
Rudolph Kompfner, executive director of the 
Communications Research Division, foresaw the 
importance of fiber-optic communications, and decid
ed that several people from my organization should be 
transferred to the Communication System Research 
Laboratory directed by Stewart Miller, with the intent 
that they transfer back to my organization when light
wave7 communication systems were ready for 
exploratory development. That took place in 1974, 
when Miller and I were asked by Kompfner and 
Danielson to convene a study group8 with the charter 
"to develop a concise picture of the evolving explorato
ry program aimed at realizing, as soon as practicable, 
meaningful transmission experiments using lightguide 
cable in combination with terminal electronic/optic 
building blocks." 
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Initial applications and bit rates 
It was clear that the initial econom
ic application for lightwave systems 
was for communication between 
telephone switching offices in met
ropolitan areas (metropolitan 
trunks). Fiber, being a medium in 
which high bandwidth is more easi
ly achievable than high signal-to-
noise ratio, is most attractive for 
digital transmission. Digital trans
mission was first used in telecom
munication systems with the intro
duction of the wire-pair 1.544 
Mbits/sec T1 system in 1962. In T1, 
24 digital voice circuits were trans
mitted on two twisted pairs of cop
per wires (one pair for each direc
tion of transmission.) T1 was (and 
continues to be) used for metropol
itan trunking, using the same wire 
pairs previously used to carry a sin
gle analog voice circuit. But even 
with T1, continued circuit growth 
led to increased wire-pair conges
tion, and, in addition, T1 repeaters 
(repeater spacing of 6,000 ft) were 
in manholes below crowded city 
streets. Fiber was ideal for this 
application because the signals were 
already in digital form, and typical 
metropolitan switching offices were 
only a few miles apart—distances 
that could be spanned without 
intermediate repeaters, even with 
the first generation (long wave
length, multi-mode fiber) technolo
gy. The question was, "What should 
be the bit rate of the initial applica
tion?" 

The two principal bit rate con
tenders were the 1.544 Mbits/sec 
digital signal format (DS)-1 rate, 
and the 44.736 Mbits/sec DS-3 rate. 
(These are two of the standard rates 
in the North American digital hier
archy.) Lightwave systems at the 
DS-1 rate could interface with exist
ing T1 systems without the need for 
additional stages of multiplexing. 
Also, there were many applications 
where the DS-3 rate (corresponding 
to 28 DS-1's) was not needed. On 
the other hand, laser and fiber costs 
argued for the higher transmission 
rate where the high cost of the opti
cal components could be shared 

over more circuits. The economic 
argument won out, and a 45 
Mbits/sec field experiment was 
planned. (The debate between 
increasing bit rate versus multiple 
systems at lower bit rates is a recur
ring theme in the history of light
wave system development.) 

The Atlanta System Experiment 
was implemented in 1975, and 
installed in ducts on the premises of 
the Western Electric and Bell 
Laboratories facility in Atlanta.9 

The system included a 144-fiber, 
ribbon-structured 0.65-km-long 
cable.10 By looping through many 
fibers, a total unrepeatered trans
mission distance of 10.9 km was 
achieved. Also, a cable installed in a 
special duct section, in which tem
perature and humidity could be 
controlled, allowed special environ
mental testing to be performed. 

The success of the Atlanta exper
iment (conducted in the first half of 
1976) led to the installation of a 
trial system in early 1977 in the 
actual telephone network in down
town Chicago. This system inter
connected two Illinois Bell central 
offices and a customer location, and 
carried a full range of voice, video, 
and data services in both the cus
tomer loop and trunk portions of 
the metropolitan network, and 
remained in service for two years. 

Based on these trials, plus 
research, technology development, 
and systems engineering, a decision 
was made in the fall of 1977 to 
develop a lightwave system (called 
FT-3) for general application in the 
Bell System. The first service of 
from this service occurred in 
Trumbull, Conn., in 1979. FT-3 
transmitted 45 Mbits/sec at a wave
length of 825 nm on 50/125 μm 
multi-mode fiber using AlGaAs 
lasers and silicon avalanche photo-
diode detectors. Since terminal 
costs were a key factor in these sys
tems, two terminal configurations 
were made available, a stand-alone 
multiplexer that would multiplex 
signals from the DS-1 to the DS-3 
rate and a multiplexer integrated 
directly into the lightwave terminal. 

(The importance of terminal costs, 
and the integration of the multi
plexing and transmission functions 
is another recurring theme in light
wave communications develop
ment.) FT-3 systems (as well as sim
ilar systems provided by other man
ufacturers) were installed in many 
U.S. metropolitan areas in the early 
1980s. 

