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derive as writers. Only as a writer

DISSEMINATING

TECHNICAL INFORMATION

The Electronics Industry is the only
modern one which not only improves
the performance and efficiency of its
products, but in addition devises new
equipment and systems for use in com-
pletely new fields. RCA, because of
its continuirg success as one of the
foremost companies in this field, must
have a wealth of new information
along technical lines.

Among the objectives of the RCA
ENGINEER which recognize this need
are: to disseminate technical informa-
tion of a professional nature and to
publicize the new products of RCA.
Too often we are quick to visualize
only the advantages we receive as

readers and overlook the benefits we

can the engineer make a permanent

record of his accomplishments and
apprise his colleagues. This applies
particularly to the younger engineer
because it gives him an opportunity
early in his career to review his prog-
ress for the benefit of everyone.

In some respects your professional
growth can be measured by your abil-
ity to inform others effectively. Of
course, some of this must be done
verbally, but to have lasting value and
to reach the maximum number of engi-
neers it also should take the form of a
technical report or paper.

The RCA ENGINEER has been pro-
vided for this purpose. Its stature as
a publication depends upon you-—the

Engineer!

Chief Engineer,

RCA Victor Television Division
Radio Corporation of America
Cherry Hill, N. J.




IN A NEWS release of December 27,
1955, and as part of the YEAR-
END STATEMENT, General Sarnoff
made the following observation.
“Progress is born of change as illus-
trated by the fact that during 1955,
80% of RCA’s total sales will be in
products and services which did not
exist or were not commercially de-
veloped only ten years ago.”

At first glance this is an amazing
statement. On second thought, how-
ever, one realizes that this progress
was the result of teamwork involving
the engineer, the research scientist,
and a management which was both
forward-looking and which deliber-
ately encouraged change. If it were
not for the demands from manage-
ment for new ideas and new ap-
proaches, we would not have these
all-important new products and serv-
ices to which General Sarnoff refers.
To be able to make the same state-
ments about our products in the next
decade it is obvious that our engi-
neers and scientists must generate
ideas at an ever increasing rate.

WHAT CAN WE DO ABOUT IT?

While we have been very successful
in the past, if we are to obtain even
better results in the future we should
take a good look at some of the
modern techniques for increasing the
output of new ideas. Several large
companies actually have established
courses which will raise the output
of ideas. These courses are variously
known as “Creative Engineering,”
“Creativity,” “Applied Imagination,”
etc. Exceptional results have been ob-
tained ranging from increased busi-
ness for well-to-do companies to re-
juvenating ailing companies with
entirely new lines of products.

DEVELOPING CREATIVITY

Much has been written about this
subject and there are several excel-
lent books available (see bibliog-
raphy at end of article). A little
reflection on this matter will show
that much of this material is relevant
to the generation of engineering

ideas. Professor Arnold of M.I.T. has

 (IDEAS)"—Is There a Limit? |

by €. M. SINNETT, Manager
Advanced Development Engineering
RCA Victor Television Division

Cherry Hill, N. J.

applied some of these approaches to
engineering problems. In fact, he
told the writer on one occasion that
he believed creativity could be devel-
oped in anyone having normal intelli-
gence. He also said that a follow-up
on students who had taken his course
in Creative Engineering indicated
that on the average they were much
more creative as engineers than the
regular engineering graduates.

“BRAINSTORMING'' TECHNIQUE

One successful technique for increas-
ing creativity is known as “brain-
storming.”* This will yield a greater
quantity of ideas in a given time
than any other known method. In
other words, brainstorming encour-
ages free play of the imagination—
evaluation of the ideas takes place at
a later date. This permits free-
thinking during the session without
the dampening effects of such judicial
comments as “‘That won’t work,”
“Are you crazy?,” “That’s been done
before,” etc. The reader should
realize, however, that brainstorming
is a supplement to and not a substi-
tute for other types of creative ac-
tivity within an organization.

In general, the ground rules for
effective  brainstorming are very
simple:

1. We should not jam up our
mental functioning by trying to think
creatively and judicially at one and
the same time.

* See “Applied Imagination” by Osborn

2. We should pile up a maximum
quantity of tentative ideas and sug-
gestions. The more possibilities we
pile up the more likely we are to
arrive at the best solution.

3. As a proper follow-up to the
brainstorming session our judicial
power can be turned on with full
force so that we may evaluate objec-
tively and decide realistically.

BRAINSTORMING SESSIONS
AT CHERRY HILL

Now that you have some idea of the
objectives of brainstorming, you may
be interested in the results of two
such sessions held in the Advanced
Development Section of the Television
Division at Cherry Hill, N. J. They
covered widely different subjects but
in each case produced a quantity of
suggestions and ideas.

The first session formed part of the
activity on Engineering Creativity as
a sub-committee of the RCA Engi-
neering Training Committee. The
first task was “to develop a good
working definition of what is meant
by engineering creativity.” This ap-
peared to be an excellent opportunity
to try out the brainstorming tech-
nique and to determine whether it
actually could produce a quantity of
ideas.

The engineers of the Advanced De-
velopment Section were divided into
two groups of twelve each, including
supervisors. After a preliminary dis-
cussion of the ground rules and a few
warm-up questions the first group
was presented with the problem, con-
sisting of three parts.

1. What is creative engineering?

2. What are the basic character-
istics of the creative engineer?

3. How can these characteristics
be spotted during an interview?

The second group was given the
same problem. Tape recordings were
made of both sessions and the results
are shown in the accompanying tabula-
tion. It is interesting to note the
similarity of characteristics suggested

" by both groups. The author con-

ducted both sessions and deliberately
refrained from indicating to the sec-
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Both Groups

» Imagination

Curiosity

Originality

Intuition

Judgment
Drive—Motivation
Willingness 1o be different
:Observation

Acceptance of luck
Confidence in self and others
Pérsisien:e—-—perseverunce
Knowledge

 TABULATION
_Group 1 .

Dissatisfaction
Fearlessness—mental
Open mindedness
Departure from tradition
Vision
Perspective
Reward -
Laziness——economy of effort
 Willingness to gamble
Ability to sift facts
Artistry. © :
Sincerity -
__Ability 1o evaluate the vnusval

o




(IDEAS)"—continued

ond group any of the ideas which
may have been proposed by the first
group. No attempt was made in this
tabulation to arrange the items in the
order of their occurrence or impor-
tance. It is obvious that very few
engineers possess all these character-
istics. It is also obvious that the
desirability of possessing certain of
these characteristics will depend upon
the type of work in which the engi-
neer is engaged.

Nevertheless, the results indicate
without question that the highly cre-
ative engineer is indeed an unusual
individual. Those who {feel that they
are creative might use this tabulation
of characteristics as a check list. Un-
fortunately we know no weighting
factors which will permit you to
assess a number to your particular
creative ability.

OVER 200 IDEAS—BY ONLY 36 MEN

The second brainstorming session
was held in:an attempt to obtain a
quantity of ideas on the subject
“Gadgets and Sales Appeal Devices
for TV Receivers.” This time the Ad-
vanced Development Section was
divided into three groups of about
twelve each, including supervisors,
engineers, engineering trainees and
laboratory technicians. About one
hour was spent by each group in
brainstorming the subject. No at-

C. M. SINNETT is actively interested
in creativity and methods of increasing
it. He is an IRE Fellow, a member of
Tau Beta Pi and has 30 patents to his
credit in the fields of audio and acoustics.
Mr. Sinnett serves as an Engineering
Editor on the staff of the RCA ENGI-
NEER and is chairman of the Cherry
Hill Editorial Board. For a more de-
tailed biography of Mr. Sinnett see issue
no. 5, page 31.

tempt will be made here to tabulate
the ideas suggested. Suffice to say
that over 160 different items, from
cabinet styling to circuit functions,
were suggested plus many which were
common to all groups. The total
number of ideas was over 200. As
one might suspect, since judicial
comment was ruled out, among these
200 ideas were some ridiculous ones.
On the other hand, there were many
practical ideas and suggestions. As
a minimum return, the sessions did
indicate the possibilities inherent in
the brainstorming technique as a pro-
ducer of ideas.

ADVANTAGES OF BRAINSTORMING

Several important features of brain-
storming have been observed as a re-
sult of these two sessions:

(1) Brainstorming tends to de-
velop a strong team spirit among the
engineers of a group or section.

(2) It puts the younger engineer
on an equal footing with his older
associates in producing ideas.

(3) Since it is a group operation
it tends to trigger ideas which might
not be suggested on an individual
basis or would be suppressed when
judicial opinion is imposed on cre-
ative thought.

(4) It teaches the engineer rather
forcefully that often there are many
good solutions to any engineering
problem. In his daily work he will
be less likely to be satisfied with the
first solution he thinks of, but will
seek others.

{5) Since the sessions are .con-
ducted in an atmosphere of informal-
ity and free competition, it forces
each participant to search his mem-
ory and experience for new attributes
or ideas. In other words, it tends to
break the circle of confinement which
can result from individual thought
and judgment.

MORE IDEAS IN LESS TIME

In conclusioh it can be stated that the
brainstorming technique has merit in
the generation of multiple ideas for
the solution of problems. Certain
ground rules must be observed, but,
above all, judicial thought must be
ruled out during the session. The
problem to be brainstormed should be
specific rather than general. If care
is not taken in this respect, it will be
impossible to keep the group on the
subject at hand. Taken as a whole,
brainstorming will produce the maxi-
mum number of ideas in the mini-
mum time. Within the limits of its
capabilities it could make a decisive
contribution to the creation of new
products for the future. Remember
the quotation at the start of this
article “Progress is born of change
. ete.”
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THE ROLE OF

THE EQUIPMENT-DEVELOPMENT ENGINEER
IN THE TUBE DIVISION

HE EQUIPMENT-DEVELOPMENT ac-

tivity of the Tube Division spe-
cializes in the design, development,
and construction of special-purpose
machinery and devices for the manu-
facture of Tube Division products.
Although a large portion of such proj-
ects stem from the design of new
products, many are also originated to
effect cost reduction and/or to im-
prove quality and uniformity of exist-
ing products. This continuous search
for new and better ways to manufac-
ture our products maintains our com-
petitive position in an increasingly
competitive field. This article de-
scribes the activities of the equipment-
development engineer and points out
the importance of continued coopera-
tion between all phases of engineer-
ing.

THE EQUIPMENT-DEVELOPMENT
ENGINEER

The mechanization of tube-manufac-
turing equipment has advanced to a
great degree since the introduction of
the UV-200 detector and the UV-201
audio amplifier tubes about 35 years
ago. In the early years of the elec-
tronics industry, such equipment was
essentially an adaptation of machinery
used in the production of incandescent
lamps, which were the forerunners
of electron tubes. Most of the early
tube-making equipment was devel-
oped by a relatively few individuals
having much ingenuity and a broad
background of practical experience
as machinists and toolmakers. Al-
though the equipment-development
activity of the present day stems from
this background, it has since become
a highly specialized field of engineer-
ing.

In many ways, the machine-design
engineer has one of the most difficult
jobs in modern industry—that of
bridging the gap between product de-
sign and development and eflicient
production. Because the time allowed
to bridge this gap often does not per-
mit extensive exploration of all pos-
sible approaches, the machine de-
signer must have a broad practical
knowledge of all phases of engineer-

by
H. V. KNAUF
Administraror, Equipment Development

Tube Division, Harrison, N. J.

ing. Current equipment projects, how-
ever, are rarely the “brain child” of
one individual, but usually represent
the combined contributions of a group
of individuals, each having a partic-
ular interest in the project.

At the present time, mechanical en-
gineers are more prevalent than elec-
trical engineers in the electron-tube
equipment-development activity. Be-

HARRY V. KNAUF surted his career in
1926 as a radio test man with the Victor Talk-
ing Machine Company. Since the Victor Talking
Machine Co. was taken over by RCA in 1930 as
its manufacturing center for equipment, he has
acquired broad experience in all phases of
manufacturing process engineering and tool and
equipment development. His work has been
primarily in the mechanical field and has in-
cluded such specialized fields as speakers, micro-
phones, printed circuits, special relays, deflection
and high voltage tube components and trans-
formers. He is the holder of a number of patents
covering processing methods and special ma-
chines, among which are the method of winding
television deflecting coils. From 1948-53, Mr.
Knauf was the manager of Equipment Develop-
ment Engineering for the Component Parts
activity of the Tube Division in Camden, N. J.
In January 1953 he became Manager of Equip-
ment Developing Engineering at Harrison for
the entire Tube Division. Since November
1953 he has held his present position of Ad-
ministrator, Equipment Development, Chief
Engineer’s Staff. ’

cause of the increasing importance of
automation, however, electrical engi-
neers specializing in electronic control
and programming ‘systems are des-
tined to play an ever-increasing part
in the field of equipment design.

MACHINE DESIGN—

A DIVERSIFIED FIELD
The equipment engineer specializing
in the machine-design field encounters
a wide diversification of applications.
For example, he may be called upon
to design a device to make and as-
semble parts such as those used in
transistors, some of which are almost
invisible to the naked eye. Or he may
have to develop a large machine such
as the straight-line exhaust machine
used for processing black-and-white or
color kinescopes. Each equipment he
works on is designed for a specific
purpose or application, and each is a
separate and complete engineering de-
velopment in itself.

SOURCE OF NEW-MACHINE IDEAS

Ideas for special equipment originate
within the Equipment-Development
activity, manufacturing activities, or
other activities. For example, it may
be that the profit situation on a par-
ticular product is unfavorable. In
such a case, management may request
an analysis of the present method
and the development of a more effi-
cient approach. Engineering changes
in the design of a product frequently
necessitate new special-purpose equip-
ment. Ideas may come fromi manu-
facturing employes or their super-
visors. Members of Sales, Marketing,
and Quality-Control groups may also
make suggestions which lead to new
equipment design and development.
Often, techniques developed for one
product can be applied to an entirely
different type of product. The sources
of ideas are unlimited.

CONSIDERATIONS IN MACHINE DESIGN

The machine-design engineer must
consider many factors to establish
sound specifications for the design
of special machines. Although the
primary objective is to minimize pro-




duction costs, objectives such as im-
proved quality, reduction of operator
fatigue, and the elimination of safety
hazards are also important. In addi-
tion, the designer must consider the
attitude of production managers in
the operating department where the
new equipment will be installed. It is
extremely important that these man-
agers participate in the initial design
meeting, and that their suggestions
and opinions be considered. The
availability of competent personnel
to maintain the equipment adequately
after it is installed and operating must
also be determined.

At design meetings, ideas usually
flow freely. In “screening” these ideas
to weed out those which are not prac-
tical from an economic standpoint,
many factors must be analyzed. In-
itially, labor savings (based on the
best production forecast available)
and the cost of the new equipment
must be roughly estimated. Provided
these figures appear favorable, a de-
tailed analysis is then required, cov-
ering the following other factors:

1. the potential long-range produc-
tion anticipated over a given period,
as estimated by Marketing and Sales
representatives.

2. the stability of the product as
presently designed, based on the opin-
ions of Product Design and Develop-
ment personnel.

3. the desirability of product-design
changes to facilitate mechanization.
Various tests may be necessary to
determine the effect of proposed
changes on product performance.

4. the effect of the new method on
quality and uniformity of the product.
The machine-design engineer should
be familiar with previous data on the
same or similar products.

5. the relative economy of flexible
machines as compared to multiple
single-purpose machines. The provi-
sion for flexibility in a new machine
may involve so many complications
that the cost become prohibitive, or
it may decrease operating efficiency
because of increased maintenance and
excessive “down time.” An over-all
economy may be effective by the use
of multiple single-purpose machines.

6. type of skill required to operate,
maintain, and adjust the new equip-
ment. The equipment should incor-
porate features which minimize the
skill levels required for operation and
maintenance, consistent with the over-
all economy. Every effort must be
made in the initial design stage to
provide accessibility for maintenance
and simplified adjustment controls,
where possible.

7. additional costs which may be
incurred due to requirements for
tighter tolerances. Every variable that
might conceivably occur on parts or
materials which the equipment must
handle should be checked to assure
that adequate safety factors are pro-
vided in the final design. If the use
of such safety factors is not possible,
additional costs which may be in-
curred in holding parts and materials
within acceptable limits must be eval-
uated. ’

8. considerations for installing new

equipment. The installation of larger
types of special equipment may in-
volve the use of special types of han-
dling equipment, special ventilation
or air-conditioning, or other im-
proved or additional facilities. Con-
sideration must be given to the cost
of power and of services providing
high- and low-pressure compressed
air, steam, and water, and to the type
of gas available from the local source
for burners, ovens, kilns, and the like.

9. effect of increased “overhead”
percentages resulting from the use of
special equipment. The extensive use
of special machines for labor-savings
purposes increases the plant burden
because all other costs must be pro-
rated against a lower direct-labor cost.
Although this factor is relatively in-
significant for any one machine, it
must be considered when the direct-
labor-to-expense ratio is measurably
affected within one operating section.

DESIGN OF EQUIPMENT

The most economical place to correct
mistakes is on the drawing board.
The first design conference should be
held as soon as the first rough lay-
outs are made so that any flaws in the
initial design are discovered in the
early stages. The design conference
is usually a trying ordeal for the ma-
chine designer because each of the
interested participants examines the
layout critically. However, the experi-
enced machine-design engineer real-
izes the importance of being critical
at this point. It is better to modify
the design, or even to start anew, at

Mechanical engineer G. Samuels is shown explaining to author H. V. Knauf
recent improvements in the automatic welded-grid machine. This machine manu-
factures finished receiving-tube grids from multiple spools of wire.

Engineer Charles lindsley is shown making a prelim-
inary check of a high-speed universal pin-straighten-
ing machine used for 7- and 9-pin miniature tubes.




this stage than to change or dispose
of physical parts, or perhaps the
whole machine, at a later date. He
also realizes the importance of keep-
ing production personnel acquainted
with the proposed equipment, and
has them take an active part in the
design conference. Selling “down the
line” to the user is just as important
as selling “up the line” to the ap-
prover.

At the design conference, questions
often arise as to the feasibility of the
designer’s approach. Methods which
differ radically from conventional
techniques may be difficult to visual-
ize. The machine-design engineer
must be prepared to explain, or ac-
tually demonstrate, the practicability
of his approach. It may be necessary
for him to construct a working model
of some intricate portion of the pro-
posed machine which involves a new
or unconventional approach. Depend-
ing on the complexity of the prob-
lem, he may use any number of ap-
propriate methods ranging from
cardboard models simulating unusual
linkage motions up to complete con-
struction and development of the sub-
assembly in question.

Occasionally, construction of a
crude model will suggest new ideas
for a much better approach. One
such personal experience of the writer
was the development of the method
for winding television deflecting-yoke
coils. In pre-war production methods,
these coils were wound flat, and were
then subjected to a series of post-
forming operations which caused se-

Production arbor (top) for winding
television deflecting coils, and min-
iature arbor (bottom) constructed
during development.

vere stress on the winding and re-
sulted in a high percentage of shorted
turns and open circuits. The only ap-
parent solution to the problem was
to design a machine which would pro-
duce the reciprocating motions nec-
essary to feed the conductor wire into
the slots of an oscillating winding
mandrel. A major problem in the de-
sign was to minimize the mass of the
reciprocating mechanism to obtain
the highest possible winding speed.
A miniature winding arbor was
constructed to simulate the arbor

which might be used on such a ma-
chine. When this simple device was
completed, it was noted that contin-
uous rotation in one direction on a
certain axis necessitated only that the
conductor wire be deflected from side
to side in order to feed it into the
slots. Because it-was obvious that the
smallest mass which could be sub-
jected to a reciprocating motion was
the conductor wire itself, the idea of
deflecting vanes as an integral part of
the rotating member was born. Sim-
ple rotary motion deflected the wire
into the slots of the arbor, providing
a relatively simple and efficient means
for accurately winding these so-called
“saddle-shaped” coils.

This winding method, which has
been generally adopted by the in-
dustry, is covered under U. S. Patent
No. 2,448,672, which is based on the
original miniature arbor. Fig. 1 is a
photograph-of the original arbor, to-
gether with a modern production ar-
bor for winding television deflecting
coils. The principles employed in the
two arbors are identical.

Depending on the nature of the
problems which arise during the ini-
tial design conference, it may be nec-
essary to make minor modifications,
or to change the concept of the orig-
inal design completely. Several sub-
sequent meetings may be necessary,
therefore, before final agreement is
reached. After the design is estab-
lished, the final design layouts can
be completed, and detail drawings
of parts and subassemblies and wir-

P. Maurer is shown adjusting the automatic exhaust-tubulation loader on a new
type of completely automatic stem-making machine for 1-inch button stems.
Equipment Development Shop, Harrison, N, J. This machine automatically manu-
factures a finished stem for glass tubes.

Electrical engineer William Stonaker is shown perform-
ing final check-out of Pulse-Interface-Measuring Test
Set for receiving-type tubes. Equipment Development
Shop, Harrison, N, J.




ing diagrams can be prepared. Dur-
ing the detailing period, the necessary
approvals to begin construction are
obtained.

CONSTRUCTION OF MACHINE

Actual construction of special ma-
chines may take place either in the
Equipment-Development Shop or in
some shop outside the plant. If a
considerable amount of development
is to be done during the construction
stage, it may be desirable to build
the machine internally. On the other
hand, the number of projects sched-
uled in the Equipment-Development
Shop may make it impossible to com-
plete the job within a reasonable time,
or the size of the machine may be
beyond the limited facilities avail-
able. As a result, the machine parts
may be fabricated in an outside shop
and only the assembly operations per-
formed in the Equipment-Develop-
ment Shop, or the entire machine
may be completed outside. Regard-
less of where the machine is built,
the machine-design engineer must
follow the construction to detect any
minor faults of his design, and to
correct drawings so that similar mis-
takes are avoided during subsequent
duplication of the machine.

FINAL DEVELOPMENT

Because the “prove-in” faults which
may be found in the first machine
of any kind are generally unpredic-
table, the time and cost required for
final ‘development are very difficult
to estimate during the initial planning
stage. Past experience has shown that
this cost may be from 10 to 100 per
cent above the cost for construction,
depending on the extent of the com-
plications which develop. Over a num-
ber of years, however, the statistical
average has been approximately 20
per cent.

During the final development stage,
the engineer must guard against two
dangers—the tendency to make rad-
ical changes in the machine which are
not justified, and the reluctance to
make changes that are actually neces-
sary. To people who are not experi-
enced in the problems of “debugging”
a new machine, it often seems that
the engineer in charge does not know
what he is doing. He seems to know
what is wrong today, but tomorrow

it is something different. He is always
on the verge of “getting it going.”
Actually, “de-bugging” a machine re-
quires patient analysis and a careful
step-by-step procedure to eliminate
the contributing faults one by one.
It is usually a slow process, and may
extend over a considerable period,
but the Equipment-Development ac-
tivity seldom comes up with a failure.

INSTALLATION

The installation procedure for new
equipment depends on the size, com-
plexity, type of services required, and
similar factors. In the case of very
large machines, it may be necessary
to deliver machine parts and sub-
assemblies to the production depart-
ments, and erect the machine on
location. For example, a concrete
foundation may be required, or special
water lines, drains, or other services
may be necessary. For some ma-
chines, elaborate exhaust ducts and
blowers must be installed. When
equipment requires masonry work
such as large tile tanks or high-tem-
perature kilns, it is usually neces-
sary to secure the services of an out-
side contractor.

Installation involving any of these
considerations requires that the Plant
Engineering function be consulted on
the project. They must determine that
safety regulations are adhered to, and
that the Fire Insurance Association
codes are met. The entire installation
must also be planned and scheduled
to avoid any unnecessary interrup-
tion to production. The Equipment-

Development engineer must arrange
the planning and scheduling meeting,
and must provide adequate installa-
tion instructions to assure that the
machine parts and subassemblies are
installed in the proper sequence to
minimize construction difficulties and
maintain proper alignment of critical

parts.
OPERATIONAL AND
MAINTENANCE TRAINING

The operators must be completely
sold on a new machine before they
will accept it as a better means for
producing. Selling the operator on
the new machine requires a sincere,
honest, and factual explanation of
why it was built, what it does, how it
does it, the advantages of doing it this
way, and what his or her function is
in the operation of the equipment.
The operator must understand that
each evolutionary step toward im-
proved efficiency in manufacturing
provides added advantage in meeting
the demands of keen competition, and
indirectly strengthens the position of
every employe. This approach, prop-
erly handled, will usually stimulate
a keen interest and a desire to take
an active part in the development
project. Merely telling the operator
what to do, and not giving an ex-
planation as to the reasons why, often
breeds an indifferent attitude and
complete lack of cooperation.

The person assigned to training
personnel in the use of special ma-
chines must understand people and
their moods as well as he understands
the machines and their movements.

A conveyor type machine which automatically bakes, exhausts, electrically
processes to remove harmful gases and seals television picture tubes up to 27"
rectangular size. Consists of double track cars with completely self-contained
electrically driven pumping system which travel automatically through the entire
cycle of processing. Tubes are manually loaded but automatically unioaded
for conveyance to the next operation,




Depending on the circumstances, the
operator trainer may be a factory rep-
resentative who is skilled in the art
of training personnel and has been
thoroughly instructed by the engi-
neer in the functions and uses of the
new machine, or it may be necessary
for the Equipment-Development en-
gineer to follow this phase directly.
The Equipment-Development engi-
neer must also train factory mainte-
nance and set-up personnel. In many
cases, it is necessary only to provide
instruction on unusual features of ad-
justment and the critical points which
are susceptible to wear and require
periodic  preventive maintenance.
Maintenance personnel are usually
very competent and thoroughly famil-
iar with the general problems com-
mon to all new machines. If, however,
equipment is complex, or employs un-
conventional principles in its opera-
tion and adjustment, the training
must be concentrated and may ex-
tend over a considerable period.

OTHER ACTIVITIES

Equipment-Development engineers are
often called upon for other services
than machine design. They may be
requested to give advice on the types
of commercial equipment best suited
to a particular application. They may
be required to analyze specific prob-
lems causing difficulty in a produec-
tion process, or to assist in the design
and development of a new product
for which their experience and partic-
ular talents provide some advantage.

Occasionally, it may be necessary
to conduct extensive tests to deter-
mine the extent to which certain
variables in existing processes affect
the performance of the equipment,
and the effect these variables may

have on the quality of a product. For
example, Mr. W. Henderson, an
Equipment-Development engineer at
Lancaster, conducted oil-contamina-
tion tests on the straight-line exhaust
machine used for kinescopes. Kine-
scope life is largely dependent on the
efficiency of the exhaust process. In
the summer of 1954, extensive tests
were made under actual exhaust con-
ditions to determine the effect of vari-
ations in the temperature of the water
used to cool the vacuum pumps. Dur-
ing the summer months, the tempera-
ture of this water often rises above
80°F. The effect on tube life, as evi-
denced by increased cathode warm-up
time, indicated possibility of contami-
nation of the cathode elements by
oil, possibly introduced into the tube
from the diffusion pumps. A quantity
of tubes were run through the ma-
chine under conditions in which
either warm water (above 80°F) or
chilled water (60°F) was used to cool
the pumps. The results of these tests
showed a 2 to 1 gain in vacuum when
the chilled water was used.
Simultaneously, a quantity of cop-
per-tubulation samples was taken
from compression heads in the ex-
haust machine to determine the
amount of oil residue collected from
vapor back-streaming. In the Chemi-
cal and Physical Laboratory, each
tubulation was rinsed with ether, and
the residue was accurately weighed
after evaporation. Quantities of oil
found on these parts was in the order
of tenths of a milligram. These
weight readings were statistically an-
alyzed by the Quality-Control group.
The analysis showed that a reduction
in water temperature to 60°F reduced

the oil contamination by approxi-
mately one half.

As a result of these findings, a
thorough investigation was made as
to a suitable means for controlling
water temperature, and a commercial
unit was procured, installed, and
placed in operation in May, 1955.
Preliminary reports on production
during the summer of 1955 indicated
a marked improvement in cathode
warm-up time for this period as com-
pared with the 1954 summer period.
Further work is now in progress to
provide additional means for reduc-
ing the back streaming of oil vapors;
and to determine the effect of such
reduction on tube life.

THE EQUIPMENT-DEVELOPMENT ENGINEER
AND AUTOMATION

Although the subject of “automation”
is certainly worthy of separate cover-
age, the story of Equipment Develop-
ment and its engineers would not be
complete without some mention of it.
In certain areas, a concentrated effort
is being made to automatize produc-
tion. Some receiving-type tubes have
proven to be long-term, high-volume
items with good design stability. New
automatic machines to perform cer-
tain operations in the production of
these types have increased the output
per direct-labor operator to as much
as ten times that of the previous
methods. Machines currently in de-
velopment for other operations look
feasible for the near future. As each
element is completed and integrated
into one continuous process, signif-
icant progress is made toward the
goal of complete automation.

Because the design principles of
many Tube Division products are
dictated to a large degree by the func-
tions which they perform, the current
approach to automation is the design
of automatic equipment based on
existing product designs. In the fu-
ture, however, it is anticipated that
technological advances will make pos-
sible Tube Division product designs
specifically adapted to automation
principles. The Equipment-Develop-
ment engineers are accepting the
challenge of automation enthusiastic-
ally, and each activity is developing
plans and establishing firm objectives
for both the immediate and the long-
range approach to insure continued
progress in this field.



THE RADIOMARINE ENGINEER
THE NATIONAL MOTOR BOAT SHOW

ICTURE OVER 200,000 boating en-
Pthusiasts and Radiomarine dealers
whose searching questions must be an-
swered and interests stimulated on a
continuing basis over a 10-day pe-
riod. This is what greeted the Radio-
marine engineer atthe National Motor
Boat Show at Kingsbridge Armory,
New York, January 13-22, 1956.

Among the thousands of visitors it
was evident that many were well ac-
quainted with the part that the ma-
rine-electronic engineer is taking in
the pleasure craft field. This is not
too surprising when it is realized that
about 45,000 small boats are already
equipped with radiotelephone sets for
ship-to-shore and ship-to-ship commu-
nication.

However, the majority of engineers
at RCA are probably unfamiliar with
this phase of Marine Electronics
which requires close contact between
the Radiomarine engineer and the
boating trade.

FAMILY INFLUENCE APPARENT
IN SMALL CRAFT CLASS

In the early days of marine elec-
tronics the engineer was chiefly con-
cerned with the needs of commercial

#1v I, F. BYRNES
Fice President, Engincering
Radiomarine Corporation

New York Ciry

vessels. These included passenger and
cargo ships, tugs and fishing craft.

Today, with highways crowded, the
average family is taking to the water
and investing in boats of various
sizes. This change has injected a still
greater need for equipment designed
specifically to meet the requirements
of the small boat owner. Equipment
must possess utility and have features
that help to promote the safety of
the small boat owner and his family.
The radiotelephone set, the radio di-
rection finder or any other electronic
device for small craft must not only be
a well designed product, but also fit
the decor of modern craft. Both man
and wife take a keen interest in the
styling and appearance of the equip-
ment, and in simplified operating
controls.

ROLE OF THE RADIOMARINE ENGINEER
IN CUSTOMER RELATIONS

All these factors must be considered
by the Radiomarine engineer in the

AT

laboratory while a set is undergoing
development. However, consideration
of the needs of the boat owner does
not end in the laboratory. The engi-
neer, to sample consumer opinion,
must contact the public. What better
opportunity to do this than through
discussions with visitors at the Na-
tional Motor Boat Show. This is par-
ticularly helpful because today’s in-
formation seekers are
buyers.

Many of Radiomarine’s key engi-
neers, who are responsible for deter-
mining the design program, attend
the National Motor Boat Show to
learn the requirements of customers,
to examine competitive equipment
and to renew their acquaintance with
the dealer organization. The engi-
neers work closely with Radiomarine
Sales personnel and the dealers, and
thereby acquire valuable data con-
cerning future products.

tomorrow’s

INTEREST IS INTENSE AND VARIED

Intermingled with the thousands of
visitors are those vitally interested in
procuring equipment. These are boat
owners or potential boat buyers,
many of whom have questioned com-
petitors and evaluated similar prod-



ucts before reaching the Radiomarine
exhibit. At this point, the visitor is
thoroughly familiar with what is on
the market and will approach the en-
gineer with a “show-me” attitude.
The Radiomarine engineer must have
a thorough knowledge of his own
products and also be familiar with
competitive equipment so that he can
meet the verbal challenge of the pros-
pective customer and convince him
of the advantages of Radiomarine’s
equipment.

Questions range from technical fac-
tors, such as transmitter power and
number of channels, to such matters
as installation, service and the ranges
obtainable with the equipment. Since
cost is an important consideration
with the small boat owner, a nice
balance is required between the type
of equipment chosen and the size of
the boat.

Up to this point we have covered
primarily the aspects of electronic
equipment for the pleasure boat
owner. Of course, Radiomarine equip-
ment encompasses the large commer-
cial and passenger vessel classes in
which the Radiomarine engineer plays
an active part. Such items as radar,
loran and the higher powered radio-
telephone sets are also displayed at the
Motor Boat Show. This equipment,

although primarily for commercial
craft, is also installed on many of the
larger private yachts.

EQUIPMENT ‘“ON DISPLAY”

The Radiomarine exhibit at this year’s
show featured the new “Golden Ser-
ies” line of radiotelephone sets in-
cluding the very popular “Golden
Guide” portable direction finder. Also
shown were the eleven-channel, 150
watt, model ET- 8050 radiotelephone;
the Echograph three-range depth re-
corder and various standard receivers.

The “Golden Series” (see photos)
consists of the new “Golden Sentry,”
a 20 watt radiotelephone; the
“Golden Courier,” a 35 watt set; the
“Golden Herald,” a 100 watt set; and
the three-band portable direction
finder, the “Golden Guide.”

CONCLUSION

In summary, the Radiomarine engi-
neer is becoming more active than
ever before in his direct contact with
the small-craft customer. Not only
does he get first-hand information
from prospective buyers, but he stud-
ies the changing trends and prefer-
ences from year-to-year. These ob-
servations are directly reflected in his
designs of radio equipment to meet
the needs of a growing marine and
small craft market.

Editor's Note: In this article, Mr.
Byrnes gives the reader a brief,
general description of some of the .
Commercial Products of Radio-
marine, particularly those. in the
small cratt class. In the paper which
follows this one, N. L. Barlow, of
Radiomarine describes the design
of single-sideband communications

equipment.

