ENGINEERING: GROWTH AND FUTURE

The technological revolution of the
past few decades has its origin in crea-
tive science and engineering. The
growth of engineering, particularly
in the last twenty years, has far out-
stripped the population rate of
growth, and the ratio of engineers
to nonengineers in over-all industry
has increased during this period from
1in 100 to 1 in 32. In the electronics
industry, the current ratio is much
higher, being in the order of 1 in 7.
This evolution and the continued
growth of basic technical knowledge
has rapidly increased the engineering
content of our products.

With the continued development
of nuclear science and the wonders of
the Space Age ahead, the frontiers
have been vastly extended, and future
progress is almost certain to dwarf
the past both in rate of growth and
depth of engineering and scientific
skills required.

The last decade has seen a 60-per-
cent growth in the number of engi-
neers, and during the next decade, it
is predicted that this continued
growth will further increase the num-
ber of engineers by at least 75 per-
cent, to approximately a million and
a half engineers by 1970.

There is a trend toward the merg-
ing of engineers and scientists more
closely in the process of developing
products of the present and the future.
This phenomenon has been experi-
enced in major programs of today
that involve actual implementation as
well as research ‘and development.
The organization teams required in-
clude an increasing number of scien-
tists to work along with the engineers
in carrying out the program.

Certainly, then, we can evaluate
these trends and their influence on
our future needs.
~“First, there is the need for a longer
period of training. Advanced degrees
will continue to become more of a

necessity, and these involve longer
periods of basic training.

Second, there will be the need for
more specialization, in order to make
it possible to probe the depths of fu-
ture scientific needs. However, there
will be much broader fields in which
to apply these specialized skills,
thereby offering opportunities, to best
suit the temperament and interest of
the individual.

Third, with increased specializa-
tion, there is also a need for the engi-
neer who can take the broad look, to
combine the coniribution of many
scientists and specialists and to syn-
thesize new systems so that they may
be harnessed to serve a useful purpose.

Fourth, there is an ever increasing
need for the management of these
technical efforts, by those particularly
suited to technical management. Man-
agement of engineers, in particular,
is another profession, just as engi-
neering itself is a recognized profes-
sion. In this age where large group
effort is required for big programs,
the proper joining of these two pro-
fessions is the key to capitalizing on
scientific and engineering creativity.

Fifth, further changes are needed
and, undoubtedly, will evolve in or-
ganizational concepts whereby the
specialist, the creative systems engi-
neer, and the management engircer
can be recognized and rev..rded on
a comparable basis. These changes
will occur as there develops a better
understanding aid evaluation of their
respective contributions by those out-
side engineering, particularly in the
business world. This understanding
can only come about through the
efforts "and actions of the engineers
themselves. This prestige can only be
auquired through highly professional
conduct at all times and the concerted
effort of every engineer to do his
share in raising the esteem in which
he and his work are held by others.
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Vice President and General Manager,
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SECOND OF A SERIES

0 ACHIEVE SUCCEsS and satisfaction from the
T practice of his profession, no engineer can be
self-sufficient. Except for the meager information
gleaned by direct observation of objects or events,
knowledge is obtained through the spoken or writ-
ten words of others. Every engineer is dependent
upon them for a broad foundation of technical
knowledge; with this background acquired, creative
ability may be fruitfully applied in the contribution
of new techniques or devices, or new theoretical
knowledge.

Institutional success in industry is to a large
degree measured by the ability of a research and

engineering staff to contribute attractively packaged
and well-engineered products, or to provide techni-
cal excellence in the operation of services. The suc-
cess of the engineer or scientist as an individual is
measured, first, by his ability to contribute to the
design and production of marketable commodities
and, second, by the commensurate recognition of
his technical abilities and efforts in his profession
and by his employer.

Recognition of merit in a marketable product
requires that it be advertised. Similarly, recogni-
tion of personal accomplishment comes only when
it is made known to others. Written media or oral
communications will come to the attention of
employers and members of the engineering profes-
sion through dignified and forthright disclosures of
contributions of value and interest.

Publication of the f{ruits of technical -effort
through papers and talks is one of the keys to the
success of the engineer and scientist. RCA encour-
ages such publication as a corporate policy and
implements it in corporate practices,

THE NEED FOR CORPORATE REVIEW AND APPROVAL
Any author of a technical paper whose work is
identified with an employer will ‘wish to conform
with the policies and practices of that employer.
Obviously, encouragement given to the engineer to

publicize his work carries with it the responsibility
to assure conformance with established policy..

But to meet this obligation without loss of initia-
tive, the author will often need information, advice,
and counsel from a readily accessible and author-
itative source that functions efficiently and quickly.
RCA has recognized and met this need: The Cor-
poration’s policies and practices regarding papers
and talks authored by RCA personnel are embod-
ied in a system of review and approval which is
handled by Technical Publications Administrators
in the various branches of the Corporation.

In a small, closely-knit organization, company
policies and practices are generally well known to
staff personnel, and prospective authors encounter
or create few problems with respect to observance.
Individuals may be well informed on such matters
by word-of-mouth, bulletin-board postings, and
memoranda. Review and approval of technical
writings may be conveniently accomplished by
department heads or supervisors readily accessible
to the writer.

