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TBEINTERCBANGE 

OF TECBNICAL INFORMATION 

An acute problem faces today's elec

tronics engineer! As electronic prod

uct complexity increases and engi

neering tasks also become more 

complex, so do the engineer's needs 

for technical information increase. To 

keep pace with the demands of his 

job, he must select from voluminous 

material the specific information 

which satisfies his needs. Unlike his 
predecessor, who could satisfy most 

all his needs with letters, phone calls, 
or business meetings, plus the usual 

technical reports, the intercommuni

cation requirements of the modern 

engineer have increased many fold. 
Every engineer is aware of the im

portance of "keeping informed" to 

assist him in generating his own 

ideas. He also knows that these ideas 

are seldom wholly original and that 

even the most unusual or revolution

ary ones require some stimulation 

from associates: The cascading bene

fits which result from the regular in-

1 , 
tercitange of information by mean~ of 

technical articles provide solutions to 

problems 6f the writer as well as the 

reader. Consequently, the interchange 

or "pooling" of information is essen

tial to every engineer in coping with 

the many technical problems facing 

him. 
Certainly, one of the vitally impor

tant objectives of the RCA ENGI

NEER is to provide a convenient me

dium for the interchange of technical 

information relating to RCA products. 

The magazine serves as a systematic 

source from which the engineer can 

draw, both to help satisfy his tech
nical needs and to further broaden 

his professional viewpoint. In order 

to achieve the best possible result, 

nearly fifty RCA engineers through

out the company have been appointed 
for the purpose of providing editorial 

assistance in selecting material which 

will be most helpful to the reader

the RCA engineer. 

Vice President 
Product Engineering 

Radio Corporation of America 



2 

As I LOOKED through recent engi
neering publications, I was im

pressed with the number of articles 
which discuss the engineer and his so
cial environment- Many appear to be 
devoted to aspects of the engineer's 
relationships to his own community. 
Assuming that articles are selected for 
publication on the basis of editorial 
responsiveness to the reader's inter
ests, it follows that there must be an 
increasing sensitivity and awareness 
among members of the engineering 
profession to their social responsibili
ties as individuals. 

To me, whose job involves the plan
ning, coordination and administration 
of our Company's programs and ac
tivities in connection with community 
relationships, this is a welcome de
velopment. For the corporate pro
gram and activities by themselves can 
achieve only part of our overall ob
jective. To establish RCA as a good 
citizen and a good community neigh
bor in all of its plant locations, the 
corporate program must be comple
mented by individual participation_ 
And in our entire corporate structure, 
there is no single group better fitted 
for active participation in community 
affairs than our engineers. 

APTITUDE, ANALYSIS AND ACTION 

As a group, engineers have prob
ably the highest average level of for
mal education. Engineers are inclined 
to have a logical approach to prob
lems. They are trained to separate the 
wheat of truth from the chaff of prop
aganda or speculation. They are dis
ciplined to think in terms of cause 
and effect. Therefore they should be 
able to recognize and evaluate com
munity problems and to pursue con
structive courses of action on behalf 
of their families and their neighbors. 

It seems to me that we have passed 

by 

JULIUS HABER, 
Director, Conunnnity Relations 

and Exhibits 

Corporate Staff, Camden, 7V. J. 

a crossroad-that increasingly among 
engineers there is a growing sense of 
awareness to the world around the 
world of technological specialization. 
As an old campaigner in the field of 
public relations, I can recall countless 
civic, charitable and other types of 
meetings and organizational activities 
in years gone by, where almost every 
profession in the community would be 
encountered. There would be doctors, 
teachers, businessmen, lawyers, mer
chants, bankers, ministers, labor and 
civic officials, and others, but rarely 

/ . 
any engmeers. 

TREND TO BROADER OUTLOOK 

If this is a trend, it's in keeping with 
the broadening curricula of engineer
ing colleges and universities, directed 
to the "education for living" of well
rounded individuals, rather than over
specialized technologists. Old timers 
and leaders in engineering helped 
bring about this change. They saw the 
paradox-and the danger-of techno-

;', 

logical sectarianism and "ivory tower" 
isolation from life. Here is a profes
sion responsible for the fantastic com
plexity of modern science and indus
try, which have had such a profound 
influence on our civilization. Yet, its 
activities in the areas of human rela
tions were hardly apparent. No won
der, there has been so much inner 
questioning among the profession as 
to whether invention was an end in 
itself, or whether invention also im
posed an obligation of service to soci
ety upon the inventor. 

My own feeling is that all of these 
factors had a contributing influence to 
the changing attitudes. But coupled 
with them are a number of other fac
tors. Engineers realized that they 
couldn't just stand aloof from civic 
affairs. They know that they have the 
responsibility to participate-to pur
sue the positive course of action in 
response to their own and their fam
ilies' status in the community. 

AWARENESS IN ACTION 

Looking around in our plant com
munities we see this awareness in ac
tion. Our Community Chest, local Red 
Cross and hospital fund drive solici
tors. Our leaders in Junior Achieve
ment and Boy Scouts. Our active par
ticipants in civic affairs and public 
offices. Let's look at just a random 
sampling! ( For a random sampling, 
see list on opposite page. I 

We can find many similar civic and 
community activities, multiplied many 
fold, in these and other maj or 
engineering locations. Good, but we 
should have more, much more! 

BENEFICIAL TO OURSELVES 

As an expression of management 
policy, RCA's corporate community 
programs and activities are based on 
the recognition that what helps the 



community is beneficial to the com
pany and its people. They help keep 
our community neighbors informed 
about RCA and its people, so that they 
think well of us and share our pride 
in our work. But a corporation is peo
ple, and it is in terms of people that 
community relationships are realized. 

The same community consciousness 
is evident in the support by the com
pany and by its people-in terms of 
time, effort, experience and money
to the Community Chest and Red Cross 
Fund drives, hospitals, YMCA's, com
munity centers, and numerous other 
projects benefiting the community as 
a whole. Corporate contributions are 
made by RCA in each of its plant com-

JULIUS HABER has devoted his 
business career to the art of winning 
public recognition for RCA's achieve
ments in its many and varied fields 
of activity. The word public is used 
here in its broadest sense-nlcaning 
not only the general public, but such 
specialized "publics" as employees. 
customers, vendors and the industry. 

Mr. Haber joined RCA in New 
York in 1922, and became a pioneer 
member of the Company's publicity 
group shortly afterwards. In 1930. 
he was "loaned" to Lord and 
Thomas, then RCA's advertising 
agency, to organize and direct a pub
licity department for the company. 
In this capacity, he handled publicity 
activities for the Victor Talking Ma
chine Company as well as RCA. 

Following the consolidation of RCA 
and Victor Talking Machine Co., 
Mr. Haber returned to Camden as 
publicity dircctor in 1931. In 1937. 
he had a special assignment under 
the manufacturing company's pre:-,i
dent, to organize the company's in
ternal education program. During 
thi, period. he established and edited 

munities in accordance with a formula 
based to a large extent on the number 
of employees at each location. 

PARTICIPATION AND SUPPORT 

It is important to RCA people that 
their home communities should have 
the most desirable facilities and en
vironment for their families' living and 
welfare. Participation by RCA engi
neers in school, church, organizational 
and civic affairs is one way in which 
to help assure this goal. Financial con
tributions to support worthwhile char
ities and community projects, aug
menting corporate contributions, are 
another way. 

Community recognition that its cor-

employee house organs and other 
c111Pioyee C0l11111Unications 111cciia. 
and instituted foreman and executi Ye 
educational programs. During World 
War II, Mr. Haber played a major 
role in instituting and managing 
RCA's prominent "Beat The Prom
ise" carnpaign. 

In 1946, he transferred to the RCA 
Tube Department as ad"ertising and 
sales promotion lnanager, and in 
1951, was appointed director of ad
vertising and sales promotion acti"i~ 
ties for all the division's technical 
product>. He became director of pub
lic relations of the RCA Victor Di\'i
sion in 1952. Early in 1954, when 
activities of Victor Di"ision were in
tegrated with those of the Radio 
Corporation of America, Mr. Haber 
was appointed Director of COll1-
munity Relations and Exhibits, Cor
porate Staff, 

Mr. Haber has sened '" publicity 
chairman for such organization~ a'~ 
the Institute of Radio Engineers, and 
the Society of Motion Picture and 
Television Engineers. 

porate neighbor. RCA, is a good citi' 
zen and a good company is important 
to us as individuals. It is also im
portant to us because it helps to make 
loyal customers for our products, 
which in turn, makes for greater op
portunities for us all. 

The point I am trying to make is 
that a good communiJy and good com
munity relationships are created by 
activity, rather< than passivity. Engi
neers are the vanguard of the creativ
ity which helps identify RCA as a good 
company. In their communities, they 
must also take their rightful creative 
place in those activities which con

tribute to dynamic good citizenship. 

Typical Examples 0/ 
Engineers' Civic Activities 

A. D. BURT, 

manager of Radio and "Victrola" 
Division_ Record Changer Engineer
ing, RCA-Cherry Hill. has been a 
member of the Haddon Heights, N. J. 
School Board for the past 14 years, 
and its president for the last three. 

• 
H. O. BAHH.ACLOlJGH, 

mechanical engineer of EPD Aviation 
Communications Engineering. Cam
den, is vice president of the Delaware 
Township, N. J. School Board_ of 
which he, too, has been a member 
for many years. 

• 
SlHlJBH.'l.H, 

metallurgist in the Chemical and Phvs
ical Laboratory, Lancaster Plan t. is 
chairman of the Manor-iVIillers\-illp 
joint High School Authoritv. 

• 
H..\LPH W. E:"iGSTHOYl. 

physicist at Lancaster, is technical ad
visor of Lancaster County Civilian Dp
fense. 

• 
IHVl',C; G. I'lTiVLI.:\. 

an electrical engineer in Product Ue
velopment, Receiving Tube Engineer
ing, at the Harrison Plant. is a melll
ber of the Borough Planning Board ill 
Roseland, N. J., and the Essex Count\ 
Civil Defense radio net. 

3 
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LOW·NOISE TRAVELING·WAVE TUBES* 

THE RAPID and continuing expan
sion of activity in the micro

wave region has created a need for 
low-noise microwave amplifier tubes 
capable of providing good gain over 
wide frequency bands. Of various 
tube types so far developed for micro
wave amplifier service those which 
best meet these requirements are trav
eling-wave tubes. 

Traveling-wave tubes permit direct 
amplification of electromagnetic waves 
by the addition to the waves of energy 
from directed electron beams. The 
possibilities obtainable· by interaction 
between waves and electron beams 
were recognized as early as 1935 dur
ing experiments with multi-anode 
magnetrons. Analysis indicated that 
the "traveling" oscillations. produced 
by these tubes were initiated and sus
tained by energy drawn from rotating 
electron beams. Intense effort devoted 
to the application of the traveling
wave principle, both before and dur
ing W orId War II, led to the develop
ment of the cavity-resonator magnetron. 

In the light of these disclosures and 
other developments it became appar
ent that the traveling-wave principle 
could be applied to amplifiers as well 
as to oscillators, and during 1943-
1944 Dr. R. Kompfner, working in 
England, designed a tube employing 
a linear electron beam which can be 

By A. J. BIANCULLI 
R. M. COLLINS 

E. W. KINAMAN 
G.NOVAK 

RCA Tube Division 

Microu;az;e Tube Engineering 

Harrison, N. J. 

considered the prototype of the mod
ern traveling-wave amplifier. 

Subsequent research conducted by 
several laboratories has resulted in 
improved understanding of traveling
wave theory and in the development 
of practical traveling-wave tubes for 
several applications. These tubes in
clude types designed for use as broad
band amplifiers, electronically tuned 
oscillators, and microwave oscillo
scopes. Special effort has also been 
devoted to the development of the 
low-noise amplifier types which are 
the principal subject of this article. 

BASIC COMPONENTS 

Although traveling-wave tubes may 
differ considerably in internal con
struction, size, and appearance, they 
all operate on the same principle, and 
employ the basic components shown 
in Fig. 2. 

* The research in this document was sup
ported jointly by the Army, Navy, and Air 
Force under contract with the Massachu
setts Institute of Technology under Sub
contract No. 31 of Prime Contract AF19 
(122) -458. 

The electron gun at the left pro
duces a beam of electrons which is 
directed along the axis of the tube 
and absorbed by the collector. The 
gun consists of a cathode, several 
focusing and accelerating electrodes 
which form and direct the beam, and 
auxiliary parts necessary for align
ment and support of the gun struc
ture. The slow-wave structure provides 
a low-velocity propagation path for 
the electromagnetic wave to be ampli
fied. This structure, which is usually 
of the helix type shown, surrounds 
the beam and permits interaction be
tween the wave and the beam. The 
field of the external magnet is used 
to focus the electron beam properly 
with respect to the electron gun and 
the slow-wave structure. The input 
and output transducers are coupling 
devices used to introduce driving sig
nals to the tube and to remove the 
amplified signals. The design of these 
transducers is determined by the op
erating frequency and bandwidth re
quirements of the tube. Low-noise 
tubes may use helix, coaxial-cavity, or 
plunger-tunable waveguide transduc
ers. Transfer of the signals between 
the transducers and the helix is ef
fected by the antennae at the ends 
of the helix. The attenuator is a sec
tion of lossy material placed in the 

r------------------------------------------------------
Fig. l-The traveling Wave Tube. Bottom to top: Develop
mental type A-l038 TWT; tube with input and output trans
ducers in place; packaged TWT; packaged TWT with solenoid. 

Fig. 2-Bosic components of a 
traveling-wave amplifier tube. 
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Fig. 3-R. M. Collins measuring impedance and voltage standing· 
wave ratio of completed law-noise traveling-wave tube. Tube is 
mounted between the waveguide terminations at lower right. 

Fig. 4-G. Novak making gain and noise measurements on a com
pleted low-noise traveling-wave tube. The large perforated-metal 
housing surrounds the tube and the solenoid focusing magnet. 

tube to absorb reflections which might 
cause instability or oscillation. 

Helix.type slow-wave structures are 
easily constructed and are operable 
over very wide frequency bands. Their 
wideband properties are attributable 
to the fact that the velocity of propa
gation in a helix is substantially inde
pendent of frequency. Thus all the 
frequency components of a wideband 
signal, or several independent signals 
on widely different frequencies can be 
synchronized with a single electron 
beam and amplified simultaneously. 

TRAVELING-WAVE TUBE OPERATION 

The method by which interaction be
tween a traveling wave and an electron 
beam is used to obtain amplification 
of the wave is shown in Fig. 5. 

The stream of electrons emanating 
from the gun enters the helix from 
the left at a velocity determined by 
the d·c potential difference between 
helix and cathode. These electrons 
are maintained in a cylindrical beam 
by the magnetic field applied parallel 
to the tube axis, and will travel 
through the helix at uniform mean 
velocity unless other forces are intro· 
duced. 

The signal to be amplified is ap
plied to the helix through the input 
transducer and antenna. This signal 
InItIates an electromagnetic wave 
which is propagated along the helix 
in much the same manner as such a 
wave is propagated along a two-wire 
transmission line. The velocity with 
which this wave travels around the 
circumference of the helix VI is 
approximately equal to the velocity 
of light. The velocity of the wave in 

the direction of the electron beam 
V 2 is smaller than V I by a factor 
approximately proportional to the 
ratio between helix pitch and helix 
circumference. 

The r-f electric field of this wave 
interacts with the fields of the beam 
electrons and affects their kinetic en
ergies and velocities. At any instant 
electrons in regions where the field 
acts in one direction acquire kinetic 
energy from the field and are acceler
ated; electrons in regions where the 
field acts in the opposite direction 
relinquish kinetic energy to the field 
and are decelerated. Since the acceler
ated electrons tend to overtake those 
which have been decelerated, a bunch
ing action takes place. If the velocity 
of the beam and the axial velocity of 
the electromagnetic wave are equal, 
the interchanges of energy over a 
finite number of wavelengths will bal
ance out and the wave amplitude will 
remain constant. If, however, the 
beam electrons enter the helix at a 
velocity slightly greater than the ve
locity of the electromagnetic wave, the 
decelerating action becomes predom
inant, the wave acquires more energy 
from the electron beam than it loses, 
and its"a'~plitude increases as it trav
els down the helix. 

If the velocity of the decelerated 
electron bunches is sufficiently reduced 
the interchange of energy will reverse 
and the wave amplitude will decrease. 
Consequently, the helix must be ter
minated and the wave removed at the 
point of maximum amplitude. The 
power output of the tube at this point 
is proportional to the beam power and 
therefore increases with the beam cur-

rent. In order to obtain maximum in
beam current ,the beam must be fo
beam current, the beam must be fo
cused so that its surface is as close 
as possible to the inner circumference 
of the helix. Losses due to intercep
tion of electrons by the helix can be 
held by proper focusing to less than 
1 per cent of the beam current. 

Impedance mismatches at helix ter
minations and slight non uniformities 
in helix pitch produce reflections 
which travel backwards in the tube 
and may result in instability or os
cillation unless attenuated. The neces
sary attenuation is obtained by the 
use of lossy material in proximity to 
the helix at a point between input and 
output. Proper positioning of the at
tenuator permits almost complete ab
sorption of the backward wave and 
negligible absorption of the forward 
wave. 

NOISE CONSIDERATIONS 

The ability of any amplifier tube to 
respond to weak signals is determined 
by the amount of noise generated in 
the tube. Since noise tends to over
ride weaker signals, the lower the 
noise the more sensitive the tube. 

Tube sensitivity is usually ex· 
pressed by a "Noise Figure" indicat
ing the difference ! in decibels) be
tween the signal-to-noise ratios at the 
input and output of the tube. For 
maximum sensitivity it is desirable, 
therefore, that the noise figure of a 
tube be as small as possible. 

The noise figure of a traveling. 
wave tube is proportional to the beam 
noise at the input to the helix. In a 
well-focused tube most of this beam 

5 
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Fig. 5-lnstantaneous electric fields and rela
tive beam velocities in traveling-wave tube helix. 

Fig. 6-Noise-reducing techniques 
used on RCA low-noise g-un. 
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Fig. 7-Gain and noise figure vs, frequency for RCA Devel
opmental Type A-1038 low-Noise Traveling-Wave Tube. 

Fig. 8-Transfer characteristics of RCA Devel
opmental Type A-l 038 Traveling-Wave Tube. 

noise originates in the cathode, and 
is contributed by two components. 
One, called "shot noise" is associated 
with thermionic emission phenomena. 
It consists of random variations in 
beam density, caused by the fact that 
the individual electrons composing a 
thermionic emission current leave the 
cathode at random times. Shot noise 
is a function of cathode temperature 
and can be partly cushioned by oper
ating the cathode at a temperature 
higher than that necessary to supply 
the current needs of the anode electric 
field. Under these conditions, called 
"space-charge-limited" operation, most 
of the emitted electrons return to the 
cathode and tend to minimize the ran
dom fluctuations in the density of the 
emission current. The other com
ponent, called "velocity-fluctuation 
noise," arises from the shot noise fluc
tuations but is otherwise independent. 
This component consists of random 
fluctuations in electron velocity which 
have a Maxwellian distribution in the 
beam and are not reduced by space
charge-limited operation. 

The resultant of these two noise 
components appears in the beam as a 
standing wave and thus has points of 
maximum and minimum amplitude. 
The periodic character of this result
ant can be explained by the "elastic" 

action of electrons composing a beam, 
which causes a disturbance to any 
electron to reappear farther along 
the beam at a distance determined by 
the beam density, the average beam 
velocity, and the configuration of the 
surrounding structure. A substantial 
reduction in the amount of noise cou
pled to the helix circuit can be ob
tained by proper positioning of the 
helix with respect to the minimum 
points. 

In addition to space-charge cush
ioning and helix positioning, another 
method of reducing noise, called the 
"velocity-j ump" technique, is also 
used. In this method an accelerating 
voltage is applied to the beam at the 
point where the velocity-fluctuation 
noise is a maximum. The sudden ac
celeration compresses the range of the 
random velocity fluctuations with re
spect to the mean beam velocity and 
thus reduces their contribution to the 
total beam noise. 

The application of these noise-re
duction techniques in the RCA low
noise electron gun is shown in Fig. 6. 

Other noise-contributing factors in 
traveling-wave tubes are initial beam 
divergence at the cathode, helix size, 
helix operating potential, helix lossi
ness, and accuracy of beam focus. 
Space limitations, however, do not 

permit discussion of these factors III 

this article. 

TRAVELING-WAVE TUBE 
CHARACTERISTICS 

Bandwidth: Low-noise traveling-wave 
tubes developed by RCA include 
types designed for operation in the 
L, S, and C bands. The bandwidth 
over which any of these tubes can be 
properly operated is determined pri
marily by the bandwidth limitations 
of its input and output transducers 
and by the characteristics of its helix 
circuit. In practice, these factors limit 
the bandwidth to about 30 to 40 per 
cent of the mid-band frequency for 
which the tube is designed. 

Gain and Noise Figure: Fig. 7 
shows typical operating characteris
tics of an S-band tube, RCA Develop
mental Type A-I03S. The dashed 
curves indicate gain and noise values 
obtained by optimizing all tube volt
ages at the various frequencies; the 
solid curves indicate the gain and 
noise values obtained when trans
ducers and voltages are adjusted for 
maximum bandwidth. Best tube noise 
figures are obtained at the synchron
ous helix voltage, which is the volt
age that produces maximum signal 
gain. Noise figures below 6 db, with 
gains of 20 db or greater, have been 
attained in S·band tubes. 

j 



Power Characteristics: Low-noise 
traveling-wave tubes when operated 
under optimum noise conditions, have 
power outputs in the order of a few 
milliwatts. For requirements where 
higher gain and high output power are 
the principal considerations tubes 
have been developed which have 
power outputs ranging from 25 to 40 
milliwatts and noise figures of 15 to 
20 db. 

Fig. 3 shows the transfer character
istics of an RCA low-noise traveling
wave tube (developmental type RCA 
A-I033.) The solid curves indicate 
that the gain of the tube is propor
tional to the 1/3 power of the beam 
current. The dashed lines provide a 
convenient reference to tube gain. 

The stability limit of the tube IS 

reached when a further increase III 

beam current causes such high gain 
that the backward wave is amplified 
sufficiently to cause self-sustained os
cillations. By reducing reflections 
caused by mismatches and helix dis
continuities, it ""has been possible to 
produce tubes having a stable gain 
of 40 db. with only a slight degrada
tion in noise figure. 

Fig. 3 also shows that at low input
signal levels the amplification char
acteristic of the tube is linear. For 
example, at these levels a change of 
10 db in the input signal produces a 
10 db change in output power. 

When very strong signals are fed 
onto the helix, however, the relation 
between input and output power is no 
longer linear. At high signal levels the 
tube overloads and saturates in the 
manner shown by the right hand por
tion of the curves. As still stronger 
signals are introduced, the gain of 
the tube decreases steadily. Under 
these conditions, the tube becomes an 
attenuator or limiting device, and so 
protects the following circuit from 
becoming overloaded. 

CONCLUSIONS 

The traveling-wave tube, by virtue 
of its unique and desirable character
istics, fulfills the requirements of a 
low-noise microwave amplifier. At 
this time, several developmental-type 
low-noise tubes are being made and 
undoubtedly many improvements will 
be forthcoming. These improvements 
are expected to lead to the use of 
these tubes in new applications, as 
well as for improvement of existing 
commercial and military equipment. 

ACKNOWLEDGEMENTS 

The authors particularly wish to ac
knowledge the significant and valu
able contributions and suggestions 
made by R. Peter, H. Jenny, P. Wake
field, A. Hogg, E. Stefanowicz, and 
W. Johnson. 
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THE CONTRIBUTIONS made by chem
ists and chemical engineers to our 

national health and prosperity are 
well recognized. Publicity and educa
tional advertising by professional 
groups and by the chemical industry 
continuously remind the public of 
these contributions and emphasize the 
importance and value of new tech
nical advances. Plastics, synthetic 
fibers, antibiotics and other medic
inals, improved petroleum prod
ucts and jet fuels, detergents and 
even the H-bomb, are a few of the 
products made possible by modern 
chemistry. 

Less widely known and publicized 
. is the extent of the contribution made 
by chemistry to electronics and to its 
related industries. RCA management, 
however, has long been aware of 
chemistry's importance, and has or
ganized and maintained vigorous 
chemistry programs in all its research, 
development, and manufacturing ac
tivities. 

RCA'S CHEMICAL ACTIVITIES 

An article by H. I. Reiskind in the 
RCA ENGINEER, Vol. I, No.1, has 
pointed out how chemistry and chem
ical engineering are integrated into 
record manufacturing. In this issue, 
an article by Dr. D. J. Donahue of 
the Lancaster engineering staff shows 
the contributions of these professions 
in tube manufacturing operations 
with particular emphasis on color 
tube development. 

It is doubtful, however, that many 
RCA engineers realize the full scope 
and magnitude of the company's chem
ical activities. Few of us regard RCA 
as a chemical manufacturer, yet our 
production of just a few items-for 
example, phosphors at Lancaster, fer
rites at Camden, and emission car
bonates, ceramics, and insulating 
materials at Harrison, is very sub
stantial both in terms of tonnage and 
as an economic factor in the com
pany's business. And yet these prod
ucts represent only a fraction of the 
chemical activity within one division 
-the Tube Division. The ramifica
tions of chemistry and chemical engi
neering are very extensive in this 
Division. Its chemists are working to 
develop improved carbonates for use 
as cathode coating materials, better 
phosphors for black-and-white as well 

as for color kinescopes, and ferrites for 
many applications. In addition, they 
are engaged in continuous study and 
development on photo-sensitive ma
terials, getters, electroplated and car
bonized metals for tube parts, glass
or ceramic-to-metal seals, solvents, 
plastics for tube bases, and contami
nation problems, to mention only a 
few. 

Semiconductor Devices Operations, 
which is also a Tube Division func
tion, is almost totally dependent on 
chemical processing, since the quality 
of any semiconductor device depends 
entirely on the purification and treat
ment of its constituents. 

RCA's chemical activities, however, 
extend to every item we manufacture, 
for every material we use has at 
some time been developed or im
proved by chemists working either 
for RCA or for one of its many sup
pliers. Much of the basic chemical 
work for its products must be under
taken by the company itself, for in 
many cases the quantities we require 
are so small that it is not economi
cally feasible for the larger chemical 
manufacturers to undertake produc
tion. 

Another factor which chills the in
terest of outside suppliers is our in
ability in many cases to specify the 
degree of chemical purity we require, 
for many of our problems are caused 
by impurities too minute to be readily 
measured or controlled. In such cases, 
the only proof of acceptability is the 
performance of the material or of the 
end product: if it works, it is satis
factory; if it does not, it is useless. 

ARTHUR L. SMITH graduated from Ford
ham University in 1941 with a B.S. in Chem
istry. An M.S. degree in Chenlistry was 
obtained from Brooklyn Polytechnic Institute 
in 1943, during which time he held a Teach
ing Fellowship. He spent the next two and 
one-half years at the Institute as a Research 
Fellow and Research Associate working on 
government contracts. As an outgrowth of this 
work, a Ph.D. in Chemistry was awarded by 
BPI in 1946. In November, 1945, he joined 
RCA as a chemist in the Luminescent Mate
rials Section at Lancaster, and in 1951 became 
Group Leader of the Section. In 1953 he be
came manager of the Lancaster Chemica! & 
Ph"sica! Laboratory. He is a member of the 
American Chemical Society, Phi Lambda Upsi
lon 1 Siglna Xi, and is a past chainnan of 
the Electronics Division of the Electrochemical 
Society. 

PERSONNEL 

Almost all our major plant locations,;. 
are serviced by groups whose prime 
function is the investigation of ma
terials and their processing. In the 
engineerihg activities of a plant, the 
greater part of this work is per
formed in the Chemical & Physical 
Laboratory; in the manufacturing ac
tivities chemists and chemical engi
neers are generally: integrated into 
the engineering staffs. 

Chemists in < RCA are men and 
women with training in physical, or
ganic, or inorganic chemistry. Those 
with Masters' degrees and Ph.D.'s 
have usually had training in more 
than one of these fields. An RCA 
chemist's work is rarely if ever, rou
tine. In fact, the scope of his activi
ties is frequently across several of 
the subdivisions of chemistry and 
thus requires a correspondingly broad 
background. A factory consultant on 
chemical processes, for example, is 
often required to answer in a single 
day questions on plastics, paints, 
waxes, metal plating, and parts clean
ing. A laboratory worker may find that 
a single assignment involves inorganic 
synthesis, surface chemistry, dielec
trics,. and crystallography. 

Numerically, chemists and chemi
cal engineers are a relatively few. 
Their responsibility is, therefore great, 
for they must influence RCA opera
tions not by force of number but by 
scientific logic and fact. Their ability 
to be helpful and important members 
of the team is attested by the com· 
pany's success. 
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THE CHEMISTRY OF 

Fig. l-A laboratory view showing the author demonstrating the 

application of phosphor to the color "cap" of a color kinescope. 

WHAT DOES a chemist do in an 
electronics industry such as 

color television? A brief review 
shows that the color television proc
ess is fundamentally electronic in 
nature. However, a more detailed 
examination of the manufacture and 
operation of various components 
used in a color television system re
veals that chemistry plays a very im
portant role in this industry. This 
article discusses the chemical aspects 
of a few of the more important com
ponents. Because of its recent devel
opment and important part in the 
color television system, the color kin
escope is covered more completely 
than other items. 

IMAGE ORTHICON 

Image-orthicon pickup tubes are used 
in color television cameras to convert 
color images into electrical signals. 
The lens of the color camera causes 
the image of the color scene to pass 
through a set of dichroic mirrors 
which separate the image into its re
spective color components. Each of 
the three separated images - blue, 
green, and red - comes to focus on 
an image-orthicon pickup tube. A 
schematic diagram of an image orth
icon is shown in Fig. 2. The image 
is absorbed within the image orthi
con by a photoemissive surface 
which emits electrons in proportion 

to the intensity of the incident light. 
The photoemissive surface is prepared 
by the evaporation of a silver-bis
muth alloy in the evacuated tube. 
The evaporated surface is then par-

e tially oxidized by a trace of oxygen 
obtained from a heated sample of sil
ver oxide. The photo emissive surface 
is completed by the evaporation of 
cesium metal upon the partially ox
idized silver-bismuth layer. 

. The electron image from the photo
emissive surface is focused upon a 
storage target having a diameter of 
1.5 inches and a thickness of 0.0002 
inch. These electrons cause the emis
sion of secondary electrons from the 
target, and thus produce a net posi
tive charge. The glass used in the 
target must have a resistivity which 
permits the positive charge pattern 
to pass through the target readily but 
not to travel laterally to any great 
degree. The optical properties and 
mechanical strength of the glass must 
also be very good. 

If the secondary electrons emitted 
from the target are not collected, 
they return to the target and produce 
a spurious signal, or instability. The 
secondary electrons are collected by 
a fine mesh screen located about 
0.001 inch from the glass target. This 
500·mesh screen, which has 250,000 
holes per square inch, is electro· 
formed from a glass master. In the 

TELEVISION 

by D. J. DONAHUE 
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Tube Division, Lancaster, Pa. 
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preparation of the glass master, a 
piece of ground and polished glass 
is coated with acid-resistant wax. 
Crosslines are ruled into the wax, and 
are subseque~tly etched into the glass 
with hydrofluoric acid. After the 
wax coating is removed, the glass 
master is sputtered with a thin layer 
of palladium. The palladium is me
chanically rubbed from the un etched 
surface of the glass so that only the 
etched lines are conductive. The glass 
master is then placed in a plating 
bath, and the fine mesh is electro
formed to a thickness of approxi
mately 0.0002 inch. A single glass 
master is used to prepare hundreds 
of pieces of mesh, although the sput
tering, rubbing, and plating opera
tions must be repeated for each piece. 

The positive charge patterns on the 
glass target are neutralized from the 
back by a scanning electron beam. 
The difference in the current of the 
scanning electron beam before and 
after the neutralization of the charge 
constitutes the electrical television 
signal. 

DR. D. J. DONAHUE is a 
graduate nf the University of 
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a BS in Chemistry in 1947, an 
MS in chemistry in 1948, and a 
PhD in Physical Chemistry in 
1951. He was employed as a 
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ically applied screens. 

Dr. Donahue is a member of 
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Alpha Chi Sigma, the American 
Chemical Society, and the Elec-
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VIDICON 

The vidicon pickup tube, which is 
frequently used for color-film pickup, 
operates on a photoconductive prin
ciple. A schematic diagram of a vid
icon is shown in Fig. 3. The internal 
side of its front surface contains a 
very thin layer of a transparent con
ductive coating of stannic oxide. A 
very fine mist of a stannic chloride 
solution is slowly sprayed onto the 
glass surface, which is held at a tem
perature of 550°C. When the stannic 
chloride strikes the hot glass surface, 
is hydrolyzes to form a very hard 
coating of transparent conductive 
stannic oxide. Upon this surface is 
then evaporated a photoconductive 
layer of amorphous antimony trisul
fide which is specially prepared for 
good photoconductive properties. A 
short distance behind the photocon
ductive surface is a fine mesh screen 
similar in nature to that used in the 
image orthicon. 

The photoconductive layer, which 
is an insulator in the dark, becomes 
slightly conductive when it is illumi
nated. When the light image is fo
cused on the photoconductive layer, 
each illuminated element conducts 
slightly, depending on the amount of 
illumination on the element, and thus 
causes an increased positive potential 
on its opposite surface. A positive
potential pattern results, therefore, 
on the gun side of the photoconduc
tive layer. Low-velocity electrons 
from the scanning electron beam are 
then deposited on the photoconduc
tive layer until the positive potential 
produced by the light image is neu
tralized. The deposition of electrons 
from the scanning electron beam 
causes an equal number of electrons 
to flow to the transparent conductive 
coating and out of the tube as the 
video signal. The remaining electrons 
from the scanning beam are collected 
by the fine mesh screen. 