IRVING F. BYRNES has been asso-
ciated with Radiomarine Corporation since
1930. He entered the General Electric Test
Department in 1918 and was later engaged
in radio development in the Engineering

Laboratory. He completed extension
courses in Electrical Engineering at Union
College, and in 1922 participated in the
development and design of carly ship-to-
shore radiotelephone equipment. He has
been granted several U. S. patents for radio
devices, and in 1940 he rcceived the Mod-
ern Pioneers Award from the National Asso-
ciation of Manufacturers for his contribu-
tions in the art of marine radio communica-
tion. The U. S. Navy Burcau of Ships
awarded Mr. Byrnes its Certificate of Com-
mendation in 1947. He is the author of
many technical papers on radio equipment,
and is a Fellow of IRE. Mr. Byrnes is a
member of “RCA Review,” Board of Editors
and the RCA Institutes Board of Technical
Advisors.
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GOLDEN COURIER (MODEL ET-8056)~—35 watt plate input,
20 watt antenna power transmitter with five crystal con-
trolled g¢hannels in the 2-3 Mc band. Receiver has five
crystal controlled channels and also may be tuned over the
standard broadcast band. A press-to-talk ‘‘Mike' or op-
tional handset may be used. Golden anodized front panel
with simulated mahogany finish metal cabinet. For medium
size cruisers having 6, 12 or 32 volt power supply. Typical
salt water ranges 35 to 50 miles. Price $379.50.

TRANSMT
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e

GOLDEN SENTRY {MODEL ET-8059)—20 watt plate input,
10 watt antenna power transmitter with five crystal con-
trolled channels in the 2-3 Mc band. Receiver uses printed
circuit, has five crystal controlled channels and also may
be tuned over the standard broadcast band. Furnished
with press-to-talk hand microphone and 4” x 6” oval
speaker. Golden anodized front panel with bronze ham-
mertone cabinet. Suitable for the smaller cruisers with 6
or 12 volt batteries. Typical salt water ranges 20 to 30
miles. Price $295.00.

View taken in I. F. Byrnes' office during an
engineering planning meeting. Seated from
left to right are: R. W. Ugel, Mgr. Sales and
Service of St. Louis, Mo., and A. M, lapping,
Section Chief, Design layout, C. E. Moore, Su-
pervisory Engineer, Radar Division, H. B.
Martin, Assistant Chief Engineer and Mr.
Byrnes, all of Radiomarine, New York City.

GOLDEN HERALD (MODEL ET-8057)-—100 watt plate input,
50 watt antenna power transmitter with eight crystal con-
trolled channels in the 2-3 Mc band. Receiver has eight
crystal controlled channels. A press-to-talk “"Mike" or op-
tional handset may be vsed. Golden anodized front panel
with simulated mahogany finish metal cabinet. Designed for
larger cruisers and: yachts having 12, 32, 115 volts DC or
115 volts AC power supply. Typical salt water ranges 50
to 100 miles. Price $615.00.

GOLDEN GUIDE (MODEL AR-8712)~—Self contained com-
bination direction finder, marine radiotelephone and broad-
cast band receiver. Three frequency bands—200-415 ke,
540-1600 kc and 1700-3400 kc. Has rotatable shieided
ferrite loop mounted over azimuth scale for taking bearings.
Includes null meter, loudspeaker and beat frequency oscil-
lator for CW reception. Operates from seif contained battery
or from 115 volts AC/DC. Weight with batteries, 13
pounds. Six tube superheterodyne. Golden anodized front
panel with hammertone grey metal cabinet. Prilce $169.50
less battery.




Lawrence Greenberg, Radar Engineer (right), explaining the Kenne?h y. Hayes, Sales Engmeer (ieft) explams tke function
theary of radar fo a 'potential customer. of the ferrite loop on the "Goiden Gmde” Modei AR-8712
- Direction Fmder 1o o visitar,

DIRECT READING
LORAN RECEIVER

Charles E. Moore, Supervisory Engineer, Radar, dascusses the
CR-T05A Radar with naval cadets.

 Virgil K. Lewis, Assistant General Soles Manager lright), Field
Sales, demonsirating the LR-B803 loran to lester T. Gales,
Assistant to Execulive Vice-President.
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THE DESIGN OF SINGLE-SIDEBAND RADIO
COMMUNICATION EQUIPMENT

IGH-FREQUENCY RADIO services,
both fixed and mobile, are faced
with a communications “traffic jam”
of global proportions. This problem,
which is common to private, public
and government agencies alike, re-
sults from an acute shortage of the
number of channels available in the
limited high-frequency portion of the
radio spectrum. The ever-increasing
demand for, and use of, these chan-
nels has led to extremely crowded
conditions, resulting in objectional
interference.

An important forward stride
toward the solution of these prob-
lems has now been accomplished
through the design of the RCA “SSB-
1”7 (Single-Sideband}  equipment
which has reduced bandwidth re-
quirements by one-half. The new
equipment may be used for teleph-
ony, telegraphy, and teleprinter oper-
ation over short and medium dis-
tances. Although great economy in
bandwidth has been achieved through
the use of single-sideband tech-
niques, both cost and simplicity are
comparable to that found in ordinary
AM systems which require twice the
spectrum space.

NILES L. BARLOW graduated from
Brown University in 1946 with a B.S. degree
in Electrical Engineering. He joined the Radio-
marine Corp. of America Engineering Depart-
ment, Radar Division, in December 1946 as a
radar technician, assisting in the setup of the
production test facility for Radiomarine’s first
commercial radar equipment. Mr. Barlow
served as an instructor in radar techniques in
classes for service personnel while a member
of the Radar Division. In 1948 he transferred
to the Radio Division of Radiomarine, working
on shipboard radio equipment. He has been
associated with the engineering development of
modern “console” types of shipboard stations
and specialized installations, including equip-
ment for the superliner, S. S. UNITED
STATES.

4y NILES L. BARLOW

pi—Radio Drvision
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EARLY ATTEMPTS

Numerous methods had been investi-
gated in the industry in an attempt
to increase the traffic handling capa-
bilities of a radio channel of given
bandwidth. Nevertheless, very few
methods were effective when voice
channels were involved due to the
fixed-bandwidth requirement for in-
telligibility. Restriction of the audio
range to a maximum frequency of
3000 cycles-per-second in the radio
transmitter did achieve conservation
of bandwidth requirements and also
produced an intelligible, commercial
signal. However, during the modu-
lation process (when the audio and
radio frequencies were combined)
both sum and difference frequencies
were produced. The transmitted sig-
nal then occupied a band of frequen-
cies 6-kc wide, and consisted of a
high-power carrier frequency, and
two sideband frequencies, each sepa-
rated from the carrier frequency by
the audio modulating frequency. In
light of these facts, the single-side-
band technique seemed to offer pos-
sibilities for appreciable bandwidth
reduction.

SINGLE-SIDEBAND OPERATION——
WHAT IT IS
The single-sideband, suppressed-car-
rier system of radio transmission is a
method which has been in use for
many years in high-power, fixed-fre-
quency, point-to-point networks. In
this arrangement, a special modula-
tion process is used wherein the car-
rier frequency of the transmitter is
suppressed and only one of the side-
bands is transmitted. This modulation
process is done at a very low level, the
single sideband signal being heter-
odyned to the final output frequency
and then amplified by linear power
amplifiers to the desired power level.
The transmission of only one sideband
with a restricted audio range results
in a transmitted bandwidth of less
than 3 kilocycles, less than half that

required for a normal double-sideband
speech channel.

Until the advent of the RCA SSB-1
Single-Sideband Communication Sys-
tem, the benefits of single-sideband
operation were not available for low-
power fixed station operation, due to
the complexity of the circuits required
for reliable SSB generation. However,
the recent development of small,
stable, temperature controlled crystals
has eliminated the frequency stability
problems previously encountered, and
made possible the design of RCA SSB
equipment without elaborate Automa-
tic Frequency Control circuits.

DESIGN GOALS
A small SSB exciter built by the Ra-

dio Division of Radiomarine aroused
the interest of the RCA International
Division as having definite commer-
cial possibilities. Subsequently, a de-
velopment order came to Radiomarine
from RCA International. It stated
simply: Design a single-sideband,
suppressed - carrier, radiotelephone
unit to meet or surpass the following
specifications:

Peak Envelope Power Output
20 to 50 watts

Frequency Range .. ... 4 to 15 me

Channels ............... 2 or 3.
Transmitter and receiver chan-
nel frequencies to be selected
simultaneously by means of a
front panel switch. All tuning to
be internal, pre-set by service
personnel.

Carrier Suppression

Better than 36 db

Unwanted sideband suppression
Better than 36 db

Type of Operation ...... Simplex
(transmit and receive on same
frequency) with “push-to-talk”
control on handset.

Remote Operation
Provisions for 3 remote positions
with suitable signal lights.

Antenna
Single wire, same antenna to be
used on all channels.

Added to the above specifications,
was the requirement that the Single-



Sideband (or SSB) equipment be the
same physical size as a conventional
50-watt AM radiotelephone such as
the RCA type ETM-50. This unit had
been well accepted for airline-ground,
point-to-point, police and other low-
power radio communications.

Compatibility with existing AM
equipment was also of great impor-
tance in order to tie in with estab-
lished radiotelephone networks. This
meant that the SSB receiver would
have to receive AM as well as SSB,
and that the transmitter must incor-
porate a method of carrier insertion
in order to make its signal intelligible
when received on a standard receiver.
Most important of all, the SSB unit
had to be designed and built in such
a manner as to be competitively
priced with existing AM radiotele-
phone equipment.

AM POWER V5. SSB POWER

The power output requirement of 20
to 50 watts does not seem impressive
at first, but a look at Fig. 1 will
quickly show how a single-sideband
signal of 50 watts peak envelope
power output equals, in desired side-
band power, a signal from a conven-
‘tional transmitter rated at 200 watts
carrier power. This is a 6db improve-
ment, favoring the single-sideband
transmitter. A 200 watt AM transmit-
ter 1009 modulated will have a total
antenna power of 300 watts (carrier
plus sidebands). Comparing this total
power output with the 50 watt peak
output of the SSB transmitter shows
that six times, or approximately 8
db more antenna power is required
with an AM transmitter to produce
the same desired sideband power as
the single sideband transmitter.
Fig. 1 illustrates the frequency
bandwidth and power output advan-
tages of a single-sideband communi-
cations system over an AM System.
Another advantage is that, for a given
system efficiency, the line power re-
quirement is lower, a major factor
in remote locations where small gaso-
line powered generators may be used.
The equipment weight and space re-
quirement is decreased, and the oper-
ating cost is lowered. Add to this the
more intangible items, such as 1)
better signal-to-noise ratio and less in-
terference pickup due to the reduced
receiver bandwidth, 2) almost com-

plete absence of distortion due to
selective fading over long distance

paths, 3) conversation privacy af-

forded by the inability of the aver-
age AM receiver to satisfactorily de-
tect the SSB signal, and the system im-
provement obtained is far higher than
the 8 db shown for the transmitter
alone.

OVERALL SYSTEM

Preliminary design of the equipment
mainly involved work with block dia-
grams in an effort to arrive at a system
design that would meet the specifica-
tion. Recent developments in mechan-
ical filters, with their inherent nar-
row-bandpass characteristics, made
them an ideal choice for single-side-
band generation. A filter with a band-
pass of approximately 250.3 k¢ to
253.2 ke was selected. This filter was
designed for SSB use with a carrier
frequency of 250 kc and having a
25 db attenuation to this frequency.

The filter choice established the
first intermediate frequency at ap-
proximately 250 ke, making possible

the use of standard 262 kc i-f trans-
formers with slight external padding.

Perhaps the most important single
factor in the initial design of equip-
ment of this type is the choice of in-
termediate frequencies, to insure that
a minimum amount of spurious mixer
products appear in the output. The
problem is made more difficult when
a large continuous frequency cover-
age is required. Fig. 3 is a block
diagram of the final system. The fre-
quency range of the set was extended
to cover 3 to 15 me. A second inter-
mediate frequency of 1400 kc was
used, obtained by mixing the 250 ke
signal with an 1150 kc signal. It was
decided to use the difference fre-
quency output of the last balanced
modulator, which would result in less
trouble from spurious mixer outputs
than if the sum frequency was used.
The worst possible spurious frequen-
cies that could appear in the trans-
mitter output were the second and
third harmonics of the second inter-
mediate frequency, and the high-fre-
quency oscillator output at the high

Fig. 2—Desk Installation of SSB-1 Equipment




16

SINGLE-SIDEBAND
EQUIPMENT —continued

end of the frequency range. Subse-
quent measurements showed an at-
tenuation of over 60 db for the i-f
second harmonic, when the trans-
mitter was tuned for 3 mc, and for
the h-f oscillator frequency of 16.4
mc when the transmitter was tuned
for 15 mc output. Difficulty was ex-
perienced in obtaining sufficient sup-
pression of the i-f third harmonic
when the transmitter output was
tuned for it. Finally, an engineering
compromise was reached between
mixer frequency response over the
frequency range of 3 to 15 me, and
the mixer distortion products, result-
ing in an i-f third harmonic attenua-
tion of 26 db. Since this was the only
spurious output of any magnitude it
was deemed reasonable for the pro-
posed type of service for which the
equipment was to be used.

TRANSMITTER CIRCUITS

Search for a desirable tube for use
as the linear power amplifier led to
the recently developed RCA type
6146 Beam Power Amplifier. A
unique feature of this tube is its abil-
ity to deliver almost as much power
in class AB; as in class AB,. Class
AB, operation was desirable both for

reduced drive power requirements
and for simplified grid circuitry—
important considerations when a low
cost, continuous frequency coverage
design is contemplated. Tube manual
ratings indicated an approximate
power output, per pair, of 82 walts
in class AB; audio service, using a
plate voltage of 600 volts and neglect-
ing all losses. The choice of 6146’s
proved to be a good one. Final power
output to the antenna was between 55
and 68 watts depending on the fre-
quency and the antenna impedance.
A top view of the transmitter-receiver
chassis is shown in Fig. 5.

SPEECH CLIPPER

The low-level audio circuits were de-
signed to operate from three remote
desk telephones and one local hand-
set into the SSB-1. The audio levels
are adjusted to permit the connection
of a standard 600-ohm telephone pair
to provide audio input directly to the
transmitter unit. A speech clipper (see
Fig. 4) built as a plug-in package com-
plete with two tubes provides 20 db of
clipping to transmitted speech. This
clipping action greatly increases the
average voice power transmitted.
Audio harmonics generated in the
clipping process are filtered out by
the mechanical filter, after conversion

to 250 ke.
TELEGRAPH OPERATION
A 1000-cycle audio oscillator in the

Fig. 3—55B-1 Block Diagram.

SSB-1 equipment is keyed by an ex-
ternal telegraph key to provide c-w
telegraph operation. This single audio
tone appears in the transmitter out-
put as a single radio frequency and
is detected in the receiver in exactly
the same fashion as voice modulation,
heterodyning with 250 ke in the last
mixer to provide a 1000-cycle tone in
the receiver. Reception of this signal
with a standard AM receiver is pos-
sible by use of the receiver’s BFO,
in the same fashion as any c-w signal.

OSCILLATOR CIRCUITS

The same intermediate frequencies
used in the transmitter are used in
the receiver, in the reverse order. In
this manner common oscillators are
used for both receiver and transmit-
ter. Crystal control of all oscillators
was possible since four preset fre-
quencies are provided rather than a
continuously variable coverage. Small
crystals in type HC-6/U holders are
used. The 250 ke and 1150 kc crystals
fit into a single, small, plug-in oven
which holds the crystal temperature
at 75°C. The four channel crystals are
in two separate ovens. These small
crystal ovens hold the crystals to a
frequency tolerance of =.0005%
over an outside ambient temperature
range of —30°C to +70°C. With an
operating frequency of 15 me, =*75
cycles is the maximum frequency drift
of the unit. To compensate for this
drift, which would show up as dis-
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Author shown making tuning adjustment on the
ransmitter-Receiver Chassis. This chassis contains
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SINGLE-SIDEBAND
EQUIPMENT —continued

torted voice during transmission (the
so called “Donald Duck” sound of
incorrectly tuned SSB reception) a
front-panel control called the “Voice
Clarifier” was incorporated into the
SSB-1. This control consists of a
small trimmer capacitor in parallel
with the 1150 kc crystal, changing
the resonant frequency of the oscil-
lator =75 cycles no matter what out-
put channel frequency is in use. Be-
cause the 1150 kc oscillator is com-
mon to both receiver and transmitter
{as are the other oscillators) adjust-
ment of the Voice Clarifier for most
natural voice when receiving auto-
matically adjusts the transmitted sig-
nal for best reception, at the far end
of the circuit. With normal ambient
temperature changes, the Voice Clari-
fier is used only to compensate for
longtime crystal aging.

RECEIVER CIRCUITS

A receiver sensitivity of better than
1 microvolt with a signal-to-noise ra-
tio of 6 db for 50-milliwatts output
is obtainable over the entire fre-
quency range. Audio gain is fixed at
its maximum value, receiver gain be-
ing adjusted by an r-f gain control
which varies bias on the r-f amplifier
and the 1st i-f amplifier. A similar
mechanical filter to that used in the
transmitter is used in the receiver. All
stages of i-f amplification follow the
filter with its narrow bandpass,
thereby amplifying only the desired
signals passed by the filter. This
greatly reduces the possibility of re-
ceiver overload due to strong interfer-
ing signals with frequencies close to
those of the desired signals. A triode
detector is used as the final demodu-
lator. This type of circuit proved most
satisfactory with the high level of car-
rier injection required for single-side-
band reception, without overloading.

COST CONSIDERATIONS

A most important requirement in the
original specification was to keep the
SSB-1 cost and size close to an exist-
ing, comparable AM equipment. Con-
forming to the latter requirement was
a relatively simple problem. The space

gained by elimination of modulator
tubes, transformers and their required
power supply components was utilized
to accommodate the more involved
circuitry of single-sideband genera-
tion. The need for keeping component
costs down was constantly kept in
mind. If a tuned-load circuit could
be replaced by a resistive load this
was done, since carbon resistors are
less expensive than coils and capa-
citors.

Replacing coils and capacitors usu-
ally resulted in elimination of a tun-
ing adjustment, simplifying the align-
ment procedure. All meters were
eliminated. The only indicating de-
vice on the equipment is an inexpen-
sive neon bulb. The neon gives a
much faster and more reliable indi-
cation of peak voltages during modu-
lation than a meter could.

The power supply was designed
around standard “jobber item” com-
ponents. All filter capacitors are elec-
trolytic, including those in the high-
voltage, power amplifier plate supply.
In this circuit, high-capacity units
are connected in series, giving ample
voltage rating and the high filter out-
put capacity required for good dy-
namic regulation of the supply under
the rapidly varying load conditions
of single sideband operation. The
choice of class AB; operation of the
PA stage allows the use of a very
simple bias supply, since there is no
load current drawn. Aside from the
PA plate circuit, the only stages that
required individually tuned circuits
for each channel were the receiver
r-f amplifier, the lst mixer grid cir-
cuits, the transmitter 3rd balanced
modulator plate, and IPA plate cir-
cuits. Identical slug tuned coils are
used in all of these stages, except the
transmitter 3rd balanced modulator.
In this stage it was found that the
tuning slug capacity affected the cir-
cuit balance over the frequency range,
resulting in poor h-f oscillator rejec-
tion. Instead, a fixed coil—variable
capacitor method of tuning was sub-
stituted.

Other important factors in cost re-
duction were the use of a standard,
welded steel cabinet, and of easily
fabricated metal parts throughout the
equipment. Careful consideration of
these details resulted in a sizable sav-

ing.

FINAL SPECIFICATIONS OF THE $$B-1

Listed below are the final specifica-
tions for the production units of the
SSB-1 equipment. A comparison be-
tween these ratings and the original
design requirements shows that the
original specifications were exceeded
in all respects.

Peak Envelope Power Output

60 watts

Frequency Range ....3 to 15 mec

Channels .................... 4

Carrier Suppression ....... 50 db
Unwanted Sideband Suppression

50 db

Type of Operation ....... Simplex

Emission
Single sideband suppressed car-
rier, single sideband with car-
rier, Al, A2 keyed tone.

Keying Speed
Break - in operation — 30 wpm
Teletype operation—60 wpm

Speech Clipping . .......... 20 db
Two Tone Test:
Distortion products .. .... —26 db

Frequency Stability . +0.0005%

Receiver Sensitivity
Better than 1 uv for 50 mw
output with 6 db signal to
noise ratio.

The front panel controls of the
SSB-1 have been reduced to a min-
imum, thus simplifying its operation.
The unit can be operated by inexperi-
enced personnel. Installation and
channel alignment can be done with
a milliameter and a small screw
driver.

FIELD TESTS

Two model SSB-1 equipments were
built under the development contract
so that field tests could be conducted
with two-way circuits. The first of
these field tests was conducted be-
tween New York and Radiomarine
Station WCM located near Pittsburgh,
Pa. in March 1955. Frequencies used
were 4067 ke, 6455 ke, and 8205.5
ke.

The New York end of the circuit
was operated under a special FCC
authorization with the assigned call
of KE2XQH. The circuit was operated
intermittently for a period of two
weeks. Excellent comparisons were
obtained between the SSB-1 and the
normal station transmitters at WCM,



Fig. 6—Karl L. Neumann, Super-
visory Engineer of Radiomarine
Engineering (at left) and C. E.

Schneider of the Engineering De-
partment, Radio Division are shown
in the Lab during engineering per-
formance tests on the *'SSB-1"
Single-Sideband equipment.

one of 150-watts, carrier power, the
other of 1000-watts carrier power. Al-
though the New York location was ex-
tremely noisy due to machinery located
in the same building the tests were
very satisfactory. The reports from the
Pittsburgh end of the circuit were ex-
cellent with no difficulty being ex-
perienced at any time with reception.
The results of these tests were used
as a basis for acceptance of the equip-
ment by RCA International.

In June 1955, the SSB-1 was in-
stalled on board the M/V VALVO-
LINE, a river tow boat, owned and
operated by the Ashland Oil and Re-
fining Company. C. E. Schneider of
Radiomarine operated the equipment
on the vessel during a run on the
Ohio River between Ashland, Ky. and
Mt. Vernon, Ind. Traflic was worked
through station WCM in Pittsburgh.
The SSB-1 consistently outperformed
the 150-watt transmitter at WCM and
under conditions of interference and
atmospherics outperformed the 1000-
watt station transmitter. The absence
of selective fading effects with accom-
panying distortion of the received sig-
nal -was especially gratifying when
using single sideband.

The SSB-1 operated very satisfacto-

rily under the heavy vibration condi-
tions present on board the diesel-driven
VALVOLINE. Frequency stability
proved excellent, with no distortion
evident due to drift effects.

FCC DEMONSTRATIONS

The Federal Communications Com-
mission, in a Public Notice dated Oc-
tober 5, 1955, expressed the expecta-
tion that users, manufacturers and
professional groups with expert
knowledge of single-sideband tech-
niques would conduct “tests, studies,
and analyses to provide a sound tegh-
nical background” for future consid-
eration of proposals to increase the
use of single-sideband operation by a
variety of services now using radio-
telephone on frequencies below 25,000
ke. In line with this Public Notice,
the US Coast Guard, using Radio-
marine SSB-1 equipment, conducted
demonstrations for the benefit of
Commissioners of the FCC and per-
sonnel of other interested Govern-
ment agencies during the week of
December 5, 1955.

A four-station network was set up,
with SSB-1 equipments located at
Rocky Point, L.I., USCG Station
Wildwood, N. J., USCG Headquarters
Washington, D. C., and USCG Station

Alexandria, Va. All four installations
were operated simultaneously on the
same frequency as a network with
excellent results. There were no block-
ing or heterodyning effects as would
have been present if conventional AM
equipment were used. The equipment
was highly praised by all who wit-
nessed the tests, with interest in sin-
gle-sideband in general and the SSB-1
in particular being stimulated. In
summary, the design of SSB-1 equip-
ment is a great step toward the solu-
tion of the world-wide traffic problem
in high-frequency communications.

CREDITS

To E. A. LaPort, then Chief Engineer
of RCA International and now Di-
rector of Communications, RCA En-
gineering goes credit for arousing
interest within the company for the
SSB-1. Karl L. Neumann, Supervis-
ory Engineer of the Radiomarine
Radio-Engineering Division, C. E.
Schneider, and the author of this paper
were responsible for the successful
completion of this project. Irving
Linker helped in the development work
on the transmitter. Bill Autry, Mechan-
ical Design Division, helped in the
layout and mechanical design of the
equipment.
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COLOR DEMODULATOR ANALYSIS

R. W. SONNENFELDT

Advanced Development Engineering

ROA Vietor Television Division

Cherry FELL N,

IN THE STANDARD FCC approved system of color TV, the
color information is transmitted by means of a sub-
carrier. So-called color-difference signals, the I and Q
signals, are modulated onto the subcarrier by two phase,
suppressed-carrier amplitude modulation. The result is
simultaneous amplitude and phase modulation of the sub-
carrier, allowing transmission of two independent signals
in this channel.?

In the receiver it is necessary to recover the / and @
signals. This article is concerned with an analysis of the
modulation and recovery processes as a basis of receiver
demodulator circuit design.

When the I and Q signals modulate their two-phase
carrier, the resultant signal is, when the / carrier is cos wt,
and the Q carrier sin wt,

es =1 cos wt + Q sin wt = \/I? + Q? cos (wt - P)
(1)

where ¢, the phase modulation is given by

— tan—! <— —?-) (2)

While the right side of equation (1) correctly expresses
the physical fact that the two quadrature signals combine
into a single electrical wave, it is more convenient to use
the left side of the equation for further mathematical
manipulations. This results in greater simplicity in the
following analysis. If equation (1) is multiplied by
2 cos wt the result is

e, X 2 cos wt = 2 (I cos wt + Q sin wt) cos wi
=2 (I cos’wt + Q sin wt X cos wt)
=1 (1 4 cos 2wt) + Q (sin 2t) (3)
When the terms of frequency 2wt are removed, by filtering,

there remains

Low Frequency component of 2¢, cos wt =1 (4)
Similarly, one can show that

Low Frequency component of 2¢, sin wt = Q (5)

The L.F. component of this multiplication is conven-
tionally obtained from a balanced modulator followed
by a low-pass filter. This circuit is entirely appropriate

1. H. Nyguist, “Certain topics in telegraph transmission theory,”
Trans, AIEE, vol. 47, p. 624, February 1928,
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as a receiver demodulator but it has certain (mainly
economical) disadvantages. These ‘are:
1. Additional circuitry is usually required to establish
and maintain balance.
2. Push-pull feed of signals is required.
3. At least two identical modulating elements are re-
quired.

Receiver designers have, therefore, turned to other cir-
cuits that have good performance without introducing
balancing problems. All of the unbalanced circuits are
essentially switches or gates actuated in synchronism with
the subcarrier frequency. Fig. 1 shows a diagram of
such a switch.

Suppose that this switch closes once during every cycle
of the subcarrier frequency for a period of T seconds, that
is from a time #; == —71'/2 to a time & = T /2.

We shall show that the average value or equivalently
the low frequency content of the output is proportional
to I.

Whent=t; letwt= oty = —«
and

when ¢ == o let wi = wty; = -+ «

Then, the average value of e, per cycle is

1 ,te
€0 ave — “—f €s d(wt)
2w o

— %fﬁ[[ cos (wt) + Qsin (wt)] d(wt)

1 wt = +a
= ———[I sin wt — Q cos wt:]
2 wt = —a
1 . sin a
=— [{(2sina)] — I (6)
2 T
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If on the other hand the switch is closed from wt,’ =
(/2 — @) to wt’ = (w/2 4+ «) the output voltage is

1 T b
€oave =) 2 [Icos (wt) + Q sin (wt)] d(wt)
2 7——&

wt = +a

= —Ll:] sin @t — Q cos wt:l
277' Wt == —a

_ 517-7{ 0 [cos (% + a) —cos (3 — “)]}

_ sin « 0 (7)

w

We note that the output obtainable becomes a maximum
when ¢ = /2.

Then,

&
i
31~
G

and
Q

T

e, =

(9)
This means the switch is closed for one half of each com-
plete subcarrier cycle. This method of detection is known
as pulse sampling. The operation of the switch is equiva-
lent to multiplication by a pulse of unit amplitude, re-
currence frequency @ and width 2a. Such a pulse can
be expressed as a Fourier Series.

sin (na) cos (nwt) (10)

b8
S|

1l

L2
w

|+~

ep —
n=1

The switching process is the same as taking the product

€p s — € (11)

1 2
:[1 cos wt -+ ( sin wt] [——+ — sin a cos wt
T T

2
—+ 1 sin 2@ cos 2wt - 37 sin 3a cos 3 wt -} . . .:|(12)
T

of all these terms only the product I cos wt 2/7 sin «
cos wt makes a low frequency contribution. It is

sin o

1 (13)

€9 ave —
T

exactly the same as equation (6).
Similarly, if we displace the pulse by 7/2 we find that

0
e :%r— + —;2; Z 1— sin (na) cosn (wt + 72_r) (14)

an=10N

If the product
ey * €, is taken, one finds

that
sin o

¢ (15)

. e ’ ——
€p " €y == €pave —
a

Fig. 2 — Pulse wave-
forms and their fun-
damental frequency
component.
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Now, it is a truly astounding fact that this pulse need have
neither steep sides, nor a flat top to get exactly the same
result. Only the fundamental frequency component of
the sampling pulse makes a contribution to the desired
output. Any other pulse with the same fundamental fre-
quency component as those of equations (10) and (14)
will give exactly the same output quite irrespective of
what the harmonic terms in the series look like. It is
obvious, therefore, that sine wave sampling as described
by equations (4) and (5) is but a special case of pulsc
sampling. Fig. 2 shows a number of pulse waveforms
with their fundamental frequency component.

It is now easy to examine several circuits suitable for
receiver demodulation.

THE GATED AMPLIFIER PENTODE

Fig. 3 shows a suppressor switched pentode and Fig. 4
is the equivalent circuit. If the plate current is a linear
function of the subcarrier voltage e, (linear operation

LOW PASS
4:—_-. FILTER [ %,
=3 [}
j—1 — N =]
[ =1 =]
r——]
eg ep

Fig. 3—A suppressor-switched pentode circuil.

of grid #1) then the output will be undistorted quite
independent of the suppressor grid non-linearity, since
generation of harmonics not present in e, do not affect
the result. Fig. 5 shows the circuit of Fig. 3 with e, and
ep interchanged.

In this case the suppressor grid must be operated
linearly, but the linearity of grid #1 is unimportant.

Fig. 6 shows a plate switched triode. Here, linear op-
eration of the signal grid is required but the plate voltage-
plate current relationship need not be linear. Notice that
the value of the battery voltage enters into the process
only in as far as it affects 1., and g, and in its effect on
the grid-voltage plate current relationship.

Many other circuit configurations are possible and have
been used. The analysis of this article shows that there is

_a wide choice of sampling waveforms possible, and accord-

ingly the design of color demodulators presents unusual
opportunities to the circuit engineer.

e
/__p\\
\ LOW PASS
o FILTER [ ©°
</ ‘o
—
E....l ip=gmeg

Fig. 4—Equivalent circuit of Fig. 3.
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| e Y e ]
€p es

Fig. 5—Suppressor-switched pentode circuit of
Fig. 3 with e, and e interchanged.
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Fig. 6—A plate-switched triode.



OPERATIONAL TESTING IN COLOR TELEVISION

OMPATIBLE COLOR television is by E. E. GLOYSTEIN
C now generally recognized as a TV Terminal Engineering
rather ingenious extension of mono- Commercial Electronic Products
chrome television. A phase and am-

H

plitude modulated subcarrier signal
conveying the chrominance informa-
tion is added to what is essentially a
monochrome or “black and white”
television signal and the result is
color television. The equipment
needed to generate color signals,
however, is more complex and the
equipment which handles these sig-
nals must be more precise and de-
signed for performance within rela-
tively narrow tolerance limits with
respect to certain transmission pa-
rameters. For this reason, new test
instruments and techniques have been
developed to aid in making the more
precise and specialized measurements
required in color television. In this
paper we shall describe some of the
equipment available for producing
simple, usable test signals, for testing
and checking performance in a color
system and for making some of the
simpler, routine adjustments in home
receivers.

GENERATION OF COLOR BAR
TEST SIGNALS
Probably the most common test sig-
nal used in color television is one
using a series of vertical color bars.
Fig. 1 shows a kinescope view of a
typical color bar test signal. Color
bar signals of this sort are frequently
used to illustrate the principles of
color television and are especially
useful for operational testing in prac-
tical color television systems. Signals

WHITE YELLOW | CYAN GREEN MAGENTA| RED BLUE
0
s S
P Is WHITE BLACK
- i
W
N
RED BLUE GREEN

Fig. 1—A kinescope view of a typical color
bar pattern

¥ Y
Camden, N, J

Fig. 2—Simplified block diagram of color bar signal generating

system.

produced by color bar generators
make noise-free, readily recognizable
waveforms which are very convenient
for the adjustment of colorplexers,
and the composite signal available at
the output of a color bar generator—
colorplexer combination is very use-
ful for the adjustment of monitors
and receivers and for making general
system checks. Fig. 2 shows a brief
block diagram of the color bar gen-
erator-colorplexer combination. The
artificial signals derived from the
color bar generators are processed or
multiplexed by the colorplexer to pro-
duce a complete composite color bar
test pattern. An oscilloscope wave-
form sketch of the composite pattern
is shown in Fig. 3.

For this paper our discussion will
be limited to the color bar generator
equipment only. The colorplexer will
not be considered except to mention
that it is a necessary equipment for
processing signals like the output of
the color bar generator or a color
camera to produce a standard com-
patible color signal.

A great variety of color bar gen-
erators are possible. Many combina-
tions of multivibrators or oscilla-

A functional division of the colorplexer is indicated

tors for producing pulses correspond-
ing to almost any desired pattern of
rectangular color bars have been de-
vised. The one design which will be
discussed here is an example of a
practical color bar generator pro-
ducing color bars arranged in a par-
ticularly convenient sequence. The
basic bar pattern of seven colors in-
cludes the three primaries and their
one-to-one mixtures arranged in de-
scending order of luminance produc-
ing a pattern with white on the left
side, adjacent bars of yellow, cyan,
green, purple, and red with blue on
the right side. To gain additional

wlvlc]eTrrTe]

1.33 1.33

Fig. 3—Full amplitude color bar signal
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Fig. 4—Color bars reduced to 75% level

flexibility, it is a practice to design
color bars with means for splitting
the image area into two horizontal
bands so that additional test informa-
tion may be inserted without decreas-
ing the width of the basic color bars.
The design we are to consider is set
up to produce the colorplexed pat-
tern shown in Fig. 1. The basic color
bars are confined to the top half of
the raster, leaving the bottom half
for transmission of special test pulses.
Basic timing information is derived
from the standard blanking signal.
Trigger pulses derived from the
trailing edges of the blanking signal
are used in one of two places, deter-
mined by the state of conduction of
a keyer tube which may be controlled
by a 60 cycle multivibrator, triggered
by vertical drive, to provide either
color bars or test pulses over the
complete raster.

