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Abstract 

An examination of historical failures to innovate suggests that it is advantageous to 
distinguish three separate sequences of events in industry genesis.  This refines the 
concepts of industry life cycle and order of entry. A narrative of the effective emergence 
of a half-dozen industries over the nineteenth and twentieth centuries illustrates this. 
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Histories of Industry Emergence 
 

Introduction 
Timing is critical in all business innovation. For example, there is a theoretically optimal time for 
process change determined by depreciation of old equipment in tandem with cost advantages of 
more modern machinery, against the backdrop of industry idiosyncrasies such as periods of peak 
demand. Another example is new product launch that should be executed in step with product 
promotion and avoiding conflict with other events on the market. Similarly, an innovation in 
management procedure should be preceded by an adequate preparation of the organization. Similar 
arguments apply to other kinds of innovation in business. 
 
Architectural innovation, the kind that gives rise to new industries,1 involves even more delicate 
timing considerations. How can the innovating firm evaluate the timeliness of its innovation? 
 
Scholarly interest in emerging industries began around 1980, and has grown steadily since that time 
if we use ABI\Inform as a source, and markedly since the turn of the century if we search for 
articles on Google Scholar. There are two veins of literature on emerging industries. There is the 
empirical literature that tends to focus on one given industry.2 There is the conceptual literature, 
which is usually organized around the concepts of life cycles and order of entry.3 The first kind of 
research usually takes for granted the concepts to be found in the latter publications. Often rich in 
data, the questions asked, answered and raised, reinforce the development of the industry life cycle 
paradigm and the notion of order of entry into new markets or industries. 
 
The current paper takes a more historical approach that permits a fresh glimpse at the notion of 
industry emergence and suggests that the conceptual literature has been simplistic by lumping 
together differing kinds of emergence. As a consequence, regularities have possibly been hidden, 
depriving us of results from empirical work. 
 
There are two sections to this paper. The first section is a conceptual discussion that commences 
with a summarized examination of nineteenth and twentieth century failures to innovate that are 
attributable to bad timing. 4  The second section builds on this discussion to narrate the emergence of 

                                                           
1.Architectural innovation, which "departs from established systems of production, and in turn 
opens up new linkages to markets and users, is characteristic of the creation of new industries as 
well as the reformation of old ones." W.J. Abernathy and Kim B. Clark, Industrial renaissance: 
producing a competitive future for America, Basic Books 1983, p.7.   
2 Recent studies have covered semiconductors, personalcomputers, Picture archiving and 
communication systems, the persimmon industry(fruit),  business coaching, Blue mussel farming 
cod farming, automatic optical inspection, information and communication technology, mobile 
business/marketing,  nanomaterials, viatical transactions, RFID,  Biotechnology, Internet 
(securities) brokers, Aircraft, eBook brokers,  socially responsible investment, Internet 
businesses, Horizontal directional drilling, fresh fruit juice in the USA, recycling in the U.S,  
software in India, software in Japan, venture capital in Israel, and the sports Industry in Malaysia. 
3 The two most influential authors are probably Steven Klepper and Payul Geroski. Franco 
Malerba (2007), Innovation and the dynamics and evolution ofindustries: Progress and 
challenges, International Journal of Industrial Innovation 25, 675-699, provides a good 
introduction to this literature. 

4 The narrative corresponding to these generic technologies is available on demand from the 



several industries in the nineteenth and twentieth centuries. 
 

A Conceptual Discussion of Time as the Sequence of Events in Industry 
Emergence 
Four generic technologies had great impact on the level of wealth in the Occident in the twentieth 
century: the automobile (the car itself, the automatic transmission, the inflatable rubber tire and 
power steering), aviation (the airplane and the jet; the airliner), the computer (Babbage's computer, 
Illiac IV, the case of Trilogy Ltd. and robots) and finally, household electrical appliances (the 
refrigerator, the vacuum cleaner and the television). Although the initial inventions promised major 
social-economic impact, they had none, because they never reached the market place. An invention 
will meet success in business only if the markets upstream and downstream from the invention are 
sufficiently prepared. This means that there are supplies of sufficient quality and volume to provide 
for manufacture. It means that there are sufficiently numerous and wealthy clients ready to benefit 
from the new artefact. And it means finally that there is an adequate technical infrastructure to 
permit stable manufacture and exploitation of the new technology. 
 
A technology is ahead of its time if it provides a solution that is not yet needed, or for which there is 
not yet any demand. The attempts to market the earliest inventions in were destined to fail; the 
inventors could not conceivably have succeeded in implanting their invention.  Their invention 
simply came into being at the wrong time - perhaps because the technical infrastructure (suppliers, 
complementary technologies) was not yet in place, perhaps because the market still had no 
possibility of requiring such a product. The result was economic loss both for the inventor and for 
the economy at large.  
 
It is not easy to define a clear frontier between the wrong time - a circumstance beyond the 
inventor's control -and incompetence.  If the technical infrastructure is inadequate, an inventor with 
vision could attempt to provide that infrastructure.  If the demand is not yet existent, the great 
entrepreneur could attempt to create it. In order to act, however, it is necessary to recognize what is 
too soon, what is too late, and what is timely. Then the firm may learn either to time new 
innovations correctly, or to take the necessary entrepreneurial efforts to predispose the environment 
- on the demand side and on the technical infrastructure side -to accepting the innovation. The 
timing of innovation ultimately means the insertion of the innovation within a larger sequence of 
events occurring both within the development of the technology and within the development of the 
demand for the technology. This is relevant to the observation that the successive appearance of 
rivals of rivals also provides a clock to time the innovation and, of course, the emergence of a new 
industry. 
 
Technical change, demand (both volume and nature), and the evolution of the competitive arena or 
set of rival vendors are three different axes of evolution must be taken into account in appraising the 
maturity of an innovation. As a new industry unfolds, uncertainty is reduced along each of the three 
lines of evolution, providing an indicator of time and timeliness of innovation and commitment.5 
                                                                                                                                                                             

author. 
5.  Joel Dean was perhaps the first researcher to apply the notion of uncertainty to the market 
place, when he explained the notion of the Product Life Cycle. Dean noted three lines of 
progress: market, technique and rivalry. The three sets, according to Dean, progress uniformly. 
Of course, Dean did not have industry genesis in mind (cfr. Dean, Joel, Managerial Economics, 
Prentice-Hall. New York. 1951. p. 411). D. Frederick Wiersema (Strategic marketing and the 
product life cycle, Marketing Science Institute, 1982) noted that these three dimensions do not 



 
If industries evolved uniformly along the three axes, then any one indicator of time would suffice to 
signal the timeliness of commitment to the new technology. We would have a unique steady clock 
to time industry genesis. However, a quick glance at the formative stage of three industries shows 
that uncertainty in the demand and uncertainty in technology do not necessarily decrease at the 
same rate.  
 
The industry of memory cards was created by the confluence of three competing technologies: 
optical data storage, memory chips and microprocessors on a card. The three technologies have 
been sufficiently developed since the early eighties and the production processes are reasonably 
rationalized. The market, however, did not seem to materialize before the turn of the twenty-first 
century. This is an example of a precocious technology and a sluggish market. 
 
There are also cases of precocious markets and sluggish technologies. Optical disks was one. Once 
the concept was proposed in the late seventies, one market application was obvious: archives of 
computer data. This was a sufficiently large and key market to involve large computer firms. 
Secondary markets were less clear, but also large: for example audio and visual entertainment. 
However, although the market was precocious, the technology lagged, for example with regard to 
maintaining a sufficiently dust-free environment for the production process. 
 
Information related technologies do not provide the only examples. In general, biotechnology 
provides an example of precocious markets and sluggish technologies. This is because a major class 
of biotechnology applications is to substitute existent products, services and processes. This makes 
the market easier to predict, whereas the development of biotechnology is still very much a 
pioneering effort. Lasers, on the other hand, were a precocious technology. 
 
These instances of industry birth point to two differing chronometers of emergence: the evolution of 
the marketplace and the evolution of the technology. Both chronometers are characterized by a 
reduction of uncertainty, but they do not necessarily advance at the same rate. 
 
When the chronometers proceed at the same rate, the new industry is generated in the neat, orderly 
way suggested by the dynamic model of innovation and the product life cycle, although these 
models were not conceived for application to industry genesis. Industries need not emerge in this 
convenient way. 
 
For example, there is the class of industries that emerge with precocious markets, such as artificial 
dyes, the sewing machine, the household refrigerator the pneumatic tire, the incandescent lamp and 
carbonated beverages. Although the technology remains relatively unfamiliar, the basic market 
concept is clear from the start, and doubts about the extent of the market place, buyer behaviour and 
channels of distribution and publicity are soon removed. Precocious markets are not just a 
theoretical construct. If the clarified market holds promise of big revenues, large firms would be 
expected to enter quickly to exploit the opportunity, where "quickly" is relative to the degree of 
unfamiliarity of the technology. Here the waters become muddy and the calculus becomes complex, 
because top management reflects on opportunities intelligently, and the rivalry of firms takes into 
account our knowledge of strategy and competitive behaviour …and our ignorance of it. At times 
                                                                                                                                                                             

always progress uniformly in the product life cycle. The arguments presented here have been 
presented from the perspective of the literature on product and technology life cycles in Roderick 
Macdonald and Wang Jinliang, Time, Timeliness of Innovation, and the Emergence of 
Industries, Technovation, Vol. 14 no 1 (1994) 37-53. 



there may be a tendency for firms to throw money at a technology in the belief that progress can be 
bought with research dollars. This tendency has been cultivated by part of the innovation literature 
which has a success bias, introduced by a methodological flaw: learning about technological 
progress by studying the winners, not realizing that the losers may have done almost exactly the 
same things.6 Technological competition, like market competition, is not always fair. Technical 
results are neither proportional to the muscle of research dollars nor to the intelligence with which 
those dollars are applied. Other factors such as luck (because breakthroughs are not randomly 
distributed, to speak metaphorically) and previous work influence the results of research and 
development efforts. In any case, we will examine the case of precocious markets to see whether 
firms act as expected. 
 