POWER TUBES 

Although the maj ority of power 
tubes used to transmit color televi
sion signals are basically simple tri
odes or tetrodes, many complex 
structures are used to achieve vari
ous effects. Some of these tubes con
tain ceramic sections between the ex
ternal plate, screen, grid, and cathode 
leads. Because these ceramic sections 
constitute part of the tube envelope, 

vacuum-grade ceramic must be manu
factured, and vacuum-tight ceramic
to-metal seals must be made. In the 
preparation of ceramic-to-metal seals, 
the ceramic is coated with a mixture 
of powdered molybdenum and man
ganese, and the part is fired to form 
a metalized surface on the ceramic. 
The metalized surface is nickel plated, 
and copper tube parts are then brazed 
to the plated surfaces. Ceramic is 
superior to glass in power loss, me
chanical strength, and permissible 
exhaust and operating temperatures. 

Chemistry is also used in the prep
aration of etched grids and screens 
for power tubes. Cylindrical sections 
of copper are mechanically rolled on 
a form which produces alternating 
thin and thick sections in the wall of 
the cylinder. The rolled parts are 
then etched with nitric acid or ferric 
chloride until the thin sections are 
completely removed and only the 
thicker sections remain as thin wires. 

COLOR KINESCOPE 

The present RCA color kinescope is 
a 21-inch, round, formed-mask tube. 
Structurally, the tube contains three 
electron guns, as shown in Fig. 4, 
which are spaced at distances of 120 
degrees with respect to each other. A 

tricolor phosphor-dot screen is lo
cated on the internal surface of the' 
glass faceplate. About one-half inch 
behind the screen is a thin piece of 
perforated metal called the formed 
shadow mask. In operation, the three 
electron beams converge at the loca
tion of the shadow mask. The con
verging beams cross over as they pass 
through the holes in the shadow 
mask, as shown in Fig. 5, and then 
proceed on to the re~pective phosphor 
dots on the screen. Because of the 
geometry of the tube, each beam can 
strike phosphor dots of only a single 
color, no matter which part of the 
phosphor screen is being scanned. 

GLASS PARTS 

In the manufacture of color kine
scopes, nearly all of the processing 
and assembly steps involve the use 
of some chemistry. For the envel
ope, the glass must have a thermal co
efficient of expansion which matches 
that of the metal. The metal used 
in metal kinescopes is usually 17-per
cent chrome-iron alloy or cold
rolled steel. In addition, the anneal
ing point of the glass must be above 
the temperatures used in baking cy
cles and the resistivity must be high 
enough to prevent electrical break-

Fig, 2-Sketch showing the strucrure of the Image Orthicon Tube, 

Fig. 3-Skelch showing the struclure of the Vidicon Tube. 
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Fig. 4-Photo showing three electron guns in color kinescope. 
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down at the high voltages used in 
tube operation. It is also highly de
sirable that the glass be a neutral
filter type to improve picture con
trast, that it be non-browning under 
electron bombardment" and that it be 
x-ray absorbent. 

The metal surfaces to which the 
glass is sealed are spray coated with 
an enameling frit. A thixotropic clay 
is used to suspend the frit in the 
spray solution. In the sealing opera
tion, the glass and metal parts are 
brought together, and heat is applied 
by means of gas-fired burners. The 
frit melts first, thus presenting a sur
face which is easily wetted by the 
main body of the glass. After the 
seal is completed, the part is annealed. 

The lower end of the funnel and 
the neck of the tube are glass. For 
proper tube operation, however, most 
of this surface must be electrically 
conductive. The desired portion of 
the surface is painted with a graphite 
suspension which contains an organic 
binder as well as a soluble silicate. 
After application, the graphite coat
ing is baked to remove the organic 
binder, and the remaining silicate 
forms the bond between the graphite 
and the glass. The organic binder is 
used to produce a better graphite sus
pension and permit easier applica
tion. 

SHADOW MASK 

The shadow or aperture mask of the 
color kinescope is made of 0.008-
inch stock of a 95-per-cent copper, 5-
per-cent nickel alloy selected for etch
ability and mechanical strength. A 
completed mask contains approxi-

mately 350,000 holes having a diam
eter of 0.010 inch. The holes are lo
cated in a hexagonal pattern on 0.028-
inch centers. The manufacture of the 
masks begins with the cleaning and 
degreasing of the metal with an al
kaline cleaner. A photosensitive coat
ing of dichromated fish glue is then 
flowed over both sides of the clean 
metal and allowed to dry. Photo
graphic negatives of the mask are 
placed on both sides of the coated 
metal, registered together, and pulled 
into close contact under vacuum. 
Strong arc lamps are used to print 
the mask patterns on the photosensi
tive coatings. The exposed areas of 
the coating are tanned, or insolubil
ized, but the areas protected from the 
light by the negatives remain water
soluble. The printed pattern is devel
oped with a light water spray which 
dissolves the coating in the unexposed 
areas. The remaining fish-glue pat
tern is burned to a chocolate-brown 
color by baking for a few minutes at 
a temperature of 300 0 e to increase 
its resistance to the solution of fer
ric-chloride mordant. A 40-per-cent 
aqueous solution of warm ferric 
chloride is simultaneously sprayed 
on both sides of the printed metal 
until the holes are etched to their de
sired size. The ferric-chloride-metal 
reaction consists of the oxidation of 
the metal and the reduction of the 
ferric chloride to the ferrous state. 
After completion of the etching, the 
fish-glue pattern is stripped from the 
mask with caustic. The mask is then 
mechanically formed into a spherical 
section. For superior. heat dissipa
tion during the operation of the tube, 
the masks are blackened. Although 
very good black surfaces of copper 
oxide can be formed on the copper
nickel alloy, copper oxide is not suf
ficiently stable to withstand the ex
haust bake cycle. It has been neces
sary, therefore, to iron-plate the 
masks and subsequently form a stable 
iron-oxide black surface. 

PHOSPHORS 

The phosphors in the screen of the 
color kinescope convert the energy 
of the electron beams into visible 
light. Phosphors are crystalline inor
ganic salts or oxides, the majority of 
which are activated by a small quan
tity of foreign metal ions. The phos
phors currently used in color kine-

scopes are silver-activated zinc sul
fide (blue), manganese-activated z'iJ;li; 
orthosilicate (green), and manga
nese-activated zinc orthophosphate 
(red). A typical phosphor prepara
tion is that used for the silver-acti
vated zinc sulfide. The zinc sulfide is 
preGipitated from a zinc-sulfate solu
tion by means of hydrogen sulfide. 
The precipitate is washed, 2 per cent 
of sodium-chloride:flux and 0.01 per 
cent of silver nitrate activator are 
added, and the mixture is then dried. 
The dried mixture is fired at a tem
perature of 9000 e for one hour. The 
sodium-chloride flux promotes crys
tal growth and activator diffusion 
during the firing. After the firing 
process, the sodium chloride is 
washed out and the phosphor is 
coated lightly with silicate. 

In the selection of a phosphor for 
use in color kinescopes, several fac
tors must be considered. The color 
of the emission must match one of 
the color primaries of the color tele
vision rather closely, and the persist
ence of the emission must be short. 
The efficiency with which the phos
phor converts the energy of the elec
tron beam into visible light is very 
important. The phosphors must also 
be sufficiently stable to withstand the 
processing and baking steps encoun
tered in their application. 

PHOSPHOR-DOT SCREEN 

The phosphor screen of the color 
kinescope contains slightly more than 
1,000,000 phosphor dots having a 
diameter of 0.017 inch. A trio con
taining a blue, green, and red dot 
exists for each hole in the shadow 
mask. In the preparation of the 
screen, each phosphor is dispersed in 
a water soluble colloid such as poly
vinyl alcohol, and the mixture is then 
rendered photosensitive by the addi
tion of ammonium dichromate. A 
solid coating of a photosensitized 
phosphor slurry is then applied to the 
faceplate of the color "cap" by means 
of a mechanical spinner which flows 
and spins the slurry over the face
plate. When the drying of this coat
ing is complete, the formed shadow 
mask is inserted into the color "cap" 
and the unit is placed on a light
house. The lighthouse contains an 
intense point source of light which 
can be located in the virtual source 
of each electron beam in the plane of 



deflection. The point source of light 
projects through the holes in the 
shadow mask and exposes dots on the 
screen. After exposure, the mask is 
removed, and the screen is developed 
with a light spray of water. The 
tanned colloid in the exposed areas 
holds the phosphor, thus forming 
phosphor dots, while the unexposed 
areas are washed clean. The second 
photosensitized phosphor slurry is 
then coated over the first dot pattern. 
For exposure of the second screen, 
the point source of light is rotated 
120 degrees to the virtual source of 
the second electron beam. The third 
screen is applied, exposed, and de
veloped in a similar manner. After 
the screen is completed, the tanned 

Fig. 5-Portion of shadow mask and phosphor

dot screen showing path of electron beams. 

colloid forming the bond between the 
phosphor and the glass is burned out 
by baking of the screen at a tempera
ture of 425°C for one hour. A 
phosphor-to-glass bond is then formed 
by a light silicate coating applied to 
the screen by spraying. 

Many interesting problems are en
countered during the application of 
the phosphor screens. One such prob
lem results from the fact that zinc 
sulfide can be activated by copper as 
well as silver. The silver-activated 
material emits blue light, while cop
per activation produces a green
emitting phosphor. As little as 0.1 
part per million of copper causes the 
emission of the silver-activated zinc 
sulfide to shift a perceptible amount 
toward green. Not only is this quan
tity of copper found in many chemi
cals, but an even more troublesome 
source is present in airborne copper. 
Although no complete solution to the 
problem of airborne copper has been 
found, measures such as replacement 
of air drying with infra-red drying, 
removal of airborne-copper sources 
such as brush motors from the screen
ing area, and the use of enclosed 
areas containing good air-filtration 

systems have helped to reduce the 
incidence of airborne-copper sulfide 
contamination. 

ALUMINIZED SCREEN 

During electron bombardment, the 
phosphors emit light in all directions. 
The light which is emitted back into 
the tube is utilized by means of an 
electron-permeable aluminum mirror 
deposited on the back of the screen. 
Because the phosphor dots in the 
screen are rather porous, the di
rect application of aluminum results 
in severe aluminum penetration and 
little, if any, mirror effect. The 
screen is prepared for aluminizing by 
the spraying of water on the screen 
while it is spinning in an inverted 
position. The water wets the screen 
and fills the interstices between the 
particles of phosphor. As soon as the 
excess water has spun off, a filming 
lacquer is sprayed on the screen. The 
lacquer spreads over the screen, form
ing a continuous lacquer film which 
rests on the backs of the phosphor 
dots. After the water and lacquer 
solvents have evaporated, the color 
"cap" is placed into a vacuum sys
tem, and about 1500 Angstroms of 
aluminum are evaporated over the 
lacquer film. When the aluminized 
screen is again baked at a tempera
ture of 425 ° C for one hour, the sili
cate is dehydrated and the lacquer 
film is burned out. 

OTHER PARTS AND PROCESSES 

The cathodes, or electron-emitting 
portions of the electron guns, are 
made of alkaline earth oxides. In the 
preparation of a cathode, a mixture 
of calcium, barium, and strontium 
carbonates is dispersed in a nitrocel
lulose lacquer and sprayed on a spe
cial nickel base. During the exhaust 
of the tube, the nitrocellulose is 
burned off and the carbonates are 
calcined to oxides. The aging or ac
tivation of the cathode in the com
pleted/tubes causes some of the 
barium oxide to react with the sili
con in the nickel support to form 
barium silicate and free barium. This 
free barium is responsible for the 
thermionic emission of electrons in 
the oxide cathode. Even the small 
heater for the cathode is coated with 
a chemical; it contains a thin coating 
of aluminum oxide which serves as 
an electrical insulator. 

During the exhaust of a tube, the 

parts are outgassed by the 400°C 
baking cycle, and the tube is evac~-, . 
ated with mechanical and oil-diffusion" 
pumps. The final outgassing of the 
completed tubes, however, is accom
plished by chemical getters. On the 
electron guns are mounted pieces of 
an aluminum-barium alloy which can 
be evaporated in the evacuated tube 
by rf heating. The free barium, a 
very active chemical, reacts with the 
remaining gases in the tube. The ex
cess unreacted, barium is deposited 
on the side of the tube neck where 
it remains to react with the gases 
that are liberated throughout the life 
of the tube. 

After the exhaust process, a plastic 
base is attached to the tube. The base 
is composed of a phenolic compound 
having good mechanical strength, as 
well as excellent electrical properties. 
When the base is tested after soaking 
in water for 48 hours, the resistance 
between two pins must be several 
thousand megohms. The plastic base 
must be cemented to the glass neck 
of the tube with an adhesive that will 
withstand extreme temperature and 
humidity conditions as well as con
siderable mechanical shock through
out the life of the tube. The adhesive 
used for this application consists of 
a combination of phenolic resin, shel
lac, rosin, and silicone resin. The last 
operation on a finished tube is the 
application of a black decorative lac
quer on the outside of the tube. 

In addition to the processing steps 
discussed, many cleaning operations 
are involved in the manufacture of 
color kinescopes because the life of 
the tube is largely dependent on the 
cleanliness of the completed assembly. 
Such materials as hydrofluoric acid, 
sodium hydroxide, detergents, tri
chloroethylene, and water are used to 
clean different parts. 

CONCLUSION 

It is apparent; therefore, that the 
color television industry relies to a 
large extent upon the chemist for the 
development and manufacture of a 
satisfactory system. The development 
and manufacture of the present high
quality color television system is ac
tually the result of the close coopera
tion of many chemists, physicists, 
electrical engineers, metallurgists, 
mechanical engineers, and glass tech
nologists. 
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Fig. 1-Curve representing artificial voice calibration 
of a single-button carbon microphone. 
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TO NARROW-BAND SPEECH TRANSMISSION 

by R. M. CARRELL 

Theatre and Industrial Engineering 

Engineering Products Division 

Camden, N. J. 

T HERE ARE many speech transmis
sion systems in which the total 

bandwidth must be severely limited 
in order to conserve spectrum space. 
Such systems would include narrow
band FM mobile transmitters, mili
tary communications and the like, 
where economic considerations often 
dictate the use of a carbon micro
phone. 

LIMITED FREQUENCY RESPONSE 

REQUIREMENT 

The designer of narrow-band systems 
often looks to the microphone to limit 
the frequency range of the incoming 
speech signal, relying on the pub
lished response curves of inexpensive 
carbon microphones which usually 
look somewhat like Fig. 1. One might 
assume that such a microphone would 
have little speech-energy content be
yond 1,500 cps present in the output. 
Also, it is customary to expect the 
microphone to reduce the low-fre
quency energy in the voice, which 
wastes transmitter power in AM sys
tems and contributes little to intelli
gibility. 

The artificial voice response is in
dicative of the overall speech band
width in a microphone which gener
ates little distortion, such as the var
iable-reluctance, moving-coil (dy
namic), ribbon and condenser types. 
The artificial voice response can be 
distinctly misleading in a carbon mi
crophone. 

LOUD TALKING PRODUCES "SPLATTER" 

It has long been known that the car
bon microphone produces distortion, 
and that there is some spurious, high
frequency output from a carbon unit. 
It may not be generally realized that 
the intermodulation distortion with 
speech input maybe so great as to. 
extend the effective range of the mi
crophone by more than an octave 
toward each end of the spectrum. 
This extra range is spurious and con
sists of distortion rather than useful 
information. This "splatter" may 
spill over to adjacent channels. In 
addition, it tends to waste transmitter 
power. A single-button carbon micro
phone will generate as much as 30% 
harmonic distortion when it is ex
posed to sound pressures of 100/ 
dynes/cm2

• This is about the pres
sure experienced by the microphone 
when held close to the mouth of a 
person speaking loudly. 

ARTIFICIAL VOICE CURVES 
NOT REPRESENTATIVE 

The usual response curves shown on 
microphones in sales literature are 
obtained with an artificial voice or 

Fig. 2-W. D. Johnson (engineer at left) 
and R. M. Carrell discussing calibration of 
the artificial voice shown at extreme right. 
Also visible is a vacuum chamber for meas
urements of frequency response and elec
trical impedance of microphones at low 
air pressures. The two racks are used for 
frequency response measurements. 



Fig. S - E. R. Ware (tech
nician in background) and 
J. W. O'Neill, acoustical 
engineer shown in the dust
free, transducer design lab
oratory. Mr. O'Neill is 
assembling a BK-SA micro
phone and Mr. Ware is 
weighing a sample of head
phone earcushion material. 

Fig. 3-Curves illustrating "Real Vaice" and "Artificial 
Vaice" calibration of a carbon microphone. 

loudspeaker. An audio oscillator is 
used to drive the speaker. The fre
quency is slowly swept through the 
audio range and the microphone out
put registered on an automatic 
graphic recorder. Two curves are 
usually obtained; one with a cali
brated standard microphone such as 
the Western Electric 640AA, and an
other with the test microphone. A 
comparison of these curves will yield 
an artificial voice calibration of the 
microphone. A harmonic distortion 
content of as much as 30% will not 
cause important errors in this type 
of measurement. 

The artificial voice single-frequency 
response curve does not represent the 
microphone performance when it is 
excited by a complex speech signal. 
The intermodulation distortion so 
generated is not easily calculated, but 
its effect on overall bandwidth is 
easily measured by real voice audio
spectrometry. 

TRUE CALIBRATION 

EMPLOYS "TEST SENTENCE" 

A real voice calibration of a micro
phone is done in a manner which 
parallels that used with an artificial 
voice except that a real talker speak
ing a standard test sentence is used 
as the .signal source instead of an 
audio oscillator. The technique con
sists of using a standard microphone 
to make a tape recording of the talker 
speaking a standard test sentence, 
and then to compare this recording 
with one made by the same talker 
speaking the same sentence into the 
microphone under test. The standard 
microphone is a Western Electric 
640AA laboratory standard con
denser microphone. 

The talker practices the speech 
sample until he can speak it in the 
same manner twice in succession. 
Then he makes the test recordings, 
switching rapidly from the standard 
to the test microphone for two suc
cessive sentences. The usual test sen· 
tence is, "Joe took father's shoe bench 
out, she was waiting at my lawn." 
This sentence is constructed so as to 
have a distribution of speech sounds 
similar to that found in ordinary 
English text. 

ENDLESS TAPE LOOP 

AIDS SPECTROANAL YSIS 

After the two sentences are recorded, 
the portion of the tape containing 
each sentence is cut out and formed 
into a loop which can be played end
lessly by the recorder as the speech 
sample is analyzed. The output of 
the recorder is fed to a bandpass fil
ter, then to an amplifier and rectifier. 
The fluctuating doc output of the rec
tifier is fed through a timer to an 
electro-mechanical integrator. The 
integrator sums the energy of the 
speech sample in each band over a 

fixed period determined by the timer, 
and so determines the energy con· 
tent of the talker's voice, as modified 
by the microphone, in that particular 
band. The timer is set to permit sev
eral passages of the speech sample 
through the integrator. 

A very rough spectroanalysis can 
be made if the filter is set for octave 
pass bands; a very detailed, though 
lengthy analysis is possible if a har
monic wave analyzer is used as the 
filter. A photograph of the spectrom
eter is shown in Fig. 4. The filter 
used in this analysis was a Bruel & 
Kjaer third-octave filter. 

"REAL VOICE" CALIBRATION 

By comparing the spectrum obtained 
using the standard condenser micro
phone with the spectrum obtained 
using the test microphone, a real 
voice calibration can be made. This 
is shown in Fig. 3. The second curve 
is one obtained by the standard arti
ficial-voice technique. 

A comparison of these two response 
curves will show that the artificial 
voice response does not represent the 
performance of the microphone under 
conditions of actual use. This is pe
culiar to a carbon microphone; this 
discrepancy is not found in other 
types. 

FREQUENCY RESPONSE RELATED 
TO MECHANO-ACOUSTICAL SYSTEM 

This may be further explained as fol
lows: The frequency response curve 
has primarily to do with the mechano
acoustical system which drives the 
electro-mechanical conversion ele
ment; the actual conversion of me
chanical motion to electrical output is 
a process which is essentially inde
pendent of frequency. Most of the 
distortion present In a microphone's 
output originates In the electro-me-

15 



Fig. 6-Curves showing one-third octove band 
spectrum levels for a male voice speaking the 
test sentence, "Joe took father's shoe bench 
out, she was waiting at my lawn." 
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chanical conversion process. This is 
especially true of the carbon micro
phone. The conversion is here ac
complished by agitating a flexible 
cup containing loosely packed carbon 
granules. 

The mass of the diaphragm, and 
its stiffness, plus the stiffness of any 
cavities coupled to the diaphragm, 
and the mechanical constants of the 
carbon element, basically determine 
the artificial voice response curve of 
the microphone. These elements ex
ercise no control over the bandwidth 
of the intermodulation distortion gen
erated by the carbon element. 

Thus if the system considerations 
in fact require the speech bandwidth 
to be limited to, say, 3,000 cps,. then 
some filtering external to the carbon 
microphone will be required. 

ADJACENT CHANNEL 
INTERFERENCE MEASUREMENTS 

VVe have seen so far that a carbon 
microphone produces a speech band
width in excess of its nominal re
sponse limits. It remains to assess 
this information in practical terms in 
actual ,;ystems. The high-frequency 
response of the microphone is of 
interest because of its relation to 
bandwidth and adj acent channel in
terference. A practical test of the 
importance of the intermodulation 
distortion would be to measure the ad
j acent channel interference using a 
microphone which produced consider
able distortion and using one which 
is comparatively distortion free. 

A test was arranged with the coop
eration of C. A. Rammer and R. A. 
Beers of the Mobile Communications 
Group. An F-M signal generator was 
connected to a receiver and tuned to 

the channel above the receiver chan
nel. The signal generator was modu
lated by a carbon microphone 
through a simulated transmitter in
put circuit. The adjacent channel 
interference was judged by the signal 
generator output level which just 
caused the speech to be lost in the re
ceiver noise. 

The test was made with an acous
tical filter over the microphone as 
one condition. The second condition 
was with an electrical filter in the 
output of the microphone. The over
all artificial voice response curves 
with the two filters were similar to 
each other and to Fig. l. 

The threshold level using the acous
tical filter was 75 microvolts. VVith 
the electrical filter, the threshold was 
300 microvolts. The electrical filter 
eliminates the high-frequency inter
modulation components ;Which are 
unaffected by the acoustical filter. 

PRACTICAL CONSIDERATIONS 

This reduction in adjacent channel 
interference amounts to some 6 deci
bels; in some systems this could be 
an important gain. The importance 
of such a gain would have to be bal
anced against the increased cost of a 
non-carbon system. 

There are two more considerations 
which are pertinent here. One is the 
reason why the reduction in adja
cent channel interference, using an 
electrical filter, is not greater than 
would be suggested by Fig. 3. The 
second item is the effect of differenti
ation, clipping, and integration on 
the speech bandwidth. 

To answer the first. item, consider 
the actual speech spectrum as shown 
in Fig. 6. The spectrum is for one 
talker; the trend, however, is typical 
for male speech. It will be seen that 
there is relatively little energy, on 
the average, above 2,000 cps. There
fore, although the carbon micro
phone may produce spurious high
frequency response, the spurious 
energy is small compared to that in 
the region of 500 cps. The effect of 
differentiation, clipping, and integra
tion on the speech spectrum is small. 
Considerable intermodulation distor
tion is produced by the clipping 
process; however, the subsequent inte-

Fig. 7-The author setting up a micra
phone for calibration in the Transducer 
Design Anechoic Chamber. 

gration reduces the high-frequency 
components below the point w~ere 
they cause any major extension of'the 
speech bandwidth. 

The carbon microphone is becom
ing passe in many military commu
nications systems. Paramount among 
the non-carbon systems is the ANI 
AI Col 0 aircraft interphone developed 
by RCA for the Air Force. This is a 
high-gain system using dynamic 
noise-cancelling inicrophones. In 
three years of service there has not 
been a single' field failure of one of 
these microphones. This is well be
yond the life expectancy of a carbon 
unit in similar service. 

CONCLUSIONS 

Several conclusions could be drawn 
from the data presented here. The 
first is that carbon microphones pro
duce sufficient intermodulation distor
tion to extend the electrical output 
bandwidth an octave beyond the 
high- and low-cutoff frequencies as 
determined from an artificial-voice 
response curve. Second, this spuri
ous response can be eliminated by 
suitable electrical filtering. Third, 
such filtering will effect an appreci
able reduction adjacent channel inter
ference which may be an important 
performance gain in some systems. 
Fourth, this intermodulation distor
tion problem can also be eliminated 
by the use of dynamic, or variable 
reluctance microphones. 

As spectrum space becomes even 
more crowded in the future, success
ful design will become more depend
ent upon consideration of such things 
as intermodulation distortion which 
presently may be of secondary impor
tance. 



THE NEW services that it is possible 
to provide the Government and 

industry through the use of electronic 
devices are supplied by systems of 
increased complexity. The scope of 
engineering skills required to design 
and produce these devices demands 
specialists capable of handling the 
many phases of these complex devel
opments. There are so many poten
tial applications of electronic sys
tems that there is a further need for 
engineers who can visualize possible 
applications and who can appraise 
the economics and timing of develop
ments, both in military and commer
cial applications. An understanding 
of automatic control, as a factor in 
business, and its effect on present and 
future industry operation must be 
developed by analysis and interpreta
tion. This can be done only by those 
who understand the significance of 
new concepts of techniques and sys
tems. There is a need for engineers 
trained in the disciplines of opera
tions research and of systems engi
neering where probability and statis
tical analysis, and other mathematical 
techniques, are employed in making 
decisions in areas of advanced plan
ning. 

F or these new functions, engineers 
should have a thorough knowledge of 
Physics and Mathematics so that they 
can quickly adapt themselves to the 
problems arising from the use of new 
techniques and materials~ for example, 

M. C. BATSEL 

transistors and magnetics. Special
ized knowledge, without a thorough 
grounding in Physics and Mathe
matics, is not sufficient to permit an 
engineer to become effective in sys
tems engineering. 

New developments come so rapidly 
that industry has found it expedient 
to provide post graduate training 
courses. The universities have also 
responded to this need. One of the 
fields that must be covered by special 
educational courses is, for example, 
user needs, both commercial and mil
itary. This involves studies in human 
engineering, market research, applied 
psychology, economic studies, and 
even politics. Other fields which are 

MAX C. BATS.EL brought 30 years of engineering experi
ence to his present post. After his graduation with a BME 
degree from the University of Kentucky in 1915, Mr. Batsel 
worked with Western Electric Company and Westinghouse. 
He carne to RCA's Photophone Division as Chief Engineer in 
1929. In 1932, Mr. Batsel became Manager of Sound for 
RCA's Engineering Division. From 1941 until his appoint
ment in 1945 as Chief Engineer of Engineering Products, he 
served as Chief Engineer on Special Equipment of RCA's 
Indianapolis plant. Mr. Batsel is a member of Tau Beta Pi, 
a Fellow of IRE, A Fellow of SMPTE, a member of the Amer
ican Society of Naval Engineers and of Radio Pioneers. He 
has received the Modern Pioneers Award of the National 
Association of Manufacturers. 

more technical, but which require 
specialized training because of their 
special interest at present, are minia
turization, transistorization, and reli
ability. 

These rapid advances in the elec
tronic industry have confronted En
gineering Management with several 
problems. One is how to organize 
project teams so as to combine effec
tively the work of physicists and engi
neers broadly trained in scientific 
concepts with the work of circuit de
velopment and mechanical design en
gineers. The second problem is how 
to find a sufficient number of men 
with broad scientific training. Some 
of the engineering schools have rec
ognized this need, and have reorgan
ized their courses in engineering ac
cordingly. Engineering Management 
can and should do something to aug
ment the supply of men capable of 
undertaking analytical studies and 
planning required in, systems con
cepts, by making available to quali
fied individuals opportunities to take 
graduate work in appropriate sub
jects. To carry out this objective, 
RCA has arranged to have a number 
of qualified men take a special course 
in Systems Engineering offered by 
the Moore School of the University 
of Pennsylvania. It is expected that 
these men will augment a Systems 
Management team so essential to 
carrying out successfully systems de
velopment projects. 
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T o THE AVERAGE television viewer 
it may not be immediately appar

ent that the television receiver must 
be capable of presenting a clear pic
ture over a rather extreme range of 
signal strength. Signal strengths may 
vary from channel to channel, espe
cially in areas where there are both 
local stations with transmitters nearby 
and fringe area stations with trans
mitters many miles distant. 

Television signals may also fade in 
or out from time to time, bei!1g better 
at night or perhaps during the winter 
season. Passing airplanes may also 
cause a rapid change in signal level 
which must be controlled in order to 
present a picture of uniform intensity. 
This constantly changing signal level, 
whether rapid or "long-term", must 
be held constant by some electrical 
circuit if television viewing is to be 
enjoyed without having the viewer 
constantly compensating or adjusting 
for the differences in signal strength. 
Automatic Gain Control ("AGC") is 
a circuit that performs this function 
automatically, and is generally used 
in receivers throughout the United 
States.' For the benefit of those en
gineers who have not followed tele
vision circuits closely, we shall look 
back a few years when the gain con
trol in a television receiver was man
ual, or at least not automatic. 

EARLY PROBLEMS WITH MANUAL CONTROL 

The most dramatic impression of what 
AGC accomplishes can be gained by 
looking at a receiver that has manual 
gain control. Remember the famous 
630 chassis? The contrast control 
changed the bias on i-f and r-f stages 
manually. Everything was fine until 
an airplane flew overhead or the user 
changed stations. The reflections from 
an airplane alternately increased and 
decreased the signal level at the re
ceiver. The scene then wavered from 
side to side, with the background level 
alternately going white and black. 

Switching from one television sta
tion to another with manual gain con
trol also posed a problem. If chan
nel 6 happens to be a considerably 
stronger r-f signal than channel 3, 
the kinescope probably will be black 
with possible sound buzz and drift
ing white bars when tuning in chan
nel 6. The situation required a bias 
change in the receiver to accommo-

date the stronger signal. The bias 
was adjusted by the contrast control 
as mentioned previously. Tuning back 
to the weaker signal level on channel 
3 resulted in a picture so low in con
trast that the television program was 
barely perceptible.' Decreasing the 
bias on the receiver solved this prob
lem. 

The early AGC circuits required 
the use of a negative power supply in 
the receiver and were costly, although 
they solved the problem of switching 
from weak to strong signals fairly 
well. These circuits worked so long 
as the signal level didn't change too 
rapidly. Rapid variations in signal 
level such as those caused by air
planes were still a problem. Some of 
today's low-cost AGC circuits still may 
have annoying characteristics in mod
ern television receivers. For example, 
interference from an electric mixer, or 
electric shaver in the vicinity or on 
the same power line may cause the 
kinescope to become white. The AGC 
circuit in this case has just "set up" 
on noise pulses and since the receiver 
is biased off, the video information 
is lost. 

A BRIEF REVIEW OF TELEVISION SYSTEM 

Fig. lA shows a transmitted televi
sion signal waveform in which the 
tips of sync represent the peak power 
of the transmitter, and are held con
stant in amplitude at the transmitter. 
It is these tips of sync that the AGC 
system (except the "average" type) 
maintains constant with varying sig
nal levels in the television receiver, 
since the AGC voltage should not 
change with amplitude modulation. 
Fig. IB shows conventional modula
tion as used in commercial broad
casting. The differences.' should be 
carefully noted. 

The transmitted signal is amplified 
by the r-f stage, Fig. 2, and then con
verted to the i-f by the oscillator and 
mixer. Most present-day receivers use 
three i-f stages, with the first two con
trolled by AGC bias. The r-f stage, 
which largely determines the signal
to-noise ratio of the receiver, is also 
controlled by AGC bias. 

The second detector recovers the 
video information from the picture 
i-I carrier. The video signal is ampli
fied by the video amplifier section 
and applied to the kinescope. The 
sound and sync signals are also taken 

from the video amplifier. In Fig. 2, 
the AGC amplifier is fed from the 
video section. 

In the design of a television re
ceiver, the AGC, video amplifier, and 
sync circuits must be designed as a 
unit in conjunction with r-f and i-f 
characteristics. Many other problems 
enter into the design of AGC circuits, 
including such factors as high-voltage 
regulation and B+ variations with 
signal level or fine tuning. This 
article will concentrate only on the 
design requirements of the AGC as 

such and not discuss at length, or 
at all, many of the other related fac
tors that must be taken into account 
in the design of a practical AGC cir
cuit. 

"END-RESULT" REQUIREMENTS FOR AGC 

First of all, an AGC circuit should 
keep the output of the second detector 
essentially constant with wide varia
tions in signal levels. For example, a 
good system maintains an essentially 
constant second-detector output for 
approximately 50 microvolts to 100, 
000 microvolts of receiver r-f signal 
input. In this respect, the AGC circuit 



can be considered a d-c amplifier, with 
adequate gain to accomplish the above 
purpose. The AGC circuit should not 
limit the maximum gain of the re
ceiver. The lower limit to which a good 
AGC system can hold the second de
tector output constant is largely deter
mined by the overall gain of the re
ceiver. The strongest signal the re
ceiver can handle is limited by the 
overload or cross modulation that can 
occur in the r-f or i-f sections of the 
receIver. 

In addition to being able to handle 

wide variations in signal level, rapid 
variations in signal level must also be 
considered, such as those caused by 
reflections from airplanes. This re
quires consideration of the time con
stant of the AGC system. If the time 
constant is too long, the receiver can
not follow rapid variations in signal 
level due to airplane interference, and 
the picture flutters in amplitude. If 
the time constant is too short, noise 
immunity will be poor and some com
ponents of vertical sync may introduce 
a ripple voltage in the received pic
ture. 

If some types of gated AGe are 
used, ripple voltage will appear in 
AGC due to scene changes because 
the gating pulse c,hanges with scene. 
If a picture is half black, the high 
voltage and the gating pulse (which 
is derived from the receivers' hori
zontal deflection circuits) are high 
during the black portion of the pic
ture since the kinescope is not draw
ing beam current. The gating pulse 
will be lower during a white portion 
of a picture. This variation in gating 
pulse causes an unwanted ripple in the 
AGe. A form of feedback circuitry 
may be used to cancel this ripple 
voltage. 