The basic color bar pattern is pro-
duced by a group of three multivibra-
tors as shown in Fig. 4. The remain-
ing circuitry is necessary to provide
the additional test pulses and to pro-
duce the 60 cycle electronic keyer
information. The signals from the
three sets of multivibrators are
coupled directly to the 75-ohm output
lines through diodes which serve both
to regulate the output levels (produc-
ing the desired peak-to-peak output
voltage independent of tube param-
eters) and to stabilize the timing
action of the multivibrators.

USE OF THE COLOR BAR SIGNAL
FOR TEST
As was intimated earlier in the dis-
cussion, a colorplexed color bar
signal provides a very convenient,
recognizable test signal for checking
the performance of a color system.
To facilitate testing of a system sev-
eral test instruments have been de-
signed especially for use with a color
bar test pattern. The most straight-
forward of these is the conventional

Fig. 5—Sketch of a typical vector display
oscilloscope pattern showing how tolerance
limits may be indicated

cathode ray oscilloscope used for
visual inspection of waveforms.
Trained personnel can usually evalu-
ate circuit or system performance
with a fairly high degree of profi-
ciency by analyzing the waveforms
presented on an oscilloscope. For a
closer inspection however, especially
of the amplitudes and phases of the
subcarrier corresponding to the vari-
ous colors, certain new instruments
offer advantages over the conven-
tional oscilloscope. One of the most
convenient of these new instruments
is the-vector display oscilloscope.

When used with color bar signals,
the vector display oscilloscope pro-
duces a pattern of lines or dots which
indicate the tips of the vectors cor-
responding to the various colors. The
sequence of the scope pattern pro-
duced by the particular color bar
sequence used is shown in Fig. 5.
This figure also shows how boxes
indicating phase and amplitude toler-
ance limits may be drawn on the scope
face to provide a very convenient indi-
cation of the signal. The particular tol-
erance limits shown in the figure cor-
respond to =3° in phase and *£5%
in amplitude. It must be remembered
that these tolerances refer only to the
subcarrier information since the
luminance information is rejected by
the 2-5 mc bandpass filter.

Fig. 6 is a simplified block dia-
gram of a typical vector display os-
cilloscope. While several different
versions of this device have been de-
veloped, most of them employ a pair
of demodulators comparable to those

REFERENCE
SUBCARRIER
3.5 me)

COLOR VIDEG INPUT

Fig. 6—Simplified block diagram of a typical
vector display oscilloscope

used in color monitors or receivers.
The outputs of these demodulators
are applied to the two pairs of plates
of a d-c oscilloscope or an a-c oscillo-
scope with provision for restoring
the d-c component at the deflection
plates. Most versions of the device
also include a burst-controlled oscil-
lator to derive a reference carrier
from the color synchronizing bursts
contained in the signal under test.
Some experiments with a vector dis-
play oscilloscope indicate that it may
become a useful tool for monitoring
actual camera signals, since its dis-
play gives an objective indication of
the hue and saturation of the colors
being transmitted. It may help in
matching the characteristics of color
cameras, and may prove useful to
program directors as an aid in
choosing colors for costumes and sets.
Another specialized instrument for
the analysis of color bar signals is
the color signal analyzer. This in-
strument, shown in simplified block
diagram form in Fig. 7, may be used
as an auxiliary to an oscilloscope to
permit more accurate measurements
of the various amplitude and phase
relationships in a color signal. This
could be at any point in a color tele-
vision system: the output of the color-
plexer, the output of the distribution
system, or anywhere along the entire
path. The same is also true when using
the vector display oscilloscope.
Discussing the operation of the
color signal analyzer, the synchro-
nous detector permits the measure-
ment of relative phase angles between

QUTPUT

Fig. 7—Simplified
block diagram of a
color signal analyzer




any of the color bar intervals, even
including the color synchronizing
burst. The detector output for any
given bar interval can be set at zero
or for a null by means of the uncali-
brated 360° phase shifter, and the
relative angle between it and any
other bar or burst interval can be
determined by adjusting the cali-
brated phase shifter to bring the sec-
ond bar interval to zero or a null
Since the detector is used only as a
null indicator, the accuracy of meas-
urement is determined primarily by
the calibrated phase shifter which
usually has an accuracy of better
than 1°.

The output of the color bar genera-
tor-colorpiexer combination, in addi-
tion to providing a convenient signal
for checking a color system, has
proven to be a very useful opera-
tional test signal for adjustment and
performance check of a color moni-
tor or receiver. Sufficient intelligent
information is contained in the test
signal to make quite a comprehensive
check on such items as phasing and
matrix circuits, brightness adjust-
ments, subcarrier oscillator lock in
performance, and relative gain ad-
justments of the demodulator and
luminance channels. Some form of
video modulator operating on a
standard carrier frequency is neces-
sary with such a test signal, how-
ever, to be useful for adjustment of a
color receiver.

CONVERGENCE DOT GENERATOR

In monochrome television a grating
pattern generator has been used for
some time by broadcasters to check
and adjust deflection linearity in both
cameras and picture monitors. With
the advent of color television this
test device sometimes has been called
upon to perform still another impor-
tant function—the convergence of the
three beams in a shadow mask tri-
color tube, or the registration of three
separate images in any form of the
three tube display device. Although
the grating generator signal has
proven adequate, a signal comprising
a dot pattern (breaking up the lines
of a grating pattern into dots) might
be more helpful for adjusting con-
vergence because it would show not
only the convergence errors but also
it would show more readily in which
direction correction should be ap-

. HORIZONTAL
PULSES

Fig. 8—Simplified block diagram of a typical dot generator

plied to achieve proper registration.
The dot pattern has been quite widely
accepted as the recommended pattern
for adjusting kinescope convergence.
Lack of convergence or registration
shows up in the color kinescope as
color fringes around the area of the
dot.

The circuitry for a grating and dot
generator, shown in Fig. 8, is rela-
tively simple. Horizontal and vertical
pulses obtained from the respective
windings of the deflection yoke in
the receiver under test or from some
external signal source such as a
standard synchronizing generator
may be used to trigger multivibrators

=N
£
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or blocking oscillators operated at
harmonics of the line and field fre-
quencies. The patierns generally
used are produced by combining
pulses at about 20 times the hori-
zontal frequency and 15 times the
vertical frequency and passing the re-
sultant signal through a clipper. If
the clipping level is adjusted so that
the clipper puts out a signal only
when the horizontal and vertical
pulses coincide, a dot pattern results.
By providing sufficient range of bias
adjustment in the clipping circuitry
of the dot pattern generator, a grating
pattern can also be produced. It is
then desirable, however, to clip the
signal at both ends of the amplitude
range so that the lines are not inten-
sified at their points of intersection.
In a practical dot generator a video
modulator operating on a standard
television picture carrier frequency
may be included so that the output
signal may be inserted directly into
the antenna terminals of the receiver
under test. Controls for adjusting the
number and size of lines or dot are
usually provided where dots on the
order of 10 to 12 lines square are
usually considered most useful for
checking color kinescope conver-
gence.

PORTABLE COLOR TEST SIGNAL
GENERATOR FOR RECEIVER
ADJUSTMENTS
The majority of television stations
now have monochrome program serv-
ice during most of the daylight hours
so there is little opportunity for serv-
ice technicians to use “off the air”
color test signals to provide a signal
suitable for color receiver adjustment.
A device capable of satisfying receiver
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Fig. 9—Simplified block diagram of the WR-61-A Color Bar Generator

adjusting requirements has recently
been developed and is the next test
instrument to be discussed — the
WR-614 Color Bar Generator.2

A block diagram of this color bar
generator is shown in Fig. 9. The
heart of the generator is a -crystal
oscillator which operates at a fre-
quency 15.75 ke below the color sub-
carrier frequency. Another oscillator
running at 189 ke (12 times the hori-
zontal frequency) provides pulses
which chop the output of the first
oscillator into 12 bursis during each
line period. One of these bursts is
keyed out to provide a gap for the
insertion of a horizontal synchroniz-
ing pulse which is derived from a
12 to 1 divider controlled by the 189
ke oscillator. The first burst follow-
ing the synchronizing pulse serves as
the color synchronizing burst, while
the remaining ten are visible in the
picture area. In the present version
of the color bar generator an r-f
oscillator operating on one of the
standard carrier frequencies is used
to provide a carrier upon which the
test signal may be modulated. Still
another oscillator is employed to
provide a sound carrier signal. Both
the r-f and sound oscillators are also
crystal controlled to provide the nec-
essary frequency stability. If both
sound and picture carriers are pro-
vided the color bar test signal can be
injected into the receiver at the an-
tenna terminals. When the color bar
generator signal is applied to a color
television receiver, the subcarrier os-
cillator in the receiver “side-locks”
on the signal and operates at the
correct color subcarrier frequency.
The output of the bar generator is

actually bursts of subcarrier of con-
stant phase and at a frequency of
3.563795 mc. The color receiver sees
this as a signal equivalent to a
3.579545 mc signal which varies con-
tinuously in phase such that it slips
by 360° during each line period.
Successive color synchronizing bursts
(those that appear immediately after
the sync pulses) therefore appear to
be in phase with each other, although
the signal actually passes through a
complete phase sequence from one
line to the next. The afc circuits in
the receiver lock in on the average
phase of the subcarrier, during the
synchronizing burst gating interval.
Since the bursts are transmitted at
the rate of 12 per line there is a phase
separation of 30 degrees between
successive bursts. The bursts, however,
are usually adjusted to have a duty
cycle of about 33%, so that from
beginning to end of each burst is a
variation of only 10°,

The receiver or monitor’s horizon-
tal oscillator is controlled by the
color bar generator’s synchronizing
pulses so a stable pattern appears on
the kinescope face. The bar signal
has no vertical information, however,
so the vertical oscillator of a receiver
under test is simply left free running.
If it were not for the burst gating
circuit in the bar generator, a contin-
uous rainbow pattern would appear,
passing through a complete range of
hues across the raster. The chopping
action produced by the 189 kc oscil-
lator breaks up the continuous rain-
bow pattern into ten separate bursts
or bars of color, which can be used
for accurate adjustment of phasing
and matrixing circuits. The only

. Certain types of antennas may be so

luminance or monochrome informa-
tion in the color simulator signal
consists of horizontal sync pulses, and
the “spikes” resulting from transient
effects in the signal gate. No attempt
is made to suppress these spikes,
since they serve a useful purpose in
checking the relative delays of the
monochrome and chrominance infor-
mation, If the relative delays between
chrominance and " luminance signals
are correct, the band of color in each
bar fits properly between the sharply
defined edges produced by the spikes.

COLOR STRIPE GENERATOR

Actually, two problems confront the
serviceman who is installing color
television receivers. The first prob-
lem of setting up a receiver properly
for color and monochrome operation
was solved by the WR-614 Color-Bar
Generator previously discussed. The
other problem which faces the serv-
iceman is how to determine whether
the receiver, even though correctly
adjusted for color, will receive a
satisfactory color picture at a par-
ticular location. Field test experience
has shown that an antenna and trans-
mission line installation that is satis-
factory for monochrome reception
may be quite inadequate for color.

sharply tuned that the color sub-
carrier is considerably attenuated
even when the main picture signal is
quite strong. It is also possible for
multi-path transmission effects or re-
flections in the transmission line con-
necting the ‘antenna to the receiver,
to cause a partial cancellation or null
at the subcarrier frequency that may
preclude satisfactory color reception.
Consequently, it is highly desirable
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to make a final check on the installa-
tion of a color television receiver by
actually viewing an “off the air”
color signal which must pass through
the antenna and transmission lines.
In the absence of a color signal a
satisfactory “off the air” color test
signal for performing this check can
be obtained by the use of a device
known as the “color stripe genera-
tor.” This device inserts several test
bursts at the color subcarrier fre-
quency into normal monochrome sig-
nals. The added bursts are relatively
invisible in monochrome pictures (be-
cause of the frequency interlace
effect), but may be utilized in a
color receiver to make a test indi-
cating whether the antenna and
transmission line installation is satis-
factory for color reception. Fig. 10
shows a sketch of the color stripe
generator test signal indicating the
relative timing of the test bursts, with
respect to the monochrome picture
information.

The first test burst immediately on
the left side of the picture in the
video interval is the information used
to lock in the color receiver subcar-
rier oscillator to the proper phase as
does the color synchronizing burst in
a standard color television signal.
With this signal configuration the
color killer circuits in a color receiver
will keep the chrominance channel
disabled. In other words, a viewer
can continue to watch a monochrome
program on a color receiver even
though the color stripe generator is
being used, and see only a mono-
chrome picture. He will not be dis-
turbed by the two “color” stripes on
the left and right side of the kine-
scope. However, when a technician
wishes to check out a receiver instal-
lation he needs only to make a minor

Fig. 11—Block diagram of a typical color stripe generator

adjustment in the horizontal oscilla-
tor of the color receiver which alters
the timing of the burst gating pulse
sufficiently to be coincident with the
first test burst. The receiver subcar-
rier and oscillator will become locked
in and the color killer circuits will
become disabled. Both test bursts
then appear as narrow stripes of
greenish-yellow on the extreme right
and left-hand sides of the picture re-
spectively (the burst phase corres-
ponds to a greenish-yellow hue). On
a monochrome receiver the addition
of the color stripe signal will have
little or no effect because the sub-
carrier is frequency interlaced and
essentially cancels out due to the
persistency vision of the eye. In
addition, most monochrome receivers
have relatively low response at 3.6 mc
making the stripe even less visible.
The test bursts contain insufficient
information to permit a complete
alignment of a color receiver, but
they do provide an effective “go—or
no go” type of test to indicate
whether the “air path,” the antenna
and the transmission line are satisfac-
tory for color reception.

A block diagram for a typical color
stripé generator is shown in Fig. 11.
The device is intended for insertion
in the video line feeding a television
transmitter. Provision is made for
passing the video straight through
the device without intervening tubes
or circuits so as to give it “fail-safe”
operation. The sync separator obtains
timing pulses from the sync informa-
tion in the monochrome picture sig-
nal. These pulses, in turn, trigger
two sets of position and width multi-

vibrators. Subcarrier information is
provided by an oven-controlled crys-
tal oscillator which does not neces-
sarily have to be locked in to the
scanning frequencies as long as its
absolute frequency {falls within the
tolerance prescribed by the FCC
(3.579545 mc == 0.0003%). The
output of the subcarrier oscillator is
applied to two gate amplifiers which
are normally cutoff but are made
operative by the pulses derived from
the multivibrators. The bandpass
filter which couples the signal to the
main video line rejects all compo-
nents produced during the gating
process except the actual test bursts.
These bursts are simply added to the
normal monochrome video signal, as
shown in Fig. 10. Since these bursts
do not contain luminance informa-
tion they position themselves on the
average of the luminance value pres-
ent in the monochrome signal at that
particular time.

SUMMARY AND CONCLUSION

The test instruments described rep-
resent a group of the items which
facilitate adjustment of some of the
specialized circuitry used in color
television equipment. As the state of
the art of color television progresses
simpler and more ingenious tech-
niques will be discovered which will
aid the broadecaster or technician
materially in checking the perform-
ance capabilities of his equipment.

The author gratefully acknowl-
edges the contribution by J. W. Went-
worth in granting permission for the
use of a portion of his writlen ma-
terial for this paper.



TRENDS IN THINKING ABOUT THERMIONIC EMITTERS*

THOSE WHO ARE regarded by their
fellows as cathode experts are fre-
quently approached by tube experts
and asked to produce a cathode which
meets the following requirements.

1. The cathode must have mechani-
cal stability and must be capable
of manufacture to very close me-
chanical tolerances.

2. The cathode must be capable of
a steady-state emission of amperes
per square centimeter.

3. The cathode should yield the high
emission density at a Jow tempera-
ture so that the thermal noise in
the tube in which the cathode is to
be operated will be low.

4. The emission should be micro-
scopically uniform over the cath-
ode surface.

5. The cathode should have a reason-
able life, say 100,000 hours.

6. The cathode should not evaporate
its constituents and foul up other
electrodes and impair their opera-
tion.

7. The cathode should be immune to
poisoning so that it can operate in
a rough vacuum and will not be
sensitive to contaminants arising
from the envelope and other elec-
trodes.

In response to this request, the
“cathode expert” probably mumbles
something unintelligible in his beard
and, if prodded, will offer to think
about the problem. He will then lapse
into his normal stupor. For those
interested, what he mumbles to him-
self is “Does this chap know what his
request implies?”

If the “cathode expert” were still

* An invited paper presented at the First
Annual Technical Meeting of the I. R. E.
Professional Group on Electron Devices,
Washington, D. C., October 24, 1955.

By
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Princeton, N. [J.

rational and could be persuaded to
give a brief simple discussion of the
implications of the request, the dis-
cussion might be as follows.

MECHANICAL STABILITY AND TOLERANCES

The requirement of mechanical sta-
bility and precision implies the use of
a solid. Now a solid is an aggregation
of atoms held together by interatomic
forces. Because the aggregations are
orderly, i.e., crystals form, the force
field which holds the atoms in the
regular array is periodic. This is illus-
trated in Fig. 1 which shows the
energy of an atom as a function of
distance through a crystal. At the
crystal surface where the orderly
array stops, the energy shows a dis-
continuity. The atoms may be thought
of as trapped in potential wells. They
oscillate in these wells and it is the
energy stored in these oscillations that
is responsible for the specific heat of
the crystal. As the temperature of
the crystal is raised, the oscillations
become more violent, and now and
then an atom in a well near the surface
acquires enough energy to surmount
the barrier and escape. This process
is evaporation and the energy required
for escape (AH in Fig. 1) is the latent
heat of evaporation of the atom. If
there is a vacant potential well in the
crystal, an adjacent atom will now and
then acquire enough energy to sur-
mount the potential hill and jump
into the vacant site, leaving a vacancy
behind. This process is one of the
mechanisms for self-diffusion and the
height of the hill between potential
minima (Ep in Fig. 1) is the activa-
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~ distance through a crystal.

tion energy for this kind of self-
diffusion.

If the solid is an ionic crystal, such
as BaO, the same picture may be
drawn except that ions instead of
atoms are trapped in potential wells
and the force field is a periodic elec-
tric field. If a voltage is applied across
such a crystal, the periodic electric
field becomes tilted as shown in Fig.
2. Then the probability of a negative
ion jumping to the right is somewhat
greater than probability of the ion
jumping to the left. If there are vacan-
cies in the negative ion lattice, the
difference in probabilities gives rise
to a drift of negative ions toward the
right. This process is electrolysis.
Positive ions tend to move in the
opposite direction under the same
field, of course.

Evaporation, diffusion, and elec-
trolysis all play roles in cathodes.
These roles, some good, some bad,
will be discused under other headings.
However, their existence is assured by
the choice of a solid to satisfy me-
chanical requirements.

EMISSION

The requirement of high emission
density implies something else —a
means of replenishing the emitted
electrons. If the electrons were not
replenished, the cathode would charge
up until the coulomb forces between
emitted electrons and the electron
deficits in the cathode stopped emis-
sion of further electrons. The easy
means of replenishing electrons is an
electrode in contact with the emitter.
However, this is not enough; the emit-
ter must have a high enough conduc-
tivity to transport electrons from the
contact to the emitting surface easily.
This problem may seem trivial, but
the fact is that it is not trivial in some




cathodes and, in particular, it is not
trivial in the oxide cathode.

CONDUCTIVITY

Before pursuing this matter it is
pertinent to consider how conductivity
in solids arises. An atom in free space
consists of a compact nucleus carrying
an integral number of positive elec-
tronic charges surrounded by an equal
number of electrons. To free each
electron from the nuclear field re-
quires a specific amount of energy.
This is illustrated in Fig. 3a which
shows the energy level diagram of a
simple atom containing two electrons.
The energy level of the electron most
loosely bound is shown as at 1. in the
figure together with an excitation level
for this electron at le. To raise the
electron into the bottom of the con-
tinuum of free energy states requires
the ionization energy I;. When atoms
are compacted into a crystal, the
forces between atoms shift the elec-
tron energy levels in much the same
way that coupling two isochronous
tuned circuits changes the resonant
frequencies. Just as the resonant fre-
quencies of a pair of coupled circuits
must be ascribed to the circuits in
combination and not one to each cir-
cuit, the energy levels of the atoms
“split” to form a band of permitted
levels which must be associated with
the crystal as a whole instead of with
individual atoms. The “splitting” of
the uppermost atomic level and its
excitation level may occur in one of
two ways depending on the atoms in-
volved. (1) The “splitting” may
occur in such a way that the resultant
bands of levels overlap one another
and the free electron continuum above
the surface potential barrier. This is
illustrated in Fig. 3b. In this case,
there are about as many free electrons
as there are atoms and the material is
metallic. Such materials have high
conductivity. To be emitted, an elec-
tron needs to acquire an energy ¢

equal to the energy difference between
the uppermost occupied energy level
and the height of the surface barrier.
¢, in this case, is the work function
of the metal. (2) The “splitting” may
occur in such a way that the resultant
bands of occupied and unoccupied
levels do not overlap. This is illus-
trated in Fig. 3c. Then there is a
region of width Es which cannot be
occupied by electrons, the so-called
forbidden gap. Materials with a gap
between the occupied and free elec-
tron bands are semiconductors or in-
sulators. To obtain conductivity, elec-
trons must be thermally excited across
the gap into free electron levels. Ther-
modynamic considerations show that
the activation energy for conduction
is Eg/2. Once an electron is in free
energy states (the conduction band},
to evaporate it must acquire an addi-
tional energy X equal to the energy
difference between the lowest conduc-
tion band levels (the only ones occu-
pied at reasonable temperatures) and
the surface barrier. Thus the ther-
mionic work function is X 4 Eq/2.

Whereas a metal has many free elec-
trons at all temperatures (about 10%2
cm™®), a semiconductor may have
only 10 {ree electrons per cm? at
1000°K. Obviously the conductivities
are greatly different, so why bother
with semiconductors. The answer is
that the work function for metals is
usually much greater than the work
function for semiconductors, so that
the high conductivity is offset by the
low emission. It is true that some
metals have low work functions; ce-
sium, for example. However, the low
work function metals also have low
latent heats of evaporation so they emit
atoms almost as freely as electrons.
Furthermore, it is possible to intro-
duce foreign atoms into the semicon-
ductor which produce energy states in
the forbidden gap and thus increase
the number of conduction electrons

and reduce the work function. Before
examining this matter in more detail,
it seems best to examine some of the
evidence that the resistance of the cath-
ode is of consequence in a practical
sense.

CATHODE RESISTANCE

If the resistance of the cathode is
of consequence, it should absorb part
of the voltage applied to a diode and
should cause an apparent departure
from the Child-Langmuir law. That
it can absorb a considerable fraction
of the applied voltage was demon-
strated by Eisenstein in a set of meas-
urements in which he measured the
velocity distribution of electrons
emerging from an aperture in the
anode of a diode having an oxide
cathode. The retarding potential re-
quired to stop electrons is equal to
the potential drop in vacuum through
which the electrons have fallen. Hence,
the applied voltage minus the stopping
voltage is the potential drop through
the cathode. Fig. 4 shows a set of
Eisenstein’s data. The lower curve is
the measured diode characteristic. The
upper solid curve is the diode charac-
teristic corrected for the cathode volt-
age drop. The dotted curve is the
computed perveance line. It appears
that the current is in fact space-charge
limited and that diode characteristic
is deformed by the cathode voltage
drop which amounts to 275 volts with
about 1500 volts applied voltage.

Eisenstein’s measurements were
made with short pulses and an emis-
sion of about 9 amperes cm—2 was
obtained before sparking set in.
Coomes has reported pulse currents
as high as 100 amperes cm—2 from
oxide cathodes, and Matheson and
Nergaard reported pulse currents of
40 amperes cm~2. A pertinent ques-
tion is: Why can’t these current densi-
ties be maintained under dc condi-

tions? The reason is cathode resist-
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ance; Eisenstein’s current of 9 am-
peres cm—2 with a cathode drop of
275 volts gives a cathode dissipation
of about 2.5 kw per cm? of cathode
surface, far more than a cathode car’
stand. However, even if the peak
current is greatly reduced, it is ob-
served that the peak pulse current of
an oxide cathode is not maintained.
This effect diminishes as the peak
current is reduced, but can still be
observed at current levels as low as
25 ma em~—2. This effect is a major
source of trouble in dc amplifiers op-
erating at frequencies below one cycle
per second. On application of a long
pulse to such an amplifier, the current
will decay a few per cent in a matter
of seconds. This pulse decay effect is
due to the electrolysis discussed in the
previous section. The oxide cathode is
“activated” by introducing foreign
atoms into the cathode, thus produc-
ing impurity levels in the forbidden
gap. These atoms are easily ionized to
provide conduction electrons. How-
ever, when ionized, they move towards
the base metal of the cathode electro-
lytically and thus deplete the region
near the emitting surface of the very
atoms which provide conduction elec-
trons. To maintain space charge neu-
trality, the number of conduction elec-
trons in this depleted region falls cor-
respondingly. As a result, the resist-
ance near the emitting surface in-
creases when current is drawn. This
gradual increase in resistance is re-
sponsible for the current decay. The
thickness of the insulating layer which
results from donor depletion will be
of concern in later considerations.
Measurements by Loosjes and Vink
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and by Matheson and Nergaard of
the potential distribution within a
cathode coating by means of platinum
probes imbedded in the coating indi-
cate that the thickness of the layer is
about 10— * cm. '

CATHODE RESISTANCE AND TUBE LIFE

The effect of cathode resistance on
tube life is illustrated in Fig. 5. The
data pertain to eight tubes and the
data for the eight tubes have been
averaged for each point on the curves.

The curve labeled 1/, is the ratio of

emission to the emission at the begin-
ning of life, both measured in a fac-
tory emission test set. The curve
labeled P/P, is the ratio of power
output into a standard load to the
power output at the beginning of life.
If it is supposed that the drops in
emission and power output are due to
an increase of cathode resistance, it
is possible to compute the change in
cathode resistance with life from the
1/1, curve and then compute a P/P,
curve for comparison with the experi-
mental curve. The resistance change
was computed from:

2/3 2/3
Ry =18

a3

where « is the perveance of the tube.
Because the cathode resistance acts as
a negative feedback resistor, it reduces
the apparent transconductance accord-
ing to the relation

G 1

Gmo 1 + GmoRK

Finally, the ratio of power output to
initial power output is

P (Ga)’
PO Gmo

When this computation was carried
out, the computed values of P/P,
were in agreement with the measured
values. At the end of life, the cathode
resistances of the tubes were meas-
ured and found to agree with the

resistances computed from I/I,. Ti-
nally, an attempt to measure emission
was made. When the cathode resist-
ance was corrected for, there was no
evidence of emission limitation up to
an ampere per cm? It appears that
these tubes failed solely because of an
increase of cathode resistance with
life. It also appears that the factory
test set did not measure actual emis-
sion; it measured a current limited by
cathode resistance.

These examples suffice to show that
cathode resistance can be a matter of
practical concern. A natural question
is: Is it possible to reduce cathode
resistance? For oxide cathodes the
answer is yes; two methods have been
exploited for a long time. The first
method is “activation” of the cathode,
a method that is taken for granted.
“Activation” has been believed to be
due to production of excess barium
in the cathode. The excess barium
atoms were thought to produce levels
in the forbidden gap, thus increasing
the density of thermally excited elec-
trons in the conduction band. Activa-
tion certainly produces more electrons
in the conduction band; the role of
barium will be commented on later.
The second method of increasing the
conductivity of the cathode which has
long been exploited is to make the
coating porous. Then electrons are
evaporated into the pores of the cath-
ode where they have very long mean
free paths so a few electrons can carry
a considerable fraction of the total
cathode current. The complaint with
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Fig. 6—Reduction of the work function of a metal by building an electret on the cathode surface.

this artifice is that it makes the emit-
ting surface “patchy” and violates the
requirement that the emission be
microscopically uniform over the
surface.

Another method of increasing the
conductivity of an oxide cathode is
to intersperse metal with the emitting
oxides so that much of the current
path through the cathode is metallic:
This end can be achieved by making
a porous metal matrix which is im-
pregnated with the oxides or by mix-
ing a finely divided metal powder with
the oxides and then pressing the mix-
ture into the desired form. These
methods have the advantage that they
yield cathodes of high mechanical
strength and cathodes which may be
held to close mechanical tolerances.
The reduction in cathode resistance is
appreciable but not spectacular. Be-
cause of the relatively high work
function of the exposed metallic sur-
faces, the emission occurs at the oxide
surfaces. To reach these surfaces, the
current must flow into the oxide from
the metallic particles and pass through
some thickness of oxide before reach-
ing the emitting surfaces. If the path
length in the oxide exceeds the thick-
ness of the donor depletion layer, the
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effect of the metal in increasing the
apparent conductivity will be small.
Hence it comes as no surprise that
matrix and so-called B-N cathodes dis-
play pulse decay and appreciable
cathode resistances.

METALLIC EMITTERS

In view of the many deficiencies of
the semiconducting cathodes, perhaps
metallic emitters should be used. As
has been noted earlier, the high work
functions of metals limits their use to
applications where their mechanical
and electrical stability are required,
and emission efficiency and noise are
not primary considerations.

As is well known, the work function
of a metal can be reduced by building
an electret on the cathode surface as
illustrated in Fig. 6. This is done by
means of a dipole layer consisting of
a monolayer of oxygen on the metal
surface covered by a monolayer of
some low work function metal, such
as cesium or barium. The oxygen
underlayer binds the low-work-func-
tion metal to the base metal so that
the evaporation rate of the low-work-
function metal is greatly reduced.
However, the evaporation rate is still
appreciable. Furthermore, the dipole
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layer is easily removed by ion bom-
bardment so that any gas in a tube has
a serious effect on the emitter. To
mitigate these difficulties, A. W. Hull
invented the dispenser cathode in
which a reservoir of active material
replenishes the dipole layer as it is
lost by evaporation or bombardment.
In recent years the dispenser cathode
has again received much attention.
The Lemmens {“L”) and Katz
(“M-K”) cathodes are familiar ex-
amples. In some of these cathodes,
alkaline earth oxides and a reducing
agent are stored in a reservoir. The
reducing agent reacts with the oxides
to produce free metals which proceed
to the emitting surface through a
porous plug by surface diffusion or by
Knudsen flow through the pores. If
the reducing agent reacts rapidly, the
porosity of the plug controls the rate
of replenishment; if the reducing
agent reacts slowly, the rate of reac-
tion controls the rate. In other ver-
sions, alkaline earth compounds
(oxides, silicates, and aluminates are
used) are compacted with finely
divided metal powder to form the
emitter. These cathodes are mechani-
cally stable and can be made with pre-
cision. Because any loss of dipole
layer is replenished, they can be op-
erated at temperatures where they
yield emissions of amperes per cm?.
However, the increased temperature
also increases the thermal noise so
these cathodes have their limitation in
low noise tubes.

SUMMARY OF CATHODE PROPERTIES

To sum up:

1. The pure metal cathodes with a
latent heat of evaporation high
enough to make them useful have a
low internal impedance and a high
work function..

Fig. 8—O0g2 evolution from BaO cathode.
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2. The metal cathodes with a dipole
layer on the surface have a low in-
ternal impedance, a lower work func-
tion than the pure metals, can be
operated at temperatures where emis-
sion densities of amperes per cm? are
available if the dispenser principle is
used, have a thermal noise lower than
that of pure metal emitters but higher
than that of semiconductors, at least
in the frequency range above a few
tens of cycles per second.

3. The semiconducting cathodes
have a very low work function, a
higher internal resistance than the
metallic cathodes, yield emission den-
sities of tens of amperes per cm?
under microsecond pulse conditions,
and about an ampere per cm? under
dc conditions, both at a temperature
lower than that of the metallic cath-
odes, show pulse decay, are apt to
have patchy surfaces if the internal
resistance is reduced by making the
emitter porous, have the low noise
that goes with a low temperature
except in the very low frequency range
where flicker effect dominates the
noise.

It appears that no one cathode has
all of the desirable attributes. Hence
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the choice of cathode is determined
by that compromise which meets the
requirements of the particular appli-
cation most closely.

LIFE, EVAPORATION, AND POISONING

Life, evaporation, and poisoning are
so closely related that they are best
discussed together.

The first and most important thing
to be said on this subject is that a
cathode does not live in a vacuum. In
a “vacuum” of 10=7 mm. of mercury
about 3 X 10~2 monolayers of atoms
are deposited upon the emitting sur-
face every second. If all of this ma-
terial accumulated, the thickness of
the cathode would increase about 2
mils (0.005 cm) in a 1000 hours. This
would play hob with the spacings in
a closed-spaced tube, to say nothing
of what would happen to the emission
of the cathode. The real point is that
the material does not accumulate; it
evaporates. Thus, the cathode lives
in dynamic equilibrium with the gases
which surround it.

It is worth while to explore the
equilibrium between a cathode and
its surroundings in more detail. Con-
sider a solid in equilibrium with
vapor as suggested in Fig. 7. The
solid contains /V sites where atoms of
the vapor can reside and n, of these
sites are occupied by atoms of the
vapor. The “vacuum” contains ¥V,
sites where the vapor atoms can reside
and of these sites n, are occupied. N,
is a number per cm~# which can be
computed from kinetic theory and is
the same N, computed by Shockley
for the apparent number of states in
the conduction band of a semiconduc-
tor. There are n, vapor atoms in the
solid and (N, — n,) places they can
go in the vacuum so the rate at which
these atoms move to the vapor phase
is

ng(Ne — ny) Wis
where Wi, is the probability that an
atom will make the transition. Simi-
larly, the rate at which atoms move
from the vapor phase into the solid is

n’l?(N — ns>W21
where W, is the probability that an
atom will make the transition. In

thermal equilibrium, these two rates
must be equal, i.e.,

ns(Nc — nv) W12 = ILU(N -— ns) Wg].
W12 and W, are difficult to determine

individually, but kinetic theory states

that the ratio Wia/W s is related to.

the energy difference between the two

states by the relation
—AH
Wo  kr

Wi ¢

With present sign convention AH is
the latent heat of evaporation, i.e., the
energy to move an atom from the solid
to the vapor phase. -
It frequently happens that

n; << Nc

ns << N
Then the equilibrium equation may
be written

When this relation holds, the atoms
of the vapor phase are said to form an
ideal solution with the atoms of the
solid.

Because the partial pressure of the
atoms under consideration is propor-
tional to the density of these atoms
in the vapor phase, this relationship
says that the partial pressure of these
atoms is directly proportional to the
density of the same atoms in the solid.
Conversely, it says that to maintain
a given concentration of specific atoms
in a solid requires a definite partial
pressure of these atoms in the vapor
phase. The latter conclusion has a
very embarrassing consequence: It
requires a barium partial pressure of
10—% mm of mercury to maintain that
excess barium content in an oxide
cathode which has been believed nec-
essary for an active cathode. Hence if
excess barium were responsible for
cathode activity, an active cathode
would be impossible in a tube which
is pumped to the usual pressure of
10~7 mm mercury or better. This
dilemma is not wholly resolved as yet,
and it must suffice to say that there are
possibilities other than excess barium
which may account for the activity of
the cathode and which are produced
by chemical reactions resembling
those that produce excess barium.