Understandably, such simple administrative pro-
cedures become totally inadequate in an organiza-
tion as large as RCA; in such a widespread organi-
zation, it is not possible for those responsible for
the observance of policies and practices to be acces-
sible in a comparable degree. Among the operating
activities in RCA there are many Chief Engineers or
executives responsible for large departments; within
the framework of over-all corporate policies and
practices, their individual activities have consider-
able latitude to adopt formats best suited to their own
operations. It would be very difficult for one operat-

ing unit to keep fully informed of the policies and

practices of all other operating activities—as a proc-
tical matter, they are not expected to do. so. It is
equally impractical for individuals to keep fully
informed of all activities in every Zorner of the Cor-
poration, or on patent matters which affect the rights
of others and his own company,

In a large organization, it is apparent that the
formidable amount of technical writing requires
the assignment of knowledgeable and experienced
personnel to coordinate the processing and distribu-
tion, and provide-information and counsel to engi-
neer-authors irn-their areas.

THE TECHNICAL PUBLICATIONS ADMINISTRATOR

Each major branch of the RCA organization from
which engineering papers or talks may originate
has designated an experienced person to function as
a Technical Publications Administrator.

Each such Administrator is a member of an
o.ver-all RCA Technical Publications Administra-
tion Board, which was created to ensure that corpo-
rate policies and practices are honored and fol-
lowe.d, to assist authors where possible in the prep-
aration and distribution of meritorious contribu-
tions, fln.d to coordinate all such activities among
the originating units. The present makeup of this



board is shown in the chart. These are the men that
the prospective engineer-author should work with
to gain helpful review, official corporate approval,
and eflicient placement of his paper or presentation.
In the large major operating units, the Administrator
may have an Editorial Board to assist him, repre-
senting the various engineering sections.

The Technical Publications Administrator in
each originating activity has a broad knowledge of
the technical programs and functions of his area
and the Corporation as a whole, and has had many
years of experience in writing. He is familiar with
the internal and external publications which consti-
tute the technical press, the various professional
societies, the national and regional conventions,
and the policies and practices societies observe
in accepting and scheduling papers submitted by
individual contributors. When given the opportu-
nity, he will gladly provide counsel and guidance in
the planning and preparation of technical papers
and the placement of them in desirable media.
Engineer-authors throughout the Corporation depend

TECHNICAL PUBLICATIONS
ADMINISTRATION BOARD

Except for the Chairman and the Assistant
Chairman, the individual members are the
Technical Publications Administrators repre-
senting the various operating activities shown.

E. T. Dickey ......... RCA Laboratories,
Princeton, N. J.
E. C. Hughes, Jr. ..... RCA Electron Tube

Division and Semiconductor and Mate-
“-xials Division, Harrison, N. J. (Bldg.

51:2).
M. G. Gander .... RCA Service Company,
Cherry Hill; N. J. (Bldg. 204-1)

R.F. Guy ........ National Broadcasting
Company and KCA Institutes, New York,
N. Y.

S. F. Dierk ........ Industrial Electronic
Products, Camden, N. J. (Bldg. 15-3)

L. C. Simpson ........ RCA International
Division, Clark, N. J.

K. A. Chittick ........ RCA Victor Home/
Instruments, Cherry Hill, N. ]J. (Bldg.
204.-2)

L. A. Thomas ......... Astro-Electronics
Products Division, Princeton, N. J.

F. D. Whitmore ...... Defense Electronic

Products, Camden, N. J. (Bldg. 10-7)
E. R. Jennings . ... Assistant to Chairman,
RCA Staff, Camden, N. J. (Bldg. 2-8)
W. O. Hadlock ......... Chairman, RCA
Staff, Camden, N. J. (Bldg. 2-8)

upon their Technical Publications Administrators
for these services.

HOW THE SYSTEM WORKS

The Administrator carries the responsibility to
ensure that engineering papers and oral presenta-
tions intended for use outside of his own originat-
ing activity conform with corporate policies and
practices. In both content and journalistic con-
struction, papers and presentations must be worthy
of their identification as a contribution of the
organization of which their authors are a part. The
manner in which these requirements are imple-
mented is simple.

The individual contributor is expected to make
sure that his supervisor is informed concerning
the contribution and its proposed publication, and
gives his approval. Written approval and the
required number of manuscript copies of the paper
or written version of the talk are then submitted to
the Technical Publications Administrator for fur-
ther review. Although carrying the responsibility
for review, he is not in a position to know fully the
problems which may be raised within all other
operating segments of the Corporation if the mate-
rial is approved. Therefore, he exercises his judg-
ment in determining to which other operating units
the writing should be submitted. Such routing is
normally made through the appropriate Technical
Publications Administrators, who in turn exercise
their own judgment concerning review in their own
area.

These procedures are short, direct, and efficient.
By obtaining sufficient copies for simultaneous dis-
tribution, the other activities may review it concur-
rently, thus avoiding consecutive routing with
attendant loss of time. Authors are urged to recog-
nize this problem and, in their own interest, pro-
vide the number of copies considered by the Techni-
cal Publications Administrator to be necessary for
concurrent review. The importance of prompt
review is recognized by all Administrators, and sub-
missions are processed as quickly as possible.