Feedback circuitry may also be 
used to cancel the vertical sync com
ponent in pulsed AGC circuits. Such 
circuits can be made to function so 
well that no AGC filtering would be 
required at all except for noise im
munity considerations. There is a cer
tain minimum capacity required on 
i-f bias source points to prevent im
pulse noise pulses (which can cause 
grid current in i-f tubes) from "set
ting up" the i-f bias and causing 
white flashing in the picture. In addi
tion to the time constant effects, the 
d-c grid impedance of tubes in AGC 
must be kept low to prevent grid 
current transients (such as caused 
by switching from weak to strong 
signals) from blocking the receiver. 

The AGC threshold control changes 
the bias on the AGC amplifier grid, 
which affects the overall gain of the re
ceiver on strong signals. The ratio of 
r-f to i-f AGC bias is determined by 
circuit constants. The ratio of r-f to 
i-f bias, and the AGC threshold con
trol are two distinct circuit functions. 
This will become clear as each of the 
circuits is discussed. 

When a strong signal is imposed 
on the receiver (for example, 50,000 
microvolts) and when the r-f bias is 
too low, there may be i-f overload or 
cross modulation. Overload can cause 
a washed out picture, sound buzz, or 
picture - bending. Cross modulation 
can cause interference between the 
sound and picture carrier of a given 
station or even cause a "wind-shield 
wiper" effect from another television 
station. When a color signal is re
ceived, the cross modulation problem 
is more noticeable due to the presence 
of the color sub-carrier. 

Too high an r-f bias under some 
conditions may also cause cross mod
ulation, depending on the distribution 
of signal on the grids of the r-f ampli
fier. Too high an r-f bias in medium 
signal strengths, (1,000 microvolts, 
for example) will cause a picture to 
have excessive snow at the medium 
signal level. The above discussion 
indicates that the r-f bias can neither 
be too high or too low for any given 
input signal imposed on the antenna. 

The r-f bias at any signal level is 
largely determined by resistor divider 
circuits, delay voltage applied to the 
r-f tube and the characteristics of the 
tubes controlled by AGC bias voltage, 
assuming a correctly aligned receiver 
with normal parts. The largest pro
duction variable that affects r-f gain 
is variation in tube cutoff. 

R-f bias versus microvolt input is 
plotted in Fig. 3. If the developed r-f 
bias exceeds curve A in Fig. 3, there 
will be excessive snow in the picture 
at the input signal level where the 
curve is exceeded. If the developed 
r-f bias is less than curve B, Fig. 3, 
the set will be in overload or cross 
modulate. 

Curve A is strictly a function of the 
tuner. It is in a sense a plot of the 
signal-to-noise ratio for high levels 
versus bias. A sharp cutoff r-f stage, 
for example, would lower curve A 
for all strong signal values of input. 
(Fig. 4) 

Curve B, Fig. 3, is largely a func
tion of the i-f section of the receiver. 
In general, the last i-f stage on AGC 
bias overloads first. If the second 
i-f stage were sharp cutoff its ac
ceptance would be lower, therefore 
curve B,_ Fig. 3, would rise, or 
shift toward lower signal levels. On 
the other hand, if the r-f stage were 
remote cutoff, allowing still more 
signal than normal to be applied to 
the i-f section, curve B would rise still 
further. This condition is illustrated 
graphically in Fig. 4. 

The effect of sharp-cutoff i-f tubes, 
in conj unction with a remote-cutoff r-f 
tube is illustrated in Fig. 5. The same 
lettering applies to Figs. 3, 4, 5 and 
6. Fig. 6 is Figs. 4 and 5 super
imposed to illustrate how the limits 
change with tubes. 

The tubes in AGC not only deter
mine the limit curves A and B but 
they also effect the developed r-f bias 
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with all other factors remaining fixed. 
Assume the limit curves A and B as 
well as the developed r-f bias curve 
as shown in Fig. 3. If the nominal
cutoff i-f tubes of Fig. 3 were re
placed with remote-cutoff i-f tubes, 
the bias required at each signal level 
would be greater. This means the 
negative voltage on the plate of the 
AGC tube is greater at all signal 
levels. Therefore, the r-f bias is 
greater at each signal level. 

These figures illustrate that com
paring two receivers or similar AGC 
systems (without knowing the tube 
characteristics) is futile. 

Fig. 3 will be called the design 
center curve. Now let ,us look at the 
factors other than tubes that affect 
the developed r-f bias curve. Tubes 
determine the limit curves A and B 
as illustrated in Figs. 3, 4, 5 and 6. 
Resistors and a delay voltage are 
used to center the developed r-f bias 
(Fig. 3) with nominal tubes between 
curves A and B. The circuit is shown 
III Fig. 7. The delay voltage is 

E1 (R2 + RR + R4 ') 

R, + R2 + RR + R! 

The AGC tube must develop sufficient 
negative voltage to overcome this 
positive voltage before any bias is 
applied to the r-f stage. V, is a diode 
clamp used to prevent positive voltage 
from being applied to the r-f stage. 
Any variation in E" R 1, R2 , R3 or R! 
will shift the developed r-f bias curve 
in Fig. 3. The resistors meet 57c 
tolerances, and the variations due to 
these components or E1 are generally 
not as serious as tube variations. 

AGe SYSTEMS 

AGC systems can be divided into 
three rather broad categories: aver
age, pulsed and gated. The latter two 
are generally referred to as amplified 
AGC and may use either a triode or 
pentode. 

AVERAGE AGe 

The average AGC system is simply 
a filter with a long time constant 
utilizing a voltage from the second 
detector (see Fig. 8). The average 
system tends to keep constant the doc 
output of the second detector. Con
sequently, scene variations that affect 
the doc component of the video signal 

cause the level of sync tips to vary at 
the second detector output. In addi
tion, the second detector output varies 
with signal level, which means it is 
desirable to control the acceptance of 
the first video stage with the contrast 
control. 

This system generally uses a pen
tode r-f stage with the i-f and r-f bias 
tied together. The cutoff of the r-f 
stage must accordingly be adjusted to 
go along with the i-f bias require
ments. When a "totem" type of r-f 
stage (two triodes in series across the 

B supply) is used with an average 
AGC, normally an r-f bias control is 
provided in the form of a local
distance switch or potentiometer. 
There are other versions of this cir
cuit which use an "assist voltage" 
from the sync separator grid. 

PULSED AGe 

This system uses a tube. to develop a 
doc voltage proportional to the height 
of the tips of sync, which is applied 
to the grid of a tube whose plate is 
pulsed at the horizontal scanning rate. 
See Fig. 9. 

R, C, is tailored to give a voltage 
proportional to the tips of horizontal 
sync; thus, the cathode of V, (Fig. 9) 
acts as a peak detector. V, conducts 
only on sync tips and horizontal sync 
can also be taken from the plate of V,. 
The doc voltage developed on the cath
ode by R,C, is applied to the grid of 
V:! to give amplified AGC on the plate 
of V:!. 

The high positive pulse on the plate 
of V 2, Fig. 9, causes a great number 
of electrons to collect on the plate, 
and thus as the tube current in-

creases, so does the negative voltage 
on the plate. If the signal level tries 
to increase (represented by tips of 
sync as shown in Fig. 1), the voltage 
across R,C1 becomes more positive, 
decreasing the bias on the grid of V 2, 

thus increasing the plate current and 
the negative voltage on the plate of 
V:!, which increases r-f/i-f bias to 
hold video signal level constant. 

The divider circuit shown in Fig. 7 
would be connected to the plate of 
V 2 (Fig. 9') to control the r-f bias as 
already illustrated. 

The pulse system is not dependent 
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Fig. 7 -Circuit that de
termines R.F.-I.F. bias ratio 

on the horizontal circuit of a receiver 
being synchronized with the trans
mitted sync pulses. If the time con
stant R1 C1, Fig. 9, is too long, noise 
immunity of the AGC system will be 
poor. If the time constant is too 
short, the cathode circuit of V h Fig. 
9, will not function as a peak detec
tor. 

GATED AGC 

This system is called a gated system 
because the AGC tube conducts nor
mally when the plate gating pulse, 
derived from the horizontal deflec
tion system of the receiver, and the 
transmitted horizontal sync pulses are 
coincident. See Fig. 10. Thus, the 
tube does not conduct on noise pulses 
that occur at any time between hori
zontal gating pulses. There are ways 
to prevent the AGC system from 
"blocking out" when the set is out of 
sync horizontally with either a triode 
or pentode gated AGe. The AGC 
tube normally conducts only on sync 
pulses, thus developing a voltage pro
portional to sync tips. The tips of 
sync represent the peak carrier output 
of the TV transmitter. It should be 
obvious then, that when the receiver 
is out of sync horizontally, the gating 
pulse (derived from the receiver's 
horizontal scanning system) and the 
transmitted sync pulses are no longer 
coincident. This requires some spe
cial design techniques to prevent the 
AGC bias from decreasing to such a 
level as to cause the set to overload 
and block when the receiver is out of 
sync horizontally. 

Gated AGC provides amplified AGC 
voltage at a reasonable cost as well as 
having excellent noise immunity and 
airplane flutter characteristics. 

In order to eliminate scene com
ponents" both gated and pulse sys
tems must be doc coupled to the 
second detector. 

One example of an unusual prob
lem that arose during the design of 
a triode-gated AGC circuit for one 
of our television receivers occurred 
when the writer was observing a 
western movie on the developmental 
receiver, and indicates how AGC cir
cuits get involved with other portions 
of the TV receiver. 

The triode-gated AGC circuit was 
carefully designed for adequate gain, 
airplane flutter, noise immunity, and 
r-f bias tracking (see Fig. 3). The 
circuit was given the usual checks 
with a signal generator modulated 
with the familiar Indian Head test 
pattern. Additional checks were made 
with on-the-air daytime programming 
on the local television stations. The 
circuit appeared to have excellent 
performance. During a casual ob
servation, however, the hero of the 
6 :00 PM western movie rode across 
the kinescope on his white horse in 
the dead of night. With this circuit 
he also rode through the AGC! 

The reason for this phenomena 
may be explained in the following 
manner: the triode AGC circuit was 
gated by a pulse from the horizontal 
scanning circuit. The amplitude of the 

IF BIAS 

RF BIAS 

gating pulse is a function of kinescope 
beam current, since beam current 
represents a load on the horizontal 
scanning system. The western movie 
scene was a sharply contrasting one; 
the cowboy's horse drew appreciable 
beam current, while the black back
ground drew none. The scene there
fore caused a fluctuation of the gating 
pulse as the horse galloped across the 
screen. It is generally known that the 
output of a triode varies as a func
tion of plate voltage. The triode 
AGC tube hence produced.a fluctuat
ing AGC bias to the r-f/i-f stages. 

The average televised scene or test 
pattern has a fairly constant ayerage 
video level, which explains why this 
condition did not present itself 
earlier. 

The solution to this problem was 
found, fortunately, without increasing 
the cost of the receiver: it is known 
that a ripple voltage, which is a func
tion of scene variations, is present in 
the "B-boost" supply originating in 
the horizontal circuit. By returning 
one of the filter capacitors in the 
plate of the AGC tube to "B-boost", 
the ripple in AGC caused by the cow
boy scene was cancelled. 

AGC THRESHOLD CONTROL 

In either the pulsed or gated system, 
the AGC threshold control is adjusted 
to operate the second detector output 
level just under the point (threshold) 
at which sync would be clipped in 
the first video stage. 

KINE 

Fig. 8-Average AGe 
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Fig. IIA shows the second detector 
output in the presence of electrical 
interference. Fig. lIB shows the ac
ceptance of the first video. Fig. lIe 
shows the result of correct AGe bias, 
too little AGe bias and too much 
AGe bias. 

Too little AGe bias causes the 
second detector output to exceed the 
acceptance of the first video, and 
consequently clip sync. This may 
cause buzzing in the sound and bend
ing in the picture. 

Excessive AGe bias will cause the 
second detector output to be low. 
This will result in weak contrast, and 
poor noise immunity. The poor noise 

immunity results because the impulse 
noise voltage far exceeds the sync 
signal, which tends to bias the sync 
separator too high. Fig. 11 illus
trated the importance of the correct 
setting of the AGe threshold adjust
ment. 

CONCLUSION 

We have discussed several of the 
problems affecting AGe circuits as 
well as the necessity for properly ad
justing the AGe threshold control. 
Working with the design of practical 
AGe circuits requires a thorough 
knowledge of most all of the circuits 
found in a television receiver. 

Fig. 10-Gqled AGC 

Fig. 11-:-Effed. ofAGC· thres
hold adjustment {.seetextl 
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To THE AVERAGE television viewer 
it may not be immediately appar

ent that the television receiver must 
be capable of presenting a clear pic
ture over a rather extreme range of 
signal strength_ Signal strengths may 
vary from channel to channel, espe
cially in areas where there are both 
local stations with transmitters nearby 
and fringe area stations with trans
mitters many miles distant. 

Television signals may also fade in 
or out from time to time, beiTlg better 
at night or perhaps during the winter 
season. Passing airplanes may also 
cause a rapid change in signal level 
which must be controlled in order to 
present a picture of uniform intensity. 
This constantly changing signal level, 
whether rapid or "long-term", must 
be held constant by some electrical 
circuit if television viewing is to be 
enjoyed without having the viewer 
constantly compensating or adjusting 
for the differences in signal strength. 
Automatic Gain Control ("AGC") is 
a circuit that performs this function 
automatically, and is generally used 
in receivers throughout the United 
States: For the benefit of those en· 
gineers who have not followed tele· 
vision circuits closely, we shall look 
back a few years when the gain con
trol in a television receiver was man
ual, or at least not automatic. 

EARLY PROBLEMS WITH MANUAL CONTROL 

The most dramatic impression of what 
AGC accomplishes can be gained by 
looking at a receiver that has manual 
gain control. Remember the famous 
630 chassis? The contrast control 
changed the bias on i-f arid r-f stages 
manually. Everything was fine until 
an airplane flew overhead or the user 
changed stations. The reflections from 
an airplane alternately increased and 
decreased the signal level at the re
ceiver. The scene then wavered from 
side to side, with the background level 
alternately going white and black. 

Switching from one television sta
tion to another with manual gain con
trol also posed a problem. If chan
nel 6 happens to be a considerably 
stronger r-f signal than channel 3, 
the kinescope probably will be black 
with possible sound buzz and drift
ing white bars when tuning in chan
nel 6. The situation required a bias 
change in the receiver to accommo-

date the stronger signal. The bias 
was adjusted by the contrast control 
as mentioned previously. Tuning back 
to the weaker signal level on channel 
3 resulted in a picture so low in con
trast that the television program was 
barely perceptible.· Decreasing the 
bias on the receiver solved this prob
lem. 

The early AGC circuits required 
the use of a negative power supply in 
the receiver and were costly, although 
they solved the problem of switching 
from weak to strong signals fairly 
well. These circuits worked so long 
as the signal level didn't change too 
rapidly. Rapid variations in signal 
level such as those caused by air
planes were still a problem. Some of 
today's low-cost AGC circuits still may 
have annoying characteristics in mod
ern television receivers. For example, 
interference from an electric mixer, or 
electric shaver in the vicinity or on 
the same power line may cause the 
kinescope to become white. The AGC 
circuit in this case has just "set up" 
on noise pulses and since the receiver 
is biased off, the video information 
is lost. 

A BRIEF REVIEW OF TELEVISION SYSTEM 

Fig. lA shows a transmitted televi· 
sion signal waveform in which the 
tips of sync represent the peak power 
of the transmitter, and are held con
stant in amplitude at the transmitter. 
It is these tips of sync that the AGC 
system (except the "average" type) 
maintains constant with varying sig
nal levels in the television receiver, 
since the AGC voltage should not 
change with amplitude modulation. 
Fig. IB shows conventional modula
tion as used in commercial broad
casting. The differences.· should be 
carefully noted. 

The transmitted signal is amplified 
by the r-f stage, Fig. 2, and then con
verted to the i-f by the oscillator and 
mixer. Most present-day receivers use 
three i-f stages, with the first two con
trolled by AGC bias. The r-f stage, 
which largely determines the signal
to-noise ratio of the receiver, is also 
controlled by AGC bias. 

The second detector recovers the 
video information from the picture 
i-f carrier. The video signal is ampli
fied by the video amplifier section 
and applied to the kinescope. The 
sound and sync signals are also taken 

from the video amplifier. In Fig. 2, 
the AGC amplifier is fed from the 
video section. 

In the design of a television re
ceiver, the AGC, video amplifier, and 
sync circuits must be designed as a 
unit in conjunction with r·f and i-f 
characteristics. Many other problems 
enter into the design of AGC circuits, 
including such factors as high-voltage 
regulation and B+- variations with 
signal level or fine tuning. This 
article will concentrate only on the 
design requirements of the AGC as 

such and not discuss at length, or 
at all, many of the other related fac
tors that must be taken into account 
in the design of a practical AGC cir
cuit. 

"END-RESULT" REQUIREMENTS FOR AGC 

First of all, an AGC circuit should 
keep the output of the second detector 
essentially constant with wide varia
tions in signal levels. For example, a 
good system maintains an essentially 
constant second-detector output for 
approximately 50 microvolts to 100, 
000 microvolts of receiver r-f signal 
input. In this respect, the AGC circuit 



can be considered a doc amplifier, with 
adequate gain to accomplish the above 
purpose_ The AGC circuit should not 
limit the maximum gain of the re
ceiver, The lower limit to which a good 
AGC system can hold the second de
tector output constant is largely deter
mined by the overall gain of the re
ceiver, The strongest signal the re
ceiver can handle is limited by the 
overload or cross modulation that can 
occur in the r-f or i-f sections of the 
receIver_ 

In addition to being able to handle 

wide variations in signal level, rapid 
variations in signal level must also be 
considered, such as those caused by 
reflections from airplanes. This re
quires consideration of the time con
stant of the AGC system. If the time 
constant is too long, the receiver can
not follow rapid variations in signal" 
level due to airplane interference, and 
the picture flutters in amplitude. If 
the time constant is too short, noise 
immunity will be poor and some com
ponents of vertical sync may introduce 
a ripple voltage in the received pic
ture. 

If some types of gated AGC are 
used, ripple voltage will appear in 
AGC due to scene changes because 
the gating pulse c.hanges with scene. 
If a picture is half black, the high 
voltage and the gating pulse (which 
is derived from the receivers' hori
zontal deflection circuits) are high 
during the black portion of the pic
ture since the kinescope is not draw
ing beam current. The gating pulse 
will be lower during a white portion 
of a picture. This variation in gating 
pulse causes an unwanted ripple in the 
AGe. A form of feedback circuitry 
may be used to cancel this ripple 
voltage. 

Feedback circuitry may also be 
used to cancel the vertical sync com
ponent in pulsed AGC circuits. Such 
circuits can be made to function so 
well that no AGC filtering would be 
required at all except for noise im
munity considerations. There is a cer
tain minimum capacity required on 
i-f bias source points to prevent im
pulse noise pulses (which can cause 
grid current in i-f tubes) from "set
ting up" the i-f bias and causing 
white flashing in the picture. In addi
tion to the time constant effects, the 
doc grid impedance of tubes in AGC 
must be kept low to prevent grid 
current transients (such as caused 
by switching from weak to strong 
signals) from blocking the receiver. 

The AGC threshold control changes 
the bias on the AGC amplifier grid, 
which affects the overall gain of the re
ceiver on strong signals. The ratio of 
r-f to i-f AGC bias is determined by 
circuit constants. The ratio of r-f to 
i-f bias, and the AGC threshold con
trol are two distinct circuit functions. 
This will become clear as each of the 
circuits is discussed. 

When a strong signal is imposed 
on the receiver (for example, 50,000 
microvolts I and when the r-f bias is 
too low, there may be i-f overload or 
cross modulation. Overload can cause 
a washed out picture, sound buzz, or 
picture' bending. Cross modulation 
can cause interference between the 
sound and picture carrier of a given 
station or even cause a "wind-shield 
wiper" effect from another television 
station. When a color signal is re
ceived, the cross modulation problem 
is more noticeable due to the presence 
of the color sub-carrier. 

Too high an r-f bias under some 
conditions may also cause cross mod
ulation, depending on the distributio~ 
of signal on the grids of the r-f ampli
fier, Too high an r-f bias in medium 
signal strengths, (1,000 microvolts, 
for example) will cause a picture to 
have excessive snow at the medium 
signal level. The above discussion 
indicates that the r-f bias can neither 
be too high or too low for any given 
input signal imposed on the antenna. 

The r-f bias' at any signal level is 
largely determined by resistor divider 
circuits, delay voltage applied to the 
r-f tube and the characteristics of the 
tubes controlled by AGC bias voltage, 
assuming a correctly aligned receiver 
with normal parts. The largest pro
duction variable that affects r-f gain 
is variation in tube cutoff. 

R-f bias versus microvolt input is 
plotted in Fig. 3. If the developed r-f 
bias exceeds curve A in Fig. 3, there 
will be excessive snow in the picture 
at the input signal level where the 
curve is exceeded. If the developed 
r-f bias is less than curve B, Fig. 3, 
the set will be in overload or cross 
modulate. 

Curve A is strictly a function of the 
tuner. It is in a sense a plot of the 
signal-to-noise ratio for high levels 
versus bias. A sharp cutoff r-f stage, 
for example, would lower curve A 
for all strong signal values of input. 
(Fig. 4) 

Curve B, Fig. 3, is largely a func
tion of the i-f section of the receiver. 
In general, the last i-f stage on AGC 
bias overloads first. If the second 
i-f stage were sharp cutoff its ac
ceptance would be lower, therefore 
curve B" Fig. 3, would rise, or 
shift toward lower signal levels. On 
the other hand, if the r-f stage were 
remote cutoff, allowing still more 
signal than normal to be applied to 
the i-f section, curve B would rise still 
further, This condition is illustrated 
graphically in Fig. 4. 

The effect of sharp-cutoff i-f tubes, 
in conjunction with a remote-cutoff r-f 
tube is illustrated in Fig. 5. The same 
lettering applies to Figs. 3, 4, 5 and 
6. Fig. 6 is Figs. 4 and 5 super
imposed to illustrate how the limits 
change with tubes. 

The tubes in AGC not only deter
mine the limit curves A and B but 
they also effect the developed r-f bias 
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with all other factors remaining fixed. 
Assume the limit curves A and B as 
well as the developed r-f bias curve 
as shown in Fig. 3. If the nominal
cutoff i-f tubes of Fig. 3 were re
placed with remote-cutoff i-f tubes, 
the bias required at each signal level 
would be greater. This means the 
negative voltage on the plate of the 
AGC tube is greater at all signal 
levels. Therefore, the r-f bias is 
greater at each signal level. 

These figures illustrate that com
paring two receivers or similar AGC 
sy'stems (without knowing the tube 
characteristics I is futile. 

Fig. 3 will be called the design 
center curve. Now let ,us look at the 
factors other than tubes that affect 
the developed r-f bias curve. Tubes 
determine the limit curves A and B 
as illustrated in Figs. 3, 4, 5 and 6. 
Resistors and a delay voltage are 
used to center the developed r-f bias 
(Fig. 3) with nominal tubes between 
curves A and B. The circuit is shown 
in Fig. 7. The delay voltage is 

El (R2 + R3 + R4 ) 
Ed = ~~------

RI + R2 + R3 + R4 

The AGC tube must develop sufficient 
negative voltage to overcome this 
positive voltage before any bias is 
applied to the r-f stage. V I is a diode 
clamp used to prevent positive voltage 
from being applied to the r-f stage. 
Any variation in E1, R1 , R2 , Ra or R4 
will shift the developed r-f bias curve 
in Fig. 3. The resistors meet 570 
tolerances, and the variations due to 
these components or E1 are generally 
not as serious as tube variations. 

AGe SYSTEMS 

AGC systems can be divided into 
three rather broad categories: aver
age, pulsed and gated. The latter two 
are generally referred to as amplified 
AGC and may use either a triode or 
pentode. 

AVERAGE AGe 

The average AGC system is simply 
a filter with a long time constant 
utilizing a voltage from the second 
detector (see Fig. 8). The average 
system tends to keep constant the doc 
output of the second detector. Con
sequently, scene variations that affect 
the doc component of the video signal 

cause the level of sync tips to vary at 
the second detector output. In addi
tion, the second detector output varies 
with signal level, which means it is 
desirable to control the acceptance of 
the first video stage with the contrast 
control. 

This system generally uses a pen
tode r-f stage with the i-f and r-f bias 
tied together. The cutoff of the r-f 
stage must accordingly be adjusted to 
go along with the i-f bias require
ments. When a "totem" type of r-f 
stage (two triodes in series across the 

B supply I is used with an average 
AGC, normally an r-f bias control is 
provided in the form of a local
distance switch or potentiometer. 
There are other versions of this cir
cuit which use an "assist voltage" 
from the sync separator grid. 

PULSED AGe 

This system uses a tube.to develop a 
doc voltage proportional to the height 
of the tips of sync, which is applied 
to the grid of a tube whose plate is 
pulsed at the horizontal scanning rate. 
See Fig. 9. 

RIC I is tailored to give a voltage 
proportional to the tips of horizon1Sl,l 
sync; thus, the cathode of V 1 (Fig. 9')' 
acts as a peak detector. V1 conducts 
only on sync tips and horizontal sync 
can also be taken from the plate of V 1 • 

The doc voltage developed on the cath
ode by R1CI is applied to the grid of 
V2 to give amplified AGC on the plate 
of V2• 

The high positive_pulse on the plate 
of V2, Fig. 9, causes a great number 
of electrons to collect on the plate, 
and thus as the tube current in-

creases, so does the negative voltage 
on the plate. If the signal level tries 
to increase (represented by tips of 
sync as shown in Fig. 1), the voltage 
across RIC1 becomes more positive, 
decreasing the bias on the grid of V 2, 

thus increasing the plate current and 
the negative voltage on the plate of 
V 2, which increases r-f/i·f bias to 
hold video signal level constant. 

The divider circuit shown in Fig. 7 
would be connected to the plate of 
V 2 (Fig. 9) to control the r-f bias as 
already illustrated. 

The pulse syl"tem is not dependent 
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Fig. 7 -Circuit that de
termines R.F.-I.F. bias ratio 

on the horizontal circuit of a receiver 
being synchronized with the trans
mitted sync pulses. If the time con
stant Rl C1, Fig. 9, is too long, noise 
immunity of the AGC system will be 
poor. If the time constant is too 
short, the cathode circuit of V h Fig. 
9, will not function as a peak detec
tor. 

GATED AGC 

This system is called a gated system 
because the AGC tube conducts nor
mally when the plate gating pulse, 
derived from the horizontal deflec
tion system of the receiver, and the 
transmitted horizontal sync pulses are 
coincident. See Fig. 10. Thus, the 
tube does not conduct on noise pulses 
that occur at any time between hori
zontal gating pulses. There are ways 
to prevent the AGC system from 
"blocking out" when the set is out of 
sync horizontally with either a triode 
or pentode gated AGC. The AGC 
tube normally conducts only on sync 
pulses, thus developing a voltage pro
portional to sync tips. The tips of 
sync represent the peak carrier output 
of the TV transmitter. It should be 
obvious then, that when the receiver 
is out of sync horizontally, the gating 
pulse (derived from the receiver's 
horizontal scanning system) and the 
transmitted sync pulses are no longer 
coincident. This requires some spe
cial design techniques to prevent the 
AGC bias from decreasing to such a 
level as to cause the set to overload 
and block when the receiver is out of 
sync horizontally. 

Gated AGC provides amplified AGC 
voltage at a reasonable cost as well as 
having excellent noise immunity and 
airplane flutter characteristics. 

In order to eliminate scene com
ponents, both gated and pulse sys
tems must be doc coupled to the 
second detector. 

One example of an unusual prob
lem that arose during the design of 
a triode-gated AGC circuit for one 
of our television receivers occurred 
when the writer was observing a 
western movie on the developmental 
receiver, and indicates how AGC cir
cuits get involved with other portions 
of the TV receiver. 

The triode-gated AGC circuit was 
carefully designed for adequate gain, 
airplane flutter, noise immunity, and 
r-f bias tracking (see Fig. 3). The 
circuit was given the usual checks 
with a signal generator modulated 
with the familiar Indian Head test 
pattern. Additional checks were made 
with on-the-air daytime programming 
on the local television stations. The 
circuit appeared to have excellent 
performance. During a casual ob
servation, however, the hero of the 
6 :00 PM western movie rode across 
the kinescope on his white horse in 
the dead of night. With this circuit 
he also rode through the AGC! 

The reason for this phenomena 
may be explained in the following 
manner: the triode AGC circuit was 
gated by a pulse from the horizontal 
scanning circuit. The amplitude of the 

470K 56K 

IF BIAS 1~7 .01 

RF BIAS 

gating pulse is a function of kinescope 
beam current, since beam current 
represents a load on the horizontiil 
scanning system. The western movie 
scene was a sharply contrasting one; 
the cowboy's horse drew appreciable 
beam current, while the black back
ground drew none. The scene there
fore caused a fluctuation of the gating 
pulse as the horse galloped across the 
screen. It is generally known that the 
output of a triode :varies as a func
tion of plate, voltage. The triode 
AGC tube hence produced.a fluctuat
ing AGC bias to the r-f/i-f stages. 

The average televised scene or test 
pattern has a fairly constant ayerage 
video level, which explains why this 
condition did not present itself 
earlier. 

The solution to this problem was 
found, fortunately, without increasing 
the cost of the receiver: it is known 
that a ripple voltage, which is a func
tion of scene variations, is present in 
the "B-boost" supply originating in 
the horizontal circuit. By returning 
one of the filter capacitors in the 
plate of the AGC tube to "B-boost", 
the ripple in AGC caused by the cow
boy scene was cancelled. 

AGC THRESHOLD CONTROL 

In either the pulsed or gated system, 
the AGC threshold control is adjusted 
to operate the second detector output 
level just under the point (threshold) 
at which sync would be clipped in 
the first video stage. 

KINE 

Fig. a-Average AGe I 
j 



I) U @ 

=_=~ =F1 = = = ~~JEt----~~~= 
® 

~------------~::::~.:.© 

AGC 
THRESHOLD 

CONTROL 

HORIZONTAL WAVEFORMS AT 
POINTS INDICATED BY LETTERS 

Fig. 9-Pulsed AGe 

Fig. llA shows the second detector 
output in the presence of electrical 
interference. Fig. lIB shows the ac
ceptance of the first video. Fig. lle 
shows the result of correct AGe bias, 
too little AGe bias and too much 
AGCbias. 

Too little AGe bias causes the 
second detector output to exceed the 
acceptance of the first video, and 
consequently clip sync. This may 
cause buzzing in the sound and bend
ing in the picture. 

Excessive AGe bias will cause the 
second detector output to be low. 
This will result in weak contrast, and 
poor noise immunity. The poor noise 

immunity results because the impulse 
noise voltage far exceeds the sync 
signal, which tends to bias the sync 
separator too high. Fig. II illus
trated the importance of the correct 
setting of the AGe threshold adjust
ment. 

CONCLUSION 

We have discussed several of the 
problems affecting AGe circuits as 
well as the necessity for properly ad
justing the AGe threshold control. 
Working with the design of practical 
AGe circuits requires a thorough 
knowledge of most all of the circuits 
found in a television receiver. 

Fig. 10-Gqted AGe 
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V_D.lawaITERS' LABORATORIES REQUIREMEN~S • 
.' .; 

TO THE DESIGN ENGINEER 

STAl'tP4IlQ OF UND£RWJUTERS' LABORATORIES, INC 

Batteries 

A. battery employed in a combination power-supply and. ba~tery
oPerated appliance shall not be connected to the power-supply ClfCUIt ~n
less the 'Current-carrymg parts are $0 insulated, arranged, or otherwise 
protected tbat no fire or shock hazard is involved. 

The terminals of a battery shall be protected so as to pr~ven.t acci
denta1 short-circuiting during installation and while in service In the 
appliance. 

The terminals of a battery having an open-circuit potential of 100 
volts or more shan be protected against accidental contact, and the con
nected wiring shall comply with the requirements for power-supply con
nections. 

Wiring 

The insulation on wires which involve fire or shock hazard shall be 
suitable for the voltage involved and the temperature attained (see para
graph 112) under any conditions of actual use. Ins~la~ion o~ ot~er th.an 
recognized types shall be made the subject of specIal inveStIgatIOn WIth 
respect to its intended use. 

Insulating tubing shall be made the subject of special investigation 
with respect to its intended use. 

lf rubber or thermoplastic insulation is employed on hook-up wire 
which involves fire or shock hazard, the thickness of the insulation shall 
be not less than 1/32 inch (0.028 inch minimum); except that if the wire 
is provided with an outer braid, the thickness of the insulation may be less 
than 1/32 inch but not less than 1;64 inch (0.013 inch minimum). 

. -\ hook·njJ \\ire elll]>l(t~'illg th{'fJllol'b.Mie ill<;Uiatioll a wall 
thid.l1e ... " uf k ... ~ than l;j l illch, hut not le~s than 1 G l inch inch 
minimum), i ... llot required to haH' an l1uter braid if the wire elltirely 

___ ~ .. \· .. ilhjl'-'J_J.::l.ta.,~i:, 'J[ ~ lJrvt!.'cted agaill~t_.!Jl~'~·halli!:,aLi!!jllr::: __________ _ 

A hook-up wire smaller than No. 24 AWG shalt be protected against 
mechanical injury and shall be made the subject of special investigation 
with particular regard to the effects of vibration and impact. 

l'",.,~r''1'h ',1 rn""d 1 ,·h,,,,,,· 1'1:.1 :->l.wdard r"r 
I'"" "r ~ 'I"'r .'I~,1 I{.HI", I(,''''''vt,,~ .\jll'll"n<"~' 

-lfaTl(YtlStnar tJl!"""StrSl!curetrttn:rr"ore-=rnan..-':'Ol'=."tJl.,.ft>,_," ~-r-~ -
as a result of handling the wire in servicing. 

(,G Wiring which involves fire or shock hazard and which connects parts 
subject to servicing, such as a tuning tube or dial lamp, and which is 
subject to motion shall be provided with suitable strain relief. See also 
paragraphs 34 (first sentence) and 36. 

J. W. FULMER 

POWER-OPERATED RADIO RECEIVING APPLIANCES IJ 

All holes in metal used for the passage of conductors connected to 
circuits involving fire or shock hazard shall be punched :ro as to be free 
from sharp edges, burrs, fins, etc. . 