Another class of industries was that of precocious technologies and lagging markets. These should 
not interest the large firm at all. One might object that the far seeing management would want to 
enter such industries before the market is clarified precisely in order to become entrenched before 
other large firms enter. There are two difficulties with such an objection. First, it presupposes that 
the market will eventually materialize, and that it will be attractive.7 Also, this literature is based on 
innovations, radical or not, rather than on the possible emergence of a new industry. The second 
difficulty with the objection is that being first does not necessarily lead to becoming entrenched. 
The innovation literature has frequently pointed this out, as noted earlier. And this is all the more 
true when there is not yet an industry to be first "in”. At first glance, we would not expect large 
firms to be interested in precocious technologies tied to lagging markets. 
 
What about small firms? It doesn't really make sense for them to become involved either. But we 
have to beware of reifying the axis of market uncertainty, imagining it to be a continuous line to be 
travelled along gradually. We can expect to see some firms appear if there can be a hunch that there 
is a reasonable market. If the technical uncertainty is fairly well eliminated, so is one source of 
expenditure. So we may hedge our bet in this case. With some reservations depending on the nature 
of the uncertainty in the marketplace, we would expect any ventures in such an industry to lean to 
the visionary side, if not to downright temerity. 
 
To sum up, then, in neat industries we expect the classical sequence of small pioneers (perhaps 
several waves) followed by the gradual entry of large observers and a shakeout of the pioneers who 
did not grow to compete against the new entrants. In the case of precocious markets, we expect a 
market structure dominated by large firms from early on. In the case of precocious technology, the 
industry will tend to be tested out by small visionaries. 
 
There is a third dimension. 
 
The evolution of the vendor set may not meet our expectations, either anticipating or trailing with 
respect to the other two dimensions of emergence. As our knowledge about the dynamics of 
industry genesis increases, the strategies of firms will also evolve. Also, attenuating circumstances 
such as economies of scope, cash availability, personal values of key decision makers, beliefs about 
the future, etc., may induce one large organization to precipitate the decision to enter a technology-
                                                           

6.  Although commonplace now, I first heard this observation from F. Xavier Olleros. 

7. It is the objection of a researcher or a consultant, but not the objection of a practitioner who has 
to commit money (and his job!) to something that may turn out to be a chimera.  Perhaps it is 
unfair to attribute this kind of error to academia, but again, there is a long tradition of optimism 
in the literature that derives from studying successes and not failures. 



precocious industry, for example, long before the market is clarified. This in turn may seduce other 
firms hesitating about commitment.  
 
Again, sometimes an individual firm or set of firms may anticipate technology and the marketplace, 
and pursue both "ahead of time".  This could be argued both in the case of radar and that of 
television. 
 
Radar was developed previous to and during the Second World War.  Although it had a crucial 
application for England, the War Ministry was in fact quite cool towards the project. There was no 
civil demand for radar. Further, no was quite sure what radar would be. The early research was 
seeking a sort of death ray, and the detection potential of radar was noted only serendipitously.8 
Tremendous technical obstacles stood in the way of the development of functional radar, to render it 
feasible, to eliminate spurious effects, and to "focus" directionally and upon small volumes of 
space. So great were the obstacles in England, both technical and internal organizational opposition, 
that the trajectory of the development of radar seems a blend of Providence, luck and the gradual 
obsessive emotional derangement of the champion of the product, Sir Hugh Caswell Tremenhere 
Dowding. 
 
As for television, although radio did give an indication of a certain market potential, the 
development effort behind television was greater than any previous, so that the drive of David 
Sarnoff is behind the existence of that industry today. 
 
Thus, we have three families of variables that constitute three indicators of industry emergence 
measuring the gradual increase of information (decrease of uncertainty) from zero information to 1, 
or perfect information. Time may flow at different rates according to the different indicators. One 
chronometer is the set of competing vendors. The second is demand in the sense of the set of 
buyers, be they consumers or organizations. The third is the technology 
 
Table 1 simplifies the two dimensions of market progress and technology progress into a three case 
axis of relative rate of development (precocious technology, precocious market, synchronized 
development) which is plotted with respect to the timeliness of competitive behaviour: delayed, 
timely and precipitated. This generates nine types of industry emergence. Table 1 illustrates these 
types with twelve examples.9 

                                                           
8. Arnold "Skip" Wilkins, scientific officer in the Radio Research Laboratory in 1935, was given a 
memorandum requesting a calculation of "the amount of radio-frequency power which should 
be radiated to raise the temperature of eight pints of water from 98°F to 105°F at a distance of 5 
km and at a height of 1 km." This would be enough to induce fever and delirium in a pilot, 
supposing that the fuselage of his aircraft did not shield him. It would also leave much of 
England without power. "I said all this to Watson Watt when handing him my calculation and he 
replied, `Well, then, if the death ray is not possible how can we help them?' I replied to the effect 
that Post Office Engineers had noticed disturbances to VHF reception when aircraft flew in the 
vicinity of their receivers and that this phenomenon might be useful for detecting enemy 
aircraft." Fisher David E., "A race on the edge of time", Radar McGraw Hill, 1988, p. 30-31. 

9.A more complete application of the three families of variables would lead us to classify industry 
according to the leading variable and the second leading variable: the sequence in which the 
different families of variables stabilize. Because this stabilization is in part enacted and in part the 
effect of entrepreneurial action, in practice it may be useful to recur to the distinction between 
invention and innovation. This leads to 64 different combinations, a number which is probably 
too unwieldy for useful research. Table 2 illustrates the classification of 25 industries that were 



 
Table 1 simplifies the two chronometers of market progress and technology progress into a three 
case axis of relative rate of development (precocious technology, precocious market, synchronized 
development) which is plotted with respect to the timeliness of competitive behaviour: delayed, 
timely and precipitated. This generates nine types of industry emergence. Table 1 illustrates these 
types with eight examples. 

                                                                                                                                                                             
examined with this scheme. 



 

VENDOR 
COMMITMENT 

 

 

SYNCHRONICITY 

PRECIPITATED DELAYED TIMELY 

PRECOCIOUS 
TECHNOLOGY 

MEMORY CARDS  RADIO LASERS 

PNEUMATIC TIRES  

PRECOCIOUS MARKET OPTICAL DISKS BIOTECHNOLOGY  FAST FOOD 

SYNCHRONIZED 
MARKET AND 
TECHNOLOGY 

ROBOTS  SEMICONDUCTORS 

TABLE 1 Industry Emergence Classified According to Timeliness 
 
A more complete application of the three families of variables would lead us to classify industry 
according to the leading variable and the second leading variable: the sequence in which the 
different families of variables stabilize. Because this stabilization is in part enacted and in part the 
effect of entrepreneurial action, it becomes necessary in practice to recur to the distinction between 
invention and innovation. This leads to 64 different combinations, a number which is probably too 
unwieldy for useful research. Table 2 illustrates the classification of 25 industries that were 
examined with this scheme. 
 
Consider the case of the telephone. 
 
Telephony was at first characterized by precocious technology, which is surprising in retrospect. 
The need or desire for the kind of communication made possible by the telephone was surely 
present in all industrial societies, and in this sense the market should have anticipated the 
technology. This was not the case. The reason is very simple, but gives an insight into the nature of 
the dynamics of demand-pull and innovation-push. 
 
The telephone is a means of voice communication, originally implemented by wired connection. 
The original developers of the telephone marketed it as a line of communication, rather than as a 
network. There were several reasons why this was so. The line concept was evident; the network 
concept was not. The original experimentation had been done on a line. The concept of line 
communication was simple and easy to describe and sell. Further, there was no network to sell. 
Even when the notion of exchange (hence network) was put forward, it involved a different 
financial commitment on the part of Bell licensees. Whereas selling a private line gave an 
immediate return for these agents, central exchanges involved a high fixed investment with a 
gradual return. 
 



It was the central exchange, however, that made the market explode. Previous to the switchboard, 
the market had been limited to business clients desiring point-to-point communications.10 From 
1878 onward there was a huge residential market to be tapped. The telephone industry began with a 
precocious technology, but very quickly the situation was reversed, as the fast growing market 
became well defined, the challenge was to develop exchange technology in order to handle the 
complexities of large networks. 
 
Thus the single, steadily advancing clock of industry genesis has to be replaced by three different 
chronometers of change advancing at different rates. Some industries emerge with a neat, 
synchronized evolution of market, technology and the set of vendors in competition. Other 
industries do not. Rather, they are characterized by a precocious development of technology waiting 
for the demand to react, or, on the contrary, by a demand that is well defined in the market long 
before the technology becomes stabilized.  
 
Because industries may emerge in varied ways, and emergence does not represent a unique strategic 
context. This suggests that there is no single strategic recipe for either the pioneering firm or the 
later entry. Nor is there necessarily the same advantage to either the first entry or the "fast second" 
or the late entry, across all types of emerging industries. 
 
The practitioner who competes in a new industry or who is considering entry should not only 
evaluate the potential of the technology and the market, but also the relative development of each 
and estimate the probable rate of development of each. Further, when evaluating other possible new 
entrants, the practitioner should try to assess the potential for precipitated entry. The results of such 
an appraisal will allow the practitioner to form an opinion as to which of nine cases of emergence 
the firm is facing. 
 
Similar measures will allow the academic to take such contextual differences into account when 
comparing different cases of industry genesis, and perhaps to develop a repertoire of 
recommendable strategic or tactical behaviour in each context. 
 
 

                                                           
10. "Just such a breakthrough came in 1878 in the form of the first group of switched central office 
systems. The switchboard, which became the technological centerpiece of exchange operations, 
transformed telephony by placing each telephone subscriber in communication with any other 
subscriber connected to the same central exchange... Exchange technology created a new and far 
larger market for telephone instruments and services, a market whose exploding demand the 
Bell interests would find difficult to satisfy. Robert W. Garnet, The Telephone Enterprise: The 
Evolution of the Bell System's Horizontal Structure, 1876-1909. (Johns Hopkins/AT&T Series in 
Telephone History.) Baltimore: Johns Hopkins University Press, 1985, p.21.) 



