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Lasers 
and 

Free Enterprise 
Herbert M. Dwight 

Y o u might reasonably ask why I 
have chosen the topic, "Lasers and 
Free En te rp r i se . " What is the rela
t ionship between lasers and free 
enterprise? 

I would respond by saying that I 
believe it can be proven that the 
economic system that we enjoy in 
the Uni ted States—the free-
enterprise system—is the most pro
l i f ic and productive economic sys
tem ever devised. The proof lies in 
the fact that free enterprise has 
created the highest s tandard of 
l iv ing, the finest qual i ty of life ever 
known; and entrepreneurship as 
represented by the laser industry is 
the essence of the free-enterprise 
system. 

There must be growth in the free-
enterprise system in order for it to 
survive. Since it is natura l for the 
demand for certain goods and 
services to reach matur i ty and 
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decl ine, it is also necessary that the 
demand for certain other goods and 
services be created in order to 
prevent the entire system from 
degenerating into a regressive 
spi ra l . Over the years, technology 
has played a vi tal role in creat ing 
new goods and services for wh ich 
there is an increasing demand . 

For example, the growth of the 
basic industr ies, which catapul ted 
the Uni ted States into economic 
leadership dur ing the last century 
and the first part of this century, 
was largely the product of techno
logical innovat ion. O u r economy 
depends on technology not only for 
the creation of new industry, new 
jobs, and a better s tandard of 
l iv ing, but also for enhancement of 
productivity wh ich allows Uni ted 
States industry to compete in the 
world marketp lace, thus prov id ing 
even more jobs, a favorable balance 
of trade, and a favorable balance of 
payments. Several recent inf luent ia l 
studies have shown that 90 per cent 
o f the long-run increase in output 
per capi ta in the Un i ted States has 
been attr ibutable to technological 
change and related factors. A study 
commissioned by the Un i ted States 
Department of Commerce in 1967,1 

showed that innovative companies 

tended to grow at least twice as fast 
as more mature companies and 
that more than five times as many 
jobs were created by innovative 
companies than were created by 
mature companies, since the 
mature companies tend to rely on 
the innovative process largely for 
increased product iv i ty. In a more 
recent report publ ished by the 
Department of Commerce in 
January 1976,2 data were presented 

ind icat ing that over the period 1969 
to 1974, jobs increased in selected 
young high-technology companies 
at a rate of 40.7 per cent per year 
while jobs increased in mature 
companies at the rate o f 0.6 per 
cent per year. Look ing at these 
data in a sl ightly different way, we 
can see that the combined sales o f 
the mature companies studied 
accounted for 42 times the sales of 
the high-technology companies; yet 
the five young high-technology 
companies created 35,000 jobs, a 
number that was 40 per cent 
greater than the total number of 
jobs created by the mature 
companies. 

One more v i ta l role of technology 
in the free-enterprise system 
deserves ment ion. Inf lat ion is the 
archenemy o f the free-enterprise 
system. Inf lat ion is the product of 
the government's effort to attempt 
to solve social and pol i t ica l prob

lems through a f iscal pol icy o f 
defici t spending. Such has been the 
pol icy of our government since the 
1940's. Persistent inf lat ion not only 
erodes pub l ic purchasing power 
and makes an economy less com
petitive in in ternat ional trade, but 
it also erodes the basic mora l fiber 
of the country. Fo r example , m u c h 
of the corrupt ion that is rampant 
among governments and societies in 
several La t i n -Amer i can countr ies 

today has been attr ibuted to exces
sive and prolonged compound inf la
t ion. The only means we have to 
combat inf lat ion is increased 
product iv i ty. Since increased 
product iv i ty is largely dependent on 
technology, there is a c ruc ia l l ink 
between technological innovat ion 
and the control of in f la t ion. U n 
fortunately, since the late 1960's 
and the early 1970's, the positive 
inf luence of technology on the 
Un i ted States economic system has 
begun to decl ine. Th is decl ine in 
the inf luence of technology has re
sulted f rom both a gradual 
reduct ion in the rate of our invest
ment in research and development 

and a s lowdown in the format ion of 
new high-technology companies. 