A cable or cord used for connecting remote controls, remote speakers, 
and the like, and which involves shock or fire hazard, shall be a jacketed 
type of hard-service cord (such as Type SJ) suitable for the particular 
application, or shall be made the subject of special investigation. The 
cord, if permanently attached to the appliance, shall be provided with a 
suitable bushing, strain relief, and push-back stop, as described in para
graphs 29-36. 

Low-energy circuit wiring (such as an antenna lead) which is not 
housed entirely within the enclosure and which may contact parts therein 
which involve shock or fire hazard shall be insulated adequately within 
the enclosure. Such wiring shall be provided with suitable strain relief 
and push-back stop as described in paragraphs 34 (first sentence), 35 
and 36. 

Some degree of strain relief is recommended for cords and wires 
interconnecting \'arious units within the overall enclosure. 

Wiring which is subject to motion, as in the case of a tuning mecha
nism assembly, is to be made the subject of an investigation to determine 
the effect of continued operation under service conditions, 

Insulating Material 

Material for the mounting of current-carrying parts which involve 
shock or fire hazard (see paragraphs 80-82) shall be phenolic composi
tiOD, cold-molded composition, or other material which is recognized as 
suitable for the particular application . 

Hard fiber may be used for insulating bushings, washers, separators, 
and barrier~, but not as the sole support for uninsulated live-metal parts 
where shrinkage, current leakage, or warpage may introduce a hazard. 

Spacings 

A spacing of not less than % inch over surface or through air shall 
be maintained between uninsulated live-metal parts of the primary or 
power-supply circuit and (1) live-metal parts of opposite polarity and (2) 
exposed dead-metal parts, except where the location and relative arrange
ment of the parts are such that adequate permanent separation is assured. 

Except for insulation built into a component, a barrier or liner of 
fiber or similar material employed where spacings would otherwise be 
insufficient between uninsulated live-metal parts of opposite polarity in
volving shock or fire hazard or between such parts and exposed or par-

I N DESIGNING electronic products, 
design engineers must consi<;ler 

those construction details that assure 
safe operation to be just as impor
tant as meeting prescribed perform
ance requirements and cost limita
tions. 

RCA Victor Television Division 

Cherry Hill, N . .T. 
the examination and testing of de
vices, systems and materials. Found
ed in 1894, the enterprise is spon
sored by the National Board of Fire 
Underwriters, and is operated solely 
as a servIce. 

It is RCA's practice to obtain Un
derwriters' Laboratories approval on 
all power-operated domestic equip
ment such as Television Receivers, 
Radio Receivers and on many lines 
of commercial and industrial equip
ment such as Phonographs, Air Con
ditioners, etc. Underwriters approval 
of equipment indicates that hazards 
incident to its use have been reduced 
to an acceptable degree. 

Engineers should be well informed 
on Underwriters' Laboratories re
quirements so that safety features are 

incorporated in early designs. Failure 
to do so may require extensive and 
costly changes in the final design 
which may seriously change the price 
level or operational characteristics 
originally established. 

UNDERWRITERS' LABORATORIES, INC.
ITS ORGANIZATION, PURPOSE 

AND METHODS 

It seems appropriate at this point to 
acquaint the engineer with some of 
the more important aspects of Under
writers' Laboratories, Inc. It is char
tered (as a non-profit organization 
without capital or stock) to establish, 
maintain, and operate laboratories for 

Underwriters' testing stations at 
New York, Chicago and San Fran
cisco provide facilities for conducting 
investigations to determine the rela
tion of various materials, devices, 
constructions and methods to life, 
fire, and casualty hazards. They as
certain, define and publish standards, 
classifications, and specifications. 
This published information deals 
with materials, devices, constructions 
and methods that tend to reduce haz
ards and prevent loss of life and 
property from fire, crime and casu
alty. 

__ J 



The engineering staff of Under
writers' Laboratories is comprised of 
the following departments: Electrical, 
Fire Protection, Gases and Oils, 
Chemical, Casualty and Automotive, 
and Burglary Protection_ Each de
partment is concerned with the in
vestigation of products applicable to 
the class, and prepares requirements 
under which the submittor's product 
is investigated. 

Products which comply with the 
existing Standards and/or Require
ments are "listed." This constitutes 
an official registration and these list
ings are promulgated on printed 
cards filed according to product 
classification. Complete files of these 
cards are maintained at the following 
locations: (1) Offices of the princi
pal boards of Underwriters, (2) In
pection bureaus in the United States, 
(3) at many of the general offices of 
insurance companies, (4) in certain 
Federal, state and municipal depart
ments and, (5) at offices of Under
writers and at the headquarters of its 
representatives in many of the larger 
cities. The submittor also receives 
copies of these cards. 

SIGNIFICANCE OF UNDERWRITERS' 

LABORATORIES, INC. LISTING 

Listing of electrical equipment, for 
instance, by Underwriters' Lahora
tories implies that fire and accident 
hazards incident to its use have been 
reduced to an acceptable degree. 

View showing the outhor inspecting 
and checking the wiring layout and 
clearances in a Television Receiver. 

Electrical equipment frequently in
corporates other features which re
quire consideration by divisions 
other than Electrical. Air condition
ers and dehumidifiers are subject to 
investigation by the Casualty Division 
as well as the Electrical Division in 
view of operation which depends on 
a refrigerant plus electrical power. 
The refrigerant and its enclosure may 
well involve toxic and explosion haz
ards, and if investigation of this de
tail has resulted acceptably it could 
then be stated that these hazards 
have also been reduced to an accept
able degree. 

WHY OBTAIN UNDERWRITERS' LISTING? 

Over the years the remark has often 
been overheard, "If Underwriters 
can't accept our equipment which is 
perfectly safe the way we have de
signed it~we will take our business 
elsewhere!" As far as can be deter
mined these were idle threats, al
though instances have been reported 
where television equipments were 
submitted to local city inspection de
partments having jurisdiction, were 
investigated for a fee, and were sub
sequently accepted by that local in
spection authority. 

RCA, and other electronic manu
facturers consider Underwriters' 
Laboratories listing particularly val
uable because: 

(1) The product approved by Un-

derwriters' Laboratories has 
been designed and manuff}c, 
tured so that it can be oper:, 
ated safely. 

(2) The fact that a product is Un
derwriters' Laboratories listed 
attaches important signifi
cance in the event of a serious 
court case involving casualty 
to life. 

( 3 1 The product can be marketed 
in any towiI or city in the 
United, States without fear 
that the local city electrical in
spector, backed by city ordi
nance, may request the dealer 
to remove the product from 
sale. 

(41 Merchandising experience in
dicates that public acceptance 
of an instrument is enhanced 
when the product bears the 
Underwriters' Laboratories 
label. 

Acceptance of a product by any 
testing facility of Underwriters' Lab
oratories must be followed up by 
periodic inspections at the Manufac
turers plant so that official accept
ance lists used by subscribers may 
be kept up to date. To the best of 
the author's knowledge, no testing 
organization other than Underwriters' 
Laboratories, Inc. provide follow-up 
inspection service at ,the factory. It 
is this control feature which resolves 
the practical aspects of the written 
Standard. 
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UNDERWRITERS' 
LABORATORIES 

continued 

DEVELOPMENT OF UNDERWRITERS' 
STANDARDS AND/OR REQUIREMENTS 

To assist the engineer in understand
ing "the why's and wherefore's" of 
the various Underwriters' Laborator
ies Standards, it may be well to say 
something of the manner in which 
they are developed_ 

The basic requirements of the 
Standards are in accordance with 
sound engineering principles, re
search, records of test and field ex
perience_ Underwriters' Laboratories 
representatives have an appreciation 
of the problems of production instal
lation, and use which they derive 
from consultation with manufactur
ers, customers, inspection authorities, 
and others having specialized knowl
edge_ Standards are subject to revi
sion as further experience or investi
gations indicate a need_ 

In the whole gamut of Standards 
prepared by the Electrical Depart
ment (there are 62 covering individ
ual classifications) probably none is 
subject to more revision and supple-

Fig. 2-Unacceptable 
Implosion protection 

mentary releases to provide for new 
equipments than is the Radio Stand
ard. The eighth edition of this stand
ard is available and now includes 
material on printed circuitry. 

Thus far, mention has been made 
of the Standard-the final printed 
product issued in booklet form. In 
the late 1920's the Radio Standard 
was in an embryonic stage, consisting 
of nothing more than several type
written sheets, and was made avail
able only to Underwriters' Labora
tories personnel. After submittals of 
radios by several manufacturers, 
mimeographed copies of proposed 
requirements were submitted to the 
manufacturers, based on the experi
ence derived from tests conducted. 
At this point Underwriters' Labora
tories solicited the opinions of qual
ified personnel of the Radio Industry 
on proposed Requirements, appoint
ing those people as Industry repre
sentatives of the Underwriters' Lab
oratories Industry Advisory Confer
ence. The product of the deliberations 
of this Committee was then for
warded for comment to all subscrib
ers whose products were listed by 
Underwriters' under the Radio clas
sification. When mutual agreement 
was reached on major differences, 
the proposed requirements were sub-

sequently classified, finally edit~d; 
and printed as a Standard. Substan~, 
tially the same procedure is followed 
today in the development of Stand
ards or Requirements. 

UNDERWRITERS' LABORATORIES 
REQUIREMENTS USED BY 
ELECTRONICS ENGINEERS 

The requirements for radio, televi
sion, sound and allied equipments are 
incorporated in the :following: 

A. Published Requirements - (1) 
Radio Standa~d, (2) Television Re
quirements, (3) Color TV Require
ments, ( 41 Sound Recording and 
Reproducing Equipment Standard, 
(51 Lightning Arrestor Requirements, 
(6) The National Electrical Code. 

B. Written Requirements - avail
able upon discussion with Under
writers' Laboratories personnel and 
not generally published in bulletin 
form for Industry-( 1) Interpreta
tions on specific requirements re
solved upon investigation of equip
ment. (21 Memoranda on acceptance 
or criticism of individual construc
tions and/or test results which either 
meet or are in conflict with the intent 
of the requirements. (3) Construc
tions and test requirements covering 
intimate details prescribed in Under
writers' Laboratories Standards for 
other classifications. 



Items 1-5 under (A) indicate the 
general types of equipment covered 
by the respective Standards_ Item 6, 
however, mentions that consideration 
must also be given to the National 
Electrical Code. This publication is 
a manual of safe installation practice 
prepared by the National Board of 
Fire Underwriters. One of the first 
considerations that should be given 
by the engineer to the design of any 
equipment is the manner in which it 
may be installed. The type of flexible 
cord or the provision for rigid con
duit installation (whichever is re
quired by the Code) obviously influ
ences not only cost and design but 
merchandising aspects as well. 

It is important that design engi
neers understand the various Under
writers' Laboratories requirements 
and incorporate necessary provisions 
during design. They will be repaid 
by avoiding expensive changes after 
the over-all design has been pretty 
well crystallized. 

Applicable Underwriters' Labora
tories Standards, interpretation of re
quirements and information on list
ings of complete equipments or com
ponents are available from the author, 

or from RCA engineers who act as 
liaison men between the company 
and Underwriters' Laboratories. 

UNDERWRITERS' CLASSIFICATION 
OF RADIO, TV, SOUND AND 

ALLIED PRODUCTS 

All of the electronic equipment is 
assigned to either one of two major 
groups: 

(A). That equipment which incor
porat~s or has. provision for 
connection of an antenna. 

(B). Equipment which does not 
include either of these details. 

Products under (A) include radio 
receivers, monochrome and color TV 
receivers, clock-radios, radio-phono
graphs and television-radio-phono
graphs. These are classified as Radio 
Appliances. Where the product is 
intended. for commercial (viz., Hotel) 
use, one of the significant changes 
over the domestic version requires 
the use of a hard service type of flex
ible cord such as Type SJT. 

Products under (B) include record 
players and tape recorders. Special 
items from both groups are indexed 
under the following general classifica
tions: 

Fig. 3 - Acceptable 
Implosion protection 

General Classifications which ap
pear on listing cards 

(1) Radio Accessories: Record 
Players, Radio Lightning Ar
restors, TV Signal Boosters, 
Home Recording Discs, An
tenna Distribution Units, An
tenna Rotating Units, Interfer
ence Capacitors, UHF Con
verters, Magnetic Tape Re
corders. 

(2) Musical Instruments: Phono
graphs, electric organs. 

(3) Sound Recording and Produc
ing Equipment: Amplifiers, 
Magnetic Tape Recorders, In
tercommunicating Units, 
Sound Systems, Wire Record
ers, Centralized Sound Sys
tems. 

(4) Toys: Phonographs. 
Items (1), (2), and (3) above are 

self-explanatory, but the majority of 
engineers will not hesitate to ask 
questions on Item (4), such as, 
"Since when is RCA in the toy busi
ness?" or "Why do I have to design 
a phonograph differently just be
cause Merchandising decides to apply 
a decal of Mickey Mouse to the cab
inet?" In this class of devices Un-
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derwriters' Laboratories feel that 
"Junior" is very likely to abuse and 
tamper with the product. For this 
reason it is required that a phono
graph, for instance, be provided with 
a more completely insulated power 
cord (viz., Type SPT-2) than ordi
narily used in radio and TV receivers. 
Again the complete assembly must be 
capable of withstanding a test con
sisting of four individual drops from 
a table onto a hardwood floor in such 
a manner that each corner is sub
jected to impact. While criticism is 
not made if portions of the cabinet 
are broken away, such damage must 
not expose live parts. The possibility 
of removing the chassis from the cab
inet by use of an ordinary tool must 
also be avoided. A special screw de
signed to be tightened with an ordi
nary screw driver but which cannot 
be removed with the same tool has 
proven effective in this respect. 

HAZARDS OF ELECTRICAL APPLIANCES 

As mentioned elsewhere in this arti
cle, electrical appliances may involve 
fire and accident hazards during use, 
unless proper design and construction 
features are incorporated. Any prod
uct, to be saleable, must be con
structed in a manner that will make 
it useable, competitive with similar 
types of merchandise, and reasonably 
free of possible hazards. 

As the design engineer ponders the 
TV requirements on accessibility of 
live parts, for instance, he is apt to 
remark, "Why on earth does Under
writers' Laboratories insist that the 
leakage current of this small part to 
earth ground be no more than five 
milliamperes, when anyone can get 
killed by simply poking a finger into 
a lamp socket, or by touching the live 
elements of a broiler or portable air 
heater - which are Underwriters' 
listed?" The answer of course lies 
in the economic and use factor, plus 
a widespread knowledge that most 
people realize that to touch those 
parts results in an unpleasant shock. 
As a counter-measure, imagine an 
Underwriters' Laboratories Standard 
on lamp sockets, for instance, calling 
for an interlock cover to prevent ac
cess to the lamp-center contact, when 
the lamp is removed from the socket! 
A broiler with metal barrier inter
posed between element and substance 
to be broiled would suffer from the 

utility standpoint, and so on down 
the line. 

SHOCK HAZARD OF RADIO, 
TV AND ALLIED APPLIANCES 

But now let us consider the TV re
ceiver. It has always been conven
tional to assume that the user will re
move and take the tubes to his local 
dealer for checking upon faulty op
eration of his receiver. During this 
act of user servicing, be it the house
wife or man of the house, there is no 
reason for them to realize that there 
may be live parts in tube servicing 
areas, involving serious shock hazard. 
It is for this reason that the original 
requirements drawn up by Under
writers' Laboratories recognized pos
sible shock hazards and correspond
ingly required suitable barriers or 
isolating impedances to effect con
structions which would insure safety 
during tube servicing and other legit
imate user servicing functions. 

The control over servicing is not 
limited to the user, but it is extended 
to certain details coming within the 
scope of the service man as well. For 
instance a direct-connected TV re
ceiver providing a metal cabinet is 
required to provide a suitable resis
tor from B minus (chassis) to cabi
net for the purpose of preventing a 
build up of voltage between cabinet 
and chassis ( substantially earth 
ground). This must not exceed 1270 
volts peak as a result of voltage in
duced in the cabinet by the high
voltage picture tube anode lead. Ob
viously, the resistor must be high 
enough in resistance to keep below 
the maximum 5 millia~lpere current 
leakage limit-the current flow pos
sible from exposed cabinet to earth 
ground. On the other hand, the re
sistance must be low enough to at
tenuate the induced voltage. With 
that detail resolved, consider a typ
ical assembly. A particular mounting 
bracket otherwise insulated from a 
hot chassis conductively is connected 
by a 100 K ohm resistor. A mount
ing screw pierces the metal cabinet 
and threads into the mounting brack
et, and conductive connection through 
the resistor from the hot chassis to 
cabinet is made automatically. But 
suppose the serviceman lost or forgot 
to assemble this particular mounting 
screw, and a small air gap occured 
between mounting bracket and cabi-

net. In that event, the connection is 
open and Underwriters' Laboratorie~. 
would require whatever detail IS 

necessary to insure positive connec
tion from bracket to cabinet. In this 
particular case, a metal spring clip 
over the bracket foot effected the 
necessary connection. The import
ance of the 1270 volt peak value lies 
in the fact that voltages somewhat 
higher are likely to ~amage the insu
lation between the exposed and live 
sections of the power control switches, 
primary by-pass capacitors and trans
formers. If such damage occurs, it 
is quite likely that exposed metal 
parts, such as controls, antenna ter
minals, etc., are now directly con
nected to the power line and present 
serious fire and accident hazards. 

Again consider the isolation of the 
300-ohm antenna twin lead from the 
r-f unit coils and terminals at power 
line potential. It is obviously neces
sary to isolate this twin lead by 
blocking capacitors in each leg. On 
the basis of certain field reports dis
closing short circuiting of power sup
ply circuit to chassis, it was con
cluded that cloud static charges may 
have been responsible for breaking 
down the capacitor primary by-pass 
insulation, which consequently re
sulted in a direct connection of the 
twin lead and antenna to the power 
supply circuit. Two fatalities, at 
least, have been known to have oc
curred as a result of contacting an
tenna systems, and the fault was 
traced to the failure of the isolating 
capacitor. Similarly Underwriters' 
Laboratories require a resistor shunt
ing this isolating capacitor so as to 
attenuate moderate potential surges 
to lower voltages not likely to result 
in failure of the capacitor. 

FIRE HAZARDS OF RADIO, TV 
AND ALLIED APPLIANCES 

Fire hazard is also all important in 
considering the design of the com
plete product. Where a power trans
former is provided it is required that 
a complete non-combustible enclosure 
be constructed without openings ex
cept for leads and with a maximum 
excess area assigned for the lead exits. 
The story behind this design require
ment goes back to the depression days 
of 1931 and 1932, when manufactur
ers were particularly cognizant of 
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saving on construction costs. Trans· 
formers deleted the end bell at that 
section facing the chassis interior; 
and some designs provided large 
openings in the top bell to secure 
more ventilation, and thereby permit 
decrease in the overall size without 
serious difference in output charac· 
teristics. Reports of fires showed 
that this opening up of the trans· 
former enclosure was a step in the 
wrong direction. Tests subsequently 
showed that to insure a design which 
will not fire the insulation within the 
enclosure, or fire combustibles ex· 
ternal to the enclosures, the volume 
of air in the enclosure must be reo 
duced to a negligible amount, and 
the opening for the leads must be 
just small enough to permit the exits 
of the leads and thereby prevent ex
pulsion of molten metal or combust
ibles from the enclosure. 

The horizontal output transformer 
used in TV receivers involving volt
ages as high as 20 KV or more is 
likely to become a fire hazard if 
precautions are not taken to provide 
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adequate spacings between parts of 
opposite polarity, and to reduce cor
ona to an absolute minimum. Alti
tude chamber tests on new designs 
are conducted by the RCA Victor 
Television Division, requiring opera
tion of the complete receiver at at
mospheric pressures of 25,000 feet or 
more for a period of 24 hours, during 
which time there must be no indica
tion of corona or breakdown. 

The pertinent constructions dis
cussed above and reflecting typical 
fire and accident hazards have been 
described to show why a TV receiver, 
for instance, necessarily involves 
more consideration, than an electric 
clock, if safe operation is to be as
sured. Hot chassis radio and TV re
ceivers involved features not com
mon to isolated power transformer 
designs. Printed circuitry adds fur
ther complications. The impact of 
all this is a very comprehensive set 
of requirements mentioned elsewhere 
in this article; and which are supple
mented or revised quite frequently. 
These facts alone should suggest that 
the design engineer should "stop, 
look, and listen" at various stages in 
the design of the new product. Prece
dent is always an aid, but what is 
accepted by Underwriters' Labora
tories may not necessarily be ac
cepted tomorrow and vice versa. 

IMPLOSION HAZARD 
OF THE PICTURE TUBE 

Discussion thus far has included fire 
and shock hazards, but another very 
important hazard-the implosion haz
ard-has to be reckoned with in re
ceivers providing picture tubes. In 
the manufacture of picture tubes, 
notably the glass tube types, the 
stresses may not be completely re
lieved, and as a result are likely to 
increase with time. These may be 
carried to a point where further un
balancing and eventually complete 
instantaneous breakdown of the glass 
envelope occurs, accompanied by a 
loud report. In an improperly de
signed cabinet and protective window, 
the force of the implosion may be 
sufficient to propel a relatively large 
particle of glass from the picture 
tube and/or protective window con
siderable distances from the front of 
the TV receiver. Fig. 2 illustrates the 
destructive work done on the picture 
tube and protective window in a non-

acceptable assembly where the thick
ness of the tempered glass and ,or, 
window mounting was found inade-!· 
quate and was not used for produc
tion. Fig. 3 illustrates acceptable im
plosion test results with substantially 
all glass particles confined to the area 
between the receiver and the first 
barrier. 

Among other details, the basic re
quirement covering the implosion 
hazard of picture: tubes stipulates 
that the enclosure of a picture tube 
shall be so co~structed that no mate
rial will be expelled with excessive 
force when the tube is imploded with
in the enclosure. Implosion must not 
damage the enclosure. 

In the practical resolution of the 
requirement, the picture tube is arti
ficially imploded and note made of 
the dispersal of glass particles on a 
blanket draped over the floor in front 
of the TV receiver. Implosion tests 
which yield a display of shattered 
glass on a blanket directly in front 
of the receiver behind a nominal 10" 
high barrier which is placed three 
feet ahead of the receiver is satisfac
tory. A limited number of small par
ticles is permissible in the zone two 
feet ahead of the first barrier; and 
only a few smaller fragments should 
be observed beyond a barrier placed 
5 feet in front of the receiver. 

The picture tube is imploded by 
striking the face plate at the rim with 
a 1" diameter steel pin which re
ceives an impact of approximately 
100 foot-pounds from a falling weight. 
The amount of impact is varied de
pending on the size and type of pic
ture tube and must always be suffici
ent to result in good implosion. 

CONCLUSION 

In product design of all consumer 
products ( and certain commercial 
products I the design engineer should 
give early consideration to standards 
if the product is to be eligible for 
Underwriters' Laboratories listing. 
This is best accomplished by consult
mg the liaison engineer while the 
product is in the early design stages. 
It is to RCA's advantage from a legal 
and merchandising standpoint to have 
its products Underwriters' Labora
tories approved and listed. Because 
of this fact RCA has made it a regu
lar practice to obtain approval on all 
pertinent products. 
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INTRODUCING ENGINEERING PRODUCTS 

EDITORIAL REPRESENTATIVES 

Several years ago the Engineering 
Products Division organized an Edi
torial Board for the purpose of stimu
lating interest in the presentation and 
publication of engineering papers. 
This Editorial Board is composed 6f 
engineers representing each of the 
phases of engineering in the Engi
neering Products Division. There are 
twenty members including Editorial 
Chairman, Engineering Editor, and 
Assistant Engineering Editor, cover
ing the various activities of the many 
product design groups. 

The Editorial Board meets at regu
lar intervals to discuss and schedule 
technical papers of timely interest 
for the RCA ENGINEER, RCA RE
VIEW, ENGINEERS DIGEST and a 
number of other publications. 

In working with the RCA ENGI
NEER contacts are made through 
the Engineering Editor, and sched
ules for technical papers are arranged 
by the Editor, working with the 
Board. Suggestions for new material 
and possible authors may originate 
from the Board, the publication, and 
from authors. Editorial Board mem
bers, who also serve as Editorial Rep
resentatives for the RCA ENGINEER, 
assist the magazine in any way prac
ticable to further the interests of the 
publication and the author. 

J. A. BAUER 
Editorial l?epresenlative 
Theater and industrial Engineering 
Camden, N. J. 

Mr. Bauer attended Drexel Institute 
Evening School in Philadelphia, Pa., 
and graduated in Electrical Engineer
ing. He joined RCA in 1939 as a 
Factory Engineer. Since 1940 he has 
been with the Engineering Products 
Division as Design Engineer, Leader 
and Group Manager of Measurement 
and Requisition in Theatre and In
dustrial Engineering. He represents 
this section on the Editorial Board, 
the Educational Committee as well as 
the Automation Committee. 

Mr. Bauer served part time on the 
faculty of Temple University Techni
cal School. He is a Senior Member 
of the IRE. Recently, he acted as 
Chairman of the RCA-NBC Liaison 

Committee on Instrumentation for 
Color Television. His publications in
clude several papers on the general 
subject of testing television receivers. 

J. F. BIEWENER 
Editorial l?epreseulative 
Aviati"ns Systems Development 
II1()()rest()wu. IV. J. 

Mr. Biewener graduated from Car
negie Institute of Technology in 1950 
with a BS in EE. He joined RCA in 
June of that same year. From that 
time until 1954, he was in the Engi
neering Reports Group of EPD Gen
eral Engineering Development. In 
this capacity he wrote and edited 
technical reports, progress reports, 
proposals, specifications, brochures, 
highlight reports,. etc. In December 
1954, he transferred to Aviation Sys
tems Development for special assign
ments on the Black Cat Project. 

Mr. Biewener is a member of Eta 
Kappa Nu and Tau Beta Pi. 

E. D. BLODGETT 
Chairman, Bditorial Hoard 
l~ngilleerillg Products Divisio" 
Camden, IV. J. 

Mr. Blodgett received his BA degree 
from Amherst College. The summers 
of his college years were spent with 
RCA Communications working on 
Facsimile Development. Upon gradu
ation he took full time employment 
with RCA, working on Facsimile, in 
New York and San Francisco. Mr. 
Blodgett came to RCA Camden in 
1931 and as Group Leader on Navy 
equipments continued working on Di
rection Finder Development for ship, 
shore and aircraft use. From 1939-42 
he was Group Leader in Commercial 
Communications Receivers; from 
1943-45, Group Leader on Advanced 
Devel?pment for Microwave Relay; 
and from 1946-53, Manager of Gov
ernment Receivers and Mobile Equip
ment. Mr. Blodgett's present post is 
in Technical Administration, Engi
neering Products Division. 

Mr. Blodgett is a senior Member 
of IRE, Chairman of the D F Meas
urement Committe, and Chairman of 
Publications and Publicity Commit
tee of Philadelphia Section of IRE. 
He has been awarded seven patents. 

MARY BOCCIARELLI 
Assistaut f~'ugineeriflg Editor 
RngiflPeriu{l }'r{}ducts Dirisioll 
Camden, IV. J. 
Mary Bocciarelli, Assistant Engineer
ing Editor for Engineering Products 
Division, studied at Temple and Co
lumbia University, and was employed 
by Brown Instrum~nt, a division Of 
Minneapolis-Honeywell Regulator Co., 
in administrative staff work before 
joining RCA in 1953. 

Mrs. Bocciarelli is also managing 
editor of the IRE Bulletin, Philadel
phia section and Assistant Editor for 
the ENGINEERS DIGEST. 

T. T. N. BUCHER 
Editorial n"presel1tative 
Sur/ace C011l11ll1Ilicati()l1S l{ngilJ(leril1g 
Camden, IV. J. 

Mr. Bucher graduated from Drexel 
Institute of Technology in 1941 with 
a BS in EE. He received his MS in 
EE from Moore School of University 
of Pennsylvania in 1947. After gradu
ating from Drexel, Mr. Bucher joined 
the engineering staff of Proctor Elec
tric Co. as a Patent Engineer. 

Mr. Bucher came to RCA in 1942 
and was assigned to the Aviation 
Receiver Engineering Group. After 
working on receiver problems for two 
years he was transferred to special 
radar projects, later becoming a 
Group Leader in the Receiver and 
Mobile Group, of Radiation Engin
eering. It was here that development 
work was done on Man Pack Radio 
Sets, and Navy Receivers. 

Mr. Bucher is a member of the 
IRE, AlEE and the Engineer's Club 
of Philadelphia. 

H. E. COSTON 
l~ditorial Uepreselliative 
Engineering Administration 
Standards & Services 
("amdell, IV. J. 

Mr. Coston graduated from Vir
ginia Polytechnic Institute in 1925 
with a BS in EE. He has since com
pleted numerous specialized courses 
with other colleges and universities. 
Following his graduation in 1925, he 
entered the employ of the G.E. Com
pany as Student Engineer. In 1928 
he transferred to RCA, as a Service 
Engineer and was made Supervisor of 
the Photophone Instruction Book Sec
tion in 1929. In 1932 Mr. Coston 
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transferred to Engineering in Camden, 
and in 1936 he accompanied the 
Photo phone Engineering Group in its 
move to Indianapolis, where he served 
as Supervisor of Engineering Services 
and Standards until he was called into 
the service of the Signal Corps. He 
received the Army Commendation 
Medal for services performed in de· 
sign of public address, office inter· 
communications, and sound record· 
ing systems for use in Air Force 
bases. 

In 1946 Mr. Coston joined Stand
ards Engineering. His present posi
tion is Technical Consultant of Stand
ards Engineering and Components 
Design. 

J. P. GILMORE 
Editorial Representative 
Shoran aud Specialties E"gineering 
Camden, N. J. 

Mr. Gilmore received an ME degree 
from Stevens Institute of Technology 
in 1944 and his MS in EE in 1951. 
In 1944 he joined the U. S. Navy as 

an electronic technician working on 
radio, radar, sonar and loran equip
ment. From 1946 to 1951 Mr. Gil
more worked first with the M. W. 
Kellogg Co. on Guided Missiles Re
search and then with the American 
Meter Co. on Industria] Telemetering 
Devices. He joined RCA in 1951 as 
a Systems Engineer responsible for 
design of large electronic fire control 
systems for shipboard application. In 
his present position, Mr. Gilmore is 
responsible for directing the Project 
and Systems Group of Information 
Handling and Photoelectronics Engi
neering. 

Mr. Gilmore is a Senior Member 
of IRE, a Member of the AlEE, the 
Society of American Military Engi
neers, and the Professional Group on 
Engineering Management of IRE. 

T. G. GREENE 
Editorial Representative 
Missile am] Radar Engineering 
1l1oorestowTI, N. J. 

Thomas G. Greene joined RCA in 
1942 as a Radar Testman and then 

served as a Radar and Electronics 
Officer in the U. S. Air Force. In 
1946 he returned to Rensselaer Poly
technic Institute where he obtained a 
BS degree in Electrical Engineering. 
After an additional year studying 
Management Engineering at RPI he 
returned to RCA. Mr. Greene served 
for five years on the staff of EPD 
Engineering Division doing Engi
neering Personnel work. This in
cluded responsibility for administer
ing the Specialized Engineering 
Training Program, college and field 
recruiting and labor relations. In 
1953 he joined Missile and Radar 
Engineering as leader of General 
Electrical Engineering Unit. 

W. K. HALSTEAD 
Editor;al Representa!it"" 
Computer Engineering 
Camden, N. J. 

Mr. Halstead graduated from Massa
chusetts Institute of Technology with 
a BS in EE in 1939 and from Ohio 
State University with the MS degree 
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In 1941. From 1939 to 1941 he 
taught as an assistant and instructor 
in the Electrical Engineering Depart
ment at Ohio State University, and 
from 1941 to 1944 in similar posi
tions at MIT. From 1944 to 1947 he 
was employed by the Polaroid Corp., 
Cambridge, Mass. and from 1947 to 
1950 as Chief Engineer of the W. S. 
MacDonald Co., Inc., Cambridge. In 
1950 he joined RCA in the Advanced 
Development Section, and became 
associated with the BIZMAC project. 
He was Supervisor in charge of the 
development of the BIZMAC Labora
tory System and in 1953 transferred 
to the Computing Systems Engineer
ing Section where he is now Manager 
of Computer Systems and Advanced 
Product Development. 

Mr. Halstead is a member of Tau 
Beta Pi, Eta Kappa Nu, an associate 
of Sigma Xi, Senior Member of IRE, 
a member of the Association for Com
puting Machinery and of the Society 
for Industrial and Applied Mathe
matics. 

H. KRIEGER, JR. 

Mr. Krieger graduated from Colgate 
University in 1942 with a Bachelor's 
Degree in Political Science and Eco
nomics. During the war, Mr. Krieger 
served in the U. S. Marine Corps as 
an air base communications officer 
and as a bomber group communica
tions training officer. 

At RCA he has been continuously 
associated with personnel activities, 
starting in the first Plant Training 
function at Indianapolis in 1946. In 
1948 he joined the General Office in 
the recruiting of experienced person
nel and college graduates, and in 
1950 became Operations Section Man
ager in the General Office Research 
and Employee Services Division. 
This latter responsibility involved co
ordination of personnel services. 

In December, 1951, he was given 
responsibility for establishing and 
administering the new Engineering 
Personnel Section to serve engineer
ing operations at Camden. 

D. G. C. LUCK 
Editorial Represen (ath-e 
At;iation Electronics Engineering 
Camden, N. J. -
Dr. D. G. C. Luck majored in Physics 
at Massachusetts Institute of Tech
nology, receiving a BS degree in 1927 
and a PhD in 1932. He was an As
sistant in the Department of Physics 
at MIT from 1929 to 1932. Dr. Luck 
joined the Research Division of RCA 
Victor in 1932, continuing with the 
Victor Division of the RCA Manufac
turing Company from 1935 to 1941. 
He became a Member of the Techni
cal Staff of RCA Laboratories Divi
sion upon its formation in 1942, and 
remained with them through 1953. 
Since January, 1954, he has held the 
position of Staff Engineer, Aviation 
Electronics Engineering. 