 
 1 2 

Industry Invention Industrialization 
AIRPLANE MOT OTM 

AUTOMOBILE MOT MOT 
BIOTECHNOLOGY TMO OMT 
BOOK PUBLISHING MTO OTM 

CARBONATED 
BEVERAGES 

TMO OMT 

DYES MTO OTM 
HELICOPTER MOT  

INCANDESCENT LAMPS MOT OTM 
MARGARINE MOT OTM 

OPTICAL DISKS MOT MTO 
PETROCHEMICAL MOT OTM 
MEMORY CARDS TMO  

PERSONAL COMPUTER TOM OTM 
RADAR MOT OTM 
RADIO TOM MOT (little change mostly M 

growth) 
ROBOTS MOT OTM 

SEMICONDUCTORS TOM OTM 
STEAM ENGINE MOT OTM 

TOBACCO TOM OTM 
TELEPHONE MOT OTM 
TELEVISION MOT OTM 

TIMESHARING MOT OTM 
RUBBER INFLATABLE 

TIRES 
n.a. MOT 

VIDEO MOT OTM 
VIDEOTEXT MOT n.a. 

TABLE 2.  A More Complex Classification of Industry Emergence 
 
 
 

A narrative of the emergence of several industries in the nineteenth and 
twentieth centuries. 
 
NEAT INDUSTRIES 
 
The nascent automobile industry 
 
The automobile industry provides an example of neat emergence. A cursory examination of the 
evolution of the technology, of the market place, and of the firms which competed in the nascent 
automobile industry leads to the conclusion that each of these dimensions matured at roughly the 
same pace. In other words, uncertainty as to market behaviour, unfamiliarity with the technology, 
and unpredictability of strategic behaviour, all were reduced at about the same pace. 



 
Technological uncertainty 
 
In Chapter 3 the automobile industry illustrated how the selection between generic technical 
alternatives is decided by business strategy and might, as much as by inherent technical 
superiority.11 The different aspects of technical uncertainty can be grouped for the sake of analysis 
into the six major components of the basic Selden patent. If a belated attempt to revive steam power 
by Abner Doble is discounted --as is reasonable, since the industry was consolidated by his time-- 
then the demise of the steam engine and the victory of the internal combustion engine can be fixed 
in 1911, when the White Motor Company pulled out of steam (pardon the triple pun). Some 
uncertainty still remained for the gas engine, as to the number of cycles and the arrangement of the 
pistons. The other five components of the Selden patent were the gasoline receptacle, the drive 
shaft, the body, the running gear and the clutch. The steering mechanism was also a dimension of 
technical uncertainty but, like the gas receptacle, was determined well before the gasoline engine 
attained its ascendancy over steam, thanks to the invention of the steering knuckle by Sterling 
Elliott in 1902. Planetary gearing was introduced with the Model T Ford, and in general, the basic 
car body (which would thereafter evolve with fashion and -to a lesser degree-with incremental 
improvements) was stable by the end of the first decade of the present century. Fink quotes an 
industry magazine from the year 1908 to the effect that there had been little change in the basic 
automobile over the previous year, and little variety from one manufacturer to the other.12 He then 
goes on to describe the typical car in 1909: 
 

"The typical moderately priced 1909 car weighed between 1500 and 2000 pounds 
and had a wheel base of 100 to 115 inches. It had pneumatic tires about 34 inches 
in diameter about a 56-inch track and a 4-inch tread; a pressed steel riveted 
frame; either semielliptic or elliptic springs; a steering wheel rather than a tiller; 
and an open, side entrance body that seated four passengers, with the motor 
mounted in front of the driver under the hood."13 

 
 
Although the engine would be a little under-powered today, and most cars are now closed-in (hard 
roof), this description is pretty much what a car looks like at the other end of the twentieth century. 

                                                           
11.Some historians dispute this particular example, arguing that the internal combustion engine is 
inherently superior to the steam engine. Cf., for example, James J. Fink, America Adopts the 
Automobile, 1895-1910, Cambridge, Mass., MIT Press, 1970, p. 307. The fact that several authors 
ascribe equality or superiority to the steam automobiles (Casanova, Levine, McLaughlin, 
Sprague, etc.) can perhaps be explained by the fact that it is precisely that technical option which 
constituted the subject matter of their essays. In any case, the superiority of the business might 
and manoeuvring of the internal combustion proponents remains the critical factor in the 
ultimate success of the gasoline-powered car. 

12."Years of experience and experiment have brought the manufacturers into such uniformity of 
ideas that their machines may be said to be practically all built on the same general lines; and 
each year the differences become less and less conspicuous... Generally speaking, there are no 
radical changes embodied in the new models built by the more important factories." Joseph 
Tracy, "The 1908 automobile", Country life in America, 13:65 (November 1907). 

13.Fink, op. cit., p. 250. 



Car enthusiasts may see major differences, but this is because they have been accustomed to remark 
very minor variations in the basic technology. 
 
The Royal Automobile Club of London awarded the Dewar Trophy to Cadillac in 1908 (the 
greatest advance shown by any automobile during the year). This advance began in reality when 
Cadillac was founded in 1902, with the objective of reconciling quality and moderate pricing. The 
firm used a motor that had been developed for (but rejected by) Oldsmobile, with precision 
tolerances and other incremental improvements that eked 10.25 horsepower out of one cylinder. By 
1904, Cadillac was able to introduce interchangeable parts.14 Both the policy of Cadillac and the 
innovations that enacted it, are characteristic of a technology that has stabilized. Aside from the 
hard top, most of the definitive design had been determined by the end of the first decade. 15 A push 
was made for standardization of parts at this time, although full standardization was not attained.16 
All in all, the bulk of technological uncertainty had been reduced by 1910. 
 
The Demand Side 
 
In the United States, unit sales grew from 25,000 in 1905 to 890,000 in 1915, to over 4,000,000 in 
1925. The post war years were a seller's market, so possibly sales could have reached even higher. 
In any case, the industry enjoyed an explosion of growth in the first quarter century, reaching sales 
of the same order of magnitude as it would experience as a fully mature industry before the oil crisis 
of 1973.17 
 
The demand in part had been prepared by the bicycle, which not only prepared the public for 
mechanical means of transport, but also led to the improvement and expansion of the road system. 
The modern bicycle is a nineteenth century invention, and at least one of the pioneers -Pope's 
American Bicycle Company- was originally in the bicycle business, and thus had established 
customers purchasing through its distribution channels. His agents were anxious to have 
automobiles to sell in 1900. But, whereas the bicycle did not seem a threat to the horse carriage, the 
powered automobile was: the horseless carriage. Thus, strong resistance was felt from horse 
breeders, stable owners, and horse-drawn vehicle drivers' associations 18. Others were able to move 
their allegiance to the new industry, at least at the beginning: blacksmiths, and carriage 
manufacturers. 
 
The horseless carriage was a novelty at the turn of the nineteenth century, although there already 
were those using it for professional work: doctors, salesmen, etc. The appeal it had in America is 
best conveyed by a quotation found by Fink: 
 

                                                           
14.Ibid, p 263. 

15.Ibid., ,  p 279. 

16.Ibid.,  p.289. 

17.Same source as Selden's patent; "There is no doubt that there is a shortage today and that the 
country could absorb twice the number of cars that will be made during the year 1907." Fink, 
"America adopts the Automobile", MIT Press (70), p. 50. 

18.Fink, op. cit., p. 64. 



"...the automobile is the idol of the modern age... The man who owns a motorcar 
gets for himself, besides the joys of touring, the adulation of the walking crowd, 
and the daring driver of the racing machine that bounds and rushes and 
disappears in the perspective in a thunder of explosions is a god to the women."19 

 
 
A year later, Harper's weekly called the automobile "essential to comfort and happiness". And 
industry analysts felt that the possibilities of the automobile "had been more generally understood 
and appreciated within the previous twelve months than during its entire previous life".20  By 1909, 
Charles Duryea wrote, "The neighbours already have one of their own. The whole family has 
become so accustomed to auto riding that some members generally prefer to ride alone or remain 
behind..."21 Fink considers 1910 to be the year in which the automobile became an integral part of 
American life. Although there would be many new buyers for another thirty years, this would be a 
matter of market expansion and penetration, and almost all consumers would have access to the 
necessary skills to make a fairly rational purchase, both in terms of criteria and in terms of process 
of purchase. 
 
Thus, although the market would continue to expand strongly throughout the teens and twenties, 
and although the interruption of the First World War would have its impact, the market was not a 
source of great uncertainty for the manufacturer of the automobile by 1910. 
 
The Vendor Set 
 
In the United States of America the automobile industry attracted nearly two thousand firms, of 
which five remained to account for almost all of the market place by the 1960's. Of the thousands 
which entered from the onset of the industry in 1880, probably only a few hundred actually got 
under way, and a couple of hundred maintained operations over a year. Much of this ephemeral 
mortality can be attributed to the ability of spectacular opportunity to attract persons of marginal 
business acumen and expertise.22 But even once this is taken into account, it remains clear that a 
larger number of firms were able to make a go of it in the early years of the marketplace, as opposed 
to the results attained a little later on. By the turn of the century, the number of active vendors 
oscillated between sixty and two hundred and fifty, if one uses Charles E. Duryea's criteria.23 

                                                           
19.George Dupuy, The Conquering Automobile, Independent 60:848 (April 12, 1906). 

20."Present and Future of a Great Industry", Automobile, 16:151-157 (January 17, 1907). 