These changes appear to have 
been caused by the fo l lowing 
factors: 

(1) A slowdown in government 
fund ing of research and develop
ment. Abou t five years ago, 
growing d isenchantment wi th 
science and technology began to de
velop in this country as a result of 
perceived wastes in the space race 
and development of mi l i tary 
weapons attendant on the V ie tnam 
W a r , and the level of government 
funds spent on research and devel
opment measured as a percentage 
of the total gross nat ional product 
began to decl ine. A t the same time, 
government-sponsored R & D be
gan to fal l out of favor among 
many industr ia l concerns because 
of increased compet i t ion and de
c l in ing margins on government 
business along with the fact that 
contract admin is t ra t ion of govern
ment-sponsored R & D became 
overwhelmingly burdensome 
and the requirements for 
moni tor ing and report ing grew 

...Contract administration of government-sponsored R&D [has 
become] overwhelmingly burdensome and the requirements 
for monitoring and reporting [have grown] completely out of 
proportion to the size of the contract. 

Inflation is the archenemy of the free-enterprise system. The 
only means we have to combat inflation is increased produc
tivity. Since increased productivity is largely dependent on 
technology, there is a crucial link between technological in
novation and the control of inflation. 
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completely out of proportion to the 
size of the contract. 

(2) Government regulation has 
greatly increased the operating 
costs and management problems of 
new business enterprises. 

(3) The liquidity of investments in 
small companies has been reduced 
by the absence of a receptive public 
market and by regulation. 

(4) Supply of capital for starting 
new high-technology ventures is 
almost nonexistent. Not only has 
the supply of venture capital con
tracted but there appears to have 
been a shift away from the 
investment in technical companies. 
Between March 1974 and August 
1975, there were no public financ
ings of small technical companies. 

(5) Financial incentives for the 
entrepreneur and the investor have 
declined. Congress has whittled 
away and virtually eliminated such 
employee incentives as stock op
tions while increasing tax rates on 

employee incentives. This misdi
rected effort is conducted under the 
guise of eliminating the abuses in 
our tax system with total insensi¬
tivity to its effect on the vitality of 
entrepreneurship and the 
emergence of new high-technology 
industries. 

Let us explore further the effect 
of government regulations on the 
vitality of the United States eco
nomic system. First of all, our 
economic system is one of the few 
in the world in which there exists 
an adversary relationship between 
government and industry. 

In fact, the existence of a co
operative relationship between the 
Japanese government and industry 
was one of the factors that led 
Herman Kahn to forecast that 
Japan would become the most pro
ductive nation in the world by the 
1980's. On the other hand, in the 

United States between the years 
1970-1974 the rate of significant 
government actions against United 
States corporations rose by approx
imately 16 per cent per year, from 
2,000 to 4,000. In addition, recent 
Justice-Department actions have 
been aimed at breaking up oligopo
lies in the computer, electrical 

equipment, heavy machinery, motor 
vehicle, chemical, and petrochem
ical industries. These technology-
intensive industries contribute ap
proximately 80 per cent of the total 
United States company-supported 
research and development in this 
country and account for 35 per cent 
of the United States sales by manu
facturing corporations. Knowledge 
of this fact caused Bruce Hender
son, President of the Boston 

It may be impossible in the United States because of the 
adversary relationship that exists between government and 
industry for the cost benefits of economy of scale to be 
passed on to the ultimate consumer. 

Consulting Group, to quip: "What 
is best for the consumer is not 
necessarily legal." In other words, 
it may be impossible in the United 
States because of the adversary 
relationship that exists between 
government and industry for the 
cost benefits of economy of scale to 
be passed on to the ultimate 
consumer. 

As early as the middle of the 19th 
century, that great British econo
mist and political philosopher, John 
Stuart M i l l , wrote on the limits of 
the province of government in his 
book, Principles of Political 
Economy.3 

He wrote " . . .There never was 
more necessity for surrounding 
individual independence of thought, 
speech and conduct with the most 
powerful defences in order to main
tain that originality of mind and in
dividuality of character, which are 

In 19 years the laser industry has grown to a total volume ap
proaching $400 million in the United States. In doing so, it 
has created over 20,000 new employment opportunities. 

the only source of any real progress 
and of most of the qualities which 
make the human race much 
superior to any herd of animals. 
Hence, it is no less important in a 
democracy than in any other 
government, that all tendency on 
the part of public authorities to 
stretch their influence and assume 

a power of any sort. . .should be re
garded with unremitting jealousy. 
Perhaps this is even more im
portant in a democracy. . .because, 
where public opinion is sovereign, 
an individual who is oppressed by 
the sovereign does not. . .find a 
rival power to which he can appeal 
for relief. . .or sympathy." 