The Northeast Corridor 
Although digital transmission was 
widely used for metropolitan 
trunks, it had not yet penetrated 
into the longer distance inter-city 
market, where continuing capacity 
upgrades on existing microwave 
radio relay routes made achieving 
the cost savings of fiber transmis
sion more difficult. Somewhat para
doxically, digital switching was first 
introduced for long-distance trans
mission. This allowed terminal cost 
savings for digital transmission sys
tems that could interface directly 
with a digital switch. However, his
torically, long-distance communica
tions costs were dominated more by 
transmission than terminal costs, 
and analog transmission continued 
to prevail. The first break in this 
pattern was in the Boston to 
Washington Northeast Corridor, 
where very large circuit demands, 
and relatively short distances 
between terminal points, combined 
with the existence of digital switch
ing offices along this route, made 
fiber transmission a viable econom
ic alternative. Another key factor 
was the existence of an old coaxial 
cable system along this route, with 
existing repeater huts spaced 7 km 
apart. (The cost of acquiring a new 
right-of-way would have been pro
hibitively expensive.) 

In January 1980, AT&T Long 
Lines filed an application with the 
Federal Communications Com
mission (FCC) for construction of a 
fiber-optic system between 
Washington and Boston.11 The pro
posed system was projected to be 
about 20% less expensive than the 
alternative that was to augment 
existing analog facilities. Although 
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there were the usual "Petitions to 
Deny" from other carriers, and 
requests from the FCC for more 
information, the application 
appeared to be progressing normal
ly through the regulatory process. A 
key event then occurred in June 
1980 when Corning Glass Works 
filed with the FCC a document 
entitled "Comment in Support of 
Northeast Corridor Lightguide 
Fiber Installation." The concluding 
paragraph of this 16-page docu
ment stated: 

"Corning supports the installa
tion of a lightguide fiber communi
cations link in the Northeast 
Corridor; Corning believes that the 
Commission in passing on AT&T's 
petition should seriously consider 
the long-term structure and vigor 
of the lightguide fiber industry, and 
should set forth guidelines that, 
both in concept and in practical 
detail, will preserve the competitive 
nature of the industry." 

The Corning document clearly 
influenced the FCC, which 
approved on November 25, 1980, 
the first phase of the Northeast 
Corridor (New York to Washing
ton, which was required for service 
January 1, 1983). However, this was 
contingent on AT&T's agreement 
that the second phase (New York to 
Boston required one year later) 
would be let for competitive pro
curement. Prior to that time, as the 
"developer" of the system, I had 
very close contact both with 
Western Electric (now AT&T 
Network Systems), the manufactur
er of the system, and AT&T Long 
Lines (now AT&T Communica
tions), the customer. Once the deci
sion was made to issue a proposal 
for the second phase, my interac
tion (and that of the development 
organization within Bell Labs) was 
solely with Western Electric. 

Western Electric was one of sev
eral U.S. manufacturers responding 
to this request for proposal. There 
were also several responses from 
European and Japanese companies. 
It was my understanding that Long 
Lines was prepared to award the 

contract to Fujitsu, which had sub
mitted the lowest bid price. 
However, after high-level discus
sions between AT&T and the execu
tive and legislative branches of the 
federal government, AT&T Long 
Lines selected Western Electric, who 
had submitted the lowest bid of the 
domestic suppliers, to provide the 
second phase of the Northeast 
Corridor. Fujitsu filed a "Petition to 
Deny." After soliciting comments 
from the Defense, State, and 
Commerce Departments, the FCC 
approved the AT&T application in 
April 1982. 

The Northeast Corridor events, 
and indeed the entire history of 
lightwave communications, is 
indicative of the highly competitive 
nature of this industry, and the pro
found changes that took place in 
the procurement of systems even 
preceeding the divestiture of the 
Bell System in 1984. Foreign com
panies establishing manufacturing 
operations in the U.S. were likely 
influenced by the size of the U.S. 
market and by governmental con
cerns on the dependency of U.S. 
telecommunications on "foreign" 
components. 

Service was provided in the 
Northeast Corridor on schedule 
with a 90 Mbits/sec system on 
multi-mode fiber at a wavelength 
of 825 nm. The initial filing with 
the FCC called for 45 Mbits/sec 
transmission for Phase 1, with sub
sequent conversion to 90 Mbits/sec. 
However, development of the 90 
Mbits/sec FT-3C system was 
advanced to meet the Phase 1 as 
well as Phase 2 application. The 
FT-3C system interfaced at the 
standard DS-3 45 Mbit/sec rate, 
and provided the 45 to 90 Mbit/sec 
conversion within the lightwave 
terminal. 