While the content of a cathode is
proportional to partial pressures of
the constitutents in the gas phase, the
constant of proportionality depends
on the latent heat of evaporation of
the constituent. If the latent heat is
high, it requires a very small partial
pressure to maintain a constituent in
the cathode or in any other electrode.
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This applies equally to electrons, and
the Richardson equation can be de-
rived directly from the thermal equi-
librium equation.

Obviously, the latent heat of evap-
oration of electrons AH must be small
for high emission at a given tempera-
ture, i.e., the energy required to re-
move an electron from the cathode
should be small. In chemical terms,
the cathode should be a strong re-
ducing agent. When the cathode is
thought of as a reducing agent, it is
apparent that a cathode is by its very
nature subject to poisoning.

These considerations suggest that a
search for a highly emitting cathode
that will not poison will be fruitless.
The best that can be hoped for is a
cathode that will recover rapidly when
the oxidizing agent is removed.

ACTIVATING MECHANISMS

So far, thermal equilibria have been
touched upon. There remain the dy-
namic equilibria which occur in “vac-
uum tubes.” These occur because of
chemical reactions which do not reach
a static equilibrium within the life of
tube or because of power sources ex-
ternal to the tube. An example of a
non-equilibrium chemical reaction is
the action of the reducing agents used
in some oxide cathodes and in dis-
penser cathodes.

The dynamic equilibria which re-
sult from external power sources are
just coming under study. The mass
spectrometer studies of Plumlee show
that the concentration of many con-
stituents of a cathode are altered by
the application of a field. The case of
O, is shown in Fig. 8. The cathode
was a BaO cathode mounted within
an anode which was apertured to per-
mit evaporation products from the
cathode to enter the mass analyzer.
The total pressure was about 10~ mm
of mercury of which about one tenth
was due to O.. When voltage was
applied to the diode in the inactive
state, the height of the oxygen peak
was observed to increase with voltage
as shown by the top curve in Fig. 8.
If voltage was left on for a period, the
cathode activated and the dependence
of the oxygen peak on voltage fell to
a lower curve.

Studies of the kind described imme-
diately above have not been carried to
the point where it is possible to assay

the role of power sources external to
the tube in maintaining favorable dy-
namic equilibria. However, present
results suggest that the field enhanced
evolution of oxygen and the concomi-
tant activation of the cathode may in
part be responsible for the long life
of oxide cathodes. These studies also
suggest that not enough is known
about the behavior of a cathode in its
natural habitat to establish just what
determines its life. For metals in a
good vacuum, evaporation of the
metal determines the life; if gas is
present, sputtering or chemical ero-
sion may determine the life. For dis-
penser cathodes, exhaustion of the
reservoir will determine life and the
rate of exhaustion may well be in-
creased by the presence of gas in the
tube. For semiconducting cathodes,
the end of life may be determined by
complete evaporation of the semicon-
ductor; usually it is determined by a
loss of the donors which make the
cathode active. The rate of loss of
donors is in part determined by the
cleanliness of the tube and, in tubes
where great care has been exercised
to assure cleanliness, tubes still sur-
vive after hundreds of thousands of
hours.

CONCLUSION

This brief glimpse into the world in
which the “cathode expert” lives may
give the impression that this world is

gloomy and unproductive. The in-
habitants view it in a different light.”
They realize that the 100 known ele-
ments taken n at a time yield a stag-
gering number of possibilities for new
cathodes. However, they are greatly
encouraged by the fact that their pres-
ent meager knowledge greatly reduces
the field to be explored and they are
thus impelled to seek the further
knowledge which will delimit the field
more closely. -

On the positive side, the increasing
knowledge of the physics and chemis-
try of solids brings closer the day
when it will be possible to predict the
electron affinity of a semiconductor
or insulator (the energy required to
remove an electron from the condue-
tion band to infinity) from physical
and chemical data on the constituent
atoms and to predict what additives
will produce chemically stable donor
states close to the bottom of the con-
duction band in a given solid. It may
well be that this knowledge will de-
velop rapidly enough so that better
cathodes will be achieved in this way
rather than by exhaustion of all pos-
sibilities.

At the same time, “cathode experts”
are realistic and do not seek a univer-
sal cathode appropriate to every appli-
cation. If they can arrive at a satis-
factory compromise cathode for each
cathode application, they will be as
happy as a “cathode expert” can be.

Dr. L. S. Nergaard and B. E. Tompkins with paramagnetic resonance equipment to i)e used in the

study of the active centers in oxide cathodes.



TRANGE AS it may seem, the estab-

lishment of television broadcast-
ing as an accepted public service in
the United States is now largely a
matter of history. But it is recent
history, having taken place within the
past decade, and it is one of the most
amazing developments among the
technological advances in human so-
ciety. There are several reasons why
the average citizen has taken it so
readily into his home and his life,
reasons which include both enter-
tainment and education, as well as a
tremendous flow of information which
advertising brings to him about prod-
ucts he can buy to increase the rich-
ness and pleasure of living.

EARLY NEED SEEN FOR
COMBINING ENGINEERING SKILLS
The rapid development of such a com-
plex and far-flung service has been
possible only through the interlock-
ing of the talents and efforts of
people in many different arts and

by JOHN H. ROE, anager,

TV Camera Engineering

Commercial Electronic Products

Camden, N. J.

trades. Not the least among these
have been the highly trained scien-
tists, engineers, and technicians who
first conceived and developed the
telecasting system and the equipment,
and then provided the information
and training for the army of skilled
people who install, operate, and main-
tain that equipment.

During the years after World War
IT when the TV industry was going
through its birth pangs, the enormity
of the problem of educating the
prospective owners of television sta-
tions became apparent. Many were
already experienced owners of AM
radio stations, and thus had a nucleus
of operating technicians who were
familiar with basic radio circuits and
equipment. However, the operation
of television transmitters and studio

equipment required an extension of
their knowledge into a whole new
field involving not only vastly more
complex equipment, but also many
new exacting techniques and even a
new vocabulary of technical terms.

TECHNICAL TRAINING PROGRAM
PROVIDES THE ANSWER
Realizing that the most effective way
of transferring the needed informa-
tion to the broadcasters was to put
them 'into direct contact with the de-
sign engineers, RCA instituted a
series of training programs, or sem-
inars, to which were invited selected
groups of engineers and station man-
agers who either had bought, or were
planning to buy, studio and transmit-
ting equipment. These students, in
this new kind of school, spent a
period of five days in Camden, ab-
sorbing from the design engineers a

. concentrated dose of information, em-
bracing technical subjects all the way

from the philosophy of the system,

TYPICAL LIST OF PARTICIPATING ENGINEERS

(This list includes lecturers for the 21st TV Training Program and is typical of the contribution by Engineering.)

SPEAKER ENGINEERING SPECIALTY SPEAKER ENGINEERlNG SPECIALTY

L. E. Anderson. . .Monochrome and Color TV Systems AL Luther.....oooooo oo .Sync Generators
A.Banks............. TV Control Room Equipment R.J.Marian........ ..., Film Cameras
W. M. Baston (NBC) W.N.Moule.................... Transmission Line
Microphones & Microphone Techniques C.R-Myers............... VHF Broadcast Antennas

R. R. Davis (NBC) . ... Network Technical Operations N.J. Oman........... Color Broadcast Transmitters
R. C. Dennison. ... .. SRR TV Stabilizing Amplifiers E.H. Potter. ........... UHF Broadcast Transmitters
W. J. Derenbecker............... TV Color Camera J. H. Roe, Mgr.......... Television Studio Equipment
W. T. Douglas.......... VHF Broadcast Transmitters C. Rosencrans. .............. Microwave Equipment
g' 8 FITCI;IE;)‘; """""""" UHF B{;)Ia{(}i?cz;ititAntler;nas D. F. Schmit, Vice President. . . .. Product Engineering
o e Tt VeTpiexers E. H. Shively............. UHF Broadcast Antennas
II::I g (G;Il(}:;?(i’nMgr l,?‘r\loa,},(l:siséﬁit;;iii R.J.Smith.......... Televisio.n Switching Equi’p.ment
LE. Goldstein........................ TV Systems C. . Starner. ..o High-Power Transm%tters
J.L Grever................... Television Monitors F.E. Talmage. ... VHF Broadcast Transmitters
P. C. Harrison. .. .TV Terminal Auxiliary Equipment D MTaylor......................... Colorplexers
N.L. Hobson................. TV Vidicon Cameras R. G. Thomas. ... .Switching & Distribution Equipment
RS Jose............. VHF Television Transmitters J. Wentworth, Mgr """"""" Color TV Equipment
JE Joy. ..ol UHF Television Transmitter H. Wescott............... VHF Broadcast Antennas
E.Keith............ Audio Systems & Custom Design L. Wetzel ................ UHF Broadcast Antennas
D. Kentner, Mgr............. Broadcast Transmitters L. L Wolf.............. ... e Custom Antennas
A H Lind, Mgr................... Broadcast Audio HoG Wright............... . ... TV Projectors
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through details of circuits and mech-
anisms, to informal sessions on
questions such as “How does this
work?” and “What should I do if
that happens?” Typical subjects
were: ‘“Historical Sketch,” “Funda-
mental Concepts,” “Video Amplifier
Circuits,”  “Deflection  Circuits,”
“Image Orthicon Cameras,” “Icono-
scope Film Cameras,” “Switching
Systems,” “Station Layout,” “Trans-
mitter Circuits,” ““Antennas,” “Pick-
up Tubes,” “Significance of FCC
Standards,” “Television Film Projec-
tors,” and “Microwave Relay Equip-
ment.”

At most of these meetings, as many
as forty to fifty technical topics were
discussed in detail over a five-day
period. Lectures on studio equip-
ment usually occupied from 1% to 2
days, followed by a day of tours of
engineering laboratories, and demon-
strations of actual operating equip-
ment in experimental studios. During
these tours, the visitors were assem-
bled into relatively small groups
which permitted active questions and

Fig. 1—Photo taken during one of thirty or more TV Technical Seminars conducted by RCA Broadcast engineers.

answers, and In many cases oppor-
tunities to “twist the knobs” and to
learn from actual ““feel” how to oper-
ate successfully. This was followed
by two days of a similar program on
transmitters and antennas.

RCA ENGINEERS CHOSEN AS LECTURERS

Probably one of the most effective
features of these seminars has been
the assignment of development and
design engineers to present all of the
lectures and demonstrations. This
close contact between engineers and
customers has had a many-sided ef-
fect. First of all, it has provided a
direct channel for unadulterated in-
formation to and from the broad-
casters. Then it has served to establish
even further the feeling of cordial
friendliness between engineers and
customers, and has encouraged a desir-
able continuation of such friendship
over the years. Next, it has emphasized
an often-neglected aspect of engineer-
ing. the need for developing the art of
effective self-expression. Perhaps most
important of all, it has made the en-

JOHN H. ROE received his BS in EE in 1930
and his MS in EE in 1932 from University of
Minnesota. He did research work at the Uni-
versity until 1933, He then joined RCA as a
Tester for returned photophone equipment and

became a Student 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 Engincering.
In July 1948 he was made Supervisor of Camera
Engincering in the TV Terminal Scction. He
has held his present position, Group Manager,
TV Camecras and Microwave, since 1952. In
this capacity he is responsible for development
and design engineering on all tvpes of TV cam-
cras for broadcast stations, microwave equip-
ment for TV program relayving, and on kine-
cope recording and large-screen TV projection.

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

35



gineers much more conscious of the
commercial aspects of the business
and of the customer’s point of view
with respect to both techniques and
standards of performance. Becoming
familiar with this point of view, of
course, equips the engineer with
knowledge of technical station oper-
ations which leads to better products.
To add interest and to round out
the program, it has heen customary to
include special lectures on pickup
tubes by engineers of the Tube Divi-
sion, lectures on TV receivers by the
Television Division, and lectures on
the use of microphones and audio
techniques, as applied to television
studios, by experienced operating en-
gineers from NBC. A guest lecture
of unusual interest, also given by NBC
engineers, has been an outline of
studio lighting problems and me-
thods. A further feature has been
an afternoon or evening guided tour
to some center of interest outside of
/. 3 7 ; : - Camden such as the NBC studios in
New York, the David Sarnoff Re-

search Center in Princeton, or one of
the television stations in Philadelphia.

Fig. 2—C. R. Monro and R. T. Ross of Television Terminal Engineering describe technical

operation of new TV control console to group of Television Station engineers.

AUTHORITATIVE TECHNICAL
MANUAL ESSENTIAL
During the formative stages, brief
Fig. 3—H. G. Wright and R. D. Houck of TV Film and Projector Engineering describe technical manuals were well received
design features of Professional TV projector. by TV station engineers at the early
training meetings. Further seminars
and additional experience revealed a
definite need for a wide-scale expan-
sion of this information. Nearly sixty
RCA design engineers provided suf-
ficient source material for the publi-
cation of a comprehensive 500-page
training manual. The descriptive ma-
terial was written particularly for
television station personnel concerned
with maintenance, design or planning
of equipment. Made up of four sec-
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tions (Transmitters, Antennas, Video
and Audio), the content paralleled
the seminar lectures. Theory and
operation of each class of equipment
was described and practical equip-
ment layouts illustrated. Data and
specifications were included at the
end of each section.

The technical manual became the
most complete individual reference
source available to TV station ‘en-
gineers. Its popularity extended to
colleges and schools which placed
sufficient orders on RCA to warrant
reprinting.

OVER 50 ENGINEERS PARTICIPATE

IN MORE THAN 30 MEETINGS

The first Television Technical Train-
ing Seminar was held in May 1947.
Since that time there have been 31
seminars for broadcasters at an aver-
age frequency of more than three per
year. Four of these were presented
on the West Coast. With the advent
of color, it became desirable to initi-
ate some special seminars, on color
only, during the early phases of de-
velopment. These special sessions on
color were held for two-day periods.
As color has gained stature and be-
come more thoroughly integrated with
existing black-and-white systems, the
training programs have been reorgan-
ized to present a consolidated view of
the complete system. It is expected,
however, that the two-day color short-
course will be continued as color
activity expands in the stations. In
addition to serving the broadcasters
in this way, RCA has provided simi-
lar training to professional consult-
ants in a series of five special semi-
nars.

Altogether, more than 2500 per-
sons in the industry have attended the
seminars including representatives
from over 20 foreign countries. More
than 50 engineers have participated in
this training activity. (See list of
speakers for 21st Training Program
which typifies the wide scope of
meetings.)

CONCLUSION

The mutual benefits of these get-
togethers have been obvious to RCA
as an excellent channel for obtaining
practical operating viewpoints and
for cementing good customer relation-
ships, and to the customer as a means
for a liberal and rewarding education
in a new and profitable business.
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Fig. 4—J. B. Bullock of TV Microwave Engineering answers the questions of TV station
engineers concerning new Microwave equipment used for color and biack and white

television.

AUTHOR’S NOTE

Though engineers have been respon-
sible in large measure for the effective-
ness and success of these training semi-
nars, a great deal of credit is due to
members of the Broadcast Marketing
organization who have coordinated the
many details of the programs from
their inception. In particular, Mr. E.
T. Griffith, Manager of Broadcast Cus-
tomer Relations, and the members of
his staff are to be congratulated on
their efforts.

The comprehensive nature of the
seminars reflects the close contact
maintained by the Customer Relations
Group with both TV Station Engineers
and RCA Design Engineers. The basic
planning and growth of these meet-
ings is under the direction of Mr. E.
T. Griffith, who joined RCA in 1929
in the Ofhice Services Department.

Mr. Griffith worked several years in

Accounting and Auditing activities
and in 1942 joined the Engineering
Products Division. He was active in
Broadcast Sales and Commercial work
and in 1952 became Manager of
Broadcast Customer Relations.

Mr. Griffith is a graduate of Temple
University, School of Commerce, and
a member of Pi Delta Epsilon.
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ALL BUT the most complex types of
d-c electromagnets may be de-
signed using well established mathe-
matical formulas. However, the calcu-
lations involve terms not readily
manipulated by the engineer who de-
signs such a device only occasionally.
To ease the task, a simplified design
method has been developed. It makes
use of a series of measurements made
on practical electromagnets of several
different sizes under various condi-
tions. Since the magnets measured
were representative of those encoun-
tered in practice, all factors that might
affect the design are inherently ac-
counted for.

Force developed by the magnet
plunger was measured for various air
gaps between the plunger and the
core, for plungers of different diam-
eters, for a range of values of ampere-
turns, and for flat-faced and conical
shaped plungers. By the use of these
measurements, and consideration of
the basic design considerations dis-
cussed in the following paragraphs, it
is possible to design d-c tractive mag-
nets to suit the needs of a variety of
purposes. As an aid in using this de-
sign method, the step-by-step solution
of a typical problem is presented us-
ing data that might normally be ex-
pected.

*Originally published in the July, 1955
issue of “Electrical Manufacturing.” Re-
printed with permission.

DESIGN OF
D-C TRACTIVE

ELECTROMAGNETS*

by M. R. ALEXY
Aviation Electronics Engineering
Defense Electronic Products
Camden, N. J.

Several components designed by the
author using typical d-c tractive elec-
tromagnets are illustrated in Figs. 1
to 5. These electromagnets were de-
signed using the method described
and the curves. Pertinent data on
these electromagnets are listed in Ta-
ble I. Several general types of electro-
magnets are shown in cross section in
Figs. 6 through 10 and include the
following:

1. Flat-faced armature type (Fig
6) is primarily intended to produce
a large force through a short stroke.
It offers a large holding surface due
to its multiple working air gaps, con-
sequently it is used extensively as a
lifting magnet.

2. Horseshoe or bipolar type (Fig.
7) is also of the armature type, but
with two working gaps. It is used for
smaller loads than the flat-faced type.
The stroke is about the same.

3. Flat-faced cylindrical plunger
type (Fig. 8) is designed to produce
a smaller force for a longer stroke
than the armature type.

4. Conical-faced plunger type (Fig.
9) is similar to No. 3, except it pro-
duces still smaller forces through
longer strokes.

ELECTROMAGNETS (arrows) in the devices
illustrated were all designed using the method
described in this article. Fig. T—High voltage
relay having o lateral motion. Fig. 2—High
voltage relay having a rotary motion. Fig. 3—
This revolving coil is stopped by a brake oper-
ated by "“Upper’’ electromagnet and is shorted
and removed from circuit by high voltage relay
marked ‘‘Lower’’. Fig. 4—Control Switch. It
is manually latched and electrically vnlatched.
Fig. 5—Coding device in which electromagnet
produces a rotary motion.

5. Conical-faced core type (Fig.
10) is, from the theoretical stand-
point, the most efficent type of small
force, long stroke design.

This article is primarily concerned
with electromagnets having cylindri-
cal flat-faced plungers (Fig. 8) and
those having conical-faced plungers
(Fig. 9). The curves of developed
force vs. length of air gap shown in
Figs. 11 to 14 were plotted from data
obtained from electromagnets of these
types. Before the curves can be used
properly, it is necessary to consider
a number of design factors discussed
in the following paragraphs.

MATERIAL SELECTION
The material used for the magnetic
circuit (plunger, core, shell) in these
electromagnets is SAE 1113. This is a
high sulphur, cold finished, free cut-
ting bar steel with reasonably high
permeability at low flux densities. The

»



force-gap curves are based on the use
of this steel.

It was selected because of its ease
of procurement, cost, ease of machin-
ing and good magnetic properties as
related to the average requirements of
tractive electromagnets.

Other materials exhibit better mag-
netic characteristics than SAE 1113.
However, all have disadvantages that
would tend to make their use less de-
sirable. Such materials as the various
grades of electrical steel, Swedish
iron, Permalloy, Alnico, Cunife, etc.
may be expeditiously used in certain
critical applications where a particu-
lar characteristic is desired. The ap-
plication might call for a material
with a high permeability (low reluc-
tance), lack of retentivity (residual
magnetism), ease of saturation, etc.
In such special cases it might be bet-
ter to use one of the materials men-
tioned.

Pure iron has very desirable mag-
netic properties when it has no oc-
cluded air. It has almost infinite per-
meability with zero hysteresis. Yet the
force applied through a given air gap
is not materially greater than for SAE
1113. A decided disadvantage of such
iron is that its properties are affected
by the presence of minute quantities
of impurities.

Another example is the case of
Permalloy which saturates with very

low flux densities. This means that
with a lower value of ampere-turns
than with SAE 1113 it will reach its
maximum magnetism. For a slight in-
crease in ampere-turns, the same force
will be available in both materials.
Also, SAE 1113 need not be annealed
or ground to shape.

Almost all materials could be dis-
cussed along these lines, tending to
support a conclusion that SAE 1113
or any other material in this family
is a good overall material to use.

Heat treatment of magnetic ma-
terials is important in order to obtain
optimum results. Annealing and other
heat treatments will reduce the lattice
distortions tending to increase the
permeability, decrease the reluctance,
decrease the retentivity, improve the
machinability, etc. This is particularly
true in the case of the special mag-
netic materials, but is not important
with SAE 1113. In fact, it has been
demonstrated that the force or pull
across a gap will be reduced in the
order of 10 per cent when the mag-
netic circuit using SAE 1113 is an-
nealed. It is true that the retentivity
has decreased, but this is generally of
secondary importance in an electro-
magnet.

PLUNGER AND CORE SHAPE

The shape of the plunger and core is
perhaps the most important considera-
tion in tractive electromagnet design.

The shape will determine the slope of
the force-gap curves. The require-.
ments of the electromagnet will dic-
tate what shape to use. For instance,
if the problem involves a large force
in conjunction with a small stroke,
then the proper choice would be the
flat-face plunger and core. On the
other hand, if a small force over a
long stroke is required, then the con-
ical plunger and cdre should be se-
lected.

The curves indicate the force to be
expected when flat-faced plungers and
conical plungers having included an-
gles of 30, 60, and 90 deg are used.
Theoretically, in the case of the flat-
faced shape, the force should vary in-
versely as the square of the gap. A
considerable discrepancy exists be-
tween the theoretical and actual values
of force vs. gap. This is logical, how-
ever, when one considers that es-
tablished laws disregard, at least to
some extent, such important factors
as (1) magnetic concentration, (2)
magnetic leakage, (3) air gap loca-
tion within the coil, (4) proportions
(length to diameter ratio) of the coil
and (5) friction between plunger and
bearings. Since the curves were es-
tablished by actual measurements and
include the effects of these factors,
they can be used with more success
to determine the plunger shape than
resorting to a mathematical solution.

Table 1—Characteristics of Electromagnets in Applications Illustrated in Figs. 1-5
Shell Plunger Shape & diameter Plunger Load
Fig. Size Stroke of cylindrical Duty Move- Move-
No. {in.) {in.) plunger cycle ment ment Incidental features Applications
1 1 diam 14 7¢ in. diam, conical, 75 | Continuous | Lateral Lateral | Includes holding switch { Highvoltagerelay.
1846 long deg included angle. actuating external re- 11,000 volts
sistor. 24 m.c.
2 1 diam 364 76 in. diam flat 35 in. | Continuous | Lateral Rotary | Includes holding switch | Highvoltagerelay.
13 long hole in center. actuating external re- 19,000 volts
sistor. 24 m.c.
3 175 diam s 1545 in, diam, flat. Intermittent Lateral Rotary Plunger mounted with Brgke f9r revolv-
upper | 11%2long ball bearings. ing coil.
3 3145 diam Tho 3% in. diam, 60 deg in-| Continuous Lateral Lateral | Includes holding switch | High vgltage coil-
lower | 1% long cluded angle. actuating external re- shorting relay.
sistor. 9000 v., 24 m.c.
4 134 diam s 3/ in. diam, conical, 1% | Intermittent | Lateral Rotary Manually latched. Elec- | Switch for control
134 long in. hole in center 60 trically unlatched. panel.
deg included angle.
5* 17% diam 364 7% in. diam flat 3 in. hole | Intermittent | Lateral Rotary | Provides exceptionally | Coding device.
1long in center, and high torque.
Rotary
NOTE—AIl electromagnets operate over a voltage range from 20 to 30 volts d-c. The ambient temperature range varies from —55 C to 485 C.
*—The electromagnet element in this illustration is basically one developed and manufactured by the G. H. Leland Co., Dayton, Ohio.
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In general, it can be stated that flat
shapes work best when the gap be-
tween plunger and core is small. The
force rapidly diminishes as the gap
is increased. Tapered plungers will
straighten the force-gap curve, tending
to permit the force to remain constant
over a long stroke. It is even possible
to increase the force as the gap in-
creases, as shown on Fig. 11 for the
30-deg plunger.

It should be noted that the force
available at the smaller gaps is great-
est for the flat plunger and decreases
the sharper the plunger is made. This
is because, with tapered plungers, the
permeance of the air gap is caused
to increase less rapidly with motion
of the plunger than would be the case
if it were flat. Hence, as the air gap
gets smaller, the effective force is de-
creased relative to the flat arrange-
ment. This is especially so for gaps
smaller than 1/16 in.

SHELL AND MAGNETIC CIRCUIT

The magnetic circuit is the metallic
path for the magnetic flux generated
by the coil. In the illustrations of
Figs. 1 to 5 this path or shell assumed
the shape of a cylinder. This was a
choice of convenience rather than ne-
cessity. The shape of the shell has
only a minor effect on the efficiency
of the electromagnet. It can be al-
most any shape, providing sufficient
material is present to insure flux con-
duction without attenuation or con-
centration.

The factor governing size is that the
cross-sectional area of the shell must
be no less than that of the plunger.
For purely mechanical reasons it
might in some instances be desirable
to have the shell larger in cross sec-
tion than the plunger. This, however,
will not help the magnetic character-
istics. In fact, it has been shown that
an electromagnet with a shell com-
pletely surrounding the coil was only
approximately 50 per cent better than
one without a shell.

Small air gaps at the joints of the
shell are of little consequence because
of the relatively large air gap between

the plunger and the core. For all prac-
tical purposes they can be disregarded,
and no attempt should be made to de-
sign a “gapless” shell. The air gap
between the plunger and the shell in
the area where the plunger enters the
shell can be made quite large and still
not materially affect the performance.
The electromagnets shown have a
total clearance of 0.040 in. (0.020
each side). To reduce this clearance to
a very small value will cause trouble
in lining up the plunger and shell
with the possibility of severe flux con-
centrations causing magnetic or even
mechanical friction. These undesir-
able forces can assume values that
will sharply decrease the force avail-

able.

AIR GAP LOCATION

The location of the air gap within the
coil is a very important factor and,
strangely, one that is overlooked to a
considerable extent. This factor has
been analyzed by testing an electro-
magnet similar to that shown in Fig.
12. The test consisted of varying the
location of a constant air gap from
one extreme of the coil length to the
other. The force developed across this
air gap for different locations of the
air gap was measured for various
shaped plungers and various values of
ampere-turns. The conclusions indi-
cated that the optimum air gap loca-
tion should be in the middle third of
the coil length.

Considerable importance should be
attached to gap location since varia-
tions of as much as 50 per cent were
measured. This means that a design
which places the air gap in the ap-
proximate center of the coil will ex-
ert in the order of 10 to 50 per cent
more force than one where the air
gap is near either end of the coil.

Electromagnets with smaller poten-
tial forces, and hence lower values of
ampere-turns, seem to vary less with
air gap location with the variations
being about 10 per cent. If in the
same electromagnet the ampere-turns
value is increased by increasing the
voltage, the potential force will in-
crease and the location will become
more important. The latter instance is
the case where as much as a 50 per
cent variation in force or pull will
exist.

COIL DESIGN AND lMPREGNATlON .
There are many options open to the
engineer in selecting the method of
fabrication of the coil. The following
is a partial list of possible choices:
(1) Paper section, (2) cotton inter-
woven, (3) form wound, (4) ribbon
wound, (5) strap wound and (6)
bobbin wound. The bobbin wound
coil adapts itself best to the small
electromagnet and is the method used
in those illustrated in Figs. 1 to 5.

Bobbin wound coils can be inex-
pensively made with the wire, (gen-
erally fine wire AWG No. 24 to No.
36) wound directly on the bobbin in
random layer fashion. The author has
used nylon bobbins molded to size
with success. Nylon can be molded in
very thin sections (0.012 in. thick)
and still retain sufficient strength to
hold the winding together and without
collapse of the bore. It is not affected
over a temperature range from —55 C
to +125 C.

There are many choices of wire.
Each type has a peculiarity that makes
it desirable for some special require-
ment. Below are listed some of the
possible choices, the basic wire being
copper: (1) FEnamelled, (2) enam-
elled nylon covered, (3) enamelled
silk covered, (4) enamelled cotton
covered, (5 ) enamelled silicone coated,
(6) Thermaleze, (7) nylon resin
coated, (8) Teflon resin coated, (9)
Kel-F resin coated, (10) Formvar
coated, nylon covered and (11) Form-
var coated.

Formvar (polyvinyl acetal) coated
wire was used in the components of
Fig. 1 to 5. Formvar possesses char-
acteristics making it a good choice for
many conditions. It can be used con-

Fig. 6—FElectromagnet with flat-foced arma-
ture. Fig. 7—Horseshoe electromagnet. Fig. 8
—Flat-faced cylindrical plunger electromagnet.
Fig. 9 — Conical-faced cylindrical plunger
electromagnet. Fig. 10—Conical-faced cylin-
drical core electromagnet,



tinuously for temperatures as high as
130C, adds very little to the overall
diameter of the wire, is inexpensive
and is readily available.

The proportions of the coil, that is,
the ratio of coil length to mean coil
diameter will affect to some extent the
efficiency of the electromagnet. In
general, a long coil with a small di-
ameter, and vice versa, will not be as
efficient as one with the proper pro-
portions. For small stroke (up to 1%
in.) electromagnets, the optimum pro-
portions are those where the length is
about 1Y% times the mean diameter.

Assuming that the ampere-turns
necessary to satisfy the problem has
been determined, it becomes necessary
to calculate the coil values. The total
number of turns will be the product
of the number of turns per layer times
the number of layers. Approximate
formulas to arrive at the number of
turns are not recommended.

It is also important in this cal-
culation to use the maximum overall
diameter of the wire. If this precau-
tion is taken then no difficulties will
be experienced in production, since
there is always the possibility that
the wire used for models may be
smaller than the wire procured for
production. Coated wire has a toler-
ance of approximately 10 per cent
and therefore the variation between
model coils and production coils can
vary to this degree. If one is design-
ing closely this variation is of con-
siderable importance.

To compensate for the assumption
that the wires lay exactly against one
another, an allowance of 3 per cent
of the calculated number of turns
should be introduced. From experi-
ence the author has found this factor
to be satisfactory.

If parameters have been established
prior to coil calculations in regard to
the mean diameter of the coil, then
for a given wire size the ampere-turns
will remain constant regardless of the
length of the coil. One may be misled
into modifying the length in an effort
to increase or decrease the ampere-
turns. The factors that will vary under
these conditions are the resistance,
current and consequently input power.

Except where it is absolutely nec-
essary, a generous clearance should
be provided between the bore of the
coil bobbin and the plunger. Total

clearances of 0.030 in. are suggested
to eliminate binding caused by an ac-
cumulation of tolerances, particularly
those that occur in production over
and above the expected variations.

The selection of a proper coil im-
pregnation is governed by the appli-
cation. Accordingly the problem can
be simple or complicated. The prin-
cipal purpose of impregnating is to in-
sure that effects of moisture will not
corrode the wire to cause a short cir-
cuit within the coil.

Typical processes may vary from
coating the outside of the coil with a
suitable coil lacquer using a brush to
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casting the coil in any of a number of
formulations.

The illustrated components were de-
signed to meet the requirements of a
specification  invoking  protection
against 30-day humidity (100 per
cent relative with condensation), 50-
hr salt spray, a temperature environ-
ment over a range from —61 C to
+85 C with the maximum hot spot
temperature not to exceed +121 C.

The choice made here was a process
involving the vacuum impregnation
of the coil with Stypol. This process
is quite involved, but with results that
completely satisfy the requirements.
It also has the advantage of build-
ing up only a thin film, rather than
a very heavy layer as found in some

other compounds that are otherwise
satisfactory. o

HEAT DISSIPATION

Electromagnets are designed with the
heating losses (copper losses) as one
of the major limitations. The sig-
nificance of this statement cannot be
overstated. A satisfactory magnet for
ordinary conditions can be unsatis-
factory at elevated: temperatures if it
has not been properly derated. Derat-
ing the magnet involves many factors,
the most important of which are: (1)
Loss in ampere-turns when the am-
bient temperature is increased causing
the wire resistance to increase and
the current to decrease; (2) loss in
ampere-turns due to the increase in
coil resistance because of power ab-
sorption; (3) loss in ampere-turns
due to the configuration or general
structure of the magnet. Items (1)
and (2) can be calculated and item
(3) can be introduced into the for-
mula on an empirical basis.

In this regard a coil completely
surrounded by an impregnating com-
pound of high thermal conductivity,
cast in a shell, dissipates more heat
than any other and is the most effi-
cient.

A coil impregnated as a separate
element and then assembled within
the shell will dissipate about the same
amount of heat as an open coil with-
out any enclosure or shell. This may
seem ambiguous, but when one con-
siders that an air space exists between
the coil and shell, with the air func-
tioning as an insulator, the statement
becomes logical. Further, the ends of
the shell with the bobbin wound coil
are shielded thermally by both an air
gap and the thickness of the bobbin
ends. This immediately renders the
shell ends ineffective as radiating sur-
faces. In addition, the coil is insulated
from the core by the thickness of the
bobbin obviating the core as a good
heat conductor.

A value of 1% watts per sq. in. of
radiating surface (sides only) is the
approximate maximum safe value of
power that a magnet can dissipate
continuously. If the duty cycle is of
an intermittent nature the dissipating
ability of the magnet will vary ac-
cordingly. If the duty cycle is about
10 sec on and 60 sec off, a value of
6 watts per sq. in. of radiating sur-
face (sides omly) is safe. These val-
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ues, 115 and 6 watts, are based on a
maximum hot spot temperature of
125 C.

There are circumstances where the
engineer cannot, because of space lim-
itations, design into the magnet suf-
ficent radiating area to control the
temperature rise. This is especially
true with the continuous duty, long
stroke magnet. Several methods of
making a small magnet handle a large
amount of power are available.
Among these are the double coil and
the external resistor method. The
double, or tapped coil design, incor-
porates a double winding in series
and an external switch actuated by
the plunger. The windings are usually
of two different wire sizes. At the
beginning of the stroke a large num-
ber of ampere-turns is required to ini-
tiate the action, therefore only that
portion of the winding with the least
resistance is used to generate the re-
quired ampere-turns. Since the num-
ber of ampere-turns needed at the end
of the stroke is considerably less both
windings are introduced causing the
resistance to increase and the power
to decrease to a suitable level. A
switch actuated by the plunger con-
nects the windings as needed.

