


THE TVs of  

TOMORROW



A series in the history of chemistry, broadly construed, edited by Carin Berkowitz, Angela 

N. H. Creager, Ann Johnson, John E. Lesch, Lawrence M. Principe, Alan Rocke, and E. C. 

Spary, in partnership with the Chemical Heritage Foundation



THE TVs of  

TOMORROW

How RCA’s Flat- Screen Dreams  
Led to the First LCDs

BENJAMIN GROSS

The University of Chicago Press
Chicago and London



The University of Chicago Press, Chicago 60637

The University of Chicago Press, Ltd., London

© 2018 by The University of Chicago

All rights reserved. No part of this book may be used or reproduced in any 

manner whatsoever without written permission, except in the case of brief 

quotations in critical articles and reviews. For more information, contact the 

University of Chicago Press, 1427 E. 60th St., Chicago, IL 60637.

Published 2018

Printed in the United States of America

27 26 25 24 23 22 21 20 19 18  1 2 3 4 5

ISBN- 13: 978- 0- 226- 51997- 5 (cloth)

ISBN- 13: 978- 0- 226- 54074- 0 (e- book)

DOI: 10.7208/chicago/9780226540740.001.0001

Library of Congress Cataloging-in-Publication Data

Names: Gross, Benjamin, author.

Title: The TVs of tomorrow : how RCA’s flat-screen dreams led to the first LCDs /  

Benjamin Gross.

Other titles: Synthesis (University of Chicago Press)

Description: Chicago ; London : The University of Chicago Press, 2018. | Series: 

Synthesis | Includes bibliographical references and index.

Identifiers: LCCN 2017038282 | ISBN 9780226519975 (cloth : alk. paper) |  

ISBN 9780226540740 (e-book)

Subjects: LCSH: Television—Receivers and reception.

Classification: LCC TK6653 .G76 2018 | DDC 621.388/87—dc23

LC record available at https://lccn.loc.gov/2017038282

♾ This paper meets the requirements of ANSI/NISO Z39.48- 1992  

(Permanence of Paper).



In reviewing the past, one’s thoughts inevitably turn to the  
future of electronics and RCA, for it is there that the most  

interesting history will be written.—Elmer Engstrom
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INTRODUCTION: A WORLD 

OF SCREENS

On a Tuesday morning in late May 1968, a group of reporters gath-
ered at the New York City headquarters of the Radio Corporation of 
America (RCA) to await an announcement. Those arriving early pe-
rused a press release whose contents could have been extracted from 
a science- fiction novel. From any other source, the promise of “an all- 
electronic clock with no moving parts” or “the electronic equivalent 
of a printed page” might be deemed fantastic, but over the past half 
century RCA had cultivated an unsurpassed reputation for techno-
logical innovation.1 To many people, the company’s establishment 
of America’s first radio network (NBC) and pivotal role in advancing 
both black- and- white and color television broadcasting confirmed 
its self- proclaimed status as “The Most Trusted Name in Electronics.”  
Most of those gathered at 30 Rockefeller Plaza that morning were 
willing to grant RCA the benefit of the doubt even if its latest in-
vention relied on an unfamiliar set of substances with a paradoxical 
name: liquid crystals.

The reporters’ press kits clarified that liquid crystals were rela-
tively common organic compounds with a distinctly counterintuitive 
combination of characteristics. They possessed the mechanical prop-
erties of a  liquid— they could be poured and took the shape of their 
 container— but they also retained a somewhat regular molecular 
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arrangement resembling a crystalline solid.2 Academic scientists 
had known about liquid crystals for decades before RCA’s technical 
staff took an interest. James Hillier, the vice president in charge of 
RCA Laboratories and acting master of ceremonies, explained that 
the company’s research into these materials began “several years ago 
when some of our scientists discovered that an electric field could 
change the molecular orientation of certain liquid crystals and make 
them reflect light.”3

Hillier recalled that although scientists at RCA’s main research 
laboratory in Princeton, New Jersey, found this behavior intriguing, 
it was slow and only observable within a narrow range of high tem-
peratures. Further investigations soon uncovered another electrical 
effect, a means of inducing turbulence in a different kind of liquid 
crystals, causing previously transparent samples to scatter light and 
take on a milky- white color. The speed and striking appearance of this 
“dynamic scattering” led to the inauguration of a project to incor-
porate liquid crystals into electronic displays. The resulting devices 
were thin, lightweight, and rugged in contrast to the bulky cathode- 
ray tubes (CRTs) that televisions at that time used to produce images. 
In addition, since liquid crystals reflected ambient light rather than 
generating their own, the new displays operated at very low power 
and would not wash out under bright ambient conditions.4

Following technical presentations from members of the Princeton 
research team, Hillier unveiled several prototype liquid crystal dis-
plays (LCDs). These included a light shutter, which could be placed 
in a door or window “to provide privacy with the push of a button,” 
as well as the promised “all- electronic clock . . . driven by solid state 
and integrated timing circuits.”5 Perhaps most compelling of all was a  
high- resolution test pattern, hinting that liquid crystals might one 
day facilitate the creation of flat- screen, portable televisions (fig. 
0.1). “You could take such a set to the beach,” Hillier joked, “and, in 
between bikini watching, see the Mets on TV figure out a new way to 
lose a ball game.”6

RCA engineers had confirmed LCDs were physically capable of 
displaying television pictures, but the engineering hurdles associated 
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with scaling up their demonstration models to a full- size liquid crys-
tal TV set remained quite high. Hillier warned that it would take 
time for the company to commercialize the LCD. “We believe we 
have achieved a true technical  breakthrough— a new electro- optic 
 effect— that in the years to come will have a significant effect upon 
the information handling business,” he told the press. “But thus far, 
it is a research breakthrough. It may be years before even the simplest 
application we have discussed can be brought to fruition.” He hoped 
that when that occurred, “you will learn about it at an RCA press con-
ference similar to this one.”7

· · ·
Today we live in a world of screens. Electronic displays fill our living 
rooms, offices, and public spaces, bombarding us with imagery and 

Figure 0.1. George Heilmeier shines a spotlight on a high- resolution liquid crystal dis-
play prepared for RCA’s 1968 press conference. (David Sarnoff Library Collection, cour-
tesy of Hagley Museum and Library.)
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altering how we consume information and interact with each other. 
In recent years, no technology has proven as crucial to this transfor-
mation as the LCD, which has found a home everywhere from televi-
sions and laptops to cameras and smart phones. Fending off competi-
tion from plasma panels and organic light- emitting diodes (OLEDs), 
the LCD has emerged as the dominant display technology of the dig-
ital age and the basis for a multibillion- dollar global enterprise.8 LCD 
screens are our primary portals to the data networks that connect us 
to destinations both real and virtual. They are our on- ramps to the 
information superhighway. This book took shape on a series of LCDs, 
and the growing popularity of tablet computers and e- readers makes 
it increasingly likely that it will be read on one as well.

While the ongoing proliferation of the LCD validates Hillier’s pre-
dictions regarding its long- term potential, his confidence that his 
company would stay engaged with the technology proved sadly mis-
placed. Less than a decade after his presentation, as others embraced 
the use of liquid crystals in wristwatches and calculator readouts, 
RCA abandoned efforts to market the LCD. By the time wall- mounted 
liquid crystal televisions became widely available, the firm itself had 
succumbed to a 1986 corporate buyout from General Electric (GE). 
One can still purchase a flat- panel television with an RCA trademark, 
but it bears only a passing connection to the research organization 
that introduced the LCD.

The story of liquid crystal research at RCA is one of successful in-
vention and failed innovation. The scientific effort that led to the first 
LCDs was a triumph, capturing attention from both the popular and 
scientific press and launching an entirely new sector of the electron-
ics industry. Liquid crystals joined Bell Labs’ transistor and DuPont’s 
nylon in confirming the long- standing belief among US corporations 
that investment in fundamental science would lead directly to the 
generation of new technologies.9

At the same time, RCA’s actions showed that faith in this “linear 
model” of R & D was insufficient to transform its liquid crystal proto-
types into products. Before the project’s cancellation, the Princeton 
LCD group fought to retain its independence, receive additional 
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funding, and resolve disagreements with management and manufac-
turing personnel. Their inability to overcome these obstacles inspired 
some researchers to adopt an alternative innovation  strategy— one 
that was just emerging when RCA took its liquid crystals public. Fol-
lowing the precedent set by the semiconductor industry, they sought 
out venture capital and established their own LCD start- up compa-
nies. Freed from any commitments to RCA’s existing product lines, 
these spin- offs were among the first to bring liquid crystals to the 
marketplace. Though they never used the term themselves, such 
firms nevertheless anticipated the rise of the “disruption” mind- set 
popular among today’s Silicon Valley entrepreneurs.10

Whether one endorsed the linear model or a more disruptive ap-
proach to innovation, the key issue at stake in the early days of the 
LCD remained  constant— how to ensure an invention’s successful 
transition from the laboratory to the factory. It is a riddle that contin-
ues to vex businesses in the twenty- first century. For every Apple or 
Tesla Motors, there are countless companies who have been unable to 
bridge that divide. Historian Hyungsub Choi has referred to this pro-
cess of intrafirm technology transfer as “the perennial predicament 
of high- tech innovation,” and it is the focus of this book.11 While in 
later chapters I will discuss the extent to which RCA served as the pro-
genitor for liquid crystal manufacturing operations in Japan, South 
Korea, and elsewhere, my main objectives are to reconstruct the de-
velopment of the LCD within the institutional constraints of the com-
pany’s Princeton laboratories and situate that process alongside the 
changing strategic goals of RCA’s leadership and operating divisions.

What distinguishes this story from previous discussions of in-
trafirm technology transfer is its sustained focus on the chemists, 
physicists, electrical engineers, and technicians responsible for flat- 
panel television research at RCA alongside the managers traditionally 
emphasized in such accounts.12 The attention bestowed on the latter 
dates to the initial establishment of in- house corporate laboratories 
in the early twentieth century.13 The unpredictable outcomes of in-
dustrial research projects drove business leaders to seek out practi-
cal methods to nurture new technical breakthroughs and streamline 
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their development. As the ones responsible for implementing those 
techniques, personnel in upper and middle management were obvi-
ous targets for these analyses and an eager audience for their conclu-
sions. Because of their firsthand experience dealing with these ques-
tions, those supervisors were also among the earliest authors of the 
case studies that filled the pages of newly established management 
journals after World War II.14

The preponderance of books and articles written from the man-
agerial perspective provides one explanation for the relative paucity 
of historical studies of corporate science written from the view-
point of industrial researchers. Though many research managers 
achieved their positions following years in the laboratory, the higher 
they climbed up the corporate ladder, the more removed they were 
from the day- to- day realities of the workbench. Complicating mat-
ters further is the fact that published depictions of completed proj-
ects are more accessible to historians than the laboratory notebooks 
or internal memorandums that cast innovation as an evolving and 
highly contingent process. Due to concerns about intellectual prop-
erty litigation, corporations often keep these documents under lock  
and key or destroy them altogether. The recent popularity of digital 
archives has raised additional anxiety over the preservation of re-
search records, both old and new.15

Beyond these archival considerations, there is also a practical rea-
son for historians to turn their attention toward industrial managers. 
The growing number of participants in R & D projects throughout the 
twentieth century renders it nearly impossible to enumerate each 
individual’s role without devolving into incomprehensibility. Limit-
ing one’s scope to a handful of key policy makers supplies a means of 
imposing structure on an otherwise overwhelming cast of historical 
actors. Unfortunately, adopting this framework risks reinforcing a 
long- standing misconception first propounded by the influential so-
ciologist of science, Robert Merton. Merton and his disciples believed 
that industrial  science— with its emphasis on financial profit, rigid 
organizational structure, and reliance on secrecy to maintain a com-
petitive edge— was qualitatively distinct from research conducted in 
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a university setting. They published numerous studies in the 1950s 
and 1960s that “started from the presumption that there existed as a 
matter of fact a fundamental conflict in the goals and values of scien-
tists and businesspersons,” a view which discouraged critical engage-
ment with corporate laboratories or the managers who ran them.16

Recent scholarship has discredited this vision of “pure” science 
unbound from authority figures and untainted by individual am-
bitions, but evidence of Merton’s impact can be seen in the meager 
amount of humanities- based scholarship exploring industrial sci-
ence.17 According to a National Science Foundation report, in 2013 
slightly more than half of American scientists were employed in 
for- profit settings.18 The percentage of historical studies examining 
scientists and engineers working in corporate laboratories, though 
rising, remains far less.

· · ·
The chapters that follow will by no means correct the historiographic 
imbalance between academic and industrial science. Nor will this  
book attempt to offer a management- free description of the LCD’s 
origins. Instead it shall strive to present members of RCA’s techni-
cal staff alongside executives, research managers, and marketing 
experts in Princeton, New York, and elsewhere as contributors to in-
dustrial decision making. Rather than treat science as a component of 
corporate strategy, I will cast these scientists and engineers as active 
participants in its formulation, much as Jefferson Cowie revealed or-
ganized labor’s role in RCA’s successive decisions to relocate its televi-
sion manufacturing facilities.19 To be clear, this involvement did not 
imply the absence of a power differential between the laboratory and 
the boardroom. Even during those periods when they were granted 
near- total autonomy to set their own research agendas, members of 
RCA’s technical staff could not singlehandedly reallocate money or 
manpower to their projects or force the operating divisions to estab-
lish product lines based on their ideas.

These limitations did not prevent RCA scientists and engineers 
from exerting control over the innovation process. Both the technical 
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aspects and the overall success (or failure) of the company’s flat- panel 
display projects hinged on their actions. If they felt strongly that a 
particular line of inquiry merited further attention, they could side-
step the bureaucratic chain of command. Often RCA researchers set 
aside time between officially sanctioned experiments for pet proj-
ects. Especially promising results might lead them to reach out to 
colleagues, at times crossing organizational lines between research 
groups or operating divisions to brainstorm next steps, procure 
materials and equipment, or obtain technical assistance. These alli-
ances, suitably cultivated, enabled scientists to present a stronger case 
that management should support their work. Should their bosses 
defer, citing a lack of funding, researchers could also draft contract 
proposals to secure sponsorship from outside firms, the military, or 
other government organizations.

From the 1951 speech where RCA chairman David Sarnoff first de-
scribed what he later termed “picture frame television sets” to the fi-
nal sale of the company’s LCD operation in 1976, RCA’s technical staff 
mobilized all of these tactics in pursuit of a flat- panel successor to the 
CRT.20 The short- term gains achieved through such means, however, 
paled in comparison with their capacity to guide strategic thinking 
about the subject throughout the corporation. For as much as high- 
ranking executives like Sarnoff or Hillier cast themselves as author-
ities when it came to the future of electronics, they depended on the 
hands- on expertise of company scientists and engineers to evaluate 
new technologies.

Such insight was particularly valuable when dealing with flat- 
panel displays, which relied on materials, like liquid crystals, whose 
physical and electrical characteristics were not fully understood. The 
investigations that led to the LCD coincided with the postwar boom in 
industrial chemistry that brought us such products as polypropylene, 
Kevlar, and Gore- Tex.21 A similar expansion in materials research was 
underway at America’s electronic firms, one focused less on petro-
chemicals and more on semiconductors. Organic chemistry, the study 
of substances containing carbon (often combined with hydrogen, ni-
trogen, or oxygen), was the province of companies such as DuPont  
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and Dow, while RCA and its peers concentrated on inorganic sub-
stances, most notably silicon.22 Liquid crystals were an exception to 
this rule, and it took time for RCA chemists and engineers more com-
fortable with inorganic phosphors to familiarize themselves with the 
properties of these organic compounds and assess their technical value.

Gradually, those researchers deduced what historians of tech-
nology Christophe Lécuyer and David Brock refer to as the “material 
logic” of liquid crystals: how they behaved, the processes for manip-
ulating them, the constraints their properties imposed on their use, 
and the creative solutions required to circumvent those difficulties.23 
Through direct consultation, the composition of written reports,  
or the construction of prototypes, RCA staff members established the 
boundaries of technological possibility within which the company’s 
managers could maneuver, irrevocably shaping their rhetoric and ac-
tions.24

Consider, for example, the circumstances surrounding the deci-
sion to disclose the existence of LCDs. In the spring of 1968, RCA was 
in the midst of an identity crisis. David Sarnoff had recently stepped 
down as CEO, leaving his son Robert in command of the company. 
Less technically inclined than his father, Robert Sarnoff sought to re-
make RCA’s corporate image and expand its business interests beyond 
electronics. Realizing that the younger Sarnoff ’s strategy threatened 
the company’s R & D budget, personnel in  Princeton— including 
James  Hillier— wanted to demonstrate the value of maintaining a 
well- funded central laboratory.

Enter electrical engineer George Heilmeier. It was Heilmeier who, 
after observing dynamic scattering in 1965, had persuaded his su-
pervisors to support further research into liquid crystal technology. 
For three years, he had steadily built up the Princeton LCD group, 
working in secret to avoid alerting any potential competitors. Still, 
he was eager to reveal what he and his colleagues had accomplished. 
In monthly reports distributed to senior staff, he supplied detailed 
summaries of his group’s labors and went out of his way to emphasize 
the wide range of applications that could benefit from liquid crystal 
readouts. Although the LCD could be seen as merely the latest entry 
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in RCA’s ongoing roster of flat- panel display alternatives, Heilmeier’s 
updates persuaded Hillier that it deserved special treatment. Their 
motivations  varied— Hillier recognized that the LCD possessed sym-
bolic value as an exemplar of the type of interdisciplinary collabo-
ration that was only possible at a world- class research center, while 
Heilmeier wanted to showcase his team’s technical  ingenuity— but 
the outcome was the same: a high- profile rollout with top executives 
in attendance.

Heilmeier’s influence over RCA’s management was not, however, 
confined to convincing them to promote liquid crystals. In the weeks  
before the event, Hillier and RCA’s public relations department 
turned to the technical staff for assistance translating the science be-
hind dynamic scattering for general consumption. To that end they 
requested that Heilmeier prepare a “writeup . . . describing liquid 
crystals in semitechnical  language— a fact sheet,” which would also 
include a brief history of the project and its participants.25 The result-
ing four- page document compressed a complex multiyear process 
into a streamlined abstract that formed the basis for the earliest sto-
ries of the LCD’s origins.26

When Hillier stood before the crowd of reporters at 30 Rockefel-
ler Plaza and outlined the history of liquid crystal research at RCA, 
he followed Heilmeier’s lead. Neither the official fact sheet nor Hil-
lier’s speech divulged the original motivation to examine liquid crys-
tals before knowing about their electro- optic behavior. Furthermore 
while both Heilmeier and Hillier alluded to the synthesis of room- 
temperature liquid crystal mixtures as integral to the fabrication 
of practical displays, neither of their presentations called attention 
to the other technical issues that had to be resolved before taking 
the LCD public.27 The initial observation of dynamic scattering was 
framed as the self- evident result of a single experiment rather than 
the product of an extended series of investigations as Heilmeier and 
his colleagues struggled to reconfigure their liquid crystalline mate-
rials for use in displays.

Perhaps the most noteworthy discrepancy between Hillier and 
Heilmeier’s respective rundowns concerned how many researchers 



A World of Screens 11

received credit for developing the LCD. With nearly twenty people in-
volved in the main project in Princeton and several contacts at other 
RCA operating divisions, some omissions were to be expected. Heil-
meier’s fact sheet attributed the new displays to a core group of five 
researchers (fig. 0.2). Hillier’s remarks expanded this roster to include 
a handful of other engineers responsible for assembling the various 
demonstration devices for the press conference.

In this instance, Heilmeier’s version prevailed, as reporters and 
RCA’s in- house publications latched on to his core group, allow-
ing the specific contributions of Hillier’s  additions— and the others 
left unmentioned in the ensuing flurry of newspaper and maga-
zine  coverage— to fade into the background.28 The most prominent 
exception was engineer Robert Lohman, who was photographed 
comparing his wristwatch to the dynamic scattering clock and who 

Figure 0.2. The core group of researchers identified in RCA publicity materials as 
responsible for the development of the LCD. Left to right: Lucian Barton, Joseph Cas-
tellano, George Heilmeier, Joel Goldmacher, and Louis Zanoni. (Courtesy of Louis 
Zanoni.)
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subsequently made appearances in the New York Times and Wash-
ington Post despite being only loosely affiliated with the LCD project 
(fig. 0.3).29 Hillier did not go out of his way to correct this narrative. 
There were other participants, but the people on Heilmeier’s list were 
indisputably vital to the liquid crystal initiative’s success and embod-
ied the interdisciplinary spirit of innovation that he sought to illus-
trate.

Hillier and Heilmeier approached the construction of a popular 
account of RCA’s liquid crystal program with different objectives in 
mind, but the process in which they jointly engaged remains a com-
mon one for scientists, engineers, and their supervisors. Whether 
employed in a corporate research center or a university lab, there 
are always decisions to be made when presenting scientific find-
ings. Speeches, journal articles, features in popular periodicals, 
 patents— each genre of communication targets different people and 

Figure 0.3. RCA engineer Robert Lohman comparing his mechanical wristwatch and 
the world’s first LCD clock. (David Sarnoff Library Collection, courtesy of Hagley Mu-
seum and Library.)
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possesses its own set of norms and expectations. Depending on the 
circumstance, one chooses to highlight certain aspects of the inves-
tigative process and downplay others. Where articles frame research 
as a collaborative endeavor through citations of earlier publications, 
a patent takes pains to avoid referencing previous work so that its 
author can retain a claim to originality. In most cases, experimental  
setbacks or dead ends are not addressed, which allows authors to em-
phasize the results they deem most relevant but also generates an in-
complete chronicle of the discovery process.30

These changes and the rationales behind them remain invisible to 
the audience. Like fellow illusionists witnessing a magic show, other 
scientists learning about RCA’s liquid crystal displays might have rec-
ognized that they were privy to just a portion of the story even as the 
general public took it all at face value. And much like a magic show, 
the only way to comprehend what really occurred on stage is to go 
behind the curtain. We must talk to the performers, examine the tools 
of their trade, and perhaps travel to their workshops to understand 
how they decided what to include in the act. We must examine the 
behavior of managers and researchers alike, for both were involved in 
determining which technologies would leave the laboratory.

· · ·
In many ways, RCA’s liquid crystal display program and its prede-
cessors are ideal case studies to address these questions. None of the 
projects in this book approached the scale of Cold War big science, 
which could involve hundreds of participants. The Princeton LCD 
group never exceeded two dozen people, a large but not overwhelm-
ing cast of characters, most of whom maintained detailed records of 
their activities. Until its closure at the end of 2009, their notebooks, 
photographs, and technical reports remained on site at the David Sar-
noff Library, which continued to serve as RCA’s technical archive after 
the corporation’s sale to GE. These materials, which have since been 
relocated to the Hagley Museum and Library in Wilmington, Dela-
ware, permit at least a partial disaggregation of their research and 
interactions with management.
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Sadly, the extensive documentary collection at RCA’s Princeton 
facility cannot be matched by the company’s other operating divi-
sions. Few written records survive from the liquid crystal assembly 
lines overseen by RCA’s semiconductor division in Somerville, NJ, 
and still less remains concerning the deliberations of company ex-
ecutives in New York. Fortunately, we have access to the testimony 
of project personnel, both in Princeton and elsewhere, that can fill in 
some of these gaps and offer further insight into the shifting status 
of flat- panel display research within the corporation. Some of these 
reminiscences were published as books or articles, while others were 
preserved as oral histories collected under the auspices of the Insti-
tute of Electrical and Electronics Engineers (IEEE) History Center, the 
Smithsonian Institution, the Computer History Museum, the Charles 
Babbage Institute, and the Chemical Heritage Foundation. Interviews 
that I conducted while researching this book also opened the door to 
new, previously unexamined collections of personal papers and arti-
facts that shed light on efforts to commercialize the LCD, both at RCA 
and Optel, a spin- off firm whose staff included several members of 
Heilmeier’s team.

Viewed as a whole, these materials allow us to consider the process 
of industrial innovation from multiple perspectives within RCA over 
the course of a quarter century. The resulting story is not compre-
hensive. Even on those rare occasions when the documentary record 
is complete, historians, like scientists, must make choices about what 
threads to weave into their narrative tapestries and which to snip 
away. My hope is that the additional details gained by placing equal 
importance on corporate researchers and managers will outweigh the 
omissions. It is by taking this step that we are able to trace the twisting 
pathways that culminated in the emergence of the LCD to their un-
likely source: a luncheon held in a New Jersey cafeteria.



1 THE QUEST FOR 

MAGNALUX, 1951– 1956

It was, by all accounts, a most unusual birthday party. The guest of 
honor turned sixty in February but had arranged for the celebration 
to be held in late September. Furthermore, while he spent most of his 
time in Manhattan, the event took place in the far less urban, though 
no less civilized, surroundings of Princeton, New Jersey. The festiv-
ities themselves were large enough to receive press coverage, yet the 
participants who garnered the greatest attention did not actually 
make a physical appearance. Still, absence did not prevent both ma-
jor candidates from the previous presidential election, Harry Truman 
and Thomas Dewey, from sending congratulatory telegrams to David 
Sarnoff, the leader of the Radio Corporation of America (RCA), on 
an occasion the executive deemed more significant than his birth in a 
Russian shtetl: the forty- fifth anniversary of his career in electronics.1

Much had changed since 1906, when the young Jewish immi-
grant had taught himself Morse code as an office boy at the American 
branch of the Marconi Wireless Telegraph Company. That firm had 
long since vanished, purchased by General Electric (GE) as part of the 
government- sanctioned business maneuvers that gave birth to RCA.2 
Sarnoff, in turn, had risen through the new company’s ranks, using 
his growing authority to secure RCA’s independence from sharehold-
ers at GE and Westinghouse.3 At the same time, he shifted the firm’s 
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focus from international and maritime communications to commer-
cial broadcasting and expanded its manufacturing infrastructure 
through the acquisition of the Victor Talking Machine Company 
in Camden, a Westinghouse lamp factory in Indianapolis, and a GE  
vacuum tube plant in Harrison, a suburb of Newark.4 He also presided 
over the growth of the company’s research facilities, culminating 
with the September 1942 opening of a laboratory in Princeton, half-
way between the factories in Camden and Harrison.5

Exactly nine years later, Sarnoff returned to Princeton as the 
chairman of RCA’s board of directors, though he was more proud 
of the rank of brigadier general, which he had earned for coordinat-
ing military and press communications during the D- Day invasion. 
The company’s focus had shifted from radio to television, but even 
during the Great Depression, Sarnoff ’s commitment to his technical 
staff remained strong. Now they wished to repay the favor. Following 
a celebratory lunch in the laboratory’s cafeteria, RCA executive vice 
president Charles Jolliffe unveiled a plaque officially renaming the 
Princeton facility the David Sarnoff Research Center (fig. 1.1).6

In response to this announcement, Sarnoff, or “the General,” as 
he preferred to be known, delivered a speech that would become the 
subject of short- term press speculation and long- term reflection 
among RCA’s staff.7 After thanking his colleagues, he noted that his 
family was in attendance and that “it is not regarded improper, in the 
intimacy of one’s own family, to make a suggestion occasionally or 
to throw out a friendly hint about the kind of present you would like 
for your birthday or your anniversary.”8 With that in mind, Sarnoff 
proceeded to describe three gifts that he wanted RCA’s scientists and 
engineers to create in time for the 1956 celebration of his golden an-
niversary in radio.

Sarnoff presented these technologies as “essential inventions for 
which there is a basic public need” and predicted that they “would 
expand existing industries and create new ones.”9 Certainly both of 
these descriptions could apply to one of his birthday gifts, the “Mag-
nalux” light amplifier, which inspired researchers in Princeton to 
construct RCA’s first flat- panel display prototypes. A combination 
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of technological, institutional, and economic factors prevented their 
inventions from entering commercial production, but these prelimi-
nary attempts forced scientists and engineers to consider the practical 
challenges that had to be resolved to bring the General’s dream to life.

Examining their efforts also reveals how members of RCA’s tech-
nical staff transformed Sarnoff ’s conception of light amplification. 
The development of Magnalux was not a simple, unidirectional pro-
cess in which an executive ordered his workforce to create a specific 
technology within a discrete time frame. Instead, researchers capi-
talized on the ambiguity of Sarnoff ’s request to pursue several proj-
ects, each of which embodied different aspects of his vision. Over the 
next five years, Sarnoff and his fellow managers would alter their 
speeches and articles about Magnalux to reflect these engineering 

Figure 1.1. David Sarnoff stands in front of the bronze plaque that officially renamed 
RCA’s Princeton research center in his honor. (David Sarnoff Library Collection, cour-
tesy of Hagley Museum and Library.)
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accomplishments. The public nature of those rhetorical shifts pres-
ents a marked contrast with RCA’s later flat- panel initiatives, includ-
ing the liquid crystal display (LCD) program, which were conducted 
in relative secrecy. As a result, the Magnalux story provides a unique 
opportunity to witness industrial scientists and engineers visibly 
shaping discussions of R & D strategy.

THE GENERAL’S REQUEST

While internal accounts of Sarnoff ’s 1951 remarks accepted his in-
troductory assertion that “I have not prepared a speech for this oc-
casion” at face value, the fact that his comments extended over thir-
teen single- spaced pages in a subsequently printed commemorative 
pamphlet suggested the exact opposite.10 Indeed, as an immigrant, 
Sarnoff prided himself on his mastery of the English language, both 
as an external signifier of his assimilation into American society and 
as a means of exerting authority. “In his view, his speeches were the 
stuff of history,” Sarnoff ’s biographer Kenneth Bilby observed, “and 
he crafted them with infinite care, often devoting hours to chiseling 
a single phrase.”11

Considering this customary attention to detail, Sarnoff ’s birth-
day gift requests come across as vague, particularly in the case of the 
light amplifier. Unlike the other two  presents— a video recording sys-
tem using magnetic tape (the “Videograph”) and an air conditioner 
without moving parts (“Electronair”)— the Magnalux had no obvious 
precedent. On the surface, the General’s wish seemed clear enough:

One of the presents I would like to have you invent is a true amplifier of 

light. I have been talking about that for some years and I can get into very 

animated technical discussions with scientists and engineers as to whether 

there is such a thing or not. . . . But I think we can all agree that, while we 

have learned how to amplify electricity, we have not yet learned how to am-

plify light. . . . Now I should like to have you invent an electronic amplifier 

of light that will do for television what the amplifier of sound does for radio 

broadcasting.12



The Quest for Magnalux, 1951– 1956 19

Much as audio recorders and mechanical refrigerators were mod-
els for his other two gifts, Sarnoff argued, the antecedent for the 
light amplifier was the loudspeaker, which permitted audio signals 
to escape from operators’ headsets and, in his words, “made radio 
broadcasting the industry that it is today.”13 In a similar fashion, light 
amplification “would provide brighter pictures for television which 
could be projected in the home or the theatre on a screen of any de-
sired size.”14 The  Magnalux— literally, a “big light”— would improve 
on the projection systems RCA previously used for closed- circuit tele-
vision demonstrations. Those setups, Sarnoff pointed out, “can, of 
course, enlarge pictures optically, but in the process light is lost and 
the pictures become dimmer instead of brighter. What is needed is a 
true amplifier of light itself.”15

Beyond these generalities, Sarnoff left the technical basis of Mag-
nalux a mystery. George Brown, an electrical engineer who later be-
came an RCA vice president, recalled feeling that the General was 
drawing a false distinction between audio and video signal amplifi-
cation.

Since sound in a radio set comes out of the loudspeaker with sufficient vol-

ume because the electrical signals corresponding to the sound are amplified 

by means of vacuum tubes, I assumed that we already had the problem 

under control[,] for picture signals were also amplified electronically.16

In effect, Sarnoff was asking his engineers to reconsider a problem 
they had previously solved. But while the vacuum tube and its solid- 
state analogue, the transistor, could boost the strength of a video sig-
nal, neither could increase the brightness of the resultant image as 
the General had requested.

Given his passion for predicting future developments in com-
munications, it is possible that Sarnoff had no specific technology 
in mind while drafting his talk. Yet throughout his career, he main-
tained close relationships with researchers, often traveling to Cam-
den or Princeton for extended visits to discuss the latest electronic 
advances.17 Moreover, both George Brown and Elmer Engstrom, the 
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head of RCA Laboratories during the 1950s, asserted that Sarnoff 
regularly contacted them for technical advice before composing his 
speeches.18 Assuming he did so before the 1951 ceremony, his omis-
sions may have been intended to avoid restricting the creativity of 
RCA scientists or accusations that his ideas were infeasible. More im-
portantly, like any good prophet, Sarnoff recognized the wisdom of 
embracing a degree of ambiguity to accommodate the unexpected in 
light of the rapid changes underway within RCA’s newly renamed re-
search center and the American electronics industry.

A LABORATORY IN TRANSITION

Sarnoff ’s birthday gift request came at a tumultuous moment in 
RCA’s history. Retreating from the near- total military orientation 
of its research facilities during World War II, by 1951 RCA found its 
hopes to dominate the postwar consumer electronics market threat-
ened by the Columbia Broadcasting System (CBS).19 Sarnoff and 
his opposite number at CBS, William Paley, had been engaged in a 
struggle to establish technical standards for American television 
broadcasts since before Pearl Harbor. RCA’s subsidiary, the National 
Broadcasting Company (NBC) commenced regular TV service in 1939 
with the intent of using the profits from monochrome sets to develop 
a color system. In 1940, Paley undercut these plans by announcing 
that CBS had devised a market- ready color television apparatus, 
which projected images through a rotating set of color filters. Un-
like RCA’s planned “compatible color” system, whose electronically 
generated images could still be viewed, albeit in monochrome, on ex-
isting black- and- white sets, the CBS system would render the nearly 
twelve million televisions sold between 1946 and 1950 obsolete.20

With the future of their industry at stake, Sarnoff and Paley lob-
bied the Federal Communications Commission (FCC) to establish 
broadcasting standards favoring each company’s respective tech-
nology.21 The FCC postponed discussion of the matter until after the 
war but in 1950 authorized broadcasts using the CBS system. Sarnoff 
appealed the ruling, calling the FCC’s actions “scientifically unsound 
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and against the public interest,” but the Supreme Court supported 
the commission’s decision.22 Fortunately for RCA, the military’s req-
uisition of electronics materiel following the outbreak of hostilities 
in Korea prevented CBS from expanding color set production. The 
Korean conflict also supplied RCA with an opportunity to refine the 
compatible color system and confirm its superiority to Paley’s “whirl-
ing disc.”23

Consequently, color television retained its status as the highest 
priority project at the David Sarnoff Research Center (DSRC), a con-
stant objective for a company trying to adapt to the ever- changing 
landscape of the US electronics market (fig. 1.2). Between 1942 and 
1945, the complement of technical personnel in Princeton had re-
mained fixed, as RCA devoted itself to wartime radar and television 
projects.24 Now a growing slate of competitors and the increased 
importance of semiconductor technologies provided incentives to 

Figure 1.2. Aerial photograph of the David Sarnoff Research Center taken in 1952. 
(David Sarnoff Library Collection, courtesy of Hagley Museum and Library.)
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broaden its research base. Sarnoff delegated this responsibility to 
Elmer Engstrom, who had supervised RCA television research in the 
1930s and was now vice president in charge of RCA’s laboratories.25 
Engstrom introduced a new training program that exposed incom-
ing staff members to work in different labs before they received their 
first official assignment. He also worked with Douglas Ewing, a for-
mer physics professor who previously managed the development of 
aerial navigation systems in Camden, to oversee the DSRC’s recruit-
ment drive and organize partnerships with nearby universities such 
as Rutgers and Princeton.26

Engstrom and Ewing’s actions were the vanguard of a realign-
ment of RCA’s R & D strategy, institutionalizing the notion that fun-
damental research, conducted without any practical outcome in 
mind, would result in discoveries that might serve as the basis for new 
technologies. That new knowledge would then leave the laboratory 
for subsequent applications development at the company’s operating 
divisions in Camden, Harrison, or elsewhere. This assumed one- way 
progression from basic to applied science, rooted in the writings of 
electrical engineer turned science policy expert Vannevar Bush, came 
to be known as the linear model of innovation and became the touch-
stone for industrial research policy at RCA— as well as firms such as 
American Telephone and Telegraph (AT&T), DuPont, and Interna-
tional Business Machines (IBM)— through much of the Cold War.27

As early as 1945, Engstrom had worried that RCA’s wartime re-
search was nearing the limits of scientific understanding. “Techno-
logical advances have been rapid,” he told his superiors, “and have 
now reached the point where further progress is being materially 
held up because of lack of knowledge of basic phenomena.”28 Hiring 
more researchers, especially those inclined toward theoretical work 
on up- and- coming subjects such as solid- state physics, which studied 
the behavior of electrons within materials rather than in a vacuum, 
was the obvious solution to this deficiency. The company heeded Eng-
strom’s advice. By 1951, the DSRC’s annual report boasted that RCA’s 
technical staff had more than doubled in size since the end of World 
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War II, and its solid- state research program was “probably the broad-
est in any industrial research laboratory in the country.”29

The target audience of David Sarnoff ’s birthday gift speech was 
therefore one in transition, moving away from the familiar world of 
vacuum- tube technologies and into the enigmatic realm of the solid 
state. Attempts to develop the General’s light amplifier followed a 
similar trajectory. Engstrom and Ewing’s emphasis on fundamental 
research and the corresponding marginalization of product develop-
ment in Princeton would also affect the DSRC’s organizational stand-
ing within RCA and the eventual fates of the Magnalux prototypes 
developed between 1951 and 1956.

EMBRACING ELECTROLUMINESCENCE

Despite Sarnoff ’s attempts to distance Magnalux from existing 
projection setups, RCA engineers’ familiarity with that equipment  
rendered them a logical starting point in the search for a practical 
light amplifier. Those systems utilized cathode- ray tubes (CRTs), the 
functional core of RCA’s conventional television sets. A CRT was a 
vacuum tube containing a negatively charged electrode (the cathode) 
that emitted a stream of electrons when heated. In standard televi-
sions, a set of magnetic coils guided this beam of “cathode rays” across 
a phosphor- coated faceplate to generate a picture. The basic principle 
of image creation remained the same for projection systems, with 
the light from the resulting picture passing through a series of lenses 
and on to a movie screen.30 Through the use of multiple CRTs, one 
could superimpose the primary (red, green, and blue) components of 
an image, creating a picture that one reporter claimed “might easily 
have been mistaken by a tolerant eye for a fairly well photographed 
Kodachrome or Technicolor film.”31

Theater television demonstrations captivated the press during the 
1940s and later served as a powerful propaganda tool during postwar 
debates over color broadcasting standards. These successes suggested 
the possibility of a home projection system. No one gave the question 
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more serious consideration than David Epstein, one of the original 
designers of the optics used in RCA’s projectors.32 Epstein conceded 
that several issues would need to be addressed to make home projec-
tion TV possible. The most significant of these, as Sarnoff had indi-
cated, would be counteracting the reduced brightness associated with 
image enlargement. During public screenings, RCA engineers had 
solved this problem through the use of high voltages, several times 
greater than those used in a typical home television, to maximize 
their system’s light output. Further complicating matters, in small 
spaces any misalignment of the three CRTs required to generate color 
pictures produced severe optical distortions.33

Epstein dealt with the alignment problem using a compact opti-
cal system that arranged the three CRTs in a T shape and used spe-
cial mirrors to selectively filter certain colors of light. Though the 
compact spacing of these mirrors made the internal optics more 
complicated, he was nonetheless able to construct a self- contained 
projection television by 1954.34 The result more closely resembled a 
traditional TV console than Sarnoff’s Magnalux. Rather than display-
ing an image on a screen of any size, Epstein’s setup could produce 
pictures no larger than 18 × 24 inches. While its picture resolution and 
brightness compared favorably with existing televisions, the contrast 
was dramatically inferior, leading to the project’s termination in 
1955.35

Before then, however, two members of Epstein’s research group 
had started exploring alternative avenues toward light amplifi-
cation. Frederick Nicoll was a Canadian- born physicist who had 
helped develop the reflection- free glass used in Epstein’s projectors  
and RCA’s wartime radar displays.36 After transferring to Princeton 
from RCA’s factory in Camden, he joined the compatible color project 
and soon met Benjamin Kazan, a CRT specialist who came to RCA af-
ter a stint at the Signal Corps Engineering Laboratories at Camp Ev-
ans, New Jersey.37

In 1952, Nicoll and Kazan earned a joint commendation from 
RCA’s management for designing an improved color television pic-
ture tube.38 Their search for a follow- up project eventually led them to 
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light amplification, presumably after learning of a potential solution 
under investigation at the Massachusetts laboratory of one of RCA’s 
competitors. The company in question, Sylvania Electric Products, 
was a leading manufacturer of vacuum tubes and other electrical 
components. Like RCA, Sylvania invested heavily in solid- state re-
search after World War II, but unlike at the DSRC, their researchers 
decided to explore an obscure effect known as electroluminescence.

Parisian chemist Georges Destriau had first described this phe-
nomenon during the 1930s. While experimenting with different flu-
orescent compounds, Destriau encountered a group of materials that 
emitted light when subjected to an electric field. Once he confirmed 
that his observations had not resulted from accidental exposure to  
ultraviolet or infrared radiation, he published his findings. Origi-
nally, Destriau referred to this behavior as “electrophotolumines-
cence,” but his colleague Maurice Curie (the nephew of Pierre) short-
ened the name, since the presence of light was not a prerequisite for 
the effect.39

Destriau’s experiments elicited mixed responses in the United 
States. Humboldt Leverenz, the head of RCA’s phosphor group, ar-
gued in a 1950 textbook that electroluminescence was not a new or 
distinct effect but rather the result of “electric discharges in gases.”40 
His counterparts at Sylvania were more willing to keep an open mind 
about the Frenchman’s results. By 1951, they had synthesized their 
own electroluminescent phosphors and manufactured glowing green 
panels suitable for use in night lights, alarm clocks, or other house-
hold products.41 News of these achievements forced Leverenz to aban-
don his skepticism, and he authorized RCA’s chemists to follow suit 
with an eye toward display applications.42

Nicoll and Kazan were among the first to take advantage of the 
DSRC’s new supply of electroluminescent materials. They started 
by reproducing experiments conducted at Sylvania, eventually cre-
ating a panel whose luminance exceeded that of a home television. 
“The life of a sample at this level is very short with present materials 
and techniques,” they reported, “but the experiment indicates the fu-
ture possibilities of electroluminescence as a light source.”43 Having 
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confirmed these compounds were bright enough for displays, they 
now faced the challenge of moving from a single light- emitting ele-
ment to a device capable of showing an image.

It is important to emphasize that up to this point, Nicoll and 
Kazan’s experiments revolved around image production, not light 
amplification. Given their previous research interests, these early 
electroluminescence investigations need not have stemmed from 
Sarnoff ’s birthday gift request. Whether the same was true of their 
next experiment is less clear. What is known is that the two men be-
came aware of ongoing research at the DSRC into another solid- state 
effect: photoconductivity. Photoconductive substances convey an 
electric current when exposed to light, a property that RCA scientists 
had harnessed to create more sensitive video cameras.44 Nicoll and 
Kazan believed this same behavior could replace the manual switch-
ing used to trigger their earlier samples.