In reviewing submissions constructively to serve
both the author and the Corporation, the Technical
Publications Administrator is guided by several
considerations:

1) good planning and construction, technical
accuracy, and timely disclosure of informa-
tion

2) freedom from statements which would be
derogatory to other institutions or individuals

3) defense classification and patent status

4) over-all merit

If a reviewing activity raises objections to portions
of a submission, the author is given an opportunity
to make the revisions and then receives written
approval from his Technical Publications Adminis-
trator to release his paper.



BENEFITS TO THE AUTHOR

The engineer-author may, by consulting his Techni-
cal Publications Administrator, receive counsel
which will minimize the time and effort required to
produce a paper suitable for publication. He is also
in a position to determine the journals in which
there will be the greatest demand for the writing
submitted.

The RCA review-and-approval system was estab-
lished to meet most efficiently, smoothly, and
quickly the objectives described. The procedures
are reviewed at frequent intervals in the interest of
making them more useful and modernizing them to
conform with changes in the corporate organiza-
tion. The Technical Publications Administrator
may be looked upon not as an obstacle to quick and
easy publication of papers, but as an experienced,
well-informed, and helpful counselor who - will
expedite approval, keep the engineer-author out of
trouble, and help to place his writings advan-
tageously.

COMPANY PUBLICATIONS

In addition to the publication of papers in outside
journals, RCA engineers are encouraged to prepare
and submit contributions for company publications
such as the RCA ENGINEER, the RCA Review, and
Broadcast News. Material for such company publi-
cations requires, of course, the same review and
approval as applies to material for outside use. It
is recommended that in preparing such contribu-
tions, the author keep in mind the possibility that
they may also be desirable for outside publications.

By working with his Technical Publications Admin-
istrator, the engineer can often prepare his article
so that with minor modification, or no modifica-
tion, it would appeal to outside journals. Such
duplication of publication is desirable, since it
greatly broadens the distribution and more effec-
tively publicizes the work of the writer and the
Corporation.

OTHER MEDIA: RCA TECHNICAL REPORTS AND
ENGINEERING MEMQRANDUMS

In addition to technical articles and oral presenta-
tions, there is another important category of engi-
neering writing: the Technical Reports and Engi-
neering Memoranda for internal RCA use.

Technical Reports and Engineering Memoranda
are the direct responsibility of the Chief Engineer
of an operating activity and his engineering man-
agement. These writings form a system for formally
recording and distributing important research and
engineering information within the Corporation.

Such writings are covered by corporate policies
and procedures separate from those described
herein for papers and talks, although they may
involve some of the same approvals. A future issue
of the RCA ENGINEER will cover these in The Engi-
neer and the Corporation series, describing policies
and basic techniques of preparation, approval, and
distribution, and their value in engineering work.
Engineers who propose to write such documents
should obtain from their manager or designated
authority an outline of the procedures currently in
effect, so that they may become familiar with them.

RAYMOND F. GUY, Scnior Staff Engincer of the National

Broadcasting Company, was on the original staff, composed of .~

only a few persons, at WJZ when it was opened in 1921 by the
Westinghouse Company in Newark, as the world’s second
broadcasting station. Before the beginning of broadcasting, Mr.
Guy had worked with the Marconi Wireless Telegraph Co., the
Shipowners Radio Service, and the Independent Wireless Tele-
graph Co. During the concluding engagements of World War I,
he served in France in the Regula¥ Army. He entered Pratt
Institute upon discharge, graduating in Electrical Engineering in
1921. In 1924, he joined the ‘engineering staff of the RCA
Research Laboratories. For 25 years of his career he directed
the planning and constructioni for all services of all NBC trans-
mitting facilities, including frequency allocations and other allied
activities. Mr. Guy was President of the IRE in 1950 after many
years as an Officer and Director. He is a member of the Broad-
cast Advisory Committee and Chairman of the Engineering
Subcommittee of the Voice of America, and was for many years
Chairman of the Engineering Advisory Committee of the
National Association of Broadcasters. As an RCA Technical
Publications Administrator, Mr. Guy represents NBC and the
RCA Institutes in all editorial matters. He is active in the
engineering writing field, being the author of numerous technical
papers and textbooks. He is a Fellow of the Radio Club of
America and the IRE, a charter member of the Twenty Year
Club and the Broadcast Pioncers of which he is Secretary and
past President, a life member and First Vice President of the
Veteran Wireless Operators Association, and a member of the
Society of Professional Engineers and of many other professional
societies. He was recently clected a Fellow of the American
Institute of Electrical Engineers, and received a Citation from

the Broadcast Pioneers, He is currently President of the
De Forest Pioneers.






THE BALLISTIC MISSILE
EARLY WARNING SYSTEM

by H. W. PHILLIPS, Mgr.

BMEWS Operations Administration
Missile and Surface Radar Division
DEP, Moorestown, N. J.

HE DEVELOPMENT of the inter-conti-
T nental ballistic missile placed the
United States well within range of such
missiles from the USSR. As shown in
Fig. 1, vital potential targets in the
United States are located at ranges of
3,000 to 5,000 miles from possible Rus-
sian launch points, well within the
range capability of ICBM’s known to
have been developed. It is obvious that
an effective early-warning system, well-
integrated with all components of the
defense and retaliation concepts of the
United States Armed Forces, is a vital
first step in being able to defend
against such a potentially devastating
attack.