21."How to select an automobile, Independent 66:1213 (June 3, 1909) Quoted by Ralph C. Epstein 
in The Automobile Industry, A.W. Shaw Co. (New York 1928); 

22.There are numerous contemporary testimonies to this. Fink lists managerial incompetence to be 
the critical factor in a large number of exits. Cf. p. 305-6 

23.  According to Charles E. Duryea's data. Cf. Ralph C. Epstein, op. cit.); "Motor's Historical Table 
of the Motor Car Industry" Motor 11:36-42 March 1909). The number of active vendors varied 
from ten to seventy if one uses Epstein's data. Because Duryea was writing about contemporary 
events, perhaps it makes more sense to work with his more liberal figures (see Table from Fink 
p.303). As for Epstein's data, Fink observes that in 1905 and in ten eastern states, there were 
registrations for at least 5 units or more of 95 different manufacturers, suggesting that Epstein's 
data are not a better reflection of the industry. Epstein's data suggest a clear watershed in 1910 
(50% of all exits from 1902 to 1912), but the figures are too small to be reliable on their own. John 



 
This shows that there is a steady growth in the number of firms entering into the market through the 
turn of the century until 1908. One can assume that these firms acted on a common sense analysis 
of the business: opportunity of a growing market, with demand believed to be greater than supply, 
easy financing (discussed below), and the technical barriers were low as the crude stage of 
development was accessible from adjacent industries such as diesel boats (the case of Oldsmobile). 
The ratio of entrances to exits remained fairly steady throughout the short time period: exits were 
growing just as fast. 
 
Although later culling would take place as indeed more was learned not only about the market, but 
also about business practice and organizational design, variations in the population of the vendor set 
indicates a cusp in the behaviour (whether free or not) and the choices made by the participating 
vendors. At the start of the century, firms had been arriving; in the teens, firms were leaving. 
Although the economists place the closure of the automobile industry in the twenties,24 the change 
in the vendor set began much earlier. This can be seen not only from the view point of the number 
of firms in the industry, but also from the view point of how those firms competed. 
 
It was during this time that the champions of the internal combustion engine distanced themselves 
from the steam engine proponents by aggressive and competent marketing for the big market 
place.25  It can be supposed that they likewise distanced themselves from those internal combustion 
firms who later went the same way as the steam firms: out. 
 
The development of the value adding operations of the Stanley Steamers focused on the 
simplification of design - they were not, it seems, familiar with the Abernathy Utterback dynamic 
model of innovation - and they maintained an artisanal production process with an output of 650 
units a year in 1914. This effort built on the strength of the steamer's technical advantage, as it was 
an inherently simpler mechanism. As was seen in chapter 3, however, technical advantage is not 
business advantage. The firms which favoured the internal combustion engine centred in the 
Midwest and, according to the prominent secondary sources on this industry, had to deal with less 
educated general labour. Thus the thrust of their development effort lay in the simplification of 
process rather than of product design. This compounded with the choice of most internal 
combustion manufacturers to seek the mass market, to lead these manufacturers into a policy of 
rationalization and efficiency in process design.26 

                                                                                                                                                                             
Rae notes that of the "some 1500 separate firms", most rose and fell before the First World War. 
(The Automobile Industry, p.321.) McLaughlin counts 88 firms active at the end of that war, 
joined by 22 newcomers; 87 were left at the end of 1923. (McLaughlin, C., 'The Stanley Steamer: a 
study in unsuccessful innovation.' Explorations in Entrepreneurial History, 1954, vol. 7, p.43) 

24. Harold G. Vatter, "Closure of Entry in the American Automobile Industry", Oxford Economic 
Papers, 4:213-234 (October, 1952). 

25. “Doble would repeat the same error with steam cars (neglect the mass market until too late) 
ten years later. In the case of the Stanleys, there really was no will to enlarge their operation to 
produce a car for popular use. This is why they did little to improve their methods of production, 
financing or selling" (McLaughlin, op. cit. p.41). Jamieson calls them the square peg in the round 
hole (Andrew Jamison, The steam-powered automobile; an answer to air pollution. Bloomington, 
Indiana University Press, 1970., p. 41). This remains a strategic error, however, because they were 
increasing unable to maintain operations after 1915. 

26."The automobile manufacturers in Detroit, on the other hand, were compelled to adopt many innovations 



 
The financial practice of the automotive industry was established almost from its inception: dealers 
paid cash with a hefty deposit up front, while parts were acquired from suppliers on a 30 to 90 day 
basis.27  Manufacture was basically assembly of parts and could be done in a simple rented 
building. All of which may mean that the early capital requirements were low but it is also part of 
the behaviour of the vendor set that became determined early. It is difficult to imagine an innovation 
in financing practice that could supersede the early status quo. 

                                                                                                                                                                            

 
This style of financing did not mean that the capital requirements of entry would be low for long, 
however, as the commitments of tens of thousands of dollars characteristic of the first decade of the 
twentieth century 28 was superseded by six and seven figure investments such as Ford's sixty acre 
plant opened in 1910. 
 
All of which makes it clear that not only was uncertainty being reduced in the technology and in the 
market, but also in the behaviour of the firms that exploited the technology in that market place. 
Because other vendors in the same industry are competitors and constitute part of the firm's 
"environment", there is a tendency to blur together this wilful albeit reasonable predictability of the 
participating firms with the reduction of uncertainty in the market. But at least a formal distinction 
should be maintained between the phenomenon of client learning and increased predictability in 
consumer behaviour, on the one hand, and increased similarity in the ways firms respond to that 
behaviour. 
 
A further indication of the maturation of the vendor set are a series of attempts to achieve sufficient 
market power to control the industry, either through industry associations or through combination of 
firms. 
 
The first effort was an association that grew out of Electric Automobile Company's purchase of 
Selden's original patent on the gasoline automobile. In 1903 several firms founded the Association 
of Licensed Automobile manufacturers using the Selden Patent. Firms paid $3500 upon admittance 
to the association, and 1 1/4 % royalties (on retail price). By 1907, membership in ALAM produced 
80% of the output of the automobile industry in the United States. However, it only accounted for a 
small portion of the active firms, and had to deal with free enterprise sentiment among these firms, 
particularly in the case of Henry Ford. Because the patent turned out to be less than clear (as a 
blanket monopoly for the automotive industry), Ford was able to hold off successful litigation until 
the patent had expired and the Association atrophied. In any case, the creation of ALAM was not a 
total failure, even though it did not attain its primary objective of controlling the industry, and this 
indicates some level of maturity in the vendor set itself. 

 
in production and distribution, not only because they wanted to sell their products to a wide market, but 
also because f the nature of their labour supply and because of the economies of consuming ready available 
raw materials in large volume. The unskilled farmers, immigrants, and lumberjacks that Henry Ford hired 
forced him to simplify the productive process with as much inventiveness and ingenuity as the Stanleys 
had put into the simplification of their automobile." McLaughlin, op. cit. 

27.James Fink, op. cit., p. 321. 

28.For example, Ford Motor Company, 1903, paid in capital of $28,000; Detroit Automobile 
Company (later Cadillac), 1899, $15,000 in paid-in capital. Not all firms were that small, however; 
the American Bicycle Company issued $4.2 million in stock to finance expansion of its 
automobile business in 1900. cfr. Rae, op. cit., p. 35, p. 295, 299-300. 



 
The second thrust to control industry competition was a blatant series of bids to obtain dominant 
market share through combinations of active firms. William C. Durant and Benjamin Briscoe 
sought merger of their firms with others, but their underwriter dropped out because of dubious 
dealings of Durant. He then formed the General Motors Corporation as a holding company and 
sought to acquire other firms through exchange of stock. In this way he acquired thirteen 
manufacturers, of which the most notable was Cadillac (which cost him $4.4 million in cash). 
Durant was unable to attain market control however (Ford, for one, remained outside his grasp) and 
other aspects of his management and business behaviour were short of brilliant. Briscoe also made 
his bid to control the market, acquiring some 130 companies within his United States Motor 
Company. Like General Motors, this firm went into receivership. 
 
Fink has observed that 
 

"no combination could hope to control a sufficient proportion of the total output 
to exert much influence over the industry, or even succeed as a business 
enterprise, unless it included many of the leading producers. [But these firms] 
were apt to be those most confident of their ability to go it alone."29 

 
 
The firms that were acquired were the weak ones, and the development of these to catch up with the 
rapid evolution of the new industry absorbed the profits of the few solid operations of the combines. 
Thus the efforts of Durant and others both illustrate the progressive maturity of the vendor set, as 
well as the evolution of this set in contrast with the demands of the "environment" which rewarded 
the abandon of weak operations and concentration on building a better car at a lower price to attain 
bigger market share. 
 
Concluding remarks on the formative years in the automobile industry. 
 
The market, the vendor set, and the technology of the automotive industry all began to gel more or 
less simultaneously in the second decade of the twentieth century. The industry falls into the pattern 
foreseen for less radical innovations. A proliferation of small firms (inventors in garages, really) 
characterized the onset of the industry in the 1880's. As the situation clarified a little and there was a 
trend to slightly larger commitments at the turn of the century, the Electric Vehicle Company and 
the American Bicycle Company attempted grandiose entries, both of which schemes were 
complicated and failed attempts to combine automobile manufacture with other interests. 
Experience acquired with the market, necessity and perhaps luck led several manufacturers to 
pursue the mass market, leading them to rationalized operations and big capital commitments from 
1910 onwards: the days of the small manufacturer of automobiles were numbered. 
 
SEMICONDUCTORS 
 
This industry also exemplifies the synchronized evolution of axes of uncertainty reduction for 
market and technology, and in fact the industry of semiconductors is close to a classic incarnation of 
neat industry emergence.30   
                                                           

29. Fink, op. cit., 318. 

30.  It certainly has captured the hearts of authours of books and articles about industrial 
innovation, and is by far and away the most cited industry. Not only is it "neat", with 
synchronized reduction of uncertainty in technology and market, but it also has several other 



 
Technology  
 
Thirteen years passed after the invention of the transistor by Bell Laboratories in 1947, before 
Fairchild’s introduction of the silicon planar process opened the door both to the efficient mass 
production of reliable transistors, and, combining groups of transistors on a single wafer, to the 
world of increasing scales of circuit integration. The memory chip and the microprocessor are 
integrated circuits and would not have been possible without this. They replaced arrays of 
transistors on circuit boards.  
 