The external resistor method is
basically the same. A single winding
capable of generating the initial am-
pere-turns required is used. By means
of a switch, an external resistor is
connected in series with the winding
near the completion of the stroke.

The latter method is often pref-
erable since the magnet can generally
be made smaller with the external
resistor placed in any convenient lo-
cation. It is also advantageous to be
able to modify the resistor value with-
out changing the coil. The electro-
magnets of Figs. 1, 2 and 3 (lower)
use this method to get continuous
operation from a small coil.

GENERAL MECHANICAL FEATURES

The plunger guide bushing (see Fig.
15) serves in the dual capacity of re-
ducing mechanical, as well as mag-
netic friction. Friction can be an over-

- whelming factor in the small magnet.

As much as 50 per cent of the total
force available can be absorbed by
binding between the plunger and
shell. Without a guide bushing ex-
treme care must be exercised to line
up the plunger with the shell when
small clearances, of the order of 0.001
to 0.005 in., are used. This is because
the flux in this area will tend to cock
the plunger towards the side with the
minimum clearance, setting up a con-
dition of flux concentration (mag-
netic friction). The flux with im-
properly supported plungers may re-
duce the clearance to zero to cause

PLUNGER
0.240 DIA-

WIRE SIZE-24 FLAT
RESISTANCE ~12.2 2
TURNS-2000

PLUNGER-CORE
SHELL MATL.
SAE-1I

- ‘l-azfom
I3 —

000 NI-90 DEG.

2000 NI-60DEG)|

!

*Ohe— 4000 NI-

N

PLUNGER FORCE, LB

N 0 NI-30 DEG.
S .

~ Sy
\

2000 NI-FLAT

71000 NI-FL

| e~ 500 NI-FLAT

S R e

2 3 4 5 6 7
AIR GAP, 16THS OF AN INCH

Fig. 11—Force-gap curves fgr electromagnets
having Y% -in. plunger.

binding or scoring (mechanical fric-
tion).

The best way to eliminate this is to
use a guide bushing. The tendency to
set up magnetic friction will be greatly
reduced and the chance for mechan-
ical friction will be eliminated. The
total-available force will theoretically
be reduced, but in general the prac-
tical available force will be increased
because of the elimination of friction.

The bushing should be made of
some nonmagnetic material with a
wall section about 0.010 in. thick.
Oilite bronze serves very well. The
plunger can then be a close fit with
the guide bushing, but will be con-
strained from being other than con-
centric with the shell. If the plunger
is not further externally guided, then

it can be extended with a nonmag-
netic plunger pin confined by another
guide bushing on the opposite side of
the shell (see Fig. 15). The illustra-
tions of Figs. 1 and 2 reflect this type
of design.

One of the components (marked
“upper” in Fig. 3) has a plunger
where the action is one of translation
accompanied by rotation at high
speeds and does not use a guide bush-
ing. The high speed rotary motion
prohibited the use of a guide bushing,
and dictated the external ball bearing
type of plunger support. The plunger
shell clearance, however, was made
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Fig. 12—Force-gap curves for electromagnets
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adequate (0.015 on each side) for
the application. It performed almost
as well as if a guide bushing had been
used.

It should be mentioned that in the
conical plunger arrangement, it is im-
portant to guide the plunger properly.
If one is working with a small final
gap, the contour of the core will over-
lap the plunger to cause severe cock-
ing unless adequately constrained.

A small overall package can be
achieved by including the return
spring within the shell. Fig. 15 shows
an example of this. The spring ma-
terial should be non-magnetic with
phosphor bronze, beryllium copper,
or stainless steel being very satisfac-
tory.

The plunger in some cases, if it is
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flat faced, is stopped when it engages
the core. (Never permit tapered plung-
ers to do this.) Other designs call
for an air gap after the plunger has
traversed its full stroke with the stop
being accomplished by additional ele-
ments. Metal-to-metal contact is some-
times used. However, since the
plunger accelerates at a fast rate, this
arrangement will cause a clacking
noise. The action also tends to peen the
engaging surfaces. It is therefore bet-
ter to interpose a dampening material
between the metal surfaces. Materials
such as hard rubber, nylon, cork etc.
can be used satisfactorily. If the final
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Fig. 13—Force-gap curves for electromagnets
having 3 -in. plunger.

air gap is small (0.005 in.) rubber
or materials such as nylon might
cause trouble due to cold flow caused
by the repeated hammering of the
plunger.

Cork has been successfully used for
this application. The cork must be
dense and it should be treated in an
environment exceeding the applica-
tion. Since the cork element is gen-
erally cemented to hold it in place, the
very process of cementing will auto-
matically give the required properties.
For example, if the maximum temper-
ature to be expected is 125 C and the
maximum force is 30 lb., then the
cork should be cemented under a
pressure of perhaps 50 1b. at a tem-
perature of 150 C. This will reduce
the thickness about 25 per cent mak-
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ing the cork dense and stable under
all working conditions.

MATHEMATICAL DESIGN EQUATIONS

The four basic equations for the
mathematical design of d-c tractive
electromagnets are given below. The
primary purpose of presenting them
is to show that their use requires a
designer familiar with assumptions
that must be made to assign values
to some of the factors used. The dia-
gram of Fig. 16 illustrates some of
the terms used in the equations which
follow.
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Fig. 14-—Force-gap curves for electromagnets
having 1-in plunger.

(1) Force Equation
7B r?
F=
2n
where
F = Plunger force (1b.)
r, — Plunger radius (in.)
B, = Flux density of working gap (kilo-
maxwells per sq. in.)
w = Permeability of air gap (webers per
ampere-turn in an in. cube)

(2) Magnetic Circuit Equation
B, G
Nl =——— +2H,L;
w

where

NI = Ampere-turns
G — Length of air gap (in.)

2 H,; L; — Magnetomotive force necessary
to establish flux in iron por-
tions of magnetic circuit
(ampere-turns), 1 ampere-
turn = 0.4 gilbert

(3) Heating Equation
ap [ NI ] 2
b

of=_—
2kf (ry + rs)
©f = Final temperature rise of coil (deg.

where

q = Fraction of total time coil is ener-
gized

p = Volume resistance of wire (ohms per
in.)

k — Heat dissipation coefficient

h = Gross length’of coil (in.)

(4) Voltage Equation
4p (r’ —r*) NI

&

where
E = Coil voltage (volts)
d = Diameter of bare wire (in.)

These basic formulas can be ex-
panded according to the type of mag-
net under consideration. They may at
times become quite complicated.

TYPICAL DESIGN PROBLEM

The typical electromagnet design
problem solved in the following para-
graphs is arranged in such a manner
that a practical set of requirements
are listed and a procedure is set forth
dealing with those requirements. The
procedure is flexible and can be ar-
ranged in accordance with the known
requirements.

When using this design procedure
it is necessary to refer only to the
force-gap curves. The formulas used
are elemental to the extent where
every phase of the design is clearly
analyzed. It is true that some of the
expressions could be combined into
more complex arrangements, but it is
believed that this tends to make the
factors lose their significance.

It should also be mentioned that
when the curves are used the char-
acteristics, both electrical and me-
chanical, of the illustrated electro-
magnets on each curve should be
completely disregarded. The electro-
magnet designed by the procedure
may in no way resemble those illus-
trated in the curve.

The solution has been simplified by
disregarding voltage tolerance and
other considerations such as clearance
between plunger and bobbin etc. The
engineer, however, must be concerned
with these variations and should in-
troduce them into the design. The
design data are given in Table II and
the shell and coil data of the solution
are shown in Table III. The step-by-

step solution follows.
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STEP 1. Determine the diameter and
shape of plunger and number of am-
pere-turns required.

Examination of the curves shows
that the flat-faced ¥4-in. diam. plunger
meets Requirements 3 and 4 (see Ta-
ble II), that is, stroke of 1/16 with a
plunger force of 14 lb. The force re-
quirement has eliminated the 4-in.

Hence

r = 0.572 in, (shell sides will therefore be
0.053 in. thick)

STEP 3. Determine the winding radii.
Assume that the winding is to be

confined with a bobbin. If the bobbin
is made from nylon, a wall and end
thickness of 0.025 in. will be satis-
factory. Further, allow a clearance of
1/64 in. between the bobbin OD and
the shell ID. The winding radii will
then be:

R (outside winding radius) — Inside shell
radius — clearance

Substituting
R = 0.572 (From Step 2) — 0.015

Total wire length = Total turns X mean
length of one turn

= 1600 X 2.618 from (a) "

and (b)
= 4190 in. (c)

Voltage (nominal)

Total coil resistance =
Current (nominal)

27 (Req. 1)

o 1.25 (Req. 5)
= 21.6 ohms (d)

Resistance per in. of wite
Total Coil Resistance

" Total Wire Length
21.6 From (d)

_4-190 From (¢)
= 0.00516 ohms/in. (e)

Table ll—besign Data of Typical Problem Table Ill—shell and Coil Data of Typical Problem
(Requirements) (Solution)
1—Input voltage, nominal, d-c............ 27 (Range, 24 to 30) § Magnetic Structure
Material ..ovvirtin i e e SAE 1113 steel
2—Ambient temperature, nominal................ 23 C {Range, Plunger diameter..........coovvvennn 1% in. (flat-faced cylind.)
-55Cto 75 C) Shell diameter, outside, in..... oo 1%
Shell thickness, il..vveeee e iniiiiiiie e aaeens 0.053
3—Plunger force, (including force of return spring) lb....... 14 Shell end thickness, (ea. end), in....ooviieeieinntn 0.125
Length of shell, in.....oovveiiieiiiiniiiiiiann. 1.545
4—Plunger stroke, in... ... ..ottt i Yie Coil
5—Current, max (at 27 volts) amp .........coooiiinia .. 1% Resistance, ONIMS .. ..veeeeninneiininrenneeneonneeeaannens 21.6
TUIDS +ouvts et tee s iientae sttt ettt 1600
6—Outside shell diameter, max, in. .............cooviiiann 114 Wire size, AW(} NO --------- R AR A 28
Len. of coil (winding only), in..........cooveeieoant. 1.230
7—Shell length. ...t Design for minimum | D < T R 19
Turns per layer . R LT R EATEREA 85
8—Duty cycle............... Intermittent, 10 sec on, 60 sec off Inner winding radius, in..........ooieiiiiiiiiie 0.225
Outer winding radius, ..o 0.557
9—Coil hot spot temperature, max at 75 C ambient........ 125 C Ampere-turns {at 27 volts d-c) ...oovnvniiiii it 2000

diam. plunger since the value of am-
pere-turns necessary is beyond prac-
tical consideration. Even though the
34-in. diam. plunger could be used,
and give the proper force, it would
provide very little winding space
when Requirement 6 is invoked.

The ¥%-in. diam. flat-faced plunger
working in a coil able to generate
2000 ampere-turns is the best choice.

STEP 2. Determine the thickness of
the shell sides.

The minimum cross-sectional area
of the shell need not exceed the cross-
sectional area of the plunger.

Therefore (R2-—r2) =nr 2

where

R = % in. (outside radius of shell, Req.
6)
r = inside radius of shell
r; = radius of plunger

Substituting
7(0.625° — r*) = = X 0.250°

Hence

R = 0.557
Also

r (inside winding radius) = Plunger

radius + thickness of bobbin.
Substituting

r =0.250 (from Step 1) -+ 0.025
Hence

r=0.275
STEP 4. Determine the wire size.

It is decided here to use a heavy
Formvar coated copper wire. This
wire will satisfy all requirements, and
in particular 2 and 9.

Since
Ampere-turns
Total turns = ———————
Current
2000 (from Step 1)
1.25 (Requirement 5)
= 1600 (a)

Mean length of one turn — % X mean di-

ameter of 1
turn

=7 X 0.832 (cal-
culated from
Step 3)

= 2.618 in. (b)

Reference to a suitable handbook
will indicate that No. 28 wire (bare
diameter of 0.0126 in.) most nearly
approaches the calculated requirement
of 0.00516 ohms/in.

STEP 5. Determine the winding
length.

For this calculation it is necessary
to add to the bare wire diameter the
thickness of the coating. For the type
of wire previously selected, the nom-
inal overall wire diameter will be

0.0145 in.

Thickness of winding space
Layers of wire =

Overall diam. of wire
0.282 (calculated from
= Step 3)

0.0145
=19.4 use 19 (a)
Total turns
Turns per layer = ————
Layers of wire ]
1600 From Step 4 (a)

19 From (a)
—= 84.3 use 85 (b)
Length of winding = turns per layer X
overall diam, of wire
=85 (b) X 0.0145
= 1.230 in. (¢}

—- —
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Fig. 15—Typical flat-faced cylindrical plunger
electromagnet having a compression return
spring.
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Fig. 16—Diagram of electromagnet showing
dimensions used in mathematical analysis.

STEP 6. Determine length of shell.
The length of the shell will be the

sum of the following factors:
1.230 = Length of winding from Step 5

(c)
0.050 = Total thickness of bobbin ends
(from Step 3)
0.015 = Clearance between bobbin and
shell (from Step 3)
0.250 = Total thickness of shell ends (See
explanation below)

1.545 = Length of shell (a)

The minimum cross sectional area
of the shell need not exceed the cross
sectional area of the plunger. For this
calculation the cross sectional area
of the shell at the point where the
plunger enters the shell, must be con-
sidered.

2rrt=7r,
where

t — thickness of shell end
r —radius of plunger

2

Substituting
27 X 0.250 t = 7 X 0.250°
t=0.125 in.
And also

0.250 in. == Total thickness of shell ends

STEP 7. Determine heat dissipating
ability.

The electromagnet that has now
been designed has met all require-
ments except Requirements 8 and 9.

It has been mentioned that if the
total power in watts is less than 6
watts per sq. in. of radiating surface,
the hot-spot coil temperature will not
exceed 125 C if the electromagnet has
an intermittent duty cycle of 10 sec.
on and 60 sec. off.

Since
Power to be dissipated = Voltage X Cur-
rent
P =27 (Req. 1) X
1.25 {Req. 5)

= 33.7 Watts (a)

Also since Watts per sq. in. to dis-
sipate
Power to dissipate

N Side area of shell
33.7 From (a)

- 6.08 calculated from Regq. 6
and Step 6 (a)

= 5.54 (b)
Requirements 8 and 9 have now been
met, since the value 5.54 (b) is less
than 6.

If the value of (b) had been re-
solved to a value more than 6, then it
would be necessary to modify the de-
sign as follows:

1. Maintain all characteristics, ex-
cept increase the number of turns
which will (a) increase the resistance,
(b} decrease the current, (c) de-
crease the power, (d) maintain the
ampere-turns, (e) increase the length
of winding and shell and (f) decrease
the watts per sq. in. to dissipate to
an acceptable level. This completes
the design.

SUMMATION

The following is a summary of design
considerations evaluating the many
variables encountered in electro-mag-
netic design.

1. Plunger force or pull is approx-
imately proportional to the cross sec-
tional area of the plunger and the
ampere-turns in the coil.

2. Plunger force vs. gap deviates
considerably from the theoretical law
of inverse squares.

3. Plunger force will decrease ap-
proximately 10 per cent if the mag-
netic circuit (shell, core, plunger)
material is annealed, assuming the
use of SAE 1113,

4. Plunger force is influenced by the
location of the air gap within the coil.

This may be of the order of 50 per cent
from extreme ends to the center.

5. Plunger force varies slightly with
the ratio of coil length to coil diam-
eter. The optimum ratio is about 1%5.

6. Plunger force is influenced by
the plunger and core shape. Flat
shapes are better for larger forces
over a small stroke. Tapered shapes
are better for small forces over a
large stroke.

7. Plunger forces will decrease
with higher ambient temperatures and
inherent power losses in the coil. The
decrease in ampere-turns causes this.

8. Plunger force will not be ma-
terially affected by making the shell
and core cross-sectional area larger
than the plunger area. (Note that the
minimum relation is where they are
equal.)

9. Plunger force will be substan-
tially unaffected by the type of en-
closure used. The enclosure can be a
shell or bracket, the only restriction
being Item 8.

10. Plunger force with a good
magnetic circuit completely enclosed
by a shell with small series air gaps,
will be approximately 50 per cent
greater than if the enclosure were
completely eliminated.

11. For continuous duty, an elec-
tromagnet of average design will be
capable of dissipating 1% watts per
sq. in. of radiating surface. This sur-
face only includes the sides of the
shell, excluding the ends. The hot spot
temperature will not exceed 125 C.

12. For an intermittent duty cycle
of the order of 10 sec. on and 60 sec.
off, the magnet will be able to dis-
sipate approximately 6 watts per sq.
in. of radiating surface. The maxi-
mum hot spot temperature will then
not exceed 125 C.

13. SAE 1113 (cold finished high
sulphur steel) or one of the steels in
this general category is recommended
for the plunger, core, shell.
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SCIENTIFIC AND TECHNICAL SOCIETIES
ASSOCIATED WITH ELECTRONICS

CIENTIFIC AND TECHNICAL SOCIE-
S TIES provide engineers with some
of the best opportunities for self de-
velopment and for enhacing their pro-
fessional prestige by encouraging
them to share responsibilities with
others in a common cause. Member-
ship in a scientific or technical so-
ciety implies the dedication of a sci-
entific mind to a chosen profession
and the willingness of members to
work together for the good of the
profession.

More than fifteen hundred scientific
and technical societies in the United
States are listed by the National Acad-
emy of Science. The list of those
directly or indirectly associated with
electronics is impressive and indicates
the extent to which the industry is
indebted to the numerous branches of
science and technology for its develop-
ment.

The names of most of the societies
listed in this article were submitted
by RCA Engineer Editorial Repre-
sentatives as those in which RCA en-
gineers are actively interested.

Information on the majority of
these societies was abstracted from the
book entitled “Scientific and Techni-
cal Societies of the United States and
Canada” published by the National
Research Council—National Academy
of Science (publication 369), 1955
edition, available in the RCA Camden
library.

The number preceding the name of
the society is the reference number by
which the society is listed in the acad-
emy publication. Names of societies
not preceded by a number are not
listed by the academy. Societies are

listed alphabetically.

by
J. BURGESS DAVIS
Engineering Editor
Defense & Commercial Electronic
FProducis

Camden, ¥. J.

Only information of general inter-
est is included in this article. For in-
formation regarding the history of
societies, size of membership, research
funds and awards, subscription price
of publications, and names of current
officers, the reader is referred to the
National Academy of Science publi-
cation 369, previously mentioned.

Local chapters or sections of some
societies do not have permanent head-
quarters but rotate their meetings
between available auditoriums and
conduct their transactions from the
business addresses of their officers. If
these addresses are not known, they
and other information regarding
chapters or sections may be obtained
from the society’s National Head-
quarters, or Local Engineers Clubs.

11. ACOUSTICAL SOCIETY OF AMERICA
.. .57 East 55 Street, New York 22, N. Y.
Purpose: To increase and diffuse the knowl-
edge of acoustics, and to promote its prac-
tical application. Meetings: Two per year.
Publications: “Journal,” bimonthly, and
“Noise Control.”

60. AMERICAN ASSOCIATION FOR THE
ADVANCEMENT OF SCIENCE . . . 1515 Massa-
chusetts Ave., Washington 5, D. C. Purpose:
To further the work of scientists, to facili-
tate cooperation among them, to improve
the effectiveness of science . .. etc. Meet-
ings*“Annual, December 26-31 plus numer-
ous regional meetings. Publications: “Sci-
ence,” weekly, and “Scientific Monthly.”

AMERICAN ASSOCIATION OF INDUSTRIAL
EDITORS . . . 24 Fairfield Street, Montclair,
N. J. Executive Secretary, James Limner.
Meetings: Monthly. Purpose: To promote
the interests of Industrial Editors throughout
the United States. Publication: “Editor’s
Notebook,” monthly.

111. AMERICAN CERAMIC SOCIETY, INC.
. .. 4055 North High Street, Columbus 14,
Ohio. Purpose: To promote the art, science
and technology of ceramics. Meetings: An-
nual plus Division meetings. Publications:
“Journal,” “Bulletin,” and “Ceramic Ab-
stracts,” all monthly.

112. AMERICAN CHEMICAL SOCIETY . . .
1155 16th Street, N. W., Washington 6, D. C.
Purpose: To encourage in the broadest and
most liberal manner the advancement of
chemistry in all its branches; to promote
research in chemical science and industry;
. ..ete. ... etc. Meetings: Semi-annual.
Publications: “Chemical and Engineeripg
News,” weekly, “Chemical Abstracts,” and
“Journal of the American Chemical Society,”
semimonthly, and “Journal of Physical
Chemistry,” “Journal of Chemical Educa-
tion,” “Analytical Chemistry,” and ‘“Indus-
trial & Engineering Chemistry,”all monthly
—*“Journal of Agriculture and Food Chemis-
try,” biweekly, “Chemical Reviews,” bi-
monthly, and “Rubber Chemistry and Tech-

nology,” quarterly.

141, AMERICAN ELECTROPLATERS’ SOCI-
ETY, INC. . . . 445 Broad Street, Newark 2,
N. J. Purpose: An educational society for
the advancement of the science of electro-
plating and metal finishing. Meetings: An-
nual. Publication: “Plating.”

177. AMERICAN INSTITUTE OF CHEMICAL
ENGINEERS . . . 25 West 45th Street, New
York 36, N. Y. Purpose: The advancement
of chemical engineering in theory and prac-
tice and the maintenance of a high profes-
sional standard among its members. Meet-
ings: Four meetings annually. Publications:
“Transactions,” monthly.

178. AMERICAN INSTITUTE OF CHEMISTS
... 60 East 42nd Street, New York 17, N. Y.
Purpose: To advance the profession of chem-
istry in the United States. Meetings: Annual
for Institute; monthly for chapters. Publi-
cation: “Chemist,” monthly.




180. AMERICAN INSTITUTE OF ELECTRICAL
ENGINEERS . . . 33 West 39th Street, New
York 18, N. Y. Purpose: The advancement
of the theory and practice of electrical en-
gineering and of the allied arts and sciences
and the maintenance of a high professional

standing among its members. Meetings:
Four annual meetings, also district and local
meetings, Publication: “Electrical Engi-
neering,” monthly.

183. AMERICAN INSTITUTE OF MINING
AND METALLURGICAL ENGINEERS . . . 29
West 39th Street, New York, N. Y. Purpose:
To promote the arts and sciences connected
with the economic production of the useful
mineral and metals and the welfare of those
employed in these industries. Meetings:
Annual. Publications: “Mining Engineering
Journal,” “Journal of Metals,” and “Journal
of Petroleum Technology,” all monthly.
“Transactions,” annual.

187. AMERICAN INSTITUTE OF PHYSICS,
INC. . .. 57 East 55th Street, New York 22,
N. Y. Purpose: The advancement and dif-
fusion of knowledge of the science of physics
and its applications to human welfare . . .
etc. . . . etc. Meetings: Regular meetings
are not held, this being one of the normal
functions of the five member societies. Oc-
casional conferences are held under auspices
of the Institute in particular fields. Publica-
tions: “Review of Scientific Instruments,”
“Journal of Chemical Physics,” “Journal of
Applied Physics,” and “Physics Today,” all
monthly.

198. AMERICAN MATERIAL HANDLING SO-
CIETY, INC. . .. 638 Phillips Avenue, Toledo
12, Ohio. Purpose: To promote study and
advancement of the science of material
handling, to develop programs, to publish
technical data, etc. Meetings: Semiannual.
Publications: “Journal,” published in “Mod-
ern Materials Handling Magazine,” monthly.

199. AMERICAN MATHEMATICAL SOCIETY
.. .80 Waterman Street, Providence 6, R. L.
Purpose: The encouragement and mainte-
nance of an active interest in mathematical
research. Meetings: Eleven meetings an-
nually., Publications: “Bulletin,” “Pro-
ceedings,” and “Transactions,” all bi-
monthly. “Mathematical Reviews,” monthly
except August.

Author's Note: The author wishes
to express his appreciation tfo
Editorial Representatives,
throughout the Corporation,
who submitted names of many
of the societies listed in this
article.

202, AMERICAN SOCIETY OF NAVAL EN-
GINEERS, INC. . . . 605 F Street, N. W.,
Washington 4, D. C. Purpose: The advance-
ment of naval engineering, including motive,
hull, ordnance, navigational aeronautical,
electrical and electronic engineering, and
naval architecture. Meetings: Annual. Pub-
lication: “Journal,” quarterly.

205 AMERICAN MICROSCOPICAL SOCIETY
. .. Department of Zoology and Entomology,
Montana State College, Bozeman, Mont.
Purpose: The encouragement of research in
biological fields where the microscope is
utilized. Meetings: Annual. Publication:
“Transactions,” quarterly.

229. AMERICAN PHYSICAL SOCIETY . . .
Columbia University, New York 27, N. Y.
Purpose: The advancement and diffusion of
the knowledge of physics. Meetings: An-
nual plus six to eight othér meetings each
year. Publications: “Bulletin,” 6 to 8/year.
“Physical Review,” semi-monthly, and “Re-
views of Modern Physics,” quarterly.

243. AMERICAN RADIO RELAY LEAGUE,
INC. . .. 38 LaSalle Road, West Hartford 7,
Conn. Purpose: The promotion of interest
in amateur radio communication and experi-
mentation; the relaying of messages by
radio; and the advancement of the radio art.
Meetings: Annual. Publications: “QST,”
monthly, “Radio Amateur’s Handbook,”
yearly.

261. AMERICAN SOCIETY FOR METALS . ..,
7301 Euclid Avenue, Cleveland 3, Obhio.
Purpose: The promotion of the arts and sci-
ences connected with the manufacture and
the treatment of metals. Meetings: Annual;
monthly chapter meetings. Publications:
“Transactions,” annual; “Metal Progress,”
and “Review,” monthly.

264, AMERICAN SOCIETY FOR QUALITY
CONTROL . . . 50 Church Street, New York
7, N. Y. Purpose: To create, promote and
stimulate interest in the advancement and
diffusion of knowledge of the science of
quality control and of its application to
industrial processes. Meetings: Annual.
Publication: “Industrial Quality Control,”
monthly,

266. AMERICAN SOCIETY FOR TESTING
MATERIALS . . . 1916 Race Street, Philadel-
phia 3, Pa. Purpose: The promotion of
knowledge of the materials of engineering,
and the standardization of specifications and
methods of testing. Meetings: Annual;
twenty to thirty district meetings; about
1,500 meetings of technical committees,
Publications: “Book of ASTM Standards,”
triennial, “Proceedings,” annual, “Bulletin,”
eight per year.

289. AMERICAN SOCIETY OF MECHANICAL
ENGINEERS . . . 20 West 39th Street, New
York 18, N. Y. Purpose: To promote the
art and science of mechanical engineering
and the allied arts and sciences; to encour-
age original research; to foster engineering
education; to advance the standards of engi-
neering; to promote inter-course of engineers
among themselves and with allied technolo-
gists. Meetings: Four a year. Publications:
“Mechanical Engineering,” monthly, “Trans-
actions,” 8 per year, “Applied Mechanics
Review,” monthly.

303. AMERICAN SOCIETY OF SAFETY EN-
GINEERS . . . 425 North Michigan Avenue,
Chicago 11, Ill. Purpose: To promote the
arts and sciences connected with engineer-
ing in its relation to accident prevention and
the conservation of life and property to
attain a high standard in safety engineering
and to encourage the development of safety
engineering as a profession. Meetings: An-
nual. Publication: “Engineering for Safety,”
monthly,




SCIENTIFIC AND
TECHNICAL SOCIETIES

—continued

307. AMERICAN SOCIETY OF TOOL ENGI-
NEERS . . . 10007 Puritan Avenue, Detroit 38,
Mich. Purpose: The advancement of scien-
tific knowledge in the field of tool engineer-
ing and the means and methods of applying
such knowledge in practice. Meetings: Semi-
annual. Publications: “Tool Engineer Maga-
zine,” monthly, “ASTE Technical Papers,”
annual.

311. AMERICAN SPEECH AND HEARING
ASSOCIATION . . . Speech Clinic, Wayne
University, Detroit 1, Mich. Purpose: To
encourage basic scientific study of the proc-
esses of individual human speech and hear-
ing . . . etc. Meetings: Annual. Publica-
tion: “Journal of Speech and Hearing Dis-
orders,” quarterly.

312. AMERICAN STANDARDS ASSOCIA-
TION, INC. . . . 70 East 45th Street, New
York 17, N. Y. Purpose: To provide system-
atic means by which organizations concerned
with standardization work may cooperate in
establishing American standards in those
fields in which engineering methods apply
. .. etc. Meetings: Annual. Publications:
“Magazine of Standards,” “Approved Ameri-
can Standards,” “List of American Stand-
ards.”

313. AMERICAN STATISTICAL ASSOCIA-
TION . .. 1108 16th Street, N. W., Washing-
ton 6, D.C. Purpose: To encourage the im-
provement of basic statistical data and sta-
tistical methods in many fields of knowledge,
etc. Meetings: Annual. Publications: “Jour-
nal,” quarterly, ‘“American Statistician,” bi-
monthly.

324. AMERICAN WELDING SOCIETY . .. 33
West 39th Street, New York, N. Y. Purpose:
To advance the science and art of welding;
to afford its members opportunities for the
interchange of ideas with respect to welding
... etc. Meetings: Annual fall and spring
meeting. Sections meet monthly, September
through May. Publication: “Welding Jour-
nal,” monthly.

353. ARMED FORCES COMMUNICATIONS
ASSOCIATION . . . 1624 I Street, N. W,
Washington 6. D. C. Purpose: To maintain
and improve the cooperation between the
Armed Forces and industry in the design,
production, maintenance and operation of
communications, electronic . . . etc. Meet-
ings: Annual. Publications: “Signal,” bi-
monthly, ‘“Newsletter,” monthly,

356. ASSOCIATION FOR COMPUTING MA-
CHINERY . . . Two East 63rd Street, New
York 21, N. Y. Purpose: To advance the
science, design, development, construction
and application of modern machinery for
performing operations in mathematics, logic,
statistics and kindred fields . , . etc. Meet-
ings: Annual. Publication: “Journal,” quar-
terly.

360. ASSOCIATION FOR SYMBOLIC LOGIC
. . . Rutgers University, New Brunswick,
N. J. Purpose: To promote research and
critical studies in the field of formal or
mathematical logic and immediately related
fields; to provide meeting ground for mathe-
maticians and philosophers and to encour-
age cooperation and mutual criticism among
various groups. Meetings: Annual. Publi-
cation: “Journal of Symbolic Logic,” quar-
terly.

377. ASSOCIATION OF CONSULTING MAN-
AGEMENT ENGINEERS, INC. . . . 347 Madison
Avenue, New York, N. Y. Purpose: The
maintenance of high standards of profes-
sional conduct, the dissemination of infor-
mation about the nature and benefits of
management engineering service, and the
exchange of experience among members.
Meetings: Three or more held annually.

ASSOCIATION OF TECHNICAL WRITERS AND
EDITORS . . . Anaconda Copper Mining Com-
pany, 25 Broadway, New York 4, N. Y. Elsie
Ray, Secretary. Purpose: To advance the
profession of technical writing and editing
and to exchange information on principles
and techniques in these fields. Meetings:
Local and National.

404. ATOMIC INDUSTRIAL FORUM, INC.
... 260 Madison Avenue, New York 16, N. Y.
Purpose: To foster and encourage the devel-
opment and utilization of atomic energy in
accordance with the best traditions of Ameri-
can democracy and free competitive enter-
prise. Meetings: Annual. Publication:
“Memo to Members,” monthly.

405. AUDIO ENGINEERING SOCIETY . . .
P. O. Box 12, Old Chelsea Station, New
York 11, N, Y. Purpose: To diffuse and in-
crease educational and scientific knowledge
in audio engineering . . . etc. Meetings:
Semi-annual. Publication: “Journal,” quar-
terly.

DELAWARE VALLEY INDUSTRIAL EDITORS’
ASSOCIATION . . . Penn Mutual Life Insur-
ance Company, Washington Square, Phila-
delphia. Secretary: Miss Mary E. Eastburn.
Purpose: To raise and continually improve
the standards of industrial editing . . . etec.
Meetings: 9 per year. Publication: “Byline,”
monthly,

574, ELECTROCHEMICAL SOCIETY, INC, . ..
216 West 102nd Street, New York 25, N. Y.
Purpose: The advancement of the theory and
practice of electrochemistry, electrometal-
lurgy, electrothermics and allied subjects

. . etc., etc. Meetings: Semi-annual. Pub-
lication: “Journal,” monthly.

599. ENGINEERS’ CLUB OF PHILADELPHIA
... 1317 Spruce Street, Philadelphia 7, Pa.
(and various other locations). Purpose: To
promote the arts and sciences connected
with engineering. Meetings: Annual;
monthly, October to May. Publication:
“Announcer,” 8 per year.

FRANKLIN INSTITUTE OF PENNSYLVANIA
... 20th Street and Benjamin Franklin Park-
way, Philadelphia, Pa. Purpose: Promotion
of the mechanlcal arts and the dissemination
of scientific knowledge. Meetings: Annual
and monthly. Publications: “Journal of the
Franklin Institute,” monthly, “Institute
News.”

J. BURGESS DAVIS has been active in
technical editorial work for more than 20 years.
During the past 10 years, he has been responsi-
ble for administering RCA Standard Procedure
Instructions for the control and approval of
technical papers for presentation before techni-
cal societies, as well as for publication. See
Vol. 1, No. 5 for biography of Mr. Davis.

715. ILLUMINATING ENGINEERING SO-
CIETY , . . 1860 Broadway, New York 23,
N. Y. Purpose: The achievement of the
theory and practice of illuminating engi-
neering and the dissemination of knowledge
relating thereto. Meetings: Annual. Publica-
tion: “Illuminating Engineering,” monthly.

730. INSTITUTE OF NAVIGATION . . . Uni-
versity of California, Los Angeles 24, Calif.
Purpose: To insure and further the advances
made in the science of navigation; to estab-
lish centers of navigation research; to pro-
mote the highest standards for navigation to
insure safety by air and sea. Meetings: An-
nual; quarterly on regional basis. Publica-
tion: “Navigation,” quarterly.

731. INSTITUTE OF RADIO ENGINEERS, INC.
. . . One East 79th Street, New York 21,
N. Y. Purpose: To advance the theory and
practice of radio and allied branches of en-
gineering and its related arts and sciences,
and to maintain a high professional standing
among its members. Meetings: Annual;
monthly. Publications:  “Proceedings,”
monthly, “Transactions of the IRE Profes-
sional Groups,” irregular.