The BMEWS system is conceived pri-
marily for warning against such a mass
ballistic missile attack and specifically
to alert the Strategic Air Command.
However, it has been designed and
implemented for growth to serve the
whole defense system. For example, it is
possible that data from BMEWS regard-
ing ICBM’s may be evaluated and re-
quired information relayed to active de-
fense systems. BMEWS can later play a
greater role in meeting the space threat.

In developing BMEWS, it was deter-
mined early in the program that a
single site would not be sufficient. With
a one-site configuration, because of
curvature of the earth and other radar
limitations, ballistic missiles could be
fired to go around the radar coverage

Fig. 1—ICBM ranges from USSR,

sector to the United States without
being detected. For BMEWS, three
sites are used to provide complete
radar coverage against ballistic missiles
which may be fired toward the United
States and Southern Canada from Rus-
sia  or Russian-controlled territory
(Fig. 2). The first BMEWS site is at
Thule, Greenland; the second site is at
Clear, Alaska; and the third at Fyling-
dale Moor in Great Britain.

BASIC SYSTEM REQUIREMENTS

First, BMEWS must gather detection
data at the three forward sites, and a
certain amount of data processing and
analyzing must also take place there.
Then the data must be communicated
or relayed to the zone of interior in the
United States for further evaluation. If
there is an alert, the alert information
must be immediately relayed to those
who are interested and who need it in
order to take retaliatory action.

One of the basic components of
BMEWS is a detection radar, a fixed
piece of equipment designed to provide
coverage for a specific sector (Fig. 3).
It consists of a parabolic antenna 165
feet high by 400 feet wide. Each
pulsed-doppler detection radar consists
of this reflector, a scanner building,
and the associated transmitter equip-
ment. The building houses scanner
switches and arrays of feed horns
which bounce beams off the face of the

reflectors. These beams form horizontal
stationary fans, which spread acress the
polar regions to detect airborne objects.
Impact prediction on missile targets
can be obtained by extrapolating the
missiles path from the range, azimuth,
bearing, and time sequence data
recorded as the missile passes through
the fans of the detection radar.

Another basic component is the
tracking radar, which is enclosed by a
large radome to- protect the antenna
from adverse weather conditions (see
Fig. 4, 6, and cover). The actual radar
antenna is a 84-foot dish which can be
rotated in both azimuth and elevation.
The building houses the transmitter
and other electronic equipment.

The tracking radar (Fig. 6) provides
an indication of the magnitude of the
mechanical problems that were added
to the electronic problems on so com-
plex a system. The antenna and pedes-
tal weigh nearly 375,000 pounds, with
the hydraulic servo-driven rotating sec-
tion comprising over 200,000 pounds of
this weight.

Fig. 5 is a simplified diagram show-
ing a tracking radar and a detection
radar hooked up to data take-off equip-
ment, which takes data from the radars
and feeds it to a computer. The compu-
ter serves to initiate tracking by the
tracking radar and computes informa-
tion which is communicated to the zone
of interior control center. Fig. 7 shows
a typical forward site consisting of four
detection radars with slightly overlap-
ping fans to provide complete sector

coverage. This is a theoretical illustra- .

tion, as actual specific sites may differ
from the layout shown. It aliso shows
tracking radars, each of which can be
used to replace a détection radar in
case of a failure.

Fig. 8 shows thie interior of the pres-

Fig. 2—Three-site conﬁguru!io,n of BMEWS.
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ent Strategic Air Command Combat
Operations Center at Colorado- Springs.
The plotting board at the right is the
main manual plotting board which is
currently in operation. It is to be
replaced by an automatic plotting
board, and in the vacant board at the
left, a BMEWS display will be
installed. The BMEWS display will be
automatic and will not require manual
plotting.

SUPPORT REQUIREMENTS

With the construction of high-power
radar stations at far-northern sites,
there was the problem of supplying the
large amount of electrical power
needed. In this case, an oil-fired tur-
bine-generator power plant system was
constructed on board a ship by the
Navy and was assigned to the Air
Force for use on the BMEWS program.
The power supply from this ship is run
through high-tension transmission lines
to the BMEWS site. At the site, an aux-
iliary plant provides for emergency
power in case the transmission lines
fail. Also, it supplements the power
ship to provide the total amount of
power that is required for this installa-
tion. The power requirements for one
BMEWS site is equivalent to that
required for a city of 30,000 people.
Support areas at each site provide
maintenance for the technical facilities.
Direct support includes electronic and
mechanical maintenance shops, vehicle
repair and storage, and power genera-

\iion and distribution. These latter areas

are. connected to all of the technical
buildings.. by covered passageways
which oﬁer\cg\mplete protection from
the elements anﬁ»f\rom possibly danger-
ous r-f energy levels from the radar.
At the zone of the. interior facility,
data from the forward radar sites are

Fig. 3-—Detection radar.