To test their hypothesis, they obtained a small, photoconductive 
crystal of cadmium sulfide, connected it in series with one of their 
electroluminescent panels, and applied a voltage to the circuit. When 
the photoconductor was dark, so was the panel. But as they increased 
the illumination on the crystal, its resistance dropped, allowing the 
voltage across the panel to increase and the phosphors to glow a 
steadily brighter green. Additional tests revealed that depending on 
the substances involved, the amount of light emitted by the electrolu-
minescent materials could be several times greater than the incident 
light focused on the photoconductor. As they wrote in 1952, “under 
steady state conditions, it is possible to obtain some light amplifica-
tion.”45

Regardless of whether or not Sarnoff’s speech inspired their work, 
Nicoll and Kazan knew they had discovered a viable technological ba-
sis for a solid- state light amplifier, and they accelerated their research 
over the next year with the goal of producing panels that could gen-
erate TV- quality images. Using new photoconductive compounds, by 
1953 they constructed a 6 × 6 inch panel that accurately reproduced 
photographic slides or television images projected on its rear surface 
in shades of yellow green. The resulting pictures were not perceptibly 
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brighter, and “the slowness of response of the available (PC) [photo-
conductive] powders . . . caused some smearing of moving objects,” 
but the two men believed that they could resolve these issues.46

Kazan and Nicoll spent the remainder of 1953 testing new phos-
phors and panel structures, ultimately settling on a design that uti-
lized V- shaped grooves to maximize the photoconductor’s exposure 
to light. By 1954, they were able to demonstrate 12 × 12 inch panels 
that were a quarter- inch thick and able to duplicate incident images 
with a 15– 20- times increase in brightness (fig. 1.3). They could also 
convert X- rays into visible light, suggesting a possible application in 
fluoroscopy.47

The one shortcoming of the original panel that they were unable 
to overcome was the smearing of moving images. But, they con-
cluded, as new photoconductive materials became available, “the 
development of light amplifiers having higher gain and light output 
than the existing types and with response times sufficient for T- V 
purposes thus appears as a reasonable possibility.”48

MAGNETIC LOGIC, DISPLAY DREAMS

On the surface, David Sarnoff had envisioned the refinement of an 
existing  technology— projection  television— so that it would be ac-
cessible to the home consumer. In contrast, internal documents show 
that RCA’s technical staff interpreted his remarks not as a call for en-
hanced projectors but for a successor to the CRT itself. The DSRC’s 
annual research report for 1953, for example, prefaced a discussion of 
Nicoll and Kazan’s research with the following observation:

How long it will be before the cathode- ray tube is replaced by some more 

effective means for reproducing a television picture is not predictable at this 

time. However, there is little doubt that this will come about. A program 

has been under way in RCA Laboratories for some time now to investigate 

means other than cathode- ray tubes for reproducing color television im-

ages. Methods using electroluminescence give indications that they may be 

particularly attractive especially for the formation of large pictures.49



Figure 1.3. Light amplifying panel developed by Frederick Nicoll and Benjamin Kazan,  
shown in schematic view and in operation. An image projected on the grooved photo-
conductive layer was reproduced as a brighter picture on the electroluminescent 
screen. (RCA Laboratories, Research Report 1954, 81; RCA publicity photograph. David 
Sarnoff Library Collection, courtesy of Hagley Museum and Library.)



The Quest for Magnalux, 1951– 1956 29

The roots of the disparity between the General’s public statements 
and the DSRC’s technical agenda can be traced to the former’s beliefs 
regarding the specific role of scientific research in the consumer 
electronics industry. Sarnoff had long embraced obsolescence as an 
unavoidable aspect of that business. Radio had given way to televi-
sion, and if he had his way the compatible color system would soon 
supplant black- and- white sets. The only constant in a technology- 
driven enterprise, he argued at the DSRC’s dedication ceremony, was 
change, and investment in long- term research projects was the most 
effective response to that dynamic. “In the RCA, we do not fear or re-
sist change,” he explained. “Instead of a wicked ghost that threatens 
extinction, we see a beneficent wraith whose proddings stimulate 
opportunity, advance prosperity, and raise the standards of living.”50

Given this position, it is not surprising that Sarnoff had already 
started pondering his company’s post– color TV strategy. During 
these deliberations, he probably reached out to research managers 
such as Engstrom, who would have informed him of promising areas 
of solid- state research that could facilitate the construction of flat- 
panel displays. The relative novelty of this work and the risks of invit-
ing additional competition offer plausible explanations for avoiding 
mention of electroluminescence directly in his birthday gift speech. 
Instead, he contented himself with oblique allusions to “electrons in 
solids” and promises of exciting changes on the technological hori-
zon. “My friends, the wireless I knew 45 years ago is not the radio of 
today,” he observed. “The television you know now as pioneers will 
not be the television of tomorrow.”51

If it was, in fact, the General’s intent to inspire researchers to cre-
ate “the television of tomorrow,” Nicoll and Kazan’s light- amplifying 
panels would not fit the bill because of their inability to present mov-
ing images. There were, however, others at the DSRC excited by the 
prospect of a flat- panel electroluminescent display. Foremost among 
them was an electrical engineer named Jan Rajchman.

As a wartime consultant for the ENIAC (Electronic Numerical 
Integrator and Computer) project at the University of Pennsylvania, 
Rajchman had established himself as an expert in computer memo-
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ries.52 Digital computing was a low- priority research topic at RCA, 
but Rajchman continued to develop new data storage devices, includ-
ing some of the earliest magnetic core memories. A core memory 
system consisted of a wire matrix with doughnut- shaped cores made 
of ferrite, a magnetic ceramic, at each intersection. Through the ap-
plication of current to a given set of horizontal and vertical wires, one 
could switch the direction of a chosen core’s magnetic field, corre-
sponding to a 1 or 0 in binary code.53

Rajchman’s interest in television resulted from the realization 
that the mechanism used to select a specific core in his magnetic ar-
rays could also activate a pixel in a display. Theoretically, one could 
mimic an electron beam sweeping across a screen by sequentially ac-
tivating each of the cores in a given row, thereby eliminating the need 
for a vacuum tube. “For a long time,” Rajchman elaborated in a 1952 
patent disclosure, “there has been the desire to produce a ‘Mural Tele-
vision Display’ which would be a large flat box- like device with a large 
rectangular face and relatively small thickness. This could then be 
used on the wall of the viewing room.”54 Such a device could be built 
using existing magnetic cores and electroluminescent phosphors, but 
Rajch man knew that more sophisticated equipment would be needed 
to move from on- off (i.e., black or white) switching to the production 
of halftone images.

Rajchman sketched out several possible mural television designs 
before turning his attention to a pair of large- scale computer memory 
projects.55 The myriabit (10,000- core) and megabit (1,000,000- core) 
arrays were intended to force DSRC engineers to create more efficient 
means of fabricating and wiring an increasing number of magnetic 
cores, but they ended up supplying Rajchman with the necessary 
tools to assemble a flat- panel display.56 The key was his decision to 
streamline the manufacturing process by switching from individ-
ual cores to ferrite plates with evenly spaced rows of holes. As with 
previous core memories, the magnetic field around each hole could 
be used to store a bit of information, but these apertured plates were 
more compact and simpler to produce.57

The shift from cores to plates did not occur without incident. “The 
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idea was that an integrated approach was better than an individual 
approach,” Rajchman told interviewers in 1975. “So, for example, we 
made plates with holes and asked ‘How close can you put the holes?’ 
We started to put the holes very close together. When we put the 
holes very close together, we found that they started to interact.”58 
This crosstalk could wreak havoc on computer function, so Rajchman 
and fellow engineer Arthur Lo launched an investigation to charac-
terize, and thereby minimize, the effect.

One result of these experiments was the 1954 creation of a new 
magnetic storage element called the transfluxor. In its most basic 
form, the transfluxor consisted of a ferrite core with two holes of un-
equal diameter that could mimic the binary switching in Rajchman’s 
computer memories but could also store intermediate values be-
tween 0 and 1.59 In conjunction with an electroluminescent phosphor, 
it allowed for the production of the variable brightness required for 
halftone images. With its simple construction and a reliability greater 
than contemporary transistors, Rajchman and Lo predicted that the 
transfluxor would “become a basic element in electronic circuits of 
the future,” enjoying widespread use in digital computing, automa-
tion, and communication systems.60

Curiously, Rajchman omitted any mention of flat- panel displays 
while extolling the virtues of the transfluxor, but he filled his labo-
ratory notebook with entries outlining an ambitious plan to build 
a 1,200- element electroluminescent television.61 He also recruited 
additional staff, including experimental physicist George Briggs, to 
assemble a prototype. Together Rajchman, Briggs, and Lo spent the 
early months of 1955 working on the mural television project, often 
staying at the labs well into the evening. Each of the 1,200 transflux-
ors used in the display had to be hand wired and then connected to the 
addressing circuitry, which they installed on two nearby carts in or-
der to maintain a thin form factor.62 It was difficult, time- consuming 
work, made all the more dangerous by the high voltages involved, as 
Briggs learned one day when he received a nasty electric shock. “I was 
knocked clean across the room,” he remembered. “I couldn’t move for 
half a minute anyhow, and I don’t think I was breathing either.”63
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Whatever injuries the group sustained had healed by April 1955 
when Rajchman invited half a dozen people, including Kazan and 
Nicoll, to his laboratory for a demonstration.64 The completed mural 
television  display— consisting of thirty rows of forty electrolumines-
cent  cells— measured 14 × 18 inches and was only 1.5 inches thick. A 
specially configured camera generated video signals that appeared on 
screen as pale green moving images (fig. 1.4). “The picture was uni-
form, showed good half- tone range and high contrast,” Rajchman 

Figure 1.4. Each of the electroluminescent cells in Jan Rajchman’s mural television 
(above) was connected to a  transfluxor— a multiaperture magnetic core that permitted 
on- off and halftone switching. The display’s resolution was low but still sufficient to 
reproduce Rajchman’s face ( facing page). (Jan Rajchman, Mural Television, PEM- 1013C, 
26 Oct. 1955, pp. 8– 9. David Sarnoff Library Collection, courtesy of Hagley Museum 
and Library.)
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reported.65 The frame rate was only 15 frames/second, as opposed 
to the 30 used in standard TV broadcasts, but this was sufficient to 
provide an “adequate illusion of continuous action.”66 The display’s 
transfluxors also allowed users to freeze and store a given image on 
screen indefinitely without requiring additional standby power.

These technical achievements came at a steep price. With only 
1,200 cells, the display’s resolution was significantly lower than a 
conventional CRT. “So much artifice is required at every picture ele-
ment,” Rajchman explained, “that the fabrication of a sufficient num-
ber of elements for standard television would be extremely costly and 
impractical. Also the power consumption and associated electronic 
circuits are very onerous.”67 Even if heretofore unknown techniques 
permitted the construction of larger displays, the brightness of exist-
ing electroluminescent materials left much to be desired. “You had to 
have a darkened room to see the meatball [i.e., RCA’s circular logo] or 
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Rajchman’s face,” Briggs recalled.68 Theoretically the application of 
higher voltages could surmount this issue, but as Rajchman’s team 
learned firsthand, doing so led the phosphors to burn out, emitting 
foul- smelling smoke in the process.69

In spite of these flaws, Rajchman’s display confirmed that one 
could produce a moving electronic image without using a cathode- 
ray tube. The pictures may have been faint and grainy, but Rajchman 
imagined that devices similar to his prototype might be utilized “in 
cases where a relatively small number of picture elements is toler-
able. . . . Radar displays, outputs of computing systems, [and] dis-
plays of numerical and alphabetical information are examples of 
such applications.”70 Meanwhile, he felt RCA should devote its re-
sources to developing better magnetic switching circuitry and less 
time- intensive display assembly procedures. “It is believed that the 
solutions of these essential problems will not only yield a second mu-
ral television working model greatly improved with respect to the 
first,” Rajchman concluded,” but will also pave the way for still better 
systems.”71

TELEVISIONS WITHOUT TUBES?

Nicoll and Kazan’s presence at Rajchman’s mural television demon-
stration serves as a reminder that these three men did not conduct 
their work in isolation. Nor did their shared enthusiasm for elec-
troluminescent television remain confined to the DSRC. Take, for ex-
ample, Jan Rajchman’s May 1955 patent application for an “electrical 
display device” based on his transfluxor- driven model.72 This docu-
ment contained a brief description of “how a mural image reproducer 
might be utilized in the living room of a modern home”:

It is noted that the mural image reproducer is a flat large image display 

device which is hung at an appropriate position on a wall, in much the same 

manner as a favorite painting. The mural image reproducer is flat. Its con-

trol cable is coupled in turn to a remotely located control box which would 
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be utilized to adjust the television channel received and the contrast and 

brightness of the reproduced image.73

The key features of that device corresponded closely to Rajchman’s 
mural television with one exception: the wired control box, which 
could adjust the channel or other display parameters. Rajchman fore-
saw the eventual creation of a tabletop controller “small enough to fit 
into a cigar box,” but such a setup was a far cry from the carts of tubes 
needed to operate his display.74 The description in his patent was, 
however, reminiscent of depictions of mural television circulating in 
the popular press thanks to RCA’s leadership.

In August 1954, months before Rajchman’s team completed their 
transfluxor- driven prototype, David Sarnoff delivered a speech in 
Chicago announcing that “at some time in the  future— I will hazard a 
guess and say five years from now— no tubes will be needed in a tele-
vision set— not even the picture tube.”75 He restated that prediction, 
though without an estimated time frame, two months later at a St. 
Louis celebration of the seventy- fifth anniversary of Edison’s light-
bulb.76 In each case, he noted that electroluminescence would allow 
for larger displays without bulky cabinets. These screens would be 
“connected directly by a small cable, with a little television box— 
about the size of an average cigar box that can be placed anywhere 
in the room.”77 Sarnoff ’s proposed control mechanism relied on 
 transistors— not tubes!— to manipulate the size and brightness of an 
image and switch between black- and- white and color.

The General was not alone in advancing such claims. At a 1955 
electronics conference in San Francisco, DSRC head Elmer Engstrom 
asserted that electroluminescent materials and miniaturized elec-
tronic circuitry “will give us mural television. Its form will be that of 
a thin screen decorating a wall and controlled remotely from a small 
box beside the viewer elsewhere in the room.”78 An illustration of a 
“picture frame television,” published in the July 1955 issue of Radio 
Age, RCA’s in- house magazine, also bore a striking resemblance to the 
invention described in Rajchman’s patent (fig. 1.5).79
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With the benefit of hindsight, the parallels between Sarnoff and 
Engstrom’s speeches and Rajchman’s patent are obvious, but before 
1956, neither Sarnoff nor any other RCA executive referred directly 
to the computer researcher’s electroluminescence investigations. The 
only flat- panel developments brought to the public’s attention were 
Kazan and Nicoll’s light amplifiers, which a December 1954 press 
announcement presented as an interim step toward the creation of 
“a thin, flat picture screen on the wall.”80 Sarnoff admitted that this 
new technology was not ready for the market. “You may wonder what 

Figure 1.5. Drawing from RCA’s Radio Age magazine, seemingly inspired by Rajchman’s 
research, suggesting that picture frame televisions would be commonplace by 1975. 
Another of the General’s birthday  gifts— a noiseless electronic  refrigerator— also 
makes an appearance. (“Products of the Future . . . ,” Radio Age 14, no. 3 [July 1955], 
16. David Sarnoff Library Collection, courtesy of Hagley Museum and Library. Scan 
courtesy of Linda Hall Library of Science, Engineering & Technology.)



The Quest for Magnalux, 1951– 1956 37

philosophy prompts me to reveal these new developments publicly 
while they are still in the experimental stage,” he mused in a January 
1955 address before the American Institute of Electrical Engineers. 
The General’s answer was simple: publicizing research was essential 
to maintaining RCA’s technical leadership. “We welcome competi-
tion. It spurs our own activities and increases the possibilities for ear-
lier achievement of desired results.”81

As with his 1951 speech, Sarnoff ’s straightforward justification 
concealed a more complex backstory. His paeans to the competitive 
benefits of promoting cutting- edge research masked how much the 
rivalries he cited as essential to RCA’s long- term success could also 
provoke actions it might otherwise wish to avoid. For although RCA 
executives had made passing references to electroluminescence re-
search, Sarnoff chose only to disclose a specific outcome of that work 
after General Electric announced plans to demonstrate its own light- 
amplifying panels before the end of 1954.82

Nicoll and Kazan’s prototypes were not market ready, but RCA’s 
publicity department could not let GE co- opt one of the General’s 
birthday presents. While GE forced Sarnoff ’s hand, his response 
demonstrated a keen grasp of strategic information disclosure. In 
one move, RCA simultaneously regained the initiative from GE, con-
firmed that Sarnoff ’s request had produced tangible results, and in-
spired speculation as to whether RCA’s demonstration presaged the 
unveiling of true “picture- on- the- wall television” at his golden anni-
versary dinner.83

MAGNALUX REVEALED

The ceremonies commemorating Sarnoff ’s fiftieth year in the elec-
tronics industry dwarfed those of 1951 in every respect. More than a 
thousand guests crowded into the Waldorf- Astoria Hotel in late Sep-
tember 1956 for a formal banquet in the General’s honor. Once again 
the president of the United States and the governor of New York sent 
celebratory letters, but now Dwight Eisenhower and Averell Harri-
man were joined by Richard Nixon, Winston Churchill, and Adlai 
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Stevenson in extending their well- wishes to the man of the hour.84 
RCA itself had grown over the preceding half decade, with profits 
breaking all previous records. “My completion of fifty years in har-
ness happily coincides with the first ‘billion dollar year’ in the history 
of our company,” Sarnoff announced. “What a magnificent anniver-
sary present!”85

Of course, the members of RCA’s technical staff had spent five 
years preparing several presents of their own. Speaking on behalf of 
the DSRC, Elmer Engstrom recounted Sarnoff ’s requests. Now, he 
proclaimed, “the five years have passed, the day has come, and this 
is truly a day of fulfillment because we have met your desires and I 
think in some instances exceeded them.”86 Since not everyone would 
be able to attend the demonstrations scheduled for the next day in 
Princeton, Engstrom brought slides of all three gifts in action. As the 
lights dimmed, he proceeded to describe each device, beginning with 
the Magnalux.

From newspaper coverage and RCA press releases, a well- read ob-
server sitting in the darkened Waldorf- Astoria ballroom could have 
deduced Sarnoff ’s light amplifier would be based on electrolumines-
cence. Those with access to the company’s internal research reports 
would know about Nicoll and Kazan’s panels and Rajchman’s mural 
television, but until Engstrom’s speech, it would be very difficult to 
ascertain which of those prototypes had been anointed the embodi-
ment of Magnalux. The former could increase the brightness of an 
image in accordance with the General’s original speech, but the latter 
aligned more closely with his subsequent predictions about televi-
sion’s future. In an article published in the New York Times Magazine 
the day of his golden anniversary party, Sarnoff had insisted that full- 
color “picture frame” television sets resembling Rajchman’s would 
soon be within reach.87 His remarks that evening also declared that 
electroluminescence would “give us brighter and bigger TV pictures, 
and ultimately replace the TV tube altogether with a thin, flat- surface 
screen that will be hung like a picture on the wall.”88

Yet as soon as Engstrom started his presentation, it became clear 
that RCA’s leaders did not consider Rajchman’s mural television ready 
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for public scrutiny. Engstrom’s first slide featured Kazan projecting 
a portrait of David Sarnoff on to a “picture frame type panel,” which 
could amplify the brightness of incident light by up to one thousand 
times (fig. 1.6). The improved brightness of this latest model’s phos-
phors was not matched by a corresponding decrease in photoconduc-
tor response times, but Engstrom elided its inability to present TV 
images by highlighting its use in medical equipment. These panels, 
he suggested, might allow radiologists to lower the dose of X- rays 
necessary to diagnose a patient while providing brighter images than 
existing fluoroscopes.89

Once Engstrom completed his presentation, Sarnoff thanked 
RCA’s researchers “for their pioneering courage, their perseverance, 
their competence unmatched in this field.”90 He acknowledged that 

Figure 1.6. Benjamin Kazan projects David Sarnoff ’s portrait on an improved light am-
plifying panel, which the DSRC presented to the General as part of the 1956 festivities 
celebrating his fifty- year career in electronics. (David Sarnoff Library Collection, cour-
tesy of Hagley Museum and Library.)
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the difficulties they had faced while creating a light  amplifier— as 
well as his two other  presents— were immense. “But the fact remains 
that in five short years they have succeeded in turning what were bold 
dreams and hopes into proud realities.”91 Their successes validated 
Sarnoff ’s trust in the linear model and the intrinsic manageability of 
corporate innovation. This philosophical outlook perhaps explains 
why Sarnoff retained references to the future promise of electrolu-
minescent television in his speech even though the DSRC’s manag-
ers did not think that Jan Rajchman’s prototype was ready for public 
demonstrations or commercial production.

THE FATE OF MAGNALUX

The following day, Sarnoff and his entourage traveled to Princeton 
for the formal presentation of the General’s anniversary gifts. Once 
again, Elmer Engstrom served as master of ceremonies. He first led a 
delegation of visitors to a room cooled by Electronair, wall- mounted 
thermoelectric panels that, as per Sarnoff ’s request, operated with 
no moving parts. Then it was off to a faux living room setup, where 
they watched NBC programming recorded using the new Videograph 
magnetic tape system. Finally, they witnessed a live demonstration of 
the now familiar Magnalux light amplifier.

To Sarnoff, these presentations showcased “modern science at 
its best, concentrating its formidable talents upon the constructive 
task of providing a wealth of devices and techniques for man’s well- 
being.”92 For all his confidence, however, he still hesitated when asked 
when these gifts would be available to the public. “How long this will 
take nobody knows,” the General told reporters. “As an uneducated 
guess I’d say that between now and the end of five years you could 
expect to see practical products embodying these principles on the 
market.”93

RCA’s researchers took Sarnoff at his word and, after his depar-
ture, moved to ensure the prompt commercialization of these tech-
nologies. Though Electronair panels proved inefficient for home 
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use, cooling equipment based on the same concept found a place on 
nuclear submarines, where silent operation was essential and excess 
power was readily available. The Videograph group reached a cross- 
licensing agreement with Ampex, a California- based electronics firm 
that had independently developed its own black- and- white video re-
corder, to produce a magnetic tape system capable of recording RCA’s 
color broadcasts.94

As it had for the preceding five years, the Magnalux project con-
tinued along two fronts. Nicoll and Kazan demonstrated their panels 
at a meeting of the American Roentgen Ray Society in Washington, 
DC, and worked to standardize their production.95 Meanwhile, Rajch-
man and his team, whose transfluxor- driven display never received 
direct attention from the press, continued to improve their designs. 
The DSRC’s annual report for 1956 described Rajchman’s mural tele-
vision as one of RCA’s “major continuing projects” and promised on-
going support “with an increased staff and on a broader front.”96

Once again, Sarnoff ’s “uneducated guess” was poised to come 
true, but before the anticipated five years had elapsed, both electrolu-
minescent display projects were discontinued. RCA personnel and 
business historians have attributed this outcome to a lapse in the Gen-
eral’s technical judgment, which led him to overestimate the perfor-
mance of electroluminescent displays and the ease with which they 
might be commercialized.97 Engineering obstacles definitely contrib-
uted to the cancellation of electroluminescence research at the DSRC, 
but that decision also hinged on a combination of organizational and 
economic shifts that radically altered RCA’s research infrastructure 
during the second half of the 1950s.

In 1951, Sarnoff had described the DSRC as an institution “which 
does basic research and applied research, and translates the images 
of the mind into useful products and services for the public.”98 This 
holistic conception of R & D may have been accurate in the imme-
diate aftermath of World War II, when close working relationships 
existed between the corporation’s laboratories and operating divi-
sions.99 But as Engstrom and Ewing steered the DSRC toward more 
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theoretical investigations, those links began to weaken. Once the staff 
in Princeton had consisted primarily of engineers drawn from RCA 
factories in Camden and Harrison, but now its ranks swelled with 
university- trained researchers unfamiliar with the logistics of tech-
nology transfer.

The growing schism between RCA’s laboratories and factories 
widened further following Ewing’s 1954 appointment as the DSRC’s 
administrative director. Citing a need for greater operational flexi-
bility, Ewing implemented a new “building- block” strategy, transfer-
ring nearly all product- related research to the divisions “to allow the 
research laboratories freedom to work on the more speculative and 
long- range projects.”100 He also discouraged project- based research 
teams, preferring instead to form “temporary task groups” drawn on 
an ad hoc basis from a half dozen new laboratories organized around 
general concepts such as physical and chemical research, radio re-
search, or television systems research.101

The adoption of the building- block strategy cemented the DSRC’s 
reputation within the corporation as a “country club,” where funds 
were squandered on outlandish projects with limited commercial 
value, like the General’s birthday gifts.102 To personnel working on 
production lines in Camden or Indianapolis, the money flowing into 
Princeton was a diversion from the company’s chief priority: color 
television. RCA had finally persuaded the FCC to endorse its com-
patible color broadcasting standard at the end of 1953. Now that their 
long battle against CBS was over, the company’s manufacturing divi-
sions were eager to recoup their $50 million investment in color TV.103

As assembly lines whirred into motion, Sarnoff vowed consumers 
would purchase 75,000 color sets by the end of 1954. In this instance, 
his penchant for prediction failed. When only 5,000 sets sold, skep-
tics accused RCA of exaggerating their system’s capabilities.104 Other 
electronics firms scrapped plans to manufacture their own color sets, 
and RCA was left to champion color broadcasting on its own. Low 
sales over the next two years prompted Time to label color television 
“the most resounding industrial flop of 1956,” but by then RCA had 
too much at stake to abandon the technology.105 “We had our arms 
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around color,” Elmer Engstrom later remarked, “and we couldn’t let 
go as the others could.”106

More than their technological deficiencies, the convergence of the 
DSRC’s shift to basic research and the divisions’ focus on color televi-
sion spelled doom for Nicoll, Kazan, and Rajchman’s respective flat- 
panel projects. Both of the Magnalux prototypes required substantial 
development work, but the divisions saw no incentive to create a suc-
cessor to the CRT given the time and money previously committed 
to color television. Rajchman’s project came under particularly harsh 
scrutiny. “Everything we did, we had opposition from managers at 
Camden and various places,” George Briggs explained. “They just 
wanted to have as much money as possible to be able to develop the 
tubes that were needed, the cathode ray tubes for color television.”107

Nicoll and Kazan might have avoided such disputes over funding 
with their electroluminescent panels, which they now pitched pri-
marily as medical instrumentation rather than CRT replacements. 
Unfortunately, tests of their radiology equipment at the University of 
Pennsylvania concluded that the “the quality of the picture was not 
good enough and the response of the panel was much too slow for 
clinical use.”108 With none of the pomp surrounding its presentation 
four years earlier, the DSRC’s management canceled work on Nicoll 
and Kazan’s light amplifier in 1960, consigning it to obscurity along-
side Rajchman’s mural television.109

THE LEGACY OF THE LIGHT AMPLIFIER(S)

Neither Sarnoff nor his lieutenants commented on the end of light 
amplification research at the DSRC. The General continued to har-
bor an interest in mural television, going so far as to install a con-
ventional CRT in the walls of his Manhattan office, hidden behind a 
painting that slid away after dialing a specific combination of digits 
on his phone.110 But after his golden anniversary, the color TV cam-
paign dominated his private thoughts and public speeches. The com-
petitive realities of the television market trumped the light amplifiers 
that Sarnoff once framed as television’s future.
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The use of the plural term light amplifiers in the previous sentence 
was deliberate. After all, between 1951 and 1956, neither Sarnoff 
nor RCA’s technical staff treated Magnalux as a single, easily iden-
tifiable entity. The General had seized on the DSRC dedication cere-
mony to encourage investigations into areas his research managers 
deemed important to the company’s long- term interests, but his later 
speeches suggest he had no clear sense of Magnalux’s final form. For 
their part, the scientists and engineers who responded to his chal-
lenge acted to further their own research agendas rather than any 
preordained technological outcome. Epstein’s experience working 
with theater television, for example, led him to construe Magnalux 
as a home projection system. Similarly, Nicoll and Kazan’s panels 
emerged from fundamental investigations of electroluminescence 
and photoconductivity, while Rajchman viewed the call for a light 
amplifier as an opportunity to evaluate the relevance of computer ad-
dressing techniques to electronic displays.

Essentially the birthday gift speech served as a technological Ror-
schach test for RCA executives and engineers, an aspirational goal 
whose appearance shifted in response to each group’s evolving un-
derstanding of light amplification.111 The nascent state of electrolu-
minescence research within the DSRC led Sarnoff to avoid overly 
specific descriptions of Magnalux’s capabilities, but his call to action 
still encouraged personnel with a variety of disciplinary backgrounds 
to embrace the possibility of a television that could hang on the wall.

As Nicoll, Kazan, and later Rajchman blazed their respective trails 
toward that objective, their rising awareness of the underlying mate-
rial logics of electroluminescent phosphors, photoconductive pow-
ders, and magnetic cores further altered how their superiors spoke 
about Magnalux. Discussions of projection systems gave way to light- 
amplifying panels before yielding to the ideal of a fully operational 
mural television. Sarnoff ’s public endorsement of the latter at his 
golden anniversary dinner, minutes after accepting Nicoll and Ka-
zan’s panels as the fulfillment of his vision, testifies to the power of 
both groups’ ideas.
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If the light- amplifier projects affirmed that RCA’s technical staff 
could shape how management thought about technological inno-
vation, it also showed that their influence had limits. Engstrom and 
Ewing’s stewardship had granted scientists and engineers an unprec-
edented amount of autonomy within the walls of the Princeton labs, 
but that authority did not extend to other parts of the corporation. To 
the contrary, this freedom to engage in fundamental research, while 
critical to the incubation of electroluminescent display prototypes, 
only exacerbated tensions between the DSRC and RCA’s other divi-
sions.

As much as any technical factors, these institutional rivalries and 
the delayed payoff on color television spelled doom for both Mag-
nalux initiatives. Compelling as Rajchman’s prototype may have 
been, it was too cumbersome to mass produce and could not match 
the picture quality of existing TV sets. Kazan and Nicoll’s panels sur-
vived slightly longer because of their creators’ decision to pitch them 
as radiology equipment rather than CRT substitutes, but medical ap-
plications were a small piece of RCA’s overall business. In the absence 
of compelling demand from the medical community, the company 
had few reasons to improve panel performance or fabrication pro-
cesses.

While the quest for Magnalux never resulted in a commercial light 
amplifier, it should not be treated as an unmitigated disaster. Rather, 
it highlights the contingency of technological success and failure and 
the capacity of corporate researchers to blur the lines between those 
categories. RCA’s executives and technical staff drew very different 
lessons from this first wave of flat- panel research. Viewed from the 
company’s New York headquarters, the operating divisions’ indiffer-
ence to light amplification suggested that a reevaluation of the linear 
model might be in order. Perhaps it was time to rein in the fundamen-
tal explorations underway at the DSRC in favor of more direct partic-
ipation in applications development.

Meanwhile, in Princeton, personnel built on the foundations that 
Nicoll, Kazan, and Rajchman had laid, confident that despite this 
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shift in R & D strategy they could secure the necessary support to ad-
vance their research objectives. As new leaders implemented policies 
explicitly aimed at curtailing speculative projects, these researchers 
continued to pursue the General’s dream of a flat- panel television 
long after the word Magnalux had vanished from RCA’s collective 
memory.



2 A FUMBLING PRELUDE, 

1956– 1966

The average American in 1980 lived ten to fifteen years longer than 
his counterpart in the 1950s thanks to improved medical diagnostics 
and the elimination of polio, tuberculosis, and cancer. The atomic 
generators installed in his basement became commonplace well be-
fore the start of the new decade, allowing chemical engineers to de-
vote their attention to finding new uses for fossil fuels. His mail was 
delivered by guided missiles, whose contrails stretched across an in-
creasingly crowded sky filled with pilotless aircraft and fleets of per-
sonal helicopters. Admittedly, this rendered “the principal airways 
almost as busy as the highways on the ground,” but electronic traffic 
control ensured safe transit in all directions.1 Similar advances in au-
tomation increased workplace efficiency, granting employees in the 
nation’s factories more leisure time for “appreciation of the better, 
and perhaps the best, in art, music, and letters.”2

All of these technological and cultural advances, “unprecedented 
in kind and in volume,” were possible thanks to an incipient revolu-
tion in electronics, at least according to David Sarnoff.3 In a January 
1955 article in Fortune, RCA’s chairman provided a detailed vision of 
the fantastic world that lay in store as scientists unlocked the secrets 
of solid- state phenomena. To him no technology better represented 
“the fabulous dimensions of the teeming novelties now gestating in 
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hundreds of laboratories, large and small” than the electrolumines-
cence research underway at the DSRC.4 While he supplied few details 
about RCA’s preliminary attempts to create displays “freed from the 
prison of a vacuum bulb,” Sarnoff swore that such work would make 
“obsolete the television tube of today, while bringing bigger and 
sharper pictures in color as well as in black and white.”5

By the time of Sarnoff ’s golden anniversary dinner, it seemed 
his dream of a mural television might bear fruit before 1980. Yet the 
bright promise of his “fabulous future” dimmed somewhat during 
the latter half of the 1950s as RCA struggled to recoup its multi million 
dollar investment in color television. Already facing pressure from 
the company’s operating divisions to shift resources toward applica-
tion development, DSRC researchers soon found themselves attacked 
on two additional fronts. First, they faced an external assault from 
the Eisenhower administration, whose vigorous pursuit of antitrust 
litigation threatened the corporation’s traditional sources of research 
funding. In the midst of these legal battles, Sarnoff also appointed a 
new second- in- command, John Burns, who was committed to reining 
in the DSRC’s fundamental research program.

From the perspective of personnel engaged in mural television 
projects, Burns’s tenure was something of a mixed blessing. In re-
sponse to a federal consent decree limiting RCA’s ability to collect 
television patent royalties, Burns embraced a strategy of “profitable 
diversification,” aimed at making RCA a leader in nonentertainment 
sectors such as military electronics, satellite systems, and, above all, 
digital computing.6 These policies did not explicitly halt flat- panel 
display discussions in Princeton. Indeed, at least one DSRC researcher 
wrote at the time that “many people believe picture- on- the- wall dis-
plays represent a kind of ultimate toward which engineers should 
work.”7 All the same, Burns’s regulations discouraged work on such 
an obviously long- term objective, and as the 1950s drew to a close, 
members of RCA’s technical staff quietly shelved their flat- panel 
proto types.

What Burns could not anticipate was that the institutional 
changes he implemented would supply RCA scientists and engineers 
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with the resources to revive their mural television investigations fol-
lowing his 1961 departure from the company. His simultaneous cuts 
to the DSRC’s budget and emphasis on defense- related projects in-
spired researchers to apply for government contracts to fund work 
that might otherwise have been deemed overly speculative. They 
found additional support from Burns’s choice to serve as laboratory 
director, James Hillier, who saw mural television as a promising ave-
nue to explore once color sets became profitable. Finally, Burns’s in-
terest in electronic data processing culminated in the formation of a 
new Computer Research Laboratory, which offered a site for display 
development separate from the company’s established TV experts. 
When DSRC investigators observed the unique electro- optic proper-
ties of liquid crystals in the early 1960s, it would be from within this 
schizoid world, divided between television and computer researchers, 
that they would form a team to transform those new materials into 
displays.

CONSERVATIVE ATTACKS, RADICAL APPROACHES

Although Sarnoff chose to highlight electroluminescence in his For-
tune article, his public enthusiasm for the subject and mural television 
research in general dwindled following the unveiling of Magnalux 
the following year. His silence on the matter did not translate into re-
duced interest in either topic among RCA’s technical staff, however. 
On the contrary, by the end of 1957, they had outlined half a dozen 
possible methods to construct “a television reproducer thin enough 
to be hung on a wall like a picture,” enough to merit an extended dis-
cussion in the DSRC’s annual report.8

Managers in Princeton classified these efforts as “conservative” 
or “radical” depending on how each fulfilled the tasks of switching 
and illumination. Devices based on the “conservative attack” accom-
plished both functions using a guided electron beam, much like a 
traditional CRT- based television set. Switching occurred wherever 
electrons struck a screen, while modulating the beam’s intensity to 
correspond with an incoming video signal ensured the associated 
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phosphors emitted the proper amount of light. In contrast, the “rad-
ical approach” abandoned the use of cathode rays, treating a display 
like a “miniature telephone exchange in which 200,000 numbers are 
called in sequence to inform each one what the illumination should 
be for the next 1/30 second.”9

From a corporate perspective, RCA possessed no strong attach-
ment to either conservative or radical approaches toward display de-
velopment so long as the resulting television could “equal or exceed 
cabinet- type [i.e., CRT] reproducers in economy, compactness, image 
size, brightness, and quality.”10 Consequently, research continued 
along both lines at the DSRC. Those with previous television systems 
expertise preferred to concentrate on conservative projects. Some 
focused on modifying CRTs— either by moving the source of the 
electron beam11 or increasing its deflection angle12— to create more 
compact sets with larger screens. Such steps had to be taken carefully, 
because CRTs required an internal vacuum to ensure the free passage 
of electrons, and the greater surface area of large, flat screens raised 
the risk of implosion. Consequently, some, such as light amplifier co-
inventor Frederick Nicoll, preferred to consider how images on a CRT 
might instead be projected on a thin electroluminescent screen.13

Radical solutions to the mural television question attracted com-
puter researchers, whose familiarity with matrix addressing offered 
a promising means of selectively switching the thousands of picture 
elements in a TV display. Jan Rajchman’s transfluxor- driven proto-
type epitomized this approach. As Rajchman struggled to fabricate a 
model that matched the resolution of conventional televisions, other 
members of his group, including George Briggs, applied similar con-
struction techniques to new projects, including an array of small “gas-
eous discharge elements,” an early attempt to build a plasma display.14

Television prototypes constructed along both lines could generate 
moving images, but by early 1958 only modified CRTs left Princeton 
for evaluation at RCA’s vacuum tube and television manufacturing 
divisions.15 The DSRC’s management acknowledged Rajchman and 
his team but noted that neither his mural television system nor any 
of its matrix- addressed descendants were “competitive with existing 
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cabinet- type TV.”16 Further development was put on hold pending im-
proved materials and fabrication techniques.

Rajchman tolerated this assessment without complaint. He had, af-
ter all, previously called attention to the same  difficulties— inefficient 
phosphors, the high operating power of magnetic switches, and time- 
intensive construction  processes— in his own reports.17 Still, the ac-
tions he took after shelving his mural television prototype hint at the 
deeper economic and legal factors underlying the company’s call to 
curtail development. Rajchman also had an additional incentive to set 
aside flat- panel projects after RCA’s leadership turned to him to rein-
vigorate the DSRC’s computer research program.

CHASING RAINBOWS

RCA’s involvement in electronic computing dated to the late 1930s, 
but unlike IBM or Remington Rand, the firm initially preferred to 
position itself as a supplier of electrical components rather than 
complete computer systems.18 The majority of this work was linked 
to military projects, though there were signs that the firm wished 
to expand into the civilian sphere. In March 1957, for example, RCA 
finished installing its first digital computer at the Army Ordnance 
Tank- Automotive Command in Detroit.19 The $4.1 million vacuum- 
tube- based system was supposedly built to track replacement parts 
for combat vehicles, but its name—  BIZMAC— revealed RCA’s wider 
interest in “business machines.”20 Only six BIZMACs were ever sold, 
but as RCA’s vice president for commercial electronics, A. L. Malcar-
ney, told the New York Times, the company had “just scratched the 
surface” of the mainframe market.21

This renewed interest in computing coincided with the apparent 
collapse of David Sarnoff ’s color television campaign. The General 
had proclaimed that 1.5 million color sets would be in operation by 
the end of 1956, but the actual figure was closer to 75,000, leading 
critics such as Zenith president Eugene McDonald to accuse RCA of 
“premature tub thumping.”22 A combination of high prices, uneven 
performance, and the fact that color programming was limited to a 
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handful of NBC shows left the public cold and RCA hard pressed to 
recover its $100 million investment in the technology.23

Sarnoff tried to assuage his shareholders, noting in a 1957 state-
ment that the $7 million losses associated with color TV during the 
previous year were “inescapable for anyone who would pioneer 
and lead the way in a new field.”24 He urged the public to recall the 
start- up expenses required to bring black- and- white to the market, 
but these parallels failed to persuade them to embrace color. Other 
firms blamed the technical shortcomings of RCA television consoles, 
such as GE president Ralph Cordiner, who joked that “if you have a 
color set, you’ve almost got to have an engineer living in the house.”25 
CBS vice president Richard Salant justified their network’s resistance 
on financial grounds: “There’s no public demand and no advertiser 
interest,” Salant asserted in 1958. “Nobody gives a damn now. Sud-
denly, some day, color TV will blossom. We guessed wrong when we 
thought it would come much sooner.”26

Though Sarnoff would be loath to admit it, the opposition to RCA 
during this period was partially self- induced, the result of intellec-
tual property policies that alienated firms that might otherwise have 
entered the color television business. Perhaps as a result of its origins 
as a holding company overseeing the radio patents of GE, Westing-
house, AT&T, and the United Fruit Company, RCA was perennially 
worried about maintaining control over its own inventions.27 After 
a brief attempt to restrict the distribution of RCA components to 
dealers who agreed to handle its entire product line, in 1927 the com-
pany adopted a new strategy known as package licensing. Under this 
arrangement, firms wishing to produce a piece of equipment covered 
by an RCA patent could buy a license granting them permission in 
exchange for royalties on all future sales. The term package licensing 
derived from the company’s practice of requiring firms to purchase 
licenses for all of its patents even if only one was being used in a given 
product.28

As the RCA patent pool expanded, so too did resentment among 
its competitors, whose leaders found their business strategies in-
creasingly subjugated to Sarnoff ’s. Two of these firms, Zenith and 
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Philco, took the matter to court, claiming that RCA’s actions repre-
sented a deliberate attempt to monopolize the radio, television, and 
electronics industries, but the more damaging attack came from the 
federal government.29 In February 1958, the Department of Justice 
filed what the New York Times referred to as “by far the most im-
portant criminal antitrust action in the five years of the Eisenhower 
 Administration— economically and politically.”30 Eager to avoid bad 
publicity and the high costs of an extended lawsuit, RCA accepted a 
government offer to negotiate an out- of- court settlement. The result-
ing consent decree, announced in October 1958, marked the end of 
package licensing on “radio- purpose” (i.e., radio and television) elec-
tronics.31 In addition to paying a $100,000 fine, the company agreed 
to “license on a royalty- free basis all its existing patents relating to 
the manufacture, use or sale of radio purpose apparatus” and “allow 
applicants to choose among these existing patents without taking 
the entire package.”32 RCA also placed one hundred of its color TV 
 patents— along with related patents developed by half a dozen other 
 companies— into a royalty- free pool to encourage industry- wide ex-
perimentation without placing RCA at a competitive disadvantage.33

Sarnoff considered the 1958 consent decree among the most hu-
miliating incidents in his career. While he was spared the personal 
embarrassment of being named as defendant in a criminal suit, his 
company’s exclusive control over color television was lost forever.34 
More troublingly, RCA found itself cut off from the patent royal-
ties that had ensured the independence of its research facilities. The 
DSRC’s 1954 shift toward “building- block” investigations had hinged 
on a revenue stream uncoupled from marketing deadlines or con-
sumer applications. In the absence of those funds, the Princeton lab-
oratories would face harsh budget cuts and difficult decisions about 
which projects to prioritize.

The dilemma confronting RCA would seem hauntingly familiar 
to its peers in the years to come. Whether they cared to admit it or 
not, several important American industrial laboratories relied on 
de facto monopolies to create a space where fundamental research 
could be conducted without agonizing over profit margins. Perhaps  
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the most well known was the DSRC’s New Jersey neighbor, Bell Labs, 
which was founded to help AT&T maintain the US telephone network. 
So long as the government sanctioned AT&T’s near- total control over 
America’s phone lines, the company could afford to sponsor the ex-
ploratory investigations that led to the transistor, solar panels, and 
many other technologies.35 Once that protection was removed follow-
ing the breakup of the Bell System in 1984, the competitive pressures 
of the market forced AT&T to narrow its research focus.36

RCA’s reaction to this situation was to seek out a replacement 
for its lost licensing revenue, a search which led to a reexamina-
tion of electronic data processing. Computers, after all, were not 
“radio- purpose electronics” under the terms of the 1958 consent 
decree, which meant the company was free to collect royalties on 
its computer- related patents.37 Before that could happen, the DSRC 
would have to undergo a transformation, scaling back its traditional 
emphasis on consumer electronics in order to kick- start its comput-
ing initiatives. Overseeing this strategic pivot was RCA’s newly ap-
pointed president, John Burns.