It is no secret that there is a 
rapid acceleration in government 
regulation of industry, and involve
ment by the government in almost 
every aspect of industry's affairs. In 
fact, the growth of the regulatory 
agencies in the United States is one 
of the great growth industries of 
the world. 

It is perhaps difficult to make a 
pitch for deregulation against a 
background of international bribes 
to obtain business, illegal corporate 
political contributions, the 
misdeeds at Equity Funding, and 
recently exposed swindles in the oil 
and gas-tax shelter business. 

However, I believe that we must 
become more sensitive to the effects 
of excess regulation on our most 
viable economic system and the 
society that it supports. As John 
DeButts, Chairman of the Board of 
A T & T , recently stated in refer
ring to the fact that of the 104 
significant bills passed within the 
past 20 years regulating the affairs 
of business, 37 have been passed 
within the last four years: "It is not 
to take issue with the aim of any 
one of these enactments, or all of 
them together, that I raise a 
question as to whether their very 
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prol i ferat ion doesn't r isk entangl ing 
us—l ike Gu l l i ve r in L i l l i pu t—not 
only in red tape but in so tight a 
web of requirements—somet imes 
contradictory—as to altogether 
thwart our progress toward the 
larger goals of our economy. 
A l ready there are signs o f this hap
pen ing . " H e goes on to attr ibute 

this trend to the prevai l ing thought 
that our economy is d iv ided into a 
publ ic sector and a private sector. 
H e attr ibutes to one, the highest 
motives; and to the other, the 
motive of self-interest. The private 
sector is bad because it is greedy 
and prof i t -seeking, and the public 
sector is good because it provides 
for the welfare of the people. W h a t 
this s impl ist ic dist inct ion ignores, 
of course, is that the private sector 
is the productive sector in our econ
omy and that only as it prospers 
can the nation prosper; a n d — i n the 
long run—only as it prof i ts can our 
social aspirat ions—the e l iminat ion 
of poverty, the salvation of our 
cities, and the enhancement of the 
quali ty of Amer i can l i fe—be 
ful f i l led. 

In short, what is required before 
this awesome trend of government 
regulations progresses beyond the 
point of no return is a greater 
recognit ion of its st i f l ing effect on 
the vitality of our economic system, 
and its inf lat ionary effect on the 
costs o f our goods and services. 

In summary, I have attempted to 
describe the role of high technology 
in our free-enterprise system in 
terms of its effect on our gross 
nat ional product, our employment, 
our economic viabi l i ty and leader
ship, and on our standard of l iv ing 
and qual i ty of l i fe. I have cited 
some evidence that indicates that 
technology is p laying a dec l in ing 
role in our economic system, which 
in turn is l ikely to have a profound 
effect on our abi l i ty to main ta in 

wor ldwide economic leadership. 
A n d I have cited numerous reasons 
for its decl ine. 

I f you are concerned about this 
t rend, as I a m , I solicit your sup
port in at tempt ing to do something 
about it. I suggest that those of you 
who represent a cross section o f one 
of the most creative elements in our 

society become better aware of the 
cause-and-effect relat ionships be
h ind the decl in ing inf luence o f 
technology on our economic system. 
I suggest that, in add i t ion to con
t inu ing to provide creative and i n 
novative leadership in the normal 
exercise of your professional re
sponsibi l i t ies, you become more 
active in sel l ing the benefits of 
creativity to those elements of our 
society that would otherwise seek to 

shackle the benefits of technology. 
A t tempt in this elect ion year to 
persuade not only your elected 
representatives of your view, but 
those other elements of your society 
as well who may have a di f fer ing 
perspective. 