732. INSTITUTE OF THE AERONAUTICAL
SCIENCES, INC. . . . Two East 64th Street,
New York, N. Y. Purpose: To facilitate by
all available means the interchange of tech-
nical ideas among aeronautical engineers
throughout the world. Meetings: Annual
plus section and branch meetings. Publica-
tions: “Journal of the Aeronautical Sci-
ences,” monthly; “Aeronautical Engineering
Review,” monthly, “Aeronautical Engineer-
ing Catalog,” annual.

734. INSTRUMENT SOCIETY OF AMERICA
... 1319 Allegheny Avenue, Pittsburgh 33,
Pa. Purpose: To advance the arts and sci-
ences connected with the theory, design,
manufacture and use of instruments in the
various sciences and technologies. Meet-
ings: Annual. Publication: “ISA Journal,”
monthly.




830. MATHEMATICAL ASSOCIATION OF
AMERICA . . . University of Buffalo, Buffalo
14, N. Y. Purpose: The promotion of col-
legiate mathematics. Meetings: Semiannual.
Publication: “American  Mathematical

Monthly.”

913, NATIONAL ACADEMY OF SCIENCES—-
NATIONAL RESEARCH COUNCIL . . , 2101
Constitution Avenue, Washington 25, D. C.
Purpose: To promote science and its appli-
cations to human welfare, and to investigate
and report upon any subject of science or
technology whenever called upon by the
Government of the United States. Meetings:
The Academy meets semiannually. Numer-
ous meetings of committees, boards and
other groups are held during the year. Pub-
lications: “Annual Report”; “Proceedings,”
monthly. “News Report,” bimonthly. “Mathe-
matical Tables and Other Aids to Computa-
tion, ” quarterly. “Summary Tables of Bio-
logical Tests,” bimonthly. “Prevention of
Deterioration Abstracts,” monthly. “Arti-
ficial Limbs,” quarterly.

925. NATIONAL ASSOCIATION OF POWER
ENGINEERS . . . 176 West Adams Street,
Chicago, Ill. Purpose: To provide coopera-
tive action on problems affecting power
plant operators and executives; to broaden
the engineer’s ability . . . etc. Meetings:
Annual. Publication: “National Engineer,”
monthly.

931. NATIONAL BOARD OF FIRE UNDER-
WRITERS . . . 85 John Street, New York 38,
N. Y. Purpose: To further education, engi-
neering and statistics as they are related to
fire prevention. Meetings: Annual, Publica-
tions: “Fire Insurance Facts and Trends,”
bimonthly. “Special Interest Bulletins,”
semimonthly.

945, NATIONAL INSTITUTE OF CERAMIC
ENGINEERS . . . 2525 North High Street, Co-
lumbus 2, Ohio. Purpose: To promote the
professional status of ceramic and other en-
gineers engaged in all branches of the cer-
amic industry, etc. Meetings: Annual, in
April with American Ceramic Society.

950. NATIONAL MICROFILM ASSOCIATION
. . . 19 Lafayette Avenue, Hingham, Mass.
Purpose: The advancement of the micro-
techniques of documentary reproduction.
Meetings: Annual. Publication: “Proceed-
ings,” annual.

952. NATIONAL NOISE ABATEMENT COUN-
CIL . . . 36 West 46th Street, New York 36,
N. Y. Purpose: To promote a national con-
sciousness in noise abatement and control;
to disseminate information to the public re-
lating to the causes and effects . . . etc.
Meetings: Semiannual.

958. NATIONAL SAFETY COUNCIL . . . 425
North Michigan Avenue, Chicago 11, IlL
Purpose: To reduce the number and severity
of all kinds of accidents. Meetings: Annual.
Publications: “Transactions of the National
Safety Congress,” annual; “Accident Facts,”
annual. Ten magazines and 42 news letters
are published monthly.

965. NATIONAL SOCIETY OF PROFES-
SIONAL ENGINEERS . . . 1121 15th Street,
N.W., Washington 5, D. C. Purpose: To pro-
mote the professional, social and economic
interests of the engineer by means of edu-
cation, legislation and public relations; to
establish and maintain state professional
engineering societies and chapters through-
out the United States; and to advance the
interests of the public in matters pertaining
to engineering. Meetings: Annual; local
state and chapter meetings. Publication:
“American Engineer,” monthly.

NEW JERSEY INDUSTRIAL EDITORS ASSO-
CIATION . ., Affiliate of American Associa-
tion of Industrial Editors. William C. North,
Mutual Benefit Life Insurance Company, 300
Broadway, Newark 1, N. J. Purpose: To pro-
mote the interests of industrial editors of
New Jersey. Publication: “Garden State
Editor,” eight/year.

1123, OPTICAL SOCIETY OF AMERICA, INC.
.. . Prince and Lemon Sts., Lancaster, Pa.
Purpose: To increase and diffuse the knowl-
edge of optics; to promote the common in-
terests of investigators of optical problems
of designers and users of optical apparatus
of all kinds; and to encourage cooperation
among them. Meetings: Annual in October;
usually one special meeting in March or
April. Publication: “Journal,” monthly.

1199. RADIO CLUB OF AMERICA, INC. . ..
11 West 42nd Street, New York 36, N. Y.
Purpose: The protection of the interests of
radio amateurs, experimenters, etc., and the
dissemination of scientific information con-
cerning radio art and its current develop-
ment. Meetings: Monthly, except July
and August. Publication: “Proceedings,”
monthly.

1235. SCIENTIFIC RESEARCH SOCIETY OF
AMERICA . . . 56 Hillhouse Avenue, New
Haven, Conn. Purpose: To encourage origi-
nal investigation in science, pure and ap-
plied. Meetings: Annual. Publication:
“American Scientist,” quarterly.

1257, SOCIETY FOR EXPERIMENTAL STRESS
ANALYSIS . . . I'.0O. Box 168, Cambridge 39,
Mass. Purpose: To promote and encourage
the furtherance of knowledge pertaining to
experimental stress analysis . . . etc. Meet-
ings: Seminannual. Publication: “Proceed-
ings,” biennial.

1258. SOCIETY FOR INDUSTRIAL AND AP-
PLIED MATHEMATICS . . 100 West 10th
Street, Wilmington 99, Del. Purpose: To pro-
vide media for the exchange of information
and ideas among mathematicians and other
scientific and technical personnel . . . etc.
Meetings: Annual. Publications: “SIAM
Journal,” quarterly, “Newsletter,” monthly.

1277. SOCIETY OF AMERICAN MILITARY
ENGINEERS . . . 808 Mills Building, Wash-
ington 6, D. C. Purpose: To promote the
national defense by the advancement of
knowledge of the sciénce of military engi-
neering; and to procure, preserve, perpet-
uate, and disseminate knowledge and in-
formation relating to military engineering
and the objects for which the Society is
formed. Meetings: Annual, semiannual, and
regional meetings. Publication: “Military
Engineers,” monthly.

1294, SOCIETY OF INDUSTRIAL PACKAG-
ING AND MATERIALS HANDLING ENGI-
NEERS . .. 111 West Jackson Boulevard, Chi-
cago 4, Ill. Purpose: The dissemination of
packaging and materials handling informa-
tion, Meetings: Annual. Publications:
“Trends,” bimonthly. “Proceedings,” annual.

1297. SOCIETY OF MOTION PICTURE AND
TELEVISION ENGINEERS . . . 55 West 42nd
Street, Suite 1004, New York 36, N. Y. Pur-
pose: The advancement and coordination of
technical and engineering information for
motion picture film production and use, and
for related aspects of the television industry.
Meetings: Semiannual; section meetings
monthly except during summer months.
Publication: “Journal,” monthly,

1299. SOCIETY OF NAVAL ARCHITECTS
AND MARINE ENGINEERS . . . 74 Trinity
Place, New York 6, N. Y. Purpose: The pro-
motion of the art and science of shipbuild-
ing, both governmental and commercial, in
the United States of America. Meetings:
Semiannual. Publications: “Transactions,”
annual. “Society Bulletin,” three times a
year, “Year Book.”

1304. SOCIETY OF PLASTICS ENGINEERS,
INC. . . . Suite 116-18 34 East Putnam Ave-
nue, Greenwich, Conn. Purpose: To promote
the arts, sciences, standards and engineering
practices connected with the use of plastics.
Meetings: Annual. Publication: “SPE
Journal,” 10 per year.

1366, SPEECH ASSOCIATION OF AMERICA
... Louisiana State University, Baton Rouge
3, La. Purpose: The Association serves as a
professional organization for individuals in-
terested in speech. Meetings: Annual. Pub-
lications: “Quarterly Journal of Speech,”
“Speech Monographs,” quarterly. “Speech
Teachers,” quarterly.




SOME OF THE more stringent re-
quirements being placed on feed-
back amplifiers for recent video-fre-
quency applications are treated in
this paper. To design amplifiers to
meet these requirements results in im-
proved overall performance.

The linearity of any amplifier will
be improved by incorporating the de-
sign relationship developed here.*
This is true whether the amplifier is
employed for audio service, servo-
mechanisms, or in pulse applications.
Engineers designing servo-mechan-
isms may find viewpoints developed
here to be helpful in solving problems
of overload, frequency, and transient
response. There are also, no doubt,
many other fields in which the more
commonly recognized advantages of
negative feedback may be coupled
with the control of linearity and phase
variation, as discussed here, to effect
a considerable improvement in per-
formance.

Concurrent with recent advances
there is an ever increasing emphasis
on these design objectives: (1)
achieving stability of gain in ampli-
fiers with tube changes, (2) reduction
of the susceptibility of equipment to
changes in supply voltage, and (3)
the improvement of the linearity of
transfer characteristic. Within the
compass of the requirements placed
on linearity of transfer characteristic
is included not only a constancy of
differential gain but also an inde-
pendence of relationship between sig-
nal level and the phase angle of the
transfer ratio. Negative feedback, of
itself, is helpful in the attempt to
achieve all of these desirable objec-
tives except that of independence of
phase angle.

In addition to the applications of
negative feedback in stabilizing the
circuit performance, are the equally
important applications where the
driving point impedance is modified

*For detailed mathematical proofs, refer to
1955 Proceedings of the National Elec-
tronics Conference in which an unabridged
version of this paper appears.
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by the return difference. In the single-
loop, feedback amplifier, with negligi-
ble direct transmission, which is the
subject of this discussion, the return
difference is equal to the quantity
(1 + pB). Feedback may be used
to increase or to decrease the driving
point impedance by multiplication or
division by the return difference.

DESIGN CRITERIA

If all the advantages of the use of
negative feedback are to be obtained

LINEARITY CONSIDERATIONS

FEEDBACK PAIR AMPLIFIERS

without incurring any of the disad-
vantages which sometimes accompany
the application of such circuits, it will
be necessary to use considerable care
in the choice of tube types, gain dis-
tribution between stages, and time
constant ratios.

Some of the significant relation-
ships have been investigated by
Brockelsby and Mayr'? who state the
condition on maximal flatness. Maxi-
mal flatness requires that the ratio of
the time constants determining the
high-frequency cutoff of a feedback
pair be equal to twice the loop gain.
A feedback pair is a feedback ampli-
fier in which there are two time con-
stants limiting the high-frequency




Photo showing the author making engineering
measurements to determine amplifier linearity
characteristic.

response and twd time constants
limiting the low-frequency response.
In like manner, the ratio of the time
constants determining the low-fre-
quency cutoff of the feedback pair
must also be equal to twice the loop
gain. A typical feedback pair is
shown in Fig. 1. The maximally flat
response is not the most desirable
condition for pulse amplifiers, and
Flood® has shown that the condition
of monotonic, step-function response
requires that the cutoff-frequency ra-
tios of the feedback pair be equal to
four times the loop gain.

The first of these criteria is con-
cerned with the steady state ampli-
tude-frequency response and is an
adequate criterion for audio-frequen-
cy work. The second criterion is con-
cerned with the transient response of
the amplifier and is adequate for such
applications as pulse distribution am-
plifiers. It does not in itself, how-
ever, guarantee that the transfer char-
acteristic will be linear or that the
phase angle of the transfer ratio will
be independent of the signal level.
These criteria are, hence, not suffi-
cient to allow the design of feedback

amplifiers which will fulfill the criti-
cal requirements of modern video-
frequency applications.

It is evident that, if the loop gain
may be made indefinitely large
throughout the entire frequency band
of interest, then the transfer ratio
may be made equal to the reciprocal
of the feedback factor, beta, within
any desired tolerance. There are
many reasons, other than economic,
why this utopia may not be achieved.
In the first place, when negative feed-
back is applied to very-wide-band
amplifiers, it is imperative to keep
the feedback loops short. This is so
because of the difficulty in suppress-
ing feedback through other than the
desired paths. The total phase shift
around the loop should generally be
kept to a limit of 180 degrees. In
other words, it is desirable, in such
amplifiers, to limit the number of RC
networks, determining both the high-,
and the low-frequency cutoffs, to two.
That is, they should be feedback
pairs, If only two tubes are employed
and the bandwidth covers many
megacycles, high-mu circuit gain and
hence high loop gain will be very

difficult to obtain. Wide-band feed-
back pairs will then have low loop
gain and other means must be re-
sorted to in order to reduce the
effects of varying return ratio on the
linearity of the transfer character-
istic and on the phase angle of the
transfer ratio of the amplifier.

LINEAR DEVELOPMENT

For the high-frequency end of the
band, where the mu-circuit response
is determined by the plaie load re-
sistances and the shunting capacities,
it may be shown that the transfer
ratio of the amplifier is given by

(gml RLl)
(gm1 Rpy) (gme RL2) B

(gm2 RLZ) R
+ (14 jM) (1 4 jMN)

where

G(w) sy

(1)

& (normalized in terms of the
higher frequency cutoff at the
®e2 high end of the pass band.)

M=

N = &?_ > 1 (ratio of cutoff fre-
— * quencies.)

fcl -

A similar expression holds for the
low-frequency end of the band.
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Fig. 2—The effect of the staggering ratio and
the loop gain on the amplitude response.
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Fig. 3—The effect of the siaggering ratio
and the loop gain on the phase delay.

The magnitude and the phase de-
lay of this transfer ratio may be
plotted for various ratios of the cut-
off frequency ratio to the midband
loop gain. If the cutoff frequency
ratio, N, is large compared with
unity, these relationships may be nor-
malized to give plots of relative am-
plitude, and of time delay, versus
relative frequency with the ratio of
the staggering of the cutoffs to the
loop gain as parameter. This is
shown in Figs. 2 and 3.

It may also be shown that for a
return ratio greater than zero and for
frequencies within the pass band (M
less than unity) there will always be
a reduction in gain variation due to
the use of negative feedback. This is
not the case for the phase angle of the
transfer ratio, however, where it is
easy to conceive of a situation where
the gain of the mu-circuit may change
appreciably without any significant
change in the phase shift of the mu
circuit. When this happens the phase
angle of the return difference, and
hence of G(w), will change and the
effect of negative feedback will be to
produce changes in the phase angle
of the transfer ratio even when there
is no change in the phase angle of the
mu-circuit stages. It is thus evident
that, although negative feedback al-
ways helps to reduce mu-circuit gain

variations within the pass band, it
actually may even introduce phase
shifts when there are none in the mu-
circuit. A further refinement in tech-
nique is thus needed to meet modern
linearity requirements. In order to
reduce phase shifts arising from vari-
ations in the return difference, it is
necessary to stabilize the value of the
mu-circuif gain against changes in
signal level. An obvious and very
wasteful method of accomplishing
this is to make the variational cur-
rent of each stage a very small part
of the total plate current of the stage.
In this way, the transconductance,
and hence the stage gain, will be es-
sentially constant over the signal
swing. A more economical way is to
take advantage of the fact that a feed-
back pair may be so arranged that
an increase of gain in one stage is
balanced by a decrease in gain of
the other stage, so that the product
of the two, which is the circuit mu,
remains essentially constant. This ob-
jective may be obtained, even though
the transconductance of each stage
changes over wide limits, if the mu-
circuit stages are so chosen that the
ratio of the grid bases of the two
stages is equal to the stage gain of
the first stage of the pair. The differ-
ence in grid voltage between the
limits of zero bias and plate current

cutoff is referred to as the grid base.
The stage with the longer grid base is
made the second stage of the feedback
pair. If the ratio of grid bases is
chosen in accordance with this rule in
the interests of best linearity of trans-
fer characteristic and of constancy
of phase angle of the transfer ratio,
any overload condition will occur
simultaneously in both stages of
the pair. When this condition is
satisfied, it is immaterial whether the
narrow-band stage is the first or the
second stage to be encountered in the
signal path through the mu-circuit
If, however, the grid base ratio is
not at least equal to the gain of the
first stage of the pair then, as has
been pointed out by Flood,* the nar-
row-band stage must be the first inter-
stage to be encountered in the signal
path through the mu-circuit. Other
wise the feedback signal, which is
delayed by both time constants will
not rise rapidly enough to limit the
effective drive signal on the first stage
and the second stage will be driven
into overload by pulses of short rise
time even when the peak signal swing
is less than the maximum which could
be handled, short of overload, when
the rise time is longer.

The advantages to be obtained
from proper gain distribution be-
tween stages and the benefits of select-




ing two tubes having a grid base
ratio equal to the gain of the first
stage is shown in Fig. 4. This graph
shows three possible conditions. First
a feedback pair consisting of two
identical tubes is shown as the curve
marked, beta equal %4 and identical
tubes. The second curve is for two
tubes so chosen that the ratio of the
grid bases is equal to the gain of
the first stage, but no feedback is
employed. This is the curve marked,
beta equal zero. Finally, the pair of
tubes employed in the second curve
is used with a feedback factor of beta
equal 4. The curves have all been
normalized for relative gain and drive
voltages to facilitate comparison. The
effect of the first stage gain in over-
driving the second stage is immedi-
ately apparent in the case where
identical tubes are used for the two
stages. In fact, the proper choice of
tubes, even without feedback, pro-
duces a considerable improvement in
the transfer characteristic. The effect
of a proper choice of tubes and the
use of feedback is to make a marked
improvement in the transfer charac-
teristic.

It should be particularly noted that
this grid base ratio is optimum from
three different points of view. First
it Jeads to the most linear voltage
transfer curve. That is the differ-
ential gain is most nearly constant.
Second it is the optimum choice for
constancy of phase angle of the trans-
fer ratio; and finally it is the proper
choice maximizing the pulse handling
capability of the feedback pair.

- VARIATIONS IN CIRCUIT ELEMENTS

This analysis, as so far developed,
has considered that the R’s and C’s
of the circuit are invariant with sig-
nal level. Such an assumption is not
justified in critical applications.
The interstage couplings between
amplifying stages are RC networks
having both low- and high-frequency
cutoffs. If these coupling networks
were absolutely independent of the
signal voltage, then the only source
of phase variation would be the
changes in loop gain over the signal
voltage range as just discussed. Ex-
amination of a typical interstage
coupling shows several possible
sources of parameter variation asso-
ciated with the signal voltage, eg.
Specifically, the plate resistance of

the driving stage, rp, or the trans-
conductance, gmi, varies rather widely
with plate current changes and hence
with signal swing. Secondly, Cixs, the
input capacity of the driven stage,
will vary over the signal voltage
range if Miller effect capacitance is
present and the stage gain varies.
The remaining elements are, at least
to a first approximation; invariant
with eg.

An obvious first step in reducing
phase changes is to eliminate the vari-
ations in Cie. This may be done
either by using a pentode in order to
reduce C,p to very small values, or by
neutralizing if a triode is used for the
second stage. (This might be accom-
plished by cross neutralization of a
push-pull second stage.)

The effects of variations in r, may
also be minimized by noting that ry
may be considered as being in paral-
lel with Rz and hence, if rpi> >Ry,
large variations in rp produce only
small changes in the equivalent R
which forms the coupling time con-
stant. For this reason the use of a
pentode is indicated for the driving
stage. In video amplifiers, even in
the first stage which should be the
narrow band stage, Rp; will rarely be
more than 10,000 ohms so that rp
for a pentode would normally be 10
to 100 times as great as Ry;.

Note that, for the higher frequen-
cies, the significant factors of the

interstage coupling may be repre-
sented by an equivalent interstage
containing a single R and C.

The R is rp in parallel with Ry
and Ry and C is Cpy + Cs -+ Cina.

The ratio of e, to e; is

e 1
e 1+ jerc @

The phase angle of this transfer ratio
is :

6 — — tant 27 fRC (3)
Unless the bandwidth with the loop
closed is to be very great, one of the
high-frequency cutoffs will be well
inside the range of significant signal
frequencies. In this case, & may be
expected to exceed 60°, even if only
moderate loop gains are employed.
The other (wide-band) interstage
must be beyond the nominal band
edge and hence beyond the range of
significant signal frequencies, in
which case ¢ will be very small. The
variation in 6 as a function of varia-
tions in R and C is given by the ex-
pression

Ab° =———180<A—Ri+-A—£>sin 0 cos §
T R C
(4)
which, for small 6, reduces to
AB° = — 360 f
[ (AR)C + (AC) 553

(Note, for small 6, 8 == tan §
== sin § and cos == 1.)
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This last expression applies in par-
ticular for the effects of the wide band
interstage. For the narrow band in-
terstage, this approximation is invalid
and we must return to a considera-
tion of (4) which may be written as

e 0 (3, 20)

T R C
2wfRC
1+ (27 fRC)? (6)

Comparison of (6) with (5) shows
that the effect of variations in R or C
in this case is reduced by division by
1 4 (2#fRC)2. We should note that
no penalty in phase variations is paid
for having one of the coupling time
constants shorter than the period of
the frequency where the phase varia-
tion is to be evaluated. In fact, there
is actually a reduction in the effect
of AR and AC in this case as com-
pared with the wide-band interstage.

The discussion to this point, has
been concerned with the effect of but
one interstage network on the phase
variations of the amplifier. Actuaily,
in a feedback pair, there will be two
interstage networks contributing to
the overall effect. It is not necessary
that the effects of the two networks
add in their overall effect in the am-
plifier. In fact, it is conceivable that
they may be arranged so that their
effects, at least partially, cancel each
other out. For this desirable condi-
tion to be achieved, it is necessary
that the contributions to A8 from
(5) and (6) be equal in magnitude
and opposite in sign. From this re-
quirement

AR | ACN

_ < ® 4 C> _

1 AR"  AC
1+(27rf’R’C)2< R c-r) (7)

Since one grid is driven up as the
other is driven down, the signs of
the increments may be expected to be
opposite and it should be possible to
find a combination of values which
will produce a null at some one fre-
quency. (Since frequency appears on
one side of (7) but not on the other,
this balance condition will not be
maintained over a wide band.) If
the frequency for which the phase
variation is important is near the top
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the Scientific Research Society of Amer-
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of the important frequency spectrum
but far inside the band edge of
the feedback pair, then the factor
(14-27fR’C’)2 is  approximately
equal to unity and a null is obtained
when

AR AC AR AC

The balance will be broad band, but
the design will not be very economi-
cal because of the excessive band-
width requirement of the amplifier.

If the narrow-band interstage cut-
off is at, 1/n of the frequency for
which the phase variation is impor-
tant, then the factor

1+ (2mfRC) =1+ (fi)

1 \2
:1+<—17‘;l>:1+n2 (9)

and it is evident that the variation
AR’ or AC’ of the narrow-band stage
would have to be fairly great to maich
the AR and AC of the wide-band
stage. In fact, if the frequency for
which the phase variation is of in-
terest is near the band edge and the
loop gain is very much greater than
unity, then the effect of phase varia-

tions in the narrow-band interstage
will be small in comparison with the
phase variations of the wide-band
interstage. In other words, emphasis
should be put on reducing the phase
variations in the wide-band interstage.
This interstage should, therefore, be
driven by a pentode.

The particular frequency at which
it is desired to control the phase vari-
ation, and the other requirements
placed on the stage performance, will
determine the specific values of com-
ponents in the final configuration.
However, application of the ideas out-
lined here should make possible a
considerable improvement in the de-
sign of feedback pair amplifiers.
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LOW REACTANCE ELECTRON DISCHARGE
DEVICE (Patent No. 2,721,951) — granted
October 25, 1955 to R, M. CoxEeN and H.
J. Pracer, Tuse Division, Harrison, N, J.
A tube structure having reduced reactance
includes two triode units (12, 13) a lead
(32) connecting the cathode (26) of one
unit, with the anode (20) of the other
unit within the tube, a shield (27) be-
tween the triode units and adjacent to the
lead (32) and lead-ins to said units, the
lead-ins being arranged to dispose lead-ins
to grounded elements between lead-ins con-
nected to elements operable at a voltage
different from ground.

Pat. No. 2,721,951

MOUNTING JIG FOR ELECTRON TUBES
AND METHOD OF ASSEMBLING TUBE
MOUNTS (Patent No, 2, 721,374) —granted
October 25, 1955 to F. J. Piras, TuBe Divi-
stoN, Harrison, N. J. A jig for assembling
parts of a tube mount includes a base (10)
having an upper concave surface (11) for
flexing a mica (18) of such parts, for
facilitating extension of tube elements
through the mica. The jig also includes a
plurality of mandrels (15, 16, 17) two of
which have a knife edge for spreading
ears (29, 30) of one of said parts (26)
for locking to the mica (18).

Pat. No. 2,721,374

FREQUENCY MODULATED RADIO DISTANCE
MEASURING SYSTEM (Patent No. 2,726,383)
-—granted December 6, 1955, to T. E.
DunN, DefFeNse. ELECTRONIC PRODUCTS,
Moorestown, N. J. The invention is di-
rected to an F-M altimeter in which the
modulation rate is inversely proportional
to altitude. When the modulation rate is
incorrect for a given altitude and a beat
signal does not pass a narrow band ampli-
fier in the altimeter, a search oscillator
begins sweeping. The search oscillator
sweeps throughout the operable range of
the system until at some point the modula-
tion rate is approximately correct for the
altitude to be measured. At this point a
beat signal is passed by the narrow band
amplifier and the search circuitry is auto-
matically disengaged.

Pat. No. 2,726,383 e

it

ELECTRODE SUPPORT FOR CATHODE-RAY

COLOR TUBE (Patent No. 2,727,172)—
granted December 13, 1955 to J. T. Mark
and R. J. KistLer, Tuse Division, Lan-
caster, Pa. In a tri color cathode-ray tube
a mask 28 is bonded to a frame 33. The
frame includes three V-notches 34 which
are spaced around the axis of the tube.
Bonded to the inner surface of cap 16 of
the envelope are three support pins 32.
Each of the pins 32 is held in a V-notch
34 by a rounded surface of a clamp 38.
The clamp may be pivotally secured to
the frame 33 during the screen processing
by a screw 39, and rotated into and out
of retaining position by handle 41,

Pat. No. 2,727,172

REAR PROJECTION VIEWING SCREEN (Pat-
ent No, 2,726,573) —granted December 13,
1955 to 1. G. Marorr, RCA Vicror TELE-
visioN DivisionN, Cherry Hill, N. J. A flat
transparent sheet with horizontal line Fres-
nel lens pattern with plane risers em-
bossed on rear face and vertical line
Fresnellens with cylindrical risers embossed
on front face.

£ & =

Pat. No. 2,726,573

LUMINESCENT COMPOSITIONS (Patent No.
2,727,865) —granted December 20, 1955 to
J. A. Markoskr, Tuse Division, Lancaster,
Pa. Compositions comprise mixtures of a
blue-emitting, silver-activated zinc sulfide
and phosphor, a yellow-emitting Zn-Cd
sulfide phosphor having 0.001..003% silver
activator. The yellow-emitting phosphor,
which has a reduced silver-activator con-
tent over the prior art, absorbs less of the
blue emission, resulting in compositions
exhibiting less variation in emission color
with variation in screen weight.

Pat. No. 2,727,865

CATHODE RAY TUBE WITH TARGET SUP-
PORT (Patent No. 2,728,009) —granted De-
cember 20, 1955 to R. D. FAULKNER, B, E.
Barnes and M. J. Grimes, TuBe Division,
Lancaster, Pa. Tri-point support for the
screen-unit of a CR tube of the “shadow-
mask dot-screen” variety.

Pat. No. 2,728,009

LINE STRUCTURE ELIMINATION IN CATH-
ODE RAY TUBES (Patent No. 2,728,013) —
granted December 20, 1955 to SIMEON
ToursHOU and I. G. MaLorF, RCA Vicror
TeLevisioN Division, Cherry Hill, N. J. In
order to eliminate “line structure” visible
on TV kinescope, invention provides lentic-
ular screen having plurality of small spher-
ical lenses for disposition against kine-
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scope face with lenses parallel to scanning
lines. The lenses “spread” each scanning
line toward the adjacent lines, thereby
eliminating the visible dark stripes be-
tween lines.

Pat. No. 2,728,013

REELING SYSTEM (Patent No. 2,730,309) —
granted January 10, 1956 to J. S. BAERg,
CoMMERCIAL ELEcTRONIC PrRODUCTS, Cam-
den, N, J. There has been provided a
reeling system wherein the tape 14 is stored
on a pair of reels 2 and 4. Motor means
10 are provided for driving the reels. Sep-
arate driving means 16 responsive to any
desired control signals is provided for the
tape. Means 26, 34, 36 in accordance with
the invention responsive to the demand of
the tape driving means is provided which
controls the reel driving means to main-
tain preferred tape storage conditions and
thereby to permit free feed of tape with-
out inertia effects of associated mechanism.

Pat. Ne. 2,730,309

MAGNETIC SOUND RECORD ERASING
METHOD AND HEADS THEREFOR (Patent
No. 2,730,570) —granted January 10, 1956
to MicHAEL RETTINGER, COMMERCIAL ELEC-
TRONIC Probucts, Hollywood, California.
To improve the erasing of magnetic records,
two 'high frequency erasing energies are
applied in tandem (about one-tenth of a
second apart). Two spaced heads with
gaps 54 and 59 on same side of tape 50 are
employed, Head constructions of Figs. 1 and
2 may also be used, Fig, 1 showing two
opposing heads with single gaps 8 and 14,
which ‘use both direct and leakage flux.

Fig. 2 shows a triple gap head having “E”-
shaped cores 28 and 29, the tape 47 pass-
ing between the three gaps in serial order.
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Pat. No. 2,730,570

OSCILLATOR CIRCUITS (Patent No.
2,728,853) —granted December 27, 1955 to
W. Y. Pan, RCA Vicror TeLEvisioN Di-
visioN, Cherry Hill, N. J. The tunable high
frequency oscillator includes input and out-
put circuits which are suitably coupled to
sustain oscillation. Where high frequency
oscillators are tunable over a wide fre-
quency range the efficiency of the oscillator,
that is the oscillator signal amplitude, falls
off near the high frequency end of the
range. To maintain the output signal am-
plitude from the oscillator more uniform,
a resistance element is connected between
the oscillator tube and an oscillator output
circuit. As the operating frequency of the
oscillator increases, the electromagnetic
coupling to the resistance element increases
tending to stabilize the voltage output.

Pat, No. 2,728,853

SIGNAL TRANSFER NETWORKS FOR MULTI-
RANGE HIGH FREQUENCY RADIO OR TELE-
VISION SYSTEMS (Patent No. 2,728,818) —
granted December 27, 1955 to Donarp
Mackey, Tuse Division, Camden, N. J. and
E. J. Sass, RCA Vicror TELEvIsION Divi-
sioN, Cherry Hill, N. J. The signal trans-
fer circuit comprises a double pi network
with series inductance and shunt capac-
itors., One of the inductors is variable in
unison with the tuning means to effectively
shift different portions of the center shunt
capacitor in shunt with the input and out-
put capacitances. The input capacitance
may comprise that of an- elevator trans-
former, and the output capacitance of the
signal transfer circuit may be an amplifier
input capacitance,

Pat. No. 2,728,818

MODULATOR CIRCUIT (Patent No.
2,728,892) —granted December 27, 1955 to
T. M. Gruyas, Jr., DEFeNse ELECTRONIC
Propucts, Camden, N. J. In cathode-
modulated television transmitter, video cur-
rents fed back in negative sense from
modulator to video amplifier. In a grid-
modulated arrangement, degenerative feed-
back from modulated stage to video am-
plifier is used.

Pat. No. 2,728,892

ANTENNA FOR MOBILE COMMUNICATIONS
(Patent No. 2,725,473) —granted November
29, 1955 to Wooprow DarnING, COMMER-
ciaL ErectroNIc Probucts, Camden, N. J.
A whip antenna consisting of a terminal
half-wave radiating section and a quarter-
wave radiating section at the base, the two
sections being connected together by means
of a nonradiating phase reversing section.
All sections may be made of a single con-
ductor, the phase reversing portion being
formed by two 180 degree hends in the
conductor.

Pat. No. 2,725,473




HIGH GAIN TUNED LOOP ANTENNA CIR-
CculT (Patent No. 2,725,466) —granted No-
vember 29, 1955 to W. F. Sanps, RCA
Vicror TeLevision DivisioN, Cherry Hill,
N. J. The loop antenna is tuned by a vari-
able capacitor or other similar variable
impedance circuit. A series resonant cir-
cuit is then used to couple the tuned an-
tenna circuit and a receiver input or other
signal utilization circuit. To maintain the
frequency of the coupling circuit resonant
at the optimum gain value for incoming
signals of all frequencies within the tuning
range, it is variably tuned in unison with
the variable capacitor.
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Pat. No. 2,725,466

METHOD OF REMOVING ADHERENT MA-
TERIALS (Patent No. 2,726,180)-—granted
December 6, 1955 to J. A. STANKEY, TUBE
Division, Marion, Indiana. When face plate
is sealed to enameled metal shell, elements
of enamel are driven into molten seal
area and deposited a minute distance be-
neath inner surface of face plate. Then
when chemical agents such as ammonium
bifluoride or hydrofluoric acid are used to
remove defective phosphor screen or graph-
ite coating, these agents also remove a
minute layer of face plate glass, thus also
exposing the enamel elements to chemical
attack. Because of the difference in the sol-
ubility rates of the enamel elements and
face plate glass in the acid, an objection-
able white ring stain develops. To over-
come this ring etch, hydrofluosilicic acid
is used in place of the chemicals formerly
used. The new acid does not attack the
glass so readily.

Pat. No. 2,726,180

INTERFERENCE FREE MULTI-MAGNETIC
TRACK SYSTEM (Patent No. 2,726,286)—
granted December 6, 1955 to J. L. PerTUS
and A. C. BLaney, DEFENSE ELECTRONIC
Propucrs, Los Angeles, Calif. By placing
thin mumetal shields parallel with and
between planes passing through the center
of and perpendicular to the gaps of the
heads, inductive coupling and parasitic re-
cording are prevented.

Pat. No. 2,726,286

CROSS-TALK PREVENTION SYSTEM (Patent

No. 2,726,287) —granted December 6, 1955
to T. C. SHARP, COMMERCIAL ELECTRONIC
Propucrts, Hollywood, Calif. To prevent in-
ductive coupling and parasitic recording
in multi-track magnetic recorders and re-
producers, the drum is constructed of non-
magnetic sections separated by thin mu-
metal discs, the discs being in planes par-
allel to and between planes passing through
the center of and perpendicular to the
gaps in the heads.