“NO NEWCOMER TO RCA”

Since its incorporation in 1919, four men had served as RCA’s presi-
dent. Each possessed qualities that the company’s board of directors 
deemed important to the firm’s future. The first, Edward Nally, was 
formerly head of American Marconi and one of the few people with 
the technical and managerial skills to establish reliable wireless con-
nections between the United States, Europe, and Asia.38 Believing 
that RCA needed a more charismatic spokesman following the tran-
sition to broadcasting, in 1923 the board replaced Nally with James 
Harbord, a military hero who had served as chief of staff for General 
John  Pershing— the leader of the American Expeditionary Force 
during the Great War.39 Harbord’s promotion to chairman in 1930 
corresponded with RCA’s successful break from its corporate share-
holders, and he endorsed the architect of that split, David Sarnoff, as 
his successor.40
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Together, Harbord and Sarnoff oversaw the expansion of RCA’s 
manufacturing facilities and the drive to develop electronic televi-
sion. When Sarnoff became chairman following Harbord’s death in 
1947, he selected Frank Folsom to fill his old job. Folsom’s experience  
as a merchandiser for Montgomery Ward and RCA Victor was in-
strumental to the postwar boom in black- and- white TV sales, but the 
death of his wife and the intense legal wrangling over color television 
took a heavy personal toll.41 Even before the Justice Department’s 
anti trust intervention, it was clear that Sarnoff would need to replace 
Folsom. The question on everyone’s lips at RCA was what sort of lieu-
tenant the General would appoint in his stead.

The obvious candidate, particularly to those at the DSRC, was El-
mer Engstrom, the director of RCA’s laboratories, who had recently 
been promoted to executive vice president. His scientific qualifica-
tions were above reproach, and he had a strong working relationship 
with Sarnoff.42 But as much as the General respected Engstrom, he 
decided that the soft- spoken scientist was not the dynamic leader 
RCA needed to maintain its place at the forefront of the electronics 
industry. Rather than draw from the company’s existing pool of tal-
ent, he looked outside of RCA for Folsom’s replacement.

In a January 1957 public statement, Sarnoff pointed out that John 
Burns was “no newcomer to RCA for he has been intimately associ-
ated with our activities for the past ten years.”43 A senior partner at the 
consulting firm of Booz, Allen & Hamilton, Burns was a nationally 
recognized management expert who had assisted Sarnoff and Fol-
som’s postwar drive to reconstitute RCA as a large- scale manufactur-
ing enterprise. He may have been an outsider, but he also possessed 
a doctorate in metallurgy from Harvard and had cut his teeth in the 
foundries of Republic Steel.44

The General expressed hope that this “unique combination of 
scientific and engineering knowledge, experience in industrial 
production and operation and an exceptionally broad understand-
ing of business generally” would allow RCA “to keep pace with the 
changing demands and great opportunities of the rapidly expand-
ing electronics industry.”45 Keeping pace with the industry meant 
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first reinvigorating RCA’s color television strategy so that its flagship 
product would no longer be a drain on its resources. Beyond that, 
Sarnoff and the board thought Burns’s business connections would 
facilitate the company’s expansion into sectors outside of home en-
tertainment.46

For his part, Burns framed his arrival as an opportunity for RCA 
to reconsider its priorities. “RCA cannot be all things to all people,” 
he cautioned, “but it must be in a leadership position in important 
things in our chosen fields. This means increased growth and effort, 
but it also points up the great need for selectivity and the timing of 
our efforts.”47 Color TV would remain the company’s primary focus, 
and Justice Department officials hailed Burns’s involvement in the 
1958 consent decree negotiations as “a stroke of industrial statesman-
ship.”48 At the same time, the terms of that settlement rendered tele-
vision research that did not directly increase RCA’s market share an 
unprofitable investment.

Burns kept his eye on the bottom line and cited the consent de-
cree to authorize a reevaluation of the firm’s R & D policies. Soon after 
taking office, he convened a panel of RCA executives, high- ranking 
members of the technical staff, and representatives from the operat-
ing divisions for “a thorough review of all the projects under way in 
the research activity.”49 RCA scientists, who had previously acted with 
minimal oversight from the divisions, viewed this arrangement as an 
infringement upon their autonomy. In effect, these panels forced the 
Princeton laboratories to justify their previously unrestricted funda-
mental investigations on an annual basis.50

Burns’s move met with applause from the divisions and outcry 
from the DSRC’s theoretically inclined majority. To implement this 
new policy and ease tensions between the two groups, he appointed 
James Hillier as vice president in charge of RCA Laboratories. Hillier, 
a physicist and the mastermind behind America’s first electron mi-
croscope, replaced “building block” advocate Douglas Ewing. Under 
his watch, fundamental investigations would not disappear from the 
DSRC, but such work would now bolster Burns’s strategy of “broad-
ening the base” to make RCA as formidable a force in defense and 



A Fumbling Prelude, 1956– 1966 57

industry as it had been in consumer electronics.51 Whenever possible, 
research in Princeton would be linked to products under develop-
ment at the operating divisions. More significantly, Burns, acting 
“in accordance with the decision made by RCA management to par-
ticipate vigorously in sales of data processing equipment,” ordered  
Hillier to substantially increase the DSRC’s computer research activ-
ities.52

During his time at RCA, no figure became as closely associated 
with the resurgence of commercial computing as Burns, whose con-
sulting experience made him seem well suited to lead such a venture. 
Shortly before being tapped as president, he had overseen a major re-
organization at IBM and recognized the difficulty of whittling down 
that company’s 87 percent market share while continuing to invest in 
color television.53 His solution to this dilemma was to develop sophis-
ticated computer systems that were compatible with IBM software 
but could be sold at lower costs. In September 1957, six months after 
the delivery of BIZMAC, Burns negotiated a cross- licensing agree-
ment with IBM president Thomas Watson Jr., and the following year, 
he announced the creation of the RCA 501: the company’s first tran-
sistorized computer.54

RCA boasted that the 501 was “the world’s most advanced elec-
tronic data processing system,” but sales remained sporadic.55 Burns 
admitted that the cost of entering the data- processing industry “was 
and is continuing enormous but so is the industry’s potential.”56 He 
considered an investment in computing particularly sound given the 
shifting dynamics of Cold War science funding. “RCA not only staked 
out its share in one of the major electronics growth markets,” Elmer 
Engstrom explained in an article a few years later, “but, equally im-
portant, it acquired the basis for continuing preeminence in other 
electronics fields where computers and computer systems were in-
dispensable to progress.”57

Specifically, the growth of RCA’s data- processing activities left it 
poised to benefit from the outpouring of government communica-
tions and computing contracts that followed the launch of Sputnik in 
October 1957. Eager to make up for their lost patent revenues, DSRC 
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research managers enthusiastically welcomed federal funding, justi-
fying such work as “sufficiently fundamental in character that it can-
not fail to have important significance in our long- range commercial 
programs.”58 As a result of Burns’s policies, by 1960, more than half of 
the research conducted in RCA’s laboratories could trace its funding 
to government agencies.59

MURAL TELEVISION UNDER BURNS

The press hailed Burns as “management’s Renaissance man” and a 
champion of “corporate versatility,” but the DSRC’s growing focus 
on data processing did not bode well for the company’s flat- panel 
display projects.60 Given the technological similarity between the 
magnetic addressing circuitry used in “radical” television prototypes 
and the core memories found in mainframes, personnel associated 
with the former were among the first reassigned to the DSRC’s com-
puter group. Leading the way was none other than Jan Rajchman, 
who dispensed with his electroluminescent displays to manage RCA’s 
involvement in a US Navy- sponsored computing initiative. The $25 
million effort, code- named Project Lightning, sought to create a  
1 gigahertz processor, several orders of magnitude faster than com-
mercially available computers.61

Although RCA’s electronic data- processing division in Camden 
would deliver the completed system, the DSRC assumed primary re-
sponsibility during Project Lightning’s early phases. This division of 
labor reflected the fact that the navy contract stipulated that the new 
computer could not rely on existing transistor technology.62 Instead, 
between 1957 and 1962, researchers in Princeton would have to cre-
ate entirely new logic and memory circuits for “ultrafast” computing 
using relatively unexplored devices such as tunnel diodes, micro-
wave oscillators, and superconductors.63 Project Lightning, along 
with other defense- related computing projects, soon dominated the 
research agendas of Rajchman and his colleagues, leaving radical ap-
proaches to mural television to fall by the wayside.64
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Conservative flat- panel investigations had a slightly longer life 
span in the wake of Burns’s strategic realignment, but one by one, 
each of the CRT- based projects under consideration before 1957 
folded. No matter how one positioned the electron beam’s source 
or altered its deflection angle, modified CRTs could not consis-
tently match the performance of existing picture tubes. The growth 
of computing activities and RCA’s color crusade placed additional 
constraints on the DSRC’s research budget, which made it harder to 
sustain the search for a wall- mounted television. In the DSRC’s an-
nual reports, previously distinct sections on “mural television,” “thin 
cathode- ray tubes,” and “electroluminescent displays” disappeared 
after 1960, subsumed within broader discussions of picture tubes or 
phosphor chemistry.65

At no point did Burns, or anyone outside of Princeton, declare 
that RCA had abandoned flat- panel television research. Rather, as 
RCA’s engineers were conceding that “such a device still stands as a 
challenge  today— a very difficult problem,” its marketing staff was 
encouraging consumers to keep dreaming of a future filled with wall- 
mounted screens.66 “How’d you like to hang your TV picture on the 
wall?” a 1959 supplement in Popular Science asked. “Although it may be 
several years before you can literally do that, with RCA’s new line of 
‘Mural- TV’ sets you can easily get the same effect.”67 Perhaps taking a 
cue from David Sarnoff ’s New York office, RCA offered to install cus-
tom cabinets for standard black- and- white or color sets, creating the 
illusion of a flat- panel display (fig. 2.1). “The ideal display of television 
today is as a picture- on- the- wall,” one sales executive explained in 
RCA’s Electronic Age (formerly Radio Age) magazine. “No matter how 
it is installed, a ‘Mural TV’ installation adds to the room’s warmth and 
informality.”68

Such assurances were not only restricted to the printed page. At 
a May 1961 press conference, RCA executives showed reporters life- 
size mock- ups of televisions that might be available for purchase in 
the 1970s, including a “large- screen color television console, less than 
five- inches in depth.”69 Among the speakers present at this event was 
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John Burns, who gamely posed next to a model mural television de-
spite having essentially terminated all flat- panel R & D projects at the 
DSRC (fig. 2.2).

“NOT A REVOLUTIONIST”

As Burns chatted with the press about what changes were in store for 
television during the 1970s, his future at RCA appeared secure. In a 
Wall Street Journal interview the following month, he expressed con-
fidence that the company’s earnings, which had dropped sharply in 
1960, would recover by the end of the year. With one exception, all of 

Figure 2.1. The inability of DSRC engineers to develop a flat- panel replacement for 
the CRT did not prevent RCA from capitalizing on the allure of “picture- on- the- wall” 
television. (“Built- In Entertainment,” Electronic Age 19, no. 2 [Spring 1960], 10. David 
Sarnoff Library Collection, courtesy of Hagley Museum and Library. Scan courtesy of 
Linda Hall Library of Science, Engineering & Technology.)
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RCA’s divisions were operating in the black.70 Even color television, 
which had hung like a $130 million millstone around RCA’s neck, had 
started generating seven- figure profits, large enough to convince 
longtime holdouts such as Zenith to set aside their resistance.71

Electronic computing continued to sap the company’s finances, 
but Burns asserted this was a natural result of relying on long- term 
rental income as opposed to the outright sale of data- processing 

Figure 2.2. At a 1961 press conference, RCA executive vice president W. Walter Watts 
(left) and president John Burns (right) presented several mock- up television sets that 
RCA predicted would be available to consumers in the 1970s, including these flat- 
screen models. (Courtesy of RCA.)
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equipment. “We are a major factor now in the computer business,” 
he declared. “Our program to cross over from investment to firm and 
mounting profits is on target.”72 Concerns over computing forced 
Sarnoff to intercede on Burns’s behalf at a 1961 shareholders meet-
ing. “Burns is not a revolutionist. His contribution to this company is 
not measured by figures,” the General explained. “He’s an efficiency 
expert of the first order. . . . I’m satisfied with him.”73

Yet such expressions of confidence masked Sarnoff’s unease about 
his second- in- command’s performance. Burns could claim several 
successes during his presidency, including the relocation of RCA’s 
consumer products operation to Indianapolis and the firm’s involve-
ment in prominent defense projects such as the Ballistic Missile Early 
Warning System (BMEWS) and TIROS (Television Infrared Observa-
tion Satellite)— the world’s first weather satellite.74 Nevertheless, his 
management style had provoked resistance throughout the corpo-
ration. Some opposition might have been expected at the Princeton 
labs, where Hillier warned against overemphasizing applications 
at the cost of long- term research.75 But frustration was also evident 
within the operating divisions that were the supposed beneficiaries of 
Burns’s strategy. Personnel at the Industrial Electronic Products (IEP) 
division in Camden, where the RCA 501 was developed, complained 
of sudden, unproductive policy changes and long- distance micro-
management. As George Brown, the head of IEP at the time, reflected 
in his autobiography, “Burns was a very affable person and would per-
haps have been a success if he had listened more and talked less.”76

Sarnoff might have overlooked these complaints if Burns’s ideas 
had generated higher earnings, but RCA’s data- processing projects 
increasingly seemed an expensive diversion from its core consumer 
electronics business. In an attempt to move past the RCA 501’s weak 
sales, Burns had authorized the production of two more transistor-
ized computer systems. The smaller RCA 301, intended for businesses 
with basic data- processing needs, enjoyed modest success, but as one 
IEP executive noted, the larger 601 model suffered from “severe tech-
nical problems, both in a functional and in a manufacturing sense, 
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and there were also severe financial problems, so much so that the 
company began to look for a way out of the program.”77

The 601’s problems left RCA with a serious blemish on its reputa-
tion and without a high- powered model to anchor its line of main-
frames. Burns again dismissed such setbacks, arguing, as he had for 
years, that the corporation’s future rested with three C’s: computers, 
controls, and communications.78 Unfortunately, this credo neglected 
what David Sarnoff considered the most important “C” of all: color 
television. After the chairman took Burns to task for this omission at 
a board meeting, George Brown informed his wife that the company’s 
president “would not be with us much longer.”79 The General could 
forgive many things, but forgetting color television was an unpardon-
able sin.

Whether Sarnoff was genuinely offended by Burns’s three C’s re-
mark, was disappointed in RCA’s lackluster entry into commercial 
computing, or was responding to complaints from the company’s 
divisions, Brown’s prediction soon came to pass. In November 1961, 
the board of directors stripped Burns of most operational responsi-
bilities. While he continued to manage NBC, supervision of the elec-
tronic data- processing, home instrument, and semiconductor divi-
sions passed to Elmer Engstrom. A month later, Burns announced 
his resignation “for personal reasons,” and Engstrom, who had been 
passed over in RCA’s presidential search five years earlier, was tapped 
to take his place.80

As they had with Burns, the press cited Engstrom’s combination of 
technical expertise and administrative ability as qualifications for the 
position, but many RCA personnel saw a crucial difference between 
the two men.81 To them Burns was an outsider whose top- down call to 
transform the corporation’s core business reflected a deep misunder-
standing of its R & D procedures. Engstrom, by contrast, started his 
career as an electrical engineer working on broadcasting equipment 
and remained on good terms with personnel in Princeton and Cam-
den as he climbed the corporate ladder.82

The replacement of the assertive, aggressive Burns with the 
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precise, professorial Engstrom signaled a partial reversion toward 
the company’s earlier adherence to the linear model. Electronic 
data processing would remain a priority, but Engstrom phased out 
the 501 and 601 product lines to focus on the smaller, more popular 
RCA 301.83 DSRC researchers meanwhile continued to consult with 
the operating divisions, but Hiller made it clear that such activi-
ties should not eclipse the laboratories’ fundamental research pro-
grams. As the research center’s 1962 annual report observed, “the 
increased diversification of product lines”— the hallmark of Burns’s 
 administration— “required that the search for innovation be directed 
increasingly to the building blocks of our products, the materials and 
active components, rather than to the products themselves.”84

Even as RCA sought to distance itself from Burns, his tenure con-
tinued to shape research activities in Princeton. The weight he placed 
on government contracts as an alternative source of revenue, for ex-
ample, persisted at the DSRC well after the influx of color television 
sales supplanted reliance on domestic patent royalties as a source 
of research funding. The growth of the research center’s computer 
group also continued unabated once Burns left. And although he con-
tinued to encourage partnerships with other divisions, James Hillier 
was more willing than Burns to sponsor speculative projects at the 
DSRC, particularly if that work might prove relevant to RCA’s con-
sumer electronics business.

That description certainly applied to mural TV research, which 
resumed at the DSRC shortly after Burns’s departure. Thanks to him, 
RCA scientists and engineers now had access to an assortment of new 
institutional and financial structures to support either conservative 
or radical approaches to flat- panel development. The success of these 
efforts would hinge on how well individual researchers could harness 
those resources in pursuit of a television that could hang on the wall.

PRACTICAL GUYS AND PHDs

The obvious venue for a mural TV revival was the DSRC’s Systems 
Research Laboratory (SRL), which had previously overseen the 
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development of RCA’s compatible color system. By the time Burns left 
in 1961, the SRL had grown bloated and unwieldy, with a staff of over 
one hundred researchers assigned not only to radio and television 
projects but also “the development of new systems involving elec-
tronic techniques” ranging from radar antennae to computer mem-
ories.85 This diverse portfolio might have appealed to a polymath like 
Rajchman, who transferred to the SRL in 1955, but Hillier viewed the 
lab’s large size and diffuse focus as problematic given TV’s centrality 
to the RCA brand.86 He therefore took it upon himself to streamline 
the SRL and restore its traditional emphasis on television.

In September 1961,  Hillier— acting with Burns’s  blessing—  
siphoned off a sizable portion of the SRL’s staff to establish a new 
Computer Research Laboratory (CRL), leaving the remaining scien-
tists and engineers to focus on “improving the quality and decreas-
ing the cost and size of RCA color television receivers.”87 Early on, the 
newly reduced SRL dedicated itself to the synthesis of new phosphors 
and electron beam deflection studies reminiscent of the conserva-
tive CRT work from a few years earlier, but that changed at the end 
of 1962. At that time, growing competition in the color TV market 
spurred SRL director Allen Barco to once again call on RCA research-
ers to “investigate and evolve successors to the present type of cath-
ode ray displays.”88 The goals of this SRL project were similar to RCA’s 
previous flat- panel programs, namely, the creation of “low cost, thin, 
flat, lightweight displays with high brightness, contrast, resolution, 
and speed.”89

Barco delegated responsibility for flat- panel display development 
to two SRL group leaders: Jay Brandinger and David Kleitman. Both 
had arrived recently in Princeton, and their technical backgrounds 
and managerial styles were quite different. Brandinger had spent 
eight years solving radio reception problems at an RCA research fa-
cility on Long Island before transferring to the DSRC in 1959.90 His 
display group reflected his strong practical bent and included several 
of the company’s most experienced television systems engineers. Ray 
Kell, for example, had spearheaded some of RCA’s earliest color TV 
experiments in the 1940s, while Dalton Pritchard was part of the team 
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that determined how to transmit a color signal within the bandwidth 
that the FCC allotted for black- and- white television.91

Where Brandinger, an engineer, treated the development of a flat 
display as a task best solved by established CRT experts, Kleitman, 
a solid- state physicist who joined RCA’s staff in 1957, latched on to 
Barco’s directive to investigate “basic phenomena and techniques that 
can be developed and used in the new displays.”92 He received permis-
sion to hire a cohort of newly minted PhDs to consider the problem 
from a wide range of disciplinary perspectives. One of those recruits, 
John van Raalte, arrived in Princeton in 1964 after earning degrees in 
electrical engineering and solid- state physics from MIT. He immedi-
ately noticed a difference between Kleitman and Brandinger’s teams:

I think the people that I call the “practical guys,” you know the Dalton 

Pritchards and Ray Kells, knew intuitively what to work on and had good 

ideas and drove toward success or whatever, and nobody really knew how to 

manage a bunch of young Ph.D.’s. . . . [Istvan] Gorog had done something 

on plasma physics. Mike Kaplan was an organic chemist. You know, at the 

time, [it was] not at all clear how he would fit into a display group.93

Brandinger and Kleitman’s research groups provided an apparent test 
case to determine which of the DSRC’s constituencies could better 
tackle the consumer electronics challenges of the 1960s. On one side 
were the “practical guys,” veteran researchers who often possessed 
limited formal education but a great deal of workbench experience; 
on the other were scientific specialists with advanced degrees but no 
familiarity incorporating their findings into commercial products. 
In the end, neither group succeeded in developing a market- ready 
flat- panel display, but watching how each approached the task re-
vealed two things. First, both groups treated the project as explor-
atory research whose near- total reliance on internal funding was 
reminiscent of previous building- block projects. Second, regardless 
of disciplinary background, SRL researchers demonstrated a com-
mon affinity toward conservative displays and clung to the same 
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fundamental addressing mechanism: a beam of particles sweeping 
across a screen.

Brandinger’s group believed that the key to RCA’s future flat- 
panel ventures could be found by looking at recent advances in pro-
jection technology, specifically a Swiss invention known as the Eido-
phor. At the heart of an Eidophor projector was a mirror covered with 
a thin layer of oil. Firing an electron beam at the mirror deposited 
charge on the oil, causing surface deformations. If a bright light 
shone on the mirror, the resulting reflection could be thrown on to a 
screen, with special optics transforming the distortion patterns into 
a moving television image. Early Eidophor systems could only gener-
ate monochrome images, but by 1958 GE had constructed a full- color 
projector.94

When combined with a powerful enough light source, the Eido-
phor could produce very large, very bright images, but the oil used in 
such systems tended to degrade over time, limiting its operational life 
span.95 Kell and Pritchard each sought to overcome this deficiency. 
Kell replaced the Eidophor’s oil- coated mirror with a deformable alu-
minum film, which he mounted on the front of a conventional CRT.96 
Pritchard’s setup eliminated the mirror altogether. Instead, he fired 
the electron beam at a crystal whose ability to rotate polarized light 
depended on the charge applied to its surface (fig. 2.3).97 Both of these 
systems proved capable of producing television images but only in 
monochrome. In addition, each relied on the image- forming targets, 
which were not amenable to mass fabrication.98

As Brandinger’s team concentrated on CRT- based projection sys-
tems, Kleitman’s group was, in Van Raalte’s words, “more focused 
on brand new technologies and finding out what they might have to 
offer for displays.”99 The most compelling of these new technologies 
was the laser. A DSRC quantum electronics group had examined the 
use of lasers in communication systems since 1960, but Kleitman 
encouraged further consideration of their display potential.100 The 
combination of solid- state physics, electrical engineering, and optics 
involved in laser construction also made them attractive to a team 
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of newly minted PhDs looking for a cutting- edge project. By 1965, 
the group had found several ways to modulate the wavelength, and 
consequently the color, of laser light. Such techniques hinted at the 
prospect of high- resolution “laser beam projection displays,” but be-
fore the team assembled a prototype, several members set aside TV 
research to explore holography.101

The decision to abandon laser projection represented an admis-
sion of its technical difficulty and the fundamental limits that particle 
beam scanning, whether it involved electrons or photons, imposed 
on display design. Given the risk of implosion as a CRT’s screen size 
increased, the closest either SRL group could come to mimicking its 
performance while adhering to a conservative addressing scheme 
was a projection system. Kleitman authorized a few tentative forays 
beyond the beam in search of a self- contained panel television that 
would “bridge the gap between vacuum and solid- state displays.”102 

Figure 2.3. Researchers in the DSRC’s System Research Laboratory believed CRT- based 
projection systems, such as this one developed by Dalton Pritchard, offered the most 
effective means of creating a flat- panel television display. (RCA Laboratories, Research 
Report 1965, 31. David Sarnoff Library Collection, courtesy of Hagley Museum and Li-
brary.)
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In spite of his claims that such “hybrid” technologies were an ongoing 
priority, the SRL’s flat- panel research ended in 1966, as did the labo-
ratory itself.

Before the end of that year, Hillier consolidated the SRL and parts 
of the DSRC’s Acoustical and Electromechanical Laboratory into a 
new Consumer Electronics Research Laboratory (CERL) in order to 
prevent a complete relapse into the building- block mind- set of the 
1950s. The CERL’s “responsibility for research that will generate new 
and/or improved electronic services for the consumer” emphasized 
improving existing TV systems over the creation of new displays.103 
Work continued on the CRT devices Brandinger nurtured to the 
prototype stage, but solid- state displays receded from the CERL’s 
research docket, leaving such work to be pursued not by television 
experts but the engineers associated with RCA’s Computer Research 
Laboratory.104

WHERE LIGHTNING STRUCK

The establishment of the Computer Research Lab coincided with 
the 1961 conclusion of DSRC involvement in Project Lightning. Af-
ter developing high- speed computing circuitry for five years, Rajch-
man and his CRL colleagues now had to formulate new projects that 
would both legitimize and benefit from their newly acquired insti-
tutional independence. One area ripe for potential involvement was 
the improvement of RCA computer  peripherals— input and output 
devices such as printers and card readers, which had previously been 
obtained from outside vendors as a cost- saving measure. The unreli-
ability of this equipment had contributed to customer dissatisfaction 
with the RCA 301 and 601 mainframes, so in 1962 the firm decided to 
finance an internal peripherals R & D program.105 The post- Lightning 
CRL would therefore expand its previous focus on memory systems 
and processors to include such diverse topics as optical character rec-
ognition, printer mechanisms, and display devices.106

Presumably, some of the CRL’s interest in displays could be traced 
back to Rajchman, who viewed the manpower and money that Burns 
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funneled into computer research as a means to resurrect his old mu-
ral television prototypes. This time around he was determined to 
avoid the mistakes that had doomed his earlier efforts, most notably 
the high power needed to activate the magnetic transfluxors behind 
each electroluminescent picture element. He therefore assigned the 
task of devising a more efficient form of addressing circuitry to an 
electrical engineer named Bernard Lechner. Lechner had joined RCA 
in June 1957 expecting to work on television systems. As he recalled, 
instead he was assigned to Project Lightning despite the fact that he 
“didn’t really know anything about digital circuitry or digital applica-
tions of magnetic devices.”107 Still, he retained an interest in displays, 
and after several years tinkering with logic circuits, he was excited to 
inherit Rajchman’s old project.108

Lechner began by conducting a literature review in RCA’s techni-
cal library. He soon discovered that during the DSRC’s flat- panel hi-
atus, several people had published articles suggesting that the power 
requirements of a matrix- addressed display could be sharply reduced 
by replacing magnetic cores with ferroelectric switches.109 Ferroelec-
tric materials’ behavior under an electric field was similar to ferro-
magnetic  materials— like iron and  nickel— under a magnetic field. 
In both cases, the substance formed field- aligned regions called “do-
mains,” whose polarity could be switched to correspond to a 1 or a 0 
in binary code. The main advantage of ferroelectric materials in this 
case was that their impedance (a measure of electrical resistance in 
AC circuits) was much closer to that of Rajchman’s electrolumines-
cent phosphors, theoretically offering a significant reduction in the 
energy needed to produce a bright picture.

On Rajchman’s recommendation, Lechner familiarized himself 
with the work of Ennio Fatuzzo, a researcher at RCA’s recently es-
tablished laboratory in Zurich.110 Fatuzzo had immersed himself in 
studies of ferroelectric switching with an eye toward creating what 
he termed a “FE- EL [ferroelectric- electroluminescent] Mural TV.”111 
Rajch man suspected Fatuzzo’s research might enable the construc-
tion of a display based on the “transcharger,” a ferroelectric analog to 
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the ferromagnetic transfluxor, capable of performing the same func-
tions at a much lower power.

The transcharger concept was not new. Rajchman had used the 
term in his mural television reports, and he and Briggs referred to it 
in a 1955 patent.112 Later, Catholic University professor Charles Pul-
vari independently confirmed the utility of such a device in “large 
screen display devices with storage properties.”113 Lechner knew 
that these largely theoretical musings were hardly sufficient to en-
able construction of a functional display. “This all makes  sense— a 
large flat  panel— only if you could integrate the structure so that 
you could mass produce it at a reasonable cost,” Lechner clarified in 
a 2009 interview. “So the question was how do you make a flat panel 
that would do that?”114 Transchargers offered one solution, but they 
came in a variety of configurations, and it was unclear which would 
work best in displays, much less how to produce the 1,200 needed to 
match the performance of Rajchman’s prototype. Nor was it possible, 
solely on the basis of Fatuzzo’s research, to know which ferroelectric 
compound possessed the right combination of electrical properties 
for matrix addressing.

Unlike the SRL scientists, who chose to rely on internal funding, 
Lechner decided the best way to answer these questions was to obtain 
external support. With Rajchman’s encouragement, he obtained a 
contract from Wright- Patterson Air Force Base to “develop simple 
and inexpensive solid- state control circuitry capable of meeting fu-
ture Air Force solid- state display needs.”115 Once the money was in 
place, Lechner assembled “the beginnings of the nucleus of what be-
came a group, although I didn’t have the title of group head.”116 There 
was no shortage of skilled engineers in the CRL, but most of RCA’s 
research on ferroelectric materials was being carried out in Zurich. 
Fortunately, Rajchman recognized this gap and recruited George Tay-
lor, an Australian who had just completed a dissertation on ferroelec-
tric computer memories at the University of London.

Taylor traveled to New York in the summer of 1962 and swiftly 
took on a central role in the CRL display project. His responsibilities 
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included not only determining the chemical composition of the tran-
schargers but also designing procedures to produce them in large 
numbers. By December 1962, he had decided to utilize ferroelectric 
ceramics rather than the crystalline materials from his thesis re-
search, writing in his notebook that the former “have the advantage 
that they can be made in relatively large sheets which are suited for 
the mass fabrication of transchargers required for the display sys-
tem.”117 Over the next year, Taylor studied “zillions of different vari-
ations in composition,” before settling on a niobium- doped, lead- 
based ceramic, which could be easily molded into uniform strips.118

Meanwhile, Lechner partnered with fellow CRL engineers Ana-
tole Samusenko and Juri Tults to assemble a series of increasingly so-
phisticated transcharger- driven displays. By the spring of 1965, they 
had built a seven- segment numeric indicator, two thirty- six- element 
“exercisers” (regular and high resolution), and a 120- element model 
capable of displaying moving images.119 These proofs of concept per-
suaded the air force to sponsor the completion of a 1,200- element 
display. Much like Rajchman’s prototype, it would consist of thirty 
rows, each containing forty picture elements. Rather than thread-
ing wires through hundreds of magnetic cores as Rajchman had in 
1955, Lechner’s team took advantage of evaporation techniques used 
in semiconductor manufacturing to deposit the metal electrodes for 
each transcharger directly on to Taylor’s ceramic strips. To further 
simplify assembly, their display disposed of individual electrolumi-
nescent cells in favor of a single pane of glass sprayed with a green 
phosphor coating. “So we had two clear steps towards integration that 
he [i.e., Rajchman] didn’t have,” Lechner explained. “First of all, the 
EL [electroluminescent] panel was fully  integrated— one piece. And 
secondly, the transchargers were integrated to the extent of having 
a half row at least on one piece of ceramic material rather than the 
individual cores with wire wound through them by hand.”120

“The complete system was first operated on June 28, 1966,” Juri 
Tults recorded in his lab notebook. “Static as well as moving images 
picked up by the TV camera were displayed on the display panel.”121 
The ten- inch diagonal FE- EL prototype was smaller than Rajchman’s 
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twenty- three- inch model, but the larger number of picture elements 
per inch resulted in higher- resolution images.122 The group reported 
that “the results have been surprisingly good considering the resolv-
ing power of the display is severely limited by only having 1200 ele-
ments. It was found, for example, that as many as 15 words could be 
read on the screen. Also features were sufficiently detailed to enable 
human faces to be identified” (fig. 2.4).123

Following demonstrations for RCA’s top managers, including Da-
vid Sarnoff, Lechner and Tults took an overnight train to Dayton to 
deliver their prototype to the US Air Force.124 They boasted in their 
final contract report that theirs was “the most advanced display of its 

Figure 2.4. Although smaller than Jan Rajchman’s mural television prototype, the 
Computer Research Laboratory’s ferroelectric- electroluminescent display had a no-
ticeably higher resolution, as seen in this photograph featuring project leader Bernard 
Lechner. (David Sarnoff Library Collection, courtesy of Hagley Museum and Library.)
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kind that has been built to date.”125 Of course there was still room for 
 improvement— the transchargers were at best an intermediate step 
toward fully integrated circuitry, and there was some variation in the 
brightness of picture  elements— but the CRL team promised their 
patrons that they could handle these difficulties. In the end, despite 
these assurances, the air force chose not to renew its contract, and 
without military funding the CRL display project drew to a close at 
the end of 1966. “Board displays several feet in size are practical for 
special applications through the FE- EL approach,” the DSRC’s annual 
report concluded, “but for smaller screens the system does not appear 
economical.”126

MOBILIZING RESOURCES IN CORPORATE LABORATORIES

“There is no element of material progress we know  today— in the bi-
ological and chemical fields, in atomics and electronics, in engineer-
ing and  physics— that will not seem, from the vantage point of 1980, 
a fumbling prelude.”127 When Sarnoff wrote those words in his 1955 
Fortune article, he had singled out electroluminescent displays as the 
embodiment of the “fabulous future” awaiting Americans in the next 
quarter century. Yet a decade later, the CRT still reigned supreme, and 
RCA was no closer to commercializing a flat- panel display based on 
electroluminescence or any other technology. Viewed in this light, 
Sarnoff ’s  phrase— “a fumbling prelude” seems an apt description for 
the period between 1955 and 1966, at least so far as mural television is 
concerned.

Such a characterization, however, does a disservice to the DSRC 
scientists and engineers, who demonstrated a remarkable capacity 
to adapt to a rapidly changing research environment. Until the late 
1950s, RCA’s technical staff had internalized the assumptions of the 
linear model. They presumed that investigations into fundamental 
physical phenomena, conducted with no clear commercial objective 
in mind, would generate new patentable technologies. The licensing 
revenue derived from those technologies would then be siphoned 
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back into the laboratories to support further research, which would 
result in more patents, and so on. The slow commercialization of 
color television and, more importantly, the Justice Department’s anti-
trust suit interrupted this virtuous cycle and jeopardized the corpora-
tion’s capacity for future innovation.

John Burns had participated in negotiations surrounding the 1958 
consent decree well aware of its implications for RCA’s research ac-
tivities. Controversial as the decision to enter the computing market 
may have been, it was rooted in the belief that the company should 
prioritize technologies that might replace its lost radio and television 
royalties. While he was overzealous in his insistence that the DSRC 
focus on short- term application development, there was perhaps a 
modicum of truth in Sarnoff ’s assertion that Burns was “not a revo-
lutionist.”

At the same time, the R & D infrastructure that Burns left behind 
bore striking differences from the building- block days of the 1950s. 
Although Hillier was more open to exploratory research than Burns, 
he refused to allow a complete reversion to the DSRC’s old country 
club mind- set. The laboratories would continue to collaborate with 
the operating divisions, particularly in the field of electronic data 
processing. Members of the technical staff could still carry out fun-
damental investigations, but they now knew it was in their interest to 
secure external funding to support that work.

Burns’s policies terminated the first wave of mural television re-
search at the DSRC, but they also, quite inadvertently, set the stage 
for a renewed attack on the problem after his departure. The relative 
success of the CRL team— whose prototype was the only flat- panel 
display developed during this period to be delivered to an external 
 client— can be attributed to its ability to mobilize those resources 
more effectively than their SRL counterparts. Capitalizing on the 
CRL’s newfound freedom, Lechner and his fellow engineers focused 
on a single project and obtained military funding to improve fab-
rication techniques and sustain fundamental investigations into 
ferro electric ceramics and electroluminescent phosphors. The SRL, 
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meanwhile, relied purely on internal funds and divided its energies 
among a variety of projection systems with only limited regard for 
the manufacturing difficulties involved.

Neither the SRL nor CRL succeeded in creating a commercially 
viable replacement for the cathode- ray tube, but the persistence 
of the mural television ideal testifies to the capacity of DSRC staff 
members to advance their own research agendas. Subverting the 
very structures Burns imposed to push RCA away from such specu-
lative projects, they laid a foundation for flat- panel display research 
in Princeton that would last until the early 1970s. It was, after all, be-
cause of his experiences in the CRL that Lechner first learned about 
a new push to develop displays using liquid crystals, a project that, as 
he put it, “turned out to be much more promising.”128



3 SCATTERED ORIGINS, 

1961– 1968

In December 1964, David Kleitman invited two staff members from 
RCA’s Systems Research Laboratory (SRL) to witness an experiment. 
Over the past year, chemist Lucian Barton and engineer Warren Moles 
had become affiliated with Kleitman’s flat- panel display group, revis-
iting Kazan and Nicoll’s work on photoconductivity and electrolumi-
nescence.1 Now they joined Kleitman and SRL leader Allen Barco to 
watch George Heilmeier, a relative newcomer to the David Sarnoff 
Research Center (DSRC), demonstrate the results of his investiga-
tions into an obscure class of materials known as liquid crystals.

The group watched as Heilmeier placed an orange mixture be-
tween two small glass slides, positioned the sandwich on a heated mi-
croscope stage, and shone polarized light through it. After connect-
ing the sample to a power supply, he steadily ramped up the voltage 
across the mixture, and, as Barton recorded in his laboratory note-
book, the material “changed color from orange to red in a quite uni-
form manner what really surprised me.”2 Kleitman and Barco, always 
on the lookout for new display technologies, were equally impressed, 
and, Barton wrote, “they want to consider liquid crystals as first pri-
ority problem to work out.”3

Shortly after that meeting, Heilmeier found himself on the re-
ceiving end of a summons. News of his color- changing crystals had 
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spread throughout the DSRC, eventually reaching the desk of Vlad-
imir Zworykin, the inventor whose iconoscope camera and kine-
scope picture tube had allowed RCA to enter the field of electronic 
television. Zworykin had retired from active duty a decade earlier but 
stayed on site in Princeton as a technical consultant and honorary vice 
president. Though he had left television research behind to focus on 
medical electronics, Heilmeier’s liquid crystals piqued his interest.4

Once again, the younger engineer presented his findings, noting 
that the mixture consisted of a “guest” dye dissolved in a liquid crystal 
“host” and that the solution’s color changed under an electric field. 
Zworykin then asked Heilmeier about the research leading to this dis-
covery.

I explained to him how I had stumbled on the guest- host color switching ef-

fect. I’ll never forget his reflective reply: “Stumbled perhaps, but to stumble, 

one must be moving.” We were moving. It was only the beginning.5

Indeed, Heilmeier’s successful demonstration of guest- host color 
switching persuaded Barco and Kleitman that liquid crystals merited 
further examination and led in short order to the formation of a re-
search team dedicated to evaluating their technological potential.

Some members of this group would later frame the guest- host 
effect as the starting point for LCD development at RCA, but accept-
ing this claim is problematic for two reasons.6 The first relates to 
Zworykin’s inquiry into the origins of Heilmeier’s interest in liquid 
crystals. Contrary to his modest reply, the observation of electronic 
color switching did not result from haphazard stumbling but rather 
a series of methodical decisions that Heilmeier made in consultation 
with chemists and technicians. One of those researchers, a physical 
chemist named Richard Williams, had even filed a patent outlining 
how liquid crystals’ unique electro- optic properties might be utilized 
in displays.7

More significantly, despite serving as the catalyst for RCA’s liq-
uid crystal program, within six months Heilmeier’s team had turned 
their attention from guest- host displays to another electro- optic 
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phenomenon. This new effect enabled certain transparent liquid crys-
tals to take on a milky- white appearance when subjected to an electric 
field without the addition of dyes or reliance on polarized light. It was 
this “dynamic scattering” mode, not electronic color switching, that 
enabled the construction of the first practical LCDs.

Understanding how liquid crystals were transformed from a sci-
entific curiosity into the basis for a new form of display requires us to 
reconstruct the investigative pathways that led Heilmeier first to the 
guest- host effect and later to dynamic scattering. It also necessitates 
consideration of the process through which he organized the team 
that incorporated dynamic scattering into functional prototypes in 
contrast to Williams, who had proposed a similar idea before setting 
it aside because of a perceived lack of support. Ultimately, the diver-
gent outcomes of Williams’s and Heilmeier’s LCD projects depended 
on their conceptions of the industrial research enterprise and each 
man’s ability to recruit allies from within RCA’s management and 
among different laboratories at the DSRC.

LOOKING FOR SOME OF THE ACTION

Three years before his conversation with Zworykin, George Heilmeier 
had been a PhD candidate in search of a dissertation, completely un-
aware of the liquid crystals that would one day cement his reputation. 
The only child of a working- class family living in the Mayfair section 
of Philadelphia, Heilmeier had received a scholarship from the Uni-
versity of Pennsylvania and earned a bachelor’s degree in electrical 
engineering in 1958.8 Following graduation, he joined the technical 
staff at the DSRC and took advantage of RCA’s advanced study pro-
gram to pursue a doctorate from Princeton. By the spring of 1961, he 
had completed a master’s thesis on solid- state microwave amplifiers, 
but he found the thought of expanding this topic into a dissertation 
unappealing.9 “The competition for new ideas was getting tougher,” 
he explained, “and, having had a taste of exciting research, I wasn’t 
particularly interested in slugging it out on a mundane problem 
simply to get my degree.”10
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As a result, Heilmeier omitted microwave devices from a list of 
possible dissertation topics that he stapled in the front of his labora-
tory notebook.11 The majority of these ideas revolved around semi-
conductors such as germanium and silicon, but after consulting with 
his faculty advisor and RCA mentors, he “left the relatively safe world 
of inorganic materials behind” to study  phthalocyanine— an organic 
substance best known for its use as a blue pigment.12 Half a century 
later, carbon- based compounds like phthalocyanine would become 
essential to a variety of high- tech applications, ranging from low- 
cost solar panels to energy- efficient displays based on OLEDs (organic 
light- emitting diodes), but in the 1960s their electrical properties 
were not well understood.13

One of the few people at RCA interested in solving this mys-
tery was Sol Harrison, a physicist who carpooled with Heilmeier to 
Princeton. Harrison firmly believed that organic materials would 
become valuable additions to the circuit designer’s tool kit, and he 
soon persuaded the younger engineer to join his research group in 
the DSRC’s Electronic Research Laboratory (ERL).14 One year later, 
Heilmeier submitted a PhD thesis on phthalocyanine in which he 
predicted that one day organic semiconductors would offer manufac-
turers “more flexible and cheaper materials, lower requirements for 
purity and simpler fabrication.”15

Harrison and Heilmeier’s organic semiconductor experiments 
were part of an industry- wide push to miniaturize electronic circuitry 
that was being driven by military demands for lighter, more reliable 
equipment.16 RCA’s first step in this direction was the micromodule, a 
self- contained array of uniformly shaped components that were lay-
ered on ceramic wafers and encased in a cube of epoxy resin. DSRC 
researchers also considered other approaches, including integrated 
semiconductor circuits and thin- film, cadmium sulfide transistors 
deposited on glass, which had been developed by RCA physicist Paul  
Weimer.17 Compared with these alternatives, Harrison’s research, 
which aimed to eliminate the need for individual circuit components 
by tailoring materials’ chemical structures to perform complex elec-
trical functions, was only in its beginning stages. Nonetheless, this 
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“molecular electronics” program attracted attention from the US Air 
Force, which awarded his group a contract “to explore the possible 
uses of organic materials in solid- state devices.”18

The air force assigned Harrison’s group several molecular elec-
tronics projects, and Heilmeier found two especially compelling: 
organic thin- film transistors (as opposed to Weimer’s inorganic de-
vices) and electro- optic light modulators.19 He divided his attention 
between both topics until the second half of 1963, when he postponed 
his transistor research to focus on light modulation.20 He admitted 
later that this decision was equal parts technical and personal. “The 
laser had emerged on the scene at about this time and was command-
ing most of the attention at the Laboratory. I wanted some of the ac-
tion.”21

DSRC researchers had long recognized the laser’s value in com-
munication systems, particularly if high- speed modulators could 
be developed to enable the use of optical or infrared light to trans-
mit information.22 Unfortunately, most  modulators— crystals whose 
refractive index changed when subjected to an electric  field— were 
difficult to synthesize or suffered from prohibitive power require-
ments.23 Inspired by his research into organic compounds such as 
phthalocyanine, which were simpler to grow and manipulate, Heil-
meier “began asking the question . . . whether there were any molec-
ular crystals that might make good optical modulators.”24

He decided to concentrate on hexamine, a material whose crys-
talline structure was similar to existing modulators.25 By November 
1963, he had confirmed that hexamine’s refractive index could be al-
tered electronically and derived a mathematical relationship between 
the optical properties of a hexamine crystal and the behavior of elec-
trons in its component molecules.26 At the same time, he concluded 
that hexamine modulators would be infeasible because large ingots of 
the material were soft and tended to fracture easily.27

Rather than abandon hexamine entirely, Heilmeier proposed 
creating a new kind of modulator. If hexamine’s bulk properties re-
flected those of its individual molecules, he reasoned, then it should 
be possible to mimic the properties of a large crystal by embedding 
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a batch of “guest” hexamine molecules in a clear plastic “host.” This 
“noncrystalline” modulator would theoretically possess identical 
properties to a sample of pure hexamine without any of the handling 
issues associated with comparably sized single crystals.28

Throughout early 1964, Heilmeier struggled to transform this 
concept into a functioning prototype, but hexamine’s softness and 
solubility in water made it tricky to encapsulate.29 When the desired 
electro- optic effect failed to manifest in any of his test samples, he 
decided to forsake solid modulators altogether. Realizing that liquid 
solutions could affect polarized light in a similar fashion to crystal-
line solids, in June he sketched out a new type of modulator with an 
unnamed solute mixed into a highly polar solvent (fig. 3.1).30 Before 
an electric field was applied, the solute molecules were randomly 
distributed among the elongated polar molecules of the solvent. The 
lack of internal organization meant that light would pass through the 
solution unaffected. When subjected to an external voltage, the sol-
vent molecules would align themselves in rows parallel to the result-
ing field. “Now the solute molecules find themselves in the high field 
created by the solvent,” Heilmeier concluded, suggesting that these 
conditions would alter the absorption spectrum of the solute because 

Figure 3.1. In this June 1964 notebook sketch, George Heilmeier imagined how a dye 
dissolved in a polar solvent might electronically modulate the passage of laser light. 
(Heilmeier, Notebook 24160, 72. David Sarnoff Library Collection, courtesy of Hagley 
Museum and Library.)
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of a localized Stark  effect— the shifting and splitting of spectral lines 
under an electric field.31

While Heilmeier initially had a “host” solvent in mind for these 
new liquid laser modulation  experiments—  nitrobenzene— he did 
not specify what material would serve as his solute. A typed research 
proposal dated July 27, 1964, referred only to a “guest dye.” In this 
document, Heilmeier also hinted for the first time at a possible dis-
play application for this research:

The absorption spectrum (or color) of a dye in solution varies widely de-

pending on the solvent. This effect can in some cases be attributed to the 

influence of the local high fields of the solvent molecules on the solute dye. 