W h a t does this impassioned plea 
have to do wi th the laser? The 
answer lies in the fact that the laser 
industry is but one single example 
o f the vi tal role that technology has 
played in contr ibut ing to the v i ta l 
ity o f our economic system. In the 
19 years since the laser's concep
t ion, the laser industry has grown 
to a total volume approach ing $400 
mi l l ion in the Uni ted States. In 
do ing so, it has created over 20,000 
new employment opportuni t ies. It 
has contr ibuted to our trade 
balance. Between 30-40 per cent of 
al l laser products manufactured in 
the Un i ted States are sold in export 

markets. A s a result of the positive 
entrepreneurial environment in our 
free-enterprise system, the Un i ted 
States enjoys undisputed leadership 
in convert ing sophist icated tech
n ica l laser concepts into commer
c ia l realit ies. Not only has the laser 
industry contr ibuted to our stand
ard of l iv ing by helping to fuel the 
economy and bolster ing employ
ment , but it is also prov id ing the 
solut ion to many pressing social 
and economic problems. The laser 
has conta ined the th i rd- leading 
cause of b l indness. It assists in the 
ident i f icat ion of b lood diseases and 
vi ra l infections. It promises to cure 
internal lesions. It has contr ibuted 
to the product iv i ty gains in con
s t ruct ion, supermarket checkout , 
computer input and output, and 
newspaper pub l i sh ing . It has given 
rise to new forms of spectroscopy 
and promises to br ing into the 
home a new form of video 
entertainment. 

Y o u would th ink that wi th all 
these contr ibut ions to our economy 
and society, we would possess un
abashed op t im ism regarding the 
outlook for the laser industry. 
Unfor tunate ly , the same forces that 
threaten the role of technology in 
the free-enterprise system also serve 
to dampen considerably the out look 
for the laser's prospects. I wi l l con
fine my remarks to only one, but 
certainly the largest, single threat 
to the future of the laser, the re
cently enacted Bureau of Rad io log ic 
Hea l th Safety Code for lasers. 
These regulations have cast a great 
shadow over the potent ial for 
lasers. They have derived from a 
motivat ion to convert an obsolete 
bureaucracy into an inf luent ia l 
pol i t ical power without pract ica l 
regard for cost-to-benefit relat ion
ships and potential inf lat ionary ef
fects and their st i f l ing inf luence on 

The same forces that threaten the role of technology in the 
free-enterprise system also serve to dampen considerably the 
outlook for the laser's prospects. 

The [laser-safety] regulations discriminate against laser 
products in favor of other optical products with equivalent 
inherent biological hazards. 
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creativity and the development o f 
potential laser appl icat ions. They 
serve as a supreme example of a 
misguided bureaucracy unable to 
reconcile the products of its efforts 
within the context of the real wor ld . 
I am afraid that when Congress 
passed the enabl ing legislat ion, the 

I contend that [the laser-safety] regulations cast the laser in 
an unrealistically dangerous light and invite malingering 
among users. [They are] illogical, ambiguous, overly complex, 
and difficult and costly to implement. 

Radia t ion Cont ro l for Hea l th and 
Safety Ac t of 1968, it spawned a 
monster—a monster more con
cerned with bu i ld ing an empire and 
with self-preservation than with the 
judic ious appl icat ion of relevant, 
pract ical safety regulat ions. 

Let me give you some examples o f 
which you are probably already too 
fami l iar . M y remarks wi l l be con
fined to the port ion of the regula
tions that deal with low-power 
he l ium-neon lasers. I do not cha l 
lenge the need to control higher-
power lasers whose output could 
cause permanent physical injury. I 
chal lenge those port ions of the 
regulations that deal with lower-
power devices where, to the best o f 
my knowledge, there has not been 
one case of verif ied injury, despite 
the dai ly use o f over 100,000 i n 
struments in the field. M y cr i t ic ism 
of the regulations falls into two 
broad areas—first, their context 
and second, their content. 

By context, I mean the general 
phi losophical f ramework wi th in 
which the regulations have been 
constructed. Phi losophica l ly , I be
lieve the regulations are d isc r im i 
natory and unreal ist ic, that they are 
inf lat ionary, and that they invite 
mal inger ing. 

By their being d iscr iminatory and 
unreal ist ic, I mean that they 
impose a burden on the producers 
and users of lasers that is incon
sistent wi th burdens and controls 
that are placed on other products 

of substant ial ly greater potent ial 
danger and that they are incon
sistent w i th what I would ca l l " r e a l -
wor ld concepts . " The regulations 
d iscr iminate against laser products 
in favor of other opt ica l products 
wi th equivalent inherent b io log ica l 
hazards. 