Pat. No. 2,726,287

DYNAMIC BEAM CONVERGENCE SYSTEM
FOR TRI-COLOR KINESCOPE (Patent No.
2,726,354) —granted December 6, 1935 to
Joun Stark, JR., RCA VicrorR TELEVISION
DwistoN, Cherry Hill, N. J. A parabolic
wave is derived from the cathode of the
vertical deflection output tube and is im-
pressed upon the convergence apparatus
by means of a transformer connected in
series with a shunt regulator tube for the
high voltage power supply.

Pat. No. 2,726,354

CARRIER-OPERATED RELAY CIRCUIT (Pat-
ent No. 2,726,325)—granted December 6,
1955 to R. A. Beers and J. R. NEUBAUER,

ComMERCIAL ELecTRONIC PropUCTS, Cam-

den, N. J. Noise in receiver keeps trans- -
mitter off and noise-quieting effect of re:
ceived signal in receiver turns on trans-

mitter. Another circuit is provided for
preventing transmitter from being turned

on when receiver fails (which failure

would also cause a decrease in receiver
noise) .
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Pat. No. 2,726,325

SEALING APPARATUS FOR CATHODE RAY
TUBES (Patent No. 2,725,678)—granted
December 6, 1955 to M. R. WEINGARTEN,
Tuse DivisioN, Lancaster, Pa. A sealing
machine having utility in sealing a rec-
tangular face plate (10) to a metal cone
(21) of a cathoderay tube comprises a
plurality of burner segments (12 to 19)
mounted for oscillatory movements, for uni-
formly heating a region to be sealed.

Pat. No. 2,725,678

CARBONIZED COMPOSITE METAL (Patent
No. 2,725,617) —granted December 6, 1955
to T. A, STErNBERG, TuBE DivisioN, Harri-
son, N. J. As a substitute for nickel, a
composite metal is provided that is cheaper
than nickel although serving the same
function as nickel in tube parts. The com-
posite metal includes a steel core 10, an
outer carbon coating 12, and an interme-
diate nickel coating 11. From .05 to 2.5
aluminum is included in the core and the
nickel coating has a mass about 10% of
the mass of the core.
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Pat. No. 2,725,617

Special Request: L. J. Reiger of Pat-

ents Operations, Princeton, has re-

quested that all engineering personnel
be reminded of the following:

{I} Only the original or ribbon copy
of patent disclosures should be
submitted to Patent Operations.

(2) Duplicates should be retained by
the employee or activity.

(3) The disclosure should include the
proper data, clock number, cur-
rent occupation number and title,
and a signature of a witness.



PEN und

PODIUM

Basep ON Reports REcEIVED OvER A PEeRIOD OF ABOUT Two MONTHS

NEW DEVELOPMENTS IN ELECTRONICS . . .
By C. C. Oscoop, DErFEnse ELEcTRONIC
Probucts, Camden, N. J. Presented to the
Pennsville, N. J. Rotary Club on January
16, 1956. Mr. Osgood used slides to com-
pare transistors with vacuum tubes. Tran-
sistorized radios, the metal detector, the
atomic battery, electron microscope, and
television receivers were other subjects de-
scribed to about 35 club members.
RELATIONS OF MATERIALS AND PROCESSES
TO RELIABILITY . . . By C. Eppison, Tuse
DivisioN, Camden, N. J. Presented to the
Electronics Committee, Fire Control In-
strument Division of the American Ord-
nance Association, Pentagon, Washington,
D. C,, February 10, 1956, This paper dis-
cusses the demand for improved reliability
of electronic equipment in terms of pres-
ervation of the pertinent chemical and
physical properties of the materials used in
tubes and other components. This funda-
mental approach recognizes that there can
be no electrical or mechanical change in
the equipment without a change in the
chemistry or physics of the materials or
components used. The relationship between
reliability and material purchasing specifi-
cations is discussed.
TRANSISTORS—TODAY AND TOMORROW
. . . By L. MALTER, SEMICONDUCTOR DIvi-
sioN, Harrison, N. J. Presented at IRE
Section Meeting, Washington, D. C., Feb-
ruary 13, 1956. This paper describes tech-
nical advances in the semiconductor field
in the past year, and takes a brief look at
the future for transistors. The construc-
tion and. theory of operation of alloy-
junction transistors are discussed briefly.
The use of gallium as a p-type alloy im-
purity in such transistors is described as
a means of increasing emitter conductivity,
and thus injection efficiency, and improv-
ing linearity and distortion characteristics
of commercial audio transistors. New proc-
essing techniques and controls which have
made it possible to raise the operating-
frequency limit of transistors to one mega-
cycle per second are also described.
COLOR TELEVISION BROADCASTING . . .
By J. L. Grever, CoMmMERcIAL ELECTRONIC
Propucrs, Camden, N. J. Presented on
February 3, 1956 at Charlotte, North Caro-
lina, at a meeting of the Virginia-North
Carolina Section of IRE. This talk was de-
livered to an audience generally unfamiliar
with television techniques. From a tech-
nical point of view, the paper was simpli-
fied as far as possible. It was intended to
convey only a general picture of color

telecasting. The talk was divided into two
categories; principles of colorimetry and
color television, and typical studio systems.
THE RCA BIZMAC ELECTRONIC ACCOUNT-
ING SYSTEM . .. By W. K, HaLsteap, J. W.
Leas, J. N. MarsuaLt, E, E. Minert, Com-
MERCIAL ELEcTRONIC Probucts, Camden,
N. J. Presented at the AIEE Winter Gen-
eral Meeting, New York, February 3, 1956.
This paper outlines the BIZMAC System
in its present product design form and
stresses functional innovations. Features
of the System are related to the character-
istics of the business data-processing prob-
lems for which the Bizmac equipment has
been designed. Overall performance char-
acteristics of the system are stated. System
flexibility and the handling of high-volume
business operations are emphasized.

THE V.T.V.M.—HOW IT WORKS, HOW TO
USE IT . . . By REYs SamukL, Tuse Divi-
sIoN, Harrison, N. J. 224 pages, approx. 175
illustrations, Gernsback Library, Inc. Paper
cover, $2.50; hard cover, $4.60. Describes
design features and operation of service-
type v.t.vam’s, probes, and cables. Impor-
tant features of various commercial models
are illustrated and discussed. Other chap-
ters are devoted to application of the
v.t.vm. in television, am and fm receivers,
audio equipment, and amateur-radio serv-
icing. Also included is a section on trouble-
shooting and repair of the v.t.v.m. The
book is intended for experimenters, service
technicians and engineers,

MAGNETIC TAPE FILE IN THE RCA BIZMAC
SYSTEM . . . By J. A, Brustman, R. E.
MonTtiyo, and J. M, Uritis of COMMER-
c1aL Evecrronic Probucts, Camden, N. J.
Presented on February 3, 1956 at the AIEE
Winter General Meeting, New York. One
of the innovations of the RCA Bizmac
System-has been the extensive use of mag-
netic tape stations for short and long time
record file. Individual tape stations are as-
sembled into a central Tape File, acces-
sible to all data-processing devices in the
system. Tape stations and data-processing
machines are interconnected in a matter of
seconds. The magnetic tape stations consist
of a tape-transport unit, an amplifier-control
unit, and a power supply. Fast start and stop
times, and a simple and inexpensive reel
servo system are features. The magnetic re-
cording system associated with the Tape File
features a novel method of dual recording.
FREQUENCY STABILITY OF TRANSISTOR
OSCILLATORS . . . By C. C. CueENc (for-
merly Tube Division, Harrison, N. J., now
teaching in Singapore). Published in PRO-

CEEDINGS OF THE LR.E., February,
1956. Frequency-stability properties of: os-
cillators using both point-contact and junc-
tion transistors are investigated both ana-
lytically and experimentally. The point-
contact-transistor “two-terminal” oscillators
are analyzed by means of non-linear dif-
ferential equations of the Van der Pol
type. Duality relationship is demonstrated
between oscillators using the voltage-con-
trolled, negative-admittance, base-input
characteristics and oscillators using the cur-
rent-controlled, negative-impedance, emitter-
input or collector-input characteristics, As
a result, the general stability criterion de-
rived for the former can be applied directly
to the latter.”The junction transistor “four-
terminal” oscillators are investigated by
means of linear circuit analysis. Stabiliza-
tion techniques are derived and impedance-
stabilized " oscillators are illustrated. Tem-
perature effects on performance of oscillators
are investigated.

RECEIVING-TUBE DEVELOPMENT . . . By
R. C. Forrin, Tuse Division, Harrison,
N. J. Presented at Student AIEE-IRE
Meeting, Lehigh University, Bethlehem,
Pa., January 19, 1956. This paper describes
the development of a receiving tube, be-
ginning with the initial idea for a new
product. The decision to develop a tube is
made after consideration of factors such as
practicability, manufacturability, market-
ability, and profitability. The tube develop-
ment culminates in announcement to pros-
pective customers and concurrent production.
3-VIDICON COLOR TELEVISION CAMERA
FOR LIVE PICKUP . . By L. E. ANDERSON,
ComMERCIAL ELEcTRONIC Probucts, Cam-
den, N. J. Presented on February.2, 1956
at the New York City AIEE Meeting. A
3-vidicon color camera is described which
is useful for applications where sufficient
light can be made available. The camera
has been used in several closed circuit
demonstrations of medical television and
has been field tested by NBC. Broadcast
commercials involving well lighted product
displays or opaques and outdoor pickups
on bright days are practical. Because of its
small size and low operating cost the cam-
era will extend color television to applica-
tions in education and industry.

A DEVELOPMENTAL WIDE-BAND, 100-
WATT, 20-DB, S-BAND TRAVELING-WAVE
AMPLIFIER UTILIZING ‘‘PERIODIC”’ PER-
MANENT MAGNETS . . . By W. W, Sik-
KANowicz and F. Sterzer, Tuse Division,
Harrison, N. J. Published in PROCEED-
INGS OF THE LR.E., January 1956. Pre-
viously presented at Electronic Compo-
nents Conference, Los Angeles, California,
May 27, 1955, and published in PROCEED-




Cross-sectional drawing showing details of S-band Traveling Wave Amplifier

INGS of Conference, August 1955). A de-
velopmental, 100-watt, S-band traveling-
wave amplifier utilizing ceramic “periodic™
permanent magnets to focus the electron
beam is described. Their use in place of
conventional solenoids or permanert mag-
nets producing uniform fields effects a con-
siderable reduction in the weight and size
of focusing systems. Constructional features
of the tube which permit operation with the
“periodic” magnet are discussed.

THE RCA BIZMAC SYSTEM ., . . By W. K.
HavrsTEAD, COMMERCIAL ELECTRONIC PROD-
ucts, Camden, N. J. Mr, Halstead presented
an informal tutorial seminar regarding ap-
plication of the RCA Bizmac System to
business problems at the Moore School of
Electrical Engineering, University of Penn-
sylvania, on January 18, 1956, This seminar
was presented as part of the Moore School
evening course on Business Applications
of Electronic Computers. Beyond a brief
presentation of the system, a stock con-
trol operation was discussed. .
FUNCTIONAL ORGANIZATION OF DATA IN
THE RCA BIZMAC SYSTEM . . . By A. D.
Bearp, W. K. Harsteap, J. F. Pace, Com-
mERCIAL ELEcTRONIC Propucrs, Camden,
N. J. Presented on February 9, 1956 at the
Western Joint Computer Conference, San
Francisco. This talk covers the character-
istics of business data and the influence
which these characteristics have had on the
basic planning of the RCA Bizmac System.
It was found desirable to provide com-
plete variability of data-item and message
length in storing information on magnetic
tape. This led to compression factors as
high as five in the storage of certain files
when compared with the earlier fixed-
word, fixed-block concept. This radical de-
parture has had some specific influences on
design of data-processing equipment.
HOW MUCH AND WHAT KIND OF EDITING
... By C. A. MeYer, Tuse DivisioN, Har-
rison, N. J. Presented at Society of Tech-
nical Writers and Editors, New York City,
February 8, 1956. This paper describes the
Commercial Engineering activity of the
RCA Tube Division as an example of how
much and what kind of editing is done in
a specialized type of editorial activity. The
advantages to the company, the author, and
the magazine editor are mentioned. The en-
gineering editor’s responsibilities are enu-
merated, and his relationship to the ultimate
reader and to the author are discussed. The
importance of personal contact between the
editor and the author is emphasized, and
some time-tested techniques for establishing
and maintaining friendly relations with the
author are described.

THE FIELD OF TELECASTING FROM A PRO-
DUCTION VIEWPOINT...By F. C. BruN-
NER, SEMIicONDUCTOR DivisioN, Harrison,
N. J. Presented at Vocational Guidance
Program, Madison, N. J., January 25, 1956.
This paper describes the basic groups re-
quired to organize a television show (studio
personnel, network and advertising agen-
cies, and actors and performers), and ex-
plains how these three groups affect one
another. A brief description is given of the
functions of such studio personnel as di-

rectors, floor managers, script girls, property
men, art directors, camera crews, lighting
directors, film editors, audio and video
engineers, etec. The field of telecasting is
shown to include such other major fields
as electrical engineering, photography, law,
and script writing.

ELECTRONIC METAL DETECTORS FOR AUTO-
MATIC INSPECTION, COUNTING AND CON-
TROL . . . By R. A. Happap, COMMERCIAL
ELectronic Propucts, Camden, N. J. Pre-
sented at the Conference on Instrumenta-
tion and Control in the Process Industries,
Armour Research Foundation, on January
25, 1956. The ever increasing demand of
industry for tools and methods that will
reduce labor costs, increase production ef-
ficiency and simultaneously protect product
quality has been met in many instances by
the development of special electronic de-
vices. One of these is the electronic Metal
Detector, widely useful in automatic in-
spection, counting and control. The pur-
pose of this paper is to explain the prin-
ciple of operation of the electronic metal
detector; its use in automatic inspection,
counting and control; and its service to
numerous industries. .

A 50-KW AMPLIPHASE BROADCAST
TRANSMITTER . . . By T. J. BoErnEr, Com-
MERCIAL ELECTRONIC ProbpUCTS, Camden,
N. J. Presented on February 2, 1956 at the
AIEE Winter General Meeting under the
sponsorship of the Communications Divi-
sion, Committee on Television and Aural
Broadcasting Systems. A new standard
band 50-K'W broadcast transmitter embody-
ing the phase-to-amplitude modulation sys-
tem is described with particular emphasis
on the use of circuitry and mechanical ar-
rangements to assure ease of installation,
economical operating cost and good re-
liability. The system is one in which the
r-f signal is phase modulated by the audio
intelligence at a low level and then ampli-
fied by high gain class “C” amplifiers to the
desired power. The high power phase modu-
lated signal is then converted to an am
signal by means of a suitable output
network.

THE SYSTEM CENTRAL CONCEPT IN THE
RCA BIZMAC SYSTEM . . . J. A. Brusr-
MmaN, P. T. O’New, J. L. Owings, CoM-
MERCIAL ELEcTRONIC PRrODUCTS, Camden,
N. J. Presented on February 9, 1956 at
the Western Joint Computer Conference,
San Francisco. The purpose of the System
Central” is to integrate the elements of a
Bizmac System and to provide for control-
ling the performance of each element so
that the combination functions in proper
concert. As the tasks for electronic bus-
iness machines have grown the equipments
required for handling these tasks have be-
come more varied and complex, and the
problem of economical operation has be-
come increasingly important, In the Biz.
mac System, specialized supervisory equip-
ments have been designed to apply over-all
control and direction. This permits low
cost of operation, high utilization of data-
processing equipment, effective control of
the accuracy and efficiency of operation.
PURPOSE AND APPLICATION OF THE RCA

BIZMAC SYSTEM . . . By W. K. HavstEaD,
J. W. Leas, E. E. MineTT, J. N, MARSHALL,
ComMERcIAL ELeEcTRONIC Propucrs, Cam-
den, N. J. Presented at the Western Joint
Computer Conference, San Francisco, on
February 9, 1956. The RCA Bizmac Sys-
tem has been designed specifically to meet
the data processing needs of large business
operations. Its features were established on
the basis of very thorough studies of rep-
resentative classes of business problems. It
was found that, in most clerical operations
of a large scale, a cyclic processing of data
against a basic reference file is the bulk
of the data-handling job. To meet this re-
quirement and satisfy a number of others,
several novel features were incorporated
into the RCA Bizmac System, These in-
clude a new concept of data-recording varia-
bility, a higher level of system integration
than heretofore provided, and several
special-purpose machines which take the
burden off the major computer.

MILITARY AND INDUSTRIAL RECEIVING
TUBES . . . By R. N. PeTERsoN, TuBe Divi-
sioN, Harrison, N. J. Presented at Rome

-Air Development Center, January 11, 1956,

This paper discusses the major categories
of RCA industrial receiving tubes, includ-
ing “Special Red,” pencil-type, computer,
and premium tubes. RCA’s philosophy to-
ward the manufacture of industrial tubes
is evaluated through consideration of con-
struction techniques, materials, quality-con-
trol procedures, and specifications, and the
relationship of these items to the require-
ments of the equipment designer. The in-
tended application of each category of
tubes is described briefly. Certain indus-
trial tubes now in development or planned
for development in 1956 are discussed.
DEVELOPMENT AND COMMERCIAL JUNC-
TION TRANSISTORS AND FUTURE DEVEL-
OPMENT PROGRAMS . . . By ]J. W. Enc-
LUND, SEMICONDUCTOR DivisioN, Harrison,
N. J. Presented at the Air Force Cam-
bridge Research Center, Lexington, Mass.,
February 20, 1956. This paper describes
the general characteristics and applications
of available commercial transistors, in-
cluding the 2N77, 2N104, 2N105, 2N109,
2N139, and 2N140. The desirability of cer-
tain modified characteristics for special ap-
plications is mentioned, and several tran-
sistor designs presently in the develop-
mental stage are described. Future Semi-
conductor development programs are dis-
cussed.

GRAPHICAL AIDS FOR FREQUENCY RE-
SPONSE ANALYSIS . By H. D. Ecx-
HARDT, DEFENSE ELECTRONIC PRODUCTS,
Waltham, Mass. Published in January, 1956
Issue of the JOURNAL OF THE AERO-
NAUTICAL SCIENCES. The paper dis-
cusses a graphical method for the direct
construction or modification of gain-phase
plots to account for the cascading of any
linear elements and demonstrates how a
single template can be used to perform
this graphical construction quickly and
easily, directly on the gain-phase plot.
In addition to providing a quick, easy con-
struction method, the use of this template
allows a vivid visualization of the effects
of “shaping networks.”

LIMITLESS HORIZONS IN TELEVISION . . .
By A. InNciis, CoMMERCIAL ELECTRONIC
Propucts, Camden, N. J. Presented on
January 18, 1956 to the Pittsburgh Radio
& Television Club, Pittsburgh, Pa. New
technical developments which are now in
the laboratory and which will have a sig-
nificant effect on the progress of television
during the next ten years are described.
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CHARACTERISTICS OF THE RCA BIZMAC
COMPUTER . . . By A, D. Bearp, L. S.
Bensky, D. L. Nerteeron, G. E. PoorrtE,
ComMERCIAL ELEcTRONIC Propucts, Cam-
den, N. J. Presented on February 9, 1956
at the Western Joint Computer Conference,
San Francisco. The RCA Bizmac Com-
puter, which is a variable word length ma-
chine designed primarily for the process-
ing of business data, is described. Its input
and output data are stored on magnetic
tape stations. Five input and ten output
trunks are available. The Computer has a
magnetic-core high-speed memory of 4,096
characters, and an auxiliary memory of
32,000 characters, which serves as the main
instruction storage. The machine has an
instruction complement of twenty-two dif-
ferent instruction types, many of which can
be subject to minor variations at the dis-
cretion of the programmer.

PROGRAMMING THE VARIABLE-ITEM-
LENGTH RCA BIZMAC COMPUTER . . . L. S.
Bensky, T. M. Hurewitz, A. S. KranzLEY,
R. A. C. Lang, ComMERCIAL ELECTRONIC
Propucrs, Camden, N. J. Presented at the
Western Joint Computer Conference, San
Francisco, on February 9, 1956, The design
characteristics of the computer were ar-
rived at after a careful study of the proc-
essing needs of business problems. The
most important of these characteristics is the
fully variable length of data items on mag-
netic tape. The manner in which the com-
puter handles variability in all of its as-
pects has provided a uniquely adaptable
tool for commercial applications. The writ-
ing of programs for the Bizmac Computer
is therefore also unique in many ways.

A NEW HIGH-GAIN MULTIPLIER PHOTO-
TUBE FOR SCINTILLATION COUNTING . . .
By W. Wmmaier, R, W. ENcsTROM, and
R. G. StoupENHEIMER, TUBE Division, Lan-
caster, Pa. Presented at 5th Scintillation
Counter Symposium, Washington, D. C,
February 28, 1956. This paper describes the
RCA-6810, a head-on type of multiplier
phototube having an S-11 response and in-
tended for use in high-speed scintillation
counting. This tube features a 2-inch-
diameter, semi-transparent cathode, and has
a fourteen-stage, inline, -electrostatically
focused, silver-magnesium dynode struc-
ture. The mechanical construction of the
tube and the method of assembly are de-
scribed.

With a supply voltage of 2000 volts, the
6810 is capable of multiplying feeble pulses
12.5 million times and has a luminous sen-
sitivity of 750 amperes per lumen. Speed
of response, after-pulses, and time-resolu-
tion capability are discussed, and effect of
magnetic field on performance described.

THE ELECTRON TUBE . ., . By L. H. UrpaANg,
Tuse Division, Indianapolis, Indiana. Pre-
sented at a Luncheon Meeting of the In-
dianapolis Section of the American Chem-
ical Society, Indianapolis, Indiana, Febru-
ary 7, 1956, This paper reviews typical
applications of vacuum tubes, including
rectifiers, amplifiers, oscillators, picture
tubes, phototubes, and other special ap-
plications. Basic elements of electron tubes
are described, and their functions are dis-
cussed. Typical materials used for various
elements are evaluated. Consideration is
given to processing of parts prior to as-
sembly, handling of parts during assembly,
sealing and exhaust procedures, and aging
and testing of tubes. Samples of various
parts are shown.

A SCATTER PROPAGATION EXPERIMENT AT
400, 250, AND 2820 MC . . . By H. R.
MatwicH and S. P. BRowN, DEFENSE ELEC.
TRONIC PropUCTS, Camden, N. J. Presented
on February 3, 1956 at the IRE Symposium
on Microwave Techniques, University of
Pennsylvania, Phila. Scatter propagation
tests which have been run over two test
circuits of 73 miles and 153 miles length
are described. The frequencies tested have
been 400 megacycles, 2250 megacycles and
2820 megacycles. The largest antennas used
are 28’ diameter parabolas. 6’ antennas
have occasionally been used for individual
experiments demanding portability, Trans-
missions thus far have used both pulses
and continuous waves. A correlator is
in use to facilitate the taking of space
diversity data. Observations were taken us-
ing pulse radar transmission. These gave
information on the band width restriction
imposed by both the scatter medium itself
and the medium in combination with air-
craft interference. This data was taken
with both broad and narrow beam antennas
indicating the improvement resulting from
the use of narrow beam antennas..
HOW TO MAKE LIVE COMMERCIALS USING
RCA 3-V COLOR FILM CHAIN . . . By S. L.
BenbeLL, H. . Kozanowskr and T. J. SHrp-
FERLING of ComMERciaL ELEcTRONIC ProOD-
vcts, Camden, N. J. Published in February,
1956 BROADCAST NEWS., This paper de-
scribes how film equipment, originally de-
signed for handling opaque reproduction,
has demonstrated the ability to handle live
color commercials. The ability to work di-
rectly from artwork, printed matter or spon-
sors’ product provides an inexpensive
method of producing color commercials.
THE TRAVELING-WAVE TUBE: APPLICA-
TIONS AND APPLICATION CONSIDERA-
TIONS . . . By F. R. ArRamMs and M. Macm,
TuBe DivisioN, Harrison, N. J. Presented
at Meeting of Northern New Jersey Section
of IRE Professional Group on Microwave
Theory and Techniques, Montclair, N. J.,
January 18, 1956. This paper describes the
operation of a typical traveling-wave tube.
The application of various types of travel-
ing-wave tubes is discussed, including their
use as amplifiers, electronically tunable
amplifiers, oscillators, electronically tunable
oscillators, frequency multipliers, limiters,
low-noise radar input tubes, single-gide-
band modulators, mixers, and frequency
shifters, and in amplitude-, phase-, and
pulse-modulation service. Special consider-
ations involved in the use of traveling-wave
tubes, such as stability of voltages, match-
ing eflects, magnetic-field considerations,
and distortion are also discussed.

A REVIEW OF SURFACE BASED ANTIAIR-
CRAFT GUIDED MISSILES AND THEIR GUID-
ANCE PRINCIPLES , . . By N. I. KormAN,
DErENSE ELECTRONIC PRrODUCTS, Moores-
town, N, J. Presented February 21, 1956
before Naval Reserve Aviation Company
4.3, Naval Air Station, Johnsville, Pa, A
description of various missiles, such as
Terrier, Talos, Nike, Bomac, Hawk and
guidance phases, such as capture, mid-
course, and terminal was given. Missile
launching was also considered, pointing out
the necessity for trainable launchers in
some cases, and the possibility of fixed ver-
tical launchers in other cases. The presen-
tation included a discussion of terminal
guidance, including such factors as the
possibility of merely extending a mid-
course phase with tightened servos and the
use of various homers employing passive
means, semi-active radar means and ac-
tive radar means,

View of ‘‘Scatter’ Test Site

NEW SIGNAL HANDLING TECHNIQUES
SIMPLIFY CONTROL OPERATIONS FOR
COLOR TV . . . By L. Bosivorr, A, C.
LutHer, F. W. MiiLspavee and H. M.
Potter of COMMERCIAL ELECTRONIC PROD-
ucrs, Camden, N. J. Published in February,
1956 BROADCAST NEWS, This paper de-
scribes the RCA processing amplifier which
is used with RCA Color Studio Camera
and Film equipment. It has both simpli-
fied and standardized control operations.
Its compact design provides (1) centralized
equipment, (2) easy, accurate setup of
camera chains, (3) system simplicity and
reliability, and (4)- very stable circuitry.

A NEW SUBMINIATURE THYRATRON FOR
AIRBORNE APPLICATIONS ., . . By H. J.
Pracer, Tuse Division, Harrison, N. J.
Presented at AIEE Winter General Meet-
ing, New York City, January 31, 1956. This
paper describes a new developmental sub-
miniature thyratron intended especially for
airborne equipment. The geometry of the
tube is discussed and testing procedures
are shown. Ratings and various thyratron
characteristics are given, and performance
in pulse modulator service is evaluated.
The effects of peak cathode current (up to
10 amperes) and the relationship between
maximum trigger frequency and the anode
supply voltage are considered.

GAS TUBES PROTECT HIGH-POWER TRANS-
MITTERS . . . By W. N. ParkER and M. V.
Hoover, TuBe DivisioN, Lancaster, Pa.
Published in ELECTRONICS, January,
1956. (Previously presented at the IRE
National Convention, New York City,
March, 1955, and published in the IRE
CONVENTION RECORD.) This paper
describes high-speed electronic circuits
capable of microsecond response which
been developed to minimize the possibility
of damage to power tubes resulting from
“flash-arc” or “Rocky Point Effect.” The
circuit detects fault conditions in a power
tube or its circuitry and triggers a gaseous
conduction device connected in shunt with
the dec power supply. Fault currents are
rapidly bypassed from the faulting tube by
means of the gaseous conduction device.
Thus, the “flash-arc” in the protected tube
is extinguished, avoiding damage.
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INTRODUCIKG THE CHIEY PRODUCT ENGCINEERS
IN COMMERCIAL ELECTRONIC PRODUCTS

Engineering in Commercial Electronic Prod-
ucts encompasses a wide variety of product
and research activities in the broad areas of
commercial and industral electronics. Engi-
neering and equipment design are grouped
into four major product areas, each under
the leadership of a Chief Product Engineer.

BIZMAC ENGINEERING, under J. Wesley
Leas, Chief Product Engineer, encompasses
the area of the RCA Bizmac Data Processing
System (see the RCA ENGINEER, Vol. 1
No. 4).

BROADCAST AND TELEVISION EQUIPMENT
ENGINEERING, with V. Elmer Trouant as
Chief Product Engineer, includes design in
Broadcast Audio, TV Studio and Relay
Equipment, Color TV Development, AM,
FM, TV Transmitters and Antennas, and
Special Purpose Transmitters.

COMMUNICATIONS ENGINEERING, headed
by John C. Walter, Chief Product Engi-
neer, includes Mobile Communications and
Microwave Relay Equipment as major engi-
neering areas.

THEATRE AND SOUND ENGINEERING, under
Norman M. Brooks, Chief Product Engineer,
performs design work in the following areas:
Sound and Visual, Theatre Equipment, In-
struments and Speakers, Measurement and
Test, Scientific Instruments, and Industrial
Equipment.

J. WESLEY LEAS received a BSEE degree
from Ohio State University in 1938. Follow-
ing three years of sales engineering work,
Mr. Leas entered military service and went
to England with the Electronics Training
Group in 1942. He later joined the RAF
Radar Laboratory. In the United States, he
became Assistant Head for Engineering of

J. Wesley leas

Y. Elmer Trouant

the Combined Research Group at the Naval
Research Laboratory.

At war’s end, Mr. Leas was appointed Air-
borne Radar Chief of the Airborne Instru-
ments Laboratory. He afterward transferred
to the Air Transport Association. In 1949,
he joined the Air Navigation Development
Board. He came to RCA in June, 1951. Mr.
Leas was appointed head of Computer En-
gineering in 1952, and became Chief Product
Engineer, Bizmac Engineering in 1955.

A senior member of IRE, Mr, Leas also
belongs to Eta Kappa Nu, the Institute of
Navigation, the Armed Forces Communica-
tion Association and the American Ordnance
Association. He is a Lieutenant Colonel in
the Air Force Reserve.

V. ELMER TROUANT, Chief Product Engi-
neer for Broadcast and Television Equip-
ment Engineering, received his BSEE from
the University of Maine in 1921. With
Westinghouse Electric, he specialized in
automotive ignition systems and later trans-
ferred to radio transmitter engineering.
Coming to RCA in 1933, Mr. Trouant
designed one of the early 50-kilowatt broad-
cast transmitters. He continued as a super-
vising engineer until his 1945 appointment
as Manager of the Communication and
Radio Frequency Section. In 1951, he was
appointed Chief Design Engineer for Stand-
ard Products.

Typical of RCA developments under Mr.
Trouant’s guidance are high-power trans-
mitters with high-level modulating and air-
cooling and grounded-grid amplifiers. He
has also directed the design of a complete
line of broadcast transmitters for AM, FM
and television — plus apparatus and test
equipment for color television broadcasting.

Mr. Trouant is a member of the American
Institute of Electrical Engineers, the Society
of Motion Picture and Television Engineers

John C. Walter
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and is a senior member of the Institute of
Radio Engineers.

J. €. WALTER, Chief Product Engineer of
Communications Enginéering, was gradu-
ated from the University of Notre Dame, in
1924. Following three years of radio-tele-
graph work in Central America, he designed
high-power carrier current systems.

Mr. Walter began his RCA career in 1936
by designing 50-500 kw broadcast transmit-
ters. During World War II, he served with,
the Navy’s Bureau of Ships and in the
Pacific. Back with RCA in 1946, Mr, Walter
supervised design of equipments such as a
150 kw international broadcast transmitter,
a 1000 kw Navy telegraph transmitter and
a color TV transmitter incorporating the
first UHF transmission at 1000 kw ERP.
He was appointed to his present position in
1955.

Mr. Walter is a member of the AIEE,
American Society of Naval Engineers,
Franklin Institute, NSPE and a senior
member of IRE. He holds posts on AIEE
Committees on Electronic Power Converters
and Hot Cathode Power Converters. Mr.
Walter is a Commander, USNR.

NORMAN M. BROOKS, Chief Product Engi-
neer, Theatre and Sound Engineering,
graduated from Virginia Polytechnic Insti-
tute in 1927 with a BSEE degree. During
three years at the General Electric Company,
he designed test equipment.

Transferring to RCA in 1930, Mr. Brooks
continued designing special test equipment
and in 1945 he became Manager of Test
Equipment Engineering. Under his direc-
tion, engineers developed the first equipment
for mass-testing television receivers.

In 1948 Mr. Brooks was named Manager
of Communication and Sound Engineering.
He was appointed Manager, Theatre and
Industrial Equipment Engineering in 1953,
when his responsibilities were broadened to
include management of Industrial and Sci-
entific Equipment Engineering. He assumed
his present duties in 1955.

Norman M. Brooks
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KREW RCA SEMICONDUCTOR AND TURBE TYPES

RCA-6866 is a 5-inch display storage tube
of the direct-view type designed for use in
applications where it is desired to have a
bright, non-flickering display of stored in-
formation for about 60 seconds after writ-
ing has ceased. Practical applications of
the 6866 include: fire-control radar; air-
plane-cockpit radar display; airport sur-
veillance; transient studies; data trans-
mission including half-tones; and visual
communications requiring steady, non-
flickering, narrow bandwidth transmission
over telephone lines.

RCA-6861 is a low-noise, low-level travel-
ing-wave amplifier tube of the helix-trans-
mission-line type intended for use in the
input stage of radar and scatter-propaga-
tion receivers, in other microwave receivers,
and in i-f-amplifier stages of receivers for
millimeter waves. Operating in the fre-
quency range from 2700 to 3500 Me, the
6861 is particularly suitable for tunable-
system applications.

RCA-6850 is g small, sturdy, twin beam
power tube designed primarily for service
as a push-pull f power amplifier or as a
frequency tripler in the uhf range be-
tween 450 and 470 Mc, Having a 12.6-volt
heater, but otherwise like the type 6524,
the 6850 is intended especially for use in
mobile equipment operating from a 12-volt
storage battery.

RCA-6499 radechon is a charge storage
tube of the barrier-grid type for use in
a variety of information-processing sys-
tems. Information in digital or analogue
form may be introduced to the active ele-
ments of the tube, stored for a period of
time controllable from microseconds to
minutes, and then extracted at a rate the
same as or different from the writing-
rate.