We are interested in investigating the possibility of producing such effects 

by use of an external electric field. This would enable one to produce color 

changes that would be a function of an electrical signal. . . . Such a system 

would be useful for light modulation and displays.32

In the end, Heilmeier decided against the use of nitrobenzene as his 
solvent when his calculations indicated that in “the smaller external 
fields which are practical to apply” the resulting molecular realign-
ment would not induce a spectral shift.33 Luckily, while seeking an 
alternative solvent better suited to the task, he came across a pair of 
articles published the previous year by another DSRC researcher. His 
name was Richard Williams.

FROM LIGHT VALVES TO LIQUID CRYSTALS

The path that led Richard Williams to Princeton was hardly straight-
forward. After obtaining a doctorate in physical chemistry from 
Harvard in 1954, he received a job offer from Eastman Kodak, but 
before he could accept the position, fate— in the form of the US 
 military— intervened. Despite having served in the navy at the end of 
World War II, the army drafted Williams and sent him to basic train-
ing at Fort Knox. Soon thereafter, he was reassigned to a chemical 
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research facility in Edgewood, Maryland. Presumably, he noted in an 
oral history interview, the move resulted from his superiors’ realiza-
tion that “I had a Ph.D., which gave me a little bit more résumé than 
the usual hillbilly from Kentucky with whom I had been spending a 
couple of months.”34

Just as Williams’s degree facilitated his transition from boot camp 
to the laboratory, his academic connections helped him secure em-
ployment at the conclusion of his military service in 1955. His disser-
tation  advisor— and future presidential science  advisor— George Kis-
tiakowsky, needed a new instructor to supervise Harvard’s physical 
chemistry laboratory, a post that offered opportunities for indepen-
dent research and that might serve as a springboard to a faculty ap-
pointment. Williams took the job, but after three years he concluded 
that a professorship was not in the cards. Instead, his gaze turned 
to industry, and in the summer of 1958, he became a member of the 
DSRC’s technical staff.35

Upon arrival at RCA, Williams joined a materials science group 
responsible for the analysis of phosphors and photoconductors. 
Along with photoconductivity specialist Richard Bube, he launched 
a long- term project to determine the electrochemical properties of 
cadmium sulfide.36 This research led to a solo study of the effects of 
strong electric fields on the absorption spectra of crystals. “I did some 
experiments. Some with cadmium sulfide and with some other mate-
rials. Lead iodide was one of them,” he explained. “Colored materials, 
where if you had the right wavelength of light and you applied a volt-
age to it, you could shut off the light absorption near the absorption 
edge. It would shift the absorption edge so, in effect, it went black.”37

Even as the DSRC pivoted away from fundamental research fol-
lowing the 1958 consent decree, Williams was able to continue his 
light modulation experiments.38 He had no consumer application in 
mind for this work, although he briefly speculated on the possibil-
ity of incorporating a high- speed light shutter into pilots’ goggles to 
protect their eyes from the flash of an atomic bomb.39 Still, the DSRC 
was America’s leading television research facility, so perhaps it was 
inevitable that by early 1962 Williams started wondering about “slow 
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light valves” that operated at frequencies compatible with RCA’s color 
broadcasting standard rather than the high- frequency switching in-
duced in lead iodide.40

Williams’s notebooks contain no references to RCA’s previous mu-
ral television projects, but as he later commented, “everybody knew 
that if you had a flat display that would be a good thing. . . . It was so 
obvious I would think it wasn’t even discussed.”41 Early on, however, 
he did not envision building anything as complicated as a TV display. 
Without integrated circuits, he noted, “you could conceive of making 
a pattern of those [light valves], and that was easy. And beyond that, it 
was hard to think very hard [or] think very much about it.”42

Williams’s ruminations on the possibility of creating a slow light 
valve eventually led him to consider the electro- optic properties of 
liquid crystals. These materials had been an object of scientific study 
since the late nineteenth century, when Austrian botanist Friedrich 
Reinitzer discovered a compound (cholesteryl benzoate) that did 
not undergo a simple transition from solid to liquid upon heating. 
Instead the material possessed two distinct melting points. At the 
first (146°C), it changed from a solid into a cloudy liquid, and at the 
second (179°C) it became transparent. Reinitzer forwarded this infor-
mation to Otto Lehmann, a physical chemist who determined that 
in its cloudy intermediate  state— later referred to as the “mesomor-
phic state” or “mesophase”— the compound retained its fluidity but 
refracted light like a solid crystal, indicating a degree of internal or-
ganization greater than most liquids. Lehmann described these sub-
stances as Fliessende Krystalle (flowing crystals), and within twenty 
years of Reinitzer’s initial observation, European scientists reported 
over two hundred compounds with similar properties.43

The growing number of mesomorphic materials prompted 
French crystallographer Georges Friedel to propose a classification 
scheme based on their molecular orientation.44 Most liquid crystals 
possessed elongated, cigar- shaped molecules. If these cigars were 
lined up with their long axes parallel to one another and packed 
into tight layers, the compound took on a thick viscous appearance, 
leading Friedel to refer to them as smectic, a Greek word meaning 
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“soap- like.” If the molecules could slide past each other while keeping 
their long axes parallel, like matches in a box, they were called nem-
atic, another Greek term, referring to their “threadlike” texture when 
viewed between crossed polarizers. The third group of crystals traced 
its name to the cholesterol esters in which they were first observed. 
These “cholesteric” compounds had molecules arranged in layers 
like a nematic crystal, which were then stacked on top of each other 
in a helical pattern that scattered light from its surface. Changes in 
temperature could change the dimensions of this spiral, altering its 
absorption properties and, consequently, its color (fig. 3.2). Heating 
any of these materials beyond a certain point caused their molecules  

Figure 3.2. Scientists classify liquid crystals into three categories based on their molec-
ular organization. The majority of LCD work at RCA involved nematic liquid crystals. 
(G. H. Heilmeier, “Liquid crystals: the first electronic method for controlling the reflec-
tion of light,” RCA Engineer 15, no. 1 [June– July 1969]: 15. David Sarnoff Library Collec-
tion, courtesy of Hagley Museum and Library. Scan courtesy of Linda Hall Library of 
Science, Engineering & Technology.)
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to become increasingly disorganized, so they behaved like an ordi-
nary (or isotropic) liquid.45

By 1962, the novelty of discovery had dwindled for liquid crystals. 
Once the research province of such luminaries as Max Born, Louis de 
Broglie, and J. D. Bernal, they now merited only a cursory mention 
in physical chemistry textbooks.46 With the exception of a handful of 
color- changing temperature sensors using cholesteric  crystals— an 
idea pioneered by Westinghouse physicist James Fergason and later 
popularized through the mood ring fad of the 1970s— industrial ap-
plications were almost nonexistent.47 Williams had learned about liq-
uid crystals in graduate school, but he had never worked with them in 
a laboratory setting. Nevertheless, after surveying the literature on 
them in the DSRC technical library, he felt confident enough to pro-
ceed with his experiments. “I was quite aware of the general nature 
of them, and some of them were commercially available in catalogs 
of organic compounds. And so that seemed like a possibility,” he re-
called. “So that’s where I started.”48

ENTERING A NEW DOMAIN

The apparatus that Williams assembled for his April 1962 exploration 
of “low frequency light modulation using liquid crystals” resembled 
his earlier lead iodide experiments.49 In both instances, he placed a 
crystal sample between two glass plates whose inner faces were lined 
with a transparent conductive coating that allowed him to control the 
electric field applied to the sample. Both times, he placed the cell on a 
microscope stage that was illuminated from below in order to observe 
any changes in light transmission. The main difference in this new 
setup was the inclusion of a heating element to keep the liquid crys-
tals’ temperature between its two melting points. In the case of para- 
azoxyanisole (PAA), the readily available mesomorphic compound 
that was the subject of his first trials, this meant warming the sample 
to anywhere from 116°C and 134°C.

Once the sample was properly heated, Williams connected it to a 
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power supply and switched on the voltage. At first nothing happened. 
Light passed through the cell unimpeded, even as he increased the 
strength of the field. Suddenly, when the field’s magnitude reached 
1,000 V/cm, Williams observed a curious “crinkling effect” as long 
parallel regions appeared in the previously transparent liquid crys-
tals. Raising the field further, to 10,000 V/cm, caused these regions to 
disappear as a “vigorous turbulence” spread throughout the sample. 
Once the field was turned off, the PAA reverted to its settled state.50

Williams repeated the experiment several times, applying both 
AC and DC voltages and viewing the sample with polarized  light— a 
common technique used to reveal otherwise invisible structural 
details of crystalline materials. In every case, he saw that at a fixed 
threshold voltage “a stable pattern is formed which becomes turbu-
lent as the voltage increases.”51 This pattern, which Williams referred 
to as a “domain structure,” also decreased the amount of light passing 
through the sample. “You could just see that without any instrumen-
tation,” he remembered. “You apply the voltage, and the liquid begins 
to look cloudier than it did. And that’s because the light- scattering 
properties are changed. Quite significantly, so it’s obvious. It doesn’t 
take hours of staring in a dark room or anything to see it. It was easy” 
(fig. 3.3).52

Williams wasted little time replicating this experiment for other 
members of his research group, including his supervisor, Simon 
Larach. Larach, “who was very interested in forwarding the concept,” 
urged him to prioritize his liquid crystal research and compose a pat-
ent disclosure based on his findings.53 Over the coming months, Wil-
liams followed Larach’s advice, conducting detailed studies of PAA 
switching at different temperatures and observing the formation of 
 domains— later named “Williams domains” in his  honor— in other 
liquid crystals.54

In November 1962, he also submitted a patent for “an improved 
electro- optical element” utilizing nematic compounds.55 Williams 
was not the first person to suggest a display device based on liquid 
crystals. That honor belonged to a pair of British employees at the 
Marconi Wireless Telegraph Company who in 1934 described how 
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mesomorphic materials could serve as a shutter in electromechan-
ical television or facsimile systems.56 Their proposal was similar to 
Williams’s original concept of a low- frequency light valve, but now 
he imagined a more ambitious setup. Referring directly to Jan Rajch-
man’s flat- panel prototype, he alluded to the possibility of construct-
ing a mural TV that displayed images on an array of liquid crystal 
cells. While “a photograph or picture can be displayed on a device of 
this type,” Williams pointed out, the switching speeds of his liquid 
crystal samples were also “compatible with present television stan-
dards.”57

Considering these optimistic claims, one might expect Williams 
to have led the charge to build prototype liquid crystal displays, but 
his laboratory notebooks suggest the opposite. After filing his patent, 

Figure 3.3. Richard Williams took this photograph of the domain structure of p- 
azoxyanisole (PAA) on April 13, 1962, three days after his first liquid crystal exper-
iments. He placed the sample between crossed polarizers and viewed it through a 
microscope under 90× magnification. (Williams, Notebook 15811, 78. David Sarnoff 
Library Collection, courtesy of Hagley Museum and Library.)
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he concluded that the wonderful applications it described would 
not be forthcoming anytime soon because of the absence of room- 
temperature mesomorphic compounds. In addition, Williams found 
“it was hard to get people interested in the device end because the typ-
ical electrical engineer who was working had never heard of liquid 
crystals. This is a nutty thing.”58

While the obscurity and physical constraints associated with liq-
uid crystals hampered efforts to build displays based on Williams’s 
discoveries, so too did the absence of a strong advocate for the new 
technology. For his part, Williams viewed his work on liquid crystals 
as one project among many and balanced attempts to decipher the 
mechanism of domain formation alongside electro- optic investiga-
tions of solid, inorganic crystals such as cadmium sulfide and sodium 
chloride.59 He was also willing to leave the task of display construc-
tion to others, most notably Simon Larach, who built a demonstra-
tion model with physicist Ross Shrader in May 1962 using Williams’s 
“optical- field- effect.”60 The device resembled Williams’s original liq-
uid crystal cell except the two plates were each lined with four strips 
of conductive coating, which he arranged at right angles to form a 
grid. Once the sample was heated, Larach could cause domains to 
form at any given intersection by applying voltage to the correspond-
ing set of electrodes. This “x- y array” echoed the display concept out-
lined in Williams’s patent, which is not surprising because the chem-
ist would have consulted with Larach while formulating his ideas.61

In any case, this work led  Larach— not  Williams— to become the 
most prominent early spokesman for LCD development within RCA. 
He and Shrader showed off their new prototype to DSRC head James 
Hillier as well as other researchers with an interest in new display 
technologies, including SRL personnel such as Allen Barco and David 
Kleitman and Computer Research Laboratory (CRL) head and flat- 
panel proponent Jan Rajchman. Williams was often in attendance, 
but he preferred to let others do the talking. He proved so effective 
at fading into the background during these demonstrations that CRL 
engineer Bernard Lechner later admitted “I had no idea at the time 
that Dick Williams was involved at all.”62
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Larach’s enthusiasm, however, could only take Williams’s ideas so 
far. His responsibilities as group head left him ill suited to carry the 
liquid crystal project forward. Nor would he compel Williams to re-
turn to the subject after the latter decided to participate in a military- 
sponsored study of ionic solids under high electric fields.63 Williams 
published two articles on domain formation in July 1963, but a month 
later he departed for a nine- month assignment at RCA’s Zurich labo-
ratory, leaving any discussions of liquid crystal displays to fade on the 
other side of the Atlantic until George Heilmeier came along.64

PLEOCHROIC POSSIBILITIES

Heilmeier had met Williams soon after arriving in Princeton, and 
their shared interest in electro- optic materials provoked frequent 
conversations. “We talked all the time,” Williams recalled. “We often 
had lunch together, saw each other, walked into the other’s lab, and 
so on.”65 Heilmeier, in turn, referred to Williams as “one of the finest 
physical chemists I have ever met. He just had a wonderful physical 
feel for things.”66 In multiple journal articles, Heilmeier also thanked 
Williams for their “helpful discussions.”67

There is little documentary evidence showing how these inter-
actions with Williams influenced Heilmeier’s laser modulation ex-
periments. The two men collaborated on a study of the ferroelectric 
properties of liquid crystals, but their laboratory notebooks contain 
no references to any discussion of Heilmeier’s July 1964 proposal “to 
investigate the spectra of dyes in a liquid crystal medium.”68 How-
ever, in a 1998 oral history, Heilmeier acknowledged the importance 
of Williams’s domain experiments to his thinking. As it became 
clear hexamine would not serve as an effective light modulator, he 
explained, “I looked at what Dick Williams was doing and I thought 
about the following: I thought, suppose I could use an electric field to 
align a liquid crystal? Which was what Dick was doing.”69

Though Heilmeier probably made the move from polar solvents 
to liquid crystals independently, he did not do so alone. Unlike Wil-
liams, who conducted his PAA experiments by himself, Heilmeier’s 
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liquid crystal work depended, even at this early stage, on the contri-
butions of numerous individuals. The most noteworthy of these was 
Louis Zanoni, a naval veteran from Trenton who graduated with hon-
ors from RCA’s technical school before starting at the DSRC in 1957. 
Zanoni established himself as a skilled technician with a particular 
aptitude for requisitioning materials and equipment. “I was not a 
cleanup guy. I was a technician, and I had lots of contact with all of 
the services of the laboratory,” he explained. “I could go to any shop, 
any place, [and] ask them for something. They would help me, pro-
vide anything I needed.”70

Zanoni had impressed Heilmeier with his “extremely capable 
technical assistance” during the hexamine project, and the two 
formed a close partnership that lasted for the remainder of the de-
cade.71 Two months after Heilmeier expressed interest in studying 
dyes dissolved in liquid crystals, he and Zanoni commenced their 
project by reproducing Williams’s PAA experiments. After confirm-
ing the existence of domains, they mixed various dyes into the liquid 
crystal and repeated the procedure. If Heilmeier’s predictions were 
correct, the field- aligned liquid crystal molecules would induce a 
change in the dye’s absorption spectrum, leading to a color shift. Al-
ternatively, the domain pattern could be used to physically manipu-
late a pleochroic dye, whose color depended on its molecular orienta-
tion with respect to polarized light.72

Results during the first two weeks proved frustratingly inconclu-
sive. Heilmeier worried that the interior surfaces of the glass plates 
had affected the initial orientation of the liquid crystal molecules. 
He also questioned the selection of PAA for these experiments, since 
its yellow color could mask a possible color change.73 To resolve the 
first issue, Heilmeier and Zanoni created a thorough cleaning regi-
men for their glass substrates: washing slides in strong acids, rinsing 
them with distilled water, and rubbing them dry in a single direction 
to ensure uniform molecular alignment.74 For improved materials, 
Heilmeier approached Joel Goldmacher. Goldmacher was the first or-
ganic chemist to join the staff of the DSRC, having been hired in 1963 
to support Sol Harrison’s molecular electronics initiative.75 He had 
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synthesized hexamine crystals for Heilmeier’s earlier experiments 
and later supplied the engineer with the names of PAA- soluble dyes. 
Now he partnered with Zanoni to synthesize and test new samples of 
purified liquid crystals. Heilmeier also received assistance from Dan-
iel Ross, another chemist with an interest in optical modulators who 
offered him additional dyes for evaluation.76

The demonstration of Heilmeier’s predicted optical effect in late 
October 1964 was therefore a collaborative enterprise. The experi-
ment revolved around a dye (supplied by Ross) dissolved in a liquid 
crystal (courtesy of Goldmacher) and secured between two transpar-
ent electrodes (prepared by Zanoni). In place of the yellowish PAA, 
Heilmeier substituted a colorless nematic compound called MOCA 
(short for trans- p- methoxycinnamic acid), which turned pinkish red 
when combined with Ross’ dye. He and Zanoni then fabricated a cell, 
placed it on a heated microscope stage, and viewed it with polarized 
light. The procedure was nearly identical to Williams’s, but the out-
comes differed greatly. As Heilmeier recorded in his notebook, when 
50 volts was applied to the sample, “the region in the field became 
almost colorless and returned to red when the field was removed.”77

These results confirmed that it was possible to alter the absorp-
tion spectrum of “guest” dyes dissolved in a liquid crystal “host.” Ad-
ditional testing revealed that the effect was not limited to MOCA but 
to a variety of dyes and liquid crystals that were better able to with-
stand long- term exposure to high temperatures. Heilmeier remained 
somewhat uncertain whether the color shift was caused by electric 
fields acting on the dye molecules, as he originally imagined, or their 
physical reorientation relative to polarized light. Further experi-
ments would lead him to endorse the latter explanation in the spring 
of 1965, but long before then, the engineer had started to consider 
commercial uses for liquid crystals.78

Immediately after recording the results of his first MOCA exper-
iment, Heilmeier compiled a list of applications for the guest- host 
effect with an eye toward a future patent disclosure. Some of these, 
like “an electrically controlled light shutter for photographic appli-
cations or laser Q switching” could be traced to his earlier interest in 
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electro- optic modulators. Others, such as a spectrophotometer to an-
alyze pleochroic dyes, would only be of interest to industrial chem-
ists. But for Heilmeier, the most enticing use for his color switching 
liquid crystals was in display panels. “Since large area, flat panels can 
be fabricated & driven by low voltages,” he wrote, “this device should 
find application in displays where such properties are desireable.”79

Where Williams’s patent had presented liquid crystal televi-
sions as a long- term prospect at best, Heilmeier was confident that 
the guest- host effect had brought them within arm’s reach. He and 
Zanoni were already able to produce simple images, like RCA’s circu-
lar logo— nicknamed “the meatball”— by etching patterns into their 
slides’ conductive coatings (fig. 3.4).80 In Heilmeier’s mind, the leap 
to moving pictures was only a matter of time and resources, and he 
was confident he could obtain both. “It was Fall 1964,” he would later 

Figure 3.4. Through selective application of conductive coatings, George Heilmeier and 
Louis Zanoni used guest- host color switching to generate simple patterns such as the 
RCA “meatball.” (Zanoni, Notebook 16971, 93. David Sarnoff Library Collection, cour-
tesy of Hagley Museum and Library.)
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reminisce. “The wall- sized flat panel color TV was just around the 
 corner— all that you had to do was ask us!”81

MOVING TO THE REFLECTIVE MODE

For all of his newfound fascination with flat- panel displays, Heil-
meier’s guest- host investigations had been carried out under the 
auspices of RCA’s quantum electronics group. His supervisor, Henry 
Lewis, supported this research and arranged demonstrations of elec-
tronic color switching for ERL director William Webster and other 
high- ranking DSRC staff.82 But the more Heilmeier’s interests drifted 
from laser modulation to display systems, the less relevant they 
seemed to the ERL’s stated focus on “integrated electronics, semicon-
ductor devices, energy conversion, and quantum electronics (lasers 
and masers).”83 If Heilmeier wished to create liquid crystal televi-
sions, he would need assistance from the SRL, which was officially 
responsible for developing new display devices.

Eventually he found an ally in David Kleitman. More than any 
other SRL group leader, Kleitman had demonstrated an openness to 
harnessing new electro- optic phenomena for use in electronic dis-
plays. Though his personal eccentricities, such as tinkering with a 
collection of old cars on his front lawn, led some at the DSRC to refer 
to him as “Mad Man” Kleitman, the members of his team, like engi-
neer John van Raalte, respected his management style.84 “We didn’t 
have a whole lot of philosophical discussions,” Van Raalte observed, 
“but he had a broad interest in technology, and I think at the time he 
was willing to let people search for themselves and pursue thoughts, 
ideas, [and] interesting avenues.”85

It was in all likelihood this receptiveness to new concepts that 
prompted Heilmeier to cross organizational lines and approach Kleit-
man about the possibility of a joint ERL/SRL project to consider pos-
sible display applications of liquid crystals. Kleitman responded by 
arranging for Lucian Barton and Warren Moles to watch Heilmeier 
demonstrate the guest- host effect and assist with the characteri-
zation of new mesomorphic compounds. Barton would consider 



96 Chapter Three

strategies to broaden the temperature range in which these materials 
existed in the nematic phase, while Moles examined their switching 
properties.86 Heilmeier consulted with both men while continuing 
his electro- optical studies, but formal coordination between ERL 
and SRL was limited to occasional meetings in Kleitman’s office. At 
times, this lack of organization could be disheartening. “Needed at 
this time— discussion of the various aspects of the problem,” War-
ren Moles wrote in a March 1965 notebook entry. “It may be that we 
should get together the various people concerned with the project 
and attempt to define more clearly what we are after and how we will 
get there.”87

The transition from a loose agglomeration of researchers to a 
DSRC- sanctioned liquid crystal group with well- established objec-
tives coincided with Heilmeier’s growing recognition of the guest- 
host effect’s shortcomings. With the benefit of hindsight, its flaws 
were obvious:

The dyes and their liquid crystal hosts were not stable over long periods of 

time in applied fields, the effect was sensitive to surface orientation effects, 

it required polarized light, it was viewed in transmission, it required heating 

to maintain the host in its nematic phase, uniformity was a problem, and  

so on.88

Until the end of 1964, Heilmeier had been confident that new mate-
rials and savvy engineering could overcome these obstacles. As be-
fore, he relied on Joel Goldmacher for the former and Louis Zanoni 
for the latter, but the guest- host effect’s problems appeared intract-
able. In the first quarter of 1965, Goldmacher synthesized more than 
half a dozen new liquid crystal compounds. None of them offered a 
comprehensive solution to the litany of issues confronting electronic 
color switching, but in late February, one of them spurred Heilmeier 
to revisit a phenomenon Williams had observed three years earlier.89

The material in question was called DHOBABB.90 Like the PAA 
that Williams and Heilmeier used in their earliest liquid crystal ex-
periments, it was a pale yellow compound that formed domains when 
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subjected to an electric field. If the field was increased by another 
order of magnitude to ~20,000 V/cm, the sample underwent what 
Heilmeier described as either “bubbling” or “stirring.”91 There was a 
precedent for such turbulence. Heilmeier had observed it in other liq-
uid crystals, and Williams’s journal articles described how a “gentle 
stirring” in his PAA samples had evolved into a “vigorous agitation” 
as he increased the applied field.92 What captured Heilmeier’s atten-
tion in this instance was a noticeable increase in DHOBABB’s contrast 
once the turbulence appeared. “The contrast ratio for field on & off 
in reflected light (no polarizers) was 6.3:1,” he wrote, indicating on 
the next page of his notebook that “a standard TV monitor in our TV 
studio yielded a contrast ratio which was only 4:1.”93

A few days later, Heilmeier ran the experiment again with a 
slightly different setup. “Previously we had noted the high contrast 
ratio obtained in reflection for the DHOBABB system when fields high 
enough to cause stirring were used,” he wrote in his notebook. “It was 
of interest to check what resolution could be obtained for such a sys-
tem in view of the field induced cavitation.”94 To that end, he asked 
Zanoni to etch the transparent conductive coating on one piece of 
glass so that it formed the RCA meatball and activate the field. The 
results were disappointing. “The pattern is barely visible,” Heilmeier 
lamented before abandoning the idea of an LCD based on this stirring 
effect, seemingly for good.95

Throughout the spring, Heilmeier evaluated Goldmacher’s new 
crystals, paying close attention to their ability to modulate the pas-
sage of polarized light. During one such test, with a compound called 
APAPA (anisylidene p- aminophenyl acetate), he encountered a logis-
tical difficulty. “It has been noted that not all APAPA samples orient 
such that they are dark between crossed polarizers & light when field 
is applied,” he wrote in May 1965.96 For some reason, the material was 
sticking to the interior surface of his glass slides, preventing its mol-
ecules from moving when he applied an electric field. After a series 
of acid washes failed to resolve the problem, Heilmeier recalled the 
stirring effect he had seen in DHOBABB and decided to adapt it as a 
cleaning technique. After doping the APAPA with a small amount of 
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another liquid crystal called BBA, he subjected the sample “to violent 
stirring (by field) to produce mixing.”97 Not only did the mixture ex-
hibit uniform switching behavior, but the procedure had an unex-
pected side benefit. As Heilmeier reported,

Some time ago we noted the high reflectivity of the stirred state of some 

nematic systems relative to the quiescent state without field. At that time 

the observations were made on yellow materials which responded quite 

slowly. We have now reviewed this effect in APAPA + ½% BBA and found it  

to be quite striking.98

At long last, Heilmeier had uncovered an electro- optic effect that 
might enable assembly of a high- contrast LCD whose brightness 
would not suffer from reliance on filters to polarize light. As he had 
with electronic color switching, he invited DSRC personnel to watch 
as transparent APAPA cells turned milky- white thanks to what he ini-
tially termed “the reflective or scattering mode” before settling upon 
“dynamic scattering.”99 Some of these visitors, like Bernard Lechner, 
recalled this behavior from Larach’s demonstration of Williams’s re-
search three years earlier.100 But others, including David Kleitman, 
believed the reflective mode was the key to devising the long sought- 
after replacement for the cathode- ray tube. As John van Raalte, who 
would join Warren Moles to work on LCD addressing systems put it, 
“Kleitman was the one who, as I recall, recognized the importance of 
a cell going from clear to white or black to white and said, ‘That’s fan-
tastic! We’ve got to start a secret project on this.’”101

SECRECY BETWEEN RED COVERS

At the outset, the liquid crystal group consisted of only seven people 
in addition to Kleitman, who secured formal authorization in the 
spring of 1965 for a joint SRL/ERL study of liquid crystal display ap-
plications and who served as project coordinator.102 It is a testament to 
Heilmeier and Kleitman’s persuasive abilities that despite this small 
size, the DSRC’s management declared its work “company private,” 
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a status previously granted to only a handful of products with poten-
tially significant ramifications on RCA’s existing product lines.103 In 
daily practice, this secrecy was nominal. Information flowed freely 
within the group, and nonaffiliated DSRC personnel, such as Wil-
liams, could still consult with its members.

The major consequence of receiving company- private status was 
the prohibition of any discussion of LCDs outside the DSRC until the 
company guaranteed its legal claims over the technology.104 RCA did 
not cut itself off completely from the scientific community. Heilmeier 
and Williams received permission to travel to Kent State University 
in August 1965 for the first International Liquid Crystal Conference 
with the understanding that references to displays should be omit-
ted from their presentations.105 This blackout also extended to jour-
nal articles that RCA staff published on the chemistry and physics 
of nematic materials as well as the technical reports or engineering 
memorandums that researchers normally submitted to the DSRC’s  
library.106 The only sanctioned outlet for extended written discussions 
of LCDs were the confidential progress reports that Kleitman com-
piled based on research digests from the rest of his team. Company 
administrators carefully monitored the circulation of these docu-
ments, which were distinguished by their bright red covers, granting 
access only to liquid crystal researchers and DSRC management.107

Kleitman oversaw the composition of these reports through June 
1966. At that point, he abdicated responsibility to Heilmeier, who 
having served as de facto group head now earned an official promo-
tion to that rank. By the end of the following year, clashes with man-
agement over the development of a television- based facsimile system 
known as Homefax prompted Kleitman to depart RCA to become di-
rector of R & D at  Signetics— a prominent Bay Area integrated circuit 
manufacturer.108

The liquid crystal research team would more than double in size 
over the next three years. Its members included chemists, physicists, 
and engineers drawn from the ERL and SRL as well as a sizable dele-
gation from the CRL recruited because of their familiarity with flat- 
panel addressing circuitry. Heilmeier was the driving force behind 
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this expansion and emerged as an effective leader of an increasingly 
complex project. He smoothed over institutional and disciplinary di-
visions within the group by encouraging an atmosphere of playful ca-
maraderie. In between experiments, members of RCA’s liquid crystal 
team played touch football in the DSRC courtyard, caught fish in the 
nearby Millstone River for a makeshift aquarium, and ordered pastel 
lab coats from Playboy magazine.109

One thing that did not change under Heilmeier’s leadership was 
the compilation of the red- covered secret reports summarizing the 
liquid crystal group’s findings. Their publication rate varied, but 
Heil meier retained the organizational structure that Kleitman had 
set in 1965. Each began with a materials update from the chemists, 
moved on to theoretical analyses of the physical mechanisms under-
lying dynamic scattering, and concluded with discussions of device 
fabrication. Taken as a whole, these reports provide a continuous 
digest of the liquid crystal group’s activities and evidence of Heil-
meier’s ability to resolve complicated technical problems by himself 
and in coordination with others.

SEARCHING FOR AN IDEAL MIXTURE

Demonstrating guest- host color switching and the reflective mode 
may have been sufficient to establish a research group, but the LCD 
project’s long- term success was contingent on Heilmeier’s ability to 
procure improved materials. The idea of a liquid crystal television 
display was laughable so long as the chemicals involved only existed 
in a mesomorphic state within a narrow range of high temperatures. 
The APAPA used in Heilmeier’s latest experiments, for example, had 
to be heated to between 83°C and 110°C— rendering its inclusion 
in consumer products unsafe and impractical. Heilmeier had al-
ready broached the need for low- temperature nematic compounds 
with Joel Goldmacher and Lucian Barton, but neither was able to 
resolve the issue.110 In truth, the group’s chemists still lacked a clear 
grasp of the material logic of liquid crystals.111 With the formation 
of a more structured research program, they would gain additional 
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reinforcements as they grappled with the mysteries of mesomor-
phism.

The chemistry cohort of the DSRC’s liquid crystal group was 
small, but it embodied a broad range of professional experience. 
Goldmacher, the Brooklyn native responsible for introducing organic 
chemistry to the DSRC, worked with Lucian Barton, a veteran of the 
Polish and British armies who trained as a chemical engineer in Tu-
rin before immigrating to the United States.112 Joining them was Jean 
Kane, the only woman in the LCD group’s original roster, who Kleit-
man hired shortly after she had earned a master’s degree in chem-
istry from Mount Holyoke College. Kane assisted Goldmacher with 
the synthesis of new organic compounds until June 1965, when she 
withdrew on maternity leave.113

Stepping in to take her place was Joseph Castellano, a classmate 
of Goldmacher’s from the City College of New York. Castellano had 
previously held a position testing rocket propellants at the Reaction 
Motors Division (RMD) of Thiokol Chemical. Although he enjoyed 
the technical aspects of his work, like many scientists and engineers 
during the 1960s, he became disillusioned by RMD’s close ties with 
the military and the destruction that the company’s missiles had 
inflicted in Vietnam.114 These misgivings and uncertainty about the 
renewal of his project’s funding led him to ask Goldmacher if there 
were any positions at RCA. “As luck would have it, there was indeed an 
opening for an organic chemist to work in the newly emerging field 
of liquid crystals,” Castellano wrote later, “I was certainly interested, 
but I still had no idea what liquid crystals were all about.”115

Fortunately, Castellano was a quick study, and by the beginning 
of July, he, Barton, and Goldmacher had agreed on a three-part strat-
egy to create a room- temperature liquid crystal. “Encouraging re-
sults with APAPA” convinced all three to focus on compounds with 
a similar two- ring structure.116 Goldmacher, who had the most expe-
rience synthesizing mesomorphic compounds, would seek out new 
materials and purification techniques, while Barton and Castellano 
modified APAPA in two distinct ways in hopes of expanding their 
nematic range. As Barton doped liquid crystals with small amounts 
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of structurally similar chemicals, Castellano directly altered APAPA’s 
molecular structure to weaken the intermolecular forces within a 
sample and lower its melting point.117

Neither Barton nor Castellano’s approach was immediately suc-
cessful, but by March 1966, Castellano was able to generate a single 
APAPA  derivative— later known as APAPA- 12— with a melting point 
of 50°C.118 This result was still a long way from the 25°C required for 
room- temperature operation, but during the course of this work Cas-
tellano uncovered a new property of his liquid crystal samples with 
promising implications. In October 1965, he showed that combining 
equal amounts of two liquid crystals could produce a mixture whose 
melting point was actually lower than either of its constituents. In one 
instance, he mixed two APAPA derivatives, both of which had approx-
imate nematic ranges of 82°C – 110°C, and the combination’s melting 
point plummeted to 47°C. Since the mixture’s upper transition point 
was almost unchanged, Castellano had, in one fell swoop, doubled 
the liquid crystal’s operational temperature range.119

As it turned out, this effect was not limited to binary mixtures. 
Adding a third APAPA derivative lowered the mixture’s melting point 
to 40°C. Heilmeier praised this new ternary mixture in the group’s 
progress reports, noting that the chemists’ work “enables us to study 
such important device parameters as speed of response, contrast ratio 
and resistivity as a function of temperature.”120 Goldmacher and Bar-
ton stopped searching for individual room- temperature compounds 
and concentrated on supplying Castellano with more APAPA deriva-
tives. Finally, in April 1966, they announced the creation of a ternary 
mixture with nematic range of 23°C– 105°C.121

Having broken the room- temperature barrier once and for all, 
the chemists now focused on refining their procedures and exploring 
other properties of mesomorphic materials. Castellano, Goldmacher, 
and Barton accumulated more data about their liquid crystal mixtures 
and constructed three- dimensional phase diagrams that enabled them 
to calculate the proportions of various APAPA derivatives that would 
produce a mixture with a desired nematic range (fig. 3.5).122 Mean-
while, Heilmeier and Jean Kane, who had returned to the DSRC on a 
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part- time basis, began a series of life tests, building LCDs with elec-
trodes made from different metals and observing how long they could 
operate before the liquid crystals decomposed. These studies con 
firmed that the presence of water or oxygen hastened the decay pro-
cess, but determining why that occurred would have to wait until the 
group had a greater understanding of dynamic scattering itself.123

FIRING MOLECULAR BULLETS

Upon viewing the reflective mode for the first time in May 1965, Heil-
meier had concluded that “the scattering of light by the domains 

Figure 3.5. Three- dimensional phase diagrams like this one allowed chemists Joseph 
Castellano and Joel Goldmacher to deduce how different combinations of liquid crys-
tals (such as the three APAPA derivatives shown here) would affect the mixture’s nem-
atic range. A and B indicate the eutectic points, the combinations that would lead to 
phase transitions (solid to nematic; nematic to isotropic) occurring at the lowest pos-
sible temperatures. (RCA Laboratories, Progress Report: Liquid Crystals, Jan.– Mar. 1967, 
5. David Sarnoff Library Collection, courtesy of Hagley Museum and Library.)
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when the material is stirring is responsible for the effect” but con-
ceded in his group’s first progress report that “the mechanism and 
cause of the stirring are unclear at this time.”124 Early on, he deemed 
such theoretical questions low priority compared with the chemists’ 
material studies. “With all due modesty,” he explained at the end of 
1965, “we feel that the most we can hope for is a qualitative under-
standing of the field induced scattering from liquid crystals such as 
APAPA.”125

But even a qualitative understanding would require some quan-
titative measurements, and by the spring of 1966, Heilmeier felt the 
time was right to begin collecting data related to the origins of dy-
namic scattering. “For some time, I have been thinking about the 
mechanism of stirring in APAPA type compounds,” he wrote in a 
March notebook entry. “I feel that the stirring which produces the re-
flection properties should be viewed as a true turbulence and more 
attention paid to the hydrodynamic aspects of the phenomenon.”126 
Viscosity measurements of the liquid crystals subsequently per-
suaded Heilmeier that the observed optical effects were not caused 
by “turbulence in the normal sense (i.e., inertial forces >> viscous 
forces).”127 Something else was responsible, and in June he argued 
that “some insight might be gained by considering the wake of bodies 
moving through the medium”— specifically ions.128

As early as May 1965, Heilmeier had contemplated “the impor-
tance of ions in the behavior of nematic melts” and their involve-
ment in domain formation.129 More recent comparisons of purified 
liquid crystals implied that “ions present in the nematic phase play 
an important role in determining the electrical properties of the ma-
terial.”130 In the summer of 1966, he resurrected the idea, suggesting 
that light scattering took place in the wakes formed by ions passing 
through a liquid crystal medium. To observe these disturbances, he 
and Zanoni designed a series of new cells that allowed them to view 
dynamic scattering from a variety of different angles.131 These exper-
iments strengthened his confidence in a new model of dynamic scat-
tering.

According to this “momentum exchange” framework, applying 
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a strong enough electric field caused negative ions to travel across a 
liquid crystal cell, moving from the negative electrode (the cathode) 
to the positive one (anode) and colliding with neutral liquid crystal 
molecules along the way. These collisions induced “a turbulence (or 
actual flow) in the liquid crystal and its associated optical effect.”132 
This model provided a somewhat satisfying explanation for dynamic 
scattering, but it was still incomplete. It was one thing to claim that 
ions were responsible for liquid crystals’ electro- optic behavior, but 
Heilmeier could not explain the source of the ions or why some mate-
rials, like APAPA, were more conducive to dynamic scattering than 
others.

Heilmeier and Barton initiated a second set of investigations in 
early 1967 to answer these questions.133 Previously, Heilmeier as-
sumed that the ions responsible for dynamic scattering were ejected 
directly from the electrodes, but he and Barton now found that strong 
electric fields caused liquid crystal molecules to dissociate near the 
cathode.134 Accelerated by the field, each of these ions acted like what 
Heilmeier later termed a “molecular bullet,” careening through the 
sample.135 At the same time, the electric field caused the cigar- shaped 
liquid crystal molecules to move into an organized pattern. In ne-
matic compounds that exhibited dynamic scattering, the molecules 
lined up with their long axes parallel to the glass substrates and per-
pendicular to the field, forcing the ions to slam their way across the 
cell like boats through a log jam. The disruption of this structure led 
to turbulence that scattered light.136

As had been the case the previous year, this revised momentum 
exchange model left the LCD research group with several myster-
ies, such as the chemical reactions involved in ion formation. It also 
failed to account for several new electro- optic effects encountered 
during Heilmeier and Barton’s investigations, such as the use of short 
current pulses to terminate dynamic scattering.137 To accommodate 
broader research into these phenomena, Heilmeier enlisted new 
personnel into the research group. Physical chemist Alan Sussman 
studied the behavior of charge carriers in APAPA and partnered with 
Castellano to investigate the role of hydroxyl radicals in liquid crystal 
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decomposition.138 Another recruit was German physicist Wolfgang 
Helfrich, who constructed mathematical models to explain the for-
mation of domains and their behavior under applied fields.139 These 
new staff members enabled Heilmeier to scale back his theoretical re-
search and concentrate on the liquid crystal group’s primary goal: the 
construction of dynamic scattering displays.