If unfrosted tungsten filament 
bulbs, f lash-cube cameras, and 35-
m m slide projectors, for instance, 
were required to comply wi th the 
regulations in an equivalent way for 
equivalent potent ial b io logical 
hazards, then they would have to 
incorporate a clearly visible s ign, 
"danger , avoid exposure to the 
b e a m , " a beam attenuator, a key 
lock, a remote contro l connector, 
and an emission indicator. 

One does not need to stray very 
far to find non-opt ical products 
whose hazards and safety records 
are in a completely different class 
f rom low-power lasers. Fortunately 
for the producers of these products, 
they have become so commonplace 
in our everyday way o f l i fe, that to 
try to apply unreasonable controls 
would b r ing a deafening hue and 
cry of object ion f rom the broad 
popula t ion. Cons ider such cate
gories of products as the ordinary 
penc i l , the automobi le , and the 
firearm. The extremely d i sc r im i 
natory nature of the B R H Laser 
Regulat ions is i l lustrated by the re
quirements imposed on a sma l l , 
low-power laser used for posi t ioning 
a high-energy x-ray machine de
signed for industr ia l rad iographic 
inspect ion of th ick mater ia l sec
tions. The output of the x-ray 
equipment is suff iciently intense as 
to be lethal over br ie f periods of 
exposure. The only outwardly ob
vious warning required on the 
machine is a smal l label that ap

pears at the aperture where the 
1-mW laser beam and the h igh-
intensity x-ray beam emerge coaxi¬
al ly. T h i s label warns the operator 
to "beware o f the dangerous laser 
rad ia t i on . " 

One phi losophical aspect of the 
laser safety regulat ions with which I 
have taken except ion f rom the very 
outset is that the regulations are 
designed to protect the ind iv idua l 
who is at tempt ing to use the 
product to injure himself . By this I 
mean the standard 's incorporat ion 
o f the so-cal led "worst-case 
ph i losophy . " 

Fo r example, consider a Class 1 
scanner that emits laser l ight 
through a window in a supermarket 
checkout counter top. Assume that 
the laser is normal ly turned off, but 
is turned on automat ical ly when a 
package passes over the window 
and turned of f again when the code 
on the package is sensed, or after 
one second. T o meet the B R H clas
s i f icat ion requirements, one must 
fol low this procedure: set al l con
trols including service controls for 
m a x i m u m emission and calculate 
the m a x i m u m accessible power 
through a stat ionary 7 -mm-d iam 
aperture whi le the automat ic on /o f f 
features of the product are man ipu 
lated to provide cont inuous output 
for almost three hours. F r o m a bio
logical point of view, this procedure 
simulates worst-case condi t ions. A s 
a pract ica l matter, it s imulates the 
case of a grocery checker who 
places his eye, with pup i l ful ly 
d i la ted, over the countertop window 
in the posit ion to intercept max i 
m u m power, and stays motionless, 
b l inkless, and focused on the laser 
source for nearly three hours, al l o f 
this while t r ipp ing the controls in 
exact sequence to get cont inuous 
emiss ion. 

The fact that the laser regulat ions 
are designed to protect the ind i 
v idual who might stare directly into 
the output of the laser at point-
b lank range with pupi ls d i la ted, 
wi thout b l i nk ing or squint ing for 
hours, is another i l lustrat ion of the 



regulat ions' contrast with the " rea l 
wor ld . " The fact that a person 
treating a f lashl ight in a s imi la r 
manner would be exposed to es
sentially equivalent hazardous rad i 
at ion is of absolutely no concern to 
the Bureau. Nor is it o f their con
cern that an indiv idual p lay ing ten
nis in the sun would expose h imsel f 
to greater hazards. 

M y challenges to the Bureau on 
this subject have repeatedly been 
met with the reply: " O u r Congress 
d id not author ize us to regulate the 
use of the s u n . " 

The cost of implement ing the 
standards and demonstrat ing com
pl iance is totally inconsistent wi th 
the benefits and r isks involved. One 
smal l manufacturer wi th approx i 
mately $2 mi l l ion in sales has c a l 
culated that it wi l l cost h im 10 
man-years of engineering effort to 
demonstrate compl iance in enough 
detail to satisfy the admin is ter ing 
agency. At Spectra-Physics, we cur
rently have over a dozen engineers 
devoting their innovative ski l ls to 
ensur ing that our low-power 
he l ium-neon products comply wi th 
B R H regulations. Th is effort wi l l 
result in increases in prices of our 
products by as much as 15 per 
cent. I seriously chal lenge anyone 
to prove that the result ing safety 
benefits to customers justify these 
inf lat ionary pr ice increases. 