TLE
COMPUTER

Fig. 5—Data take-off system.

decoded, evaluated, modified by other
intelligence, and displayed. Thus, the
warning of impending enemy ICBM
attacks can be generated. It is here
that a threat evaluator provides an
indication of the threat level and degree
of confidence in the incoming data.
The combination of forward sites and
the zone of the interior results in a
system which will warn the United
States and southern Canada of impend-
ing ICBM attack within seconds after
detection of the attacking missiles. This
alert will supplement such aircraft
detection systems as the DEW Line,
Mid-Canada Line, and Pine Tree Line.

INSTALLATION PROBLEMS

Construction for the Arctic portions of
this BMEWS project is being accomp-
lished under the most extreme hardships
imaginable. Nature is man’s enemy in
the Arctic wastes with winds that can
reach 185 mph and temperatures that
can dip below —65°F. Construction

materials, such as metals, that will be
exposed to extreme low temperatures
must be designed especially to meet the
cold weather requirements. Ordinary
metals become very brittle in the
extreme cold, and special alloys have to
be developed to withstand the wind
forces that are prevalent.

In addition to the extreme cold, per-
mafrost presents a major construction
problem. Permafrost is a continually
frozen layer of earth which is to be
found at all seasons of the year. In the
summer it is several feet below the sur-
face, but in the winter it extends to the
surface. To set concrete foundations in
this frozen layer is very difficult. One
means for doing so is to use live steam
to melt the frozen earth so that it may be
excavated. Once the foundation has been
excavated, the ground re-freezes. The
concrete is then poured; however, the
setting concrete gives off heat and, left
to itself, would melt enough of the per-
mafrost to enable the foundation to

Fig. 4—Tracking radar.
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" “Editor's Note: An excellentarticle by
Mr. Dudley .Cottler about the AN/
FPS-49 tracking radar pictured here
hadbeen planned for inclusion in this
issge. However, present government
security restrictions prevented its pub-
lication at this time. The RCA ENGI-

NEER hopes to be able to publish the

¢ story of this engineering achievement

¢ in a coming issue, as soon as security
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shift. Thus, a refrigeration unit is
needed to keep the ground frozen until
the concrete is firmly set.

The concrete is poured under rubber
shells the size of circus tents which are
supported by hot air blown into them
under pressure. These shells permit
construction under conditions that
would normally be too cold for construc-
tion. After the foundation is finished,
the exterior part of the building is
quickly finished so that construction
inside can continue during the winter
months. But, in completing the build-
ings, they must be insulated from their
foundations so that heat from the build-
ings cannot escape into the ground to
melt the permafrost and cause settling.

Another factor in the BMEWS con-
struction is the large size of several of
the buildings. The radome for the track-
ing radar has a 140-foot diameter and
stands approximately 15 stories high.
This radome is located atop the trans-
mitter computer building which in itself
is three stories high. The detection radar
reflector is 400 feet by 165 feet, or as
high as a 16-story building. The immen-
sity of the project begins to be seen
when one thinks such construction under
adverse conditions.

PROTOTYPE FACILITY

In connection with the BMEWS pro-
gram, it was necessary to construct an
engineering model facility (see cover)
at the Moorestown Plant to test the
tracking radar and other basic compo-
nents to assure that the system will per-

“form properly when it is installed at the

forwatd-sites. In addition to this test
facility at Moorestown, tests are being
carried out at other RCA plants, at Gen-
eral Electric, at “Sylvania Electronic
Products, and at Goodyear. Some govern-
ment facilities are being used.

The complete radome ‘at Moorestown
consists of 1,646 four-, ﬁvé—,,_or six-sided
bolted pieces (Fig. 9) Each piece is
about five feet across and weighs about
125 pounds. Within the building i‘sqlie

transmitter for the radar, a computer;-.

data take-off equipment, and other

Fig. 7—Theoretical site configuration with

four detection radars and three radome-
enclosed tracking radars.

HENRY W. PHILLIPS received his
B.S.M.E. at the University of Virginia in 1940.
He was with the General Electric Company
throughout World War II in the Aecronautics
and Ordnance Systems Division. He joined the
American Machine and Foundry Co. in 1946,
and shortly afterwards was appointed head of
engineering for their Buffalo Plant, where
automatic machinery of various types, includ-
ing the automatic pinspotter for bowling, was
developed and designed for production on
which he holds two patents. He was later
assigned to manage a project for this company
at the AEC Hanford Works, Richland, Wash-
ington, involving the development of equip-
ment for the production of plutonium. He was
a consultant during an early study for the Navy
on the feasibility of Atomic Power for Sub-
marines. In 1949 Mr. Phillips accepted a posi-
tion at the Knolls Atomic Power Laboratory
where he contributed to the G.E. Experimental
Power Breeder Reactor Program. Later he was
appointed to the management staff for the
Shipboard Intermediate Reactor Program for a
submarine application of nuclear power. In
1951 Mr. Phillips became the Chief General
Staff Engineer for F. H. McGraw and Com-
pany, the prime engineering and construction
contractor for the one-billion dollar highly
automated U-235 plant at the AEC Paducah
area. On the completion of this assignment,
he joined RCA in 1953 and, initially, managed
the RCA bumblebee and terrier programs. He
served as Secretariat of the RCA Guided Mis-

equipment to test the radar, as well as
the entire system.