FROM STATIC DISPLAYS TO THE ACTIVE MATRIX

Much as Heilmeier enjoyed playing the theorist, he identified himself 
first and foremost as an electrical engineer. Even before witnessing 
dynamic scattering in APAPA, he had wondered how an incoming 
television signal could be converted into an image on a liquid crys-
tal screen. In February 1965, he composed a five- page notebook entry 
evaluating liquid crystals’ compatibility with the conservative and 
radical addressing systems utilized in previous RCA flat- panel proj-
ects.140 For further advice on how to proceed, he contacted two mem-
bers of Kleitman’s SRL group, John van Raalte and Warren Moles. The 
two concluded in August 1965 that “TV speed matrix addressing can 
be accomplished at present,” but additional components would be 
required to isolate and store the signal at each of the 250,000 liquid 
crystal picture elements required to achieve full TV resolution. Exist-
ing diodes could fulfill this function, but they were not amenable to 
batch fabrication in integrated circuit arrays.141

Van Raalte and Moles anticipated either new materials or cell 
structures might simplify the construction of a matrix- addressed 
LCD. Until then, they decided to verify that liquid crystals could gen-
erate a high resolution static image using an “insulator addressed” 
system. Adapting a technique pioneered in the semiconductor indus-
try, they coated a glass slide with a transparent conductor and a light- 
sensitive polymer called a photoresist. They then projected a photo-
graphic negative on the photoresist, hardening the areas exposed to 
light so they could not be removed with an acid rinse. When the liq-
uid crystal was placed between the treated glass, the areas where the 
photoresist was dissolved (the dark areas of the negative) underwent 
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dynamic scattering and appeared bright. Regions where the photo-
resist remained (the light areas of the negative) were insulated and 
stayed dark.142

The SRL researchers considered this new fabrication technique a 
proof of concept rather than a justification for further research and 
returned to studying matrix addressing in early 1966.143 This did not 
prevent Heilmeier and Zanoni from appropriating their methods to 
construct displays featuring images of everything from TV test pat-
terns to David Sarnoff.144 Their displays operated at low power, since 
they did not generate any light of their own, and featured reflective 
backplates to redirect the large amount of forward- scattered light 
back toward the viewer’s eye. A handheld “personalized flat display” 
confirmed this backplate did not impose any restrictions on indoor 
or outdoor viewing, although an adjustable lid helped to maximize 
contrast (fig. 3.6).145

Impressive as these static displays were, they did little to advance 
the group’s long- term objective of a liquid crystal television display. 
In a midyear statement preceding the June 1966 progress report, 
Kleitman urged his colleagues to keep their eyes on the prize and re-
double efforts to create both cathode- ray and matrix- addressed sys-
tems. “Even if the present x- y address emphasis is increased, and the 
project remains undistracted from this course,” he cautioned, “some 
attention within the corporation should be given to the determina-
tion of the role and problems of an interim electron beam addressed 
product.”146

The LCD group took Kleitman’s recommendation to heart and be-
fore the end of the year could report progress along both fronts. In 
November 1966, John van Raalte successfully modified a CRT- based 
projection system to address a liquid crystal target. The display was 
only 2 inches square and mounted on the face of a bulky vacuum tube, 
but the pictures, taken from live televisions signals, could be thrown 
on to a much larger screen.147 It was the first time an over- the- air 
broadcast appeared on an LCD, prompting Van Raalte to proudly de-
clare in his notebook that the “World’s first electron- beam- addressed, 
reflective television display was born” (fig. 3.7).148
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Van Raalte’s display marked the apex of the conservative ap-
proach to LCD addressing. His affiliation with the LCD group had 
waned since the summer of 1966, and he knew that his CRT setup 
“was clearly only practical for making large, projected images.”149 The 
smaller, direct- view displays Heilmeier had in mind would require 
matrix- addressing circuitry, so that fall he reached out to Bernard 
Lechner, who had just delivered his 1,200- element electrolumines-
cent display to Wright- Patterson Air Force Base.150 Lechner recalled 
discussing matrix addressing with Heilmeier before signing on to the 
LCD project. “I had conversations in those days with George [Heil-
meier] and Lou [Zanoni] and Dave Kleitman and  others— John van 
Raalte, I’m sure,” he remembered, “about how we’d make a matrix 
display out of this when we get some materials that will work at room 

Figure 3.6. Louis Zanoni holding a portable dynamic scattering display outside of the 
DSRC in spring 1966. (Courtesy of Louis Zanoni.)
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temperature.”151 Those discussions had been largely speculative, but 
following the successful synthesis of room- temperature liquid crys-
tal mixtures, Lechner and half a dozen other CRL engineers would 
have a chance to put their ideas into practice.

They began by working with Zanoni to construct an “exerciser,” a 
small display with two rows of eighteen elements that could simulate 
addressing at standard television rates (fig. 3.8).152 The major chal-
lenge bringing this display online was the same one that Van Raalte 
and Moles had identified a year earlier: isolating each liquid crystal 
picture element so that signals directed at a particular x- y intersec-
tion would not leak over to cells in neighboring rows or columns. 
They had suggested that a single diode placed in series with each 
picture element would eliminate this problem, but two of Lechner’s 
engineers, Frank Marlowe and Juri Tults, confirmed this “classical 
method” would result in turn- on delays and low brightness.153

In response to this information, Lechner and his CRL colleagues 
designed two improved addressing circuits, referred to as double- 
diode capacitor (D2C) and field- effect transistor capacitor (FETC), 

Figure 3.7. Screenshots from John van Raalte’s electron- beam- addressed LCD. These 
were some of the earliest television broadcasts viewed on a liquid crystal display. (Van 
Raalte, Notebook 32465, 77. David Sarnoff Library Collection, courtesy of Hagley Mu-
seum and Library.)
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based on the equipment needed to isolate each picture element.154 Af-
ter testing these designs on the LCD exerciser using discrete circuit 
components, Lechner asked colleagues in the DSRC’s new Integrated 
Circuit Center and RCA’s semiconductor division in Somerville, New 
Jersey, for assistance fabricating two 1,200- element displays, one for 
each addressing system. These prototypes would be tiny, measuring 
slightly over three-quarters of an inch diagonally, but each would 
be fully integrated, capitalizing on the latest advances in solid- state 
manufacturing, including Paul Weimer’s thin- film transistors.155

By taking this step, Lechner hoped to streamline the fabrication of 
future displays, and in fact, today almost all LCDs— from big- screen 
televisions to super- slim cell  phones— utilize what is now known as 
an active matrix addressing system derived from his FETC circuit.156 
(The term refers to the presence of an “active” switching element, 
like a transistor, behind each pixel, rather than a “passive” set of elec-
trodes.) At the time, however, as technical difficulties ranging from 
poor diode yields to broken silicon wafers piled up, his updates took 

Figure 3.8. Bernard Lechner utilized this liquid crystal “exerciser” to develop the first 
active matrix addressing system. The circuitry he designed would later be adapted for 
use in today’s televisions, laptop computers, and smartphones. (David Sarnoff Library 
Collection, courtesy of Hagley Museum and Library.)
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on a more pessimistic tone. “Both of these approaches [D2C and FETC] 
represent ambitious undertakings in semiconductor technology and 
the progress has been slow,” Lechner summarized in the spring of 
1968.157 The group’s increasing reliance on solid- state researchers 
who did not answer directly to anyone in the liquid crystal group fur-
ther aggravated matters.158 As Heilmeier and Zanoni constructed sim-
pler devices, such as electronic windows and numeric counters, Lech-
ner postponed the expected completion of his group’s 1,200- element 
displays until one April day in 1968, when he received a memo from 
RCA’s public relations department. Apparently, the corporation was 
ready to share the LCD with the world.159

DUELING CONCEPTIONS OF INDUSTRIAL RESEARCH

The walls of silence surrounding the RCA liquid crystal project had 
started to crumble in November 1967, when Heilmeier, Barton, and 
Zanoni jointly authored a technical report on dynamic scattering. Un-
like their red- covered progress updates, this document was accessible 
to the entirety of RCA’s technical staff and was later reworked into 
an article submitted to the Proceedings of the IEEE in January 1968.160 
The DSRC’s annual report for 1967, published soon thereafter, also 
included a section on LCDs and the first company- wide references to 
dynamic scattering.161

What prompted these revelations after more than two and a half 
years of secrecy is not immediately evident from the group’s internal 
reports. Compared with the chemists’ synthesis of room- temperature 
liquid crystals in the spring of 1966 or Heilmeier’s formulation of the 
momentum exchange model for dynamic scattering that November, 
the research conducted in the final quarter of 1967 was transitional 
in nature. The development of new nematic mixtures, improved the-
oretical frameworks, and superior addressing circuitry all furthered 
the group’s strategic goals, but none of them, in and of themselves, 
suggested the time had come to take the LCD public.162

Ironically, the event that triggered the dissemination of informa-
tion about the LCD may not have come from within Heilmeier’s group 



112 Chapter Three

at all. Some credit must also be given to Richard Williams, whose liq-
uid crystal  patent— submitted in November 1962— was finally issued 
in May 1967. The prototypes that Williams and Larach demonstrated 
bore little resemblance to Heilmeier and Lechner’s sophisticated 
displays, but the former provided a foundation on which RCA could 
build its LCD patent portfolio. By the middle of 1968, Heilmeier’s 
team had filed applications for more than a dozen additional patents 
covering all aspects of LCD manufacturing, allowing them to share 
their accomplishments without undermining the future commer-
cialization of the technology. As one RCA patent counsel noted, “we 
expect to obtain broad coverage on DSM [dynamic scattering mode] 
devices” by the early 1970s.163

Williams set the stage for RCA’s future LCD initiatives, but by the 
time he received his patent, he had withdrawn to the margins of the 
DSRC liquid crystal project. Heilmeier occasionally consulted him 
about the molecular behavior underlying dynamic scattering, but his 
research agenda remained as varied as ever, including investigations 
into the surface chemistry of semiconductors and solid- state electron 
multiplication.164 For him, this freedom to multitask was the most 
appealing aspect of working in a corporate environment. Compared 
with his counterparts in the academy, who constantly squabbled with 
faculty members and administrators for space or resources, Williams 
enjoyed a “good bit of autonomy.”165 “Not autonomy to spend a lot 
of money,” he emphasized. “I couldn’t tell five technicians to go do 
something, but I could do a lot myself, and so I was accustomed to 
doing things by myself. And so I was given a good bit of freedom, and 
that was the way I liked to work.”166

Unsurprisingly, Heilmeier shared Williams’s preference for the 
corporate laboratory over the ivory tower. “University people aren’t 
as free as they think they are,” he explained in a 1969 interview:

Suppose two people start graduate school with the same qualifications. 

One does all his work in the university, while the other does his course work 

in class but his laboratory work in an industrial lab. Five years later, the 
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industrial fellow usually will be much more productive in terms of patents, 

publications and conference presentations.167

Yet while both Williams and Heilmeier explained their career choice 
in terms of personal freedom, the handling of their respective liquid 
crystal display projects reveals that each possessed a very different 
understanding of what that autonomy signified within the context 
of the DSRC. For Williams, autonomy meant retaining the ability to 
engage in numerous scientific investigations; for Heilmeier, it repre-
sented an opportunity to follow a single research pathway wherever 
it might lead.

This difference in perspective calls to mind Isaiah Berlin’s 1953 
essay “The Hedgehog and the Fox.” Quoting the Greek poet Archilo-
chus, Berlin distinguished between two types of thinkers: the fox, 
who “knows many things,” and the hedgehog, who “knows one big 
thing.”168 Berlin applied these categories to literary figures, but his-
torian Thomas Hughes later extended them to technological system 
builders like Thomas Edison, whom he classified as hedgehogs be-
cause of their capacity to link all aspects of their business (invention, 
management, finance, etc.) to a central vision.169 The example of liq-
uid crystals suggests the relevance of this methodology to industrial 
scientists and engineers. Some members of RCA’s technical staff, like 
Williams, were foxes, pursuing several investigations at a time with-
out being disheartened if any one of them did not pan out. Others, 
like Heilmeier, were hedgehogs, viewing all of their investigations as 
pieces of a unified research program and committing all of their en-
ergies to advancing that agenda.

Embracing Berlin’s taxonomy adds a personal dimension to the 
discovery narratives presented at RCA’s 1968 press conference. On 
that occasion, Hillier’s description of the LCD’s origins conformed to 
the general parameters of the linear model. Basic research into the 
fundamental properties of materials revealed a new electro- optic ef-
fect that made possible a wide range of practical applications. In the 
case of RCA’s liquid crystals, this process actually occurred twice. 
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Following two very different paths, Williams and Heilmeier each 
reached similar conclusions about the display potential of nematic 
materials. The subsequent divergence in their investigative trajecto-
ries confirms the extent to which an individual’s research style shapes 
the outcome of scientific projects, even in the supposedly impersonal 
confines of a corporate laboratory.170

An industrial research facility like the DSRC benefitted strongly 
from harboring both foxes and hedgehogs under its roof. Williams’s 
imaginative decision to expand his study of electric fields and ab-
sorption spectra to encompass solid and liquid crystals resulted in 
the demonstration of new electro- optic effects with possible display 
applications. By the same token, his vulpine tendencies and prefer-
ence for solitary research left him poorly disposed to mount an ex-
tended campaign on behalf of the LCD. Such an endeavor would be a 
major diversion from his other research activities. On the other hand, 
Heilmeier, the quintessential hedgehog, approached the same phys-
ical  phenomena— domain formation and the turbulence that would 
become known as dynamic  scattering— as the latest stages of his on-
going search for an improved laser modulator. This notion drove him 
forward, leading to the observation of new effects, such as electronic 
color switching, and the belief that liquid crystals could serve not 
merely as modulators but full- fledged displays.

More than any other factor, Heilmeier’s dedication to that ob-
jective underlay the organization and success of RCA’s liquid crystal 
program. Others, including Williams and Larach, embraced the gen-
eral concept of the LCD but never moved beyond workbench demon-
strations. Kleitman championed the project early on, capitalizing on 
his managerial status to pull strings that would have been inacces-
sible to Williams or Heilmeier, but his involvement diminished over 
time.171 Heilmeier stepped into the leadership vacuum, expanding the 
group’s membership to include more chemists and physicists while 
forging close bonds with SRL and CRL engineers possessing previous 
flat- panel experience.

Heilmeier and the research team he oversaw between 1965 and 
1968 were vital to liquid crystals’ emergence as a strategic priority 
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within the DSRC. Press releases and academic articles presented only 
partial details concerning this group’s membership and achieve-
ments, but all of them reaffirmed the central role of RCA scientists 
and engineers in advancing this new technology from inception to 
prototype. It remained to be seen whether or not that experience 
would facilitate an equally smooth transfer of their displays from 
Princeton to RCA’s operating divisions. The organizational and tech-
nological obstacles confronting the DSRC liquid crystal group did  
not disappear once its work became public knowledge. If anything, 
they multiplied, returning in new and unpredictable forms as Heil-
meier’s team fought to move dynamic scattering into the market-
place.



4 DISRUPTIVE DISPLAYS, 

1968– 1971

An explosion of colors reminiscent of fireworks graced the cover 
of RCA’s annual report for 1968. This document marked the first in-
stance in four decades that David Sarnoff refrained from writing 
an introductory message recounting the past year’s achievements 
to his company’s shareholders. A severe case of shingles had struck 
the seventy- seven- year- old executive the previous summer, and the 
weakened businessman had ceded this responsibility to his son and 
designated successor, Robert Sarnoff.1

Despite an initial reluctance to enter the family business, the 
younger Sarnoff had taken a job in RCA’s sales department in 1948. By 
1953, he had been promoted to executive vice president of NBC, and 
two years later he became head of the network. The swiftness of his 
ascent lent credence to internal rumors that the General was groom-
ing Robert to take command of RCA, and few were surprised by the 
1965 announcement that the latter would replace Elmer Engstrom as 
the corporation’s president.2 Following his father’s illness, he would 
also be named RCA’s chief executive officer.

Robert Sarnoff had been in power for only a short time, but the 
1968 report confirmed that he had already made his mark on his 
father’s electronics empire. In a literal sense, he had replaced the 
company’s familiar logo— a circle containing the letters “RCA” 
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underlined with a lightning bolt— with the blocky monogram that 
has persisted under various owners to the present day (fig. 4.1).3 This 
move, along with the decision to refer exclusively to “RCA” in official 
 documents— not the “Radio Corporation of America”— signaled his 
belief that the firm should expand its activities beyond telecommu-
nications.

Embracing the strategy of expansion through acquisition that 
his father had pioneered with the 1929 purchase of the Victor Talking 
Machine Company, Robert Sarnoff would reinvent RCA as a con-
glomerate.4 Under his watch, RCA broadened its traditional focus 
on consumer electronics by purchasing firms such as Random 
House Publishing and the Hertz Corporation. “The word that best 

Figure 4.1. Robert Sarnoff unveils the new RCA logo in the corporation’s 1967 annual 
report. (RCA Corporation, Annual Report 1967, 5. David Sarnoff Library Collection, 
courtesy of Hagley Museum and Library.)
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characterizes the modern RCA is diversity,” Sarnoff explained in 
the 1968 shareholders’ report.5 To illustrate this point, he referred 
readers to an accompanying twelve- page foldout portraying “a cross 
section of the 12,000 products and services created or marketed by 
RCA at home or abroad.”6 One had to marvel at the sheer variety of 
items represented. A single page showcased the cover of a John Up-
dike novel, a Henry Mancini album, and NBC’s Captain Kirk and Mr. 
Spock posed within phaser range of a superconductive magnet, a VHF 
transceiver, and an RCA mainframe computer.

Lest his shareholders worry that RCA had grown overly reliant 
on its existing businesses, Sarnoff also included a section in his let-
ter describing “a significant scientific effort in 1968” aimed at cre-
ating “the foundation for some promising new enterprises in the  
decade ahead.”7 Foremost among these was “a revolutionary type of 
electronic display, based on research in liquid crystals.”8 The fantas-
tic colors on the report’s cover demonstrated the capacity of these 
substances to modulate the passage of light. Borrowing his father’s 
mantle of technological prophecy, Sarnoff proclaimed that liq-
uid crystals “could lead to an entire new range of electronic display 
 products— from wrist watches to pocket- size television receivers 
that could be viewed in broad sunlight.”9 Later on, DSRC managers 
expanded on these claims, suggesting LCDs might be used in “in-
strument displays for automobile dashboards and airplane cockpits, 
scoreboards, stock tickers, and, perhaps someday, flat screen televi-
sion receivers.”10

Faced with these glowing predictions, RCA shareholders could be 
forgiven for expecting additional updates about this new technology, 
but the next year liquid crystal displays vanished from RCA’s annual 
reports. At the precise moment when the LCD left the laboratory, 
company bulletins withheld mention of any liquid crystal investiga-
tions underway at the DSRC. They also avoided any reference to the 
formation of a new liquid crystal R & D group at RCA’s semiconductor 
division or the inauguration of the world’s first LCD manufacturing 
operation.

The silence surrounding RCA’s liquid crystal displays between 



Disruptive Displays, 1968– 1971 119

1968 and 1971 stands in sharp contrast to the fanfare of their public 
premiere. Granted that the more mundane aspects of product de-
velopment did not lend themselves well to promotional efforts, it is 
nevertheless striking how abruptly RCA’s management changed its 
stance on LCDs and the researchers responsible for their creation. The 
scientists and engineers previously hailed as exemplars of interdisci-
plinary collaboration became personae non gratae.

They were not alone. Within RCA and across the United States, 
projects rooted in speculative research were coming under increased 
scrutiny in the late 1960s. After pouring money into fundamental sci-
ence for decades, industry leaders and policy makers started to ques-
tion the return on their investments. Managers at GE, DuPont, and 
Kodak worried that their massive laboratories were not generating 
as many blockbuster products as expected.11 Further fueling their ap-
prehension was Project Hindsight, a Defense Department study that 
concluded in 1966 that basic research played only a minor part in the 
development of twenty major weapons systems. Even as the National 
Science Foundation raced to rebut Hindsight’s findings, confidence 
in the linear model warped into fractals of doubt rippling across all 
levels of the nation’s research establishment.12

Every company responded to this crisis of faith differently. At 
RCA debates over the contributions of the Princeton laboratories 
were nothing new, but when push came to shove, researchers could 
always count on David Sarnoff ’s protection. Under his son, the 
DSRC’s privileged position was no longer guaranteed, and what we 
might refer to today as “disruptive”  technologies— including liquid 
crystal  displays— faced increased opposition from RCA’s headquar-
ters and operating divisions. George Heilmeier’s team responded to 
these circumstances as their flat- panel predecessors had, seeking 
out new partners and resources to support their cause, but in this in-
stance those tactics failed to prevent the marginalization of the LCD.

Years later, Heilmeier attributed the declining status of liquid 
crystal research to short- sighted leadership at RCA’s headquarters 
and operating divisions that squandered their first- mover advan-
tage.13 There is some truth to that assessment, but placing blame 
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solely on management risks casting members of the firm’s technical 
staff as passive recipients of corporate R & D policy. In actuality, com-
pany decision makers continued to rely heavily on RCA scientists and 
engineers for guidance as they considered possible LCD applications. 
The results of these discussions may not have lived up to researchers’ 
early expectations but reflected their recognition of dynamic scatter-
ing’s limitations as well as their fading confidence in RCA’s ability to 
commercialize liquid crystal displays.

FINDING A NICHE AT THE DSRC

As RCA’s shareholders opened their mailboxes to discover the com-
pany’s glossy, full- color 1968 report, managers at the firm’s operating 
divisions received a package of their own: a 186- page tome summariz-
ing the research projects underway at the DSRC. This dense volume 
also cited liquid crystals prominently in its introduction, focusing 
less on possible LCD applications and more on Heilmeier’s research 
team. “The liquid- crystal work started several years before in some 
quite basic research,” the DSRC report noted. “But its successful 
public demonstration was brought about by interdisciplinary applied 
research involving physicists, chemists, and electronic engineers 
working and communicating together.”14

For the DSRC’s managers, the LCD was evidence of both the lin-
ear model’s validity and the Princeton laboratory’s value as a space 
for creative collaboration. Such arguments were unnecessary when 
David Sarnoff ran RCA. Even after stepping down as CEO, the Gen-
eral remained a frequent visitor to his namesake research center. He 
kept an office in Princeton and spent much of his retirement super-
vising the construction of a new wing in which to house his personal 
papers.15

Robert Sarnoff possessed neither his father’s technical back-
ground nor his connections to Princeton. A Harvard graduate, Rob-
ert Sarnoff had obtained the formal education that poverty denied his 
father but found the public relations side of the electronics business 
more appealing than the inner workings of radios or televisions. As 
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president of NBC he oversaw the network’s transition to color broad-
casting and showed a keen eye for marketing strategy.16 For DSRC per-
sonnel, the open question in 1968 was whether these qualities would 
translate into the effective oversight of a corporate research opera-
tion.

Early on it seemed as though the younger Sarnoff would main-
tain the status quo in Princeton. Out of deference to his father, he 
offered the research center an exemption from replacing “The Radio 
Corporation of America” on its signs with the new RCA trademark. 
This gesture may have appeased the General, who expressed fondness 
for the company’s original name and “meatball” logo, but the techni-
cal staff remained wary of their new CEO’s policies. Many wondered 
what his calls for diversification meant for the firm’s R & D budget. 
The 1968 DSRC report promised that RCA’s new emphasis on “satis-
fying consumer wants profitably rather than just selling products” 
would not result in “any diminishing of the quality or quantity of 
RCA Laboratories’ more basic and high- risk exploratory research.”17 
Yet it also alluded to new screening procedures to select “viable and 
profitable” projects, suggesting an increased need to justify specula-
tive investigations.18

One figure who discerned the vulnerability of the DSRC’s funda-
mental research programs was the laboratory’s leader, James Hillier. 
Hillier had previously moderated John Burns’s attempts to reorient 
all work underway in Princeton toward application development and 
encouraged the revival of long- term projects once color television 
revenues replaced patent royalties as a source of research funding. 
But this success, he realized, was only temporary. Once the color TV 
windfall ran its course, RCA’s technical staff would again find itself at 
the mercy of outsiders unless they established that their work was vi-
tal to the company’s future. As Hillier put it, “the rest of the corpora-
tion would have to see the laboratory as a life raft not an albatross.”19

Hillier sought to shore up the DSRC’s position through the 1964 
formation of the Interim Research Planning Committee (IRPCO). 
IRPCO’s mission was to classify all ongoing research at Princeton ac-
cording to its relevance to RCA product lines with the aim of reducing 



122 Chapter Four

projects with no obvious commercial significance. Functionally, it 
resembled the panel of experts Burns had recruited to evaluate the 
DSRC shortly after taking office, but Hillier believed this in- house 
oversight would be more palatable than incursions from the operat-
ing divisions.20 IRPCO did win over many veteran engineers who had 
grown frustrated with the DSRC’s drift toward the theoretical over 
the previous decade. Others, who were now accustomed to a high de-
gree of intellectual freedom, resisted the new guidelines. The result, 
in the words of one observer, was “a lot of friction and a damn near 
technical revolt.”21

George Heilmeier opposed IRPCO’s agenda, which threatened to 
cut off support for his liquid crystal research team before it achieved 
any tangible results. Therefore, he probably welcomed the news that 
the committee’s reforms would lapse following Hillier’s sudden pro-
motion to corporate vice president at the end of 1968.22 If so, he soon 
learned that rumors of IRPCO’s demise had been somewhat exagger-
ated. Hillier’s replacement, William Webster, had “tried to get things 
directed around towards more immediate needs in the divisions” 
since becoming head of the DSRC’s Electronics Research Laboratory 
in 1959.23 Now, as he wrote in the research center’s 1969 annual re-
port, the distinguishing trend of work carried out under his watch 
would be “increased relevance to RCA’s needs” even if that required 
“some sacrifice of fundamental research in favor of advanced devel-
opment.”24

By that point, Heilmeier’s team had won praise from DSRC man-
agers, including Hillier and Webster, for their dynamic scattering 
prototypes.25 All the same, it was unclear how RCA’s looming stra-
tegic realignment would affect the LCD project, which had always 
straddled the line between fundamental and applied research. To 
avoid being branded as overly speculative, Heilmeier and his col-
leagues resorted to three strategies meant to link even more theoret-
ical liquid crystal investigations to the generation of new products.

The first approach, pursued primarily by technicians such as Louis 
Zanoni and Ronald Friel, consisted of designing entirely new appli-
cations for dynamic scattering LCDs. Zanoni had already mastered 
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the generation of high- resolution still images using liquid crystals. 
Partnering with Friel and semiconductor specialists Robert Lohman 
and Steven Hofstein, he now expanded his repertoire to construct a 
battery- powered voltmeter and both digital and analog LCD clocks.26 
(As seen earlier, Lohman posed for a photograph alongside the dig-
ital clock, which he demonstrated at RCA’s 1968 press conference.) 
Typically, the two technicians delivered their displays directly to the 
operating divisions, though they sometimes presented them at RCA 
marketing meetings.27 In one case, they took their handiwork public, 
collaborating with nuclear engineer turned sculptor Earl Reiback on a 
June 1969 exhibition of technological art in New York City (fig. 4.2).28

Along with these new prototypes, liquid crystal researchers also 
contemplated the incorporation of LCDs into existing RCA products. 
Initially the group held out hope of fulfilling its primary objective 
“to replace CRT’s for commercial TV and other display applications,” 

Figure 4.2. Lynn Thomas of the DSRC’s Consumer Electronics Research Laboratory ex-
amines her reflection in a dynamic scattering mirror built by Louis Zanoni for a 1969 
art exhibition at New York City’s Wise Gallery. (“Mirror, mirror . . . ,” RCA Radiations 
16, no. 4 [July– Aug. 1969]: 2. David Sarnoff Library Collection, courtesy of Hagley Mu-
seum and Library.)
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pointing to Bernard Lechner’s exercisers as proof of a dynamic scat-
tering television’s technical feasibility.29 Lechner pushed forward 
with that project until the end of 1968, when, citing “painfully slow” 
progress and “formidable problems with integrated circuitry,” his 
group ceased work on their 1,200- element displays.30 Instead, they 
considered adapting liquid crystals for use in the DSRC’s Electrofax 
photocopier and Homefax facsimile projects. Each of these relied on 
photosensitive paper, the former to reproduce documents and the 
latter to generate printed material coordinated with specific televi-
sion broadcasts (e.g., a recipe to accompany a cooking show). Lech-
ner’s liquid crystal arrays, though too small for television, might be 
effective light shutters in these systems.31

Before setting aside his matrix- addressed LCDs, Lechner drew on 
the experience of his previous electroluminescent display project and 
availed himself of the final strategy adopted by DSRC liquid crystal 
researchers: applying for a government contract.32 Before 1968, the 
shroud of secrecy over dynamic scattering eliminated the possibility 
of securing external funding. Now that the LCD was public knowl-
edge, RCA’s technical staff could approach agencies less closely wed-
ded to short- term payoffs than the DSRC to finance their liquid crys-
tal studies.

Lechner’s attempt to sustain the development of an LCD televi-
sion was unsuccessful, but RCA liquid crystal researchers received 
over $500,000 in research funding from military and civilian agen-
cies between 1968 and 1972.33 The US Air Force and NASA were espe-
cially eager to develop thin, lightweight displays for use in flight in-
strumentation and sponsored fundamental research contracts on the 
synthesis of new mesomorphic compounds and their behavior under 
applied fields.34 External funding also provided opportunities to re-
consider electro- optic phenomena that had not garnered as much no-
toriety as dynamic scattering. The Air Force Materials Laboratory in 
Dayton, for example, expressed interest in mixtures of nematic and 
cholesteric materials that exhibited a storage effect, remaining opal-
escent even after a triggering field was removed.35 Similarly, NASA’s 
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Electronics Research Center renewed work on the guest- host effect in 
hopes of creating flat- panel color screens for future space capsules.36

Through this tripartite strategy, Heilmeier and his colleagues 
were able to sustain their liquid crystal research between 1968 and 
1970. In taking this step, they followed the example of the DSRC’s 
leadership. Much as Hillier and Webster recast Princeton’s contri-
butions as vital to an increasingly diversified RCA, the liquid crystal 
team wished to secure a niche for themselves within the ever more 
profit- minded DSRC. Both groups wanted to strike a balance between 
the freewheeling experimentation of the “building block” era and the 
focused product orientation of the post- IRPCO period and to do so 
on their own terms. Whether or not the DSRC as a whole would suc-
ceed at this task remained uncertain in the final years of the 1960s, 
but in the near term, RCA’s liquid crystal group felt confident enough 
to contact the operating divisions and discuss the future of dynamic 
scattering.

SEARCHING FOR ALLIES IN SOMERVILLE

In September 1967, Lawrence Murray, the head of the device physics 
group at RCA’s Electronic Components Division (ECD) in Somerville, 
New Jersey, invited associate engineer Richard Klein to accompany 
him to a meeting in Princeton.37 Klein had joined ECD, which over-
saw the company’s semiconductor development efforts, a year earlier 
and became involved in an army- sponsored project to build digital 
readouts using light- emitting diodes (LEDs).38 Klein’s group kept in 
regular contact with LED researchers throughout the corporation, so 
a drive to the DSRC was not unusual. Still, on this occasion Murray 
guaranteed him that they were going to see something new.39

Sure enough, upon arrival at the DSRC, Klein and Murray were 
escorted into a room and introduced to George Heilmeier and Louis 
Zanoni. Heilmeier led the visitors toward a workbench and presented 
them with a pane of glass connected to a power supply. Careful in-
spection revealed hints of a picture etched into the material, but 
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otherwise there was nothing out of the ordinary about this experi-
mental setup. Then Heilmeier flipped a switch and a familiar black- 
and- white image appeared on the previously transparent square. “It 
was a TV test pattern,” Klein remembered. “And you know the thing 
pops up, and I almost fell over!”40

Once Klein had recovered from this surprise, Heilmeier pro-
vided a brief introduction to dynamic scattering and disclosed that 
the Princeton group wanted Somerville’s assistance turning their 
LCD prototypes into products. The DSRC had already reached out to 
Somerville to fabricate integrated addressing circuitry for Lechner’s 
matrix displays, but Heilmeier now wished to lay the groundwork for 
a more sustained partnership between the two organizations, culmi-
nating in the establishment of an LCD pilot plant. Murray’s group, 
which had experience dealing with the electro- optic behavior of new 
materials, seemed an ideal avenue to introduce liquid crystals to a 
division more comfortable with silicon. Klein enthusiastically em-
braced the idea. “To me, liquid crystal was a gimme. I mean, it was a 
gimme!” he explained. “It had to go because it was the only technol-
ogy that really matched up well with integrated circuits. It was very 
low power. It could be scaled up in size. It didn’t fight the light in the 
environment; it used the light in the environment!”41

Klein’s LCD experiments began in relative isolation with nothing 
but a handful of liquid crystal samples from the DSRC and assurances 
from his ECD superiors that additional personnel and funding were 
forthcoming. The former promise, at least, turned out to be accu-
rate. In early 1968, Sandor Caplan, another member of Murray’s LED 
project, started working on liquid crystals too. He became respon-
sible for evaluating the performance characteristics of dynamic scat-
tering displays, measuring “things like operating voltage, operating 
frequency, temperature range of operation. We didn’t do any shock 
or vibration [testing] particularly, but stuff like that.”42 Though re-
liant on the DSRC for chemicals and equipment, Klein and Caplan’s 
team eventually grew to include chemist Howard Sorkin, physicist 
Arthur Elsea Jr., engineers Herman Stern and Henry Schindler, and 
manufacturing expert George Hiatt.43 Together this group worked to 
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standardize procedures for the large- scale assembly of liquid crystal 
displays.

As much as the ECD personnel respected their Princeton col-
leagues’ ingenuity, the prototype devices Heilmeier had shown the 
public in 1968 were nowhere near ready for the marketplace. Robert 
Lohman later remarked that the team’s digital clock “lasted just long 
enough to take a picture.”44 With the exception of the basic “sandwich 
cell” configuration underlying all dynamic scattering displays, ev-
ery aspect of LCD construction underwent a major transformation 
in the hands of the staff at Somerville. The DSRC team, for example, 
had taken to constructing displays using synthetic quartz substrates, 
which retained a smoother surface than normal glass after the appli-
cation of chemical coatings but which were also substantially more 
expensive.45

The techniques they had developed to fill and seal their displays 
were similarly impractical. Klein summarized how both of these pro-
cesses were performed before ECD’s involvement:

First of all, they’d saw two little grooves parallel along the sides, okay?  

Then you’d take a piece of one mil Mylar, lay it on four sides. Put the sand-

wich together. Then, you’d take a hypodermic needle, slide it along the 

groove and inject the liquid crystal, which would osmose across the space, 

and the excess would wind up in the two little grooves. It wasn’t sealed. It 

was clamped.46

Over time, the Somerville group resolved each of these issues. Caplan 
procured a material developed for use in fighter jet canopies by Pitts-
burgh Plate Glass that was similar in texture and electrical behavior 
to synthetic quartz but could be purchased at lower cost.47 Mean-
while, Klein, Schindler, and Stern experimented with a variety of 
epoxies to hold the glass plates together. The resulting devices were 
sturdier than Princeton’s clamped setups, but the ECD researchers 
soon learned that chemical reactions between the liquid crystals and 
certain adhesives “poisoned” the displays, rendering them nonopera-
tional.48 They eventually overcame this issue with frit— a mixture of 
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ground glass and binders that RCA had used to form hermetic glass- 
to- glass and glass- to- metal seals in CRTs.49 The group also replaced 
the injection filling method, which had complicated the uniform 
distribution of dopants that optimized display performance and re-
lied on grooves with an annoying tendency to clog. In its place, they 
drilled two small holes in opposite corners of the cell and used a vac-
uum to draw liquid crystal mixtures across in a uniform layer.50

As Caplan and Klein refined their display construction tech-
niques, other personnel considered the problem of scaling up to as-
sembly line production. Earlier there had been no pressing need for 
large batches of the room- temperature liquid crystal mixtures that 
Joseph Castellano and the other DSRC chemists had developed. Now 
Howard Sorkin supervised the expansion of Somerville’s chemical 
production facilities. At the same time, George Hiatt consulted with 
staff in Princeton and Somerville to divide the LCD fabrication pro-
cess into the discrete steps required on a factory floor. By 1969, the 
new LCD operation had grown so extensive that a move was in or-
der. “There was no space available for, you know, such a gigundic [sic] 
under taking at Somerville,” Caplan recalled.51

Consequently, the entire project was relocated to a company- 
owned warehouse in Raritan, a few miles away from the main ECD 
building. The Raritan site served as an all- purpose advanced develop-
ment space, housing everything from an optoelectronics group work-
ing on laser diodes to a small publishing operation.52 Now it would 
become home to RCA’s new LCD manufacturing facility as personnel 
in Princeton, Somerville, and New York started debating what its first 
products should be.

IN PURSUIT OF A PRODUCT

Auspicious as the move to Raritan might have been, the fledgling 
liquid crystal operation still lacked a coherent product- development 
strategy. ECD had made good on its promise to increase the num-
ber of people assigned to the LCD project but appeared reluctant 
to expand its budget until the group could demonstrate sufficient 
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consumer demand for the new displays. Fortunately, the ECD group 
did not have to accomplish this task on their own. Before leaving 
Somerville, their efforts had attracted the attention of a marketing 
executive from RCA’s tube manufacturing division in Harrison, New 
Jersey, named Jack Riddel, who, Caplan recalled, “took a shine to this 
liquid crystal thing unbelievably.”53 Riddel chatted with ECD person-
nel and Heilmeier’s team at the DSRC about possible LCD applica-
tions before mobilizing his network of sales contacts.54

By the time ECD set up shop in Raritan, Riddel had secured three 
product- development contracts. (“Jack was a real operator,” Heilmeier 
told interviewers later.55) The first came from a New York– based firm 
called Ashley- Butler, which offered RCA $100,000 to construct an 
animated point- of- purchase advertising display. Veeder- Root, a lead-
ing producer of gauges and mechanical tabulation devices, matched 
that sum in exchange for a liquid crystal readout for gasoline pumps. 
Finally, Jervis Corporation supplied $50,000 for an automobile rear-
view mirror that used dynamic scattering to eliminate nighttime 
headlight glare.56

With a quarter million dollars at stake, the ECD engineers sprang 
into action. The combined value of Riddel’s contracts paled in com-
parison to the corporation’s $271 million R & D expenditures for 1969, 
but both Princeton and Raritan viewed their fulfillment as a stepping 
stone toward broader investment in LCD technology.57 All three proj-
ects drew on preliminary research conducted at the DSRC, but each 
needed additional refinements to meet their customers’ specifica-
tions. In some instances, these modifications were relatively straight-
forward, such as adding colored films to the gas pump displays to 
provide higher contrast.58 Others required more ingenuity. Caplan’s 
design for a day- night mirror worked well indoors, for example, but 
the slow response of the liquid crystals at low temperatures led to a 
collaboration with Klein to devise a self- regulating heater.59 Simi-
larly, although Heilmeier and Zanoni had discussed the construction 
of simple animated LCDs, determining the electrode layout for such 
a device and a mechanism to automatically activate images in the 
proper sequence was left to the staff at Raritan (fig. 4.3).60



Figure 4.3. Richard Klein, an engineer at RCA’s semiconductor division, devised a 
mechanism for sequentially activating different portions of a dynamic scattering LCD 
and incorporated that system into this prototype point- of- purchase advertising dis-
play. (David Sarnoff Library Collection, courtesy of Richard Klein and Hagley Museum 
and Library.)
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These technical feats may have impressed their clients, but RCA’s 
continued reliance on external funding raised concerns about its 
commitment to liquid crystals. As the ECD team moved closer to 
bringing their pilot plant online, its members wondered whether the 
company had any plans for the technology besides the trio of contacts 
Riddel had lined up for them. To Klein it seemed “nobody in senior 
management who had any insight ever looked at this or ever talked 
to people and said, as I think you should, ‘What kind of products can 
you make?’”61

Actually, in September 1969, RCA’s marketing staff initiated a six- 
month study to answer precisely that question. Working alongside 
a California market research firm, the company organized a pair of 
brainstorming sessions at the New York Hilton in order “to identify 
the maximum number of applications for the liquid crystal dynamic 
scattering phenomenon.”62 These conversations included representa-
tives from RCA’s headquarters and operating divisions, with George 
Hiatt and Jack Riddel attending on behalf of ECD. Participants were 
encouraged to propose as many LCD applications as they could with-
out worrying about their technical or economic feasibility. The re-
sulting list contained more than 150 potential uses for dynamic scat-
tering, including everything from automobile speedometers to zoo 
enclosures for nocturnal animals.63 The marketing team solicited ad-
ditional feedback from RCA’s advanced- development groups in Cam-
den and Indianapolis and several sources outside the corporation.64 
They also asked Heilmeier to submit a written forecast of “how the 
liquid crystal technology may be expected to evolve.”65

After sifting through this information, the marketers presented 
their conclusions in March 1970.66 In their report they acknowl-
edged that dynamic scattering had “commercial significance as the 
enabling technology for several types of products,” but they argued 
that the company’s idea- generating strategies had “failed to identify 
any immediate opportunities for new end products based on liquid 
crystals.”67 There were several products on the market, such as desk-
top calculators, that could be enhanced through the use of LCDs, 
and within a decade it might be possible to produce “a liquid crystal 
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cathode ray tube substitute” matching the performance of existing 
black- and- white sets.68 (“The advent of a color liquid crystal CRT 
device,” the report noted, “cannot be forecast.”69) But among those 
products available in the near future, almost all had “relatively small 
market potential, except alphanumeric displays, point- of- purchase 
advertising signs, and flat glass glazing products.”70 Not coinciden-
tally, these three categories corresponded precisely with the projects 
under development at Raritan.

In retrospect, one item was conspicuously absent from this list of 
recommendations: the electronic wristwatch. In the 1965 paper out-
lining his eponymous law, chemist Gordon  Moore— the director of  
R & D at Fairchild  Semiconductor— had observed that only the lack 
of a display that could be driven by integrated circuits prevented the 
construction of such a product.71 Perhaps the low power requirements 
of liquid crystal displays, which reflected light rather than emitting 
it, offered a solution to this puzzle. Hillier directly referenced the con-
cept at the LCD group’s 1968 press conference, commenting that “it 
doesn’t take too much imagination to foresee an all- electronic wrist 
watch being a few years down the pike.”72 After seeing the dynamic 
scattering clock in action during that event, domestic and interna-
tional watchmakers contacted RCA about the prospect of designing a 
wearable LCD timepiece. The company’s marketing study dismissed 
the idea. Digital and analog clocks could be built with existing dy-
namic scattering displays, but an “electronic watch based on inte-
grated circuits, with a liquid crystal readout” would have to wait be-
cause of “an apparent incompatibility in the operating voltages of the 
watch circuit and the display.”73

Although this conclusion resulted from conversations between 
RCA’s marketing staff and members of the company’s liquid crystal 
operation, the two groups viewed the voltage incompatibility prob-
lem very differently. Where the marketers saw it as a bar to further 
action, personnel in Princeton and Raritan recognized yet another in 
a long line of issues that could be solved if RCA committed sufficient 
resources. DSRC engineer Steven Hofstein had already filed a patent 
application for an LCD wristwatch in connection with his work on the 
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dynamic scattering clock.74 Others in Princeton believed that new 
research into more efficient CMOS (complementary metal- oxide- 
semiconductor) integrated circuits would make such an invention 
practical.75 Their ECD colleagues supported the plan, going so far as 
to construct a series of mock- up digital watch displays (fig. 4.4).76 To-
gether their efforts may well have persuaded the marketers and man-
agers in New York City to reconsider their analysis had they not faced 
obstruction from an unexpected source.

When the ECD liquid crystal project began, Klein and Caplan re-
ported to Lawrence Murray, who granted them a significant amount 
of freedom in their day- to- day work. This state of affairs changed 
abruptly at the end of 1968. As the group prepared to move to Rari-
tan, the corporation decided that the new facility required a more for-
mal organizational structure. In place of Murray and his laissez- faire 

Figure 4.4. Not functional timepieces, but a remarkable simulation! These LCD 
watches, assembled by personnel at RCA’s Raritan facility, were powered by hidden 
wires and contained no batteries or integrated circuits. (David Sarnoff Library Collec-
tion, courtesy of Richard Klein and Hagley Museum and Library.)
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management style, leadership of the ECD operation passed to Nor-
man Freedman, a chemical engineer who had distinguished him-
self in the 1950s by devising a process to apply precisely thousands 
of phosphor dots to the faceplates of color television picture tubes.77 
More recently, he had supervised the organization of superconductor 
laboratories at the DSRC and RCA’s operating division in Harrison.78 
Now it was hoped that Freedman’s manufacturing experience would 
ensure the successful establishment of an LCD assembly line.

