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THE COLOR WAR

CBS vs. RCA in the
battle for modern
television technology
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BY DAvVID E. FISHER AND MARSHALL JON FISHER

IN AUGUST 1940, AS AN INDUSTRY COM-
mittee wrestled with transmission stan-
dards for television, 4 young, accented
voice momentarily disrupred the rush
toward commercial broadcasting. The
voice belonged to Peter Goldmark, CBS's
Hungarian-bom Wunderkind, who had
emigrared ro the United States only sev-
en years before. As a pancl chairman on
the National Television System Commir-
tee (NTSC), he had squirmed in his sear
for weeks listening to debates over the
merits of the various black-and-white
systems available at the time. Finally he
stood and addressed his older colleagues.
You're beating a dead horse, he said.
've already perfected color television.

Y 1940 ENGINEERS HAD SPENT

more than half a century

groping toward the electrical

transmission of black-and-
white {monochrome) images. The main
elements of the problem shaped up as
follows: (1) breaking an image into tiny dots of varying
brightness and encoding those dots info an clectrical signal,
(2) transmutting the signal, (3) changing the signal back into
dors of lighr at the other end, and {4) repeating the process
dozens of nmes per second. Step 1 requires a substance that
converts light into electrical impulses. The first such sub-
stance to be discovered was selenium, in the 18705, and
while ir didn't work out for television, others eventually
came along thar did. Step 2 tollows directly from radio voice
transmissiorn. Step 3 can be achieved in various ways; phos-
phorescent materials, like the ones that coar today’s picture
tubes, were eventually found to work best. All these prob-
lems were solved fairly reliably by the 1920s, and if it
weren't for step 4—scanning the image many times: per
second—we conld have had viable commercial television
when radio was still in its infancy.

As different television systems competed for supremacy,
fast scanning turned out 1o be the key technological bartle-
ground, There were two main ways to do it. The first one,
mvented in 1883 by Paul Nipkow of Germany, was to focus
a small image near tho edge of a much larger disk with a
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At the 1951 inauguration of CBS color, left to right: Frank Stanton, president; the
entertainer Arthur Godfrey; William Paley, chairman; and Newton Minow, an industry
lawyer who a decade later, as head of the FCC, called television a “vast wasteland.”

(i)

spiral pattern of holes punched i it. (See illuspration on
page 10.) As the disk rotated, each halein succession swept
over one horizontal slice of the image, leming through vary-
g amounts of light. By the time the disk made one com-
plete turn;, it had covered the entire image. The light passing
through the holes was converred inro electricity, and the
image was reassembled at the recewving end with the help
of a similar disk spinning at a synchronized rate.

The other method of scamning was 10 project the image
onto a-photosensitive background and sweep a beam of ¢lec-
trons across it. The electron beam would elicit a varying
tlow of electricity according to the brighmess of what it was
shining on. With an electric or magnetic ficld around the
beam, you could move it back and forth across the image.
and with suirable ciremitry the resulting electric impulses
could be converted back into a picrure.

The spinning-disk method was simpler, so it was used in
the earliest versions of relevision, which were demonstrat-
ed in the 19205 in the Unired Srates and Europe. Other
schemes used rotating lenses or mitrors, bur they all were
prone to the problems found in any mechanical system. Be-
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WHEN CBS AND RCA
battled to establish
the standard for
color TV technology,
they used all the
weapons at their
disposal: propaganda,
lawsuits, Washington
lobbying, and, above
all, furious struggle in
their engineering labs

cause of interference with the edges of the holes, there
were limits on how many “lines,” or horizontal bands, a pic-
ture could be broken into. In addition, the disk had 1o
spmn fairly slowly to get decenr brightness and resolution,
bur thar led to unrealistic, herky-jerky motion on the receiv-
ing screen. A good mechanical system might achieve sixry
lines avcighteen frames per second—nor enough to look
natural, The electronic method was trickier, but 1t gave
much better resules since it had no moving parts and could
work on a much fincr scale. By the mid-1930s electranic
methods, with hundreds of lines at thirty frames per second,
had completely displaced mechanical systems for black-
and-white transmission.

In theory color television should not have been much
harder. All you had to do was scan each frame theee times,
once for each primary color. Even befare the rwentieth
century physicists knew how to separate an image into
blue, red, and green components by using colored filters. In
1889 a Russian scientist named Polumordvinov applied
for a parent on a color-television system that used spinning
Nipkow disks and concentric cylinders with slits covered by

LY OO RITIAMANM. TOP BOML JANDOCACAN Pt Trion

David Sarnoff, chairman of RCA, demonstrates a
videotape device in 1953, a few weeks before the
FCC adopted RCA's color-television system.

red, green, and blue filters, He had
none of the rechnology necessary
to make such a scheme work, how-
ever; even a simple monochrome
system was decades away. Over the
years a ghostly army of inventors
with names like Adamian, von Ja-
worski, and even Frankenstein ap-
plicd for patents on color systems
thar would never work. None of
these inventors could possibly have
built an-apparatus that could syn-
chronize the three signals and mix
and focus them acenrarely enough
to produce a clear picture.

