
L A S E R S : 
The first 25 years 

By Anthony J. DeMaria 

Since the earliest days of the 
u t i l i za t i on of the e l e c t r o ­
magnetic spectrum, there has 

been a steady drive toward the pro­
duction and use of coherent elec­
tromagnetic energy of higher and 
higher frequency. This tendency 
resulted partly from the realization 
that an increase in transmitted in­
formation, direct iv i ty, and eff i­
ciency were available with increas­
ing carrier frequency and partly as 

a result of crowding and interfer­
ence between existing frequency 
bands. 

Another important drive toward 
generating coherent radiation of 
higher frequency resulted from the 
fact that researchers were inter­
ested in uti l izing these waves for 
probing atoms in solids, l iquids, 
and gases by employing experi­
mental techniques such as nuclear 
magnetic resonance, paramagnetic 
resonance, and cyc lo t ron reso­
nance. 

As a result of these needs, active 
electronic devices u t i l i z ing the 
flow of an electron stream in vac­
uum or the flow of electrons and 
holes in semiconductor materials 
have been devised and greatly im­
proved for the generation of higher 
f requenc ies. Examples of such 
devices are: vacuum tubes, transis­
tors, magnetrons, klystrons, travel­
ing wave tubes, parametric amplifi­
ers, and tunnel diodes. Wi th these 
devices, researchers have gener­
ated coherent radiat ion of fre­
quency in the hundreds of giga­
hertz, and with the use of harmonic 
generators, this figure has been ex­
tended by approximately an order 
of magnitude. Almost without ex­
cept ion , as soon as h igher fre­
quency devices became available, 
researchers rushed to uti l ize them 
in probing the atomic and molecu­
lar domain of l iqu id , gases, and 
solids. 

Natural resonators 
The physical dimensions of the 

resonators used to select the os­
cillating frequency of conventional 
oscillators in the higher frequency 
range are of the order of magni­
tude of the wavelength of the radi­
ation generated. As a result, the 
construction of resonators of the 
small dimensions required at wave­
lengths shorter than submillimeter 
becomes extremely difficult. In the 
late 1940s and early 1950s it be­
came apparent that the old method 
of scaling down existing devices for 
higher frequency generation was 
becoming impossible to apply. In 
the search for alternate methods, 
researchers came to realize that 
the large supply of natural reso­
nators in the form of atomic and 
molecular systems could be uti­
l ized to amplify and even generate 
coherent electromagnetic energy. 

The operation of the ammonia 
beam ( N H 3 ) maser by G o r d o n , 
Zeiger, and Townes in 1954 ush­
ered in a new breed of active de­
vices. 1 The acronym M A S E R was 
formed from microwave amplifica­
tion of stimulated emission of radi­
ation. The N H 3 beam maser was 
the first device to use stimulated 
emission from population inverted 
states of quantum mechanical reso­
nances to provide gain for an elec­
tromagnetic oscillator. The opera­
tion of this quantum mechanical 
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device initiated the field of quan­
tum electronics. In 1984, the field 
of quantum electronics was 30 
years old. 

In 1958, A . L . Schawlow and 
C . H . Townes published a classic 
paper suggesting the use of the ma¬
ser pr inc ip le (with appropr iate 
modification) for the generation of 
coherent infrared, visible, or ultra­
violet radiation. 2 The operation of 
the first ruby laser by Maiman in 
the latter part of 1960 made avail­
able for the first time a visible light 
beam having characteristics previ­
ously associated only with radio 
and microwave radiation. 3 The ac­
ronym L A S E R was formed from 
fight amplif ication of stimulated 
emission of radiation. This year 
marks the 25th anniversary of the 
laser. 

Laser action now has been ob­
served in solids (crystalline and 
noncrystalline insulators and semi­
conductors), l iquids, gases, and 
plasma's yielding thousands of dis­
crete wavelengths varying from 
the vacuum ultraviolet to the mil l i ­
meter wavelength portion of the 
electromagnetic spectrum. Dye , 
color centers, and lead salt lasers 
now provide tunability over the 
visible, near IR, and IR spectrum. 
At present, there is an overlap in 
the abilities of electronic and laser 
devices for the generation of mil l i ­
meter and submillimeter wave ra­
diation. Scientists are still driving 
toward generation of coherent ra­
diation at ever higher frequencies 
extending to soft and hard x-ray ra­
diation. 