Work done by Dr. Luck at RCA 
Victor before World War II included 
the development of a metal detector, 
and of the first fully operative omni
directional range for aircraft guid
ance, as well as a study of pulse 
communication. During the war, he 
studied radio direction finders, and 
worked on special applications of air
borne FM radar. Since the war, he 
has studied problems of aircraft com
munications, position finding, and 
fire control systems, and of color 
television systems. Dr. Luck has pub
lished a number of technical papers 
and a book on FM radar, and holds 
approximately 50 U. S. patents. He is 
a member of Institute of Navigation, 
Sigma Xi, and American Physical So
ciety, and a Fellow of IRE. He has 
been active on Radio Technical Com
mission for Aeronautics Special Com
mittees on long range navigation aids, 
helicopter navigation, and "private 
line" communication. 

For outstanding contributions in 
airborne electronics, Dr. Luck re
ceived the "Pioneer in Airborne Elec
tronics" Award of the National Con
ference on Airborne Electronics. He 
has also been awarded the Ballantine 
Medal of the Franklin Institute, in 
recognition of his invention of an 
omni-directional radio range for air 
navigation, which led to the system 
adopted by the Civil Aeronautics Ad
ministration for all U. S. airways. 

C. F. McMORROW 
Editorial Representative 
Aviations Communications 
and Navigation Engineering 
Camden, N. J. 
Mr. McMorrow graduated from Rens
selaer Polytechnic Institute in 1949 

with a BEE degree. In addition, 
he attended Northwestern University 
from 1939-1941, majoring in Bu~i
ness Administration, and completed-_ 
courses in Business Administration 
at Drexel Institute. Mr. McMorrow's 
occupational experience includes work 
as a Commercial Shipboard Radio 
Officer; Toolmaker, American Bosch 
Corp.; Tool Design Engineer,. Wico 
Electric Co.; Program Director, 
WHAZ; and Transmitter Engineer, 
WMAS-FM. He joined RCA in 1949 
as a Design Engineer in Aviation Com
munications a~d Navigation Engi
neering. He is presently responsi~le 
for the product design and operation 
reliability of UHF airborne communi
cations equipment. 

Mr. McMorrow is a Member of the 
AlEE, IRE and the American Ord
nance Association. He is an amateur 
radio operator (W2GAG) and a 
licensed pilot. 

W. M. PATTERSON 
Editorial Representative 
Aviation Enginpering 
Camden, N. 1. 
Mr. Patterson graduated from Cor
nell University in 1932 with a BS in 
ME. He did post graduate work in 
Physical Metallurgy and Aeronautical 
Sciences. Mr. Patterson's occupa
tional experience includes employ
ment with Sellers Injector Corp., as 
Chief of the Valve Division and with 
Kellett Aircraft Corp., as Chief Ma
terials and Process Engineer. He 
joined RCA in 1954 as Manager of 
Mechanical Standards and Drafting, 
Airborne Fire Control Engineering. 
In this capacity he is responsible for 
operation of the drafting activity and 
for coordination of mechanical design 
activities. He has additional staff 
functions in integrating work of Air
borne Fire Control Engineering with 
other activities. 

Mr. Patterson is a Registered Pro
fessional Engineer in Pennsylvania 
and a Member of the American So
ciety of Metals. 

J. L. PETTUS 
Editorial Represent.ative 
Hollywood Engineering 

Mr. Pettus attended William Jewell 
College \1930-33) majoring in me
chanical engineering. His first em
ployment was with the Refinoil Cor
poration, Kansas City, Mo., as an 
~nstallation Engineer of oil proc
essing equipment. In 1937 he joined 
RCA at Indianapolis. He was as
signed to the Quality Department, 



working on sound reproducing and 
recording equipment. In 1940 he was 
transferred to the Engineering De
partment and assigned to the Instru
ment Design Group_ Here his efforts 
were concentrated on design of film 
recording galvanometers, noise reduc
tion shutters and optical systems. 
Just prior to W orid War II he was 
assigned the design of high-vacuum 
equipment for production of low-re
flection optical films and dichloric re
flectors. Early in 1940 he transferred 
to Camden and assumed responsibil
ity for film recording equipment de
sign. This assignment was soon in
corporated into a general reorganiza· 
tion of Film activity by a transfer to 
the Hollywood group. At the present 
time Mr. Pettus is a Leader, Mechani
cal Design for Film Recording. 

Mr. Pettus is a Member of the 
SMPTE and a registered mechanical 
engineer in the state of California. 
He is currently serving on the SMPTE 
Progress Committee. A member of 
Kappa Alpha Fraternity, he has fif
teen patents to his credit. 

J. H. PRATT 
Editorial 
Los Angeles 

Mr. Pratt, Leader, Development and 
Design Engineers, Los Angeles Engi
neering, graduated from the general 
course in Communication Engineer
ing at RCA Institutes, New York, in 
1938, and has taken graduate engi
neering courses at McGill University, 
Montreal. He joined RCA Engineer
ing Products Department, Montreal, 
in 1939, where he was engaged in 
design and development of aircraft 
transmitters, ground-based air-navi
gation and radar. He became Man
ager of Radar Engineering in 1951, 
then transferred to Los Angeles, 
where he worked on air-borne radar 
and Loran equipment. At present his 
group is engaged in radar develop
ment. 

Mr. Pratt has been awarded three 
patents, and is a Senior Member of 
IRE. 

J. H. ROE, Editorial Representative 
Broadcast Studio, Antenna 
and Transmitter Engineering 
Camden, N. J. 

Mr. Roe received his BS in EE in 
1930 and his MS in EE in 1932 
from the University of Minnesota. 
He was employed by the University 
until 1933 where he worked on a re
search project. He then joined RCA 

as a Tester for returned photo
phone equipment and became a Stu
dent Engineer in 1935. From 1936 to 
1947 he worked on TV studio equip
ment and in January of 1947 became 
Unit Supervisor in the TV Terminal 
Engineering. In July 1948 he was 
made Supervisor of Camera Engi
neering in the TV Terminal Section. 
He has held his present position, 
Group Manager, TV Cameras and 
Microwave, since 1952. In this capac
ity he is responsible for development 
and design engineering on all types 
of TV cameras for broadcast stations, 
microwave equipment for TV pro
gram relaying, and on kinescope re
cording and large-screen TV projec
tion. 

Mr. Roe is a Senior Member of 
IRE, Member of SMPTE, Tau Beta 
Pi, Eta Kappa Nu, and Sigma Xi. 

H. E. ROYS, Editorial Represefltative 
Optics, Sound ami Special l~ngineeri"g 
Camden, N. J. 
Mr. Roys received his BS in EE from 
the University of Colorado. After 
graduation he was with G. E. Co. in 
Schenectady until he joined RCA at 
Camden in 1930 and became associ
ated with the phonograph section. In 
1937 he became a member of ad
vanced development group of the 
Photophone section. From 1941 to 
1946 he was located with this group 
in Indianapolis, working mainly on 
disk recording and reproducing prob
lems. He returned to Camden in 1946, 
where he is now Manager of Optical 
and Recording Systems Development 
in General Engineering Development. 

Mr. Roys is a member of Tau Beta 
Pi and Eta Kappa Nu and has a 
number of patents to his credit. He 
is a Fellow of the Audio Engineering 
Society, the Acoustical Society of 
America, and IRE. He has actively 
participated in the Recording and 
Reproducing Standards Committee of 
IRE since its formation in 1949 and 
served ys Chairman for two times 
during 1950-52. 

L. M. SEEBERGER 
Editorial Representative 
General Engineering Developmen t 
Camden, N. J. 

L. M. Seeberger received a BS degree 
in EE in 1943 from the University of 
California at Berkeley. He served 
with the U. S. Army Signal Corps 
during the second World War as a 
radar officer. In 1946, he joined RCA 
and contributed to development of 
the television system for the Tele-

ran Link Demonstrator. Later he de
veloped the camera for the Teleran 
System. He was subsequently associ
ated with the design and evaluation 
that led the Graphecon storage tube 
from the research stage to practical 
use. Since 1951, Mr. Seeberger has 
directed a group of engineers en
gaged in advanced development of 
display devices, the most recent of 
which used the Direct View Storage 
Tube. In 1952, he was a mem
ber of the group that formed the 
preliminary r,ecommendations for 
"The Eyes of the Army" (TEOTA), 
His association with the Study of 
Army Television Problems began in 
1953, and in 1954, he became project 
coordinator for a comprehensive mili
tary television program. Mr. See
berger is presently Leader of the 
Military Television and Data Hand
ling Development group in General 
Engineering Development, EPD. He 
is a Senior Member of the IRE. 

B. F. WHEELER 
Editorial Represent.ative 
CmnmuFlicati"ns Engineering 
Camden, N. J. 

Mr. Wheeler is a graduate of the 
University of Kansas with a BS in 
EE degree. He operated an amateur 
radio station and was employed at 
Broadcast Stations WREN, Lawrence, 
Kansas and WKY, Oklahoma City 
from 1929 to 1940 as operator and 
Assistant Chief Engineer. In 1940 
Mr. Wheeler joined RCA and spent 
one year in design of FM Broadcast 
Transmitters. Following an assign
ment at the MIT Radiation Lab., he 
engaged in the design of naval fire 
control radar. In 1945, Mr. Wheeler 
joined the group responsible for pio
neering a 1000 mile, 4000 megacycle 
multichannel microwave relay system. 
In 1949 the RCA 960 mc microwave 
relay equipment was developed, fol
lowed by the RCA 2000 mc relay 
equipment in 1950. Until 1952, when 
a Communication System Engineer
ing was formed, Mr. Wheeler was 
also responsible for system appli
cation engineering. He has been Man
ager of Microwave Communication 
Engineering since 1947. 

Mr. Wheeler is a member of the 
RETMA Committee TR-14 on Micro
wave Communication Systems, a 
Senior Member of IRE,. a Member of 
the AlEE and a Licensed Professional 
Engineer in New Jersey. Mr. Wheeler 
has been issued nine U.S. Patents. 
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TECHNICAL STANDARDS FOR COLOR TELEVISION 

SUCCESSFUL STANDARDIZATION has 
played an important part in mak

ing the "vision at a distance" we 
know as television a commonplace 
reality in American homes. Elec
tronic engineers have devised a great 
many methods for producing and 
transmitting television pictures, but 
the thriving television broadcasting 
industry is founded on a specific set 
of signal specifications that were 
agreed upon by the industry's engi
neering pioneers and approved by 
the Federal Communications Com
mission following comprehensive field 
tests. It should not be assumed, how
ever, that standardization in the 
broadcast television industry has sti
fled the imagination or ingenuity of 
its engineers. The only part of a 
broadcast television system that re
quires strict standardization is the 
radiated signal. There are still many 
possible techniques for putting this 
signal together at the broadcasting 
plant and for utilizing it to produce 
pictures in home receivers. The past 
decade has seen tremendous progress 
in the development of improved ap
paratus for both ends of the tele
vision system. 

One of the most significant new 
developments in the television art is 
the evolution of compatible color tele
VlSlOn which operates within the 
broad framework of the older mono
chrome standards but which requires 
the introduction of new features in 
the standard radiated signal. It is 
the purpose of this paper to trace out 
a logical technical derivation of the 
compatible color television signal 
specifications, with particular empha
sis on the importance of standardiza
tion of certain parameters. To pro
vide an appropriate background for 
this derivation, it is reasonable to 
begin by reviewing briefly the major 
technical principles employed III 

monochrome television. 

BROADCAST STANDARDS 
FOR MONOCHROME TELEVISION 

A television system must necessarily 
embody some technique for convert
ing images into electrical signals ca
pable of conveying visual informa
tion. The technique used in practice 
is the scanning process, whereby a 
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Fig. l-Sketch of a television raster ar 
scanning pallern, showing line interlace. 
The solid lines are traced out during the 
forst downward vertical movement of the 
beam, while the dolled lines are traced 
out during the second vertical scan. 

sampling aperture is moved in a reg
ular geometric pattern over the image 
area. Because the scanning aperture 
must be moved with extremely great 
velocity to cover the entire picture 
area in a short period of time, it 
usually takes the form of an electron 
beam in a vacuum tube, which can 
be deflected readily by electric or 
magnetic fields. In the television 
camera tube, an optical image is con
verted into some sort of an electrical 
charge pattern. As the scanning beam 
moves over this charge pattern, it 
develops a signal voltage which varies 
according to the brightness of the 
picture element being scanned. This 
signal voltage is amplified, processed 

in various ways, and broadcast by 
radio transmission techniques to dis
tant receivers. In the television re
ceiver, the signal voltage controls the 
intensity of an electron beam which 
sweeps over the surface of a phos
phor screen in perfect synchronism 
with the original ~canning beam in 
the pickup tube. The beam excites 
the phosphor in such a way that each 
small area of the screen emits light 
in proportion to the brightness of the 
corresponding picture element, and 
thus the complete image is re-created. 
Certain standards must be established 
with respect to the scanning process 
if all broadcast receivers are to util
ize signals from any broadcast trans- _ 
mitter. The scanning pattern used for 
broadcast television in this country 
is a pattern of parallel lines gener
ated by moving the scanning aper
ture rapidly from left to right and 
somewhat more slowly from top to 
bottom; this motion is comparable to 
the motion of the eye when one is 
reading a printed page. The scanning 
pattern is interlaced; this means that 
only half the lines are scanned each 
time the beam moves down the 
screen. The set of lines traced out 
during each vertical motion of the 
beam is known as a field. On the 
first field, only the odd-numbered 
lines are scanned, while on the second 
scan the even-numbered lines (which 

The author (left) discusses with Mr. E. E. Gloystein a design change in 
the Colorplexer, a device which may be regarded as the "heart" of a 
compatible color television system. The Colorplexer encodes the red, 
green, and blue primary signals provided by a color camera to form a com- I 
patible color signal in accordance with the FCC color television standards. 

-



are interlaced relative to the odd
numbered lines) are traced out. Two 
fields make a frame, which is the 
technical term for a complete tele
vision image_ The complete set of 
lines in a television frame comprises 
a rectangular image area with an 
aspect ratio (that is, a ratio of width 
to height) of four to three_ 

The standard field and line fre
quencies in this country are nomi
nally 60 cycles per second and 15,750 
cycles per second, respectively_The 
major factors which influenced the 
choice of the field frequency were as 
follows: 

( a) Portrayal of objects in motion. 
As in motion pictures, a tele
vision system must transmit 
a series of still images at a 
sufficiently rapid rate to give 
the illusion of smooth motion 
in the scene. A field frequency 
of 60 cps corresponds to 30 
complete frames or images 
per second, which is a suffi
ciently high rate (the motion 
picture standard is only 24 
images per second). 

(b) Flicker. The large-area flicker 
frequency of 60 cycles per 
second provides somewhat bet
ter performance (i.e., it per
mits brighter pictures for a 
given level of flicker percep
tibility) than does the motion
picture standard of 48 light 
flashes per second. 

(c) Power Supply Frequency. Cer
tain hum pickup problems are 
minimized by making the tele
vision field frequency at least 
nominally the same as the 
power line frequency, and it 
is somewhat eaSIer under 
these conditions to design 
certain types of motor-driven 
studio equipment ( such as 
film projectors). The preva
lence of 60-cycle power lines 
in this country was a definite 
factor influencing the choice 
of this same number as the 
number of fields per second. 

The line frequency is made an odd 
multiple of the frame frequency so 
as to achieve line interlace automati
cally. 15.75 KC is 525 times the 
frame rate, or 26211:2 times the field 
frequency_ The ratio of the line fre
quency to the frame frequency de
termines vertical resolution in the 

pictures. The 525-line standards in 
use in this country provide images 
with about 480 active scanning lines; 
the remaining 45 or so are "blanked 
out" to allow time for the scanning 
beams to return from the bottom of 
the picture back to the top. 

Additional aspects of the mono
chrome signal that have been stand
ardized are the channel characteristic, 
the synchronizing waveform, and the 
modulation characteristic. 82 six
megacycle bands in the radio-fre
quency spectrum have been allocated 
for use as broadcast television chan
nels. 12 of these are in the so-called 
VHF (very high frequency) portion 
of the spectrum, interspersed with 
various other services in the range 
from 54 to 216 megacycles. The re
maining 70 channels are in the UHF 
(ultra high frequency) portion of the 
spectrum extending from 470 to 890 
megacycles. Within each six-mega
cvcle channel, there is an amplitude-
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Fig. 2-Spectrum sketch of a stand
ard television broadcast channel. 

modulated picture carrier located 
1.25 megacycles above the lower 
limit and a frequency-modulated 
sound carrier located 0_25 megacycles 
below the upper limit. The tech
niques used in transmitting and re
ceiving the sound signal are very 
nearly the same as those used in FM 
broadcasting, except that the maxi
mum deviation I frequency swing) 
permitted is 25 kilocycles instead of 
75 kilocycles. The picture signal is 
transmitted by the vestigial sideband 
technique; this means that most of 
the useful picture information is 
transmitted in the upper sideband, 
while only enough of the lower side
band is transmitted to permit a rela
tively simple technique to be used 
for the detection or demodulation of 
the signal. The maximum bandwidth 
permitted for the picture signal within 
the broadcast channel is approxi
mately 4.1 megacycles per second. 
This bandwidth limitation determines 
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Fig. 3-Sketch of a typical television 
signal for one scanning line, showing 
the relationship between signal fre
quency and pictorial detail or resolution. 

the horizontal resolution capabilities 
of the system, ~ince it limits the maxi
mum number of possible changes in 
the signal voltage during the fixed 
period of time available for the trans
mission of each scanning line_ 

Synchronizing information to keep 
the scanning circuits in receivers in 
step with those in the television cam
era is transmitted in the form of a 
train of pulses which occur during 
the blanking or retrace periods when 
no useful picture information can be 
transmitted. The standard synchro
nizing waveform is quite complex, 
but consists essentially of pulses that 
occur at line frequency plus a wide, 
serrated pulse that occurs at field 
frequency. Several techniques have 
been developed for the separation of 
line-frequency and field-frequency 
components from this waveform in 
television receivers to provide syn
chronization for the horizontal and 
vertical deflection circuits, respec
tively. 

The composite signal formed by 
adding synchronizing and picture in
formation is amplitude-modulated on 
a carrier frequency in such a way 
that an increase in brightness in the 
picture causes a decrease in the car
rier output. 

During the active scanning periods, 
the signal is always somewhere be
tween the "reference white level," 
which is set at 12.5% of the maxi
mum carrier level, and the "reference 
black level," which is set at 75% of 
maxim um carrier. The synchronizing 

Fig. 4-Waveform sketch of a tele
vision picture signal after modulatian 
on an RF carrier for transmission. 
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pulses, transmitted during the blank
ing periods, are added in such polar
ity that they swing "blacker than 
black" up to 100% carrier level. Use 
of a separate amplitude range for the 
sync pulses makes it relatively easy 
to separate the synchronizing infor
mation from the picture information 
by simple clipping circuits. 

A complete discussion of all the 
technical features of monochrome 
television systems is beyond the scope 
of this paper, but the foregoing sum
mary includes those signal charac
teristics which are most pertinent as 
building-blocks upon which to build 
the technical framework of compati
ble color television. 

THE COLORIMETRIC ASPECTS 
OF COLOR TELEVISION 

A color television system is required 
to transmit information pertaining to 
the three visual variables known as 
hue, saturation, and brightness, while 
a monochrome system is required to 
transmit brightness information only. 
Brightness is readily understood as 
that property of a color which en
ables us to locate it in a scale ranging 
from black to white or from dark 
to light. A monochrome television 
image controls the sensation of 
brightness by means of varying shades 
of gray, but additional information is 
needed to control the sensation of 
hue (which enables the observer to 
place the color in some such category 
as red, blue, yellow, green, purple, or 
the like) and the sensation of satura
tion (which tells the observer how 
far the color departs from the neutral 
condition toward a highly vivid 
state) . 

The primary color concept is used 
in nearly all practical processes for 
reproducing images in full color. It 
is an experimental fact that nearly all 
everyday colors can be matched by 
an appropriate combination of three 
primary colors. There are a great 
many possible sets of primaries, but 
those most useful for color television 
purposes are highly-saturated red, 
green, and blue. All the information 
required by the eye to perceive im
ages in full color can be transmitted 
by means of three independent tele
vision signals controlled by the red, 
green. and blue components of the 
original scene. Considered as a col
orimetric device. a color television 

Fig. 5-The primary-color mixing process, 
showing how various mixture colors can be 
achieved by the addition of red, green, and 
blue "primary" colors. 

system is essentially a means for con
necting red, green, and blue repro
ducing devices through suitable trans
mission channels to three pickup 
devices made sensitive to red, green, 
and blue light. Means must be pro
vided for achieving registration of 
the primary images at both ends of 
the system. The most widely-used 
color cameras at the present time 
employ three separate pickup tubes 
with special optical systems for form
ing three images that are identical 
in all respects except for the wave
lengths of light employed. The most 
common type of viewing device. is the 
tri-color kinescope in which the three 
primary images are produced in the 
form of very closely intermingled 
primary-color dots or lines which are 
too small to be resolved individually. 

COLOR TELEVISION 
AS A TRANSMISSION PROBLEM 

The application of the principles of 
colorimetry to color television is 
quite straightforward, thanks largely 
to the work of such groups as the 
International Commission on Illumi
nation in the preparation of stand
ardized data, diagrams, and tech
niques. The most difficult problem to 
be worked out during the evolution 
of a color television system· suitable 
for broadcast use lay in the area of 
transmission techniques. These prob
lems arose through the necessity of 
handling three independent signals as 
opposed to the single signal required 
for monochrome television. Factors 
which had to be considered in con
nection with the transmission prob
lem in color television were: 

(a) Spectrum Conservation. The 
radio frequency spectrum is 
one of the scarcest of our 
natural resources, and there 
are many broadcast and com
munications services clamor
ing for frequency allotments. 

C. R. Monro a.nd R. G. Thomas examine the signal waveform produced by the 
WA-7A linearity Checker. This .unit was developed to facilitate the testing of 
amplifiers, transmitters, and other television broadcast equipment for compliance 
with the transmission standards required for handling color television signols. 

The bandwidth requirements 
for television are quite great, 
even for monochrome pic
tures, because each television 
picture contains a tremendous 
amount of information. The 
FCC announced in 1949 that 
it considered the ability to 
operate within the same six
megacycle channel used for 
monochrome one of the basic 
criteria for color television 
systems. ThIS presented a real 
challellge to the industry's en
gineers, and emphasized the 
need for techniques permit
ting maximum effectiveness in 
the use of the limited spec
trum available. 

(b) The M uZtiplexing Problem. 
The necessity for handling 
three independent signal com
ponents in a color television 
system results in a need for 
multiplexing techniques for 
transmitting these independent 
signals through a single chan-
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Fig. 6-Simplified block diagram show
ing the applicotion of the primary 
cplor process to color television. 

nel. For many years, various 
sequential or time-division 
multiplex systems were ex
plored as possible answers to 
this problem, but the signal 
specifications finally adopted 
are based on techniques known 
as frequency interlace and 
two-phase modulation, which 
will be discussed below. 
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Fig. 7--:-A ty.pical ~atrix circuit for re·packaging the pri
mary vIdeo sIgnals In a compatible color television system. 

(c) The Compatibility Issue. Since 
monochrome television was 
already well established as a 
broadcast service before color 
television was developed to a 
point where commercializa
tion was possible, it was nec
essary to consider the eco
nomic conditions under which 
a color telecasting service 
would have to be introduced. 
The Radio Corporation of 
America pioneered in the de
velopment of a compatible 
color television system - one 
in which the transmitted sig
nal would be capable of ren
dering service to monochrome 
receivers, and which would 
permit receiver designs suit
able for the reception of either 
monochrome or color pro
grams without readjustment. 
The feature of compatibility 
enables broadcasters to initi
ate color broadcasting service 
without loss of audience, and 
makes it possible for the own
ers of color receivers to con
tinue to receive monochrome 
programs as well as those 
broadcast in color. 

The remainder of this paper will 
be devoted to a discussion of four 
basic techniques used to achieve spec
trum efficiency and to solve the mul
tiplexing problem in compatible color 
television. These are: (1) matrixing, 

Fig. 8-Test wedges for m.easuring resolving 
power for black-to-white, orange-to-cyan, and 
green-to-purple information. The block ar
rows indicate relative acuity characteristics for 
a typical observer at the critical viewing dis
tance where the center wedge can just be re
solved down to the bottom. 

(2) band-shaping, (3) two-phase 
modulation, and (4) frequency in
terlace. 

THE "PACKAGING" OF 

COLOR PICTURE INFORMATION 

Color picture information as it leaves 
a simultaneous color camera is 
"packaged" in the form of three 
video signals controlled by the red, 
green, and blue components of the 
image. Electronic engineers have 
discovered that by re-packaging this 
information in the form of a different 
set of three independent signals it 
is possible both to satisfy the com
patibility requirement and also to ad
just the bandwidths of the three 
signal components so as to achieve 
maximum efficiency in the use of the 
radio frequency spectrum. The re
packaging is accomplished by so
called matrix circuits, which cross
~ix the three primary-color signals 
m accordance with the following 
equations: 

M = .30 R + .59 G + .11 B 
1= .60 R- .28 G- .32 B 
Q = .21 R - .52 G + .31 B 

The. signal component designated by 
M IS very nearly identical to the 
output of a monochrome television 
camera, and consequently is capable 
of rendering good service to mono
chrome. receivers. This signal compo
nent is handled in all respects like an 
ordinary monochrome signal; that is, 
it is generated in accordance with 

PHOTO 
OF TEST WEDGES 

the conventional scanning standards, 
it is combined with the standard 
synchronizing waveform, and it is 
modulated on a carrier in a conven
tional television transmitter. The 
other two signal components, desig
nated as I and Q above, are known 
as color-difference or chrominance 
signals; they indicate how the color 
being transmitted differs from a white 
or neutral in two independent direc
tions on a color diagram in which 
white is plotted at the center. The 
I signal conveys information pertain
ing to color differ~nces in the orange 
to cyan (blue-green) direction, while 
the Q signal conveys information per
taining to color differences in the 
green to purple direction. Note that 
both I and Q go to zero when R = 
G = B, designating a white or neutral 
condition. To recover red,. green, and 
blue signals suitable for the control 
of a tricolor reproducer the M I 
and Q signals are passed through ~ 
second matrix circuit in the color 
television receiver which performs a 
cross-mixing operation that is the 
inverse of the original cross-mixing 
operation at the transmitting end of 
the system. 

Use of the matrixing or cross
mixing technique not only satisfies 
the compatibility requirement by pro
viding a signal component comparable 
to an ordinary monochrome signal, 
but also results in two signal compo
nents whose bandwidths can be greatly 
restricted without significant loss of 
useful information. Recent studies of 
the acuity or resolving power of the 
human eye have diclosed that the 
normal acuity for hue and saturation 
differences is much less than for 
brightness differences, and that acuity 
for color differences in the green to 
purple direction is considerably less 
than for color differences in the 
orange to cyan direction. This knowl
edge has been exploited by adjusting 
t~e bandwidths of the lV{, I, and Q 
sIgnals used in compatible color tele
vision so as to transmit no more than 
the required amount of information 
in each case. The M signal com
ponent, being comparable to an 
ordinary monochrome signal, is trans
mitted with a bandwidth of approxi
mately 4.1 megacycles, so that the 
brightness resolution in color images 
is nominally the same as for mono
chrome images. The bandwidth of 
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the I component is limited to approx
imately 1.5 megacycles, while that of 
the Q component is further restricted 
to only about 0.5 megacycles. Al
though the resolution of the final 
color images is not great with respect 
to color differences, enough informa
tion is transmitted to produce per
fectly satisfactory images at the nor
mal viewing distance. The eye cannot 
perceive color differences in very fine 
detail, so it is pointless to use spec
trum space to transmit high-resolu
tion color difference information. It 
was once thought that the reproduc
tion of high-quality color television 
.images would require three times as 
much spectrum space as for a com
parable monochrome. image (i.e., 
space for three primary signals, each 
4.1 megacycles wide). Thanks to the 
matrixing and band shaping tech
niques, it is now possible to trans
mit high-quality color images with 

leaving relatively vacant spaces in 
between. Through the so-called fre
quency interlace technique, these rel
atively vacant gaps can be filled with 
additional signal components. Fre
quency interlace is achieved by mod
ulating an additional video signal 
(like the I and Q components) upon 
a subcarrier which falls within the 
pass band of the main video signal 
but which is chosen as an odd mul
tiple of one-half the line frequency. 
Through such a choice of the subcar
rier frequency, the frequency com
ponents in the sidebands of the sub
carrier tend to fall in the gaps in the 
main video signal. Two independent 
signals added together in this fashion 
can later be separated through 'the 
persistence of vision effect. A sub
carrier added to a monochrome sig
nal tends to produce a pattern of 
spurious dots whenever the subcar
rier reaches a kinescope. These dots 

Fig. 9-Simplified block diagram illustrating the application of matrixing 
and band-shaping techniques to compatible color television. 

a maximum bandwidth of only 4.1 + 
1.5 + 0.5 = 6.1 megacycles, an in
crease of only 50% above the re
quirement for monochrome alone. 
Through techniques which are dis
cussed below, it is possible to achieve 
even greater savings in spectrum 
space. 

MULTIPLEXING PRINCIPLES FOR 

COMPATIBLE COLOR TELEVISION 

A casual examination of the channel 
characteristic used for monochrome 
television gives one the impression 
that the available spectrum space is 
already fully occupied by the mono
chrome signal component alone, leav
ing no space for the chrominance 
components. A more sophisticated 
study of the characteristic discloses, 
however, that the spectrum appar
ently occupied by a television signal 
is really not completely filled. Since 
the great majority of the informa
tion contained in a television image 
is repetitive at frame frequency, the 
signal energy in a video signal tends 
to be concentrated at harmonics of 
the line, field, and frame frequencies, 

are effectively cancelled out through 
persistence of vision, because the sub
carrier frequency is so chosen that 
on the second time a specific area in 
the image is scanned (one frame 
period later) the dots are automat
ically reversed in polarity. That is, the 
areas that were first made too bright 
by the subcarrier are now made too 
dark, and vice versa. Any residual 
effect resulting from incomplete can
cellation of the dots is inconsequen
tial at normal viewing distances. 

An additional technique known as 
two-phase modulation is employed to 
permit the two independent chromi
nance signals (I and Q) to be modu
lated upon two subcarriers of the 
same frequency, nominally 3.6 mega
cycles. The two sub carriers employed 
are 90 degrees apart in phase. They 
are each amplitude-modulated in sup
pressed-carrier fashion, and the two 
waveforms are simply added together. 
Whereas an ordinary AM signal 
varies with respect to amplitude only, 
the sum of two such signals varies 
both in amplitude and in phase. 
Study of the resultant subcarrier in 

a compatible color television system 
discloses the interesting fact that the 
phase varies as a function of hue, 
while the amplitude varies as a func,-., 
tion of saturation. 

The I and Q components can be de
modulated from the subcarrier in 
color receivers through a technique 
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Fig. IO-Waveform sketches for a small sec
tion of one scanning line, illustrating the fre
quency interlace principle. By choosing its 
frequency as an odd multiple of one-half the 
line frequency, a subcarrier signal to be added 
to a normal monochrome signal can be made 
to reverse its phase between successive scars 
of the same line. The effect of the subcarrier 
on a monochrome display can thus be effec
tively cancelled by the averaging process 
caused by persistence of vision. 

known as synchronous detection. This 
is accomplished by heterodyning the 
incoming subcarrier signal against 
two locally generated subcarriers of 
the same frequency but 90 degrees 
apart in phase in two modulators. 
The reinserted subcarriers must be 
synchronized in frequency and phase 
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Fig. II-Vector diagram illustrating 
the two-phase modulation process. 

with the original subcarriers back at 
the broadcasting plant. The special 
synchronizing information required 
to accomplish this is transmitted in 
the form of "bursts" of at least 3 cy
cles of the subcarrier frequency at a 
pre-determined phase timed so as to 
occur during the horizontal blanking 
periods immediately after each hori
zontal synchronizing pulse. These 
bursts are separated from the rest of 
the signals by time-gated circuits in 
the receiver, and used to control a 
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Fig. 12-Block diogram for two-phose modulation as used in color television. 

local oscillator through some type of 
automatic frequency control circuit. 

REVIEW OF COMPLETE 
COLOR TELEVISION SYSTEM 

To clarify how each of the techniques 
and principles discussed above is re
lated to the total system, it should be 
helpful to review a complete system 
from camera to kinescope, pointing 
out the major areas where standard
ization has been applied. 

A color television camera contains 
an optical system and some arrange
ment of pickup tubes suitable for gen
erating red, green, and blue signals 
from corresponding optical images. 
Colorimetric requirements for the 
camera are actually specified in terms 
of standardized receiver primaries. 
The FCC color television standards 
"pin down" the red, green, and blue 
primaries by specifying them in terms 
of "chromaticity coordinates" in the 
standardized CIE system of colorim
etry. From this information, it is 
possible to work through a series of 
calculations from standardized data 
to determine exactly what spectral 
response ( response versus wave
length) each pickup tube should have 
to achieve proper control of one of 
the primaries. The signal amplitudes 
are "balanced" by adjusting them for 
equality when the camera is directed 
at a white or neutral object, and a 
specific reference white (comparable 
to the quality of typical daylight or 
CIE Illuminant C) is recommended 

for use in receiver. Since kinescope 
characteristics are known to be non
linear, a technique for gamma cor
rection is recommended, whereby the 
red, green, and blue camera signals 
are passed through nonlinear stages 
with curvature opposite from that en
countered in kinescopes. 

The deflection circuits in the color 
camera are controlled by pulses de
rived from a synchronizing genera
tor. In compatible color television, 
there must be a definite relationship 
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Fig. 13-Waveform sketch showing the 
subcarrier burst used to synchronize 
the receiver oscillators in a compati
ble color television system. 

between the subcarrier frequency and 
the horizontal and vertical deflection 
frequencies. The color sub carrier 
frequency is chosen as the reference, 
and is set at 3.579545 mc ± 10 cycles 
in the FCC standards. Since it is 
necessary for the subcarrier to be an 
odd multiple of one-half the line fre
quency for proper working of the 
frequency interlace technique, the 
line frequency is specified as 2/455 
times the subcarrier frequency. This 
corresponds nominally to the 15.75 

Fig. 14-Simplified block diagram for the transmitting 
end of a compatible color television system. 
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KC line rate used for monochrome 
television, although the precise num
ber is 0.1 % lower. As in mono
chrome television, the field frequenc;y 
is specified a5 2/525 times the line' 
frequency, which is nominally 60 
cycles per second (actually 0.1 % 
lower) . 