Then, on July 3, 1928, word
came out of London that color
television had acrually been demon-
strated. John Logie Baird, a Scots-
man who had been working on
television for five years, had taken
a spinming disk, cut three spirals in
it, and covered each one with a
different colored filter, As the disk
spun, 1t scanned the mmage with alternating lines of red.
green, and blue. At the receiver a similar disk received the
three tinted images, one at a time, and flashed them on the
screen. Screen colors were provided by special gas-filled cells:
neon for red, helium for blue, and mercury for green. Al
though onc impressed observer said the color images of faces
and flowers were “vivid,” Baird, belicving that color-was lit-
tle more than a distraction, resumed his cffores to sell the
BBC on his monochrome device, He would devore only spo-
radic attention to color afterward,

On June 27, 1929, Bell Labs gave the fiest American
demonstration of color television. Ir also used a spinning
disk, like Baird, but emploved a bank of photocells with col-
ored filters to pick up the signals. (Baird, in essence, had
rransmitred separate red, green, and blue signals in rapid
succession, while Bell Labs rransmirted a single signal with
all three colors mixed together.) At the receiver three lights
with filters reproduced the colored signals, and a system
of mirrors mixed them on the screen, Although Bell Labs
called its picture “quite striking in appearance” and The New
York Times agreed that “the colors reproduced perfectly,”
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the screen was only the size of a postage
stamp and had to be viewed through a
peepholein a dark room. In addition,
it shared the deficiencies of all mechan-
ical television systemis: too fow lines and
100 few frames per second.

For most of the 1930s color televi-
sion was put aside in the race toward
commercial black-and-white. Then,
out of nowhere, Peter Goldmark ap-
peared. He was only thirty-three vears
old when he rose to address his col-
leagues on the NTSC, “I couldn’t have
created a greater explosion if 1 had lit
a stick of dynamite,” he said larer. An
RCA delegate immediately told the
committee that his company was well
awarc of CBS’s experiments and was
convinced thar they would never lead
to a commercial-quality system. A de-
bare ensued, CBS finally agreed to let
the delegares see a demonstration for
themselves.

O ON AUGUST 28 AND SEPTEM-

ber 4, 1940, sclected members

of the NTSC and the Federal

Communications Commission
(FCC) met at the CBS labs in New York
City. On screens seven inches wide,
models could be scen parading in col-
orful dresses, and bouquets of flow-
crs moved across the screen, their col-
ors registering quite well. Everyone
came away impressed, none more s0
than J. Lawrence Fly, the FCC chair-
man, who declared, “If we can start
television off as a color proposition,
instead of a black and white show, it
will have a greater acceptance with the
public.”

Goldmark had gotten his first ex-
posure to television in 1926, while in
graduate school in Vienna, He ordered
a do-it-yourself television kit from John
Logie Baird, complete with Nipkow
disk and 1-by-Yz-inch screen. Lare
at night, when the BBC allowed Baird
to usc its radio transmitter for exper-
imenral television broadcasts, Gold-
mark received the signal from Lon-
don: a tiny dancer Hitting across the
tiny screen.

Betore long he had devised a system
of mirrors to enlarge the Baird picture.
His device earned him the first Austri-

Scanned image field

ARNOFF
declared that
Goldmark’s

apparatus
was mechanical, like
the old 1920s
television systems
that had fallen by
the wayside.

Top: A Nipkow disk. By the time it makes
a complete revolution, the whole image
has been scanned. Below: A schematic of
the CBS color system. The image is
focused on the scanning tube through a
spinning filter wheel, and the three
resulting color components are broadcast
In alternation. In the receiver a similar
wheel re-creates the color image.
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an patent for television. After he fin-
ished his PhoD. work, in 1931, he wrote
Baird in hopes of getting a job in the
new field. Baird teplied with an invi-
tanon to meet hum for lunch in London.
The meeting was less than a success:
*“Writing imd drawing skerches on the
white tablecloth, he criticized my sys-
tem through the remainder of lunch,
down to the tarts. , .. | nodded to all
of Baird’s ideas and then, figuring there
was nothing to lose, hopefully asked
him for a job. I turned me down flac.”

Goldmark was hired by a British firm,
buta year and a half later it got out of
television rescarch. After briefly re-
turning to Vienna, he sailed for Amer-
ica in September 1933, In New York he
found a job as chief engineer for a ra-
dio manufacturing company but kepr
his eyes open for television oppertu-
nities, working on designs ar home in
the evenings, One of these designs was
published in a British journal, and
in late 1935 he received a call from
an executive at the CBS radio nenwork,
which was mrerested in getring into
television, On New Year’s Day 1936
Goldmark began his career as a tele-
vision engineer for CBS, heading a
staff of four.