The planar process had implications for an alternative technological option. Because it led the 
production of cheaper and more reliable silicon transistors, germanium transistors became no longer 
so promising an alternative. As a result, Transitron, Hughes, Raytheon, and Germanium Products 
found themselves with an inventory of obsolete products as well as a large investment in worthless 
equipment, raw materials and outmoded manufacturing and research and development capabilities. 
In a matter of months, these firms lost their position of dominance to new competitors with silicon-
based technologies: Fairchild, Texas Instruments, Motorola.31  
 
The industry remained a heavily technical one, with R & D expenditures on the order of 20% of 
sales. Major technical revolutions were frequent, and even the linear projection of the development 
of semiconductor technology required heavy expenditure in new capital equipment. Figure 1 
provides an indication of the level of technical uncertainty -not the same as the pace of innovation, 
which may be foreseeable -for the semiconductor industry from 1947 to 1975. It suggests technical 
tranquillity after 1965, with one "revolutionary" innovation in 1970 (charge-coupled devices) and 
one in 1974 (electron beam exposure). Of course, the pace of integration and other aspects of circuit 
improved continued, and perhaps even accelerated. In 1983, High Technology magazine 
paraphrased a semiconductor executive to the effect that integration (density of circuitry) would 

                                                                                                                                                                             
suggestive characteristics that possibly have led to overoptimism as to the inevitability and the 
feasibility of continued and accelerating progress in technology and in wealth. Long after the 
major uncertainties in the industry were eliminated, both market and technological dimensions 
continued to grow phenomenally. The technology grew by generations of improved 
performance. And the market grew in widening applications and volume of shipments. Of 
course, one is tempted to treat this as continued uncertainty reduction, although industry 
executives and analysts were able to foresee the future in terms of rate of performance 
improvement and sales growth by the mid seventies. Although the technology is complex, the 
basic challenges are well defined, and if specific solutions may be new, the problems they resolve 
are more difficult versions of previous achievements. 
 
In this sense there is a distinction to be made between technical progress and reduction of 
technical uncertainty. Technical progress is achieved when performance is improved. 
Uncertainty is reduced when the firm knows that a specific technical solution will be retained by 
the industry. There remains technological uncertainty in the semiconductor industry to the extent 
that alternative technical solutions continue to compete, and firms must choose, perhaps without 
realizing it, between among solutions which will later have to be abandoned. 

31.See Francisco Javier Olleros, Emerging Industries and the Burnout of Pioneers, Journal of New 
Product Innovation Management 3, 1 p.15 (March 1986).  Rather than quote the text, I have 
reworded to emphasize my point. 



double two years. Besides this "continuous" -but far from automatic- progress, there were several 
major innovations in process introduced after 1970. 32 
 
MESSY INDUSTRIES I: PRECOCIOUS MARKETS 
 
In these industries we expected to find large organizations dominating the industry from the earliest 
stages. We examined five cases. Large firms dominated almost all the industries very quickly. But 
large firms did not launch all five. Small firms were involved in each one of the industry launches, 
and in half of the cases at least one small firm survived to be an autonomous player in the mature 
industry.  
 
In the case of artificial dyes, that is developed below, the first generation of firms was small, but as 
one nation eclipsed another in dominating the industry -England was eclipsed by Germany - the 
market became dominated by large firms who had entered the German industry early.  
 
The first attempts to market sewing machines were made by modest ventures. Thimonnier in France 
had a primitive machine and failed with it.  Hunt and a few other small entrepreneurs such as Elias 
Howe made attempts to sell sewing machines, but also failed because of insufficient performance 
by their inventions (according to the historical record). Isaac Singer got it to work, and founded a 
corporation that is still around after nearly 150 years. Ross Thompson has observed that "Within 
eight years after Howe left for England, the major technical weaknesses of his machine had been 
overcome, and the three major companies which would dominate the industry for the next 20 years 
had already emerged as major firms of the industry."33 An indicator of growth in this industry is the 
evolving value of patents. Howe failed to launch the industry and was unable to find buyers in the 
U.S. in the late 1840's. A British interest brought the rights in Britain for 250 pounds; when that 
failed, Howe returned to the States. Two years later  (1951) he tried to sell his patent to Singer for 
$2000 and was refused. In 1854, Singer settled with Howe for $15,000 in royalties and a licensing 
agreement. In 1859 Lyman Blake was able to sell his patent, which was an improvement upon the 
current machines of the industry but legally an inferior patent to Howe's, for $70,000. Unit sales for 
the industry were 1500 in 1851, 3200 in 1855, and 42,500 in 1859 and 400,000 in the U.S. for 1870.  
From the start, the market potential was clear, because every household was a future client. Average 
household revenue was $500, and manufacturing costs for Singer were $23. 
 
The logical source of large, established entries was the machining tools industries such as clocks 
and firearms. Yet, no large firms knocked on the door. Small embryonic firms launched this 
industry. The first small firms were fuelled by great promotion for seed money -Isaac Singer was 
called prince of promoters by one historian, and the best salesman of his time by another- and a 
sellers market for self financing growth. The incumbent firms were quickly promoted into large 
firms as the industry was launched, and Singer was expending a million dollars a year on sales 
promotion of the foot-treadle powered sewing machine in the 1860's. The emergence stage could be 

                                                           
32.Ashton, for example, lists sputtering (1973), polysilicon deposition (1973), silicon on sapphire 
(1973) plasma etching (1974), ion milling (1975), electron beam processing (1975), 
photolithography projection alignment (1976), and deep ultraviolet photolithography (1977). 
Surely there were other major process innovations posterior to this date. 

33.Ross Thomson, The Eco-technic Process and the development of the sewing machine, in Gary 
Saxonhouse and Gavin Wright, editors, Technique, Spirit and Form in the Making of the modern 
Economies: Essays in Honor of William N. Parker, JAI press (Greenwich, Connecticut, 1984). 



said to have closed with the creation of the Sewing Machine Combination, a patent pool involving 
Elias Howe and the three majors: the Singer firm, Grover & Baker and Wheeler & Wilson. 
 
Why hadn't established firms entered? Several answers come to the fore. First, the general growth 
of the American economy and expansion of the contiguous industries gave the firms in 
neighbouring industries enough opportunities to handle.34 Again, although the market was clear, it 
was a different market, at least for the firearms manufacturers. And the industry incumbents in fact 
were very innovative in their marketing, using elaborate show rooms, aggressive advertising, and 
introducing the concept of instalment buying. A further reason is that part of the obviousness of the 
opportunity today derives from our knowledge of the dynamics of business acquired in the 
twentieth century. 
 
The household refrigerator industry behaved as expected. Again, the market was clear from the start 
both in terms of utility for each household, and in terms of product substitution (of the ice box) as a 
source of market information. Although there was little uncertainty in the market, considerable 
technical work would have to be done before the potential could be realized. The product would 
have to work reliably and be a realistic purchase for a household with revenue under $2000. In the 
twenties, the product was difficult to use and expensive ($450 in 1923). The pioneer of compression 
refrigerators (as a business) was a start-up, Kelvinator of Copeland, Goss, and Wales, founded in 
1916 and on stream in 1918. Frigidaire was another start-up in 1916. But the big boys did not tarry. 
General Motors, not yet a giant but with considerable capital already and a combine from birth, 
acquired Frigidaire in 1919. General Electric examined the budding industry in 1923, and came on 
stream with the "monitor top" in 1925.  At this point, the technology of household refrigeration was 
still incipient, and engineers at General Electric and elsewhere were aware that major changes were 
to come.35 Yet, not only had both GE and GM entered, but also eight of the 56 early entrants were 
well financed. 
 
The prehistory of the incandescent lamp is strewn with failed attempts in the company of competing 
technologies such as the arc lamp and the gas lighting that was eventually substituted. But the 
success story is that of Thomas Alva Edison, who was an established inventor since 1968, and had 
moved to the progressive Menlo Park facilities in 1876, three years before his first working version 
of the electric lamp. Sales in the industry grew from negligible amounts in 1879, to 7,5500,000 in 
1891 to 25,320,198 in 1899. The firms active in the US during the 1880's, the period of emergence, 
were: Edison Electric, Union Switch & Signal (George Westinghouse) Thomson Houston Electric 
Company, the Brush Electric Company, United States Electric Lighting Company, the Consolidated 
Electric Light Company, and Swan Lamp Mfg. Co. The first two firms were the concerns of 
previously established inventors with going concerns. The third and fourth firms were entries from 
the arc-lighting equipment industry. In 1888, Thomson-Houston and the Westinghouse concern 
came to a cross licensing agreement, and the latter had also purchased United States Electric 
Lighting Co., Consolidated Electric Light Company. The incandescent lamp industry seems to have 
behaved as we anticipated. 
 
                                                           

34. Obviously they had not read Theodore Levitt, Marketing Myopia, Harvard Business Review, 
1980 which is considered a classic of marketing and also of the technology literature. 

35.F.C. Pratt, vice president of General Electric, commented on the results of G.E, 's study that  "all 
existing practice carries a more than normal hazard of being revolutionized by inventions of a 
fundamental character." reported by Ruth S. Cowan, More Work for Mother, p. 133, Basic Books 
(New York, 1983). 



Charles Carlson was inspired by the example of Edison, who may have had reasonable capital when 
he launched the electric lamp industry, but had begun simply as an inventor. Carlson study physics 
at the California Institute of Technology, did research at Bell, then turned to the practice of patent 
law. Short on funds, he was convinced that invention was the road to wealth. He perceived a market 
opportunity in the costliness and difficulty of obtaining office copies. After three years of research 
and study he arrived at the concept that was later called Xerography. He filed for patent and 
developed the process experimentally, but was unable to get any manufacture on board with the 
development project. He brought his ideas to the Battelle Memorial Institute that, by 1946, brought 
them to a near production stage of development. It was at this point that industry first became 
interested, in the form of Haloid Corporation. This firm was not large, but it was an established firm 
in the photographic and photocopying markets. Ten years later, Rank Organization Ltd. joined 
forces with Haloid for development of the market outside of North America. In what seems to be an 
exception rather than the rule, patent protect did indeed assure a monopoly, and no other firms 
entered this industry until the patent protection dissolved, by which time the market was mature and 
vast. 
 
DYESTUFFS AND THE ORGANIC CHEMICAL INDUSTRY 
 
The prehistory of this industry is to be found in the manufacture of simple chemicals from coal tar 
and coke oven gases in the early nineteenth century. Although this spin off of the coke industry did 
create some interest in industrial chemistry, it neither fathered firms nor made the basic discovery 
that is widely regarded to mark industry's birth in 1851. 
 