The gamma-corrected red, green, 
and blue signals from a color camera 
are further processed in a piece of 
equipment known as a colorplexer or 
encoder. Here th€y are first ma
trixed or cross-mi;'ed to form the 
three signals designated M, I, and Q 
above. Equations for this matrixing 
process are set forth in the "Fcc 
standards, and the bandwidths to be 
allotted to each signal component are 
also specified. As noted earlier, these 
bandwidths are nominally 4.1, 1.5 
and 0.5 megacycles for M, I, and Q, 
respectively_ Filters are employed in 
the colorplexer or encoder to achieve 
this bandshaping. Delay networks are 
also included, since the standards 
specify that all signal components 
shall match each other in time within 
0.05 microseconds (if no delay com
pensation is used, the narrow-band 
filters would tend to introduce more 
delay than the wide-band filters). 
The colorplexer also includes modu
lators for modulating the I and Q sig
nals upon two subcarriers in phase 
quadrature. A keying tube controlled 
by burst flag pulses derived from the 
synchronizing equipment is used to 
generate the color synchronizing 
bursts. The standards specify that 
the phase of the burst shall lead the 
I component by 57°, and that the 
I component shall lead the Q compon
ent by 90°. The bursts are also fully 
specified with respect to duration, 
timing relative to the sync pulses, 
and amplitude. Finally, the color
plexer includes adder circuits for 
combining the monochrome or M 
component, the two-phase-modulated 
subcarrier, and the color synchroniz
ing burst. 

The amount of handling to which 
a color television signal is subjected 
after leaving the colorplexer depends 
upon the complexity of the broadcast 
plant. In small stations, the signal 
may be sent almost directly (usually 
through some sort of simple switch
ing system) to the transmitter. In 
more elaborate plants, the signal may 
pass through a number of distribu
tion amplifiers, switchers, stabilizing 
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amplifiers, and microwave relay links 
before it reaches the transmitter. 
Somewhere along the line (usually at 
the output of a switcher), the stand· 
ard synchronizing waveform must be 
added to produce a complete compos· 
ite signal. All of the equipment han· 
dling the color signal (including the 
transmitter) must be designed to 
operate within relatively narrow tol· 
erance limits with respect to the fol· 
lowing parameters: 

(a) Amplitude versus frequency. 
A change in response at the 
color subcarrier frequency 
relative to the lower frequen
cies causes an undesirable in
crease or decrease in the sat
uration of colors. 

(b) Envelope delay versus fre
quency. All signal compo
nents must arrive in time co
incidence at the second detec
tor of the receiver if certain 
edge effects or transients are 
to be avoided. The FCC stand
ards provide for envelope de
lay compensation at the trans
mitter for normal receiver 
errors in this resepct. 

(c) Differential gain. (Subcarrier 
amplitude as a function of 
monochrome level. ) If an 
amplifier or other device com
presses the signal in either the 
black or white region, there is 
a corresponding loss of color 
saturation in either the high
lights or the shadows. 

(d) Differential phase. (Subcar
rier phase as a function of 
monochrome level.) If sub
carrier components. transmitted 
near white level (correspond
ing to bright colors) are dis
torted in phase relative to 
those transmitted near black 
level (dark colors), there will 
be objectionable hue shifts as 

illumination conditions are 
varied in the televised scene. 

The FCC standards do not specify 
performance requirements for each 
individual piece of studio equipment, 
but overall tolerance limits are placed 
on the signal as radiated. It is con
sidered the manufacturer's responsi
bility to design equipment using no 
more than a fair share of the avail
able tolerances. Several RETMA 
committees are now exploring the 
problem of determining reasonable 
tolerance limits for individual pieces 
of equipment. 

As noted in the introduction to 
this paper, strict standardization in 
broadcast television is applied only 
to the radiated' signal. Receiver de
sign engineers know the capabilities 
of the signals radiated by broadcast 
stations, and know what must be 
done to produce high-quality images 
from those signals. While many var
iations in receiver design are pos
sible,. the basic functions which must 
be performed are outlined below. 

The signal brought in from a tel
evision receiving antenna is hetero
dyned down to an intermediate fre
quency range (usually in the vicinity 
of 40 megacycles) and amplified in 
a multi-stage IF amplifier. The band
width of the RF and IF portions of a 
color receiver must be somewhat 
wider than that normally provided 
in a monochrome receiver so as to 
pass the color subcarrier at full am
plitude. A rectifier-type second detec
tor is used to demodulate the com
posite video signal from its carrier. 
A sound channel consisting of a 4.5 
MC intermediate frequency amplifier, 
a~ FM detector, an audio amplifier, 
and a loudspeaker, is usually fed 
from the output of the video IF am
plifier. The video signal from the sec
ond detector is utilized in four cir
cuit branches as follows: 
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(1) The sync separator, which 
provides pulses for control of 
the deflection and convergeJ;lce 
operations associated with the 
color kinescope. 

(2) The burst separator, which is 
turned "on" by pulses derived 
from the horizontal deflection 
circuit. The separated bursts 
are used to control a local 3.6 
MC subcarrier oscillator. 

(3) The monoGhrome channel, 
which passes the monochrome 
signal 'component and rejects 
or attenuates the color sub
carrier frequency. 

(4) The chrominance channel, 
which consists of a band-pass 
filter centered around 3.6 MC, 
plus a pair of synchronous de
tectors adjusted to recover the 
two independent components 
of the modulated subcarrier. 

The monochrome signal and the 
demodulated chrominance signals are 
cross-mixed in a matrix network to 
produce red, green, and blue signals 
suitable for driving the correspond
ing guns of a color kinescope. The 
complete color image is then pro
duced on the kinescope's phosphor 
screen. 

Compatible color television system 
as approved for broadcast use in this 
country is the culmination of an en
gineering program of tremendous 
scope, so it is impossible to give more 
than superficial treatment of its many 
new and interesting features in a 
brief survey paper of this sort. It is 
interesting to note, however, that 
standardization has played an im
portant role along the way. Now that 
the basic signal specifications have 
been established, we can expect an 
era of rapid progress in the develop
ment of improved apparatus and cir
cuits for both broadcasting plants 
and receivers. 
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LAND-MOBILE COMMUNICATIONS 
by 

J. R. NEUBAUER, Mgr. 
Communications Systems Engineering 

Engineering Products Division, Camden, N. ] 

T HE MAJOR growth and develop
ment of land-mobile radio has 

occurred over the past ten years; 
however, the use of vehicular com
munications dates back more than 30 
years. The most familiar application 
has been in the public safety organi
zations, such as the police and fire 
cars and trucks. Improvements in de
sign effecting better and more reli
able performance and substantial re
ductions in cost has opened many 
new industrial markets. Organiza
tions whose major activities extend 
over large areas have found two-way 
radiotelephone an important tool for 
expediting better customer service 
and reducing operational cost. The 
land transportation services, petro-

leum and natural gas pipelines and 
public utilities, have pioneered in 
many new applications, which have 
provided instant coordination of their 
complex activities. In recent years, 
the use of short range, low power 
equipment has established its useful
ness to large manufacturing plants 
and public works construction con
tractors. These users have need of 
rapid, flexible communications within 
a confined area. There are many 
more applications in urban or metro
politan communities, such as taxis, 
towing, water and heating services, 
etc., which have been able to provide 
improved lower cost service. The 
aforementioned two-way radio users 
represent only a portion of the total 
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variety of activities, of which land
mobile radio has become an essential 
operating facility. 

FREQUENCIES USED 

In the United States, the equipment 
available has been designed to utilize 
frequency modulated carriers in or
der to obtain the improved transmis
sion efficiency and better receiver sig
nal to noise performance. These 
characteristics are particularly advan
tageous in the mobile unit. Propaga
tion of signals is permitted by the 
Federal Communication Commission 
on three groups of frequencies. The 
lowest, which is 30-50 mc, is used by 
organizations needing coverage up to 
50 miles. The middle range, which 
is 152-174 mc is used, where cover
age limited to 25 miles is adequate. 
'The highest range is 450-460 mc, 
which is effective over a radius of 
10-20 miles, depending to a consid
erable degree on the nature of the 
terrain and the height of the antenna. 

BASIC SYSTEMS 

The average operational requirements 
are fulfilled with three basic system 
arrangements. The most frequently 
used is a centrally located base sta
tion, which communicates with a 
number of mobile units, whose range 
will be determined by the height of 
the antenna, nature of terrain, trans
mitting power, receiver sensitivity, 
and local interference. The range of 
coverage often requires the location 
of the station equipment at a site, 
not convenient, by reason of distance 
or otherwise, to direct local control. 
These stations are dispatched by re
mote control over a telephone line. 
The second basic system function is 
intercommunication between fixed 
stations within a common group. This 
is usually accomplished by using an 
alternate frequency to avoid inter
ference to the mobiles, which, in 
many systems are provided with an 
alternate frequency, in order that 
they might intercommunicate with 
each other. Another less frequently 
used system is the repeater station. 
These provide an effective solution 
to the problems of economically ex
tending the range of the base station, 
either as a substitute for uneconomi
cally long or non-existent telephone 
lines, or as an unattended automatic 
booster. In special applications, VHF 

J. L. Santaro adjusting standby monitoring unit of auto

matic repeater station before being shipped to customer. 

fixed stations are used to automati
cally transmit telemetering signals or 
receive supervisory control signals at 
remote power substations, petroleum 
tank farms or water control projects. 

SYSTEM REQUIREMENTS 

The communication engineer must 
analyze and consider a wide variety 
of physical, electrical and economical 
problems in the design of land-mo
bile communication facilities. The 
physical aspects range from station 
location, buildings, towers, and 
standby power to the units opera
tional effectiveness over a wide range 
of environmental conditions, such as 
vibration, shock, temperature, and 
humidity. Electrically, he must rec
ognize the limiting effects of propa
gation, interference, noise, distortion 
and existing frequency assignments. 
Considerable thought on system su
pervision, both manual and auto
matic, is required to provide reliable 
operation. Competition is keen in the 
communication industry and the en
gineer must always be alert to im
provement of performance and re
duction of cost. 

STANDARD UNITS 

The standard transmitter-receiver and 
control system fulfill the most fre-

quent demand for voice communica
tion; however, the effectiveness of 
even the simplest arrangement is 
often determined by the degree of 
engineering planning. In our dis
cussion of problems related to cus
tom engineered systems, it will be 
noted that many of them also influ
ence the operational effectiveness of 
the standard station. The locally 
controlled station, while relatively 
simple to install and operate, requires 
evaluation of propagation, frequency 
allocation, and interference. The tele
phone line remote control station re
quires similar consideration, and in 
addition, needs a determination of 
the wire line characteristics. Stand
ard mobile communication units are 
basically designed as a package unit 
with several stock options, such as 
power output, multiple channel and 
6 or 12 volt primary power supply 
to allow application in most systems. 

CUSTOM ENGINEERED SYSTEMS 

The custom engineered system de
mands detailed consideration of a 
number of related equipment charac
teristics, which have an accumulation 
effect in reducing the system per
fonnance. These problems, which in
clude desensitization, intermodula
tion, spurious emission and response, 
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noise and distortion, must all be eval
uated, when planning radio link con
trolled stations, automatic repeaters 
(or "boosters" I and multiple repeater 
chains for extended control. Other 
types of custom engineered installa
tions include stations for effecting 
supervisory or selective control of re
mote facilities. There are many in
stallations where a complete sequence 
of operations can be initiated and 
confirmed by sequential pulsing or 
multiple tone signals. Petroleum 
pipeline pump stations can be oper
ated without any human attendant 
from distances of 50 miles or more 
and further when the VHF control 
circuit is extended through a micro
wave repeater system. Such an opera
tion consists of starting and stopping 
pumps, opening and closing by-pass 
and main valves, and by telemeter
ing; observation of pressure,. flow 
and reservoir tank level. A similar 
degree and variety of functional op
erations at an electric power sub
station is also possible. With the re
cent expanded development of micro· 
wave systems has come the practice 
of integrating land-mobile stations 
with multiplex voice and control 
signal circuits to provide an even 
greater degree of effective coverage 

and control. The last decade has 
witnessed the growth of the nation's 
superhighways, and RCA engineers 
have played a vital role in develop
ing the very flexible communications 
required. The functions of adminis
tration, maintenance, patrol, and cus
tomer service would be completely 
ineffective, withou't centralized com
munications. These systems require 
the design and development of master 
control systems which are equal to, 
and often exceed, the circuit com
plexity of the major broadcast net
works. 

Though standardization of system 
components is desirable, the specific 
requirements of some users demand 
special engineering of the mobile 
unit as well. To permit interference
free communication in areas where 
stations in the same system overlap 
in their coverage, controllable direc· 
tional antennas have been designed. 
These bi-directional antennas permit 
the vehicle operator to select the 
strongest of two signals. To solve the 
problem of privacy and system traf
fic loading, the mobile units are 
equipped with a selective ringing 
device, which can be made to operate 
in both station-to-car and car-to
station communications. 

PROPAGATION ANALYSIS 

The analysis of all land-mobile syS",' 
tern equipment design requirements, 
both standard and custom engi
neered, requires a study of the propa
gation effectiveness of the terrain 
which is encompassed by the func
tional area of the various vehicles. 
This subject has received consider
able attention in recent years and 
theoretical study has: been proven by 
practical ex.perience to a degree 
which permits Ii useful calculation of 
the communicating range. Such fac
tors as free-space attenuation, at
mospheric diffraction, obstruction 
losses and surface conductivity all 
contribute to the design requirements 
which determine frequency, radiation 
efficiency, carrier power, receiver 
sensitivity and allowable interference. 
The rapid increase in the number of 
users has made the selection of fre
quencies increasingly difficult as each 
portion of the spectrum has become 
more crowded. Recently, the FCC has 
suggested new rules in the lower fre
quency bands, which will reduce the 
allowable bandwidth from 40 kc to 
20 kc_ This permits doubling the 
number of assignments but intro
duces new system design problems in 
intermodulation and adjacent chan
nel interference_ Another aggravating 
phenomena of the 30 to 50 mc fre
quency band is long range iono
spheric propagation, which occurs 
as a result of ducting in the E & F 
layers_ This phenomena reaches its 
peak during the height of the 11-
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year sunspot cycle and produces sig
nals having perfect free space char
acteristics, allowing usable signals 
to propagate over 1500 or more miles 
from transmitters of relatively low 
power. 

ANTENNA SYSTEMS 

The r-f propagation characteristics 
will govern to a large degree the de
sign of the antenna system. The most 
effective station-to-mobile coverage is 
provided by antennas having an 
omnidirectional low angle of radia· 
tion with the lobe maximum directed 
at the horizon. This is also effective 
in reducing co-channel interference. 
Such antennas are usually vertically 
polarized to accommodate the most 
convenient vehicle type and are 
mounted over a ~A ground plane or 
are collin early stacked as dipoles and 
fed in phase to produce a flat dough
nut-shaped pattern. The ground-plane 
type is limited to a power gain of 
1.64X as compared to the stacked 
dipoles which will yield 2.5 to 3X 
gain on lower frequencies, in practi
cal designs, and up to 14X at UHF. 
In point-to-point control applications, 
it is the usual practice to use yagis or 
corner reflectors, to provide up to 7.5 
db forward gain. In special system 
designs where the shape of the area to 
be covered needs to be controlled, 
antennas having special patterns, 
such as cardioidal or figure 8, are 
installed. 

PROPAGATION SURVEY 

A propagation analysis can be made 
with reasonable accuracy, using 
U. S. Coast and Geodetic survey maps 
or other comparable topographical 
charts, which allow a determination 
of the physical profile of several 
radials whose origin is the transmit
ting antenna. More accurate infor
mation can be derived by a physical 
inspection and an actual series of 
test transmissions from selected loca
tions. The usual procedure is to com
bine these operations to effect an 
economical compromise. The results 
of these observations and studies can 
be used mathematically to obtain the 
useful margin of signal which ex
ceeds the quieting threshold of the 
receiver. The minimum excess signal 
will be determined as being that 
which is required to provide a stable 
noise-free circuit having less than 
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10% distortion over the normal 
speech range of 300-3000 cycles per 
second. In our discussions on per
formance limits and design methods, 
we will detail those characteristics 
which contribute negatively or posi
tively to this goal. 

PERFORMANCE LIMITS 

Throughout this discussion we have 
briefly mentioned equipment charac
teristics which degrade the overall 
performance, when their accumulated 
effects exceed the minimum system 
limit of noise, distortion and relia
bility. Whenever receivers are an 
active part of the system simulta
neously with a nearby transmitter, 
i.e., radio control or automatic re
peaters, they are subjected to de
sensitization or loss of effective quiet
ing. This occurs as a result of loss 
of gain in the first stage of the re
ceiver, from bias developed by the 
strong r-f field at the receiving an
tenna, or intermodulation products 
developed by the carrier and har
monics of the injection oscillator,. in 
the first converter due to non-linear
ity, which is an inherent mixer char
acteristic_ Intermodulation not only 
occurs in the receiver but is also ex
perienced when two or more trans
mitters having a near-field relation
ship of less than 60 db attenuation, 
will generate new signals of several 
microvolts at distances up to 5 miles. 
This is a result of mixing of carrier 
energy in the non-linear Class C 
power output stage of transmitters 

operating on frequencies within 5 to 
10 mc of each other. Problems,in 
intermodulation not only arise withi'n 
common systems, but are often en
countered in connection with ad
j acent systems whose physical loca
tion and frequency assignment are 
such as to produce undesirable inter
ference. Another source of interfer
ence is encountered in the harmonic 
radiation of the transmitter, originat
ing in the excite'r. The harmonic 
energy of the exciter multiples will 
be amplified through all the stages of 
transmitter and will appear in the 
tunable range of the output stage as 
high as 70 to 80 db down from the 
desired carrier. 

The ratio of signal improvement 
in terms of the number of db gained 
by increases in power to the eco
nomic factors of first cost, plus main
tenance, limits the maximum useful 
transmitted power to 250 watts; the 
average installation provides excel
lent service with 60 watts. The need 
for additional frequency allocations 
has demanded improved selectivity in 
the receiver; but again, there is a 
limit which must be considered as 
the bandwidth is reduced. The de
terioration in noise improvement 
becomes the lower limit as the linear 
portion of the modulation band is 
reduced. 

DESIGN METHODS 

The communication engineer has sev
eral tools he can employ in designing 
an effective system. The problems of 
desensitization, intermodulation and 
spurious emISSIOns are primarily 
solved by a thorough study of avail
able frequency allocations to deter
mine the best compromise assign
ment. Additional improvement can 
be obtained by use of decoupling. 
This can be accomplished by physi
cal separation, selective filters and 
the inherent rejection characteristics 
of the antenna systems. To keep the 
accumulation of noise at an accept
able level requires the application of 
several known methods. The assur
ance of adequate reserve r-f signal, 
low distortion automatic control of 
audio levels, and proper choice of 
operating levels will have the greatest 
effect in maintaining good intelligi
bility. These methods plus limiting 
the modulation to no more than the 
level necessary for an adequate 
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signal-to-noise ratio, will keep the 
distortion to a minimum_ When inter
connecting a number of transmitters 
and receivers with other control de
vices and other station combinations, 
either through direct control circuits 
or radio relay links, it will always be 
necessary to provide interlocking 
control systems to assure smooth op
eration. The design of switching cir
cuits is a major activity in all large 
communication networks. This dis
cussion has only attempted to give a 
panoramic view of the principal 
aspects of the design and develop
ment of land-mobile communications. 
We will summarize by describing two 
typical systems currently in opera
tion. 

TYPICAL VHF REPEATER SYSTEM 

An excellent example of a VHF land
mobile system, which has a full 
variety of functional arrangements, 
is a Government operated system lo
cated across the State of North 
Dakota. This system employs repeat
ers not only to control remote base 
stations, but to provide point-to
point communications as well. In 
addition, the mobile units are able to 
intercommunicate with each other, 
either directly car-to-car or through 
any part of the repeater chain. There 
are eight stations, two of which are 
equipped with local control so ar
ranged as to permit breaking the 
system to allow independent opera
tions in each portion. Two of the 
stations (Dawson and Carrington) 
act as connecting repeaters only; the 
remainder each having a local base 
station operated through the repeater 
system, from either a car or one of 
the dispatching stations (Bismarck or 
Jamestown). The frequency assign
ments are arranged to minimize in
terference and each car is capable of 
selectively transmitting to the base 
station of whichever area in which 
he is located. To describe in any de
tail the design considerations of this 
system is beyond the scope of this 
article, but the reader should recog
nize from the foregoing discussions 
some of the typical problems which 
would be encountered. 

INTEGRATED MOBILE-MICROWAVE 

SYSTEM 

Another type of land-mobile system 
is that which is integrated into a 

microwave system. RCA pioneered 
in this application in the development 
of the New Jersey Turnpike system 
and is currently in the process of in
stalling a similar facility for the Ohio 
Turnpike Commission. These systems 
provide centralized control to many 
fixed and mobile units. These include 
fixed stations at the toll interchanges, 
maintenance centers and patrol head
quarters. The mobile units can com
municate not only with the central 
dispatcher and each other, but with 
all other fixed stations as well. At 
all times each fixed station is under 
direct control of the administrative 
operator, but in addition,. the main 
fixed stations will operate as auto
matic repeaters and re-transmit the 
received signal at all other main 
transmitters. All of these functions 
are performed by control signals and 
multiplexed voice carriers which are 
carried upon the wide band micro
wave beam. Each of these derived 
channels carries out all the functions 
of a physical pair of wires. In sys
tems of this type several multiplex 
channels are used to enable a wide 
variety of interlocking control func-
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tions and audio switching and rout
ing. To prevent audio energy from 
more than one source from simul
taneously modulating the transmit
ters, an elaborate sequence of pro
tective lockout signals maintain pref
erential paths for audio information. 
In all cases, however, the central dis
patcher has the privilege of super
visory control. In such a system as 
this, where many types of voices are 
in use, an autom~tic level control 
maintains a 4 db output range over a 
30 db input variation. The use of bi
directional station antennas re~tricts 
the propagation to the right-of-way 
and the area of interference between 
adjacent stations is overcome by the 
controllable bi-directional mobile 
antenna. 

As has been indicated by these 
brief system descriptions, the scope 
of mobile system design is a broad 
one. There are no fixed set of rules, 
since the users keep their ideas of 
communication adequacy in step with 
every new development. The growth 
of land-mobile radio will always be 
paced by the industrial growth of the 
nation. 

Controlloble 
Bi-directionol Mobile 

Antenno 
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Fig. 1-Photograph of small 
gas-filled tubes and a devel
opmental power transistor. 
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LOOKING AHEAD 

IN RESEARCH ON 

GASEOUS CONDUCTION 

PROCESSES 

by 

EDWARD O. JOHNSON 
RCA Laboratories 

Prinuton, N. J. 

DURING THE first quarter of the 
present century there was much 

interest in the conduction of electricity 
through gases, and the field engaged 
the attention of many of the best 
physicists of the day. Studies in this 
field led to the birth of atomic and 
nuclear physics and these lusty new 
infants soon relegated gaseous con
duction phenomena to a minor role 
in physics. During the recent war, in
terest was revived because of the need 
for special electronic devices in radar, 
for example. This interest increased 
after the war and rapid research prog
ress was made largely because of 
greatly improved measurement tech
niques based on microwave and high
speed oscilloscope methods. From the 
practical standpoint there was an in
tensive search for new devices and 
means for improving existing ones 
such as TR tubes, thyratrons, and 
Geiger counters. 

In 1947 a program of fundamental 
research in the field was initiated at 
the Princeton Laboratories. The hope 
that an understanding of the conduc
tion processes in gases would lead to 
practical progress soon bore fruit and 
a number of promising new devices 
were born. The potential importance 
of these, however, has been largely 
overshadowed by the rapid develop
ment of solid-state devices such as the 
transistor. Confronted .by such com
petition, research efforts in the gase-

ous conduction field were redirected 
to regions which, it is believed, solid
state devices would be least likely to 
invade. The considerations involved 
in the selection of these new regions of 
research can be appreciated if a brief 
and elementary comparison is made 
between electrical devices that operate 
with different modes of conduction. 

INVESTIGATIONS PRODUCE NEW 
GAS-FILLED TYPES 

In vacuum tubes one is primarily con
cerned with one type of current car
rier, the electron. In gas-filled tubes, 
on the other hand, the concern is not 
only with mobile electrons but also 
with mobile positive ions. The addi
tion of positive charges to the roster 
of current carriers in a tube greatly 
increases the complexity of operation 
and makes possible many new types of 
devices. For example, the positive 
ions can be used to neutralize the elec
tron space charge so that high cur· 
rents can be passed at low anode volt
ages. Because of this, the hot-cathode 
gas tube, such as the small thyratron 1 

shown at the extreme left in Fig. 1, 
passes about a hundred times as much 
current as a comparable sized vacuum 
tube when operated with an anode po
tential of ten volts. This feature makes 
the thyratron attractive for power ap
plications where efficiency is impor-

1 The Thyratron was invented by C. W. 
Pierce in 1914. 
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Fig. 2-Potential distribution in a plasmatron gas tube. Fig. 3-Volt-ampere characteristics of a typical developmental plasmatron. 

tant. Unfortunately, however, once 
started the anode current cannot be 
conveniently switched off by the con
trol grid as is the case with the vacuum 
tube. A major part of the Princeton 
group's efforts was aimed at under
standing this troublesome phenom
enon and devising means to circum
vent it. As hoped, an understanding 
of the conduction mechanism quickly 
led to a number of inventions. The 
first of these, the plasmatron,2 com
bines the high-current low-voltage op
eration of the thyratron with the con
tinuous control feature of the vacuum 
tube. The second, the tacitron,3 op
erates like the ordinary thyratron 
shown in the photograph but has far 
less spurious noise output and i'l 
capable of very rapid grid cutoff. A 
third new type of tube, the low-drop 
thyratron, is similar to the conven
tional thyratron in operation and con
struction yet only requires one-half or 
one-third as much anode potential for 
rated current output. These charac
teristics have made the low-drop thyra
tron desirable for use in low-voltage 
applications. 

From top to bottom in Fig. 1 are 
shown a conventional small thyratron, 
a developmental plasmatron, a devel
opmental power transistor, and a de-

2 Proc. I.R.E., pp. 645·659, June, 1952. 
3 Proc. I.R.E., pp. 1350·1362, September, 

1954. 

velopmental tacitron. The low-drop 
thyratron is not shown; the transistor 
will be considered later in the dis
CUSSlOn. 

THE PLASMATRON AND HOW 
IT OPERATES 

The plasmatron is the most interesting 
of these new gas tubes to consider 
since it clearly illustrates the very close 
similarity between gas and solid-state 
devices, points up the advantages and 
potentialities of the latter, and indi
cates the best directions for research 
in the gaseous conduction field. In 
Fig. 2 is shown the distrib.ution of elec
trical potential between the emitter 
and collector of a plasmatron tube. On 
the left of the figure is an ordinary 
hot oxide cathode which acts as an 
electron emitter; on the right is the 
electron collector or anode. Both 
electrodes are spaced about one centi
meter apart in a low-pressure atmos
phere of a noble gas such as helium. 
As a result of the ionization produced 
by energetic electrons in an auxiliary 
discharge (whose electrodes are not 
shown in the figure) , a cloud contain
ing equal densities of free electrons 
and positive ions is produced in the 
region between the emitter and col· 
lector. Such a cl~ud, called a plasma, 
is characterized by the almost com· 
plete absence of electric field and is 
electrically similar to the situation 
which exists inside a solid conductor 

or semiconductor where the total 

densities of positive and negative 
charges are equal. Electrons injected 
at the emitter diffuse through the 
plasma by virtue of density gradients 
and very small electric fields. Unim
peded by the space charge that limits 
electron current flow in a vacuum 
tube, these electrons travel to the edge 
of the depletion layer which covers 
the collector. The relatively high 
electrical field inside the depletion 
layer rapidly propels the electrons 
into the collector. 

Control of the electron current 
flowing to the collector is achieved by 
modulation of the electron current 
flowing in the auxiliary discharge. 
The latter current determines the 
density of the free electrons and ions 
in the plasma and hence the plasma 
conductivity. Because of long ion life
times in the plasma and efficient 
charge generation in the auxiliary 
discharge, the plasmatron has a sub
stantial current and power gain. 

HAS "TRANSISTOR-LIKE" 
CHARACTERISTICS 

The potential distribution in Fig. 2 
will be recognized as having the same 
form as the one associated with the 
n-p-n transistor. This similarity fol
lows because the pertinent phenom
ena in the two devices are basically 
the same. For example: 1) the base 
region in the transistor is also plasma. 

47 



48 

like in behavior and conduction 
though it occurs by a diffusion proc
ess; 2) the depletion layer at the 
collector is physically the same thing 
in both devices; and 3) the barrier 
height at the emitter is approximately 
kT/e volts in both the plasmatron 
and the transistor. Consequently,· it 
is not surprising to find that the volt
ampere characteristics of a plasma
tron, of which a typical example is 
shown in Fig_ 3, are also similar to 
those of a junction transistor. 

The control action in the n-p-n 
transistor is achieved by variation of 
the base-to-emitter potential. This 
serve~ to vary the emitter barrier 
height and hence the emitted current. 
However, this cannot be done in the 
plasmatron because of difficulties as
sociated with "getting hold," electri
cally speaking, of the gaseous plasma. 

The close, analogy between plasma
tron and solid-state operation is 
further emphasized by the similarity 
of operation of the unipolar "field 
effect" transistor and the plasmatron 
when the latter has a grid structure 
placed in the plasma between the 
emitter and the collector. In both 
devices the collector current is modu
lated by the action of the depletion 
layer which surrounds the grid elec
trode. 

SEMICONDUCTORS OFFER ADVANTAGES 

Some of the basic advantages of 
semiconductor devices are imme
diately obvious. First of all, no 
heated cathode is necessary to pro
vide carrier emission. Secondly, de
vices with the emission of either sign 
of carrier can be constructed. For 
example, the n-p-n transistor previ
ously discussed could just as well 
have been a p-n-p transistor in which 
the current carriers would have been 
positive charges, or "holes," instead 
of electrons. Thirdly, the plasma-like 
region is automatically present with
out requiring auxiliary means of 
generation. Besides these obvious ad
vantages there are a number of other 
important ones such as: 1) a semi
conductor device can be much smaller 
in size than a gaseous conduction de
vice for the same current-handling 
capability because of the much higher 

E. O. JOHNSON received his 
B.S. in E.E. from Pratt Institute of 
Brooklyn in 1948 and has continued 
his studies at Princeton University 
and the Swiss Federal Institute of 
Technology, Zurich, Switzerland. 
From 194R to 1954 he was engaged 

plasma densities that are quite nat
urally obtained in a solid; 2) there 
is no mechanical damage from the 
motion of heavy charged particles 
since these are securely anchored in 
the crystal lattice instead of being 
free to move and "sputter" the elec
trodes as is the case in gaseous con
duction devices; 3) a multitude of 
new devices and types of operation 
are possible because the semicon
ductor possesses fixed and mobile 
charges of both signs. Item 1 is dra
matically emphasized by the differ
ence in size between the transistor 
and the tubes shown' in the photo
graph of Fig. 1. All have approxi
mately the same current rating. 

It is interesting to note that the 
solid surfaces (electrodes, insulators, 
tube envelope, etc. I, which neces
sarily surround the active volume in 
a gas/tube, behave in a predictable 
man~er with respect to the gaseous 
conduction process and thereby intro
duce relatively few technological 
problems. Unfortunately, quite the 
opposite is true with a solid state de
vice which has its active volume sur
rounded by a gaseous atmosphere. 
Difficulties arising from this fact are 
presently a major concern in the re
search, development, and production 
of semiconductor devices. 

in research at the Princeton Labora
tories in the gaseous conduction field. 
Since his return from a year's leave 
of absence at Zurich he has been pur
suing research in the solid state field. 
Mr. Johnson is a member of the IRE, 
Sigma Xi, and Tau Beta Pi. 

MERCURY-POOL RESEARCH INDICATED 

Comparisons of the sort discussed 
above have made it seem judicious 
to concentrate research in the field of 
gaseous conduction on the mercury 
pool discharge. Tubes which operate 
with this type of discharge do not 
appear to be so basically at a disad
vantage when compared to solid-state 
devices. These tubes, which presently 
find wide application for very high 
power rectification and control pur
poses, require no hot cathodes or ar
tificially generated plasmas, operate 
with extremely high currents and cur
rent densities (perhaps a million 
amperes per square centimeter), and 
have very long life largely because of 
a cathode surface that renews itself 
as fast as it is sputtered away. Very 
encouraging progress has been made 
in understanding this complicated 
discharge, and it is anticipated that 
this will lead to the development of 
improved means for overcoming the 
discharge's main drawback, the rela
tively high power required to initiate 
conduction in a low-power tube. This 
project, along with one on the phe
nomenon of sputtering, is intimately 
concerned with the little understood 
and potentially important processes 
that take place at the interface be
tween a solid or liquid surface and a 
gas. 
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MODULATED RADIO FREQUENCY SIGNAL 
AMPLIFIER (Patent No. 2,714,634) -granted 
Aug. 2, 1955 to J. R. HALL, ENGINEERING 
PRODUCTS DIVISION, Camden, N. J. A modu· 
lated RF input signal is separated into its 
phase components by limiter 11 and its am· 
plitude component by detector 12. The phase 
component is amplified in two parallel paths 
14, 17, 18 and 15,20,21 and cancelled out in 
output circuit 23. The amplitude compon
ent, thm modulator 16, applies quadrature 
modulation components in the two paths so 
that the resultants are differentially phase 
modulated signals. The modulation compon
ents add in the output circuit to recreate the 
input signal in amplified form. 