Few developments in science 
have excited the imagination of sci­
entists and engineers as has the la­
ser. The laser made it possible to 
transport into the optical region all 
the basic techniques developed for 
application in the radio and micro­
wave region, such as harmonic 
generation; parametric amplifica­
t ion; ampl i tude, frequency, and 
phase modulation; homodyne and 
heterodyne detec t ion ; ch i rp ing 
and pulse compression. In the 25 

years since its first realization in 
the form of pulsed coherent emis­
sion from a ruby single crystal, the 
field has grown at a rate rarely ex­
perienced in science. The availabil­
ity of these intense, coherent opti­
cal radiation sources has made it 
possible for scientists to experi­
mentally investigate optically gen­
erated plasmas, optical harmonic 
generation, stimulated scattering 
effects, photon echoes, sel f - in­
duced optical transparency, optical 
adiabatic inversion, picosecond op­
tical pulses, optical pulse compres­
sion, holography, optical shocks, 
self-trapping of optical radiation, 
optical parametric amplif ication, 
optical ranging to the moon, ex­
tremely high resolution spectro­
scopy, ref ined measurements of 
many of the basic physical con­
stants (i.e., length, light velocity, 
etc.), and ultrafast relaxation pro­
cesses in atoms and molecules. 

In addition to the inherent at­
traction of exploring, characteriz­
ing, extending, and exploit ing a 
new phys ica l phenomenon, re­
search in lasers was stimulated by 
the early experimental verification 
that coherent radiation could be 
generated in crystall ine systems 
different from ruby and in other 
optical transparent media such as 
gases, glasses, semiconductors, and 
liquids. Thus, a large research ef­
fort in mater ia ls research was 
joined to the extensive phenom¬
enological investigations. 

A multidisciplinary field 
The laser device field today en­

compasses numerous discipl ines 
including solid state, molecular and 
atomic physics, spectroscopy, op­
tics, acoustics, electronics, semi­
conduc to r techno logy , p lasma 
physics, vacuum technology, or­
ganic and inorganic chemistry, mo­
lecular and atomic kinetics, thin-
f i lm technology, glass wo rk i ng 
technology, crystallography, and 
more recent ly, e-beams, x-rays, 
f luid dynamics, aerodynamics, and 

combustion physics. In sum, even 
without considering applications, 
the field has grown so fast and pro­
liferated so broadly that the ten­
dency for scientists to specialize 
within it is a virtual necessity. As a 
result, probably no individual to­
day would profess to be authorita­
tive over the whole field of laser 
devices, or even knowledgeable of 
most of the significant literature. 

For approximately the first 15 
years, 1954 to 1969, the field of 
quantum electronics was in the 
" technology b i r t h " phase. This 
phase was characterized by numer­
ous scientific discoveries and in­
ventions, as well as widely believed 
visions and predictions of numer­
ous medical, industrial, commer­
cial, scientific, and military appli­
cations. A shift in emphasis from 
maser to laser devices occurred af­
ter the operation of the ruby laser 
in 1960. Dur ing this phase, numer­
ous laser devices were discovered 
from a large variety of gases and 
liquids, as wel l as both amorphous 
and crys ta l l ine d ie lec t r i cs and 
semiconductor solid state materi­
als. 

Relatively few business opportu­
nities existed during this phase ex­
cept to sell components, materials, 
and devices to researchers con­
cerned with developing the tech­
nology base of lasers. Some oppor­
tunities existed in selling relatively 
newly discovered laser sources to 
researchers interested in probing 
the linear and nonlinear electro­
magnetic behavior of atoms and 
molecules in l iquids, solids, and 
gases. Large corporat ions were 
funding in-house research efforts 
in the technology as wel l as captur­
ing s igni f icant government re­
search and development contracts, 
which were directed toward deter­
mining the feasibility of numerous 
mil i tary applications dur ing this 
early development cycle of the 
technology. 