The tracking radar assembly (Fig. 6)
was completed at the Goodyear Aircraft
Plant in Akron, Ohio, where a series of
mechanical tests were conducted to
check the mechanical performance of
the radar pedestal and the antenna. It
was found to meet the specification
requirements, and then the antenna and
pedestal assembly was disassembled
and shipped to Moorestown,

ADMINISTRATIVE ORGANIZATION
The U.S. Air Force BMEWS Project

Office has two main subdivisions con-
sisting of an AMC representative as the
executive head of the project and an Air
Research and Development Command
representative as the technical head of
the project. RCA is the prime weapon
system contractor and the Western Elec-
tric Company is prime contractor for the
rearward communications; RCA has
three )r;ajor subcontractors, General

Fig. 8—SAC operations center in Colo-
rado Springs. An automatic BMEWS display
will be added in the vacant space.

sile Committee in 1954. When RCA became
the prime contractor for the TALOS Land
Based System program, Mr. Phillips was
assigned as Coordinator. He is now Manager,
BMEWS Operations Administration, Major
Defense Systems, at the RCA Moorestown
Plant. He is a member of Tau Beta Pi and the
National Society of Professional Engineers and
a licensed Professional Egnineer in New York,
New Jersey, and Kentucky. He is a past Vice
President of Kentucky Lake Chapter, Ky., Soci-
ety of Professional Engineers, and was Chair-
man of Publications and Legislative Commit-
tees for this Society. He is a member of
American Society of Mechanical Engineers,
American Society of Naval Engineers, and the
Armed Forces Communications and Electronics
Association. He is a Trustee for the Engineer-
ing Society of Southern New Jersey and Chair-
man of their Public Relations Committee.

Electric Company, Sylvania Electric
Products, Inc., and Goodyear Aircraft
Corporation.

A BMEWS Project Management
Office was set up at the RCA plant in
Moorestown. The direct project man-
agement team consists of a number of
RCA units, both at Moorestown and at
other plants of the Corporation. The
RCA units contribute over-all program
management, specifications, and system
development, systems integration, and
a number of hardware and service items.

The General Electric Company fur-
nishes detection-radar subsystems and
continental transmitters. The Goodyear
Aircraft Corporation furnishes tracking
radar pedestals, antenna assemblies,
and the radomes for the tracking radars.
Sylvania Electric Products furnishes
IBM computers and certain data-proces-
sing equipment. The RCA Service Com-
pany furnishes field support, logistic,
and operation and maintenance service
activities.

Fig. 9—Erection of the radome shell for

the tracking radar.
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by T. P. TISSOT
BMEWS Transmitter Projects
Missile and Surface Radar Division
DEP, Moorestown, N. J.

HE HIGH-POWER, long-pulse uhf
Tradar transmitter which the DEP
Missile and Surface Radar Division has
designed for BMEWS is of a magnitude
approaching an industrial complex.
Some idea of this can be gotten from
Fig. 1, which shows the transformer and
rectifier for supplying plate power,

Formal design effort was begun in
mid-1958 with design completion of this
formidable task by the end of the year.
A purchase and fabrication cycle fol-
lowed, and installation of a prototype at
the Moorestown Engineering Model
Facility was completed during the sum-
mer of 1959 for testing and checkout.

ENGINEERING ORGANIZATION

To take advantage of the specialization
of engineering groups, work tasks were
divided into five categories: 1) high-
voltage power supply, power distribu-
tion, and main control circuitry; 2) cool-
ing system, installation planning, and
installation material; 3) fault sensing
and protection; 4) hard-tube modu-
lator; and 5) high-power-amplifier—
room integration. Emphasis in the de-
sign was on the modulator, which is the
hard-tube type, rather than the line type.

Design was coordinated by a project
Engineering Group, who specified the
design concept and monitored its imple-

Fig. 2—Transmitter functional block diagram.

INTERMEDITE
POWER AMP

COOLING
COMPONENTS

VOLTAGE
DiVIDER

Fig. 1—D. Foster is dwarfed by the ,lrrdn‘sformer and
rectifier assembly for supplying transmitter plate power.

mentation. In.~ addition, a Design
Integration Group selected suitable com-
ponents and’ monitored electrical and
mechanical design reviews. Actual em-
placement and installation of this hard-
tubesmodulated transmitter at the test
site was supervised by a separate Con-
struction and Emplacement Group. Test-
ing of the transmitter, either at the
equipment unit or group level has been
the responsibility of the Missile and
Surface Radar Engineering Department
under the direction of the Project Engi-
neering Group.

TRANSMITTER FUNCTIONS

Fig. 2 is a functional block diagram of
the transmitter. Input signals are shown
to the left. The fault and reference in-
puts are derived internal to the trans-
mitter and are part of the fault-sensing
and protection system. The 4160-volt,



.
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3-phase, 3-wire primary power input is
fed directly to a connection cabinet from
the external power substation. The r-f
and video-pulse inputs are obtained
from a source external to the trans-
mitter and are properly related in time.
The pulse input is a short pulse which
functions as a start trigger while the
r-f pulse is of a duration slightly longer
than the desired transmitter output
pulse width. A variable delay is intro-
duced into the modulator start line to
permit proper pulse-bracketing, as
required.