As his subordinates soon learned, Freedman was a forceful man-
ager who insisted on retaining complete control over all aspects of 
his projects. This philosophy may have been effective with a product 
such as color television, whose significance to the corporation was 
above reproach, but it risked alienating personnel whose support 
was needed to nurture a largely unknown technology like the liquid 
crystal display. Freedman refused, for example, to allow collabora-
tion between the LCD facility in Raritan and the main semiconductor 
division in Somerville even though it was obvious that dynamic scat-
tering applications would benefit from closer coordination with in-
tegrated circuit designers. “We were told explicitly, ‘You may not talk 
to anybody in integrated circuits,’” Klein explained. “And we talked 
to our friends in integrated circuits under the table, and they were 
told by their managers, ‘You are not to cooperate with these guys.’ 
And it was because they all hated Norm.”79 Freedman’s ban on collab-
oration was only one means by which he consolidated power. Along 
with ceramic engineer Walter “Lucky” Lawrence (another veteran of 
RCA’s Harrison operation), he also imposed order on the ECD group 
through new regulations, such as the replacement of monthly pro-
gress reports with weekly updates and the promotion of personnel 
recruited from outside the operation over veterans such as Klein and 
Caplan.80

Freedman’s resistance to interdivisional collaboration and side-
lining of some of his more experienced engineers effectively para-
lyzed the ECD liquid crystal program. Raritan’s leadership confined 
its manufacturing activities to numeric counters, point- of- purchase 
displays, and dynamic scattering mirrors, none of which required 
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substantial collaboration with either Princeton or Somerville. The 
DSRC team, which dedicated “roughly half ” of its research effort in 
1969 “to direct support of the liquid- crystal products activity at EC 
[Electronic Components] in Raritan,” found its ideas rebuffed with in-
creasing frequency.81 From their perspective the ECD operation was 
being controlled by individuals with no understanding of dynamic 
scattering’s potential. Heilmeier later accused ECD personnel of re-
jecting the digital wristwatch “because there was ‘no market’ and the 
problems of filling and sealing a liquid crystal cell . . . were alleged 
to be ‘insurmountable.’”82 Joseph Castellano described one division 
manager opposed to the proposal because “if someone put the watch 
in his shoe at the beach, the display would turn clear at the high tem-
perature,” ignoring RCA chemists’ proven ability to extend the oper-
ating temperature range of nematic materials for different applica-
tions.83

Freedman and his management team made convenient scape-
goats for the holding pattern into which RCA’s liquid crystal R & D 
operation entered by the end of the 1960s, but the tensions between 
Princeton and Raritan during this period were neither unprecedented 
nor unidirectional. Freedman’s restrictive policies frustrated his staff 
and exacerbated disagreements with Somerville and the DSRC, but 
his priorities aligned closely with the 1969– 1970 marketing report, 
which listed Heilmeier, Riddel, and Hiatt as principal contributors.84 
The rest of the Princeton team could not be cast as wholly blameless 
either, for tremors of discontent had started to emanate from the 
DSRC, foreshadowing a larger earthquake that would shatter the LCD 
development effort and the corporation as a whole.

“NIXIE TUBES ARE BETTER”

Freedman’s efforts to bring RCA’s LCD operation to heel agitated the 
previously strong institutional relationship between the DSRC and 
ECD liquid crystal groups. Defying the stereotypical characterization 
of RCA’s central lab as an elitist country club indifferent to manufac-
turing issues, Heilmeier’s team had worked closely with the Raritan 
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group ever since Klein’s first visit in 1967.85 Not only did Princeton 
staff members contribute materials and circuit designs to the LCD as-
sembly line, they also partnered with Klein and Caplan to assemble 
new  prototypes— such as a mock- up airplane  cockpit— showcasing 
the utility of dynamic scattering (fig. 4.5).86 Nonetheless, as the pilot 
plant inched closer to operation and the burden of responsibility for 
product development moved toward the operating divisions, some at 
ECD grew convinced that the DSRC team was no longer dedicated to 
the cause.

One could downplay Klein’s recollections of the Princeton group’s 
reluctance to help troubleshoot malfunctioning displays because that 
was not a sufficiently interesting technical problem as isolated inci-
dents.87 It is more difficult to ignore the shrinking number of people 

Figure 4.5. Richard Klein (standing left), armed with a power drill and fake beard, hi-
jacks the Havana  Special— a mock-up airplane cockpit featuring dynamic scattering 
readouts. Also present are Sandor Caplan (standing center), Ronald Friel (standing right), 
Arthur Elsea Jr. (seated left), and Louis Zanoni (seated right). (Courtesy of Louis Zanoni.)
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affiliated with the DSRC liquid crystal program. When the LCD went 
public in 1968, the group’s red- covered reports listed sixteen people 
on the liquid crystal team’s  roster— not including consultants such as 
Richard Williams or Robert Lohman. By the first quarter of 1970, that 
number had been cut in half.88 Much of this reduction stemmed from 
the decreased involvement of Bernard Lechner’s CRL team following 
the termination of the matrix- addressed television project, but key 
liquid crystal  researchers— personnel who had been with the group 
since its 1965  inception— had also begun to fall away. Some, includ-
ing chemist Lucian Barton, transferred to other projects, such as the 
DSRC’s new drive to develop a home video player.89 Others, frustrated 
with the slow pace of LCD production, left RCA entirely to establish 
start- up firms based around the technology. By 1970, two of Heil-
meier’s earliest collaborators, Louis Zanoni and Joel Goldmacher, 
had joined the staff of one such company, Optel, which had been 
founded by former DSRC laser researcher Zoltan Kiss.90

More disconcerting than these reassignments or departures were 
those who believed that LCD technology had simply reached its lim-
its. For many the bright promise of a dynamic scattering television 
had dimmed upon realizing the effort required to bring simple LCD 
applications into production. John van Raalte, another early member 
of Heilmeier’s group and the first person to show a live TV broadcast 
on a liquid crystal screen, suggested this attitude pervaded all levels 
of the DSRC. “So we got very excited about liquid crystals,” he noted. 
“We pursued it aggressively with a significant team of scientists and 
engineers for two, three years, at which time it became obvious to the 
management and to the technical direction that [the LCD] at least 
wasn’t going to make it in ten years.”91

Nothing captures this rising sense of skepticism within the DSRC 
better than a licensing report preserved in RCA’s technical archive. 
The 1970 marketing study had recommended that no matter how the 
company proceeded with efforts to commercialize liquid crystals, it 
should offer other firms the chance to license its dynamic scatter-
ing patents.92 Such a strategy aligned with RCA’s traditional use of 
its intellectual property portfolio to control the radio and television 
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industries.93 To persuade domestic firms to purchase the rights to 
manufacture their own LCDs, RCA issued reports like the one in 
question here from September 1971, which summarized the science 
behind dynamic scattering and the engineering principles behind 
display production.

At least that was the document’s original intent. Soon after its 
publication, however, an anonymous staff member, armed with 
a pair of scissors, a bottle of rubber cement, and a perverse sense 
of humor, decided to modify the report, scattering new words and 
images throughout the text. Many of these changes, such as the al-
teration of publicity photographs of project scientists or overlaying 
pornographic snapshots near otherwise staid images of laboratory 
equipment, had little to do with the document’s ostensible subject 
matter. But the change in tone from the report’s previously positive 
treatment of LCDs was evident from the very first page, where its in-
nocuous title, RCA Liquid Crystals, was now amended with an omi-
nous warning: “Be Suspicious.”94

Where the text had once emphasized liquid crystals’ amena-
bility to large- scale manufacturing, the modified report cast LCD 
production as a messy, time- consuming process. A photograph of 
a technician laying out the coating patterns for a future display was 
replaced with an electronic hobbyist adjusting equipment on an 
overly crowded workbench. In a similar exaggeration, instead of a 
refrigerator- size glass sealing furnace, the report now showed an 
imposing multistory assembly line.95 Perhaps the most telling of all 
was an image inserted on a page discussing the preparation of room- 
temperature liquid crystals. An added photograph showed a grinning 
scientist warming a kettle in front of an equation- filled blackboard. 
The man is smiling despite his bandaged fingers, presumably injured 
while preparing the beverage in his left hand. For all his apparent dif-
ficulties, a caption describes that  process— and by extension, manu-
facturing LCDs— as “Simple and idiot- proof ” (fig. 4.6).96

Nor were the revised report’s critiques limited to factory pro-
cedures. The anonymous bricoleur went out of his way to discredit 
LCD applications. Mock- ups of possible products such as a dynamic 
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scattering wristwatch and desktop calculator (“or mini- computer”) 
were now framed as technological boondoggles, with the latter re-
quiring a massive generator to operate properly.97 Freedman and the 
RCA marketing staff had rejected those projects as impractical, but 
the changed report went further, denying any of the LCD’s supposed 
benefits over other display technologies. The editor made his views 
on this matter quite clear, prefacing a list of those advantages with the 
caveat “NIxIe TuBeS Are BeTTer.”98

Figure 4.6. An anonymous critic modified this licensing report to highlight the dispar-
ity between the idealized version of LCD production captured in RCA marketing mate-
rials and the messy realities confronting personnel in Princeton and Raritan. (RCA 
Liquid Crystals: Domestic Licensing [Sept. 1971], 17. David Sarnoff Library Collection, 
courtesy of Hagley Museum and Library.)
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The Nixie tube was the first commercially successful electronic 
numeric indicator, a neon- filled gas discharge device that Princeton 
scientists hoped to replace with smaller, more rugged LCDs that op-
erated at much lower power.99 The assertion that they offered supe-
rior performance to dynamic scattering displays may not have been 
intended seriously. Like the rest of the report, it could be viewed as 
either a legitimate commentary on the LCD’s shortcomings or a sa-
tirical caricature of liquid crystal skeptics. Either way, it illustrated 
an awareness of the technology’s susceptibility to criticism from per-
sonnel at both the DSRC and the operating divisions. Such attacks, 
in combination with management’s continued refusal to supply ad-
ditional funding and the estrangement of the Princeton and Raritan 
groups left the LCD vulnerable at a particularly inopportune time.

RCA’S COMPUTER CRISIS

In January 1970, David Sarnoff resigned from RCA. Age and illness 
had sapped the General of his strength, and though he retained the 
title of honorary chairman, his son now held complete executive 
authority over company operations. Robert Sarnoff took advantage 
of his new role to accelerate his diversification strategy. While some 
of his earlier acquisitions, such as Alaska Communications Systems, 
reinforced RCA’s traditional focus on electronics, more recent pur-
chases, such as F. M. Stamper & Co. (later renamed Banquet Foods) 
and carpet manufacturer Coronet Industries, were harder to de-
fend.100 People joked that after buying these two firms and the Hertz 
rental car company, Robert Sarnoff ’s RCA no longer stood for “Radio 
Corporation of America” but “Rugs, Chickens, and Autos.”101

The company’s evolution into a conglomerate did not occur with-
out protest. Robert Sarnoff faced condemnation at the February 1971 
shareholders’ meeting authorizing the Coronet purchase. He ended 
up securing the votes necessary to move forward with the deal but 
also fielded pointed questions about his decision to broaden RCA’s 
business interests. “We have already from soup to nuts,” one woman 
said, and then asked, “Tell me, mister, where is it going to end? You 
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are going to build an empire, and look what happened to all the em-
pires!”102 Sarnoff replied that the sluggish national economy necessi-
tated expansion into sectors offering greater growth opportunities.103 
He elaborated on this stance the following month in the firm’s annual 
report, pointing out that expansion into service industries would 
grant RCA the freedom necessary to achieve its technical goals, no-
tably “the establishment of a profitable computer business.”104

RCA’s electronic data- processing business had soldiered on in the 
years following John Burns’s resignation, but as one manager com-
mented later, there was still a “greater total effort in television from 
the engineering point of view than there was in the computer.”105 The 
pendulum started to swing in the opposite direction after the color 
TV boom, and by the time Robert Sarnoff assumed the presidency, 
RCA had achieved a modest commercial success with its Spectra 70 
mainframes. Designed to be compatible with IBM’s acclaimed Sys-
tem/360, the Spectra series heralded a new drive to compete against 
the nation’s computing leader.106 Sarnoff harbored no illusions of 
ousting IBM from its dominant place in the industry but believed it 
might be possible to leapfrog competitors such as Sperry Rand and 
Honeywell to secure the second- place spot. “In order to accomplish 
this goal,” he vowed in a September 1970 speech, “RCA is prepared to 
commit whatever resources are necessary.”107

Sarnoff repeated these claims over the course of the next year 
and launched an intensive sales campaign to publicize the firm’s new 
“RCA series” of mainframes. While these systems offered only a mod-
est increase in performance compared to the Spectra 70, company 
executives believed their lower costs would entice RCA’s existing cus-
tomer base along with a substantial number of IBM users.108 This con-
fidence was echoed in a 1970 promotional film, which declared the 
beginning of a “decade of difference” in the data- processing industry 
and reiterated Sarnoff ’s assertion that “RCA computers are going to 
be number two in the industry with 10% of the market by 1975.”109

Unfortunately, the company’s rhetoric exceeded the capacity of its  
Computer Systems Division (CSD) to keep pace with IBM. CSD re-
ported significant annual losses in 1969 and 1970, and despite prom-
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ises to shareholders that a crossover to profitability was imminent, 
the RCA series was another financial disappointment.110 Internal 
audits during the first half of 1971 revealed that Sarnoff ’s optimistic 
predictions had been based on faulty bookkeeping.111 A revised esti-
mate suggested that turning RCA’s computer business around would 
require a billion- dollar capital investment by 1976, half of which 
would go directly to CSD. “I can think of two dozen things I would 
rather spend $500 million on,” one member of the company’s board 
of directors quipped upon learning this figure.112

Sarnoff, who had staked his reputation on the success of RCA’s 
computer business much like his father had on color television, ig-
nored these findings and resisted pressure to abandon his crusade. 
Only in the summer of 1971, after America entered into a recession 
and further evidence accumulated confirming CSD’s financial insta-
bility, did he concede “that in view of everything we could not afford 
the price of staying in.”113 On September 16, he received authorization 
from the board of directors to withdraw from the general purpose 
computer market. Shortly thereafter, the company sold CSD to the 
Univac Division of Sperry Rand for $127 million. It also set up a pre-
tax reserve of $490 million ($250 million posttax) to cover prospec-
tive losses in connection with the sale.114 As the Wall Street Journal 
reported, at the time the write- off was “probably the largest in corpo-
rate history, exceeding even Ford’s Edsel.”115

Despite rumors of a power struggle within the corridors of 30 
Rockefeller Plaza, Sarnoff remained chairman following the com-
puter divestiture. He promptly imposed a freeze on acquisitions and 
implemented what the company described as the “most stringent 
cost- reduction program in RCA history,” one aimed “at all corporate 
and divisional levels, affecting administrative and operating units 
alike.”116 Factories closed across the country, and the DSRC, where 
nearly half the staff had been drafted into computer- related work, 
took an immediate 10 percent budget cut and a corresponding 6– 7 
percent staff reduction.117 All projects were subject to immediate re-
view, placing those with questionable commercial potential, such as 
the LCD, in a precarious situation. Within a year, the already shrink-
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ing Princeton liquid crystal team dropped to a paltry half dozen 
members as personnel were let go or transferred to other groups.118

The cuts at the ECD pilot plant in Raritan were even more ex-
treme. According to Klein, “In 1971, when they canned the computer 
division, our group was, I think, thirty- one people . . . and they cut 
the group back to eight.”119 The survivors, who transferred back to the 
recently renamed Solid State Division (SSD) in Somerville, included 
Freedman and Lawrence, the two men whose policies had most iso-
lated the liquid crystal operation from the rest of the corporation.120 
Neither Klein nor Caplan retained their positions, but they soon ob-
tained new jobs with Ashley- Butler, the advertising firm that spon-
sored the development of their point- of- purchase displays.121

Liquid crystal researchers constituted only a tiny fraction of the 
estimated 13,000 people who lost their jobs because of RCA’s with-
drawal from the computer industry, but this purge was the culmi-
nation of policies that had consistently undermined their efforts to 
move the LCD toward commercial production.122 Robert Sarnoff ’s 
acquisition- fueled venture into electronic data processing diverted 
resources away from consumer electronics products that required 
long- term investment. This lack of support and deteriorating ties 
between the DSRC and the rest of the corporation aggravated pre-
existing anxiety about the future of dynamic scattering displays and 
spurred the exodus of LCD personnel before and after the 1971 lay-
offs.

LIQUID CRYSTALS AND THE LIMITS 

OF THE LINEAR MODEL

RCA did little to staunch the outflow of liquid crystal researchers, 
with one notable exception. Since 1964, George Heilmeier had been 
the LCD’s strongest advocate at the DSRC, but the infighting between 
Princeton and Raritan had sapped his passion for the work.123 He con-
sidered leaving the company, like his friends Joel Goldmacher and 
Louis Zanoni. The corporation, fearful of losing one of its most prom-
inent engineers, had already named Heilmeier head of solid- state 
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device research at the DSRC and now offered him a new title, head 
of device concepts research, to entice him into staying put.124 When 
that failed to prevent him from broaching the possibility of forming 
his own firm, management replaced its carrots with sticks. Heilmeier 
recalled being warned that “if I left RCA to start my own company, it 
would be the biggest mistake of my life because they would sue the 
hell out of me.”125

A White House fellowship ultimately supplied Heilmeier with the 
means to escape Princeton in 1970 and begin a new career in govern-
ment service. At the time he downplayed any frustration he may have 
felt toward his superiors. When asked in an interview shortly after 
arriving in Washington what prompted his decision to leave RCA, he 
did not comment on the apparent bungling of the LCD, responding 
instead that he “really wanted the opportunity to see how people at 
very high levels operate and how they handle their daily problems.”126 
For its part, the corporation treated Heilmeier’s career change as 
temporary, stating that he was “on leave from RCA Laboratories” well 
after the conclusion of his one- year assignment as special assistant 
to secretary of defense Melvin Laird.127 But while Heilmeier’s name 
remained linked with RCA and liquid crystals for the rest of his life, 
his absence from the DSRC was permanent.

Liquid crystal display research would survive at RCA’s laborato-
ries and factories without George Heilmeier, but the circumstances 
of his departure cast doubts on the DSRC group’s ability to guide the 
commercialization of dynamic scattering displays and the linear 
model as a whole. The confidence that had encouraged their scientific 
investigations had yielded to disillusionment, and the once limitless 
possibilities of liquid crystals were now constrained to a handful of 
marginal product lines. The barriers between research and produc-
tion, which had vanished briefly during Princeton’s collaboration 
with Somerville, had arisen again, complicating any future attempts 
at technology transfer.128

Reflecting on his experiences in 1976, Heilmeier suggested that 
the situation might have evolved differently had the Princeton liq-
uid crystal team been responsible not just for the development of the 
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LCD but also its commercialization.129 After all, the scientists and en-
gineers on his team “were the entrepreneurs; the ones who saw op-
portunities, not problems; the ones who had no vested interest.”130 
Such individuals, he argued, could not thrive within the confines of 
a large established corporation like RCA. Instead, Heilmeier believed 
that new technologies were more likely to emerge in smaller orga-
nizations without any obligation to maintain the status quo. “If one 
subscribes to this theory,” he concluded, “it is not surprising that the 
polaroid [sic] process was not nurtured by the largest photographic 
company in the world, that most vacuum tube companies did not 
make it in the transistor business, and that Xerox office copiers were 
not pioneered by the giants in the office equipment business.”131

Essentially, Heilmeier viewed the LCD as what innovation expert 
Clayton Christensen would later refer to as a “disruptive technology,” 
one whose attributes did not sustain or enhance existing RCA prod-
uct lines, at least in the near term. Disruptive technologies often com-
pare poorly to earlier products when judged using conventional per-
formance metrics even though they are “typically cheaper, simpler, 
smaller, and frequently, more convenient to use.”132 They also open up 
new markets, but these are generally too small to support the growth 
needs of well- established firms.133

All of these criteria are applicable to the LCD project at RCA and 
reinforce the conclusion held by Heilmeier and many of his col-
leagues that the major obstacle to the commercialization of liquid 
crystals was RCA’s management.134 For all of their advantages, the 
lightweight, low- power, dynamic scattering displays that the DSRC 
and ECD groups assembled could not match the picture quality of ex-
isting televisions and would not persuade the company to abandon 
its long- standing investment in the CRT. Jack Riddel’s development 
contracts confirmed that there were audiences interested in dynamic 
scattering, but the benefits of pursuing them seemed insignificant 
compared with the potential profits to be found in digital computing.

Managerial misconduct undoubtedly compounded the challenges 
associated with transforming the DSRC’s flat- panel prototypes into 
commercial displays. Yet as much as one might blame Robert Sarn-
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off ’s strategic missteps or Norman Freedman’s domineering over-
sight of the ECD pilot line for RCA’s poor handling of the LCD, it is 
important to recall that they did not act in complete isolation from 
the company’s technical staff. Upon encountering an unfamiliar 
technology, RCA executives reached out to the DSRC and ECD to 
evaluate the commercial potential of dynamic scattering. Recall that 
Heilmeier, Riddel, and Hiatt all contributed to the 1970 marketing 
report, which concluded that the LCD was mostly irrelevant to the 
corporation’s business. Frustrating as Freedman’s policies may have 
been to personnel in Raritan, his decision to ignore wristwatches and 
concentrate on advertising displays, car mirrors, and numeric count-
ers corresponded exactly with those findings.

In other words, the determination that the liquid crystal display 
was a disruptive technology occurred, at least in part, as a result of 
discussions with members of RCA’s technical staff. Their growing ex-
perimental familiarity with the material logic of liquid crystals led 
them to tamp down the high expectations set forth at the 1968 press 
conference. The recognition that matrix- addressed LCD televisions 
would not be arriving in the near future drove some researchers to 
explore simpler devices with renewed zeal while others began to see 
liquid crystals as a dead end.

The conservatism with which both groups regarded the LCD had 
important consequences. It seeped into the technical memorandums 
directed toward managers at the DSRC and beyond, discouraging 
them from funneling more resources into the ECD operation. The 
latter group’s subsequent reliance on contract funding and the wid-
ening schism between Princeton and Raritan provoked additional 
fears about the project’s future, leading to increasingly pessimistic 
forecasts. The culmination of this vicious cycle was the partial disso-
lution of the DSRC liquid crystal team and, in the aftermath of the 
computer crisis, dramatic cutbacks at ECD.

Heilmeier and the other LCD personnel who left RCA had legit-
imate reasons to be disappointed with the company’s half- hearted 
commercialization of dynamic scattering displays. Where the for-
mation of the liquid crystal research team confirmed that scientists 
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and engineers could exert influence within a corporate laboratory, 
the technology transfer process showed that there were limits to 
that authority. They were not, however, completely powerless. The 
ultimate outcome was not what they originally hoped, but through 
technical reports, marketing studies, and face- to- face conversations, 
the DSRC research group and their ECD allies did influence how RCA 
executives approached the LCD. Those liquid crystal researchers who 
stayed at the DSRC after Heilmeier’s departure would remain en-
gaged in discussions of flat- panel development even as the presence 
of new competitors and display technologies left the LCD’s future at 
RCA in a state of profound uncertainty.



5 THE CHANGING OF THE 

GUARD, 1969– 1976

Throughout the summer of 1971, a general lay dying in Manhattan. 
The 1968 shingles diagnosis that prompted David Sarnoff to retreat 
from the boardroom had given way to a series of mastoid infections 
that ravaged his body. Despite multiple surgeries to reverse his con-
dition, the once indomitable executive withered to a haggard shell, 
bedridden on the top floor of his six- story townhouse. Early on Sar-
noff arranged for regular briefings from RCA staff members, but his 
weakening health soon made it difficult to see, hear, or speak.1

This isolation initially prevented him from discovering that his 
corporation was in peril. Friends and family tried to block Sarnoff 
from any news related to the failure of RCA’s Computer Systems Di-
vision. To their chagrin, the broadcast networks he had championed 
in his youth undermined their efforts. In September 1971, a nurse 
commented on the firm’s withdrawal from the computer business af-
ter hearing about it on the radio. Mustering up the strength to speak, 
Sarnoff referred to the news as a “terrible tragedy,” though he could 
take solace that, for the time being, his son Robert would remain 
chairman of RCA.2

Two months later, on December 12, NBC interrupted a Meet the 
Press interview with Secretary of Agriculture Earl Butz to announce 
that David Sarnoff had passed away.3 Funeral services were held the 



The Changing of the Guard, 1969– 1976 149

following Wednesday at Temple Emanu- El, the largest synagogue in 
the United States. New York Governor Nelson Rockefeller, whose fa-
ther partnered with Sarnoff to construct the Radio City complex that 
housed RCA’s headquarters, delivered the eulogy before a crowd of 
seven hundred people. That day there was no mention of Sar noff ’s 
feuds with the FCC and Justice Department or his clashes with other 
entrepreneurs over the future of America’s airwaves.4 Instead, Rocke-
feller praised the General as a visionary, citing “his capacity to look 
at the same things others were looking at— but to see far more. Oth-
ers looked at radio and saw a gadget. David Sarnoff looked at radio 
and saw a household possession capable of enriching the lives of mil-
lions.”5

Among those most directly affected by their association with Da-
vid Sarnoff were the scientists and engineers at his beloved Princeton 
laboratories. As they gathered in the DSRC’s auditorium to watch 
Rockefeller’s speech, many wondered what would become of RCA in 
Sarnoff ’s absence. “Many of us considered him a personal friend,” an 
internal DSRC newsletter noted. “He enjoyed coming to Princeton 
and talking to the research staff. On more than one occasion the vi-
sion he perceived from such talks led to significant developments in 
the fields of electronics and communications.”6

Certainly the LCD— and other RCA flat- panel  projects— had ben-
efitted from Sarnoff ’s patronage. The General’s desire to create “the 
television of tomorrow,” which would hang on the wall like a paint-
ing, had inspired two decades of research. In recent years, however, 
the campus- like atmosphere of the DSRC had become more entan-
gled in applications work underway at the operating divisions. Now 
the disintegration of Robert Sarnoff ’s computing initiative left RCA 
without a clear R & D strategy.

William Webster and the rest of the DSRC’s leadership rushed to 
convince the technical staff that the conclusion of “our forced draft 
effort on behalf of Computer Systems” would ultimately benefit the 
laboratories.7 Even with major staff and budget cuts, they promised 
that “our program moving into 1972 is better balanced and, we hope, 
more responsive to the entire spectrum of RCA research needs.”8 
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Foremost among those needs was a sustained effort to create a home 
video player, which the DSRC framed as a logical extension of RCA’s 
traditional focus on home entertainment.9

Over time, this “SelectaVision” project held increasing sway over 
the DSRC’s research agenda as the company passed over a preliminary 
laser- based approach using hologram- embossed tape in favor of the 
VideoDisc system, which stored picture information in the grooves of 
a conductive vinyl record.10 The prioritization of VideoDisc eclipsed 
RCA’s attempts to develop applications for dynamic scattering LCDs 
and build a flat- panel television, effectively decoupling those two  
goals. Liquid crystals had their place in simple products such as nu-
meric indicators, but few at RCA dared to fantasize that they would 
ever replace the CRT or restore the company’s now sullied reputation.

At first glance, the declining fortunes of RCA’s liquid crystals be-
tween 1971 and 1976 might seem unavoidable, the preordained fate 
of a disruptive technology within a large corporation. Clayton Chris-
tensen suggests such firms find themselves at a disadvantage when 
approaching products that lack a clearly defined market and whose 
limited early profits discourage expanded investment.11 In contrast, 
the smaller scale and greater flexibility of start- up firms leaves them 
better prepared to embrace disruption.12 An intuitive understanding 
of this dynamic, which had played out numerous times in the semi-
conductor industry during the 1960s, informed the decisions of sev-
eral members of RCA’s technical staff to leave the DSRC and establish 
their own LCD businesses.13

Examining the earliest and most influential of these organiza-
tions, Optel, alongside its parent company, allows us to consider the 
challenges confronting both types of firm as each sought to com-
mercialize the LCD. RCA possessed the resources to become a major 
player in this new industry. Its operating divisions started fabricat-
ing dynamic scattering displays, but company managers, still reeling 
from the fallout of the computer collapse, consigned them to a hand-
ful of minor product lines and reduced liquid crystal research fund-
ing at the DSRC. Optel was a much smaller operation, yet its propor-
tionally greater commitment to push the limits of LCD technology 
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allowed it to create the world’s first digital wristwatch with a liquid 
crystal readout just a few months after RCA dismissed the idea as im-
practical.

When all was said and done, neither RCA nor Optel established 
itself as a lasting presence in the global flat- panel display market. The 
reasons for their respective downfalls varied sharply, but each firm’s 
experiences in the early 1970s reveal that the LCD’s status as a disrup-
tive technology, while obvious in hindsight, hinged on shifting un-
derstandings of the material logic of liquid crystals. No matter how 
large the company, the scientists and engineers who engaged most di-
rectly with these LCD projects continued to influence which ones re-
ceived further attention and which would be left for others to pursue.

ON THE ORIGINS OF OPTEL

Both the research team behind the development of the LCD and the 
first spin- off to unlock its commercial potential emerged from the 
DSRC’s quantum electronics group. Established in October 1960, 
shortly after Theodore Maiman demonstrated a functional ruby la-
ser at Hughes Aircraft, the group possessed a broad mandate “to do 
research on stimulated- emission phenomena and devices.”14 Under 
the leadership of Henry Lewis, researchers concentrated on gaining 
greater familiarity with existing laser equipment and devising new 
ways to produce, detect, and modulate laser light.15 The last of these 
objectives had captured George Heilmeier’s attention and eventually 
led him to explore the electro- optic properties of liquid crystals.

In the midst of these investigations, Heilmeier occasionally 
crossed paths with another laser researcher named Zoltan Kiss. After 
being arrested for protesting the Communist occupation of his na-
tive Hungary, Kiss had escaped to Canada and obtained a doctorate in 
physics from the University of Toronto in 1959. He then signed up for 
a yearlong postdoctoral fellowship in Oxford, where he became fasci-
nated with lasers. “That’s what I really wanted to do,” he recalled. “But 
at that time, Oxford didn’t have any lasers yet.”16 Luckily, Kiss had al-
ready secured a position on RCA’s technical staff before leaving for 
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Europe, and after returning to Princeton, he was assigned to Lewis’s 
group.

Kiss partnered with theoretician Donald McClure, phosphor 
chemist Neil Yocom, and a few technicians to seek out new com-
pounds capable of generating laser light.17 On McClure’s recom-
mendation, they began by reaching out to Simon Larach’s materials 
research group for help growing crystals of calcium fluoride, which 
scientists at IBM had fashioned into a laser at the end of 1960.18 In-
stead of following IBM’s example and doping their crystals with ura-
nium, Kiss and his colleagues mixed in small amounts of rare earth 
elements into the calcium fluoride. They determined that samples 
containing divalent rare earth atoms (i.e., those lacking two electrons 
in their outermost orbits) absorbed a greater amount of incident light 
and emitted more energy than other compounds, suggesting a pos-
sible avenue to a more efficient laser.19

Previous lasers had relied on bright artificial lamps to bombard 
crystalline materials and induce them into emitting light whose pho-
tons shared the same energy and  frequency— a process called “pump-
ing.” This coherent beam remained focused over long distances, 
which RCA scientists believed might revolutionize telecommuni-
cations if they could reduce the amount of power involved.20 Kiss 
and his team made a promising step toward that goal in 1962 when 
they assembled an infrared  laser— using calcium fluoride laced with 
 dysprosium— that could be pumped using sunlight (fig. 5.1).21 “That 
was sort of my baby,” Kiss remembered, “because you couldn’t do it 
with anything else. . . . You could only do it with this divalent rare 
earth.”22

RCA’s new laser received a lot of media coverage. The New York 
Times published James Hillier’s descriptions of “sun- powered lasers 
on future space satellites” that could be used for either communica-
tions or geodetic measurements.23 What Hillier did not mention was 
that before any of those predictions could come true, Kiss’s invention 
would have to overcome a serious flaw. Like fading paint on the out-
side of a house, prolonged exposure to the sunlight used to pump the 
laser bleached the calcium fluoride crystal, ruining its performance.24 
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As a preventative measure, Kiss started “double doping” his crystals, 
adding tiny amounts of two different rare earths. This procedure 
eliminated the bleaching effect. It also resulted in the synthesis of 
several new materials exhibiting an unexpected property. “I would 
start out with a red crystal,” Kiss explained. “I would shine light on 
it, and a few minutes later, now it’s blue. What the hell is this?”25 Even 
more perplexing, he was able to produce materials that changed 
 color— from blue to red, for  example— when struck with one wave-
length of light, but reverted back to their original color when hit with 
light of a different wavelength.

Kiss imagined combining these new “photochromic” materials 

Figure 5.1. Zoltan Kiss operating his sun- pumped laser on the roof of the DSRC. (RCA 
Radiations [Oct.– Nov. 1962], cover. David Sarnoff Library Collection, courtesy of Hag-
ley Museum and Library.)
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with lasers to create a new information storage and recording me-
dium.26 The discovery that one could also trigger a color change in 
certain compounds using an electron beam, like those found in CRTs, 
also hinted at a possible display application. Unlike conventional 
picture tubes, where images had to be refreshed constantly, the pic-
tures painted on a “cathodochromic” screen (named for its reliance 
on cathode rays, not light, to change color) would stay in place until 
they were erased.27

Kiss’s transition from laser research to photochromic and catho-
dochromic materials paralleled the broadening mission of the quan-
tum electronics group.28 It also positioned him to lead the group after 
the newly promoted William Webster selected Henry Lewis to run the 
DSRC’s Materials Research Laboratory in 1968.29 Kiss adapted quickly 
to his new managerial responsibilities and got along with his team 
well enough that they frequently stayed after hours to work on their 
latest technical breakthrough. Indeed, his tendency to drop into re-
searchers’ offices asking “Breakthrough? Breakthrough?” made the 
question into something of a personal catchphrase.30

Management agreed with Kiss, but his professional success did 
little to stifle a growing sense of restlessness. He had sought out a 
career in industrial research to create products that would improve 
people’s lives, but no matter how many remarkable applications he 
contrived for his laser research, “the quantum electronics group 
was considered more as a basic research group.”31 As he told For-
tune in 1973, RCA was ignoring potentially significant inventions 
“because their sales potential did not seem big enough to division 
heads who were accustomed to thinking in terms of $100- million and 
$200- million markets.”32 In short, company decision makers viewed 
Kiss’s lasers and color- changing crystals as disruptive technologies. 
If he wanted to commercialize them, it would not be under RCA’s 
banner.

Kiss pondered his options during a sabbatical at RCA’s Zurich 
laboratory and finally approached the DSRC’s management with an 
idea. Inspired by the popularity of start- up firms in the region that 
was becoming known as Silicon Valley, he would establish his own 
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company to capitalize on the quantum electronic technologies RCA 
cast aside.33 Since RCA retained the relevant patents for his work on 
photochromic and cathodochromic materials, he would need to pay 
a licensing fee. Of course, RCA was quite used to such arrangements, 
and this proposal seemed particularly advantageous because the 
company had no plans to utilize Kiss’s crystals and did not expect to 
lose any customers to his new business.34

After listening to Kiss’s arguments in the summer of 1969, Web-
ster and Lewis granted him their blessing to begin laying the ground-
work for his new company, initially called Quantel because of its focus 
on quantum electronics. The firm started operations with that name 
in December 1969 but abandoned it after learning that another busi-
ness had previously registered the brand. By the end of 1970, its staff 
settled on a new name referencing the start- up’s location at the inter-
section of optics and electronics. They called it Optel.35

A SPIN- OFF DIVIDED

In November 1969, the DSRC quantum electronics group arranged 
a farewell party for Zoltan Kiss. During these festivities, they gave 
him an album filled with snapshots from his time in Princeton as well 
as a remarkable caricature drawn by one of his technicians, Robert 
Quinn.36 The latter, titled “Zoltan’s Last Supper,” replaced the figures 
in Leonardo da Vinci’s mural with Kiss and his research team. Several 
of the “apostles” are shown making jokes at Kiss’s expense. “Hallelu-
jah,” one remarks, “we won’t have to hear that dreaded word, ‘BreAK-
THrOuGH’, again.” Another jeers that “‘Zolly’ thinks that having 
your own business is a bed of  roses— he’ll find out!!” All the while, a 
haloed Kiss gazes outward with a somber expression, his perspective 
captured in a cartoon thought bubble: “Oh Lord— Deliver me from 
these imbeciles!” (fig. 5.2).37

Contrary to this satirical inner monologue, Kiss truly respected 
his RCA colleagues, and the first people he recruited to join his new 
start- up came from within the company. Recognizing the need for 
personnel with manufacturing experience, Kiss reached out to 
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collaborators at the company’s operating divisions, most notably 
the Aerospace Systems Division (ASD) in Burlington, Massachusetts. 
ASD oversaw most of RCA’s defense- related laser projects, including 
communications systems, satellite trackers, and range- finding equip-
ment.38 Kiss was an occasional visitor to Burlington and eventually 
persuaded physicist Edward Kornstein and electrical engineer Nun-
zio “Tony” Luce to join his new enterprise.39 He also enlisted allies 
closer to home, recruiting spectroscopist Douglas Bosomworth from 
the DSRC quantum electronics group as well as two former mem-
bers of Heilmeier’s liquid crystal team, Joel Goldmacher and Louis 
Zanoni.

In some ways, Zanoni and Goldmacher were unlikely Quantel em-
ployees. After all, Kiss’s work had focused on solid, inorganic mate-
rials, not the mesomorphic, organic compounds that exhibited dy-
namic scattering. The situation makes more sense when one recalls 
that both Kiss and Heilmeier reported to Henry Lewis and attended 
regular group meetings to discuss their research. As a result, Kiss be-
came aware of Heilmeier’s LCDs before RCA presented them to the 
public. He came to believe that company higher- ups were treating 
these liquid crystals similarly to his solid ones, again ignoring the 
possibility of exciting new display technologies to concentrate on the 

Figure 5.2. “Zoltan’s Last Supper,” a parody of the Renaissance masterpiece, drawn by 
one of Kiss’s technicians, Robert Quinn (aka “Leonardo DiQuinci”), before the physi-
cist’s departure to form Optel. (Courtesy of Zoltan Kiss and Robert Quinn.)
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existing television market. “I was surprised about this,” Kiss noted, 
“and that was one of the main reasons when we started Optel . . . that 
we decided to sort of look at liquid crystals as a potential commercial 
activity.”40

There was also another, more pragmatic reason for Kiss to latch 
on to liquid crystals during Quantel’s early days. Although he har-
bored grand ambitions for his cathodochromic and photochromic 
materials, he had not yet incorporated them into a product that 
would captivate investors. Dynamic scattering prototypes, on the 
other hand, had been around for several years, most of them built by 
Heilmeier’s  technician— and recent Quantel  recruit— Louis Zanoni. 
During meetings with New York venture capitalists, Kiss discovered 
that even the simplest LCDs could lend credibility to his technical 
presentations. On one occasion, after describing his firm’s interest in 
lasers, photochromism, cathodochromism, and liquid crystals, an au-
dience member replied that “all were interesting, but we can’t really 
understand too well any of these. Can you demonstrate something?” 
Kiss responded by deferring to Zanoni, who presented a dynamic 
scattering window “maybe a half a square centimeter. You throw a 
switch, and it’s shiny white. Throw it in the other direction, and it’s 
transparent.” It was a simple demonstration, but enough to win over 
the crowd.41

As a result of Kiss’s salesmanship and Zanoni’s demonstrations, 
by the fall of 1969, Quantel had accumulated approximately $1 mil-
lion in private capital and development contracts, enough to purchase 
a building to serve as a base of operations.42 Promotional materials 
later referred to this space, located a few miles north of the DSRC on 
US Route 1 as “a converted Princeton garage,” though in subsequent 
interviews staff members disclosed that it was originally a pharma-
ceutical research facility.43 The building had room for a fully stocked 
materials science laboratory, including crystal growing furnaces and 
vacuum deposition equipment.44 Unlike at RCA or its peers (GE, IBM, 
AT&T, etc.), whose adherence to the linear model had driven them 
to physically isolate their research activities from their factories, this 
ten thousand square- foot space would combine both functions under 
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one roof.45 This mirrored the approach popularized by Intel, whose 
founders felt that separating R & D from production complicated the 
technology- transfer process.46

Everything appeared ready for Quantel to commence operations 
in early 1970, but almost immediately debates erupted over how the 
company should proceed. In marketing materials, Kiss framed Quan-
tel as a firm that would commercialize cathodochromic, photochro-
mic, and liquid crystal materials, but internally, he expressed a clear 
preference for cathodochromics. Not only could they be readily sub-
stituted into CRT- based displays, they also seemed more amenable 
to mass production than photochromic memory systems because of 
the latter’s reliance on lasers.47 As for liquid crystals, Zanoni’s impres-
sion upon joining the staff in 1970 was that Quantel viewed dynamic 
scattering as a “backup technology.”48 Kiss could not wholly ignore 
the LCDs that had convinced so many to support his company, but he 
apportioned far fewer resources to their development. “Their primary 
technology then was cathodochromic displays,” Zanoni recalled. “I 
guess ninety percent of the company were working on that.”49

The division of labor was not quite that stark, but for much of 1970 
the majority of Quantel’s staff set themselves to work on the Refli-
con, a cathodochromic display meant for use in computers and fac-
simile systems. Quantel engineers also embedded the Reflicon into 
a data terminal that could display text or images and print them us-
ing a built- in photocopier.50 At the same time, the company’s liquid 
crystal group, consisting of just Zanoni and Brazilian technician 
Amilcar Guimaraes, focused on building sample dynamic scatter-
ing displays.51 Later, Kiss assigned Joel Goldmacher and Tony Luce to 
Zanoni’s LCD team, but for the rest of Quantel’s twenty- person staff, 
the key objective was preparing the Reflicon for its November 1970 
debut at the Fall Joint Computer Conference in Houston.52

Everyone at the company recognized the significance of the Texas 
trip. Houston was where Kiss would introduce the firm’s first prod-
uct line as well as its new name— Optel. The Princeton start- up was 
about to step on to the national stage, and while the Reflicon would 
receive the most attention, the liquid crystal group also wanted to 
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participate. “So I got together with Lou [Zanoni] and we sat down, and 
Joel Goldmacher, and we said let’s come up with a whole slew of dis-
plays,” Tony Luce told interviewers later.53 Together, they assembled 
a collection of alphanumeric LCD readouts of various sizes. “And we 
took all that stuff, we put it on a big board and we went to Texas with 
that display,” Luce continued. “And we went down to the show, we 
took the whole show away from the cathodochromics. It was really 
very spectacular.”54

In actuality, Optel’s LCDs did not totally overshadow its cathodo-
chromic displays. In their coverage of the Houston conference, Busi-
ness Week and Electronic News reported on both technologies, with 
the former noting that each promised “to make electronic informa-
tion easier to read in light that washes out normal displays.”55 Still, 
to some within the company, the fact that Optel’s liquid crystals had 
generated enough interest to be mentioned even in passing suggested 
that the company should reexamine its priorities. Edward Kornstein, 
who had been recruited to work on cathodochromics and wrote some 
of Optel’s earliest business plans, now believed that LCDs offered a 
greater possibility of long- term growth.56 Kiss meanwhile remained 
committed to the status quo, with liquid crystals occupying a subor-
dinate position. “And I think in his mind he could see that the catho-
dochromic technology wasn’t going to be going anywhere,” Tony 
Luce explained. “But you know, he’d drag things out, like most people 
do when it’s their baby. You’re going to drag it out as long as you can, 
even though it’s dead.”57

OPTEL PICKS ITS PATH

The tensions over Optel’s future came to a head at the end of Novem-
ber 1970. A few days after the Reflicon demonstration in Houston, 
Kiss left on a previously scheduled European fundraising trip. His 
original itinerary called for him to return to the United States on 
Sunday, November 29, but his meetings ended earlier than expected 
and he decided to catch an early flight home. Upon arrival in New 
Jersey on Saturday night, he discovered a telegram waiting for him. 
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Apparently Kornstein and two other members of Optel’s board of 
directors had grown upset with Kiss’s management and scheduled a 
meeting in New York to remove him from office on Sunday, when he 
was supposed to be in transit.58

The scene was set for a dramatic showdown. Kiss startled his op-
ponents by appearing in the boardroom for the Sunday meeting with 
several of his supporters, including members of the company’s liq-
uid crystal group. Although Kiss had bestowed only limited support 
for their projects, they still felt a strong sense of loyalty to Optel’s 
founder. Luce expressed disdain for the defectors’ tactics. “I didn’t 
think that people should just go ahead and do something behind 
someone’s back,” he noted. “Hold a special board meeting and throw 
the president out.”59 To Zanoni, it was also unclear whether Kiss’s 
self- styled successors would be any better than the man they were 
replacing. “Within the group there was a choice of do you want Zol-
tan to be chairman or these other guys to be chairman,” he observed. 
“And Zoltan . . . I had worked with Zoltan. . . . So we stuck with him, 
and of course he won over eventually.”60

Kiss did manage to thwart his foes in the ensuing negotiations, 
which stretched into the early hours of Monday morning, but not 
without paying a high cost. He kept his position as Optel’s chairman 
and forced Kornstein and his allies to step down from the board, but 
in exchange for these concessions, he had to sign away a quarter of his 
stock. He no longer retained majority control over the company. In 
addition, the rebellion led Kiss to reevaluate how Optel allocated its 
R & D budget. If given the chance to do it all again, he told a reporter a 
few years later, “I would have spent only 60 percent of what we did on 
cathodochromics.”61 The LCD group had stood by Kiss in his hour of 
need, and he would not forget them now.