Pat. No. 2,714,634 

VOLTAGE REGULATING SYSTEM (Patent No. 
2,711,507)-granted June 21, 1955 to M. 
SISKEL, ENGINEERING PRODUCTS DIVISION, 
Camden, N. J. In order to provide "fail-safe" 
operation in a voltage regulating system of 
the type having a degeneratively operated 
series control tube 18, a tube 52 is connected 
to the tube 18 as a cathode follower, and a 
tube 44 has its anode coupled directly to the 
grid of the tube 52. The heater elements of 
the tubes 44 and 52 are connected in series. 
A sample voltage, proportional to the voltage 
across the load, is fed back to the tube 44 in 
such a manner that its plate impedance is 
varied inversely with variation in the magni
tude of the sample voltage. 

Pat. No. 2,711,507 

Pat. No. 2,713,608 

COLOR TELEVISION SYNCHRONIZING SIG
NAL SEPARATOR (Patent No. 2,713,608)
granted July 19, 1955 to R. W. SONNENFELDT, 
RCA VICTOR TELEVISION DIVISION, Cherry 
Hill, N. J. To separate color sub carrier burst 
from composite TV signal, gating tube is 
made operative during burst intervals by 
gate pulses impressed upon injector tube, the 
cathode of which is coupled to the anode of 
gating tube. Burst is clipped from gate pulse 
pedestal by injector tube to produce separ
ated burst in its anode circuit. 

\ 
Pat. No_ 2,713,160 

PULSE-ECHO DISTANCE MEASURING SYS
TEMS (Patent No. 2,713,160) -granted July 
12, 1955 to R. TRACHTENBERG and D. H. 
WESTWOOD, ENGINEERING PRODUCTS DI\'!-
5ION, Camden, N. J. A pulse-echo altimeter 
with a dial type indicator that is servo oper
ated. The invention involves the production 
of an accurately timed square wave that is 
applied to a phase detector where it is sam
pled by the echo pulse. 

ELECTRON BEAM CENTERING APPARATUS 
(Patent No. 2,717,323) -granted September 
6, 1955 to B. R. CLAY, RCA VICTOR THE\'!
SI01\ DIYISION, Cherry Hill, N. J. The inven
tion includes: a holder for positioning two 
permanent magnets on diametrically oppo
site sides of a cathode ray tube neck. The 
holder is such as to permit the magnets to Iw 
turned about in axis normal to the tube axi,. 
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RECTIFIER CONTROL SYSTEM (Patent No. 
2.711.505) -granted June 21, 1955 to 1\1. V. 
HoovEn, Tl:BE DII'ISIO'i, Lancaster, Pa. In 
a polypha,e rectifier system employing thy· 
ratrons 16, 13 and 20 which are fired cycli
cally by voltage pulses from an impulse 
transformer 30, a blocking control system 10, 
comprising a photoelectric cell 72, adapted 
to unblock, or block, said rectifier system in 
response to light, or the absence thereof, 
respectively, from a light source 30. The 
light source 30 may be extinguished auto
matically, and thereby block the rectifier sys
tem, in response to a short in the load L. 

PULSE-ECHO DISTANCE MEASURING SYS
TEM (Patent No. 2,716,233)-granted Au
gust 23, 1955 to D. H. WESTWOOD, ENGINEEn
INC PnODUCTS DIVISION, Moorestown, N. J. 
A pulse echo altimeter with servo dial indi
cation using geared phase shifters, one a 
sawtooth wave phase shifter and the other a 
goniometer phase shifter to shift low fre
quency and high frequency waves respec
tively. Instead of applying both phase shifted 
waves to one phase comparison circuit to be 
sampled by or compared with a received 
pulse, one wave is applied to one phase com
parison circuit and the other wave is applied 
to a second phase comparison circuit. The 
servo motor is normally driven by the output 
of the high frequency phase comparison cir
cuit but is switched to be driven by the other 
phase comparison circuit if there will be a 
possible ambiguity. 

FILM INTERMITTENT ADVANCING MECHAN
ISM (Patent No. 2,712,77l)-granted July 
12, 1955 to W. R. 150M, ENGINEERING PnOD
!JCTS DIVISION, Camden, N. J. To provide 
film pull down times during blanking periods 
of 30-frame television, a serial arrangement 
of a Geneva intermittent 11-16 and cam
claw intermittpnt 22-25-26-37-31 are pro
vided. Two pins spaced 144 and 216 degrees 
apart with a triple grooved star wheel 16 
provides a 2-3 pulldown ratio when geared 
at a 3 to 1 ratio by gears 13 and 19 to claw 
cams 22 and 25_ 

Pot. No_ 2,712,771 

Pat. No. 2,711,505 

METHOD OF REMOVING AND SALVAGING 
ADHERENT MATERIALS (Patent No. 2,710,-
236)-granted June 7,1955 to R. H. ZACR
ARIASON, TUBE·DIVISION, Lancaster, Pa. A 
gas-abrasive mixture (usually air and sodium 
carbonate) in v. hich the abrasive is water 
soluble is sprayed on the viewing screen of 
a CR tube to remove aluminized backing, 
phosphor and binder. Abrasive adhering to 
tube is removed by a water bath. Phosphors 
are salvaged by water bath treatment of 
screen-abrasive residue. Abrasive and binder 
are water soluble and aluminum backing is 
soluble in weak basic solution formed when 
sodium carbonate is dissolved. 

+2.IOV. 

'2 

Pat. No. 2,713,634 

MIXER CIRCUIT (Patent No. 2,713,634)--
granted July 19, 1955 to R. A. BEERS, JR., and 
W. L. GENSEL, ENGINEERING PRODlXTS DIVI
SION, Camden, N. J. One triode section of 
twin triode acts as oscillator-multiplier and 
other as mixer. Frequency doubling effected 
in anode circuit of first section through 
action of secondary on input transformer. 
Doubled frequency and signal to be hetero
dyned both fed to grid of second section for 
Inixing. 



Pat. No. 2,714,659 

BROAD BAND UNI.DIRECTIONAL ANTENNA 
(Patent No. 2,714,659)-granted Aug. 2, 
1955 to E. JOHNSON and R. KOLAR, RCA 
\'ICTOR TELEVISION DIVISION, Cherry Hill, 
N. J. A broadband full wave dipole antenna 
in the form of two conductive sheets of ma
terial having a triangular shape is folded 
along its lengthwise axis and is located 
within a corner reflector. Each surface of 
the folded sheet elements is parallel to the 
adjacent surface of the corner reflector. This 
arrangement overcomes the wide variations 
in impedance which have heretofore pre
cluded the incorporation of broadband ele
ments in the corner reflector. In one em, 
bodiment a balun or impedance matching 
section is incorporated in the arm which 
supports the broadband dipole elements and 
spaces them from the corner reflector. Very 
good directional characteristics are secured 
throughout the entire band for which the 
antenna is designed. 

, 
1 _______ _ 

Pat. No. 2,712,941 • 

COMBINATION MAGNETIC AND PHOTO· 
GRAPHIC SOUND REPRODUCER & MAG· 
NETIC RECORDER (Patent No. 2,712,941)
granted July 12, 1955 to J. L. PETTUS and A. 
C. ALBEE, ENGINEERING PRODUCTS DIVISION, 
Hollywood, Calif. To reproduce either mag
netic or photographic sound records and re
cord magnetic sound records, the same panel 
type film drive mechanism is used, except 
that the photographic unit is spaced from the 
magnetic unit. The photographic and mag
netic film paths are the reflections of one 
another about a vertical central plane. Each 
unit has its separate drum 21 and 44 which 
have flywheels 53 and 54 on their shafts. The 
remainder of the film path for both types of 
films is symmetrical about a vertical central 
plane, filtering being accomplished by ten
sioned rollers 18 and 24, roller 24 being 
damped by a dashpot 60. 

L-----------------~_4~5~ 

Pat. No. 2,715,211 

SIGNALLING SYSTEM (Patent No. 2,716,186) 
-granted August 23, 1955 to J. R. FORD, 
ENGINEERING PHODUCTS DIVISION, Moores
town, N. J. A fail-safe system with flashing 
light. To secure fail-safe operation in a rail
road signal system having cab-carried appar
atus, e.g., lights, dependent on reception of 
signals by a receiver, the method of inter
rupting the signal reception preferably at re
ceiver input to actuate warning lights and 
then restoring signal to actuate safe lights. 
As long as safe light and warning light oper
ate alternately, operation is safe; any other 
indication is one of danger or equipment 
failure. 

Pat. No. 2,714,192 

U.H.F. BAND PASS FILTER STRUCTURES (Pat
ent No. 2,714,192)-granted July 26, 1955 
to W. Y. PAN and D. J_ CARLSON, RCA VIC
TOR TELEVISION DIVISION, Cherry Hill, N. J. 
The filter structure comprises a pair of res
unant structures, the first of which comprises 
three capacitance members and a movable 
cond uctive element to vary the capacity be
tween the members. The second structure 
includes a pair of capacitance members and 
a movable conductive element to vary the ca
pacity between these two capacitor members. 
Conductors constituting inductance are in
dividually connected to two of the capacitor 
members of the first and second structures 
and means are provided for connecting the 
free end of the conductors together. The 
input terminals to the filter structure com
prises the free capacitor member of the first 
structure and the connecting means. 

ULTRA HIGH FREQUENCY TUNING SYSTEMS 
(Patent No. 2,715,211) -granted August 9, 
1955 to T. MURAKAMI, RCA VICTOH TELEVI
SION DIVISION, Cherry Hill, N. J. The tuning 
structure comprises a resonant line having a 
pair of thin tapered conductive elements. 
The conductive elements are mounted on the 
outside of a tubular supporting member and 
are insulated from each other throughout 
their length. A conductive core element is 
slid ably mounted in the tubular supporting 
member for tuning the resonant structure 
over a predetermined frequency range. 

Pat. No. 2,714,187 

Pat. No. 2,716,186 

VARIABLE HIGH FREQUENCY COUPLING 
TRANSFORMER (Patent No. 2,714,187)
granted July 26,1955 to H. C. GOODRICH, JR., 
RCA VICTOH TELEVISION DIVISION, Cherry 
Hill, N. J. The coupling between the primary 
and secondary windings is varied by control
ling the saturation of the magnetic circuit 
of the transformer. The transformer core 

structure is such that the magnetic flux path 
linking the primary and secondary windings 
includes a saturating flux path. However, the 
saturating flux path does not link either the 
primary or secondary windings, hence 
changes in saturating flux does not affect the 
inductance of the windings. 
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BASED ON REPORTS RECEIVED OVER A PERIOD OF ABOUT Two MONTHS 

NEW ELECTRONIC TECHNIQUES WILL RE
SHAPE INDUSTRY - BOOST NATIONAL 
ECONOMY . . . By DR. E. W. ENGSTROM, 
SENIOR EXECUTIVE VICE PRESIDENT, RADIO 
CORPORATION OF AMERICA. Presented at the 
all-industry luncheon of the Western Elec
tronics Show and Conference. Quotes from 
Dr. Engstrom's presentation are as follows: 
"While obsolescence is overtaking the me
thods and the means upon which we have 
built our products and services in the past, 
our horizon is being expanded beyond any 
limits we may discern today. With an ever
increasing flow of new materials and a 
wealth of research and engineering skills, 
the electronic science that was confined, in 
the past, largely to the field of communica
tions is, today, penetrating into all areas of 
our technology. 

"The results of this invasion already are 
becoming evident in the changes wrought 
by electronics in the factory, the office, and 
the home. But these changes, radical as they 
may appear, give only a faint indication of 
the astonishing developments now brought 
within our reach by recent and continuing 
scientific discovery in the area of new ma
terials. Tomorrow's systems, based on 
achievements in the laboratory today, prom
ise to re-shape many of our industrial 
processes and business methods. They 
promise to carry our national economy to 
even higher levels. These trends, together 
with the perfection of many new electronic 
systems for the home, promise above all to 
increase our enjoyment and well-being as 
individuals. " 

COMPONENT CONSIDERATIONS FOR 
PRINTED WIRING IN AUTOMATION . .. By 
G. H. GOODMAN, ENGINEERING PRODUCTS 
DIVISION, Camden, N. J. Published in 
August, 1955 in the PROCEEDINGS of 
Printed Circuit Symposium. The author 
describes the establishment of basic stand
ards for printed wiring components. The 
various classes of components and specifica
tions and tolerances for axial lead com
ponents, radial lead components and multi
ple lead components are described. 

THREE-VIDICON COLOR FILM SYSTEM . .. 
By K. H. HARDIMAN, N. L. HOBSON, B. F. 
MELCHIONNI and A. REISZ, ENGINEERING 
PRODUCTS DIVISION, Camden, N. J. Published 
in BROADCAST NEWS, August, 1955. The 
paper describes the RCA 3-vidicon system 

for the reproduction of color film for use 
by TV stations. The description covers the 
complete system including Vidicon Cameras, 
projectors, multiplexers, and switching sys
tems. The equipment is designed as a com
plete, integrated package including these 
items plus necessary control features. 

INFRARED RADIATION AND INFRARED SYS
TEMS ... By J. A. DOUGHTY, ENGINEERING 
PRODUCTS DIVISION, Camden, N. J. Pub
lished in ENGINEERS DIGEST, July
August, 1955. This paper reviews the war
time and postwar developments in infrared. 
The nature of the infrared l'egion is dis
cussed to establish the detection problems 
and then detectors of infrared radiation are 
examined as to spectral response and sensi
tivity. Their roles as infrared systems are 
explored and described. 

LOSSES IN MAGNETIC FERRI,{ES ... By G. S. 
HIPSKIND, TUBE DIVISION, Camden, N. J. 
Published in ELECTRICAL MANUFAC
TURING, August, 1955.- This article de
scribes the measurement of losses due to 
hysteresis and eddy current in typical 
manganese-zinc ferrites. The losses are 
shown to be functions of maximum flux 
density and of temperature. The hysteresis 
loss for manganese-zinc ferrites can be 
represented by the Steinmetz law for values 
of maximum flux density from zero to 2000 
gausses. The eddy-current loss depends on 
the geometry of the core, the resistivity, the 
flux density, and the frequency. An equation 
for calculating total power loss from the 
core is given. 

Infrared Radiation 

THE RCA "AMPLIPHASE" FIFTY, A NEW 
CONCEPT IN AM BROADCAST TRANS
MITTERS " . By C. J. STARNER, J. Q. LAWpQN 
and C. D. MULFORD, ENGINEERING PRODUCTS 
DIVISION, Camden, N. J. Published in 
BROADCAST NEWS, August, 1955. The 
transmitter described utilizes phase-to
amplitude modulation, wherein high effi
ciency is obtained by performing the phase 
modulation at a low power level and ampli
fying to the final power level thru high 
efficiency Class C amplifiers. A brief review 
of the phase-to-amplitude modulation theory 
is presented, and a detailed electrical and 
mechanical descriptilln of the transmitter is 
included. . 

RADIATION MEASUREMENTS AT UHF AND 
VHF . .. By DR. A. B. GLENN, ENGINEERING 
PRODUCTS DIVISION, Camden, N. J. Pre
sented before the National Electronics Con
ference and WESCON Convention, August 
24-26, 1955 at San Francisco, California. A 
progress report on VHF-UHF radiation, 
representing IRE Subcommittee 27.3 was 
given. The function of this committee is to 
develop techniques for the measurement of 
radio interference generated by FM and 
TV receivers. The proposal of maximum 
radiation levels meant that the FM and TV 
receiver manufacturer was faced with the 
problem of reducing the spurious radiation 
from their receivers to meet these limits. 
The two primary objectives that were es
tablished were: (l) to determine the type 
and magnitude of the variations which can 
be expected and (2) if necessary, to suggest 
alternate methods for making the measure
ments. The results of the measurements 
show that variations as high as 6db at VHF 
and 12db at UHF can be expected with 
the present open field techniques. The 
major part of our effort will be placed on an 
indoor method, such as a "Free Space" 
room. 

CHARACTERISTICS OF THE "PERFECT" LENS 
AND THE "PERFECT" TELEVISION SYSTEM 
. . . By O. H. SCHADE, TUBE DIVISION, 
Harrison, N. J. Presented at the IRE 
Western Electronic Show and Convention 
(WESCON), San Francisco, Calif., August 
24-26, 1955. A "perfect" image is defined 
optically as an image in which the light
intensity distribution is determined by dif
fraction alone. In this case the finite bound
ary (lens stop) of a lens acts as a low-pass 
filter which determines the sine-wave spec
trum of the perfect lens. A perfect tele
vision system can hence be defined as a 
system in which the performance is limited 
only by the electrical cutoff filter of the 
system and the optical filter requirements 
imposed by the raster process. It is shown 
that the performance of a "perfect" tele
vision system differs in many ways from that 
of a perfect lens and photographic system, 
and that a close approach to its performance 
is possible with practical systems. 

NEW BEAM POWER TUBE FOR UHF SERVICE 
... By W. P. BENNETT, TUBE DIVISION, 
Lancaster, Pa. Presented at the IRE 
Western Electronic Show and Convention 
(WESCON), San Francisco, Calif., August 
24-26, 1955. Continued development work on 
uhf beam power tubes similar to type 6448 
has resulted in a developmental design 
capable of delivering an output in excess of 
25 kilowatts in uhf broad band black-and
white and color television service. This out-
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put surpasses by a considerable margin the 
initial design objective of 15 kilowatts for 
the 6448. This paper describes the perform
ance of such tubes in CW service in which 
gains of 80 and continuous power outputs 
of 20 kilowatts are possible_ Typical oper
ating conditions for various types of service 
are given and the novel tube design features 
which make this performance possible are 
described. Considerations for use of these 
tubes in pulse service are also included and 
novel r-f cavity circuits for pulse applica
tions are described. 

NOMOGRAPHS FOR MODIFICATION OF 
ELECTRON-TUBE PARAMETERS ___ By R. D_ 
REICHERT, TUBE DIVISION, Harrison, N. J. 
Presented at the IRE Summer Seminar, 
Emporium, Pa., August 26, 1955. This paper 
discusses the theory and use of three tube
design nomographs which make it possible 
to determine quickly the required modifica
tions of physical parameters which will pro
vide desired alterations in tube character
istics. A brief description is given of the 
electron-tube theory upon which the nomo
graph design is based. The use of the nomo
graphs is explained by means of the solution 
of some typical design problems. The 
nomographs, which are applicable to many 
diode, triode, and pentode problems, include 
physical parameters such as interelectrode 
spacings, wire sizes and grid TPI's, together 
with tube characteristics. In the use of the 
nomographs, the parameters and character
istics of an existing tube type are the basis 
for the determination of the parameters 
required for a desired complement of char
acteristics. These design nomographs are 
useful in both the development of new tube 
types and the modification of existing types 
to maintain "bogie" characteristics in factory 
production. 

LITTLE SPARES, BIG BUSINESS, AND BIG 
PROBLEMS ... By H. R. KETCHAN, ENGl· 
NEERING PRODUCTS DIVISION, Camden, N. J. 
Published in ENGINEERS DIGEST, July
Aug., 1955. The author describes spare 
parts as big business which will continue to 
be important and involve engineering prob. 
lems. An organizational framework to man
age the government spare parts business 
from a systems standpoint is described. 

SOME PRACTICAL APPROACHES TO SYS
TEMS ENGINEERING ... By S. R. PARKER, 
ENGINEERING PRODUCTS DIVISION, Camden, 
N. J. Published in ENGINEERS DIGEST, 
July-Aug., 1955. Systems behavior and sys
tems engineering involve comprehending 
and analyzing overall system problems with
out becoming enmeshed in detail. Nine 
points are given as being helpful 0) under· 
standing the problem (2) system simplicity 
(3) block diagrams, (4) test procedures (5) 
new components (6) reliability (7) systems 
tests (8) coordination and (9) flow of in
formation. 

MINIATURE BROADCAST AMPLIFIERS USE 
ETCHED-WIRING TECHNIQUE . .. By G. A. 
SINGER, ENGINEERING PRODUCTS DIVISION, 

Camden, N. J. Published in BROADCAST 
NEWS, August, 1955. A new line of Broad
cast Audio Amplifiers which employ printed 
wiring are described. The new amplifiers 
effect considerable reduction in space re
quirement, provide improved performance, 
better uniformity, easier serviceability and 
lower power consumption. 

NOTES ON INTEGRATION OF COLOR EQUIP
MENT AND EXISTING MONOCHROME 
FACILITIES ... Adapted from a paper by 
A. H. LIND, L. E. ANDERSON and N. J. 
OMAN, ENGINEERING PRODUCTS DIVISION, 
Camden, N. J. The paper was delivered at 
the 33rd NARTB Convention, Washington, 
D. C. Published in BROADCAST NEWS, 
August, 1955, the authors describe new 
equipment and recent techniques which 
apply to integrating color and monochrome 
in the TV plant. 

HOW TO IMPROVE YOUR TECHNICAL TALKS 
... By J. B. DAVIS, ENGINEERING PRODUCTS 
DIVISION, Camden, N. J. Published in 
ENGINEERS DIGEST, July-Aug., 1955. 
The author emphasizes the importance of a 
logical arrangement of ideas and facts. These 
four steps are described 0) Select a de
scriptive title (2) Make a comprehensive 
outline (3) Write an introduction, and (4) 
Consult someone else. 

TRANSISTORS IN CURRENT - ANALOGUE 
COMPUTING . .. By B. P. KERFOOT, ENGI
NEERING PRODUCTS DIVISION, Moorestown, 
N. J. Presented at WESCON Conference 
and Convention, August 29, 1955 at San 
Francisco, California. A system of electronic 
analogue computing is described in which 
current is used as the variable. The paper 
demonstrates that the circuit properties of 
transistors make them especially suitable 
for use in operational amplifiers for this 
computing technique. Experimental ampli· 
fiers are shown which have been built and 
evaluated using low-power, low·frequency 
transistors. The factors which determine 
computing accuracy are analyzed, and a 
new technique of error prediction is dis
cussed. 

Transistor in Current-Analogue Computing 

LOW-HUM CONSTRUCTION FOR TRANS
FORMERS AND SOLENOIDS . .. By F. L. 
PUTZRATH, ENGINEERING PRODUCTS DIVISION, 
Camden, N. J. Published in ENGINEERS 
DIGEST, July-August, 1955. A relatively 
simple method is described for constructing 
transformers and solenoids that result in a 
significant reduction in the intensity of the 
external field-and therefore in the hum 
interference. This eliminates in the major
ity of cases any need for other hum reducing 
precautions. 

EVALUATION OF RELAY })ESIGNS ... By 
T. J. BUROOJY, ENGINEERING PRODUCTS DIVI
SION, Camden, N. J. Published in ENGI
NEERS DIGEST, July.Aug'., 1955. The 
author describes five kinds of relays with 
similar electrical characteristics. Each has 
specific characteristics which peculiarly suit 
it to certain applications in the switching 
field. The advantages of reliability, long 
life and greater flexibility are pointed out. 

DESIGN OF D-C TRACTIVE ELECTRO
MAGNETS . . . By M. RAYMOND ALEXY, 
ENGINEERING PRODUCTS DIVISION, Camden, 
N. J. Published in ELECTRICAL MANU
F ACTURING, July, 1955. All but the most 
complex types of doc electromagnets may 
be designed using well established mathe
matical formulas. However, the calculations 
involve terms not readily manipulated by the 
engineer who designs such a device only 
occasionally. To ease the task, a simplified 
design method has been developed. The 
design is based on use of SAE 1113 steel 
and a set of curves plotted from data on 
several different sized electromagnets under 
a variety of conditions. A typical problem 
is solved to illustrate the procedure. 

ALL-PASS AMPLIFIER .. . By HARRY J. WOLL, 
ENGINEEIUNG PRODUCTS DIVISION, Camden, 
N. J. Published in ELECTRONICS, July, 
1955. A five-stage, 10 to 70-mc amplifier 
which uses parasitic capacitances of tubes 
as transmission elements beyond useful am
plification range of tubes is described. 
Arbitrarily large gain-bandwidth products 
can be obtained by cascading a sufficient 
number of tubes. 

APPLICATION OF DECISION THEORY TO 
COMMUNICATIONS PROBLEMS . .. By R. F. 
DRENICK, ENGINEERING PRODUCTS DIVISION, 
Camden, N. J. Presented at the Instituto 
Superiore Delle Telecomunicazioni in Rome. 
July 25, 1955. The paper is a brief and 
somewhat popularized account of the recent 
application of statistical decision theory to 
communication problems. In order to explain 
the connection between the two fields, a 
typical communication problem, namely, the 
design of a simple receiver, is formulated as 
a decision problem. A solution is then ob
tained for the case where the probability 
descriptions of signal and noise are known. 
It is shown that the optimum smoothing 
filter of Wiener is a special case of this solu
tion. The classical objections are then re
ported which are often raised to this general 
type of solution and the modern minimax 
solution is introduced as a method of meet
ing these objections. It is illustrated by an 
example. The paper is concluded with a 
discussion of the usefulness of the minimax 
solution. 
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ANALYSIS OF AUTOMATIC BIAS CONTROL 
FOR THRESHOLD DETECTORS ... By J. 
DUGUNDJI and E. ACKERLlND, ENGINEERING 
PRODUCTS DIVISION, Los Angeles, California. 
Presented at the WESCON Conference and 
Show, August 24, 1955. A description was 
given of a method for automatically con
trolling the bias in a threshold detector so as 
to maintain constant false·alarm time (the 
average number of crossings with positive 
slope of a bias level by a noise voltage). 
An equation is derived for the detection of 
sure signals when automatic biasing is used. 

AN INTRODUCTION TO ECHOSOUNDING 
. . . By MELVIN SCHOENFELD, NEW PRODUCTS 
ENGINEERING, RADIOMARINE CORPORATION OF 
AMERICA. A revised version in English of 
the German "Echolotfibel" publication 
(Elac, Kiel, Germany) was edited by Mr. 
Schoenfeld. This book, written expressly 
for users of echo sounding devices, attempts 
to equip the reader with a fundamental 
understanding of the principles of under
water acoustics and to acquaint him with 
the methods of applying these principles to 
sounding. Major emphasis is given to the 
proper techniques of operating chart and 
"scope" type units while navigating or fish
ing, and to the interpretation of chart 
records and scope presentations. 

A NOISE HELMET ... By M. E. HAWLEY and 
A. L. WITCHEY, ENGINEERING PRODUCTS DI
VISION, Camden, N. J. Presented at the 
summer meeting of the Acoustical Society 
of America, June 30, 1955. This paper de
scribes a helmet-like enclosure which has 
been developed to generate high intensity 
sound fields about the head of the wearer. 
A cylindrical chamber with a loudspeaker 
in the top is mounted on the subject by at
taching to football shoulder pads. A cool
ing blower, a window, and fill·in material 
are provided. 130 db overall noise levels 
have been obtained with 6 watts of audio 
power. Although originally conceived as a 
portable demonstration apparatus, the de
vice has the advantages of being able to gen
erate high sound levels inexpensively and to 
facilitate experiments involving communi
cation from one kind of noise field to an
other. 

THE EMPIRICAL DETERMINATION OF 
EQUIVALENT CIRCUIT PARAMETERS IN A 
FIRST ORDER GRADIENT MICROPHONE ... 
By R. M. CARRELL, ENGINEERING PRODUCTS 
DIVISION, Camden, N. J. Presented at the 
Acoustical Society of America Meeting, 
June 30-J uly 2 at Penn State University. The 
equivalent circuit of the basic microphone 
element common to the M-32/ AIC, M·33/ 
AIC and M·34/ AIC microphones designed 
for the Air Force set AN/ AIC-lO was pre· 
sented. An empirical procedure used to de
termine the magnitudes of the equivalent 
circuit parameters was described. The pa
rameters evaluated include the effective area 
of the diaphragm, the diaphragm compli· 
ance, the mass of the voice coil and the 
(Bl) 2 factor in addition to the inertances 
and compliances of the acoustic system. An 
electrical analogue was built and its per
formance compared with that of the actual 
microphone element. 

A DIRECT·READING ACOUSTICAL IMPED. 
ANCE METER ... By R. M. CARRELL, ENGI
NEERING PRODUCTS DIVISION, Camden, N. J. 
Presented at the Acoustical Society of 
America Meeting, June 30-July 2 at Penn 
State University. An acoustical impedance 
meter was described which uses a ribbon 
element to monitor the volume current flow-

ing into a small cavity, one wall of which 
is the unknown impedance. The pressure 
developed within the cavity is measured by 
a condenser microphone. The acoustical 
path length between the ribbon and con
denser microphones is minimized to extend 
the useful frequency range. Additional elec
tronic circuitry can be used to give voltage 
outputs directly proportional to the total 
impedance as well as the reactive and resis· 
tive components individually. Absolute cali
bration of the instrument is accomplished 
with cavities of known volumes. Some meas
urements on cloth, membranes and metallic 
screens are presented . 

EXPERIMENTS IN PEAK CLIPPING A MIX· 
TURE OF SPEECH AND NOISE .•. By M. F. 
HAWLEY and W. F. MEEKER, ENGINEERING 
PRODUCTS DIVISION, Camden, N. J. Pub
lished and presented in the program of the 
summer meeting of the Acoustical Society 
of America, June 29, 1955. The paper de
scribes indicative experiments performed to 
predict the effect on word articulation of 
various amounts of peak clipping on speech 
transmitted by a first order pressure gradi
ent microphone used in 120 db simulated 
propeller aircraft noise. 0, 12, 24, and 36 db 
of peak clipping and subsequent reamplifi
cation were used; +6db/ octave pre·empha
sis tilting (differentiation) and -6db/ oc
tave de·emphasis tilting (integration) were 
also used in some experiments. Listeners in 
relative quiet (70 db) and in 100 and 120 
db propeller aircraft noise heard the signals 
over headsets. In this situation of noise in
troduced before any processing, 24 db and 
36 db of clipping deteriorated word articu
lation scores under all conditions; no sig
nificant difference was observed between 0 
and 12 db of clipping. 

BASIC PROBLEMS IN FILM PICKUP FOR TV 
BROADCASTING ... By E. M. GORE, ENGI
NEERING PRODUCTS DIVISION, Camden, N. J. 
Presented at AlEE Summer Meeting, June 
27-July 1 and published in TRANSAC
TIONS OF AlEE. Also published in ELEC
TRICAL ENGINEERING July 1955. The 
author describes how film is extensively 
used in TV programming for monochrome 
and color. Camera characteristics, receiver 
luminance, film contrast range and other 
factors are discussed and measures of film 
quality reviewed. A commercial color film 
camera using three vidicon pickup tubes is 
described. 

COLOR EFFECTS AND HOW IT WORKS .. 
By C. R. MONRO, ENGINEERING PRODUCTS 
DIVISION, Camden, N. J. Published in 
BROADCAST NEWS, August, 1955. The 
author describes how a number of different 
color combinations are possible by feeding 
video signals into various combinations of 
one, two, or all three inputs of an RCA 
Colorplexer. Color patterns are produced in 
the output signal and combinations of pulses 
from Color Bar Generator form three pri
mary colors and their three mixture colors. 
Similarly a monochrome signal may be fed 
into the Colorplexer to yield a result in two 
colors. 

CONTROL OF LIGHT INTENSITY IN TELE· 
VISION PROJECTORS . .. By K. SADASHIGE 
and B. F. MELCHIONNI, ENGINEERING PROD· 
UCTS DIVISION, Camden, N. J. Published in 
SMPTE JOURNAL, August, 1955. The 
authors describe RCA's television projectors 
which are used with vidicon film cameras 
and are equipped with a light·intensity con-

trol unit developed for this purpose. The 
unit is used to control the video output level 
of the camera by varying the intensity of ,the 
projector light source to compensate' for 
varying film density. The angular position 
of a continuously variable neutral·density 
filter wedge placed in the condenser· lens 
system of a projector is remotely controlled 
by a servomechanism. Thus the signal· to
noise ratio of the system is maintained at 
its optimum value since the camera is oper
ating with essentially constant input level. 

CLASS B OPER~TION OF AUDIO· 
FREQUENCY JUNCTION TRANSISTORS . • . 
By K. E. LOOFBOURROW, TUBE DIVISION, 
Harrison, N. J: Published in ELECTRONIC 
DESIGN, July and August, 1955. Among 
the advantages gained by operation of a-f 
j unction transistors in class B in the power
output stages of battery-operated portable 
amplifiers are high collector-circuit effi
ciency, low stand-by idling current, and a 
higher ratio of power output to collector 
dissipation per transistor than can be real
ized from operation of the same transistors 
as class A power amplifiers. The inherently 
high efficiency of class B service permits the 
design of portable equipments using small 
batteries compatible with the low power 
requirements of the amplifier and, there
fore, having extremely small size and light 
weight, or equipments using conventional 
battery sizes and thus having substantial 
improvements in battery life and a reduction 
in operating cost per hour. 

Transistor characteristics applicable to 
large· signal amplifier operation are dis
cussed in this paper with respect to their 
effect upon circuit performance. The advan
tages and the limitations of some of the 
more important large-signal amplifier cir
cuits are presented, including the effects of 
supply voltages, load impedance, peak col· 
lector currents, collector back currents, mis· 
matched transistor characteristics, and 
ambient temperature upon circuit perform· 
ance. Data are included for power output, 
power sensitivity, input and output im
pedance, distortion, and dc operating condi· 
tions. Methods of temperature compensation 
and circuit stabilization applicable to tran
sistor class B amplifiers are shown. 

Circuit for Transistorized Receiver 



Engineering NEWS and HIGHLIGHTS 

ENGINEERING PERSONALITIES IN THE NEWS 

M. Rettinger 

M. RETTINGER ACOUSTICS CONSULTANT 
TO RCA IN EUROPE . .. During the summer 
of 1955, M. Rettinger, of Hollywood En
gineering, EPD, was called to Europe to act 
as consultant on acoustics for three of our 
associated companies there-RCA Photo
phone Ltd., London, RCA Italiana, at Rome, 
and Industria Electronica, at Madrid. 

As is well known, in the fall of 1955, tele
vision programs in England will no 'longer 
be put on by the BBC alone, but will also 
have commercial sponsors. This condition 
has resulted in considerable activity for the 
RCA company in London, which is well 
equipped with factory space and personnel 
to build practically any kind of electronic 
equipment. 