The Northeast Corridor cable 
was designed to support transmis
sion at 1.3 μm to allow a capacity 
upgrade with wavelength-division 
multiplexing. The original plan was 
to add two additional 90 Mbits/sec 
channels at the same repeater spac
ing, one using lasers at 875 nm and 

the other using light emitting 
diodes at 1,300 nm. The fiber loss 
and bandwidth were better than 
specifications, and this coupled 
with laser and electronic advances 
allowed realization of a much more 
attractive upgrade. A 180 Mbits/sec 
serial transmission system (called 
FT-3X) was added with lasers at 
1300 nm, but with double the 
repeater spacing. Thus, the increase 
to a capacity of 270 Mbits/sec per 
fiber was achieved with the addition 
of one quarter the number of 
repeaters originally planned. 

One of the continuing chal
lenges of lightwave system develop
ment has been the introduction of 
systems in the presence of rapidly 
changing technology. Indeed, the 
Northeast Corridor and a similar 
installation between Los Angeles 
and San Francisco were the only 
long distance systems on multi-
mode fiber, and both long distance 
and metropolitan applications 
quickly moved to single mode tech
nology. This change was foreseen at 
the time of the initial Northeast 
Corridor application. Indeed, the 

Glossary 
Attenuation: As a signal propagates on a transmission 
line, the power level decreases as the distance increases. 
The attenuation (or loss) in decibels (dB) is given by 10log 
(Pi/Po), where Pi and Po are the input and output powers, 
respectively. Present optical fibers have a minimum attenua
tion of about 0.2 dB/km at a wavelength of 1550 nm. 

Multiplexing: The combining of several signals into a Sin
gle signal in such a way that the individual signals may be 
recovered (demultiplexed) from the combined signal. 

Repeaters: Due to attenuation in long-distance communica
tion systems, intermediate amplification is required between 
the transmitter and receiver. Such amplifiers are termed 
repeaters. In a binary digital system in which a pulse repre
sents a 1 and the absence of a pulse represents a 0, a 
regenerative repeater makes a decision in each bit period as 
to whether a pulse is present or not, and if so it regenerates 
a "clean" pulse rather than simply amplifying the input sig
nal. Such regenerative repeaters (also called regenerators) 
have the advantage that noise and distortion do not accu
mulate from repeater to repeater. A regenerator in a fiber 
optic transmission systems consists of a photodetector, 
electrical circuitry for pulse amplification, retiming, and 
regeneration, and then an optical source (laser or LED) for 
retransmission of the regenerated optical signal. 

Trunks: The telephone transmission network consists of 
the connection (called a loop) between the subscriber and 
the serving telephone company office, and the connections 
between telephone company offices (called trunks). 
Whereas there is at most a few telephone circuits between a 
residential subscriber and the serving office, there are a 
large number of trunks between telephone offices within and 
between large cities. Also, the path lengths of trunks are 
generally much longer than those of loops. This combination 
of larger communication requirements and longer distances 
have made achieving an economic advantage for fiber much 
easier in the trunk than in the loop portion of telephone net
works. 
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FCC, in its original 1980 order 
approving that application, noted: 

"Continuing improvements in 
fiber technology, like most other 
new technologies, should produce 
innovations and increased capacity 
in fiber systems and reduce future 
per circuit costs relative to existing 
technology. We believe, however, 
that the experience to be gained 
from this project outweighs what
ever theoretical benefits might arise 
from delay in its implementation. 
This experience is necessary to fos
ter the technological developments 
that will lead to "learning curve" 
decreases in cost. Without experi
ence in the early stages of develop
ment, we may never see some of the 
advances that fiber technology 
promises to bring to telecommuni
cation users. Thus, we find that 
Applicants should be authorized to 
begin implementation of this new 
technology in the long haul net
work at this time." 

Was the original technology 
choice for the Northeast Corridor 
too conservative? Perhaps so. A case 
may indeed be made for assessing 
where the technology is going, and 
focusing development efforts on 
achieving that goal. On the other 
hand, intermediate technologies 
can provide the stepping stone 
toward achieving the long-term 
goal, and may in addition have 
long-term applications of their 
own. This may be the case for 
multi-mode short wavelength tech
nology, as it was, for example, for 
low-orbit satellite communication 
systems. 