This change of heart could not have been better timed, because 
in December 1970, Tony Luce completed the project that would put 
his company on the map. When Optel discussed its liquid crystal 
research in Houston, it emphasized product lines that replicated 
work already done at RCA, including numeric readouts and cockpit 
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instrumentation. What the public did not know was that the firm was 
also working on a wristwatch with a dynamic scattering display.

The origins of the project remain ambiguous. Kiss claimed later 
that he set the technical direction at Optel and that “the basic ele-
ments, how are we going to do it, that came from me . . . What is the 
most highest volume thing that this can use? Digital watches came 
from me.”62 Luce rejected this claim outright. When asked whether 
the LCD watch was Kiss’s idea, his response was blunt: “No, absolutely 
not. The watch came out actually almost by accident, I’ll be very hon-
est with you.”63 Zanoni provided an answer that lay somewhere in the 
middle. Like Kiss, he stressed the importance of economic consider-
ations, since “the display had to be small and there had to be a market 
that they would pay a higher price for.”64According to him, the move 
from those general criteria to a wristwatch resulted from discussions 
with Optel’s marketing staff, not Kiss. It is also possible that Zanoni 
and Goldmacher, who were aware of RCA researchers’ interest in LCD 
wristwatches, carried the idea with them from the DSRC.

In any case, as early as June 1970, the liquid crystal group had 
drafted a technical proposal for the Bulova Watch Company outlin-
ing a “best effort program to develop a prototype of a liquid crystal 
display and its driving electronics for an electronic wrist watch.”65 
Bulova had already advanced the transition from mechanical to 
electronic timekeeping with its Accutron model, a watch that used a 
battery- powered tuning fork instead of a balance wheel to tick off the 
seconds.66 Now Optel (still known as Quantel at that point) proposed 
a partnership to build a fully electronic watch with a dynamic scatter-
ing readout.

Just a few months earlier, this idea would have sounded outland-
ish, but in May 1970 the Hamilton Watch Company announced that 
it had created the world’s first digital wristwatch: the Pulsar. The 
Pulsar replaced the Accutron’s tuning fork with a vibrating quartz 
 crystal— an approach pioneered by Japanese watchmaker  Seiko— and 
its mechanical dial with a set of bright red light- emitting diodes. 
Because they generated their own light, these LEDs required more 
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power to operate than an LCD. As a result, the Pulsar only displayed 
the time when users pressed a small button on its side. The effect was 
dramatic enough to merit a cameo in the next James Bond movie (Live 
and Let Die), but it also served as a constant reminder of the watch’s 
short battery life.67 The Quantel proposal explicitly brought up this 
problem, commenting that the LED’s “much greater power require-
ments (more than 1000 times greater) and its low brightness cannot 
compete with liquid crystals.”68

Bulova’s executives greeted Quantel’s proposal with skepticism. 
“They had the Accutron, and that’s it,” Tony Luce recollected. “That’s 
the watch, and all this LCD is really, quartz is not the way to go. . . . 
But their research people were very forward looking also. They kind 
of let us go ahead with this program, which we did.”69 With Bulova’s 
backing, the Quantel team set to work in the summer of 1970, with 
Goldmacher, the chemist, synthesizing batches of room- temperature 
liquid crystals that could be inserted into Zanoni’s numeric readouts.

For his part, Luce wrestled with the task of designing the circuitry 
for an LCD watch. “Because LCDs had a lot of problems then,” he ac-
knowledged. “We were doing it with dynamic scattering, and you had 
to drive it at fifteen volts, and where are you going to get a chip to 
drive it at fifteen volts. There was a lot [of] little things that had to 
really be done.”70 Never one to turn away from a technical challenge, 
Luce took each problem in stride. Looking back, Zanoni extolled his 
friend’s work ethic. Luce, he said, “could work twenty- four hours 
straight, nonstop. . . . I think in less than a week he did design that 
watch circuit.”71 The resulting breadboard (fig. 5.3) possessed an ar-
chitecture similar to the Pulsar, including circuits to count the vi-
brations of a quartz crystal, divide them into seconds, minutes, and 
hours, and activate the appropriate digits on a liquid crystal readout. 
The LCD’s lower power requirements meant that, unlike the Pulsar, 
the time could be shown continuously without rapidly draining the 
battery. To confirm the watch was working, Luce also added a feature 
that would become almost universally adopted in digital watches and 
clocks: a colon that blinked once every second.72
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Luce presented his creation to Kiss, and as he put it, “the dollar 
signs lit up in Zoltan’s head.”73 Although he continued to call atten-
tion to hope for his cathodochromic displays during the latter half 
of 1970, he seized on the LCD wristwatch as both a product line and 
fundraising tool. As the liquid crystal team contacted local integrated 
circuit manufacturers for assistance reducing Luce’s breadboard to 
something that could fit on someone’s forearm, Kiss reached out to 
watch companies intrigued by the idea of digital timekeeping. He 
found a very receptive audience in Switzerland, where firms that had 
taken pride in their mechanical craftsmanship now found themselves 
at a loss for electronic expertise.74 Kiss’s frequent visits to Europe 
opened up new sources of operating capital but stirred up discontent 
within the firm. It was following one such meeting with Swiss watch-
makers that Kornstein and his colleagues attempted their coup.

Whatever complaints Kiss’s travels inspired disappeared in the 

Figure 5.3. Nunzio Luce tests out the LCD watch circuit he assembled at Optel in 1970. 
Optel engineers soon compressed this breadboard on to a pair of integrated circuits 
small enough to fit on a person’s wrist. (Courtesy of Louis Zanoni.)
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weeks after he consolidated his authority, especially after the deliv-
ery of Luce’s watch circuits. Optel partnered with Solid State Scien-
tific, a small semiconductor firm in the Philadelphia suburbs, to con-
dense nearly 1,300 transistors on to a pair of tiny silicon chips.75 Like 
the LCD, these CMOS (complementary metal- oxide- semiconductor) 
circuits traced their origins to the DSRC.76 While RCA personnel 
suspected that their low operating power might be useful in wrist-
watches, the firm never invested in the idea, preferring to supply 
CMOS chips to outside  firms— including Hamilton, which used them 
in the Pulsar.77 Only after the Optel team completed their prototype 
watch would these two RCA  technologies— CMOS and the LCD— be 
united inside a functional timepiece.

“Functional” was a somewhat generous description of that first 
demonstration model. “It didn’t have all the segments working,” 
Zanoni admitted, but that did not stop him and Luce from showing 
it off at Optel’s office Christmas party.78 In recognition of his accom-
plishment, Luce was assigned to manage the LCD group. Zanoni, in 
turn, teamed up with Douglas Bosomworth and production coordina-
tor Jack Heber to set up an LCD assembly line.79 With these technical 
problems in good hands, Kiss launched a marketing drive. Because 
Optel possessed neither the brand recognition nor the manufactur-
ing capacity to compete against existing watchmakers, he dispatched 
Kornstein and sales manager Gary Leffer to contact established firms 
eager to enter the digital watch market.80 Bulova was an obvious 
starting point, but after supporting the development of the dynamic 
scattering watch, it instead placed its bets on the “Accuquartz” analog 
model.81

Thankfully, the Swiss were more open to Optel’s overtures. In 
early 1971, Omega joined with the Americans to produce a “porta-
ble digital chronograph” called the Octoscope, which one Neuchâtel 
newspaper predicted would pave the way for “the 100% electronic 
watch.”82 Later that year, Optel formed an alliance with the Société 
des Garde- Temps (SGT), a conglomerate that had recently purchased 
the Waltham Watch Company, to produce watch movements and 
displays that would be inserted into Swiss cases. The results of this 
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collaboration would then be marketed under the Waltham name in 
the United States.83

The Walchron, which Kiss declared “the Model T of digital 
watches,” premiered to rave reviews at the 1972 Basel Fair, an an-
nual showcase for the international watch and jewelry industries 
(fig. 5.4).84 “That’s the first time I experienced what it was like to be 
treated like a god,” Kiss reminisced. “At the Basel Fair, there are all 
the watchmakers, and they found out that I was the guy who did this 
for Waltham, so there wasn’t a single watchmaker that didn’t be-
siege me.”85 Headlines in the Swiss press that spring referred to the 
Walchron as “a master stroke” and marveled at the idea of “a watch 
without gears.”86 They also applauded Optel, “a small company of 60 
people. . . . A small business certainly, but one where 50% of the staff 

Figure 5.4. “The Model T of digital watches.” Optel’s first commercially available LCD 
timepiece, built in partnership with the Waltham Watch Company, captivated audi-
ences at the 1972 Basel Fair. (Courtesy of Zoltan Kiss.)
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has a university education and the majority are from RCA, where 
they had a half- open window on watchmaking!”87 On the basis of 
their joint venture with SGT, Optel soon found other European com-
panies eager to team up with what one Swiss journalist dubbed “the 
young and restless business from New Jersey.”88

With the firm reporting more than $10 million in orders, the time 
seemed ripe for expansion.89 In June 1972, the company went public. 
Their initial stock offering earned them an additional $5 million, 
enough to cover the costs of moving out of its warehouse headquar-
ters to a larger, more modern facility down Route 1.90 Optel’s reloca-
tion was the latest proof of how much the company had evolved over 
the past three years. As Kiss and his colleagues looked toward the sec-
ond half of 1972, they could not imagine that greater changes were on 
the horizon or that the dynamic scattering devices that made Optel’s 
fortune would soon face competition from a new form of LCD.

COMPETITION WITH A TWIST

In March 1972, as rumors swirled in the Swiss press about the dynamic 
scattering watches that Optel planned to unveil in Basel, Joseph Cas-
tellano published a review article surveying the present state of liquid 
crystal research.91 Castellano had become leader of the DSRC’s LCD 
group after George Heilmeier received his White House Fellowship. 
Zanoni and Goldmacher’s move to join Kiss at Optel further dimin-
ished the DSRC team, but Castellano and his colleagues soldiered 
on, exploring a variety of electro- optic phenomena. He enumerated 
these effects in his 1972 article, beginning with dynamic scattering 
before moving on to guest- host color switching and the “optical stor-
age mode” observed in nematic- cholesteric mixtures.92

Beyond its scientific content, Castellano’s review illustrated how 
much interest in the topic had grown since Kent State hosted the first 
international liquid crystal conference in 1965. It cited projects at lab-
oratories across the United States as well as in Britain, France, Ger-
many, the Soviet Union, and Japan. Academic scientists and industrial 
researchers at places such as Bell Labs, Texas Instruments, Merck, 
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and Hitachi were studying mesomorphic compounds and their appli-
cations.93 There were now too many papers being published on liquid 
crystals to reference in a single article, which may explain the absence 
of one piece published the previous year by a former member of the 
DSRC technical staff named Wolfgang Helfrich.94

The omission was somewhat curious since Helfrich had served 
as part of RCA’s liquid crystal team and, in fact, had shared an office 
with Castellano for several years.95 Castellano specialized in organic 
synthesis while Helfrich, a physicist trained at the Technical Univer-
sity of Munich, modeled the behavior of liquid crystals under electric 
and magnetic fields in connection with the group’s dynamic scatter-
ing investigations.96 Because he was unfamiliar with liquid crystals 
before his 1967 arrival in Princeton, he spent much of his time in the 
DSRC library immersing himself in the relevant literature.97

It was there that Helfrich encountered the writings of a French 
crystallographer named Charles Mauguin. In a 1911 paper, Mauguin 
detailed a series of experiments confirming that one could align the 
rodlike molecules of a nematic compound by placing them on a glass 
plate that had been rubbed in a single direction with a piece of paper. 
Furthermore, if one formed a sandwich using two plates prepared in 
this fashion and rotated one of them ninety degrees, the molecules 
near each surface retained their original orientation while those in 
the middle contorted into a helical structure. When polarized light 
entered a cell prepared in this fashion, the helix behaved like a spiral 
staircase, rotating the light’s plane of polarization on its way through 
the sample.98

Mauguin’s findings had been publicly available for almost sixty 
years before Helfrich encountered them, but he was among the first 
to relate the optical properties of these “twisted nematic” systems 
to more recent studies of liquid crystals’ electrical properties. After 
giving the matter some thought, he conceived of a new type of LCD  
that combined the apparatus used in Mauguin and Heilmeier’s exper-
iments (fig. 5.5, left). The RCA group had already shown that applying 
a voltage across certain liquid crystals caused the long axes of their 
molecules to realign parallel to the field and perpendicular to the 
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substrates on which they were deposited.99 These materials did not 
exhibit dynamic scattering, which required molecules whose long 
axes aligned perpendicular to the field.

Helfrich now envisioned using these nondynamic scattering 
materials to form a twisted nematic structure inside a standard RCA 
sandwich cell, which would be flanked by a pair of crossed polariz-
ing filters. Normally, any light passing through the first polarizer 
would be blocked by the second, but the presence of a liquid crystal 

Figure 5.5. Wolfgang Helfrich proposed a new form of LCD, which involved creating 
a twisted nematic helix inside a sandwich cell and placing that setup between a pair 
of crossed polarizing filters. Each filter allowed only light waves moving in a partic-
ular direction, indicated by the arrows a and b, to pass through it. Before power was 
applied (left), light traveling through the first polarizer followed the path of the liquid 
crystal helix, which enabled it to pass through the second filter. Applying a voltage to 
the cell caused the helix to unravel (right). Light therefore moved across the cell with 
out changing direction and was blocked by the lower polarizer, making the display ap-
pear black. (Hirohisa Kawamoto, “The History of Liquid Crystal Displays,” Proceedings 
of the IEEE 90, no. 4 [Apr. 2002]: 473. Reprinted with permission from IEEE. Scan cour-
tesy of Linda Hall Library of Science, Engineering & Technology.)
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“staircase” between the two would rotate the light, allowing it to pass 
through the cell unobstructed until a voltage was applied across 
the sample (fig. 5.5, right). In that case, the field- induced molecular 
realignment would temporarily demolish the staircase, blocking 
all light transmission until the field was removed and the helix re-
formed.

At least on paper, Helfrich had formulated an entirely new means 
of modulating light using liquid crystals, one that he recognized 
might have display applications. He later recalled presenting his idea 
to Heilmeier twice: once in the summer of 1969 and once in 1970. Ac-
cording to him, Heilmeier dismissed the proposal on both occasions. 
“And he gave a reason for that,” Helfrich remembered. “It was the two 
polarizers. They absorb too much light, and therefore this is not an 
interesting effect. . . . I told him the whole concept, and he rejected 
it.”100

Heilmeier’s laboratory notebooks contain no record of these con-
versations, and when asked, he had no memory of speaking with Hel-
frich about the twisted nematic concept.101 Whatever records Helfrich 
may have kept on the subject do not appear to have been deposited in 
the DSRC’s archives, but there are several pieces of circumstantial ev-
idence to support the claim that he conceived of the twisted nematic 
LCD at RCA. Technical reports indicate Helfrich’s interest in the be-
havior of cholesteric liquid crystals, which are characterized by their 
helical structure.102 Moreover, the operation of Helfrich’s proposed 
twisted nematic cells somewhat resembled an electro- optic effect 
that other members of the DSRC group were studying in the spring of 
1969, which used strong electric fields to unravel a cholesteric helix, 
causing it to shift from iridescent to transparent.103 Finally, there are 
the recollections of other DSRC personnel, including Castellano, who 
witnessed Helfrich demonstrating “a cell that went from clear to dark 
in transmitted light under crossed polarizers when an electric field 
was applied.”104 Castellano points out that there is no way to know 
how that cell was constructed, but his experience confirms Helfrich’s 
interest in using electric fields to modulate the passage of polarized 
light during his tenure at RCA.
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Assuming Helfrich did approach Heilmeier with the idea for a 
twisted nematic LCD, how should we interpret the decision not to 
pursue it? Heilmeier’s disdain for display systems that relied on polar-
ized light was well established. The brightness reduction associated 
with polarizing filters had spurred his search for additional electro- 
optic effects following the observation of electronic color switching. 
Once dynamic scattering became the center of the DSRC group’s at-
tention, there were few incentives to return to displays based on po-
larized light, at least not without external funding, like NASA’s con-
tract to create color displays based on the guest- host effect.105 From 
a broader perspective, by 1969, when Helfrich supposedly broached 
the subject of twisted nematic displays with Heilmeier, Princeton and 
Raritan’s limited development budgets were stretched to the limit 
working on dynamic scattering devices. While it is possible that some 
of Heilmeier’s reluctance to support Helfrich’s proposal stemmed 
from a personal attachment to his dynamic scattering displays, it was 
also justifiable on technical and financial grounds.106

Helfrich had few responses to these objections. He was poorly 
positioned to advocate for a major reorientation of the LCD group’s 
strategy, and the performance characteristics of his twisted nematic 
displays were largely theoretical. “The basics of the optical behavior 
were known,” he noted later. “The basics of the electrical behavior 
were known, but the combination and in particular the light trans-
mission of a distorted twisted  nematic— distorted by the electric 
 field— this was completely unknown and really difficult to esti-
mate.”107 The answers to these questions would only be found in the 
fall of 1970, when Helfrich left RCA for a position at Hoffman– La 
Roche. The Swiss pharmaceutical firm recruited him to explore the 
mesomorphic properties of biological molecules and the possible use 
of LCDs in medical equipment. He joined their liquid crystal group 
in  Basel— where Optel would later present its dynamic scattering 
 watch— and partnered with experimental physicist Martin Schadt. 
After a few weeks of concerted tinkering, the two men successfully 
assembled a twisted nematic prototype based on Helfrich’s idea in 
November 1970.108 They submitted a Swiss patent application the 
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following month and published their findings in a February 1971 ar-
ticle in Applied Physics Letters.109

Twisted nematic displays were more complicated to construct 
than their dynamic scattering predecessors. They relied on the in-
stallation of a pair of previously unnecessary polarizers, and the 
glass substrates required careful treatment to ensure a proper heli-
cal alignment. All the same, these devices offered several advantages. 
The distortion of the liquid crystal staircase in twisted nematic cells 
took place at lower voltages than dynamic scattering and did not rely 
on the flow of ions across a cell. (This absence of ionic current ex-
plains why some referred to the newer technology as simply a “field 
effect” display.) In addition, although the use of polarizers reduced 
their brightness, twisted nematic displays possessed higher contrast 
than dynamic scattering readouts.110

In years to come, these properties, enhanced with improved 
materials and fabrication techniques, enabled twisted nematic LCDs 
to dominate the electronic display industry. The now commonplace 
gray and black numerals seen on countless clocks and calculators 
would expand into the intricate arrays of light shutters found in our 
televisions, laptops, and cell phone screens. None of this was appar-
ent when Helfrich and Schadt patented their invention. The enthusi-
asm within some sectors of the Swiss watch industry for digital time-
pieces was insufficient to persuade Hoffman– La Roche’s management 
to support further LCD research. The firm ceased all liquid crystal in-
vestigations until inquiries from Japanese firms such as Seiko, Sharp, 
and Hitachi led to the LCD research group’s reinstatement in 1973.111

Hoffman– La Roche’s renewed interest in LCDs also drove them 
into an extended legal battle against James Fergason, the physicist 
who created the first practical temperature sensors using choles-
teric liquid crystals. Fergason had independently developed his own 
twisted nematic displays and filed for a US patent two months after 
Helfrich and Schadt’s Swiss application.112 After several years of lit-
igation, Fergason’s Ohio- based start- up firm, International Liquid 
Crystal Company (ILIXCO) settled the dispute out of court. Fergason 
yielded control over his patents to Hoffman– La Roche in exchange 
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for a share of the royalties. The Swiss firm then proceeded to license 
twisted nematic display technology to all interested parties.113

RCA was not initially among their number. Since Helfrich left no 
research records at the DSRC, the transatlantic wrangling over the 
twisted nematic patent did not affect Castellano or the Princeton liq-
uid crystal group. Instead they continued applying for external fund-
ing and reaching out to RCA operating divisions with ideas for new 
dynamic scattering applications.114 Meanwhile personnel at the Solid 
State Division (SSD) in Somerville put the finishing touches on an as-
sembly line for dynamic scattering numeric indicators.115 In Febru-
ary 1972, an SSD spokesman described plans to produce six types of 
dynamic scattering readouts for “minicalculators” and digital time-
pieces by the end of the year.116

Only that summer did DSRC scientists initiate a study comparing 
the performance of dynamic scattering and “field effect’ displays un-
der different viewing conditions. Along with technician Ronald Friel 
and electrical engineer Lawrence Goodman, Castellano surveyed 
more than two hundred DSRC employees, concluding that “a signifi-
cantly large majority . . . preferred the cell with a specular reflecting 
back electrode using the dynamic scattering effect.”117 These find-
ings validated the liquid crystal group’s belief that consumers cared 
most about a display’s brightness and their decision to avoid LCDs 
that relied on polarizing filters. The survey also indicated, however, 
that user preferences varied depending on ambient illumination. 
The white numbers in dynamic scattering displays were bright and 
legible under normal room lighting, but glare from their reflective 
backplates made them difficult to read outdoors. Conversely, the 
black digits of the twisted nematic cell were not as bright indoors but 
benefitted from increased contrast when viewed in direct sunlight.118

These findings contributed to the DSRC group’s decision to place 
“major emphasis on materials for field- effect displays” for the re-
mainder of 1972.119 Nevertheless, Castellano and his colleagues con-
tinued research into dynamic scattering as competitors started aban-
doning the older displays.120 To these firms, the decreased brightness 
and increased complexity of twisted nematic displays were small 
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prices to pay for the high contrast and low power that made them per-
fect for portable electronics. By the end of 1973, Seiko had released 
a commercially successful twisted nematic wristwatch, and Optel 
started phasing out dynamic scattering models in favor of the new 
technology.121

As it became clear that dynamic scattering was falling out of fa-
vor with the industry, the DSRC and SSD liquid crystal groups began 
“an intensive program . . . to bring the twisted nematic field- effect 
display to commercial production.”122 Notwithstanding the economic 
slowdown following the Arab oil embargo, in February 1974, the Wall 
Street Journal reported that RCA was constructing a new LCD factory 
in Franklin Township, New Jersey.123 The sixty thousand square- foot 
plant, dedicated to the production of twisted nematic clock and cal-
culator displays, would employ one hundred people once it opened 
in October.124 It was a move reminiscent of the establishment of the 
Raritan liquid crystal operation five years earlier, though at times it 
seemed RCA’s management had learned little from that facility’s clo-
sure.

To be sure, personnel at the Franklin Township facility resolved 
many technical issues associated with the fabrication of twisted nem-
atic displays. Physical chemist Alan Sussman, who was hired by SSD 
after being let go from the DSRC in 1971, designed a machine that as-
sured the proper alignment of liquid crystal molecules by depositing 
thin inorganic films on glass substrates instead of physically rubbing 
them.125 That way “there was less handling. You didn’t want to leave 
fingerprints. You didn’t leave, you know, grit and stuff.”126 Sussman 
also eliminated a patchy, pox- like appearance that occasionally man-
ifested in twisted nematic displays by adding a small amount of cho-
lesteric material to induce uniform molecular orientation through-
out the cell.127 This technique remains standard practice among LCD 
manufacturers today.128

Much like at Raritan, these production hurdles were easier to re-
solve than those imposed by management. The newly appointed head 
of LCD development, receiving tube engineer Patrick Farina, chose to 
rely on veterans from RCA’s previous assembly line to oversee daily 
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operations.129 Leading the way was “Lucky” Lawrence, who once more 
proceeded to alienate his subordinates among the technical staff.130 
This tactical blunder might have been tolerable had RCA’s manage-
ment not persisted in adhering to a contract- based funding strategy. 
DSRC engineer Lawrence  Goodman— a frequent visitor to the new 
SSD  facility— summarized the company’s position: “If the Solid State 
Division could make a business out of watch displays and calculator 
displays, fine. But the main interest, corporate- wide was for televi-
sion.”131 As before, the liquid crystal operation could not count on ex-
ecutive patronage.

If there was a silver lining to this gloomy financial situation, it was 
that the LCD had become more established, meaning that firms that 
had hesitated to approach RCA in 1969 were now more likely to in-
vest in the technology. Sure enough, in 1975, the company secured a 
$4 million purchase order for twisted nematic readouts from Timex, 
America’s highest- volume watch manufacturer, which saw the ar-
rangement as a way of dipping its toes into the world of digital dis-
plays as it worked to establish its own liquid crystal and integrated 
circuit factories.132 The Franklin Township plant, like Raritan before 
it, threw itself into fulfilling its contractual obligations, precluding 
discussion of any other LCD applications. So it was that RCA, the 
first- ever manufacturer of liquid crystal displays, was reduced to as-
sembling numeric indicators derived from a technology it had previ-
ously shunned and selling them under someone else’s name.

OPTEL’S SEARCH FOR STABILITY

As RCA came to terms with twisted nematic technology, its most 
prominent spin- off was undergoing rapid expansion. Between 1972 
and 1975, Optel’s workforce ballooned from thirty- three to 270 em-
ployees, and its revenues jumped from $170,000 to nearly $12 mil-
lion.133 This growth was fueled, at least in its early stages, by the vigor-
ous pursuit of external contracts. Unlike RCA’s leaders, who viewed 
liquid crystals as a diversion, Zoltan Kiss recognized that Optel’s 
survival depended on his ability to drum up LCD- related business. 
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Working with his marketing staff, by the end of 1972 Kiss secured 
orders to produce over 250,000 watch movements for various Swiss- 
owned firms, including a call for 100,000 watches to be delivered over 
the course of three years to the Waltham Watch Company.134

Few disputed Kiss’s aptitude as salesman, but as the Waltham 
contract made painfully clear, there was a vast difference between 
obtaining contracts and fulfilling them. Soon after announcing the 
deal in April 1972, Optel expanded its assembly lines with a goal of 
producing “between 20,000 and 100,000 movements by yearend.”135 
The actual quantity delivered to Waltham was closer to 2,000 watches 
because of difficulties procuring CMOS chips. In a move that Kiss 
later characterized as naive, Optel had outsourced all of its integrated 
circuit needs to a single vendor, Solid State Scientific, which prom-
ised to produce the two chips required for each watch at a cost of $5.50 
per pair. Shortly thereafter, Solid State determined that the circuits 
would be more difficult to produce than originally anticipated and 
raised the price to $10 a pair. Kiss protested the move, insisting that 
Solid State had an obligation to abide by its original agreement, but 
the absence of an alternative vendor and looming deadlines forced 
him to accept the chips at the higher rate.136

Unless Optel could find a cheaper source of circuits, it would 
barely break even in its dealings with Waltham. “To alleviate Optel’s 
dependence on outside suppliers with respect to this key component,” 
Kiss wrote in April 1973, “we have hired during the past quarter the 
technical personnel necessary to design and generate our own masks 
for proprietary integrated circuit chips.”137 Optel later announced that 
New York– based Solitron Devices would step in to fill the void left by 
Solid State Scientific, though Kiss and his colleagues also reached out 
to other firms, including RCA, to ensure redundancy in their supply 
chain. These steps proved sufficient to appease Waltham, which had 
deliberated suing Optel for failing to reach its production quotas.138

Resolving the semiconductor supply question did not settle other 
technical issues with Optel’s watches. In November 1973, Optel ex-
ecutive vice president David Barnett confessed to shareholders that 
one- quarter of the company’s timepieces were being returned due to 
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problems with the display, the chips, or “a range of other reasons.”139 
Barnett, formerly a director of engineering at Sperry Rand, clarified 
that this return rate was nothing unusual. “These problems are no 
more and no less than have been experienced in other instances of a 
new technology being applied to a new and demanding market,” he 
asserted, before admitting that “to achieve the kind of goal we have 
set for ourselves, improvements in product reliability will be re-
quired.”140

As 1973 drew to a close, Optel took several important steps to ad-
dress these problems. It expanded its integrated circuit design ca-
pacity and improved display construction protocols. The transition 
to twisted nematics was also underway. Kiss framed that shift as an 
aesthetic choice, but the newer displays’ lower power requirements 
also allowed Optel to reuse chips previously deemed unsuitable for 
dynamic scattering equipment.141 None of these developments sta-
bilized the company’s financial performance. Optel’s revenues were 
increasing, but so were its expenses. The firm recorded its first profit-
able quarter in September 1973, but its net losses for the year totaled 
nearly $1.7 million.142

Optel’s official statements blamed these losses on technical dif-
ficulties and “delays in receiving watch cases and other parts,” but 
some inside the company felt the guilt should be placed squarely on 
the shoulders of Zoltan Kiss.143 “He was a very, very brilliant man, 
but he didn’t know how to run a company,” Tony Luce explained. 
“He just didn’t know how to make money. That was his problem.”144 
Few doubted Kiss’s scientific credentials or his sales acumen, but the 
handling of the Waltham contract betrayed his lack of administrative 
experience. Of equal concern was his tendency to overstate Optel’s 
manufacturing capacity. Edward Kornstein lashed out at Kiss for in-
cluding “all kinds of numbers on production rates and so on and so 
forth that were absolute nonsense” in the company’s public offering 
statement.145 Kiss’s insistence on retaining these exaggerated figures 
in investor presentations finally prompted Kornstein, one of his long-
time critics, to leave Optel.

Until the end of 1974, Kiss was able to stifle these attacks. He 
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bolstered his position by arranging a deal with American Express 
to distribute Optel’s Quartz Segtronic watch via mail order.146 Card-
holders could purchase this “computer timepiece,” featuring a twisted 
nematic display and a stainless steel case, for $119 or upgrade to a 
“luxurious electroplated 18kt gold” version for $149.147 Buoyed by the 
success of the American Express negotiations, Kiss moved forward 
with plans to supplement Optel’s contract income by producing its 
own watch lines. Once again, Luce remembered, “Zoltan started to 
see the dollar signs, he’s saying, wait a minute, this is not right, we 
have to go out there and start selling watches rather than waiting 
for the Omegas or Bulovas or Timexes to come and say, make us the 
watch. . . . So he just went ahead and did that.”148 Soon Optel was mar-
keting timepieces under its own name and planning its new Cadrille 
and Princetonian watch collections (fig. 5.6).

The transformation from contractor to independent manufac-

Figure 5.6. Advertisement for Optel’s Princetonian watch line featuring gray- and- black 
twisted nematic displays. The two watches in the lower right corner (PG812 and PG822) 
had red LED readouts. (Courtesy of Louis Zanoni.)
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turer, effectively the reverse of RCA’s handling of the LCD, reflected 
Kiss’s confidence in Optel’s prospects but alienated several of the 
firm’s clients. Kornstein, who had moved on to become a watch in-
dustry consultant, observed that companies like Waltham “needed a 
source of watch modules and Optel was not interested in providing 
them with modules anymore. Optel was trying to establish their own 
watch name, which they did.”149 The income loss connected with this 
move precipitated a pair of major decisions in spring 1974. First, at 
the end of March, Optel obtained a $1 million loan from the Chemi-
cal Bank of New York backed by a consortium of Swiss watch firms.150 
This news provoked speculation that a change of management was 
forthcoming. As predicted, the following week Zoltan Kiss stepped 
down as president, replaced by none other than his former DSRC su-
pervisor, Henry Lewis.151

Optel’s directors believed that Lewis, who had left RCA in 1970 
for an executive position at Itek Corporation, might be able to rein in 
Kiss, who stayed on as Optel’s chairman. These hopes were misplaced. 
Within five months Lewis resigned his position, and Kiss reassumed 
Optel’s presidency.152 On the surface little changed at Optel during 
its founder’s brief fall from grace. The company’s losses continued 
to outpace its swiftly growing revenues, leading it to solicit $1.5 mil-
lion in additional financing from Delta Transnational, a subsidiary of 
Mitsubishi.153 Publicity literature framed this infusion of capital as a 
means of “assuring the stability of Optel during its transition from a 
research and development organization to a consistently profitable 
full- capability watch manufacturer,” but following Lewis’s resigna-
tion, things looked anything but stable to the members of the firm’s 
board.154 Faced with an ever more crowded market for digital watches, 
Optel’s leaders pressed for an investment in LEDs, which were widely 
seen as more reliable than liquid crystals.155

The appeal of LEDs eluded Zanoni, who had, a decade earlier, built 
the first dynamic scattering displays. As he put it, “we never realized 
that people would buy it and pay money to press a button to tell time 
when we could just look at our watches to tell time.”156 Just the same, 
Optel soon revived its partnership with American Express to promote 
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the Ultimatic, an LED watch touted as one of the first quartz time-
pieces with separate models for men and women.157 The new empha-
sis on LEDs did not prevent Optel’s technical staff from improving its 
LCD product lines. The firm was an early adopter of “zebra connec-
tors,” flexible strips consisting of alternating conductive and insulat-
ing layers that replaced soldered linkages between a watch’s display 
and circuit board.158 This advancement facilitated the introduction of 
more complex timepieces, including the Optel I, a calculator wrist-
watch exhibited at the 1975 Basel Fair.159

These technical advances did little to ward off Optel’s financial 
woes. Even after receiving another $1 million loan from Chemical 
Bank and canceling $2.5 million of long- term debt by transferring 40 
percent of its common stock to Delta, the firm registered a $4 million 
net loss in 1975.160 The board of directors turned its eyes to Kiss and 
decided that another change in leadership was in order. In February 
1976, they announced that Gerald Heller, the leader of an instrumen-
tation firm called ILC Data Device, would take over as president and 
CEO of Optel.

When questioned about his plans for the company, Heller told re-
porters that Optel would “explore display technologies to their maxi-
mum,” with a particular focus on LCDs and new electrochromic mate-
rials, which changed color under an electric field.161 The firm would 
also concentrate on producing high- end timepieces, leaving larger 
companies like Texas Instruments and Fairchild Semiconductor to 
fight over the low- cost watch market. Surprisingly, Kiss remained as 
Optel’s chairman “with prime responsibility for research and devel-
opment.”162 But unlike during Lewis’s presidency, when he retained 
the title of chief executive, he now had little sway over long- term 
strategy. For the first time since Optel’s founding, Zoltan Kiss was no 
longer master of the company’s fate.

THE GENERAL’S DREAM REVISITED

The sense of powerlessness that Kiss faced at Optel would have been 
recognizable to the liquid crystal researchers he left behind at the 
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DSRC. Industry sources estimated that RCA invested $9 million in 
LCD manufacturing between 1970 and 1976, but little of this money 
trickled back to Princeton.163 Believing that further research was not 
necessary to improve the numeric readouts that had become RCA’s 
main LCD product line, the DSRC’s management briefly terminated 
the liquid crystal project in the summer of 1972. The cancellation 
lasted only two days thanks to personnel in the company’s patent 
division, who pointed out that additional technical support could 
assist in its campaign to license LCD technology to other firms. The 
incident nonetheless cast a pall over the shrinking research group, 
prompting its leader, Joseph Castellano, to leave RCA and join a new 
LCD start- up, Princeton Materials Science, in the spring of 1973.164

Ironically, the timing of Castellano’s departure coincided with 
the resurrection of General Sarnoff ’s old idea of a television that 
could hang on the wall. The first steps in this direction were taken at 
a series of meetings inaugurated by William Webster. The turmoil 
surrounding RCA’s annus horribilis had deeply affected the DSRC 
head, who reportedly aged visibly during the final months of 1971, 
and he resolved to protect the Princeton labs by forming stronger al-
liances with the rest of the corporation.165 To that end, in early 1972 
he organized a series of planning sessions where corporate staff and 
representatives from the operating divisions evaluated all ongoing 
research in Princeton “with respect to such factors as risk, poten-
tial payoff, and timing.”166 Based on these conversations, the DSRC 
launched several consumer electronics projects, including a “new 
program with the goal of a flat panel display for TV receivers.”167

Like his father two decades earlier, Robert Sarnoff did not wait 
for the completion of a prototype before promoting RCA’s latest flat- 
panel television project. At a 1973 shareholders meeting in Dallas, he 
boasted about rising earnings and the ongoing development of “lu-
minescent flat- screen television.”168 When asked about the future of 
consumer electronics during an in- house interview later that sum-
mer, Sarnoff referred to the notion of “a flat, luminescent display 
screen that could go on the wall” as “a high priority with us.”169 RCA 
researchers, he continued, “have been working in this area for nearly 
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30 years,” presumably a reference to projection systems used in the 
1940s.170

In that same interview, Sarnoff referred to several “new and 
promising technologies” that could make flat- panel television pos-
sible, but perhaps taking a lead from his father’s Magnalux speech, 
he left the details to his readers’ imaginations. This new flat- panel 
project may have had support from the operating divisions and 30 
Rockefeller Plaza, but as always the technological basis would depend 
on assessments from the DSRC’s technical staff. In July 1972, Webster 
had selected John van Raalte, someone well acquainted with previous 
RCA attempts to replace the CRT, to assemble a “Flat TV Display Task 
Force” consisting of “10– 15 RCA Laboratories scientists with diverse 
technical backgrounds.” This group would ascertain “the most prom-
ising approach towards the development of a large- area flat, con-
sumer, color TV receiver.”171 Such a device had to match the image 
quality and power requirements of existing televisions while expand-
ing the screen’s diagonal measurement to 50 inches.172

Van Raalte’s task force spent the second half of 1972 evaluating 
candidate technologies for use in this hypothetical display. In spite 
of promising RCA material science investigations that resulted in the 
first blue light- emitting diode, which in combination with existing 
red and green LEDs might facilitate a full- color display, the high cost 
and low brightness of these devices disqualified them from further 
consideration.173 Plasma displays could emit light across the entirety 
of the visible spectrum by exciting phosphors with ultraviolet light, 
but the process was inefficient and relied on compounds that tended 
to decompose. Electroluminescence, a focus of DSRC flat- panel re-
search since the 1950s, was similarly eliminated for failing to match 
the efficiency and reliability of RCA’s television phosphors.174

Alongside these emissive display technologies, which produced 
their own light, the DSRC task force also reviewed so- called passive 
displays, which modulated externally generated light.175 Liquid crys-
tals fell into the latter category, and Van Raalte assigned Lawrence 
Goodman, who had studied matrix- addressed LCDs as a member of 
Castellano’s group, the responsibility of summarizing the strengths 
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and weaknesses of a liquid crystal television.176 Goodman laid out the 
case for liquid crystals, highlighting their low power, fast switching 
speeds, and compatibility with large- area fabrication. He also echoed 
Bernard Lechner’s conclusion that each of the 250,000- plus picture 
elements in the proposed display would require its own diode or 
transistor to ensure proper switching.177 Goodman had previously 
researched the possibility of using thin- film devices to perform this 
function, but the difficulty of scaling up their production, as well as 
restrictions on illumination, color, and viewing angle, did not bode 
well for the LCD.178

After several months of deliberation, in December 1972 the Flat 
TV Display Task Force submitted a report to Webster and the rest of 
the DSRC’s management. They had weighed all of the alternatives to 
the cathode- ray tube and found them wanting. None of the technol-
ogies considered, including liquid crystals, could match the luminous 
efficiency, peak brightness, or color gamut of commercially available 
televisions. “It was basically for these reasons,” Van Raalte wrote in a 
memorandum the following year, “that the Task Force recommended 
that RCA initiate a major research effort to develop a flat 30″ × 40″ 
cathodoluminescent TV display.”179 Rather than replace the CRT with 
an unproven technology, Princeton researchers would redesign one 
that had withstood the test of time, adding a new internal support 
structure and replacing the electron gun with a “large- area cathode” 
that would shower electrons across the entire surface of the display.180

Van Raalte emphasized that the task force’s report was not a call 
to terminate research into alternative display technologies. “For 
the small, monochrome display application,” he noted, “both plas-
mas and DC- EL [direct current- electroluminescence] have already 
demonstrated near- acceptable performance.”181 For the rest of the 
1970s, however, the bulk of flat- panel research support at the DSRC 
went toward construction of a modified CRT, which replaced the 
large- area cathode concept with a series of guided electron beams. 
The project resulted in a functional prototype before its cancellation 
in the late 1970s to secure additional manpower for the VideoDisc ini-
tiative.182
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If Van Raalte’s inquiries and the resulting CRT- based projects con-
firmed the persistence of David Sarnoff ’s dream of a wall- mounted 
television, they also laid to rest any further RCA discussion of an LCD 
television. Liquid crystal investigations continued at the DSRC after 
Castellano’s move to Princeton Materials Science. Under the leader-
ship of Daniel Ross, the chemist who years before had supplied Heil-
meier with dyes for his first guest- host color switching experiments, 
the LCD group stayed involved in display development but only inso-
far as such work supported SSD’s “push to success in this intriguing 
but difficult technology.”183 Over the next few years, the group de-
vised improved materials and assembly techniques for Somerville’s 
new line of twisted nematic watch displays.184 Television applications 
were no longer in the picture.

Without flat- panel TV as an end point, liquid crystals reverted 
back to relative obscurity, subsumed within RCA’s broader research 
agenda. It is noteworthy that the most prominent application of liq-
uid crystals to come out of the DSRC between 1970 and 1976 had ab-
solutely nothing to do with displays. Instead, RCA shareholders and 
readers of the New York Times learned about physicist Donald Chan-
nin’s creative use of nematic compounds to test the functionality of 
integrated circuits (fig. 5.7).185 The DSRC’s leaders had once hailed liq-
uid crystals as RCA’s best hope of creating a wall- mounted television. 
Now they were content to sustain a marginal LCD research effort to 
support SSD’s factory in Franklin  Township— nothing more. As it 
turned out, even this limited goal would prove overly ambitious.