For approximately the next 15 
years, laser technology entered the 
" e n g i n e e r i n g d e v e l o p m e n t " 

16 OPTICS NEWS • OCTOBER 1985 



phase. T h i s phase was charac te r ­
i z e d b y a ve ry no t i ceab le decrease 
i n sc ient i f ic b reak th roughs a n d a 
p e r c e i v e d i m p a t i e n c e w i t h t h e 
progress the techno logy was mak­
ing in finding app l i ca t ions w h i c h 
addressed large marke t o p p o r t u n i ­
t ies. T h i s was p e r i o d w h e n the 
statement, " t h e laser was a so lu t ion 
in search of a p r o b l e m , " was of ten 
heard . M a n y compan ies w i t h mar ­
g inal interest i n laser t echno logy 
d r o p p e d out o f the field d u r i n g this 
p e r i o d . D u r i n g th is phase , en t re ­
p reneurs i nves ted cons ide rab le ef­
fort i n s e a r c h i n g for a n d p r i o r i ­
t i z i n g p e r c e i v e d m a r k e t s h a v i n g 
la rge g r o w t h po ten t i a l s . D u r i n g 
these first two pe r i ods , the m i l i t a ry 
marke t was la rger than the c o m ­
merc ia l / i ndus t r ia l markets . 

Lase r t echno logy has n o w firmly 
en te red the " m a n u f a c t u r i n g t e c h ­
n o l o g y " p h a s e . S i z a b l e m a r k e t s 
have n o w b e e n iden t i f i ed . T h e r e is 
now a st rong system and subsystem 
deve lopmen t effort w h e r e laser d e ­
v i c e s p r o v i d e e i t h e r s i g n i f i c a n t 

l o w e r cost o r h i g h e r p e r f o r m a n c e 
leverage ove r o lder , m o r e ma tu re 
techno log ies . C o n s e q u e n t l y , p r o d ­
uc t d e v e l o p m e n t s h a v e n o w i n ­
tens i f ied and many n e w star t -up 
compan ies are b e i n g c rea ted . In 
a d d i t i o n , w e l l - e s t a b l i s h e d l a r g e 
corpora t ions are m a r k e t i n g p r o d ­
ucts a i m e d at marke ts that laser 
t echno logy can u n i q u e l y address. 
T h e s e m a r k e t s a re i n t e l e c o m ­
mun ica t ions , data p rocess ing and 
s torage, en te r t a i nmen t , p r i n t i n g , 
mater ia l w o r k i n g , and m e d i c a l ap­
p l ica t ions . T h e c o m m e r c i a l / i n d u s ­
t r ia l marke ts are n o w la rger than 
the m i l i t a ry marke t . 

T h e h o m e c o n s u m e r is also b e ­
g inn ing to expe r i ence laser t ech ­
no logy d i rec t l y b y means o f v i d e o 
and aud io d isks, laser p r in te rs for 
smal l compu te r s , ba r c o d e readers 
at checkou t coun te rs , fiber-optics 
t e l e c o m m u n i c a t i o n s , a n d va r ious 
m e d i c a l t reatments . T h e r e is e v i ­
dence that conso l ida t ion is b e g i n ­
n i n g to o c c u r a m o n g n u m e r o u s 
smal l compan ies d e d i c a t e d t o w a r d 

marke ts that u t i l i ze laser t e c h n o l ­
ogy. 

Next : 'ma tu re ' technology 

A t some t ime in the fu tu re , laser 
t echno logy w i l l en te r the " m a t u r e 
t e c h n o l o g y " phase, w h i c h w i l l be 
cha rac te r i zed b y cost and v o l u m e 
(i.e., e c o n o m y o f scale) d r i v e n mar ­
ke ts r e q u i r i n g c a p i t a l i n t e n s i v e 
manu fac tu r i ng p lants. E v e n t u a l l y a 
few large compan ies w i l l address 
the most impor tan t marke ts , a n d 
chances are good that the su rv i v i ng 
manufac tu re rs w i l l not be r e c o g ­
n i z e d as the laser m a n u f a c t u r e s 
k n o w n to us today. 

It has b e e n r e p o r t e d that the d o l ­
lar va lue o f the 1 9 8 4 w o r l d w i d e la ­
ser marke t in the c o m m e r c i a l and 
g o v e r n m e n t / m i l i t a r y s e c t o r was 
approx ima te l y $ 2 . 8 5 5 b i l l i o n and 
$ 1 . 3 0 5 b i l l i o n , respec t i ve l y , 4 for a 
tota l o f app rox ima te l y $ 4 . 1 6 b i l ­
l i on . F i g u r e 1 compares the 1 9 8 3 
and the 1 9 8 4 marke t do l la r va lues. 
O f t he c o m m e r c i a l m a r k e t , ap -