In Rome and Madrid, new modernistic 
record processing factories have recently 
been constructed. The Italian factory is lo
cated just a few miles outside of Rome, 
while the music recording studio is in Ronw 
proper. The studio can also be employed for 
the making of Italian versions of American 
films. 

MICHAEL RETTINGEH graduated from the 
University of California at Los Angeles in 
1933, receiving his Bachelor's and Master's 
degrees in Physics. After graduating he 
joined the Pacific Sound Insulation Com
pany in Los Angeles. In 1936 he joined 
the Engineering Department of RCA Photo
phone, Hollywood, where he was active in 
sound engineering. After the war, when the 
manufacture of motion picture sound record
ing equipment shifted to Hollywood, he also 
became engaged in supervising the construc
tion of microphones and headphones, and in 
developing magnetic recordings and erasing 
heads. He is an associate member of th" 
SMPTE and the Acoustical Socipty of 
America. 

J. R. SHOAF II, engineer in the Radio and 
"Victrola" Division, recently returned after 
an assignment of several months in Spain 
and RCA's Spanish plant, Industria Elec
tronica, S, A., in Madrid. He supervised the 
setting up of production assembly of record 
changers and four "Victrola" models, both 
45 rpm and 3-speed instruments. This fac
tory, which also produces all types of phon
ograph records, is one of the newest and 
most modern of RCA International's world
wide associated companies. 

DR. A. H. BENNER, GENERAL ENGINEERING 
DEVELOPMENT, EPD, was the technical di
rector of the Operations Planning Group of 
the Army's A-I priority Project Monmouth. 
This project comprised a two-month study 
called by the Signal Corps Advisory Board. 
The program consisted of about 40 of the 
country's top engineers and scientists re
cruited directly from Industry. 

H. R. WEGE HONORED 

The Epsilon Chapter of Sigma Tau, National 
Engineering Honor Fraternity, of Kansas 
State College, recently elected H. R. Wege to 
the Alumni Membership in recognition of 
outstanding achievement in the field of En
gineering Management. Initiation was con
ducted by the Nu Chapter at Swarthmore 
College, Swarthmore, Pennsylvania. 

Mr. Wege, Chief Product Engineer, Mis· 
sile & Radar Engineering, recently com
pleted thirty years of service with RCA. He 
is a graduate of Kansas State College and 
was a recipient of the 1954 RCA Victor 
Award of 1\1erit. 

T. A. SMITH 
APPOINTED TO 

RETMA POST 
RETMA STREAMLINES ORGANIZATION 
T. A. SMITH ApPOINTED DIVISION CHAIR
MAN-At the final business session of its 
three-day convention, the Radio Electronics 
Television Manufacturers Association 
amended several of its by-laws to stream
line the Association to better serve the mem
ber-companies. Among other changes, mem
bers authorized the establishment of a mili
tary products division and approved the con
solidation of the former amplifier and sound 
equipment division as a section within the 
technical products division. The RETMA 
board abolished the former radio-television 
industry committee and the electronics in
dustry committee, and reduced its own mem
bership from 62 to 41. 

T. A. Smith, Vice-President of the En
gineering Products Division, was appointed 
Division Chairman, Military Products Di
vision in the RETMA re-organization. 

M. S. GOKHALE, MANAGER OF MECHANICAL 
STANDARDS, Corporate Standards, and Presi
dent of the Standards Engineering Society, 
presided at the 4th National Convention of 
the Standards Engineering Society at the 
Hotel Statler, Hartford, Conn., September 
29,30 and October 1, 1955. 

Mr. Gokhale graduated from Union Col
lege in Schenectady with a BS in EE in 
1927, and came to work with RCA in 1930, 
being transferred from General Electric 
Company. He has been Manager of Me
chanical Standards since 1944. Mr. Gokhale 
is secretary of the RCA Standards Policy 
Committee, Editor of the RCA Drafting 
\lanual, and represents RCA on a number 
of subcommittees of ASA Sectional Commit
tee Y14 on drawing room standards for sheet 
metals. plastics and die castings. 
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Engineering 
NEWS and HIGHLIGHTS 

continued 

NEW RCA PLANTS 
ANNOUNCED 

RCA TUBE DIVISION TO EXPAND FACILITIES 
AT LANCASTER . •. RCA has completed ar
rangements to purchase an additional 285,-
000 square feet of building space at Lan
caster, Pa_, as a part of its program for the 
accelerated production of color television 
picture tubes. The property to be acquired 
consists of a group of buildings formerly oc
cupied by Stehli & Company, Inc. It is lo
cated on a l4-acre tract near the present 
Lancaster plant of the RCA Tube Division. 

RCA plans to take possession of the addi
tional facilities as soon as possible. Immedi
ate steps will then be taken to equip the 
new buildings for the efficient handling of 
color kinescopes and other electron tubes 
manufactured by RCA at Lancaster, in or
der to meet increasing production demands. 

RCA SERVICE COMPANY TO OPEN REPAIR 
SHOP IN NEW YORK FOR COMMERCIAL 
AND INDUSTRIAL ELECTRONIC EQUIPMENT 
••• New facilities in New York City were 
opened for the repair, modification and over
haul of all RCA commercial and industrial 
electronic equipment on September 12. Lo
cated at 419 West 54th Street, the shop 
supplements the Company's present similar 
facilities in Camden. 

The new shop will serve RCA equipment 
users in the New York Metropolitan area, 
such as broadcasters, schools, electronic dis
tributors, and service agencies. The shop is 
equipped with modern test and measuring 
devices for the repair, reconditioning and 
modification of all RCA electronic equip
ment. Under the management of J. J. 
Brown, this latest addition to RCA's expand
ing service facilities will be staffed with 
factory trained personnel. 

EPD LOS ANGELES ENGINEERING EXPANDS 
FACILITIES ••. Steady expansion of Los 
Angeles Engineering, of Engineering Prod
ucts Division, has necessitated obtaining 
more space. The new building, at 2254 
South Sepulveda Blvd., is located a few 
blocks from the main plant. Approximately 
50 engineers, draftsmen, and other person-

New engineering facilities at 
EPD Engineering in Los Angeles 

E IT :tAL:HE :HESE TAT ES 
OINTED IN TELEVISI N D VISION 

W. A. Sonntag 

The RCA Victor Television Division has 
recently appointed Editorial Representatives 
for the RCA ENGINEER at the Blooming
ton and Indianapolis Plants. These appoint
ments were made to include Resident Engi
neering in the scope of coverage of the RCA 
ENGINEER. 

W. A. SONNTAG, Resident Engineering at 
the Bloomington Plant, received the BS de
gree in EE from Purdue University in Feb
ruary, 1948. He has been employed by RCA 
since that date. Mr. Sonntag started with 
RCA as a Test Design Engineer, and trans
ferred to the Resident Engineering Section 
in March, 1951. He is a member of the IRE. 

Y', 

J. Osman 

J. OSMAN, Electrical Engineer at the In
dianapolis Plant, received the BS degree in 
EE from Rose Polytechnic Institute in 1942. 
Following graduation he joined the Studio 
Broadcast Equipment group at RCA, Indi
anapolis, as a Design Engineer. 

From 1943 to 1950 he served as liaison 
engineer and coordinator on various projects, 
including the M-7 mechanism, RC-199 
Signal Corps project and on two guided mis
sile projects. In 1950 Mr. Osman transferred 
to the Resident Engineering Department of 
Home Instruments at Indianapolis, where he 
is at present electrical group leader, RCA 
Victor Television Division. 

The architect's sketch of the new Tube Division plant to 
be constructed in Bridgewater Township in N. J. The. 
plant will be used for manufacture of semi-conductor devices. 

nel are now using this added facility, and 
are working on one project. Offices are 
located at the front of the building in both 
the first and second floors. The rear of the 
building is used for laboratories. 

TUBE DIVISION WILL BUILD $:1,000,000 
PLANT IN N. J. FOR SEMICONDUCTOR 
PRODUCTION . •• Construction by the Tube 
Division of a $3,000,000 plant in Bridge
water Township, near Somerville, N. J., will 
begin this fall. The new plant, which will 

be erected on an 83-acre plot, is expected 
to be ready for operation by late 1956. It 
will serve as engineering and manufacturing 
headquarters for the semiconductor activi
ties of the RCA Tube Division, providing 
facilities in addition to those in Harrison, 
N. J. for handling the rapidly growing de
mand for transistors and diodes. 

Plans for the Bridgewater plant call for 
the erection of a one-story structure of mod
ern design having approximately 126,000 
square feet of floor space. 
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COMMITTEE 
APPO S 

ENGINEERING PRODUCTS DIVISION . • • 
N. R. KORNFlELD, Circuit Advanced Develop· 
ment in Section 598, has been appointed to 
the subcommittee on Ferro·electricity of the 
AlEE. 
M. C. BATSEL, Chief Engineer, Engineer· 
ing Products Division, has been elected 
Chairman of the IRE National Administra· 
tive Committee of the Professional Group 
on Engineering Management. 
R. H. BAKER of Standards Engineering has 
been appointed a member of the Technical 
Program Committee fpr planning, a joint 
RETMA·IRE·AIEE Electronic Components 
Symposium. 
SIDNEY KAPLAN of EP Computer Systems 
Engineering has been appointed Chairman 
of Session on Sorting, Association for Com· 
puting Machinery. 
H. C. STARAS of General Engineering Devel· 
opment has been appointed a member of 
USA National Committee of Commission 
II, International Radio Scientific Union 
(URS!). 
TUBE DIVISION • •• R. S. BURNAP, Manager, 
Commercial Engineering, Tube Division 
Harrison, has accepted reappointment to 
the committee of Standards of the AlEE. 

M. H. WATSON, Cost Reduction Engineer 
of Manufacturing Standards, Lancaster 
Tube Plant, was elected President of the 
Central Penna. Chapter of the American 
Materials Handling Society. 
OFFICERS FOR THE 1955-56 SEASON AP
POINTED AT PHILA. SECTION IRE • .. The 
officers for the 1955-56 season of the Phila· 
delphia section of the IRE were elected by 
the Executive Committee. RCA engineers 
elected to posts are as follows: M. S. Cor
rington, Television Division Advanced De
velopment, Cherry Hill, was elected Vice
Chairman. 

E. D. Blodgett, EPD Engineering Techni
cal Administration, was elected Chairman 
of the Publication and Publicity Committee 
for the second consecutive year, with 1. B. 
Davis, EPD Engineering Editor, continuing 
as Editor of the IRE Bulletin; M. Boccia
relli, Managing Editor; 1. A. Bauer, Theatre 
and Industrial Equipment Engineering, as 
Advertising Manager; and L. A. Thomas, 
General Engineering Development, as Poster 
Editor. 

Other members of RCA elected to posts 
are: L. H. Good, Optical and Recording 
System Development, EPD, Chairman of the 
Meetings and Papers Committee and Vice 
Chairman of the Professional Group on Au-
dio; H. E. Roys, Optical and Recording De
velopment, EPD, Chairman of the Awards 
Subcommittee; W. A. Harris, Aviation and 
Communications Engineering, EPD, Vice 
Chairman of the Professional Group on 
Aeronautical and Navigational Electronics; 
1. F. Underwood was made Secretary of this 
Group. M. D. Feyerherm, Standards En
gineering, EPD, was elected Vice Chairman 
of the Professional Group on Component 
Parts; 1. W. Leas, Manager, Computer En
gineering, EPD, Vice Chairman of the Pro
fessional Group on Engineering Manage
ment; D. C. Bowen, Corporate Standardiz
ing, Chairman of the Membership Commit
tee; N. R. Kornfield and 1. N. Susskind 
Computer Engineering, EPD, Co-Chairme~ 
of the Membership Committee of the Pro
fessional Group on Electronic Computers; 
R. ~. Baker, Manager of Standards Engi
neermg, EPD, has been appointed to the 
Membership Committee and will have re
~ponsibility for new membership activities 
m EPD Engineering. 

J. J. Davidson and L. M. Krugman of Advanced 'Develapment Engineering, Radio and "Victrola" 
Division, Cherry Hill, leading the conference on transistors at the George Washington Hotel, 

Canonsburg, Pa. 

RADIO & "VICTROLA" DIVISION CON
DUCTS TRANSISTOR SYMPOSIUM . . . A 
symposium on transistors and their applica· 
tion in radio receiver design was held within 
the Radio and "Victrola" Division during 
the period from 1 une to September. Mr. 
Paul R. Bennett, manager of engineering, 
initiated the program for the purpose of 
acquainting both engineering and the manu
facturing plants with the problems and lat· 
est thinking in transistor circuit design and 
measuring techniques. The lectures were 
held at both the Cherry Hill and Canons· 
burg Pa. locations. 

The following is the outline of the pro· 
gram. 

Subject Lecturer 
Fundamentals of Transistor 

Physics ................ L. M. Krugman 
Class A and B Audio Output 

and Driver Stage 
Considerations .......... W. Hasenberg 

Detector-AGC Circuits ...... 1. 1. Davidson 
Converter Circuits ......... L. M. Krugman 
Intermediate Frequency Trans-

formers and Circuits ....... 1. B. Schultz 
Temperature Stability 

Considerations ............ 1. B. Schultz 
Receiver Measuring Techniques 

and Description of 7BT9 
and 7BTlO .................... P. Gallo 

R DIOMARINE NEWS 

NEW COASTAL STATION . •. In September 
ground was broken for the erection of a 
new marine coastal station at West Creek, 
N. 1. Unlike its predecessor, comprised of 
receiving and transmitting installations sev· 
eral miles apart, the new station will be a 
"unit" station with receiving and transmit
ting facilities housed in the same building. 

In 1954 a similar "unit" station was built 
at Lantana, Florida. Through advances in 
engineering the maze of wires formerly as
sociated with coastal radiotelegraph stations 
is conspicuously absent, as the picture of 
the operating-transmitter shows. The verti
cal radiator and the associated transmitting 
and receiving antenna are located within 
several hundred yards of the operating 
building. 

Power, coaxial cables, tuning controls, tel
egraph lines, etc. ahd all connections to the 
building itself have been placed under
ground. 

Here, technical improvements combined 
with architectural simplicity to create a 
pleasing effect, which is the modern version 
of the busy coastal radio station. 

NEW FIXED-LOOP DIRECTION FINDER • •• 
Radiomarine has announced its new, com· 
pact, highly sensitive fixed-loop direction 
finder, Model AR-8714. It is designed pri
marily for shipboard application and to 
comply with the latest applicable rules and 
regulations of the Safety of Life at Sea Con
vention (London 1948), the U. S. Maritime 
Administration and the F.C.C. 

With the modern AR-8714, a ship's posi
tion can be determined from a lighthouse 
or lightship beacon signal over relatively 
great distances through fog, darkness and 
other visual handicaps. The equipment con
sists of two basic units-a rugged fixed loop, 
and a sensitive radio receiver with null me· 
ter and peak tuning indicator. The receiver 
tuning range of 280-525 KC includes the 
international marine radio beacon band and 
other frequencies used by ships and sta
tions. 

The AR-8714 provides the user with si
multaneous true and relative bearings. It 
features a gyro· repeater driven compass 
scale and automatic electrical correction for 
quadrantal error as well as mechanical cor
rections for other errors. 
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M. S. Corrington 

REPORT WRITING COURSE COMPLETED 
AT CHERRY HILL . .. A lO-session course in 
technical report writing was completed Sep
tember 15 at Cherry Hill. The course, 
conducted by M. S, Corrington, Advanced 

Development Engineering, Television Divi
sion, was designed as a practical course for 
men writing technical reports, for publica
tions, and who will speak before technical 
societies. 

Twenty-six engineers from the RCA Victor 
Radio and "Victrola" and Television Divi
sions, and RCA Service Company at the 
Cherry Hill location attended the one
evening-per-week course, which started J line 
21, 1955. 

Among the texts used in the course was, 
"Why Engineers should Write Technical 
Papers," by M. S. Corrington, Vol. 1, No.1, 
RCA ENGINEER. 

RCA RELIABILITY CONFERENCE ON MILI
TARY ELECTRONICS HELD SEPT. 20 AT 
WRIGHT-PATTERSON USAF BASE ... A 
reliability conference, co-sponsored by RCA 
and the U. S. Air Force, was attended by 
representatives of the Headquarters Air Re
search and Development Command, Wright 
Air Development Center, and Air Materiel 
Command's quality control, production and 
procurement, and maintenance engineering 
activities. More than 500 were present. 

The reliability conference followed the 
pattern of a similar meeting conducted in 
Philadelphia in August by RCA and USAF 
for more than 300 designers, manufacturers, 
and users of military electronics. 

The program dealt with advanced ideas 
and techniques for designing greater oper
ating reliability into increasingly complex 
military electronic equipment. 

ENG NEERING DATA AND CATALOGUES 

TUBE DIVISION ANNOUNCES BOOKLET ON 
RECEIVING-TYPE TUBES FOR INDUSTRY 
AND COMMUNICATIONS . .. This 20-page 
technical booklet (Form No. RIT-104) con
tains technical data on 130 small industrial 
tubes including Special Red tubes, premi
um-tubes, pencil-type tubes, computer tubes, 
glow-discharge tubes, small thyratrons, low
micro phonic amplifier tubes, and other spe
cial types_ 

Each tube type except those in the latter 
group is covered by a text descripJion, tabu
lar data, and a base or envelope connection 
diagram. In addition, representative tube 
types are illustrated. 

BROADCAST AND AUDIO TRANSMITTING 
CATALOGUES ANNOUNCED • •• Broadcast 
Marketing of Engineering Products Division 
has announced two technical catalogues: 
"Broadcast Transmitting Equipment for 
AM and FM" and "Broadcast Audio Equip
ment for AM-FM-Television" (second Edi
tion). Each contains complete technical de
tails, including specifications, curves, photos 
and data on transmitters, remote control, 
phasing line terminating, input and moni
toring, transmission Jines, towers and acces
sories; microphones, consoles, custom 
equipment amplifiers, rack equipment, turn
tables, recorders and speakers. 

RCA AWARDED CONTRACT FOR NON
ENTERTAINMENT COLOR TELEVISION SYS
TEM ... The nation's first installati)ln, of 
compatible color television for hospital' lise 
will be made by the RCA to serve three 
Government medical activities located at the 
Walter Reed Army Medical Center, Wash
ington, D. C. The comprehensive installa
tion will provide three complete color tele
vision systems for use by the Armed Forces 
Institute of Pathology, the Walter Reed 
Army Hospital, and Army Medical Serv
ice Graduate School. The installation rep
resents the largest compatible color tele
vision system so far developed for non-enter
tainment applications. Installation, now un
derway is scheduled for completion early 
next year. The system will be operated by 
the Army Signal Corps. 

The installation will include the three 
separate and complete color television 
broadcast studios which can be operated 
independently, or joined for operation as a 
combined network. Each will be equipped 
for closed-circuit TV operation and for di
rect transmission to commercial television 
network lines. 

One system will be installed in the new 
building of the Armed Forces Institute of 
Pathology, central laboratory for the U. S. 
Army, Navy, and Air Forces, as well as 
other Government agencies. The color sys
tem will be utilized to further its research, 
teaching, and consultation services. 

A second system will be installed at the 
Walter Reed Army Hospital for primary 
use in the teaching and demonstration of 
surgical procedures. 

The third system will be at the Army 
Medical Service Graduate School, which 
provides military medical personnel with 
instructions in latest medical, dental, and 
veterinary techniques. 

Thirty RCA Victor 21-inch color televi
sion receivers, distributed among the three 
locations, will be utilized for viewing the 
pictured transmitter from the three broad
cast studios. 

RADIO AND "VICTROLA" DIVISION FORMS 
'ENGINEERING SERVICES' SECTION ... Thej 
formation of an Engineering Services section 
in the Radio and "Victrola" Division's En
gineering department has been annolmced 
by Mr. J. L. Franke, Chief Engineer of the 
Radio and "Victrola" Division. Mr. Franke 
is acting manager of the section. 

The new service is intended to reduce the 
number of tasks performed by individual 
engineers that are not considered a part of 
normal design work. The personnel of the 
section are: D. A. Baskin, leader; J. W. 
Sadlier, packing design; and 1. A. Keliner, 
procurement clerk. 

RCA-CHERRY HILL HOLDS OPEN HOUSE 
FOR PHILA. SECTION OF IRE . .. All mem
bers of the Philadelphia Section of the IRE 
were invited to an Open House at Cherry 
Hill on Wednesday evening, Oct. 5, 1955, it 
was announced by M. S. Corrington, Vice 
Chairman, Philadelphia Section, IRE and 
member of the RCA Victor Television 
Division. 

A steak dinner was served at Cherry Hill, 
followed by a talk by Mr. R. F. McCaw on 
the construction of the Cherry Hill Plant. 
In the evening there was a guided tour of 
the Engineering Building, Model Shop and 
Hall of Progress, with ten exhibits set up 
in the Engineering Building. The exhibits 
were explained by RCA engineers during 
the course of the tour. 

Mr. David Carlson was Chairman of the 
Exhibits Committee and Mr. E. O. 10hnson 
arranged for the guides. 
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NEW PRODUCTS 

The RCA-200 is a new projector designed 
to replace the RCA-IOO for both indoor and 
drive-in-theater use. Water-cooled aperture
unit mechanisms are available for increased 
illumination without undue heat, and other 
features include: main and reverse shutters 
housed together in a single rear casing, but 
with the reverse shutter independently driv
en; 4-in. lens mount; sealed ball bearings; 
simplified film-threading; and automatic 
loop-setting pad rollers. 

BATTERY - OPERATED PORTABLE RADIO
PHONOGRAPH COMBINATION AN
NOUNCED ... The RCA Victor Radio and 
"Victrola" Division has announced a bat
tery-operated portable radio-phonograph 
combination (Model 6BY4) with an op
tional powerpack for a-c power operation. 
The new combination~the first to be mar
keted by a major manufacturer--operates 
from its own self-contained batteries, using 
an A/B pack and four smaller batteries. T.he 
unit is housed in a compact plastic cabinet, 
and contains a single-play 45 turntable pow
ered by a constant-speed motor than assures 
the proper speed throughout the life of the 
batteries. 

The lid is styled so it covers only the 
record player, permitting the radio to be 
tuned with the lid closed. The optional ex
ternal powerpack for a-c operation wi1l be 
available. 

ALL-TRANSISTOR PORTABLE RADIOS AN
NOUNCED ... Two all-transistor portable 
radios~one in the miniature size with six 
transistors and the other featuring a larger 
loudspeaker and case with seven transistors 
~were announced by the RCA Victor Radio 
and "Victrola" Division, for introduction 
during the fourth quarter. Both the six
transistor set (Model 7BT9) and the seven
transistor set (Model 7BTIO) will be na
tionally announced at $79.95. The Model 
7BT9 will come in a plastic case measuring 
5%" x 314" x Ph". The Model 7BTlO will 
be in a size comparable to the present RCA 
Victor "Personal" conventional portable ra
dio, 10" x 6-9/10" x 3%". 

NEW PRODUCT iNSTALLATIONS 

lTV EQUIPMENT INSTALLED AT STEVENS 
COLLEGE . .. J. H. GREEl'iE, RCA Service 
Company's lTV specialist, has completed 
the installation of a three-camera chain lTV 
equipment to be used for educational pur
poses at the Stevens College, Columbia, 
Missouri. 

'RECTANGULAR SLOT' VHF ANTENNA IN
STALLED BY RCA AT TV STATION KCOP .•. 
A high-band VHF television transmitting 
antenna which obviates need for conven
tional diplexing equipment and techniques 
has been installed by the RCA at station 
KCOP-TV, atop Mt. Wilson near Los An
geles. 

The RCA-developed antenna, named the 
'Rectangular Slot', eliminates diplexing by 
means of separate visual and sound sections 
which are fed by individual power lines. 
Designed for operation on high-band VHF 
channels, from 7 to 13, the new antenna is 
particularly adaptable for installations with 
special gain or pattern-shaping require
ments, or with multiple-antenna and anten
na-stacking problems. 

THE UNION OIL COMPANY of California 

RCA-6AU4-GTA is a half-wave glass-octal 
type vacuum rectifier particularly suited for 
use as a damper diode in both color and 
black and white television receivers. The 
tube is rated to withstand a maximum peak 
inverse plate voltage of 4500 volts (abso
lute), a maximum peak plate current of 
1150 rna. 

RCA-12AB5 is a 9-pin miniature type beam 
power tube designed for use in the output 
stage of an automobile radio -receiver oper
ating from a 12-volt storage battery. Design 
features which particularly suit the 12AB5 
to automobile receiver use include (1) a 
large plate structure to allow for improved 
heat dissipation, (2) a heater specially pro
cessed to withstand the severe operating 
conditions encountered during battery 
charging and discharging, and (3) double 
base-pin connections for grid No.1 and grid 
No. 2 to provide for cooler grid operation 
and greater flexibility of circuit connec
tions. 

RCA-6562 is a fixed-tuned uhf oscillator 
"pencil type" triode for radiosonde applica
tions similar to the 5794, but having its 
cathode externally connected to one of the 
heater leads to simplify circuit connections. 
The design of the 6562 incorporates a pencil
type construction with two integral resona
tors of the cavity type. One of the resona-, 
tors is fixed tuned and is connected between 
grid and cathode. The other, which is con
nected between grid and plate, is tuneable 
over a narrow range centering at 1680 me 
and is loop-coupled to an r-f coaxial output 

has installed a three-station microwave sys, 
tern using RCA MM-26A 2700 mc Multl~', 
channel transmitting and receiving equip
ment, and extending from Santa Paula 
through Torrey Hill to Mulholland, Cal. The 
overall length of 35 miles provides three 
trunkline telephone circuits and five tele
metering channels for observation of condi
tions at the Mulholland pressure regulating 
station. 

AKERS MOTOR LINES, INC. TO INSTALL 
RCA VHF COMMUNICATIONS SYSTEM • .• 
Akers Motor Lines, one of the nation's larg
est motor transport firms, -has contracted for 
installation of RCA two-way radio commun
ications equipment: The radio installations· 
will provide RCA Fleetfone mobile radios 
in 220 local pickup and delivery vehicles in 
24 key terminals of the Akers system. Each 
of the 24 terminals, extending from Bos
ton, Mass. to Albany, Ga., will be equipped 
as Fleetfone base stations. 

The Akers firm operates more than 1,000 
vehicles over an ll-state area of the Eastern 
Seaboard, with a total of 52 terminals and 
call-stations strategically located from Mass
achusetts to South Georgia. 

terminal. Features contributing to the use
fulness of the 6562 in radiosonde service in
clude high efficiency, small frequency drift, 
low battery drain, and small size. 

RCA-2N109 is a new, alloy-junction tran· 
sistor of the p-n-p type intended especially 
for use in large-signal applications such as 
class B audio service, and as a high-gain 
class A driver device. The 2N109 has char
acteristics which permit the design of am
plifiers requiring high power sensitivity, low 
distortion, high power efficiency, and low 
battery drain. This transistor, therefore, is 
particularly applicable to the design of bat
tery-operated portable radio receivers hav
ing a transistorized output stage. Use of 
the 2N109 in such receivers will result in 
power sensitivities closely approaching those 
of portable radio receivers employing elec
tron tubes in the output stage. 

RCA-3BZ6 is a semiremote-cutoff pentod~ of 
the 7-pin miniature type intended for use 
particularly in the gain-controlled picture 
i-f stages of television receivers. This tube 
is designed with a 600-ma heater having a 
controlled warm-up time to insure depend
able performance in television receivers em
ploying series-heater string arrangement. 
The semi remote cutoff of the 3BZ6 reduces 
cross-modulation effects in the picture i-f 
stages, and minimizes distortion resulting 
from high signal levels and automatic gain 
control time delay. In addition, the high 
transconductance of 6100 micromhos con
tributes to high gain per stage. The 3BZ6 
envelope is the same as_the 6BZ6. 
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RCA SHOWS WEATHER RADAR AND OTHER 
PRODUCTS AT WESCON ... Weather-detec
tion radar equipment having a range of 
150 miles was the feature exhibit of the 
Engineering Products Division during the 
Western Electronics Show and Convention, 
August 24-26, in San Francisco's Civic Au
ditorium. The RCA weather-detection radar 
will be placed into passenger service this 
fall by several commercial airlines. 

Other highlights of the RCA display in
cluded a recently announced transistorized 
adapter amplifier (see RCA Engineers De.
sign First Air Force Equipment Using Tran
sitors, RCA ENGINEER, Vol. I No.2), and 
a Loran receiver for use in long-range navi
gation in long-distance aircraft. 

Tubes and components for color television 
receivers, a complete set of color test equip
ment, and a plastic-encased chassis of. a 
color receiver highlighted the display of the 
Tube Division. This exhibit also included 
ten types of power tubes; four multiplier 
phototubes; three types for microwave trans
mission; four "Special Red" tubes designed 
for long life and durability; seven "pencil" 
types; seven tubes for use in computers; 
and fifteen "premium" types. The Tube Di
vision also displayed three Geiger counters; 
four commercially available transistors and 
six crystal diodes; a selection of batteries 
for industrial use and new types recently 
developed for transistorized battery-operated 
radio receivers. 

SYMPOSIUM ON PARTS MAKING EQUIP
MENT AND PROCESSES CONDUCTED AT 
MARION ... Marion Parts Plant Engineer
ing of the Tube Division has been conduct
ing a Sympo~ium on Parts Making Equip
ment and Processes. The Symposium began 
May 5, 1955, and meets approximately twice 
a month. The meetings are scheduled to 
continue to October 24, 1955. 

The speakers and subjects are: 
J. Beuoy ..................... Grinding 
W. M. Neale ....... Cataphoretic Coating 
J. C Dobie ........ Four-slide Operation 
H. P. Horwitz ............ Coil Winding 
P. L. Hinton .......... Eyelet Machines 
T. J. Morris .............. Drawing Dies 
S. B. Wielgolinski ........ Stud Welding 
J. DeGraad ............ Barrel Finishing 
T. C. Hudgins .......... Standard Costs 
H. Larivey . Forming and Embossing Dies 

J. DeGraad speaking on Barrel Finishing at the 
Marion Symposium 
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I ENGINEERING MEETINGS AND CONVENTIONS . ,I 
October-December, 1955 

OCTOBER 3-5 
National Electronics Conference 
Hotel Sherman 
Chicago, Ill. 

OCTOBER 3·7 
AlEE Fall General Meeting 
Morrison Hotel, Chicago, Ill. 

OCTOBER 3·7 
78th Convention of SMPTE 
Lake Placid Club 
Essex County, New York 

OCTOBER 10-12 
AMA Conference on Automatic 
Production 
Hotel Roosevelt 
New York, N. Y. 

OCTOBER 11-13 
AlEE Aircraft Electronics 
Equipment Conference 
Los Angeles, Calif. 

OCTOBER 12-15 
1955 Convention of the Audio 
Engineering Society concurrent 
with the Audio Fair 
Hotel New Yorker 
New York, N. Y. 

OCTOBER 17-19 
RETMA Fall Meeting 
Hotel Syracuse 
Syracuse, N. Y. 

OCTOBER 20-22 
Eighth Annual Gaseous Electronics 
Conference 
GE Research Lab 
The Knolls 
Schenectady, N. Y. 

OCTOBER 21·2:.1 
New England Hi-Fi Show 
Hotel Touraine, Boston, Mass. 

OCTOBER 24-25 
First Annual Technical Meeting 
IRE Professional Group On 
Electron Devices 
Shoreham Hotel 
Washington, D. C. 

OCTOBER 24-26 
Sixth National Conference on 
Standards (ASA alid NBS) 
Sheraton Park Hotel 
Washington, D. C. 

OCTOBER 25-27 
International Conference on 
Electronic Digital Computers 
and Information Processing 
Darmstadt, Germany 

OCTOBER 26-28 
Fourth Annual Conference 
Atomic Energy In Industry, NICB 
Waldorf-Astoria Hotel 
New York, N. Y. 

OCTOBER 27-28 
Aircraft Electrical Society 
12th Annual display of 
aircraft equipment 
Pan-Pacific Auditorium 
Los Angeles, Calif. 

OCTOBER 28-29 
1955 Symposium of Philadelphia ISA 
Penn Sherwood Hotel 
Philadelphia, Pa. 

OCTOBER 31-NOVEMBm 1 
1955 East Coast Conference on 
Aeronautical and Navigational 
Electronics, IRE 
Lord Baltimore Hotel, 
Baltimore, Md. 

OCTOBER :.II-NOVEMBER 1 
International Conference on 
Scientific Basis of Ayplied 
Solar Energy 
University of Arizona 
Tucson, Ariz. ' 

OCTOBER J l-NOVENI!~ER 4 
East Coast Conference on 
Aeronautical and Navigation 
Electronics 
Baltimore, Md. 

NOVEMBER 1-5 
World Symposium on Applied Solar 
Energy Sponsored by AASE 
Stanford Research Institute and 
University of Arizona 
Phoenix, Ariz. 

NOVEMBER 3-4 
Eighth Annual Electronics Conference 
Kansas City IRE 
Town House 
Kansas City, Kan. 

NOVEMBER 7-9 
IRE, AlEE, ACM Eastern foint 
Computer Conference 
Hotel Statler 
Boston, Mass. 

NOVEMBER 14-15 
IRE Symposium on Communication 
by Scatter Techniques 
Lisner Hall of 
George Washington Univ. 
Washington, D. C. 

NOVEMBER 14-16 
IRE, AlEE, ISA Electrical 
Technology in Biology & Medicine 
Shoreham Hotel 
Washington, D. C. 

NOVEMBER 15-17 
Second International Automation 
Exposition 
Navy Pier 
Chicago, Ill. 

NOVEMBER 21-22 
IRE Aeronautical Communications 
Symposium 
Hotel Utica 
Utica, N. Y. 

NOVEMBER 28-30 
IRE Instrument Conference 
& Exhibit 
Hotel Biltmore 
Atlanta, Ga. 

DECEMBER 10-16 
International Atomic Exposition 
Cleveland Public Audtiorium 
Cleveland, Ohio 

DECEMBER 12-16 
Nuclear Engineering and Science 
Congress coordinated by 
Engineers .T oint Council 
Cleveland, Ohio 
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Camden, N. J. 
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Moorestown, N. J. 
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