I contend that B R H regulat ions 
cast the laser in an unreal ist ical ly 
dangerous l ight and invite ma l in 
gering among users. Take , for 
example, a construct ion worker 
who recently reported that he 
received flash burns on the face 
f rom a Class 2 construct ion laser 
product. Remember that class 
l imits were based in part on the low 
level of cont inuous l ight that was 
required to produce mutat ions in 
cul tured fruit flies. 

By merely c i t ing the number of 
people exposed to various types o f 
radiat ion sources in their annual 
incident report, the B R H misleads 
the unknowing pub l ic into th ink ing 
laser products are dangerous; for 

there is no effort to qual i fy these 
incidents based on whether they 
caused temporary or permanent 
injury or whether they were the 
result of mal inger ing, as was the 
one cited in the example above. 

I also believe that the B R H 
standard should be chal lenged on 
the basis of its content. The 
standard is i l log ica l , ambiguous, 
overly complex , and di f f icul t and 
costly to implement. In numerous 
instances, the interpretat ion o f the 
standard leads to an absurd and 
unreasonable conc lus ion. Fo r 
example, consider a laser product 
that is analogous to a cathode-ray-
tube d isp lay device in which a scan 
laser beam sweeps a raster scan 
over a large screen. Assume that 
human access to laser rad ia t ion is 
only at points where the screen dif
fuses the laser l ight un i formly into 
a hemisphere. Thus , f rom the ex
terior of the product , the source 
appears to be a fast-moving smal l 
source that qu ick ly cycles over the 
screen. T o a human observer, it 
appears as a un i formly i l luminated 
screen. Rad iance measurements ac
cord ing to B R H advisory op in ion 
would require that the detector i n 
stantaneously track the moving spot 
as it sweeps at M H z rates across 
the screen. A n equivalent human 
observation is l i teral ly impossible. 

O r consider the standard 's l im i 
tat ion on human access to co l 
lateral rad ia t ion. A l i teral inter
pretat ion of the standard as it is 
now written would prevent the case 
of a smal l H e - N e laser f rom r is ing 
by more than 1/10°C before ex
ceeding the Bureau 's col lateral 
rad ia t ion l imi ts. 

O r take another example of an 
ind iv idua l exposed to the b lue sky 
who receives 104 t imes as much uv 
rad ia t ion as al lowed by the 
Standard for C lass 1 laser products. 

Because the standard is long and 
overly complex , there are numerous 
areas where it is ambiguous, 
unclear, and almost total ly i ncom
prehensible. There are numerous 
errors and contradict ions. O f 
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course, no one, inc lud ing even a 
bureaucrat , can be expected to be 
perfect; but the bureaucracy's u n 
bending att i tude toward strict com
pl iance and unwil l ingness to l isten 
to reason is totally inconsistent wi th 
the current state of this s tandard. 

M y pr inc ipa l reason in beat ing 
this subject to death is that the 
B R H standard is a very good ex
ample , which is very close to home, 
o f how the government is pro
gressively descending to an increas
ingly more tr iv ial level in our every
day life. Unchecked , these in t ru
sions wi l l have undesirable, st i f l ing, 
and inf lat ionary results. 

They s imply must be checked i f 
the innovative and creative ski l ls 
inherent in our high-technology 
industr ies are going to cont inue to 
contr ibute to our economic viabi l i ty 
and improve our everyday way of 
l i fe. I appeal to al l of you to be
come far more active in mak ing 
your feelings and concerns regard
ing the benefits of technology and 
the hazards of over-regulat ion 
known to those who are in a 
posit ion to inf luence this t rend. I 
believe we in high-technology 
industr ies are being mal igned and 
molested. I f you agree with me, 
then I appeal to you to stand up 
and be counted. 

T h i s paper is the text of a talk pre
sented before the Conference on 
Laser and E lec t ro -Opt ica l Systems, 
M a y 25-27 , 1976, sponsored by the 
Op t i ca l Society o f A m e r i c a and the 
Institute of E lect r ica l and Elec
tronics Engineers. 
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