C O M M E R C I A L 
$2,855 M 

$1,985 M 

S Y S T E M S & 

A D D - O N 

$2,502 M 

$1,705 M 

L A S E R D E V I C E S 

$353 M 

$280 M 

G O V . & MIL ITARY 
$1,305 M 

$1,230 M 

FIGURE 1. L a s e r i ndus t ry w o r l d marke ts . Sou rce : Spec t ra -Phys i cs , 1 9 8 3 and 1 9 8 4 annua l repor ts . 
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prox imate ly $ 2 . 5 0 2 b i l l i o n was re ­
p o r t e d to b e i n systems and add ­
ons, w h i l e laser dev ices themse lves 
amoun ted to app rox ima te l y $ 3 5 3 
m i l l i on o f the 1 9 8 4 w o r l d c o m m e r ­
c ia l marke t . F r o m these est imates, 
an en t rep reneu r w o u l d r igh t fu l l y 
conc lude that bus iness o p p o r t u n i ­
t ies are m o r e p len t i f u l i f one adds 
systems and add-ons to his laser d e ­
v ice p roduc ts . 

It is impor tan t to note i n F i g . 1 
that the s ize o f the m i l i t a ry marke t 
was smal ler than the c o m m e r c i a l 
market in 1 9 8 3 and 1 9 8 4 . T h i s 
t r end is expec ted to con t i nue i n the 
future. A 1 9 8 3 forecast p r e d i c t e d 
that the laser w o r l d w i d e marke t 
w o u l d g row at a 2 3 % annua l ra te , 4 

wi th w e l l ove r 7 5 laser compan ies 
s i g n i f i c a n t l y a d d r e s s i n g t h e s e 
w o r l d m a r k e t s . T h i s r e m a r k a b l y 
h igh g row th rate is compa rab le to 
that e x p e r i e n c e d b y the m i c r o e l e c -

C O M M E R C I A L 
4 4 % 

S Y S T E M S & A D D - O N 

4 7 % 

L A S E R D E V I C E S 
2 6 % 

G O V E R N M E N T & M I L I T A R Y 
6% 

T O T A L M A R K E T 
2 9 % 

F I G U R E 2. L a s e r i ndus t ry g r o w t h , 1 9 8 3 - 1 9 8 4 . 

M A T E R I A L S W O R K I N G 

$285 M 

$210 M 

C O M M U N I C A T I O N 

$225 M 

$150 M 

M E D I C A L 
$150 M 
$105 M 

M E T R O L O G Y & I N S P E C T I O N 

$135 M 

$90 M 

D A T A C A P T U R E 

$110 M 

$75 M 

A L I G N M E N T 
$85 M 
$70 M 

P R I N T I N G & G R A P H I C S 
$1,440 M 
$1,250 M 

FIGURE 3 . C o m m e r c i a l laser i ndus t r y w o r l d marke t . S o u r c e : Spec t ra -Phys i cs , 1 9 8 3 and 1 9 8 4 annua l repor ts . 
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tronic and information processing 
market. 

Figure 2 compares the 1984 and 
1983 growth of the laser markets. 
Note that the total market grew by 
29% in 1984 when compared with 
the 1983 sales. Military sales ex­
perienced only a 6% increase in 
this same period, while the com­
mercial market grew by a phenom­
enally large 44%. 

A more detailed look at the 1983 
and 1984 laser commercial world 
market reveals that approximately 
63% and 50%, respectively, of 
these two years' commercial mar­
kets (i.e., $1.25 billion and $1.44 
billion, respectively) were attrib­
uted to the area of printing and 
graphics associated with informa­
tion and data processing (See Fig. 
3). Since Spectra-Physics does not 
have a product line in the enter­
tainment or computer field, data 
on semiconductor lasers and sub­
systems associated with the video 
and audio disks and data storage 
markets was not included in its an­
nual report,4 and thus not included 
in the data illustrated by Fig. 3. 
The audio and video disk entertain­
ment market is bringing laser tech­
nology directly into the home. For­
tune forecasted that "music lovers 
in the U.S. will gobble up 15 mil­
lion disks . . . vs. 5.8 million in 
1984."5

 Fortune also forecasted 
that "this year, worldwide sales of 
players and disks are expected to 
reach $1.3 billion." 