Competitive pressures are forc
ing system developers to be less 
conservative in development choic
es. It is interesting, for example, that 
undersea systems, once the slowest 
to introduce new technology due to 
stringent reliability requirements, 
are now in the forefront of commit
ting to new technology. What needs 
to be done is (and likely should be) 
the more important question than 
what can be done. 

Longer distances, higher bit rates, 
and SONET 
The use of single mode fiber and 
lasers at 1.3 μm, as well as increases 
in electronic circuit speeds, made 
possible higher speed longer 
repeater distance systems. Systems 
were being developed in Japan at 
400 Mbits/sec and in Europe at 560 
Mbits/sec consistent with standard 
levels in their digital hierarchies. 
The U.S. 274 Mbits/sec DS-4 was no 
longer a viable competitive alterna
tive, and the question was whether 
AT&T Network Systems develop a 9 
DS-3 400 Mbits/sec or a 12 DS-3 
560 Mbits/sec system. The conserva
tive option was chosen, so that con
current effort could be put on an 
early upgrade to a 36 DS-3 1.7 
Gbits/sec system. An early decision 
to provide a 140 Mbit/sec interface 
to the European hierarchy (leading 
to a 432 Mbits/sec system) was 
changed (to achieve a more eco
nomic terminal) to a system with 
only a 45 Mbits/sec interface and a 
line rate of 417 Mbits/sec. All opera
tion and maintenance features were 
provided at the input 45 Mbits/sec 
rate to minimize the high-speed cir
cuitry and to faciltate upgrade to 
higher bit rates. The first AT&T FT-
Series G 417 Mbits/sec system went 
into service in January 1986, and the 
first 1.7 Gbits/sec system in July 
1987. The initial repeater spacing 
was about 45 km.12 Thus, the capac
ity was 18 times that of the original 
90 Mbits/sec (2 DS-3) Northeast 
Corridor system and the repeater 
spacing was a factor of six greater. 
Thus, for a given circuit capacity, 18 
times fewer fibers were required, 
and more than 100 times fewer 
repeaters. Although technology 
advances and conversion of older 
systems stimulated applications, it is 
likely that the technology has 
advanced more rapidly than the 
applications. Indeed, whereas the 
Northeast Corridor cables con
tained 144 fibers, subsequent long 
distance fiber cables generally con
tained many fewer fibers, although 
this trend may be starting to reverse. 

Another growth incentive for 

long-distance fiber-optic networks 
resulted from the 1984 divestiture 
of the Bell System, which opened 
the switched long distance network 
to competition. Competing net
work providers, and competing 
manufacturers, led to a plethora of 
systems, all of which interfaced at 
the standard DS-3 rate, but had 
proprietary line formats and main
tenance features. Also, the DS-3 
inputs were based on an asynchro
nous bit-interleaved multiplexing 
plan, devised in the 1960s and 
based on digital circuit technology 
available at that time. A new syn
chronous multiplexing plan was 
proposed in the early 1980s (and 
called SONET, or synchronous 
optical network13). This plan has 
since gained international accep
tance as SDH, or syncronous digital 
hierarchy. SONET is based on a 
51.84 Mbits/sec signal (called STS-
1) that allows for synchronous byte 
multiplexing of 672 64-kbits/sec 
(DS-0) channels. This is the same 
capacity as a DS-3, but the SONET 
format allows for direct access of 
individual DS-0 and DS-1 signals 
without demultiplexing the entire 
data stream. Also, considerably 
more overhead bits are provided for 
facility and service maintenance. 
Line systems are at integer multi
ples of the STS-1 rate, and are 
obtained by synchronous byte 
interleaving. (The international 
SDH-1 corresponds to STS-3). The 
advantages of SONET include more 
economic add-drop multiplex and 
digital cross-connect systems, and 
compatibility between multivendor 
products allowing mid-span inter
connection. Long distance light
wave systems now being installed in 
the U.S. are generally 2.488 
Gbits/sec SONET STS-48 systems. 

Time division vs. wavelength division 
multiplexing 
To date, increasing demand for 
higher capacity transmission per 
fiber has generally been met more 
economically by higher speed serial 
transmission or time division multi
plexing (TDM) than by the parallel 
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transmission of multiple channels at 
different wavelengths or wave divi
sion multiplexing (WDM) on a sin
gle fiber. This results from the cost 
of a single high-speed regenerator 
generally being less than that of 
multiple lower speed regenerators 
and W D M filters. Thus, system 
design has been predicated on mini
mizing the number of optical com
ponents, because optical compo
nents (notably lasers) are expensive. 
However, this leads to limited sales 
volume of these components, 
which, in turn, keeps the price high. 
Several factors are hopefully leading 
to a reversal of this direction. 