At first his laboratory focused on
black-and-white television, and Gold-
mark set out to improve means for
transmitting motion-picture films. Soon
CES hired another engineer, making
a toral of five ncluding Goldmark. He
then oversaw. construction, ar a cost
of nearly a milhon dollars, of a trans-
micter on rop of the Chrysler Building
to compete with RCA’S Empire State
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Building transmitter. As Goldmark sad,
“the urge to beat RCA and its raler,
Dawid Sarnoff, was such an overriding
force at CBS that i acrually began to
shape the direction of my own career,”
Nor did Goldmark forget that RCA had
declined o hire him in his early New
York days.

OW WAS HE TO BEAT THEM

at relevision technology,

rhough? Even CBS's won-

derful new studio was us-
ing RCA monochrome cameras. The
answer came to him in March 1940 in
Mantreal, on a postponed honeymoon
with his wife. While killing time wait-
ing for their train back to New York,
they decided ro see the previous year’s
blockbuster movie Gone With the
Wind. “It was the first color movie |
had seen, and the color was magnifi-
cent,” Goldmark wrote. “I could hard-
ly think of going back to the phosphor
images of regular black-and-white television, All through the
long, four-hour movie | was obsessed with the thoughe of
applying color to television.

“During the intermission I slipped into a corner of the
lobby. whisked our my notebook, and started to calculate
what would be required for color in television. In the hotel
and on the sleeper back ro New York | conunued to fill the
pages with equations. It was perhaps fortunate that [ had
seen the movie ar the end of my honeymoon trip.”

As soan as he returned to the CBS labs, Goldmark got the
okay to work on color, and for the next six months he and
his staff were “consumed nighr and day™ with making Gold-
mark’s notebook sketches into practical reality, What they
came up with was a hybrid electronic-mechanical system.
Behind the lens in the camera rube Goldmark put a spinning,
wheel (not a Nipkow disk) with three sets of filters—red,
blue, and green. He then synchromzed the wheel with an
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Peter Goldmark of CBS and his color wheel, with its sets of red, blue, and green filters.

PICTURE TUBE

electron beam, which scanned the red, blue, and green por-
tions of the image separately and combined them into one
signal. A similar filtered wheel in the receiving tube sepa-
rated the signal back mto its components. The Goldmark
system took advantage of the clectron beam’s sharpness and
resolution but was still handicapped by the mechanical
limitations of the wheel.

By June 1940 Goldmark had his apparares working well
cnough to demonstrate it to CBS management. Before the
vice-president and research director, he presented a trans-
mission from sull color slides, “including a loyely Spanish
dancer—dressed in a strong red-and-white cosume.” It was
a success, and Goldmark gor the go-ahead to begin trans-
mitting expenmental broadcasts of color movies. By August
he was convinced he could take over the fledgling industry
with his color system, and he made his bold announcement
at the NTSC meetings. His demonstrations for FCC and
NTSC members tollowed, and
for a moment it looked as if he
might be right.

But Goldmark had under-
estimated the determination
of the companies that had de-
voted themselves for so long
to perfecting monochrome
television. Most of all, he had
underestimated David Sar-
noff. At an RCA staff meet-
ing around the rime of Gold-
mark's demonstrations, Sar-
noff declared that Goldmark’s
apparatus was mechanical,

COLOR WHEEL

RECEIVER

WINTER 1997 « INVENTION & TECHNOLOGY 11



SCENE BEING TELEVISED

PICKUP AND TRANSMISSION OF RCA COLOR i ot

like the old 19205 television systems that had fallen by the
wayside. If the NTSC accepred CBS's color svstem, it “would
set back the cause of our technology by a generation, . . .
The RCA will never allow this counterfeir scheme 1o be
forsted on the American people,” hie vowed.

Goldmark ook offense at the characrerization of his sys-
tem as mechanical, “CBS's feld-sequenrial system s elec-
tronic,™ he wrote later, *. . . The only mechanical part is ceally
the device that imserts the color ar the transmitter, and the
only reason we used a revolving color filter at the receiver
was that no ¢olor rubes capable of performing this function
were available at the time,” Of course, the electronic portion
of the system was not Goldmark’s mventon at all; it was just
an ordinary Image Dissector tube, invented by Philo Farns-
worth in 1927, The only major parr original with Goldmark
was the mechanical revolving flter.