A SOLUTION LOOKING FOR A PROBLEM

Rumors that RCA was negotiating the sale of its liquid crystal oper-
ation reached the press in February 1976, three months after Robert 
Sarnoff stepped down as the corporation’s chief executive.186 Sim-
mering frustration with Sarnoff ’s leadership style and the steady 
erosion of profits since 1973 had culminated in what the press termed 
a “palace revolt” at the highest levels of RCA’s management.187 Upon 
taking office, veteran administrator Anthony  Conrad— the first 
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non- Sarnoff to run RCA in a  generation— launched another round of 
cost- cutting measures, beginning with the company’s solid- state and 
picture tube divisions, each of which had posted multimillion dollar 
losses in 1975.188 The Franklin Township LCD factory was among the 
items that SSD placed on the chopping block. In April 1976, the di-
vision’s vice president, Bernard Vonderschmitt, finalized a deal with 
Timex offering them the entire liquid crystal operation and access to 
RCA’s sizable portfolio of LCD patents for $2.45 million.189

Any sense of schadenfreude that Zoltan Kiss and the RCA alumni 
at Optel may have felt toward their corporate parent was short lived. 
Two weeks after the conclusion of the Timex deal, Kiss resigned from 

Figure 5.7. By the mid- 1970s, RCA was no longer promoting the use of liquid crystals in 
displays. The most prominent application they publicized was a technique developed 
by DSRC physicist Donald Channin (shown here) to observe the operation of integrated 
circuits with a layer of nematic materials. (David Sarnoff Library Collection, courtesy 
of Hagley Museum and Library.)
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Optel to establish a new solar energy start- up called Chronar.190 By 
then, Gerald Heller’s efforts to salvage Optel’s finances had exacted 
a heavy toll, with one- third of the company’s 450- person workforce 
losing their jobs.191 The resulting savings were not enough to keep 
Optel from reaching out to Wall Street for an emergency infusion of 
working capital.192 Optel’s position deteriorated further at the 1976 
Basel Fair, where one of its Swiss partners threatened to physically 
block the opening of the firm’s booth unless it repaid its outstanding 
debt.193 Other European watchmakers followed suit, and soon Optel 
found itself on the hook for roughly 10 million francs.194 Heller ne-
gotiated a reprieve until early June, at which point Chemical Bank, 
one of start- up’s largest shareholders, joined the chorus of creditors 
demanding payment on its loans. The company had no choice but to 
file for bankruptcy.195

The consequences of the near simultaneous collapse of liquid 
crystal operations at RCA and Optel in the spring of 1976 reflected 
the contributions of LCD technology to each firm’s respective bot-
tom line. RCA, a sprawling conglomerate whose annual revenues 
were about to exceed $5 billion for the first time, absorbed the loss 
with minimal difficulty.196 Whatever disappointment the news may 
have triggered among the DSRC’s staff was tempered by an aware-
ness of SSD’s financial weakness and longtime lack of management 
support.197 At Optel, the effects were far more dire. The declaration of 
bankruptcy did not stop the company from producing new watches, 
including its first solar- powered model, but it undermined several 
promising refinancing schemes.198 To ensure a partial return on its 
shareholders’ investments, in 1978 Optel merged with discount drug-
store operator Levitt Industries.199 Shedding its previous identity as a 
manufacturer, it sold off its LCD- related assets to Refac Electronics, a 
licensing firm that earned millions from its newly acquired intellec-
tual property over the ensuing decades.200

In death as in life, Optel’s behavior diverged wildly from RCA, but 
the two firms remained united in their inability to capitalize on early 
entry into the liquid crystal display industry. RCA could never dispel 
the conservative miasma that descended on the company following 
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the 1971 computer collapse, while Optel’s enthusiasm for LCDs led to 
rapid but untenable growth. Both companies struggled to delineate 
the market for their displays and the products most likely to attract 
consumers. Zoltan Kiss, alluding to these difficulties, later referred 
to liquid crystals as “a solution looking for a problem.”201 Today we 
might characterize the LCD as a disruptive technology.

The adoption of Christensen’s terminology encourages us to con-
sider who determines whether a technology is disruptive. As we have 
seen, Heilmeier and his colleagues shaped managerial expectations 
of the LCD from its inception through pilot production. Researchers 
at RCA and Optel adopted a similar role as their displays reached the 
marketplace in the early 1970s, basing their recommendations on 
their growing familiarity with the capabilities and limitations of liq-
uid  crystals— their material logic. To take one example, the switching 
properties of nematic compounds and the sheer amount of circuitry 
required to incorporate them into a matrix- addressed display were 
key factors in the Flat TV Display Task Force’s consensus that RCA 
should not pursue the construction of a liquid crystal television. 
Similarly, Optel’s proposal to develop an electronic wristwatch for 
Bulova relied on the assertions of experts such as Luce, Zanoni, and 
Goldmacher that a dynamic scattering readout could be developed 
that was compatible with existing integrated circuits, something that 
their colleagues at RCA dismissed in the short term.

More significantly, the juxtaposition of the RCA and Optel case 
studies reminds us of the fluidity of Christensen’s categories and 
the context- dependent nature of technological disruption. A firm’s 
research capacity, fiscal commitments, and institutional norms all 
shape how its technical staff will evaluate a new technology. By way 
of illustration, consider dynamic scattering, which fulfilled all of the 
characteristics of a disruptive technology upon its introduction. Dy-
namic scattering LCDs did little to enhance RCA’s existing businesses 
but offered features, such as portability and low operating power, of 
potential value in other applications. The DSRC liquid crystal group 
recognized these advantages and spent years lobbying their col-
leagues to invest in products that benefitted from them.
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Yet these same personnel bristled at the introduction of the 
twisted nematic display. Suddenly the roles were reversed, with the 
onetime disruptors now opposing disruption. Twisted nematic dis-
plays possessed lower operating voltages and improved contrast, but 
to Heilmeier and his colleagues they represented a step backward, 
whose reliance on polarized light implied a more complex construc-
tion process and dimmer images. This initial resistance prevented 
Helfrich from pursuing the development of the twisted nematic dis-
play at RCA and slowed the firm’s subsequent adoption of what be-
came a far more profitable technology than dynamic scattering.

At Optel, the acceptance of twisted nematic displays was less tu-
multuous. Making the switch required new equipment, procedures, 
and materials, but Optel scientists recognized that these new LCDs 
were well suited for the watch displays that had become the com-
pany’s livelihood. With so much on the line for the young spin- off, 
even former members of Heilmeier’s research team learned to stop 
worrying about polarized filters and love twisted nematics. In other 
words, what was treated as a disruptive technology at RCA became 
its  opposite— a sustaining  technology— at Optel. The smoothness 
of this transition was not guaranteed. That the firm nearly tore itself 
apart over the decision to prioritize liquid crystal displays instead of 
cathodochromics challenges Christensen’s assertion that disruption 
comes easier to start- up firms.202

The permeability described here lends further credence to his-
torian Jill Lepore’s 2014 observation that “disruptive innovation can 
reliably be seen only after the fact.”203 More broadly, it calls into ques-
tion the utility of “disruption” and “disruptive innovation” as analyti-
cal categories. No one at RCA or Optel, after all, used that vocabulary 
to describe their display research or any products that resulted from 
it. The business press referred to “competition,” “chaos,” “shakeouts,” 
and even a “revolution” in the digital watch industry, but never “dis-
ruption” in Christensen’s sense.204

Still, if we are careful to avoid anachronism, this framework pro-
vides a useful means of talking about how corporations compare tech-
nologies and allocate resources toward their commercialization. Strip 
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away the more problematic, normative aspects of his theory and es-
sentially Christensen is telling a story about managers making tough 
decisions, often with input from “non- executive participants”— such 
as scientists and  engineers— based on their understanding of the 
market, the company’s product lines, and their own career priori-
ties.205 The results of these deliberations, as Lepore rightly points out, 
are notoriously difficult to apply from one situation to another. That 
does not render those discussions less important to understanding 
the settings in which technologies like the LCD, which depend on new 
and unfamiliar materials, will prosper.206

Liquid crystal displays did not find a home at RCA, an outcome 
that George Heilmeier later attributed to managers who saw them 
“more as a threat than an opportunity.”207 The project might have 
succeeded, he argued, if the team behind the creation of the LCD had 
“been given the responsibility for developing the business opportu-
nity as well as the technology.”208 In a way, Optel embodied this road 
not taken. And for a few years, it appeared Heilmeier was correct, as 
Zoltan Kiss created a space where LCD development could take place 
unencumbered by any preexisting corporate commitments. Optel’s 
ultimate collapse, however, showed that technical skill alone could 
not guarantee an innovation’s success. Only by striking a balance be-
tween scientific and managerial expertise could one nurture an LCD 
application from a prototype into the basis for a commercially sus-
tainable enterprise. In the end, neither company would accomplish 
that task. As Optel joined the ranks of influential but unsuccessful 
high- tech start- ups, RCA’s scientists could only watch as the inven-
tions that ultimately allowed the dream of a flat- panel television to 
become a reality left Princeton for greener pastures, in the United 
States and beyond.



CONCLUSION:  

AN INVISIBLE MONUMENT

To drivers passing through Princeton on US Route 1, the birthplace of 
the LCD looks much the same as it did when David Sarnoff wandered 
its halls. The RCA insignia has long since vanished from the front lawn, 
replaced by a smaller blue sign confirming the laboratory’s new identity 
as a branch of SRI International, a nonprofit scientific research organiza-
tion. General Electric acquired the facility in 1986 as part of the $6.3 billion 
deal to purchase RCA following the commercial failure of the VideoDisc.1 
At the time, it was the largest merger in American history that did not 
involve an oil company, but GE executives saw no reason to maintain two 
corporate research centers and donated the DSRC to SRI in 1987.2 Un-
der new leadership, former members of RCA’s technical staff remained 
key players in the consumer electronics industry, most notably through 
membership in the “Grand Alliance” responsible for the American high- 
definition television (HDTV) broadcasting standard. They also expanded 
investigations into areas of greater interest to industrial and government 
clients, including biomedical systems and computer vision technologies.3

The DSRC building weathered these changes in management, insti-
tutional affiliation, and research priorities with few updates to its exter-
nal appearance. Of course, there were alterations, but observing them 
requires drivers to pull off the highway, turn down a tree- lined side 
street, and park near the marble and glass portico that has served as the 
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main entrance since 1966. This entryway, still inscribed with the meat-
ball logo of its former owner, contains some of the newest additions to 
the research center’s façade: a series of bronze plaques commissioned 
by the history committee of the Institute of Electrical and Electronics 
Engineers (IEEE). These “milestones” commemorate RCA’s develop-
ment of compatible color television, the construction of the TIROS me-
teorological satellite, and the invention of the liquid crystal display.4

The LCD milestone, dated September 2006, is embedded on the 
right side of the doorway as you enter the building. Except for a 
diamond- shaped IEEE logo in the bottom- left corner, its contents are 
entirely textual. In addition to two lines indicating its provenance, 
the plaque includes a title (“Liquid Crystal Display, 1968”) and a sum-
mary of the research being honored:

Between 1964 and 1968, at the RCA David Sarnoff Research Center in 

Princeton, New Jersey, a team of engineers and scientists led by George H. 

Heilmeier with Louis A. Zanoni and Lucian A. Barton devised a method for 

electronic control of light reflected from liquid crystals and demonstrated 

the first liquid crystal display. Their work launched a global industry that 

now produces millions of LCDs annually for watches, calculators, flat- panel 

displays in televisions, computers, and instruments.5

There is an undeniable elegance to this milestone’s summary, which 
compresses the complex origins of the LCD down to a pair of sen-
tences. It presents a geographically and chronologically bounded 
narrative of technological innovation and winnows down the dozens 
of contributors to the creation of the liquid crystal display to a far 
more manageable trio. Yet as much as Heilmeier, Zanoni, and Barton 
deserve recognition for their achievements, the narrative preserved 
on the wall of their former laboratory leaves many questions unan-
swered. A thoughtful visitor might well ask what inspired these re-
searchers to examine liquid crystals and how many other people were 
members of their team. She might also wonder what happened to the 
RCA liquid crystal project after 1968 and the extent of the company’s 
involvement with the present- day LCD industry.
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The answer to at least one of these questions is hidden in plain 
sight within SRI’s Princeton facility, though its connection to liquid 
crystals is not obvious. Only someone familiar with RCA’s history 
would recognize the second plaque hanging on the far side of the 
lobby within eyeshot of the IEEE milestone. Capped with a bronze 
relief image of David Sarnoff, this plaque celebrates the September 
day in 1951 when RCA renamed the research center in the General’s 
honor. Sarnoff ’s speech that afternoon prompted the company’s first 
serious attempts to develop a flat- panel television, triggering the cas-
cade of events that ultimately led to the LCD.

These two plaques, dedicated fifty- five years apart, serve as im-
perfect bookends to the story of liquid crystal research at RCA. Even 
if our hypothetical visitor were able to connect the dots between Sar-
noff ’s request for Magnalux and the assembly of the first dynamic 
scattering displays, the IEEE milestone provides scarcely any details 
about the company’s post- 1968 accomplishments. It is easy to chalk 
up this absence to the precipitous collapse of RCA’s liquid crystal 
operation, but there is also an argument to be made that the DSRC 
group’s most lasting contributions to consumer electronics occurred 
only after they took the LCD public.

RCA scientists and engineers had already proven their ability to al-
ter how personnel within their company perceived various flat- panel 
display technologies. The revelation of their prototype LCDs per-
formed an analogous function but on a grander scale. As news spread 
of liquid crystals’ unique properties, other  companies— first in the 
United States and then  overseas— established LCD research programs 
of their own. Directly and indirectly, RCA and its technical staff trans-
formed how these businesses approached the commercialization of 
liquid crystals. The absence of a physical monument honoring their 
role in the dissemination of the LCD does not diminish its significance.

· · ·
Unlike RCA’s managers, whose enthusiasm toward liquid crystals 
faded in the wake of the 1968 press conference, their peers at other 
US electronics firms viewed these new materials as an exciting 
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opportunity. The relative obscurity of mesomorphic compounds 
meant that they had to rely on articles written by RCA scientists for 
preliminary information about their electro- optic properties. Sun 
Lu, the electrical engineer responsible for organizing Texas Instru-
ments’ LCD program, specifically recalled reading Heilmeier’s paper 
on dynamic scattering before recruiting the first two chemists to his 
group.6 Other companies, recognizing the importance of firsthand 
expertise fabricating LCDs, took the additional step of hiring mem-
bers of the DSRC liquid crystal project. Several years before purchas-
ing RCA’s display factory in Franklin Township, Timex persuaded or-
ganic chemist Chan Soo Oh, who had joined Heilmeier’s team shortly 
before the engineer’s 1970 exit, to build up LCD production at their  
R & D center in Tarrytown, New York.7 Oh’s colleague, Joseph Castel-
lano, would also find his services in demand once Sprague Electric, 
a leading capacitor manufacturer, became majority shareholder of 
Princeton Materials Science at the end of 1973. Castellano worked 
closely with Sprague executives to facilitate the start- up’s transition 
from dynamic scattering to twisted nematic displays.8

Eventually, both Castellano and Oh traveled to California in re-
sponse to rising entrepreneurial interest in liquid crystals. In 1974, 
Castellano received an invitation from Robert Noyce, the CEO of In-
tel, to serve as a liaison between the semiconductor manufacturer and 
Microma, its recently purchased LCD subsidiary. He deferred because 
of ongoing commitments at Princeton Materials Science, but the fol-
lowing year Sprague sold the firm’s assets to Fairchild Semiconduc-
tor. The integrated circuit pioneer was already making LED watch dis-
plays and hired Castellano to install a parallel LCD production line.9 
Oh, meanwhile, accepted an offer from Beckman Instruments, which 
was seeking low- power readouts for its battery- operated pH meters.10 
Organic chemistry, previously consigned to the periphery of the 
electronics industry, was coming into its own, and the knowledge of 
liquid crystalline materials accumulated over years at the DSRC mi-
grated westward.

For a little while, these West Coast liquid crystal operations 
flourished. Under Castellano’s supervision, Fairchild increased the 
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efficiency of its assembly lines until they were churning out thou-
sands of displays each day.11 At the same time, Oh put together an 
organic synthesis laboratory at Beckman and evaluated new display 
fabrication and sealing techniques. By the end of the 1970s, Beckman 
had become one of the world’s leading producers of LCD readouts 
for scientific instruments, toys, and wristwatches.12 But for Beckman 
and Fairchild, as well as the numerous Silicon Valley LCD firms that 
sprang up during the 1970s, such success proved short lived. The ap-
parent synergy between liquid crystals and other high- tech indus-
tries could not surmount the proportionally high labor and material 
costs associated with LCD manufacturing. The fact that many of their 
displays were used in low- cost products aimed at the mass market, 
such as wristwatches, only exacerbated the problem.13

In response to these pressures, Beckman phased out its liquid 
crystal business, though Oh was allowed to remain head of the or-
ganic chemistry group in the company’s Diagnostic Division.14 Fair-
child stayed in the market but shifted all of its LCD production to 
Hong Kong, where lower wages promised a decrease in costs. Cas-
tellano helped design the company’s new factory before taking a job 
with an Exxon LCD subsidiary (Datascreen Corporation, later Kylex) 
and eventually becoming a full- time display industry consultant.15

Not even Intel, hardly a slouch when it came to implementing new 
technologies, could justify maintaining its investment in Microma. 
Gordon Moore, Intel’s cofounder and future chairman, had antici-
pated digital timepieces in 1965, but now rivals such as Texas Instru-
ments were showing that success in the watch business relied as much 
on savvy salesmanship as technical aptitude.16 All the while, Intel’s 
move into watchmaking was falling victim to Moore’s namesake law. 
“We misread the way the business was going,” he recalled. “When we 
got out, the semiconductor content, the chip, cost less than the little 
pins on the side of the case.”17 With at least sixty US companies en-
gaged in digital watch production and prices plummeting, Intel cut 
its losses in September 1977.18 It sold the Microma brand to Endura, 
a Swiss manufacturer, and its watch factory in Cupertino to Timex.19

As these California liquid crystal operations declined, Timex 
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accelerated its adoption of the technology in a market previously split 
between LED and LCD readouts. In spite of their shorter battery life, 
LEDs had retained a slight lead among watchmakers during the first 
half of the 1970s due to their perceived reliability compared to early 
liquid crystal models. Timex initially avoided taking sides on the issue, 
preferring to focus its attention on mechanical timepieces until Texas 
Instruments forced its hand by introducing a $20 LED watch in 1976 and 
a $10 version a year later.20 The moment had come for action, so Timex 
made its move. They doubled down on liquid crystal wristwatches, 
whose “always- on” readouts had started to win over consumers.21

More than market forces underlay Timex executives’ decision 
to adopt the LCD. Their interactions with personnel at RCA’s Frank-
lin Township plant also shaped their understanding of liquid crys-
tals’ material logic and would continue to do so after they purchased 
that facility in 1976.22 That deal, along with the Microma acquisition, 
sparked widespread doubt about the long- term prospects of the LED 
wristwatch. Fearing that a major shift toward liquid crystals was im-
minent, Texas Instruments and National Semiconductor began con-
sidering LCDs more seriously. “By the end of 1977,” one early analysis 
of the American LCD industry noted, “nearly all LED inventories were 
either written off or sold below cost through dumping and give- away 
programs.”23 Timex invoked their old slogan in advertising campaigns 
that vowed their new LCD watches would “take a lickin’ and keep on 
tickin’” even without a mechanical movement.24 With the endorsement 
of the industry’s undisputed leader, the LCD guaranteed its position as 
the prevailing electronic wristwatch technology in the United States.

American LCD manufacturers had little time to savor their vic-
tory. The rapidly falling prices of digital clocks forced most firms 
to drop out of the industry, leaving Fairchild, Timex, and Texas In-
struments to jockey for supremacy.25 Though their respective market 
shares increased, the razor- thin margins associated with the watch 
business made it difficult to boost profits. Despite a concerted ef-
fort to promote its high- end, luxury timepieces, Texas Instruments 
announced plans to phase out all LCD watch manufacturing in the 
spring of 1981.26 As previously mentioned, Fairchild held out slightly 
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longer by moving its liquid crystal facilities to Hong Kong, and Timex 
later adopted a similar tactic. They closed the former RCA and Mi-
croma plants in New Jersey and California and relocated watch fab-
rication to Hong Kong, Singapore, and Taiwan before consolidating 
production in the Philippines.27

The US flat- panel display industry never truly recovered from 
the loss of these liquid crystal operations. At the time, policy makers  
expressed little concern about their departure. Surprisingly, one of 
the few people who might have been able to reverse this trend was 
George Heilmeier. At the conclusion of his White House fellowship, 
Heil meier pursued a career in the Defense Department, rising through 
the ranks to become director of the Defense Advanced Research Proj-
ects Agency (DARPA) in 1975. From this position, Heilmeier autho-
rized the funding of stealth aircraft and artificial intelligence projects 
but consistently turned down opportunities to support flat- panel dis-
play research.28 He defended his position on pragmatic grounds, en-
capsulated in a keynote lecture delivered at a 1972 IEEE conference:

How many realistic scenarios are there in which we win because we have a 

flat- panel, matrix- addressed display in the cockpit while the other guy has  

a CRT? And how many would we buy if they did exist?29

Upon leaving DARPA in 1977, Heilmeier would have additional oppor-
tunities to sponsor liquid crystal display projects as the vice president 
and chief technology officer of Texas Instruments. Time and again, 
however, he passed over the LCD, even going so far as to encourage 
the use of LED readouts in the company’s early desktop calculators.30 
Texas Instruments also ceased its liquid crystal watch production 
during his tenure. In taking these steps, Heilmeier and his fellow TI 
executives were effectively acknowledging the existence of a highly 
competitive and increasingly international display industry.

· · ·
The consumer electronics market had undergone a profound 
metamorphosis in the twenty- five years since David Sarnoff first 
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envisioned a wall- mounted television based on light amplification. In 
1951, the United States retained a commanding position in the global 
economy and an abiding faith in the linear model. By the mid- 1970s, 
long- term fundamental research programs were falling out of fash-
ion, and postwar reconstruction efforts had given rise to a new set of 
global competitors.31 Capitalizing on the willingness of American 
firms to license their patents, companies in Europe and Asia remade 
themselves, first as regional leaders in electronics manufacturing and 
later as full- fledged rivals.32 When RCA and other American corpo-
rations ceded their first- mover advantage in LCD production, busi-
nesses located elsewhere stepped in to fill the void.

One may partially attribute the success of these international 
LCD efforts to poor strategic planning among US  firms— especially 
RCA— or foreign government policies that nurtured high- tech indus-
tries. Adopting either of these positions minimizes the indispensable 
part played by scientists and engineers throughout the technology- 
transfer process. Just as DSRC researchers took steps to ensure the 
circulation of information about liquid crystal materials and display 
assembly, their overseas counterparts built on their ideas and per-
suaded managers and government officials to sponsor flat- panel de-
velopment.

Members of RCA’s technical staff had engaged in transnational 
conversations about liquid crystals for several years before revealing 
their prototype displays. The “company- private” status of the LCD 
program did not prevent members of the DSRC team, including Heil-
meier and Castellano, from attending the first International Liquid 
Crystal Conference at Kent State. Compared with future meetings, 
this 1965 gathering included relatively few guests from outside the 
United States; of the 128 participants, only fifteen Europeans were in 
attendance alongside a pair of scientists from India.33 Nevertheless, 
at this event RCA liquid crystal researchers became acquainted with 
several people central to the subsequent growth of the LCD industry.

Foremost among these was British chemist George Gray. Gray 
had grown fascinated with liquid crystals while pursuing a doctorate 
at the University of London and later became a chemistry professor 
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at the University of Hull. He recalled that it was difficult to attract 
 support— or graduate  students— to conduct investigations into liq-
uid crystals, which in the 1950s were “seemingly without importance 
or technical value.”34 Before setting aside this work, he decided to 
write a book summarizing the state of the field. This 1962 publication 
was the first English- language monograph on liquid crystals, and 
within a few years it became a touchstone among the growing com-
munity of researchers interested in the subject.35

Now seen as a leading authority in a burgeoning research area, 
Gray became a regular speaker at liquid crystal workshops and con-
ferences. It was at one such event in October 1968, arranged by the 
United Kingdom Ministry of Defence, that Gray met Cyril Hilsum, a 
semiconductor physicist from the Royal Radar Establishment (RRE). 
Hilsum oversaw RRE’s flat- panel working group, which had been ini-
tiated the previous year when Her Majesty’s Government realized 
that the licensing fees British firms paid RCA for its color TV picture 
tubes exceeded the development costs of the Concorde jet. He now 
approached Gray about the possibility of using liquid crystal displays 
to emancipate Britain from RCA’s patent regime.36

Hilsum and Gray’s interactions were quite positive, but the RRE 
working group was hesitant to embrace LCD technology, even after 
reviewing RCA’s publications on dynamic scattering. It was not until 
December 1969 that they changed their minds, informing their supe-
riors in a technical report that “one system is worth immediate atten-
tion. This is the display based on liquid crystals.”37 Gray was among 
the first scientists recruited to the project. He had remained in contact 
with Heilmeier’s team, which was “opening the door and people’s eyes 
to the possibility of display applications of LCs [liquid crystals].”38 
Now he was given a two- year military contract to establish a labora-
tory at Hull to examine “Substances Exhibiting Liquid Crystal States 
at Room Temperature” and lay the foundation for a broader British 
LCD research program.39

The Hull liquid crystal group, consisting of Gray and a lone post-
doctoral fellow, set to work in the spring of 1970 seeking compounds 
that could replace the proprietary mixtures used in RCA’s dynamic 
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scattering displays. “We examined stilbenes, chlorostilbenes, and 
a range of esters including heterocyclic systems,” Gray wrote later, 
“all with rather depressing results.”40 The Hull team was eager for a 
change in direction and found one in 1971 when they read Wolfgang 
Helfrich and Martin Schadt’s Applied Physics Letters article on twisted 
nematic LCDs. Helfrich (another agent of liquid crystal technology 
transfer previously affiliated with RCA) and Schadt’s displays re-
quired very different materials from Heilmeier’s dynamic scattering 
devices. Following a brief internal debate, Gray received approval to 
recruit additional scientists to explore the newer approach.

The first few months of the Hull group’s twisted nematic research 
proved just as disheartening as their previous efforts. Looking over 
their failures, Gray traced the problem to an unstable central linkage 
in the liquid crystals’ molecular structure. Eliminating this instability 
became the team’s foremost priority, and by late 1972 they had syn-
thesized a new class of compounds known as cyanobiphenyls. Like 
RCA’s liquid crystal group, the British chemists determined that mix-
tures of these compounds possessed a broader mesomorphic range. 
They soon found several combinations that were colorless, extremely 
stable at room temperature, and readily incorporated into twisted 
nematic displays. The commercial value of these new cyanobiphenyl 
materials was immediately apparent to everyone in the RRE project, 
but moving from small batches to bulk production would necessi-
tate assistance from an experienced chemical manufacturer. On Hil-
sum’s recommendation, the group reached out to British Drug House 
(BDH), which agreed to a partnership in December 1972.41

BDH set to work but found itself overwhelmed by requests for cy-
anobiphenyl samples following the publication of the Hull group’s 
research in March 1973. Further complicating matters, that fall 
 Glaxo— BDH’s  owner— decided to sell the smaller firm to Merck, the 
main German manufacturer of liquid crystal materials.42 Some wor-
ried that Merck might wish to transfer all of BDH’s production to Ger-
many, but the new owners were wary of disrupting the solid working 
relationships between BDH, Hull, and RRE.43 BDH therefore retained 
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its autonomy and was able to announce a full line of “Exciting New 
Liquid Crystals” for sale by the end of the year.44

The preliminary excitement about BDH’s liquid crystals took time 
to translate into high sales figures. Many LCD manufacturers had in-
vested heavily in their own proprietary mixtures and were reluctant 
to abandon them. Consequently, BDH only sold approximately 150 
grams of cyanobiphenyls to American companies during their first 
six months on the market. Fortunately for the British, by 1974, the 
LCD industry’s center of gravity had drifted away from the United 
States.45 While Gray and his colleagues continued to perfect their liq-
uid crystal mixtures, BDH’s leaders made inroads with a new group of 
customers who soon transformed their firm into the world’s largest 
supplier of liquid crystal materials.46 The Americans may have dis-
missed cyanobiphenyls, but BDH encountered a far more receptive 
audience in Japan.

· · ·
RCA had cast a long shadow over the Japanese electronics industry 
since the early 1950s, when it offered firms such as Kōbe Kōgyō, Hi-
tachi, Sony, and Tokyo Shibaura (later renamed Toshiba) access to its 
radio and television patents. The pace of RCA’s international licens-
ing activities quickened in the aftermath of the federal government’s 
antitrust investigation. The 1958 consent decree that prevented RCA 
from collecting royalties on “radio- purpose” electronics applied only 
to domestic businesses, so the company embarked on an aggressive 
search for foreign clientele.47 By 1960, Japan had grown into RCA’s top 
market for patent licenses. That October, in recognition of his assis-
tance jump- starting the Japanese economy, David Sarnoff traveled to 
Tokyo, where Emperor Hirohito awarded him the Order of the Rising 
Sun (third class): the highest honor ever bestowed on a foreign busi-
nessman.48

Six months after Sarnoff ’s trip, RCA opened a new laboratory in 
Tokyo. Intended to provide a link between the American and Japanese 
scientific communities, the new facility recruited a staff of Japanese 
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scientists to conduct fundamental research into solid- state phenom-
ena.49 The laboratory coordinated a variety of “electrochemistry 
studies for displays,” including work on color TV phosphors and elec-
troluminescence, but liquid crystals never became a topic of major 
interest.50 RCA encouraged personnel to meet with researchers from 
nearby universities and corporate laboratories, but these in- person 
interactions proved less important to the formation of Japan’s LCD 
industry than the publicity blitz surrounding the DSRC group’s 1968 
press conference.51

Journalists from other countries were quick to join their Amer-
ican peers in spreading the word about RCA’s latest breakthrough. 
Japanese media coverage was particularly extensive. Photographs of 
the DSRC research group appeared in newspapers, and NHK— the 
nation’s public broadcasting  network— aired the story repeatedly on 
the evening news.52 Before the end of the year, an NHK film crew vis-
ited Princeton and interviewed Heilmeier about dynamic scattering 
for a documentary entitled “Firms of the World: Modern Alchemy.”53 
“This research is expected to have various applications in the future,” 
the film’s narrator explained: “Making the flat- panel television with 
the liquid crystal would be quite an achievement. Thus, Japanese 
manufacturers are paying close attention to this.”54

Sure enough, almost immediately after RCA’s announcement, 
researchers across Japan commenced their own liquid crystal inves-
tigations. For some, like Yoshio Yamazaki, merely seeing dynamic 
scattering in action was sufficient to spark a preoccupation with 
LCDs. Yamazaki, a chemical engineer at Seiko, had been tasked with 
creating lubricants and plating techniques for mechanical watches 
until he saw a picture of RCA’s liquid crystal clock in the Asahi Shim-
bun newspaper.55 He swiftly persuaded his bosses to fund the devel-
opment of an LCD watch, with the understanding that he would be 
held personally responsible should the project fail.56 Yamazaki began 
by constructing dynamic scattering displays, but the lower power and 
high contrast of twisted nematic LCDs soon became more enticing. 
Seiko proceeded to negotiate a licensing agreement with Hoffman– La 
Roche and in September 1973 introduced its first LCD wristwatch. 
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Yamazaki’s brainchild sparked a craze for digital watches in Japan as 
well as a spike in demand for better liquid crystal materials like BDH’s 
cyanobiphenyls.57

Beyond the revelation that liquid crystals could be used in dis-
plays, RCA could claim little involvement in Seiko’s digital watch 
venture. The same could not be said of other Japanese liquid crystal 
projects. Take the case of Tomio Wada. Like Yamazaki, Wada studied 
chemical engineering before obtaining a job at the Hayakawa Elec-
tric Company, one of Japan’s oldest radio and television producers. 
Wada’s supervisor, Tadashi Sasaki, had driven Hayakawa to enter  
the desktop calculator market and now mulled plans to create a 
handheld, battery- powered model assuming he could find a suitable 
low- power display.58 Wada had hoped to solve the problem using elec-
troluminescent phosphors but changed his mind in 1969 when he saw 
footage of NHK’s visit to the DSRC. He recommended that Sasaki con-
tact RCA to learn more about liquid crystals and determine whether 
they might permit the construction of a practical pocket calculator.59

Sasaki traveled to the United States to meet with members of 
RCA’s technical staff and invite them to collaborate on the calculator 
project. In fact, Heilmeier and his colleagues had already contem-
plated such an application and, as a proof of concept, Louis Zanoni 
replaced the display in one of Hayakawa’s desktop calculators with a 
dynamic scattering readout (fig. 6.1). Scientists in Princeton might 
have been sympathetic to Sasaki’s proposal, but he found little sup-
port at RCA’s semiconductor division in Somerville. Sasaki described 
his conversation with Bernard  Vonderschmitt— one of the divi-
sion’s top  managers— in a 1994 oral history. “At RCA, Vonderschmitt 
thought that the liquid crystal display is too costly,” Sasaki explained. 
“At the time it was in an initial stage of production, so everything was 
expensive. Vonderschmitt thought that that kind of display should be 
used for industrial versions, but not for consumer goods.”60 (Fittingly, 
Vonderschmitt would later sign the contract authorizing the 1976 sale 
of RCA’s liquid crystal operation to Timex.61)

Sasaki may have left New Jersey broken hearted, but not empty 
handed. While RCA executives denied his partnership offer, they 
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were more than willing to supply his firm with a license to produce 
dynamic scattering displays. In a later interview, Sasaki recalled that 
Hayakawa Electric, renamed Sharp Corporation in 1970, paid approx-
imately $3 million for the patent rights.62 A high price perhaps, but a 
necessary down payment if Sharp wished to move forward with the 
LCD calculator on its own. To that end, the company organized a clas-
sified development effort code- named Project S734; the S stood for  
“secret” and 734 referred to the company’s intended  deadline— April 
1973 (or 1973- 04).63 Wada, who had first suggested the idea that Sharp 

Figure 6.1. Louis Zanoni retrofit this calculator with a dynamic scattering readout to 
demonstrate another possible application for LCD technology. RCA managers later re-
jected an offer to partner with Sharp Corporation, which ultimately commercialized 
the concept. (David Sarnoff Library Collection, courtesy of Hagley Museum and Li-
brary.)



An Invisible Monument 203

should invest in liquid crystals, now oversaw an interdisciplinary 
R & D group that raced to master all aspects of LCD fabrication. The 
learning curve was steep, but the Sharp team resolved all of the chem-
ical and electrical engineering issues associated with the construction 
of a dynamic scattering calculator in the spring of 1973, weeks before 
the planned completion date.64

That May, Sharp released the Elsi Mate EL- 805, the first port able 
calculator with a liquid crystal readout. Originally intended for the 
business sector, the EL- 805 soon became popular in households, 
classrooms, and even outdoor venues such as construction sites. The 
slow response time of its dynamic scattering display in cold tempera-
tures led some to refer to it as the “Obake” (“ghost”) calculator, but 
the profits from EL- 805 allowed Sharp to expand its liquid crystal fac-
tories. The firm finally exorcised the ghost by switching to twisted 
nematic displays based on BDH’s cyanobiphenyl mixtures.65 By the 
end of the 1970s, Sharp had invested a total of $200 million on LCD 
manufacturing, solidifying its position as a leading flat- panel display 
producer.66 Only in hindsight did it become clear to RCA’s leaders 
that in turning down Sasaki’s proposal, they had squandered one of 
their last opportunities to gain a foothold in the Japanese electronics 
market.

No technology embodied the widening technological gap between 
East and West as much as the LCD television, which finally reached 
consumers in the 1980s thanks to Japanese scientists and engineers. 
In 1983, a decade after a DSRC task force rejected liquid crystals as the 
basis for a flat- panel television, engineers from Seiko demonstrated 
a wristwatch- size TV that would put Dick Tracy’s to shame. Each of 
its twisted nematic pixels served as a high- speed shutter that con-
trolled the passage of white light. The inclusion of red, green, and 
blue filters enabled the presentation of full- color images.67 Every 
pixel was activated by a corresponding transistor, an approach that 
RCA’s Bernard Lechner had demonstrated with discrete components 
in 1968. The Seiko project drew on Lechner’s ideas as well as those of 
Westinghouse physicist T. Peter Brody, who had constructed his own 
LCD addressed with an integrated array of thin- film transistors in 
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1973.68 (Brody would later coin the term “active matrix” to refer to 
this setup.69) Seiko’s two- inch diagonal screen would never replace 
a home TV set, but its use of thin- film  transistors— another RCA 
 invention— to produce color pictures established the operating prin-
ciples for all future LCD televisions and contradicted the conventional 
wisdom that liquid crystals were only useful in simple applications 
such as watches or calculators.70

Sharp had been among the doubters. No matter how much money 
their LCD calculators earned, the company’s research staff felt that 
electroluminescent phosphors were a more promising basis for a flat- 
panel TV. Seiko had proven them wrong, and although Sharp was able 
to cobble together a three- inch diagonal LCD television by 1987, a 
bold response would be necessary to regain leadership in the field.71 
Isamu Washizuka, the general manager of Sharp’s Liquid Crystal Di-
vision, consulted with company engineers, who pushed for an incre-
mental development program building progressively larger displays 
over the course of several years. Washizuka instead proposed a radi-
cal leap in screen size, toward something comparable with a standard 
CRT television. It was a plan whose audacity resembled Sharp’s calcu-
lator initiative, perhaps deliberately so, since Washizuka had been in-
strumental in setting up Project S734. Once again, Sharp’s engineers 
rose to the challenge, pushing the limits of existing manufacturing 
equipment to build a fourteen- inch color LCD screen in under a year 
(fig. 6.2).72

Sharp presented its handiwork to the public in June 1988. The an-
nouncement marked the beginning of one story and the end of an-
other. On the one hand, Washizuka and his team showed that liquid 
crystals could match the size and performance of a cathode- ray tube, 
effectively launching the modern LCD television industry. On the 
other, Sharp had at long last fulfilled David Sarnoff ’s prediction of 
full- color TV sets that could hang like pictures on a wall. One can only 
imagine the General’s disappointment with his subordinates, who ve-
toed an alliance with the firm responsible for this feat nearly twenty 
years earlier.
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· · ·
Sharp’s fourteen- inch television may have been the first major salvo 
in the electronics industry’s revolt against the cathode- ray tube, but 
it would take another two decades to topple the older technology. 
Washizuka’s prototype was too expensive for the average consumer, 
and as the LCD industry struggled to reduce costs, it faced compe-
tition from challengers who had embraced an alternative display 
technology: the plasma panel. Plasma displays used thousands of 
miniature gas discharge tubes, which operated much like fluorescent 
light bulbs, to generate a picture. Early plasma displays could only 
create monochrome images, but by 1995 the Japanese firm Fujitsu 

Figure 6.2. Isamu Washizuka, general manager of Sharp Corporation’s Liquid Crystal 
Division, posing with his company’s 14- inch color LCD television in 1988. (Hirohisa 
Kawamoto, “The History of Liquid Crystal Displays,” Proceedings of the IEEE 90, no. 4 
[Apr. 2002], 495. Reprinted with permission from IEEE and Sharp Corporation.)
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was producing full- color plasma television sets with a forty- two- inch 
diagonal. Plasma screens had several drawbacks compared to LCDs. 
They were heavier, used more power, and relied on phosphors that 
degraded over time, but they could be easily scaled up in size and of-
fered excellent picture quality. For many, plasma displays’ strengths 
outweighed their weaknesses, and plasma panels captured a large 
portion of flat- panel television market until the mid- 2000s.73

Compared with plasma displays, liquid crystals took a more cir-
cuitous path to people’s living rooms. Once again, the key to their 
success was their portability. LCDs’ low power requirements made 
them ideal for use in handheld video games, mobile phones, and 
most importantly, laptop computers. By the mid- 1990s, notebook 
computer screens constituted 80 percent of the color active matrix 
LCD market.74 This increased demand drove LCD manufacturers to 
ramp up production and devise more sophisticated fabrication pro-
cedures. Screen sizes expanded and the price ratio between a liquid 
crystal television and a comparably sized CRT dropped from 10:1 at 
the start of the decade to 5:1 in 1997.75 The arrival of HDTV and the 
popularity of high- resolution DVD movies reinforced these trends, 
and at the end of 2007, LCD televisions began outselling both plasma 
panels and CRTs.76

Thanks to companies like Sharp and Seiko, Japanese businesses 
accounted for 95 percent of LCD production during the 1990s.77 Some 
of those firms, such as Sony and Panasonic, remain important players 
in the twenty- first- century LCD industry, but Japan’s display domi-
nance has dwindled significantly in the face of competition from 
South Korea, China, and Taiwan. In 2016, for example, firms in South 
Korea and China were responsible for nearly three- quarters of the 
LCD television market compared with Japan’s 16 percent share.78 Far 
removed as these up- and- coming East Asian enterprises might seem 
from Princeton, they also benefitted from the insights of DSRC liquid 
crystal researchers.

In some cases, the RCA connection was somewhat distant. Several 
leading Taiwanese electronics companies, including AU Optronics 
and Chimei Optoelectronics, were introduced to LCD production 
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through partnerships with IBM, whose staff first heard about the 
technology at licensing seminars hosted by Heilmeier’s team in the 
1960s and 1970s.79 But at times, former members of RCA’s technical 
staff were direct participants in East Asian liquid crystal operations. 
Some acted independently, like Nunzio Luce, who joined with fellow 
Optel alumnus Joel Goldmacher to found Springwood Electronics, a 
Hong Kong– based producer of LCD watches.80 Others followed Cas-
tellano’s example and served as consultants, providing guidance to 
managers unfamiliar with the logistics of LCD fabrication. When, on 
one noteworthy occasion in 1984, a South Korean TV manufacturer 
became interested in replacing its CRTs with flat- panel displays, they 
contacted one of their countrymen: former RCA chemist Chan Soo 
Oh. Although still employed at Beckman Instruments, Oh obtained 
permission to travel to the suburbs of Seoul, lead workshops on liquid 
crystal chemistry, and assist in the selection of factory equipment. 
He was among the earliest experts who helped his  client— Samsung 
 Electronics— accumulate the necessary knowledge base to assemble 
its own LCDs.81 Samsung has since grown into the world’s largest flat- 
panel display producer, whose screens can be found in one out of ev-
ery four LCD televisions sold today.82

Korea may now be “the center of the liquid- crystal universe,” as 
Nicholson Baker argued in a 2013 New Yorker article, but if so, it is 
only the latest location to claim that title.83 Gaze at the constellation 
of screens that surrounds us each day, and regardless of their prove-
nance, one can detect traces of the LCD’s origins stretching inexor-
ably back toward New Jersey. Every pixel on your television, laptop, 
and cell phone bears the imprint of the RCA personnel who took a 
far- fetched technological  dream— a television that could hang on 
the wall— and turned it into something real. Behind each tiny dot is 
a liquid crystal mixture, woven into a molecular helix, and coaxed 
into allowing light to reach your eye with an intricate web of cir-
cuitry. All of these  innovations— room- temperature mesomorphic 
materials, the twisted nematic operating mode, and active matrix 
 addressing— emerged from RCA’s laboratories.

In a sense, these displays are far more powerful tributes to RCA’s 
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technical staff and the thousands of others who refined and improved 
on their work over the past half century than any commemorative 
plaque. Traditional monuments are bounded in space and time, but 
the influence of RCA researchers was neither confined to the DSRC 
nor to their company’s brief foray into LCD manufacturing. They 
were the nucleus of a knowledge community, one that formed in 
response to the technical challenge of creating a flat- panel replace-
ment for the CRT.84 As practicing scientists and engineers, aspiring 
entrepreneurs, and industry consultants, they transmitted infor-
mation about liquid crystal materials and applications around the 
world and were often pivotal to their commercialization. The results 
of their participation were rarely evident to the average consumer, 
but the screens in our pockets, homes, and workspaces, so common 
today as to become practically invisible, are tangible evidence of their 
ingenuity.

On any given day, millions of people will check the time, peruse 
their e- mail, share a photograph, or stream a favorite movie on an 
LCD without knowing the name of anyone affiliated with RCA’s liq-
uid crystal operation. Yet despite this obscurity, their legacy is se-
cure. There were flat- panel displays before the LCD, but the intercon-
nected, digital society in which we now live depends on low- power, 
portable displays descended from the prototypes George Heilmeier 
and his team demonstrated in 1968. Another technology, such as the 
increasingly prominent organic light- emitting diode (OLED), may 
someday displace liquid crystals in many consumer applications, but 
if so we will just be substituting one set of flat screens for another. 
Whether the political, economic, and cultural effects of that transi-
tion will prove as significant as the introduction of the LCD, or any 
other electronic display, remains to be seen. Understanding the ori-
gins of these technologies and the parts that corporate scientists and 
research managers played in their creation is a necessary first step to-
ward answering these questions. Only in this way can we hope to peer 
beyond the surface of our screens and catch a glimpse of the world 
that they have made.
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