Although electronic circuit 
speeds continue to advance, it is 
highly unlikely that the tens of tera
hertz fiber bandwidth available can 
be used by T D M techniques alone. 
Thus, W D M will be required ulti
mately. Furthermore, W D M tech
nology can be used at a variety of 
bit rates, and is particularly attrac
tive for networking applications 
where wavelength selective devices 
may be used for circuit access and 
routing. It would appear more 
attractive to devote development 
resources to decreasing W D M tech
nology costs than to continuing to 
push upgrades in circuit speed, 
since the W D M technology is more 
broadly applicable. 

Several technology advances 
should also hasten the move to 
WDM. Integration of optical com
ponents (array sources and detec
tors) may make multi-wavelength, 
multiple regenerators in a single 
package no more expensive than a 
single higher speed regenerator. 
More importantly, fiber amplifiers 
allow the amplification of multiple 
wavelength signals without the need 
for demultiplexing and regenerat
ing the individual signals.14 Optical 
amplifiers are already committed 
for the next generation undersea 
system, and are likely to be compo
nents in future local distribution 
networks. 

The future 
Prior to the advent of optical 

amplifiers, lightwave systems used 
optical sources and detectors, but 
all signal processing was done elec
tronically. When optical signals 
needed to be amplified, they were 
detected and amplified electrically, 
and then reconverted. This corre
sponded to the state of electrical 
communications at the turn of the 
20th century, where the first 
electromechanical voiceband 
amplifier was essentially a back-to-
back loudspeaker and microphone. 
The blossoming of electronics 
began with the invention of the 
audion triode vacuum tube by 
deForest in 1906 that removed the 
need to convert back to mechanical 
energy with its inherent bandwidth 
limitations. The invention of the 
transistor in 1948 and the subse
quent development of integrated 
circuits in the 1960s led to system 
architectures inconceivable in the 
days of individual tubes and tran
sistors. 

But just as initial transistor cir
cuits mimicked their vacuum tube 
counterparts, lightwave systems 
have followed the architecture of 
lower speed metallic and radio 
communication systems. As circuit 
design in the 1950s was devoted to 
minimizing the number of transis
tors in a circuit, lightwave system 
development in the 1980s was 
devoted to minimizing the number 
of optical components. The future 
of lightwave systems is in the grow
ing realization of the unique capa
bilities of this technology, in devis
ing system architectures that exploit 
these capabilities, and in providing 
the technology advances and cost 
reductions that make this possible. 
Long distance applications, by 
virtue of their high bit-rate distance 
product, have fueled much of the 
recent technology advances. But 
short distance applications are like
ly to fuel the market growth, 
because there are many more end-
users than there are switching 
offices, and increases in end-user 
communication requirements are 
the stimulant of network growth. 

It is interesting that as lightwave 

technology advances are made, 
similar advances are made in com
peting technologies that seemingly 
may slow application of lightwave 
systems (e.g., increasing the capaci
ty of existing metallic systems with 
sophisticated modulation and sig
nal processing techniques, or band
width compression techniques that 
decrease the need for high band
width signal transmission). Similar 
situations have occurred in the 
past; e.g., advances in analog radio 
capabilities that slowed the intro
duction of digital radio systems. It 
is tempting to argue (as I have done 
in the past) that we should agree on 
where we want to be and focus 
development efforts on achieving 
that goal. On the other hand, the 
marketplace of technology compe
tition may indeed be the best 
arbiter. No one technology is the 
right answer for all applications, 
and hybrid systems, using unique 
features of fiber (bandwidth), twist
ed wire-pair (pervasiveness) and 
wireless (mobile) technologies, 
should provide the needed means 
for both stimulating and meeting 
near-future information demands. 
This near-future growth should 
provide the economic incentive and 
means for the increased research 
and development necessary for the 
far-future advances that would be 
foolhardy to predict, but are certain 
to come. 