But Sarnoff had unwittingly put his own company in a
defensive position months earlier. The RCA labs in Camden,
New Jersey, had been working for some time an an all-elec-
tronic color system, and although it was far from perfect,
Sarnoff had' decided to demonstrate an early, partly me-
chanical version to the FCC in February 1940. The colors
were inaccurate and the image was distorted, but that didn't
scem to bother Sarnoff. “The pictures were terrible, bur the
principles for electronic transmission were sound,” he said
years larer. “My scientists could make mechanical color as
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COLOR TELEVISION
SROADCAST SIGHALS

well as anyone. It didn't require any basic discoveries. It was
the quick and easy way, bur ir was wrong from the begin-
ning, and | knew it.” Sull, RCA’s primitive demonstration
served only to underscore the high quality of Goldmark’s
system seven months later.

The debate went on for the next year. Had the FCC been
inclined roward color; GBS would certainly have been the
committee’s choice, but the agency was reluctant to bypass
monochrome television before giving it a chance in the
markerpiace. Meanwhile, Goldmark stayed hard ar work.
At the September 1940 demonsteation hie had been unable
to transmit live subjects in color. He cleared this hurdle in
December by switching from rthe Image Dissector tube to a
modified RCA Orthicon. The following June the FCC gave
CBS permussion to broadcast m color on an experimental
basis, and regular broadeasts began.

Even RCA seemed nnsure that CBS color would fade away.
Its own nerwark, NBC, gave a demonstration on May 1,
1941, of a color system almost idennical to Goldmark’s. RCA
was carcful, though, to make ¢clear that the future belonged
to all-electronic color—when it was finally perfected.

On July 1. 1941, however, commercial monochrome tele-
vision began (to an audience of a few thousand sets), and
color was all bur forgoren. Sarnoff and his allies had suc-
ceeded in keeping the spotlight on black-and-white TV. Gold-

mark kept working on his system;, but his push for public
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support had slowed. Then, on December 7, the war came
1o Americy, and color and black-and-white both wenr on the

back shelf,

N LATE 1944 DAVID SARNOFF REIURNED FROM EUROPE,

where he had raken part in the Allied invasion as

Eisenhower’s top communications éxpert, eventually

attaining the rank of brigadier general, On arriving, he
called his top exccutives together to discuss his next battle
strategy. “Gentlemen," he declared, “the RCA has one pri-
ority: television. Whatever resources are needed will be pro-
vided. . . . There's a vast market out there, and we're going
to capture it before anyone else.”

Samoff formed an unofficial commtree that included the
chict of NBC, the chief of mannfacturing, and various ser-
vice representatives, Once a month they met in Washington.
“Everything came out just like each person promised,” said
one of his colleagues. “Because Sarnoff pounded on people,
he made it impossible for them to say, *We didn’t do this.”™

Soin late 1946, while most of the industry was still pre-
paring its postwar campaigns, RCA’s 630-TS television set,
the Model T of relevision, began rolling off the production
line. By the end of the year the set, with its ten-inch screen,
had sold 10,000 units ar $385 each. The next year 250,000
television sets were sold, four-fifths of them by RCA. Broad-
casting stations were popping up around the country, and
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test

of the

twWo
systems was no
contest. The
Variety headline
read RCA LAYS
COLORED EGG, and
the FCC approved
CBS color.
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The RCA system uses mirrors to
split an image into three color
components. Each one is scanned
electronically, and the signals are
combined and broadcast together.
Color receivers untangle the
chromatic information; black-and-
white receivers ignore it.

advertisers were paying a total of three million dollars to
NBC for prime-time slots.

For s part, Goldmark had spent much of the war com-
muting berween New York and Cambridge, Massachusetrs,
where he worked on radar-jamming technology, He also
spent time oyerseas. Back ar CBS after the war, Goldmark
returned to color television, with an added dimension. In his
work on radar countermeasures he had became infatuated
with ultrahigh frequency (UHE) Using UHE, he could give
the public forty channels, as opposed to the nwelve available
on very high frequency (VHF) at the time, and the greater
bandwidch would allow better picture quality. It was casy
enough to persuade Bill Paley, CBS’s voung millionaire pres-
ident, ro fund the works he needed something big to stand
up to Sarnoif’s takeover of the new television industry: By
late 1945 Goldmark was demonstraning his newest appara-
tus at the CBS labs for special guests, including advertisers
and prominent visitors from husiness and government.

In carly 1944 CBS decided it was time for a formal
demonstranion of Goldmark’s UHF color to the FCC. So on
January 31 Charles Denny (the new chairman of the FCC)
and other guests filed into the Tappan Zee Inn in Nyack,
New York. After many days of strained nerves and assidu-
ous care, Goldmark's team had finished setting up several
laboratory models of their color receiver, cach with a nwvelve-
mch screen. Goldmark recalled. “I gave the necessary intro-

WINTER 1997 - INVENTION & TECHNOLOGY 13