The second largest segment of 
the world's laser commercial mar­
ket is laser material working, which 
accounted for approximately 11% 
in 1983 (i.e., $210 million) and 
10% in 1984 (i.e., $285 million) of 
the total market, while the third 
largest market segment was com­
munication, which accounted for 
approximately 8% in 1983 and 
1984 (i.e., $150 million and $225 
million, respectively). The medical 
market is the fourth largest seg­
ment, with $105 million in 1983 
and $150 million in 1984, captur­
ing just over 5% in each of these 

two years. The metrology, indus­
trial inspection, and scientific laser 
market was just under 5% in 1983 
and 1984 (i.e., $90 million and 
$135 million, respectively) of the 
total market, and it ranks fifth in 
size after the medical market. The 
data capture (bar code readers, 
etc.) sector of the market is the 
sixth largest in size, with 1983 and 
1984 market percentages of just 
under 4% (i.e., $75 million and 
$110 million, respectively). The 
smallest segment was the align­
ment market, with 1983 and 1984 
sales of $70 million and $85 mil­
lion, respectively, and market per­
centages of just under 4% in 1983 
and just under 3% in 1984. In the 
1983 numbers, a $35 million mis­
cellaneous category is included 
which is not shown as a bar plot in 
Fig. 3, but included in the $1,985 
million total.4 

The expanding applications of la­

sers in the medical field is a source 
of great pleasure to laser research­
ers. One of the earliest medical 
applications of lasers was in retina 
operations. Lasers are now either 
being used or investigated in cata­
ract surgery, bleeding ulcers treat­
ment, opening of blocked wind­
pipes, reconnection of severed 
nerves, removal of tumors, and 
cleaning the plaque that clogs 
blood vessels. Lasers are also start­
ing to play a role in dermatology, 
plastic surgery, gynecology, and 
podiatry. It is no wonder that the 
market for laser systems for medi­
cal applications is expected to dou­
ble in each of the next several 
years. It is an embryonic but ex­
ploding market. 

Figure 4 compares 1984 sales 
growth with 1983 sales for the 
market segments identified in Fig. 
3. The communication and the me­
trology/industrial inspection mar-

M A T E R I A L S W O R K I N G 
3 6 % 

C O M M U N I C A T I O N 
5 0 % 

M E D I C A L 
4 3 % 

M E T R O L O G Y & I N S P E C T I O N 
5 0 % 

D A T A C A P T U R E 
4 7 % 

A L I G N M E N T 
2 1 % 

P R I N T I N G & G R A P H I C S 
1 5 % 

C O M M E R C I A L M A R K E T 
4 4 % 

F I G U R E 4. Commercial laser industry growth, 1983-1984. 

OPTICS NEWS • OCTOBER 1985 19 



F I G U R E 5. Fiber optics market: fibers, cables, transceivers, components. 
Source: Business Week, May 21, 1984. 

F I G U R E 6. Applications of semiconductor lasers. 

kets had an a s t o n i s h i n g 5 0 % 
growth in this two-year per iod. 

The data capture and the medical 
section of the market had outstand­
ing increases of 47% and 43%, re­
spectively. The growth of 36% 
achieved by the material working 
market and 21% for the alignment 
market would be the envy of most 
high technology industries. The 
printing and graphic section of the 
laser market had the smal lest 
g rowth—15%—of the identif ied 
market. 

In the automated offices of to­
morrow, it has been widely fore­
casted that video screens wi l l some 
day displace ink and paper. Today, 
however, office automation is pro­
ducing more paper, not less. The 
printers that help computers cre­
ate much of this paper have be­
come a $2.4 bi l l ion industry, with 
the promise that printer sales wi l l 
more than double before the de­
cade ends. 6 Semiconductor laser 
printer technology is expected to 
become the major compe t i t o r 
against ink jet printers in the future 
computer printer market. One or 
both of these technologies is ex­
pected to displace the impact of 
the typewriter technology exten­
sively used today. 

Much of the laser communica­
tion market—that is, the fiber-op­
tics telecommunication markets— 
is held by large, vertically inte­
grated corporations such as AT&T, 
NT&T , and IT&T, and is thus not 
available to other manufacturers. 
Undoubtedly, this fact is responsi­
ble for the relatively small fraction 
of the total commercial laser indus­
try world market attributable to 
the laser communication market as 
illustrated by F ig . 3. By 1990, it is 
forecast that the fiber-optics world 
market wi l l exceed $4.5 bil l ion per 
year while the U.S. market wi l l be 
approximately $2 bi l l ion per year 
(Fig. 5). Business Week predicted 
that the end of conventional cop­
per wire in the telecommunica­
tions industry could come as early 
as the turn of the century; more-
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Semiconductor laser 
printer technology is ex­

pected to become the 
major competitor 

against ink jet printers 
in the future computer 

printer market. 