The market 
 
The motor of the early chemical industry was a powerful, pre-existing market that played a role akin 
to the role that was played by the military market for many aspects of the American economy in the 
mid twentieth century. That pre-existing market was the textile industry. The industrial revolution 
had Birmingham, England as its cradle, and the textile industry of the British was greatly affected; 
also the predominance of the English in world trade was paramount, so that raw materials came 
from as close as Scotland and England's own pastures as well as from Kashmir and India. The 
industry was innovative then (as now) in design as well as in process, and new (natural) materials 
were introduced into the world of fashion. New colour, however, was hard to come by, and colour 
was and is an obvious dimension of fashion. The potential of good artificial dyes was obvious, as 
was the danger of shortages in natural dyes.36 This permitted would-be entrants to appreciate the 
level of demand, identify clients, evaluate the purchase process and channels, and so on, by 
studying the product they would substitute with artificial dyes. 
 

                                                           
36.Spitz, Peter H., Petrochemicals, The Rise of an Industry, Wiley New York, 1988, p.18. Also, 
"Dissatisfaction with natural dyes had made itself felt even before the advent of the new 
competitor. It came about in the first few decades of the [nineteenth] century because the art of 
dyeing could not keep up with the technological advantages of the cloth making industry... 
While it was able to increase variety and at the same time lower its prices, the dyes with which 
the cloth was embellished remained the same old monotonous colours that had already been 
used two centuries earlier..." John Joseph Beer, The Emergence of the German Dye Industry, The 
University of Illinois Press, Urbana, 1959, p. 3. 



This precocious maturity was not total, however. New outlets would appear for the new technology, 
legal barriers would restrict some geographic segments, and, most immediately, prices for coal tar 
dies would plummet vertiginously within ten years of industry birth.37 
 
Technological Uncertainty 
 
The demand was there for those who had eyes to see it. Liebig had predicted that artificial dyes 
would be forthcoming from aniline-like substances, so in the chemical world there was some idea as 
to where to look. However the initial discovery was made in a laboratory seeking medical 
applications not dyes. William Perkin was working as a laboratory assistant trying to synthesize 
quinine from aniline, when he left silk tissue over night in one of his preparations, discovering the 
mauve dyeing effect the next morning. He dutifully reported the find to Hofmann, his professor and 
laboratory director. Hofmann, aware of Justus Liebig's (University of Giessen) prediction, was 
unmoved. Perkins left the laboratory and began to do "real" industrial research. 
 
There was considerable technical work to be done. Mass production would have to be achieved 
with even colouring; different textiles, such as cotton, wool and calico, responded differently to the 
treatment. This pioneer process development opened the way for future dyestuffs, so that Perkins 
bore the brunt of reducing much of the technical uncertainty.  Although this development effort was 
modest by late twentieth century standards, it wasn't until 1856, five years after the initial discovery, 
that the Perkin family patented the process. 
 
Thus one aspect of the technical uncertainty lay not so much in the design of the specific product, as 
in the generic techniques of the future treatment process. Future dyes of similar chemical nature 
would probably be used for treating similar textiles, and the repertoire developed by Perkin would 
already have reduced technical uncertainty. 
 
Once the patented was applied for, he approached a potential buyer who tested sample cloths, and 
by June 1857 a factory was under construction. Although he had no experience with chemicals 
outside of the laboratory, he saw this as an advantage rather than a weakness. What he was building 
had little to do with industrial chemical processes before him. 38 This is the second aspect of the 
technological uncertainty that Perkins had to reduce. 
 
Of course, Perkin could have done nothing had there been absolutely no technical infrastructure 
before him. Benzene of varying quality was available, and other materials were fabricated with 
known procedures. 39 Beer has argued that "the dye industry owed its origin to the merger of two 
                                                           

37.Beer op. cit. p.32 discusses the prices. 

38."At this time, neither I nor my friends had seen the inside of a chemical works, and whatever knowledge I 
had was obtained form books. This, however, was not so serious drawback as at first it might appear to be, 
as the kind of apparatus required and the character of the operations to be performed were so entirely 
different from any in use that there was but little to copy from. In commencing this manufacture, it was 
absolutely necessary to proceed tentatively, as most of the operations required new kinds of new apparatus 
to ne devised and tried before more could be ordered to carry out the work on any scale."  cited in BEER, 
p.7. 

39."The supply of raw materials presented great difficulties. Crude Benzole was bought from a tar 
distiller in Glasgow and carefully purified. Fuming nitric acid was unobtainable and Perkin had 
to make his own..." L. F. Haber, The Chemical Industry During the Nineteenth Century, 
Clarendon Press, Oxford 1958. 



currents of human activity: both of which had their beginnings in the first three decades of the 
nineteenth century: first, the large scale manufacture of illuminating gas, which provided the raw 
materials necessary for dye synthesis in the form of tar; and second the rise of systematic search in 
organic chemistry..."40 A specific example of this last is Béchamp's work on the conversion of 
nitrobenzene into aniline, done only three years previous. Supplies were unreliable and available 
irregularly, but they were there.  
 
By December 1857, Perkin had produced and sold his first commercial dye. 
 
He had singlehandedly -with help from family and collaborators, and given the technical knowledge 
of his time as well as the supplies context- raced to the market with the first artificial dye, 
overcoming considerable technological uncertainty. Much, however, remained to be done before 
the technology of dyestuffs could be considered to be familiar. This is where the fundamental 
research came into its forté. Perkin's previous mentor, Hofmann, investigated the composition of 
another artificial dye that was brought into the market by French chemists: fuchsin. By studying its 
chemical structure and relating it to other artificial dyes - aniline yellow, aniline blue and imperial 
purple - he did much to reduce the "topographical" uncertainty of this new technology. This meant 
that development both of products and of process could become more systematic, replacing 
serendipity by reason on the road to lower disbursements and better quality in technology 
development. 41 
 
Evolution of the vendor set 
 
Britain was the birthplace of dyestuffs or "coal tar chemical dyes", but it was soon to be eclipsed by 
Germany, where pioneers worked against the disadvantage of inferior supply sources as well as an 
inferior national posture in international trade. One of the reasons for the rise of Germany was that 
English capital, in the face of a broad portfolio of low risk opportunities afforded by the colonies, 
was less prone to venture into the development projects of this young industry. 42  However, 
artificial dyestuffs constituted one technical development that opened new avenues requiring a new 
style of research and development. The response to this opportunity came from German industry, 
not the British and, in consequence, the German firms rose from marginal producers characterized 
by low prices and low quality, to high quality producers. As a result, by 1970 the Germans had 50% 
of the market, and at the turn of the century, between 80 and 90%. 
 
Haber lists several reasons for the ascendancy of the German dye industry: 43 absence of patent 
litigation, the patent law of 1877, the vision and enterprise of administrators, both as managers and 
as investors of capital, etc. But there is one chain of factors that is pivotal, because it made German 
chemical firms into systematic developers of new products, which is what the industry required. 
The Germans were the first to industrialize alizarin, and generated large profits from it that they 
were able - and willing- to plough back into chemical research. And there was skilled manpower to 

                                                           
40.p. 9. Distillation of coal was discovered in 1667, and commercially launched by the British a 
century later for the production of tar to be used by the navy when the American colony ceased 
to be a source and Britain wish to be autonomous with respect to other European nations. 

41.Beer, 1988, p. 28 

42.cf. Beer, 1988, p. 20. 

43.p.129. 



spend that money. 44 As the industrial chemist had greater standing in German than elsewhere 
(perhaps in part because these firms were paying better than their English and French counterparts), 
"German manufacturers were able to draw on a large reservoir of extremely capable chemists 
whose enthusiasm for research, often of a painstaking, routine nature, was unmatched in other 
countries, except for Switzerland."45 A mix of fundamental and short-term research was required, 
and this led to close cooperation between industry and academia, to the mutual benefit of both, 
although not in the opinion of the purists.  
 
In England, academic work in organic chemistry remained relatively "pure", although there was 
some exchange with industry, and by and large the industrial chemist was the one who could not 
break into an academic career. This situation compounded with the inclination of English capital 
towards "quick and dirty" projects to create a rift between academic chemistry and the 
manufacturers. Further, the salaries of industrial chemists were poor, as they were in France. 46 As a 
result, ambitious youths were likely to choose another field for their university education. It 
becomes comprehensible how Beer could comment that the "feverish scramble by entrepreneurs to 
get into the fuchsin business was accompanied by wild experimentation that knew neither method 
nor theory." 47 
 
Thus in the last quarter of the nineteenth century, Germany established the business posture that 
would remain characteristic of the organic chemistry industry to the present day.48 
 
MESSY INDUSTRIES II:  PRECOCIOUS TECHNOLOGIES 
 
Precocious markets are attractive to large firms, although it is not true to say that large firms have 
launched all industries characterized by precocious markets. The dyestuffs industry was the 
example studied somewhat in depth in the previous section. What about precocious technologies? 
This is the case when a technology is rapidly applicable, but there seems to be no interest in the 
marketplace. Conceivably, small "fanatic" firms would launch such industries. These firms would 
be headed by visionary entrepreneurs willing to risk productive years in their lives on the potential 
of such technologies to eventually stimulate a generous response from the market. There is an 
intermediate manner in which such industries could be launched: small firms could be begin by 

                                                           
44.Germany would have five times as many technical students as Britain by 1900, according to C. 
Barnett, "Technology, education and industrial and economic strength", Journal of the Royal 
Society of the Arts, 128, p118-127, 1979. The nature of the German response to the demands and 
the opportunity of the new industry lay in the education system, social mores and the business 
behaviour of German chemical firms and German capital. 

45.ibid. 

46.cf. Haber, op. cit., p.190. Further, the French patent law (of 1844) shot the French industry in the 
foot by protecting the product rather than the process. Thus, entrepreneurs with an inferior 
process were protected from competition within the French market, so that there was little 
incentive to undertake further research to improve quality or reduce costs. 

47. p.27. 