RCA-14RP4 is a picture tube intended pri-
marily for low-cost, lightweight, transporta-
ble TV receivers. The tube is a short, light-
weight, directly viewed, rectangular, glass
picture tube of the low-voltage electrostatic-
focus and magnetic-deflection type. This
type has a spherical Filter-glass faceplate,
a screen 12%8” x 9%” and a typical pro-
jected screen area of 108 square inches,
employing wide-angle (90°) deflection.
RCA-6DQ6-A and RCA-12DQ6-A are high:
perveance glass-octal type beam power
tubes. They are intended especially for
use as horizontal deflection amplifier tubes
in deflection circuits of television receivers.

Designed with a large reserve of power
capability, these tubes have ratings which
are substantially higher than those of the
6DQ6 and 12DQ6 and can deflect fully
picture tubes having deflection angles in
excess of 90 degrees. The 6DQ6-A and 12-
DQ6-A are unilaterally interchangeable with
the 6DQ6 and 12DQ6, respectively.

RCA-6CU5 and RCA-12CUS are two new
beam power tubes of the 7-pin miniature
type intended particularly for use in the
audio output stage of television receivers.
Because of their high power sensitivity
and high efficiency at low plate and screen
voltages, the 6CU5 and 12CUS5 are capable
of providing a relatively high power out-
put. For example, in class Al amplifier
service, either tube operated with a plate
voltage of 120 volts and a grid-No. 2
voltage of 110 volts, can deliver a maxi-
mum-signal power output of 2.3 watts. The
12CU5 is like the 6CUS5 except that it has
a 12.6 volt/0.6-ampere heater having con-
trolled heating time for series-heater string
arrangements.
RCA-5CG8 and RCA-6CG8 are 9-pin mini-
ature tubes each containing a medium-mu
triode and a sharp-cutoff pentode in one
envelope, They are designed especially for
use as a combined oscillator and mixer
tube in television rceeivers utilizing an i-f
in the order of 40 Mec. The 5CG8 and
6CG8 also offer versatility to designers of
AM/FM receivers. The 5CG8 is like the
6CG8 except that it has a 4.7 volt/0.6-
ampere heater.
RCA-2BN4 and RCA-6BN4 are two new
7-pin miniature medium-mu triodes de-
signed especially for use as rf amplifiers in
grounded-cathode circuits of vhf television
tuners. The design of these tubes includes
double base-pin connections for both cath-
ode and grid to reduce effective lead induc-
tance and lead resistance with consequent
reduction in input conductance. In addition
the 2BN4 and 6BN4 each have a high trans-
conductance of 6800 micromhos to permit
high gain and reduced equivalent noise
resistance. The 2BN4 is like the 6BN4
except that it has a 2.1 volt/0.6 ampere
heater having controlled heating time for
a series-heater string arrangements.
RCA-2N175 is a new hermetically sealed,
germanium alloy-junction transistor of the
p-n-p type. It is designed especially for
use in the preamplifier or input stages of
transistorized audio equipment operating
from _extremely small input signals.
Because of its exceptionally low noise
factor of 6 db max., and its freedom from
microphonism and hum, the 2N175 makes
possible higher small-signal sensitivity of
transistorized audio equipment such as
hearing aids, microphone preamplifiers, and
recorders.
RCA-TEP1 is a new oscillograph tube hav-
ing a diameter of 1% inches. It is intended
primarily for use in lightweight portable
equipment, in aircraft, or in continuous
monitoring service for large electronic
equipment. The 1EP1 utilizes electrostatic
focus and electrostatic deflection. It has a
flat face, a minimum useful screen diam-
eter of 114 inches and a maximum overall
length of only 4%4¢ inches.

NEW PRCODUCTS

RCA STARTS PRODUCING ITS FIRST HI-FI
TAPE RECORDERS . . . Start of production
on a new high fidelity tape recorder—first to
be manufactured by RCA was announced by
RCA Victor Radio and “Victrola” Division.
The model now in production at RCA’s
Cambridge, Ohio, plant is the “Judicial”
(Model 7TR3), a 3-speaker, push-button
portable that incorporates a number of new
engineering advances developed by RCA en-
gineers. The “Judicial” is to be the
forerunner of a complete line of RCA Victor
tape recorders.

An extensive addition to the Cambridge
plant, more than doubling the present floor
space, is now underway to provide increased
facilities for the manufacturing of tape re-
corders and high fidelity instruments,

4-VOLT MERCURY BATTERY FOR HYBRID
RADIO SETS . .. A new 4-volt mercury bat-
tery (Type VS400), especially designed for
battery-operated radio receivers using cir-
cuits with both tubes and transistors, has
been introduced by the RCA Tube Division.
The VS400 is 1-1/32 inches in diameter and
1-31/32 inches high, and has flashlight-type
terminals,

BIZMAC MICROFILM ENLARGER . . ., On
February 14 through 17, BIZMAC Engi-
neering (CEP) displayed to invited cus-
tomer prospects a new printing machine
using the RCA Electrofax process. It can
work either from strip film or from individual
film frames mounted on business machine
cards (“Filmsort” cards). The demonstration
was handled jointly with the Filmsort Divi-
sion of the Dexter Folder Company and the
Recordak Division of Eastman Kodak. In-
vited guests represented government agen-
cies and manufacturing concerns. The
BIZMAC Microfilm Enlarger can produce
900 enlargements per hour of size 17" x 22"
and can produce automatically up to 24
copies of a single given Microfilm frame.
See RCA Electrofax in the Graphic Arts.
M. L. Sugarman, Vol. 1, No. 5.

NEW ‘PERSONAL’ TELEVISION RECEIVER
SLIGHTLY LARGER THAN TABLE MODEL
RADIO SET ANNOUNCED . . . A newly-
designed portable television receiver—only
slightly larger than a table model radio—
has recently been placed on the market.

Production is now underway following
more than a year of intensive development
and design. The instrument, which operates
on standard electric current, features a
completely new RCA-engineered chassis,
specially designed components, and a
newly-developed RCA-8DP4 picture tube
having an outside diagonal measurement of
8% inches.

The “Personal” (Model 8PT703) meas-
ures 10% inches high, 9% inches wide and
12% inches deep, and without its stand
weighs slightly more than 22 pounds.




THE WV-98A, RCA’s new Senior VoltOhm-
yst, is a vacuum tube voltmeter designed for
all-round testing and trouble-shooting of TV,
FM, AM and audio circuits. The WV-98A
includes an improved, negative feedback
circuit, and an extra-large meter face. A
new single-unit dc/ac-ohms probe with a
built-in switch for selection of dc, ac, or
resistance functions is provided. Overall
accuracy of the WV-98A on its a-c and d-¢
voltage scales is plus-or-minus 3%. Input
resistance on d-c scale, including 1 megohm
in the probe, is 11 megohms. On a-c scales,
input resistance is at least 0.83 megohms.

RCA DEVELOPS ‘MIDGET’ POWER SUPPLY
FOR TELEVISION STUDIO EQUIPMENT THAT
REDUCES TUBE AND SPACE NEEDS BY 70
PER CENT . . . Development of a revolu-
tionary power supply unit, for use with-
television studio equipment, which reduces
tube and space requirements by more than
70 per cent was announced by Dr. James
Hillier, Chief Engineer, RCA Commercial
Electronic Products. The “midget” power-
house, produces 1,500 milliampere output,
requires only 10% inches of rack space,
and provides more than 250 per cent more
usable power than previously available RCA
types. This new power supply (WP-15)
is designed for both commercial and closed-
circuit television applications and will have
a wide range of uses in the industrial and
laboratory field.

NEW HI-FI AM/FM RADIO TUNER . .. a new
RCA hi-i AM/FM tuner, which features an
electronic “eye” to facilitate pin-point radio
tuning, was announced by the Theatre and
Sound Products Department. The AM/FM
tuner (ST-4) is electrically matched for
plug-in use with associated RCA hi-fi com-
ponents in home assembled music systems;
features an extended frequency range of 20
to 15,000 cycles per second; and provides an
audio output of 1.5 volts,

“THUMB-SIZE' MICROPHONE IS SMALL-
EST DYNAMIC TYPE DEVELOPED FOR
BROADCAST USE . . . The smallest dynamic
microphone ever developed for radio and
television broadcasting has been placed on
the market by the Broadcast and TV Equip-
ment Department. The “thumb-size” micro-
phone (BK-6B) is so small that it can be
carried completely concealed in the hand.
It plugs directly into studio consoles and
requires no tubes or special power supply.
The miniature “mike” is engineered with a
frequency response of 80 to 12,000 cycles.

J. deGraad

F. H. Ricks

H. B. Martin

HEW EDITORIAL REPRESERTATIVES APPOINTED

New Editorial Representatives have been
appointed at Marion, Indianapolis and at
Radiomarine, New York.

JaN DEGRAAD, former Assistant Editorial
Representative at the Marion Tube Plant
has been appointed to replace Morris N.
Slater, who has transferred to Lancaster.
(See News and Highlights, Vol. 1 No. 2
for Mr. deGraad’s biography.

F. H. Ricks has replaced L. H. Urdang
in his Editorial duties at the Indianapolis
Tube Plant. Mr. Urdang has recently been
promoted to Superintendent of the Indianap-
olis Miniature Tube Factory.

H. B. MARTIN has replaced Melvin Scho-
enfeld as Editorial Representative for the
Radiomarine Corporation at New York. Mr.
Schoenfeld has taken a position with the
Belock Instrument Company at College
Point, N. Y.

The editors wish to extend their thanks
to Messrs. Schoenfeld, Urdang and Slater
for their constructive efforts during early
planning on the magazine.

F. H. Ricks graduated from Purdue Uni-
versity in 1948 with a BS degree in Chem-
ical Engineering. After graduation he was
employed in Brazil, S. A. by Condor Oil
Tintas as a chemical engineer in connec-
tion with the extraction and processing of

vegetable oils and waxes in the manufacture

PROFESSIONAL ENCINEERS
Continuing our practice of publicizing Registered Professional Engineers at
RCA, the following additional names have been submitted:

RCA Institutes, Inc. Section
G. F. Maedel................

C. G. Dietsch ....c...ccvvn...

C. Michas .........ovune.n.

J. Silverman ................

M. A, Walsh.................

R. A, Welke.......v.cnnnn

RCA Victor Television Division Section
D. K. Obenland..............
Commercial Electronic Products Section
J. B. Bullock.......c.c....... 587
J.S. Baer.eooooviiiiiinnnnnn. 598
Defense Electronic Products Section
A, N. Curtiss.......vcvvunnnn.

H.F. Baker.................. 596
H. A. Brelsford............... 596
R. P. Dunphy................ 577
F. A, Fuhrmeister............. 581
F. A. Fuhrmeister............. 581
J. Nestory ......ccvvvivinnnns 577
T.H. Story..covvnnnnnn... 585
Tube Division (Lancaster) Section
A. W. Comins ................ 511
JoL Folly ...oooiiiiin ... 514
C.Hart .........ooiiiiinn.. 512
P.G. Herold.................. 523
J. C. Johnson................. 512
A. L. Lucarelli................ 512
D.N. Myers.................. 512
JJL Quinn................... 565
M. R. Weingarten............. 514

of paints and varnishes. After returning to
the U. S. in 1949, he was employed by the
Cities Service Oil Company at their East
Chicago Refinery. In 1950, Mr. Ricks joined
the RCA Tube Division as a manufactur-
ing-development engineer at the Indianap-
olis Receiving Tube Plant. At present he
is assigned to both glass and miniature
tube types. Mr. Ricks is a member of the
American Chemical Society and the Amer-
ican Institute of Chemical Engineers.

H. B. Martin received a BS degree in
E. E. from the University of Illinois in
1928. Following a short period as a stu-
dent engineer at Westinghouse, E. Pitts-
burgh, he was employed at the Signal
Corps Procurement Office, New York City
and transferred to Radio Research at the
Signal Corps Laboratories in 1929. In 1930
he joined Radiomarine Corporation for
flicht test work at Roosevelt Field and
marine radio development at the New York
laboratory.

From 1932 to 1935 he was on the in-
struction staff at the RCA Institutes New
York School. He returned to the Engineer-
ing Department of Radiomarine in 1935
and has since been active in development
and administrative engineering, becoming
Assistant Chief Engineer in 1939,

Mr. Martin has six patents and has
written several papers for the RCA Review
and other publications.

State Licensed As License No.
N.Y. Prof. Eng. 17003
N.Y. Prof. Eng. 14233
N.Y. Prof. Eng. 14416
N.Y. Prof. Eng. 19627
N.Y. Prof. Eng. 19800
N.Y. Prof. Eng. 1163
State Licensed As License No.
1L Prof. Eng. 12739
State Licensed As License No.
N.J. Prof. Eng. 8639
Towa Mech. Eng. 2843 PE
State Licensed As License No.
N.J. Elect. Eng. 7304
N.J. Prof. Eng. 8113
N.J. Prof. Eng. 5538
Wash D.C Prof. Eng. 2283
N.J. Prof. Eng. 5797
Penna Mech. Eng. 13543
Ind. Eng.-in-Trng. 6532
N.J. Prof. Eng. 7836
State Licensed as  License No.
Pa. Elect. Eng. 11808
Pa. Mech. Eng. 14153
Pa. Elect. Eng. 11501
Mo. Mining Eng. E-658
Pa. Prof. Eng. 2275-E
Pa. Mech. Eng. 11877
Pa. Prof, Eng. 2812.E
Pa, Elect. Eng. 10677
Pa. Mech. Eng. 12069
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CARVIN APPOINTS ASSISTANTS AT LANCASTER

Because of the wide scope of activities in
Color Kinescope Engineering at Lancaster,
D. G. Garvin has appointed five assistants
throughout the Engineering activity in or-
der to assure fullest representation in the

RCA ENGINEER.

In Color Kinescope Engineering at Lan-
caster, Product Engineering will be cov-
ered by Leonard P. Fox, Robert W.
Hagmann and Paul A. Metzger; Produc-
tion Engineering and Quality Control by
Y. W. Uyeda; Equipment Development by
John C. Johnson.

Leonard P. Fox attended Lehigh Uni-
versity, where he received the BS in Ch.E.
in 1948 and the M.S. in Ch.E. in 1949. He
has been employed at RCA since 1949. At
present, Mr. Fox is a Chemical Process
Engineer in the Chemical and Physical
Laboratory. He is a member of the Phi
Eta Sigma (freshman honorary), the Sigma
Pi Sigma (physics honorary), the American
Chemical Society and the American Electro-
platers’ Society.

Robert W. Hagmann graduated from the
University of Minnesota in 1948 with a
BEE degree, and has been employed at
RCA since graduation. He is currently en-
gaged as a Product Development Engineer
in circuit application work in the Appli-
cation Engineering Laboratory. Mr. Hag-
mann is a member of the Sigma Pi Sigma
(physics honorary society) and the IRE.

Paul A, Metzger graduated from Ohio
State University in 1949 with a BS in EE
and started with RCA in 1951. At present
he is Engineering Manager in the Color
Tube Development Shop. Mr. Metzger is a
member of the IRE and is Membership
Chairman in the Lancaster Sub-section of
the IRE. :

Y. W. Uyeda received the BS degree from
MIT in 1951 and started with RCA the
same year in the Cathode Ray Laboratory.
At present he is Manager, Finishing En-
gineering, Color Kinescope Production’ En-
gineering. Mr. Uyeda is a member of the
IRE.

John €. Johnson graduated from the Uni-
versity of Nebraska in 1951 with the BS
in EE degree, and started with RCA upon
graduation, At present he is a Design En-
gineer in Equipment Development. Mr.
Johnson is an Associate member of the
AIEE, the Lincoln Chapter of the Penn-
sylvania Society of Professional Engineers,
and a member of the Eta Kappa Nu and
Pi Mu Epsilon honorary societies.

GOKHALE PARTICIPATES IN AWARD TO
FLANDERS . . . Madhu S. Gokhale, Ad-
ministrator of Mechanical Standards, RCA
Staff Standardizing, recently participated
in a ceremony awarding Honorary Fellow-
ship in the STANDARDS ENGINEERS
SOCIEFY to Honorable Ralph E. Flan-
ders, U. S. Senator from Vermont. The
ceremony was held in the Senate Caucus
Room, Washington, D, C., on January 11,
1956. Mr. Flanders was selected for this
honor as a result of his contribution to
standardization while a member of Amer-
ican Standards Association Committee B-1
on Screw Threads. Mr. Flanders is also
past-president of the American Society of
Mechanical Engineers. Others participating
in this event are (left) William L. Healy,
General Electric Company, Philadelphia
and (right) Roger E. Gay, Director of
Cataloging and Standardization, Depart-
ment of Defense, Washington, D. C. Mr.
Gokhale is President of the STANDARDS
ENGINEERS SOCIETY.

COMMITTEE
APPOINTMENTS

J. WesLey Leas, Chief Product Engineer,
BIZMAC Engineering, CEP, has been ap-
pointed Program Chairman for the 1956
Eastern Joint Computer Conference. This
conference 1is sponsored jointly by the
AIEE, IRE, and the Association for Com-
puting Machinery. Papers will be pre-
sented by invitation only. The Program
Committee is composed of representatives
of the prominent computer manufacturers
and several government agencies who are
very active in the computer field.

W. H. RicHARDSON, Manager, Defense
Planning and Projects Coordination, DEP,
has been elected to serve on the Member-
ship Committee of the national IRE Pro-
fessional Group on Military Electronics.

A. N. Curtiss, Manager West Coast Elec-
tronic Products Department, DEP, has ac-
cepted the responsibility of Professional
Group on Engineering Management rep-
resentative on the Technical Program Com-
mittee of the Western Electronic Show
and Convention to be held in Los Angeles,
August 21-24, 1956. The program will be
arranged to focus the attention of engi-
neering management on the problem of
interesting more high school students in
an engineering career.

J. L. Perrus, Manager, Film Recording
Engineering, Hollywood, CEP, has bheen
re-appointed for the fourth straight year to
serve on the Progress Committee of the
SMPTE. The purpose of the Committee
is to report to the Society the progress at-
tained during the preceding year by the
Society membership and sustaining mem-
bers on Theatre and Drive-in Sound Sys-

-tems.

R. A. C. Lang, Computer Engineering,
CEP, has been appointed to the Task
Group 3 on Data Processing within Sub-
committee A-5 on Systems Control Stand-
ards of RETMA. This group is concerned
with standardization in the field of elec-
tronic data processing and has established
a Computer Study Group. A survey of
available input-output devices is currently
under way, on which other Computer man-
ufacturers are already represented.

H. N. Kozanowski1, Broadcast and TV
Equipment Engineering, CEP, has been
appointed to serve on the Television Com-
mittee of the SMPTE. The purpose of the
committee is to develop standards and
recommended practices on the television
field, and to keep them current.

H. J. BENHAM has been appointed to the
Screen Brightness Committee of the Society
of Motion Picture and Television Engi-
neers. Mr. Benham is Leader of the The-
atre Projection Group, Detroit, Theatre
and Sound Products Engineering.

ALLEN D. GORDON, Engineer representing
RCA International at Lancaster, was voted
Outstanding Jaycee of the Lancaster Junior
Chamber of Commerce for 1955, The award
was presented at the Annual Inaugural
Ball at the Hotel Brunswick on March 24,
1956. He was cited for his work in or-
ganizing a Junior Achievement program in
Lancaster.




MEETINGS, COURSES AND SEMIKARS

F. B. Dailey, National Office specialist in
Electronic Engineering group of the Tech-
nical Products Engineering of RCA Serv-
ice Company recently completed training a
group of Philadelphia District field serv-
ice engineers on the RCA 6A type tele-
vision projection equipment at Cherry Hill.

L. W. Leidy, Manager, Electronic Engi-
neering, Technical Products Service Depart-
ment, RCA Service Company, represented
the National Office at the announcement
and demonstration of the 20th Century-
Fox Cinemascope 55 film process. Repre-
senting the field were E. D. Clifton and
H. H. Burgess, who subsequently super-
vised demonstrations on a national scale.

J. S. Silen and Harry Taylor, Technical
Products Service Department, RCA Service
Company, recently completed field train-
ing activities on Industrial Television
(ITV), Metal Detectors and Electronic
weighing devices at Atlanta, Chattanooga,
Cleveland and Cincinnati. Similar activities
were conducted in the Boston area by J. S.
Silen and J. D. Hodge who covered Bev-
erage Inspection Equipment.

RCA ESTABLISHES TEN DAVID SARNOFF
FELLOWSHIPS FOR GRADUATE STUDIES BY
COMPANY EMPLOYEES . . . Establishment
of ten graduate fellowships for employees in
honor of Brig. General David Sarnoff,
Chairman of the Board of RCA, was an-
nounced by Dr. C. B. Jolliffe, Vice-Presi-
dent and Technical Director of RCA.

Dr. Jolliffe, who is Chairman of the
RCA Education Committee, said each fel-
lowship is valued at approximately $3,500,
and includes a grant to the fellow, tuition
fees and an unrestricted gift to the college
or university selected. The awards will be
made in the fields of science, business ad-
ministration and dramatic arts.

First Fellowship in Medical Electronics
RCA is also awarding ten college and
university graduate fellowships in the
fields of science, physics, electrical engi-
neering and dramatic arts, including RCA’s
first fellowship in medical electronics,
which has been established at Johns Hop-
kins University, Baltimore, Md., with a
grant of $3,500 to be made in the Fall of
1956.

RCA Scholarships

“In addition to the fellowships, RCA has
granted 33 undergraduate scholarships in
the fields of science, dramatic arts, music
and industrial relations at designated col-
leges and universities throughout the coun-
try,” Dr. Jolliffe said. “The recipients of
these scholarships are selected by the re-
spective colleges and universities, Each
scholarship provides a grant of $800 to the
student.”

PAPERS PRESENTED ON BIZMAC SYSTEM
. . . A series of papers on the RCA BIZ-
MAC System and its constituent equip-
ments was presented at several recent con-
ferences and conventions. At the AIEE win-
ter meeting members of BIZMAC Engineer-
ing spoke on the BIZMAC System Con-
cept and the Magnetic “Tape File.” At
the Western Joint Computer Conference

FORTY-TWO RCA ENGINEERS PRESENT TWENTY-FIVE PAPERS AT 1956 IRE CONVENTIO‘ﬁ"

... A total of twenty-five technical papers, covering a wide range of advances in radio,
television and electronics (see list below) were presented by RCA at the national
convention of the Institute of Radio Engineers in New York during the week of
March 19, 1956, Abstracts of papers presented by RCA product engineers will be
published in Pen and Podium in the next issue of the RCA ENGINEER.

Trends in TV Equipment
A Pedestal Processing Amplifier for Tele-
vision, R. C. Kennedy NBC, New York.
A New Color Camera for Closed-Circuit
Applications, L. E. Anderson, RCA, Cam-
den, N. J.
Microwave Tubes

Design and Performance of Low Noise
Guns for Traveling Wave Tubes, R. C.
Knechtli and W. R. Beam, RCA, Prince-
ton, N. J.

TV Transmitting Equipment and
Techniques
A Pack Type Television System, W. B.
Harris, RCA, Camden, N. J.

Electron Tubes
Image Orthicon for Pickup at Low Light
Levels, A. A. Rotow, RCA, Lancaster, Pa.
Heat-Flow Considerations in the Design
of High-Dissipation Receiving Tubes, O.
H. Schade, Jr., RCA, Harrison, N. J.

Color Television Tape Recording
A Magnetic Tape System for Recording
and Reproducing Standard FCC Color Tel-
evision Signals—General Considerations—
H. F. Olson, RCA Laboratories, Princeton,
N. J. :
Electronic System, W. D. Houghton, RCA
Laboratories, Princeton, N. J.
The Magnetic Head, J. A. Zenel, RCA
Laboratories, Princeton, N. J.
The Tape Transport Mechanism—A. R.
Morgan and M. Artzt, RCA Laboratories,
Princeton, N. J.
Audio Systems, J. G. Woodward, RCA
Laboratories, Princeton, N. J.

Broadcast and Television Receivers
Application of Transistors to Battery-Pow-
ered Portable Receivers, J. W. Englund,
RCA, Tube Div., Harrison, N, J.

Stability Considerations. in Transistor IF
Amplifiers, D. D. Holmes and T. O. Stan-
ley, RCA Laboratories, Princeton, N. J.

Electronic Computeérs——1
Logic Design of the RCA BIZMAC Com-
puter, A. D. Beard, L. S. Bensky, D. L.
Nettleton and G. E. Poorte, RCA, Camden,
N. I

five papers were presented covering the
Purpose and Application of the BIZMAC
System, the Organization of Data in the
BIZMAC System, the System Central Con-
cept, thé¢ Characteristics of the BIZMAC
Computer, the Techniques of Program-
ming for the Computer. At the IRE Na-
tional Convention two papers were pre-
sented (see above).

R. SERREL of the David Sarnoff Re-
search Center gave a paper at a seminar
on Micro Programming sponsored by the

Industrial Liaison Office of MIT. The paper -

was “On A Property Of Natural Language
And Its Use For The Design Of Improved
Machine Languages.” The seminar was
concerned with advanced approaches to
the control and programming of digital
computers. Members of BIZMAC Engineer-
ing also attended the seminar and parti-
cipated in the discussion,

Input and Output Devices in the RCA
BIZMAC System, J. A. Brustman, K. L.
Chien, C. T. Cole and D. Flechiner, RCA,
Camden, N. J.

Design Approaches

with Printed Wiring
Principles of Circuit Design for Automa-
tion, H. S. Dordick, Engineering Div., RCA,
Camden 2, N. J.

Color Television

Recent Improvements in the 21AXP22
Color Kinescope, R. B, Janes, L. B. Head-
rick, J. Evans, RCA, Lancaster, Pa.

Focusing Mask Color Kinescopes—E. G.
Ramberg, H. B. Law, H. S. Allwine, D. C.
Darling, C. W. Henderson and H. Rosen-
thal, RCA Laboratories, Princeton, N. J.

Industrial Electronics
High Frequency Shields, R. E. Lafferty,
NBC,N. Y. .
Field-Intensity Measurements on Induction-
Heating Equipment, T. E. Nash, Tube
Division, RCA, Lancaster, Pa,

Circuits—Iil—

Network Synthesis Techniques
Chairman: M. S. Corrington, RCA Victor
TV Div. Building 204-2, Camden 2, N. J.
Synthesis of Tchebycheff RC Band Pass
Filters, D. Helman, RCA Computing Sys-
tems, Camden, N. J.

Pulsed RC Networks for Sampled Data
Systems, J. Sklansky, RCA\Labs., Prince-
ton, N. J.

Solid State Devices
Investigation of Power Gain and Tran-
sistor Parameters as Functions of Both
Temperature and Frequency, A. B. Glenn
and 1. Joffe, RCA, Aviation C&N Engi-
neering, Camden, N. J.

Where Is Medical Electronics Going?
A Symposium in Prediction
V. K. Zworykin, RCA Research Labs.,
Princeton, N. J. Medical electronics will
provide technical facilities with which life
scientists will implement their work,

Information Theory—lil
Multipath Distortion of TV Signals and
the Design of a Corrective Filter, A. V.
Balakrishman, RCA, Camden, N. J.

S. KAPLAN, AA Engineer in BIZMAC En-
gineering (CEP) is teaching a course in
College Algebra at the Drexel Institute of
Technology.

A. S. KRANZLEY, Manager of Computer
Analysis and Programming, BIZMAC En-
gineering” (CEP) is teaching a course in
Business Electronics at the Drexel Institute
of Technology. This is the third year that
Mr. Kranzley has given this course in the
spring term at Drexel.

L. H. URDANG, formerly Production Engi-
neering Manager at the Indianapolis Re-
ceiving Tube Plant, presented a talk en-
titled, “The Vacuum Tube” on February
7, 1956, at the weekly meeting of the Indi-
ana section of the American Chemical
Society. Mr. Urdang has recently been pro-
moted to Superintendent of the Indianap-
olis Miniature Tube factory.
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ENGINEERING
EXPANDS AT RCA

RCA TO DOUBLE SPACE FOR ENGINEER-
ING AT WALTHAM, MASS., LABORATORY
. « + Plans were announced to enlarge
RCA’s engineering laboratory at Waltham,
Massachusetts, to provide engineering space
and research facilities for more than double
the present staff of engineers and scientists.
The DEP laboratory, opened about a year
ago, is "devoted to the development of
electronic fire-control systems for military
aircraft. It occupies modern office and
laboratory quarters in the Waltham Watch
building.

FLIGHT LABORATORY FOR AIRBORNE
ELECTRONICS ESTABLISHED AT NEW CAS-
TLE, DELAWARE . . . A Flight Laboratory
for air and ground testing of airborne elec-
tronic equipment and systems has been es-
tablished by DEP at the New Castle County
Airport, New Castle, Delaware.

The new facility is now in limited opera-
tion and will be completely equipped
by May. It will be used for pre-flight and
in-flight testing of RCA airborne equip-
ment and fire control systems for military
aircraft and for flights in connection with
opérational tests of RCA ground radar
systems.

Charles L. Sharp, veteran test pilot and
aeronautical engineer, has been appointed
manager of the RCA Flight Laboratory.
He will be responsible for all flight opera-
tions and maintenance of RCA aircraft
and of military planes furnished by the
Defense Department for test purposes.

RCA TO OPEN DEVELOPMENT LABORA-
TORY AT NEEDHAM, MASS., FOR WORK
ON FERRITES . . . Plans for the establish-
ment of an Advanced Development Labo-
ratory in the New England Industrial
Center at Needham, Mass., were announced
recently by D. Y. Smith, Vice-President
and General Manager, RCA Tube Division.

A modern one-story brick building, com-
prising 20,000 square feet, has been leased
from Cabot, Cabot and Forbes Co., de-
velopers of the Center. Occupancy is
planned for April, The Needham plant
will be utilized for advanced developmental
work on ferrites under the direction of Dr.
Francis E. Vinal.

ENGINEERING DATA
AND CATALOGUES

RCA ISSUES REVISED EDITION OF TECH-
NICAL BOOKLET ON RECEIVING TUBES FOR
AM, FM AND TELEVISION . .. An up-to-
date, revised edition of the technical book-
let, “RCA Receiving Tubes for AM, FM,
and Television Broadcast,” has been pub-
lished by the RCA Tube Division. The
28-page booklet gives the characteristics of
more than 600 RCA receiving tubes in-
cluding picture tubes. Picture tube infor-
mation is presented in a chart which lists
and describes 75 types. Base and envelope
connection diagrams are supplied for all
tube types.

A group photo of some of the speakers at the Lancaster Review are (l. to r.}): E. E. Spitzer,
Manager, Power Tube Engineering, Lancaster; F. S. Veith, Manager, Pickup Tube Development,
Lancaster; Dr. R. B. Janes, Manager, Color Kinescope Development, Lancaster; W. G. Fahne-
stock, Manager, life Test and Data, Lancaster; W. O. Hadlock, Editor, RCA ENGINEER, Camden;
B. B. Brown, Manager, Microwave Development, Harrison, and C. P. Smith, Manager, Color
Kinescope Engineering, Lancaster.

ENGINEERING SECTIONS HOLD REVIEW . ..
In a recent joint meeting, the 1955 Ca-
thode Ray and Power Tube and Color
Kinescope engineering activities (Lan-
caster) were reviewed for more than 400
plant engineering personnel and guests in
the new Demonstration Room at Lancaster.
C. P. Smith, Manager, Color Kinescope
Product Engineering, and E. E. Spitzer,
Manager, Cathede Ray and Power Tube
Engineering, opened their respective por-
tions of the program.

Other engineering managers reported on

their 1955 activities: R. B. Janes, A. E.
Smith, R. H. Zachariason, H. S. Lovatt,
F. S. Veith, W. T. Dyall, A. G. Nekut, W.
G. Fahnestock, B. B. Brown, L. P. Garner.
Mr. Spitzer gave the Marion plant story
for H. T. Swanson, who was unable to
attend. W. O. Hadlock, Editor of the RCA
ENGINEER, gave background history on
the magazine and described the extent of
Lancaster’s participation. Over 90 slides
were used to illustrate the various talks.
C. C. Simeral and D. G. Garvin coordinated
the review for the two engineering sections.

ENGINEERING MEETINGS AND CONVENTIONS
April-June, 1956

I
]
{
]
]
I APRIL Y16-18-19
{ NARTB Tenth Annual Broadcast
i Engineering Conference, Conrad
I Hilton Hotel, Chicago, I,
I APRIE t7-19
i Fourth National Conference on
Electromagnetic Relays, Oklahoma
E In]:ltitute of Technology, Stillwater,
a.
I appn 19.20
i Second Annual Meeting,
i Environmental Equipment Institute
i Sheraton Hotel, Chicago, 1l
E Protective Relay Engineers, 9th
5 Annual Conference, A&M College of
Texas, Electrical Engineering Depart-
E ment, College Station, Texas.
AFRIL 23.24 .
I New England Radio Engineering
i A]lll eeting, IRE, Sheraton Plaza, Boston,
| ass.
I International Conference on
i glec}:roﬁr}dPhysics, NBS, College
ark, A
E APRIL 25.27
I Symposium On Nonlinear Circuit
! Analysis, II, Polytechnic
{ Institute of Brooklyn, N. Y.
b oaprit 26-27
! Conference On Recording and
I Controlling Instruments, AIEE,
I ﬁSME, ISA, Bradford Hotel, Boston,
ass.
E APRIL 29-MAY 3
i Fourth Annual Semiconductor
Symposium, Electrochemical
[ Society, Mark Hopkins Hospital,
! San Francisco, Calif.
| aPai 29-MAY 8
i Hanover Germany Industries Fair,
| Hanover, Ger.
E CABRRIL 29-MAY &
i 79th Convention of the Society
| of Motion Picture and Television
}

Engineers, Hotel Statler, New
York City
APRIL 30-MAY 3
URSI Spring Meeting, NBS, Wash.,
D. C.

FAAY 1.3
The 1956 Electronic Components
Symposium, U. S. Department of
Interior Auditorium, Washington,
D. C.

FRAY T-3
Joint Electronic Components
Conference, I.LR.E., National
Bureau of Standards, Washington
D. C.

-
|
|
]
|
|
|
|
|
i
}
!
]
i
]
|
!
|
]

RAY 14-16 !

National Aeronautical & f
Navigational Conference i
PGANE, Biltmore Hotel, Dayton, !
Ohio i
RAY 14-%7 I
The Design Engineering Show E
and Conference, Philadelphia, Pa. i
MAY 21-24
FElectronics Parts Distributors I
Show, Conrad Hilton Hotel, I
Chicago, IIl. |
FAY 92.23 i
RETMA Symposium on Reliable i
Applications of Electron Tubes, J
Irvine Auditorium, University of !
Penna., Philadelphia, Pa. ]
MAY 24-26 :
Tenth National Convention Armed i
Forces Communications and ]
Electronics Association i
JUNE 17.23 i
Second International Congress
on Acoustics. Registration at i
Mass. Inst. of Technology, I
Cambridge, Mass. !
JUNE 18-2¢ I
Special Summer Program in i
Switching Circuits, M.I.T., I
Cambridge, Mass. i
i
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