over, semiconductor lasers coupled 
with fiber-optics technology wi l l 
make ground and undersea cable 
communication so inexpensive that 
few commercia l communicat ion 
satellites wil l be launched in the 
1990s. 7 There were 250,000 miles 
of optical telecommunication fi­
bers installed within the U.S.A. in 
1983. Northern Business Informa­
tion Inc. has forecasted that ap­
proximately 1.3 X 1 0 6 mi les of 
telecommunication fiber wi l l be in­
stalled within the U.S. in 1986. 
This installation is expected to in­
crease to 4.5 X 10 6 miles in 1990. 7 

Over the last 20 years, three ar­
eas of laser technology that have 
received continuous and extensive 
R & D support are laser weapons, 
controlled fusion, and semiconduc­
tor laser development. By most es­
timates, the first two are still be­
lieved to be 20 years away from 
making a national impact. Because 
of their importance to national se­
curity and economical well-being, 
they have received extensive gov­
ernment R & D support in many 
countries. The semiconductor la­
ser, on the other hand, has been 
developed primarily by industrial 
R & D funds and spawned many 
new sectors of major industries 
such as telecommunication, print­
ing, video and audio disks, data re­
cording, and bar code reading, as 
depicted in F ig . 6. As another ex­
a mp l e of the l a r g e m a r k e t s 
spawned by the semiconductor la­
ser, Electronics Week forecasted 

that the data storage optical disks 
market wi l l reach $7.3 bi l l ion by 
1990. 8 

Optical disks can offer more than 
20 times the information density of 
current magnetic storage devices 
at a lower cost per byte. Conse­
quently, they are envis ioned as 
generating the next revolution in 
mass storage. The technologies for 
write-once and read-only optical 
disks have been well in hand for 
some time. They use a modulated 
laser beam to permanently engrave 
a submicron-sized bubble or pit in 
the active layer of a medium. In­
tensive research has been focused 
on erasable optical disks uti l izing a 
semiconductor laser that causes ei­
ther a phase-change or magneto-
op t i ca l change in a med ia . A t 
present, 40 megabyte magneto-op­
tical disks and drive systems for 
mass storage are about to enter the 
market. 

Quantum electronics 
vs. electronics 

From the standpoint of the time 
requ i red to commerc ia l i ze the 
field of quantum electronics so that 
it represents a sizable market, all 
indications are that its develop­
ment has not been that different 
from the development of the elec­
tronics field, which was initiated by 
the invention of the vacuum tube 
at the turn of this century. The 
heart of electronic technology is 
the device that controls the flow of 
an electron stream (electrical cur­
rent) either a vacuum tube or a 
transistor. Since the laser controls 
the flow of a photon stream (light), 
the laser can be considered to be 
the heart of quantum electronics 
technology. Some have carried this 
analogy one step further and called 
the quantum e lec t ron ics f i e l d 
"photonics." One should not jump 
to the conclusion that electronics 
and photonics technologies w i l l 
compete against each other: In­
stead of compet ing , these two 
fields complement one another. 

Most wi l l agree that after only 25 
years in existence, the laser field is 
young and robust, with a highly 
promising and exciting future. It is 
now spawning new products and 
opening up major new segments of 
basic industries which wil l insure 
its growth wel l into the next cen­
tury. The fields of fiber-optics tele­
communications; optical audio and 
video disks; optical data storage; 
opto-electronics; lasers for mate­
rial working (cutting, welding, heat 
treat ing, hole dr i l l ing , scr ib ing, 
etc.); medical laser applications; la­
ser instrumentation; and military 
applications are still in a state of 
i n f a n c y so that c o n s i d e r a b l e 
growth is yet to come. 

The most serious challenge laser 
technology faces is the continuing 
shortage of electro-optical engi­
neers required (1) to develop the 
numerous new and rapidly evolv­
ing products the technology is gen­
era t ing and (2) to con t inua l l y 
advance the state-of-the-art tech­
nology required to meet new prod­
uct needs. To work in the field as an 
engineer, one needs a background 
in optics and electronics as wel l as 
in quantum electronics; however, 
most engineers working in the field 
are ei ther physicists who have 
learned some electronics or elec­
tronic engineers who have learned 
some optics. The offering of a for­
mal undergraduate engineer ing 
curr iculum in electro-optical (or 
photonic) engineering would be a 
big boost to this emerging technol­
ogy giant. 
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