48.An interesting anecdote is that consulting firms were also spawned by this industry, one of 
which was a Boston partner ship formed by Arthur D. Little and Robert B. Griffin with $2300 
capital in 1886. 



building up specialty markets in order to establish a technical and commercial base before 
attempting to launch the broader industry.  
 
Robotics and radio provide examples of industries that emerged with precocious technologies. 
 
In the case of robots, there obviously has been and will continue to be a considerable evolution in 
the technology. The capacities of early robots were limited in flexibility, but the numerical control 
techniques developed for aeronautical manufacturing, and then the explosion of microprocessors 
and the computer industry in the seventies, followed by the rapid evolution of software and 
application of artificial intelligence to vision systems, have all proved important for the evolution of 
robot technology. 
 
The first robot developed by Devol and Engelberger (cfr. chapter 4) was assembled from existent 
technologies.49 While primitive, it did have an application and was the seeds of a revolution in 
manufacturing. The market may have appeared well defined, as the United States manufacturers 
provided an enormous potential. However, there were various problems with robots for the client. 
While in theory robots could provide cost and quality advantages, as well as reliability, the 
introduction of robots into the manufacturing process represented a tremendous risk in the very 
marrow of any manufacturing firm. There was great resistance. The progressive clients were 
extremely high volume manufacturers with a rapid rate of investment/amortization: the automobile 
industry. Further, the concentration and mass of these clients allowed them a strong position of 
influence and negotiation in the form of the menace of backward integration. This diminished the 
risk that the suppliers of the new technology not collaborate with its progressive clientele. In 
general, however, European and North American markets for computers were relatively lethargic in 
their response to the new technology. Unimation, the first vendor of robots, was founded in 1962. In 
1970, there were 200 robots in the United States. One breakthrough came in 1967, when Joe 
Engleberger was invited to Japan to speak of robotic application to manufacture. Although the first 
boom of the market in Japan quickly fizzled, it reverted to a definitive cycle of growth with the oil 
shock of 1972-3. The Japanese manufacturing infrastructure was already bettered geared towards 
automation than the Western infrastructure. Further, innovative financial cooperatives allowed 
smaller manufacturers to lease robots in Japan. 
In the United States, the number of robots grew to 2000 in 1975 to 4000 in 1980.50 During the 
seventies, several entries were made from adjacent industries: computer related firms, or process 
equipment manufacturers, such as producers of spray-painting equipment. The first half of the 
eighties saw the U.S. robot population triple to 14,500,51 about a quarter of the robot base in Japan. 
 
Radio 
 
The prehistory of radio commences with the efforts of Gray (1727) and Dufay (1733) to transmit 
electrical power across space. Franklin and Watson also made attempts in the eighteenth century. In 
1795 the Catalan Francisco Salvá attempted to establish communication between the island of 
Mallorca and the Spanish coast via electrical current in salt water, but to no avail. Alexander 
Graham Bell and Tainer were the first to achieve wireless communication, transmitting signals by 

                                                           
49.David Shatz 1983, "The strategic evolution of the robotic industry", MIT Books Thesis, 1983, 
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50 Robert U. Ayres, Steven M Miller et al, Robotics, applications and social implications, 
Cambridge, Massachusetts, Ballinger Publishing Company, 1983. 
51.Japan Industrial Robot Association, cited by the Globe and Mail, August 5, 1986 



modulating the intensity of light waves. They were able to span distances of up to 200 meters. 
Finally Marconi produced a working radio that he commercialized for the transmission of Morse 
code. The ultimate application of radio only became apparent once the fundamental technology had 
already been developed. The market and its extent were discovered by initiatives that were 
autonomous from the promoters of the technology, although one visionary, David Sarnoff, was in 
the employ of one of those promoters. 
 
 
Technology 
 
Radio is based on the physical principle that local electrical events emit electromagnetic waves. In 
1873, Clerk Maxwell published his theory of electromagnetic energy. Fifteen years later, Hertz 
transmitted and received these waves over a distance of forty feet in the laboratory of the technical 
high school that employed him. This was the result of two years experimentation, and it was 
followed by more years of work to verify and build upon Maxwell's laws. However, it seems that 
Hertz did not consider wireless communication a practical possibility,52 which gives an idea of how 
primitive his apparatus must have been. He died on New Year's Day, 1894 at the age of 36. 
 
Three fundamental inventions are generally considered to be prerequisite to the radio: a good 
transmitter, a method of tuning or "syntony", and a good detector of waves. To this may be added 
the common sense but not immediately obvious innovation of the aerial that permitted longer range 
in transmissions. 
 
Marconi was an Italian youth on summer vacation when he read about Hertz's experimental 
transmission. He decided to pursue the technology, using a "cohere" developed by Edouard Branly 
of the Catholic Institute of Paris as a detector or receiver, and using a spark as the electrical event to 
transmit waves. In 1895, one year after the death of Hertz, he succeeded in transmitting and 
receiving over a distance of one mile on his father's estate near Bologna. June 1896 found him in 
Britain, and a year later he attained transmission to a ship twelve miles at sea. He continued to 
struggle for increments in distance, and in March 1899 transmitted from Dover to Boulogne, 
France. By 1901 he felt ready to bridge the Atlantic ocean with radio waves. 53 On December 12 he 
received a signal that travelled from Cornwall England, to Newfoundland. The signal was the letter 
"S" in Morse code. 
 
Meanwhile, Sir Oliver Lodge, a colleague at the British Post Office, had developed a method of 
selective tuning patented in 1898, and refined and patented by the Marconi in 1900. All the pieces 
were in place for a fine wireless system that could serve ships as a communication system. And that 
is how Marconi would commercialize radio. 
 
Interlude on the market 

                                                           
52. Robert U. Ayres, Steven M Miller et al, op. cit.  p.19.  

53."Do you think," a newspaperman asked Marconi at this time, "that New York and Paris can 
ever be connected by wireless?" "I see no reason to doubt it," the twenty four year old Italian 
replied. "What are a few thousand miles to this wonderful ether which brings us light every day 
across millions of miles?" This conversation is reported in Franklin M. Reck, Radio from start to 
finish, New York, Thomas Y. Crowell Company, 1942, p. 24. So the scientific error of ether does 
not seemed to have harmed his enterprise greatly. 



 
Although Britain was on the wane, it was still an imperial power with an imperial navy very 
receptive to the utility of wireless communication. Thus Marconi had a a well-defined market which 
promised collaborative rather than antagonistic relations with him, willing to let him have a profit to 
further develop his technology. 54 This gave him a decided advantage over competitors on the 
horizon in France and Germany. The Minister of the Navy in the latter country did not see the value 
of wireless communication. 
 
Marconi began to equip ships with wireless sets from the summer of 1897 on; Lloyd's had requested 
him to equip two light houses with them in July. In April of 1899, a naval accident gave the wireless 
a publicity break. A steamer (the R.F. Matthews) rammed a lightship in foggy weather. The 
lightship sent out wireless messages for help. In response, lifeboats were rowed out eleven miles, 
and all lives were saved. 55 
 
The Wireless and Telegraph Company, of which Marconi was the chief engineer, had a big market 
to fill. The radio industry at the turn of the century was a handful of firms in England, Germany, 
France, Italy and Russia 56 selling to their countries' military and merchant navies. 
 
Back to technology 
 
Meanwhile, in the United States, H. M. Fessenden was working on a way to carry the human voice 
on radio waves. He already possessed a track record as an inventor, and had done invaluable work 
for George Westinghouse. The liquid barreter was his first invention towards this goal. In 1900 he 
succeeded in transmitting voice over the distance of once mile. The quality of transmission was 
poor, with a lot of background noise due to the nature of transmitter: spark. The basic generator of 
radio waves had not changed much since Hertz's first experiments. Fessenden continued to work 
along the same lines, with the National Electric Signaling Company (sic) formed around him. In 

                                                           
54."It was in fact the navies and not the overseas colonies themselves which provided the best 
markets for the early radio companies.  Great Britain, France and Russia all built up large fleet of 
modern warships in the 1880's and 1890's. Italy, too, engaged in this naval arms race, bur 
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University Press, 1988, p.8. 
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56.Wireless and Telegraph Company Ltd. was registered in London on July 20, 1897;Eugene 
Ducretet began manufacturing radio sets in France a few months later; in Germany, AEG formed 
a radio department under the supervision of Hans Graf von Arco and of Adol Slaby, and the 
Siemens and Halske group invested in second radio company launched by Braun, the two were 
merged as Telefunken in 1903; in Russia, radio was a stone-owned venture. cf. Pocock, Rowland 
F. "The early British radio industry", Manchester University Press, 1988, p.1-2. 



1906 he made the first long distance radio "broadcast", and in 1908 radioed phonograph music from 
the Eiffel tower. But another line of innovations was to prove crucial to establish the ultimate form 
of basic radio technology. 
 
John Ambrose Fleming invented the "tube", a diode, in Cambridge England in 1904. Lee De Forest 
had been experimenting on radio, developing a "responder" and an apparatus similar to the liquid 
barretter (liquid in a fine capillary tube acting as a resister in a circuit) before following up the line 
of the "tube". By this time there was wireless fever in the United States, and development money 
could be had. De Forest Wireless Telegraph Company had been formed in 1901 but ran out of wind 
in the face of spurious competition: the crystal detector. 
 
Crystal radio receivers are very simple: an aerial, a crystal which converts the radio waves to a 
wave of audible frequency, and earphones which are in mechanical contact with the vibrating 
crystal. The discovery, credited in the United States to army General H.C. Dunwoody, took place in 
1906. Unfortunately, no way could be found to amplify the audible signal. So the field was still 
open to whomever could find a reliable detector of radio waves. 
 