The intermediate-power amplifier con-
sists of three r-f amplifier stages and
provides an output level sufficient to
drive the r-f driver stage. Plate and
screen voltages are continuously applied
to the three amplifier stages, and the
intermediate-power amplifier (IPA)
simply “follows” the r-f pulse input. The
IPA is physically located outside the
high-power-amplifier (HPA) room, a
shielded enclosure.

The r-f driver stage further amplifies
the r-f signal and, by means of 6%4-inch
coaxial line, feeds the grid of the high-
power amplifier. The r-f directional
couplers and diode detectors are in-
stalled on both the input and output
coaxial lines and provide signals for re-
fectometer functions (forward power,
reverse power, VSWR) and fault-sens-
ing indications. The r-f input to the
driver is applied through a variable line
stretcher and swamping loads. The line
stretcher will allow the matching of
transmitter r-f output in the event that

~.._it is necessary to combine, or diplex, the

oatput of two or more transmitters. The
swamping._loads assist in isolating the
driver from the IPA and provide a con-
venient means of. adJustmg input-cavity
bandwidth. The r:f driver employs a
tetrode in a grounded-cathode configura-
tion. An impedance-matching trans-
former in the output transmission line,
and a fixed distance in terms of wave-
lengths from the cavity plate circuit,
sets the output-circuit impedance and,
consequently, the bandwidth. This trans-

former and all other driver tuning ad-.

justments are controlled remotely at the
driver-control panel.

The input to the HPA cavity is at the
top and is seen in Fig. 3 along with the
output waveguide. Note the waveguide
directional couplers which perform the
same function here as for the r-f driver.
All HPA tuning adjustments are per-
formed remotely at the HPA control
panel. The HPA cavity is of the sym-
metrical type and employs an RCA-2346
triode operating grounded grid. [See
R. E. Reed, Super-power UHF Pulse
Triode, this issue.] Its filament power

supply is regulated, and turn-on surges
are eliminated by programming the out-
put from zero.

The r-f output from the transmitter
feeds a waveguide complex consisting of
a harmonic filter, r-f dummy load, E/H
tuner, waveguide switches, and the other
plumbing associated with a transmitter
intended for radar applications. (Fig.
4). The waveguide switch is remotely
activated and selects the radiate or
dummy-load mode of operation. The
function of the E/H tuner, which has
preset adjustments, is to make the work-
ing load of the HPA independent of a
particular plumbing configuration.

The modulator, which will be dis-
cussed further, provides a pulse voltage
output which is, directly, the plate volt-
age for the HPA. A voltage divider
steps down the voltage to the proper
value for the plate and screen of the r-f
driver. The shape of the modulator pulse
determines the r-f output characteristic,
since this pulse is slightly shorter in
width than the IPA pulse to the r-f
driver. The modulator is located inside
the HPA shielded enclosure but has an
associated control panel located outside.

The fault-sensing and protection unit
act together to provide microsecond pro-
tection to the r-f driver and HPA, and
the switch tube of the modulator. Any
r-f faults in the driver or HPA will be
detected and processed by the fault-
sensing unit and the pulse in progress
will be stopped by “opening” the switch
tube of the modulator. In this case, the

Fig. 3—Cavity for high-power amplifier, with
output waveguide in foreground.

Fig. 4—Waveguide complex for handling r-f
output.
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Fig. 5—Protection unit, consisting of a trig-
ger amplifier, and an ignitron across the out-
put of the high-voltage power supply.

protection unit is not used. The protec-
tion unit (Fig. 5) consists of a trigger
amplifier and an ignitron which is across
the output of the high-voltage power
supply. Any fault in the switch tube of
the modulator requires the removal of
energy stored within the capacitors of
the high-voltage power supply within
microseconds of detection of a fault. In
this instance, the fault is sensed, proc-
essed by the fault-sensing unit, and a
signal is sent to the protection unit
causing the ignitron to “dump.”

The main control panel is the center
of operation of the transmitter, and its
function in conjunction with the high
voltage power supply will next be con-
sidered.

CONTROL CIRCUITRY:
HIGH-VOLTAGE POWER SUPPLY

It was realized at the start of the pro-
gram that the simplest approach to the
design of the control circuitry for the
whole transmitter would be to consider
each major unit as a subsystem with its
individual control ladder. This allowed
parallel design effort in the subsystems;
it was only necessary to state the method
of relating the subordinate control lad-
ders to the main control ladder, part of
the Main Control Panel.