References 
1. A.G. Bell, "Apparatus for signaling and com
municating, called 'Photophone'" U.S. Patent 
235,199, filed August 28, 1880, issued December 
7, 1880. 
2. R.V. Bruce, Bell: Alexander Graham Bell and 
the Conquest of Solitude, Little, Brown, Boston, 
Mass. (1973). 
3. C.K. Kao and G.A. Hockham, "Dielectric-fiber 
surface waveguides for optical frequencies," Proc. 
of the IEE 113, 1151-1158 (1966). 
4. F.P. Kapron et al., "Radiation losses in glass 
optical waveguides," Appl. Phys. Lett. 17, 423 
(1970). 
5. I. Hayashi et al.,"Junction lasers which operate 
continuously at room temperature," Appl. Phys. 
Lett. 17, 109 (1970). 
6. What follows is a personal history focusing on 
my experience in lightwave system development 
at AT&T Bell Labs, and some general conclusions 
that I have drawn from this experience. Clearly, 

Continued on page 39 

Optics & Photonics News/February 1995 23 



FIBER OPTICAL TECHNOLOGY 

Figure 5. Functional architecture. 

vices management will also undergo considerable trans

formation, with the capabilities of intelligent network 

elements used to simplify network and service manage

ment and to improve services management responsive

ness and flexibility. Also, customers will increasingly con

trol more of their service requests and changes directly. 

The new functional architecture will also give rise to logi

cal interface and interworking points between the vari

ous functions, to ensure openness. 

Technology advances, particularly low-cost band

width from fiber optic or wireless technology, coupled 

with the regulatory drivers to enable competition, will 

create a different and more complex telecommunica

tions industry, where the means to success will be deliv

ering quality solutions and services to customers. Figure 

6 shows the major forces that will drive network and 

product evolution. In the old model, where technology 

was the only variable, network and product evolution 

were linear and deterministic, and the relationship 

between customer, service provider, and vendor could 

be transactional. 

In the future model with many more variables, net

work and product evolution will be probabilistic, with 

many viable scenarios plus strong drivers to localization 

and customization. In this environment, the vendors 

and service providers that will succeed will be those 

who can form partnerships with each other and cus

tomers to develop flexible, responsive solutions to cus

tomers' needs. Those who stick to the old transactional 

vendor/telco model will surely fail. 

Geoff Goddard is director, Fiber Systems Planning, Bell Northern Research 
Ltd., Ottawa, Ontario, Canada. 

Figure 6. Te lecommunica t ions change dynamics . 

Lightwave System Development by Ira Jacobs 
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many other organizations within the U.S. and worldwide have contributed 
substantially to the development and application of lightwave systems. 
7. Warren Danielson coined the term fϊberguide transmission to refer to 
fiber-optic communication systems. Following a reorganization in which 
Solomon Buchsbaum became my boss, he objected to the term fiberguide, 
and proposed the terms lightguide to refer to the fiber, and lightwave to refer 
to the system. Warren Danielson, Sol Buchsbaum, and my subsequent boss, 
David Thomas, were superb leaders, key contributors to the development and 
application of lightwave systems, and dear friends. 
8. Members of the initial Study Group, in addition to Miller and me, were 
J.S. Cook, Tingye Li, J.H. Mullins, and M.I. Schwartz of Bell Labs, and R.E. 
Mosher of AT&T. Of course, many others were also key contributors to the 
study. 
9. I. Jacobs et al., "Atlanta Fiber System Experiment," Bell Sys. Tech. J. 57, 
1717-1895 (1978). 
10. The advent of lightwave transmission was accompanied by a switch to 
metric units in which cable lengths and repeater distances were expressed in 
kilometers rather than feet or miles common in prior metallic cable systems. 
11. I. Jacobs, "Fiber-optic transmission technology and system evolution," Ch. 
1 in Digital Communications, T.C. Bartee, ed., Howard W. Sams & Co., 1-48 
(1986). 
12. I. Jacobs, "Design considerations for long-haul lightwave systems," IEEE J. 
Select. Areas Commun. SAC-4, 1389-1395 (1986). 
13. R. Ballart and Y.-C. Ching, "SONET: Now it's the standard optical net
work," IEEE Commun. Mag. 27:3, 8-15 (1989). 
14. T. Li, "The impact of optical amplifiers on long-distance lightwave 
telecommunications" Proc. IEEE 81, 1568-1579 (1993). 

Ira Jacobs is a professor of electrical engineering, interim head of the 
Bradley Department of Electrical Engineering, and a member of the Fiber 
and Electro-Optics Research Center at Virginia Polytechnic Institute and 
State University in Blacksburg, Va. 
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(e.g., 155 Mbit/sec interactive) and, thus, a further exten

sion of fiber to the user, could be financed through rev

enues f rom the broadband services themselves and 

through possible network savings in the distribution area. 
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