Freed from the commitments of his previous projects, De Forest was now following Fleming's lead. 
57 The outcome was the audion tube that added a third electrode to Fleming's tube. This was in 
1907. De Forest invented it as the ideal detector. It turned out to be much more.58 In 1910 Edwin H. 
Armstrong, a student at Columbia University, discovered that the audion was also the ideal 
transmitter: it could generate high frequency waves. H.D. Arnold of AT&T and Irving Langmuir of 
GE found that the audion worked better as a vacuum tube (Forest had maintained some air in it). In 
1913, DeForest sold the rights to the audion to AT&T for $50,000, keeping for himself the rights to 
be able to make and sell the audion. Following the commercial tradition in the radio industry, he 
equipped the U.S. Navy.59 
 
The vendor set  
 
The audion transmitted a continuous signal, as opposed to the spark transmission of discrete 
impulses. There were two other systems for continuously generating radio frequency waves: the 
high frequency alternator and the Poulsen arc. 60 
 
In 1914, the U.S. had both the latter systems. France and Germany had alternators. Marconi had 
patent rights to the Poulsen arc but was committed to spark technology. At this point in time, 

                                                           
57.Fleming in turn had invented the diode by following up an observation of Edison regarding 
the electrical behaviour in an experimental light bulb: the so-called Edison effect. 

58."The marvelous abilities of the tube were not discovered all at once, nor did De Forest know 
what a miracle he had performed. All he knew was that he had a better detector." Reck op. cit., p. 
46.  

59. Ibid., p. 46. 

60."Arc transmitter technology had been pioneered in Denmark and brought to a high level of 
sophistication by the engineers of the Federal Telegraph Company of California... The radio 
frequency alternator had been developed by General Electric Company, originally an special 
order for Reginald Fessenden..." Hugh G.J. Aitken, The Continuous Wave: Technology and 
American Radio 1900-32, Princeton University Press, 1985, p.25. 



American technology was superior. They had a somewhat better alternator than the French and the 
Germans, and they had a fifty-kilowatt -i.e., high power for the time -machine under construction. 
The European arc transmitters were low powered, whereas the Americans possessed a 100-kilowatt 
arc transmitter and the capacity to do better than that. In Britain, Marconi was caught with an 
obsolete technology. 
 
AT&T, G.E. and Westinghouse had done a booming business in radio during the First World War, 
and were interested in pursuing this technology. However, key patent rights were dispersed among 
several rival firms: AT&T had the DeForest audion, American Marconi had the Fleming diode, 
Westinghouse was acquiring Armstong's regenerative and superheterodyne circuits, General 
Electric had the high power alternator. The American radio industry seemed deadlocked. In the 
wake of World War I, the strategic value of communications was evident to the U. S. government. 
The navy blocked the sale of alternators by GE to American Marconi, and in 1919 Franklin D. 
Roosevelt and Admiral William Bullard suggested to G.E. it was preferable that an American 
controlled company dominate radio. G. E. created the Radio Corporation of America with a 
Delaware charter that stipulated 80% of stock be American owned. RCA purchased the American 
Marconi Company , and G.E., AT&T and Westinghouse were invited to sign cross licensing 
agreements with RCA covering present and future patents over the next ten years. 61 R.C.A. thus 
found itself in an excellent patent position in the American market place, with plenty of capital and 
administrative backing as well as an at least partially collaborative relationship with major 
electricity-related manufacturers. G.E., AT&T and Westinghouse, as well as a few other firms, also 
found themselves well positioned after they had carved up the market in the cross-licensing 
agreement. AT&T would have exclusive manufacture and commercialization of transmitters - at 
least to commercial concerns - RCA would be the operator of point communications and would also 
market receivers that were to be exclusively manufactured by GE (60%) and Westinghouse (40%). 
Thus, by 1921 they seemed to have the industry neatly divided between them (at least, the industry 
as they understood it). 
 
Five years earlier, a manager of American Marconi had sent a memo to the general manager 
proposing the commercialization of radio as a medium of home entertainment: he called it the home 
music box. The idea remained dormant, but not the manager: David Sarnoff was to become 
commercial manager and eventually chairman of the board of RCA and the main motive force 
behind RCA for several decades. De Forest had broadcast recorded music from the Eiffel Tower in 
1908, but the start of entertainment broadcasting came later. 
 
It was amateurs and serendipity that initiated the radio as an entertainment medium. Because they 
were not commercial entities, they were allowed to design and assemble their own transmitters, and 
fell outside of AT&T's new monopoly. One example is that of Spangenberg, who set up his W2ZM 
in New Jersey after a year's experience as an operator in the navy. After some time rapping on the 
air waves to receivers within reach of his transmissions, he decided to play music in the evenings: 
piano solos, banjo, phonographs. 62 Other amateurs did similar things. While this was going on, the 
large firms were busily attempting to build their marketplace. Westinghouse, in particular, saw an 
opportunity in providing shore to ship news service. Dr. Francis Conrad, who was responsible for 
this project, set up two stations several miles apart in Pittsburgh to experiment with transmission. 
However, not all receivers in the Pittsburgh area belonged to Westinghouse. 
                                                           

61.R.C.A. and G.E. arrived at a cross-licensing agreements in 1919. Udelson, Joseph M. "The Great 
TV Race, University of Alabama Press, p.6 

62.Mentioned by Reck op. cit., p.50. 



 
"Letters came in from amateurs in the Pittsburgh area. Some of these writers asked 
Dr. Conrad to go on the air at regular intervals, so that they would know when to 
listen. Because their reports were valuable to him, he promised to broadcast for an 
hour on Wednesday and Saturday evenings, starting at 7:30. Mostly he played 
phonograph music. Now and then he gave out baseball scores and newspaper 
headlines. His sons brought in neighbourhood talent to fill the time with piano 
music, songs and recitations. Experimental station 8XK was building an audience. 
In the summer of 1920, a Pittsburgh department store offered ready-built receiving 
sets to people interested in listening to Dr. Conrad's broadcasts. With the 
publication of this advertisement, Westinghouse officials began to see which way 
the wind was blowing. Harry P. Davis, vice-president of the company, realized 
suddenly that radio wasn't a matter for private conversations. Rather it was a way 
of spreading publicity from a single point to a wide audience." 63 

 
 
The consequence was a market test. The company manufactured and distributed receivers to a 
selected audience and converted the experimental station 8XK into commercial station KDKA. A 
transmitter was place on the roof of Westinghouse's tallest factory, and on November 2, 1920 -All 
Souls Day- KDKA reported the results of the US presidential elections.  Thereafter the station went 
on the air for an hour a day, adding live concerts to its programming in 1921. In July 1921, RCA 
made a test broadcast of a boxing match between Jack Dempsey and Georges Carpentier, to an 
audience of about two hundred thousand people. David Sarnoff knew where the market was. RCA 
began broadcasting regularly through station WDY in January of 1922. By then Westinghouse had 
at least three stations operating out of Pittsburgh, New Jersey 64 and Massachusetts. 
 
Westinghouse and RCA had only discovered a way to stimulate receiver sales. It took AT&T to 
discover that broadcasting in itself could be lucrative. 
 
In August of 1922 AT&T's station, WEAF, invited real estate promoters to advertise on the air, the 
next month other advertisers joined them, and a new source of revenue had been found for the radio 
industry. Next, the same station used AT&T telephone lines to carry coverage of a Princeton-
Chicago football game from Chicago to its transmitter in New York where it was broadcasted. In 
January 1923, it used the telephone lines to distribute five minutes of programming to a sister 
station, WNAC in Boston. Telephone cables would have to improve. But networking had been 
born, and the value of advertising began to look very, very big. 
 
At this point in time there were a total of six hundred licensed stations in the United States of 
America. The vast majority -all but 35- claimed to be amateurs exempt from purchasing the patent 
protected transmitters. 
 
AT&T then made moves to augment the meagre revenues obtained from its radio operations: 
AT&T attempted to apply its patent license to all commercial transmitters; AT&T claimed that 
advertising was a violation of AT&T's exclusive right to lease transmission equipment, unless 
authorized by AT&T; AT&T refused to lease its telephone line to the competition. 
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64.More precisely, a section of the ladies restroom of the Westinghouse factory in Newark. Scene 
of history's first broadcast of the World Series. 



 
In hindsight AT&T seems to have been too greedy; but at the time AT&T probably seemed to have 
had an arguable case, were it not for the anti-trust atmosphere in the U.S. An invocation of 
arbitration regarding the 1920 cross-licensing agreement led to AT&T getting a monopoly for 
telephone line networking of radio stations, while withdrawing from broadcasting. RCA proposed 
the creation of a new firm that would group the broadcasting operations of the four major partners 
to the 1920 agreement: GE, AT&T, Westinghouse and RCA.  NBC, the National Broadcasting 
Corporation, was born in September 1926, networking through AT&T lines and financed by 
advertising. By mid 1927, NBC had two networks: the Red, with 23 stations including the parent 
WEAF, and the Blue, with 18 stations including the parent WJZ. NBC also had another 7 stations in 
the western U.S. CBS, the Columbia Broadcasting system, came into being in 1929, and the Mutual 
Network appeared in 1934. In 1941, the government intervened to divest NBC of the Blue network, 
and in 1942 there were 201 stations in Mutual, 137 stations in NBC, 121 stations in Columbia, and 
115 stations in the Blue network. Thus commercial broadcasting had given AT&T an accumulated 
market of about a thousand transmitters, and a lot of networking. 
 
RCA's original exclusive license to radio operation no longer made any sense under the point to 
large audience concept, so that the only other aspect of the 1920 cross-licensing agreement was the 
manufacture and sale of radio receivers. Other firms were allowed to enter the industry by paying a 
royalty, and attempts to get around this license failed. 65  A landmark court battle between one new 
entrant, Philco, and RCA defined the royalty at 7.5% of direct manufacturing costs. An antitrust suit 
against RCA, G.E. and Westinghouse in 1930 led to G. E. also selling radio sets to the consumer. 
According to MacLaurin's estimates, the firms of the original combine had about 20% of the market 
in 1940, to which the royalty can be added. 
 
Clearly, although their control of the industry was much weaker than what they had attempted, the 
reach of the market and the revenues obtained were far beyond what the cross-licensing partners 
had anticipated in 1920, let alone what the first wave of pioneers dreamed in the late nineteenth 
century. Aitken has observed that  
 

"...the rise of radio broadcasting is a classic example of the unanticipated 
consequences of technological change. Continuous wave radio opened a Pandora's 
box of consequences for life in the modern world --consequences completely out of 
proportion to the limited objectives of those who developed and sponsored the new 
techniques." 66 
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