The method by which this has been
done is illustrated by the arrangement
of the Main Control Panel (Fig. 6). In
the upper portion of the panel, indicator
lamps are arranged in a functional flow
pattern. When the transmitter Ready
button is depressed, the start cycle com-
mences and lights the associated lamp.
The distribution circuit breaker closes

and primary power is applied to the dis-
tribution transformer. The secondary of
the transformer delivers 480-volt, 3-
phase voltage to the Main Control
Center and, through limiting air-core
reactors, to the induction regulator.
Power from the Main Control Center is
fed to the Coolant System Control Cen-
ter for distribution to the cooling com-
ponents and to the Regulated Voltage
Control Center, where it is distributed
as required and stepped down to 120-
volt, single phase for the control ladders.
The control power lamp is now on, and,
simultaneously, start signals are sent to
the following units, each represented by
a horizontal line on the panel (top to
bottom, Fig. 6): IPA, r-f driver, HPA,
modulator, protection unit, and fault-
sensing unit. -

After a period of time, depending
upon unit warm-up—delay requirements,
a ready signal is received from each
unit control ladder. The main control
ladder then sums the return signals and
the panel indicates transmitter ready.
The main control ladder performs the
remaining functions as required. Con-
siderable flexibility of control functions
is available, and unit testing of the mod-
ulator, IPA and r-f driver is possible.
This has been achieved with a minimum
complication to the total control cir-
cuitry. Considerable human engineer-
ing effort was expended on the func-
tional layout of the control panels.

The high-voltage power supply is
controlled from the Main Control Panel
when the auto-man switch is in the
manual position. In the automatic po-

sition, the high-voltage supply operates
as part of the overall control system
and cycles up to any predetermined d-c
voltage from any preset lower voltage
below half the maximum d-c output.
Voltage adjustments are made by tap
changers, both coarse and vernier,
which are a part of the auto, series,
tertiary, and rectifier transformers. Op-
eration is automatic (or manual, if
desired) and follow indications are
available at the main control panel.
Automatic voltage-regulating apparatus
is included to maintain the average d-c
voltage within =114 percent of any set
value near maximum voltage output.
Considerable plate power is required
in this transmitter and the high-voltage
power supply, of necessity, assumes
large proportions. The transformer and
rectifier assembly are located inside a
vault which permits shielding, if re-
quired, and provides safety for operat-
ing personnel. (The size of the trans-
former and rectifier assembly can be
visualized by examination of Fig. 1.)
The rectifier consists of six legs of
silicon rectifiers immersed in trans-
former oil. The inverse voltage is
properly distributed by means of bal-
ancing resistors across each cell. Any
transient is properly distributed by a
small capacitor across each rectifier.
The use of silicon rectifiers reduces the
over-all voltage drop normally asso-
ciated with tube-type rectifiers. An
added advantage is the elimination of
filament power and filament warm-up
time. The short-circuit current of the
rectifiers is limited by the impedance .

Fig. 6—Control-panel complex. Inset: the Main Control Panel.




of the magnetic components. However,
a high-speed two-cycle breaker feeds
primary power to the rectifier trans-
former assembly and is capable of
1.5-t0-2.0-cycle (60-cycle base) clearing
of faults in the power supply.

The high-voltage capacitor (one bank
of which is seen in Fig. 8), is made up
of series-parallel combinations with
fuse protection for individual capaci-
tors. The power-supply ripple specifica-
tion is 1 percent at full output. The
high capacity, which is necessary to
keep the pulse droop within specifica-
tion limits, provides more than ade-
quate ripple attenuation without the
necessity of a separate lumped reactor
—the effective series inductance of the
magnetic components is sufficient. A
one-ampere bleeder resistor is tied
across the output to limit the full load-
no-load voltage change.

A d-c battery supply of 120 volts,
with a trickle charger, is included as
part of the switchgear and supplies
power to operate the two main circuit
breakers.

PULSE MODULATOR

The modulator is of the hard-tube type.
A simplified block diagram is shown in
Fig. 7. The pulse generator receives a
start pulse from the synchronizing unit
of a particular system and generates a
pulse of the required system length.
The pulse is fed through a high-voltage
isolation transformer, since the modu-
lator platform is riding up and down
with the pulse voltage. A stop trigger
or fault trigger is accepted by the

pulse generator to stop the pulse in
progress, under r-f stage fault condi-
tions, or terminate the pulse at the end
of a normal pulse.

During the interpulse interval, the
first stage of the modulator is conduct-
ing, holding the second stage and the
switch tube at cutoff. A modulator
input trigger results in a negative pulse
at the grid of the first stage of suffi-
cient amplitude to reduce the plate
current to zero. The second stage,
therefore, returns to the zero bias con-
dition, with resultant plate current con-
duction through the grid resistor of the
switch tube and in such a direction as
to drive the switch-tube grid positive
with respect to the cathode. The
resultant positive pulse causes heavy
conduction and, by virtue of the low

tube drop, essentially ties the high-

voltage power supply to the load for
the duration of the pulse. The switch-
tube section of the modulator is shown
in Fig. 9.

The electronic crow-bar principle is

Fig. 7—-Block diagram of the hard-tube modulator.

employed to protect the switch tube.
The diode is part of the protection sys-
tem, and when it conducts, a fault sig-
nal is sent to the fault-sensing cabinet
and to the protection unit where the
ignitron is dumped, transferring the
energy of the filter-capacitor bank from
the faulted tube to the ignitron. Under
normal operation the diode will not
conduct, since its cathode, tied to a
reference divider, is at a more-positive
potential than the plate.

The level of the modulator output is
adjusted by varying the screen voltage
of the driver stage. This can be done
from the modulator control panel.

COOLING

Water and air cooling are required for
the transmitter. Three water systems
supply cooling for plate, filament, and
dummy load circuits. Each system con-
sists basically of a pump, storage tank,
and heat exchangers, in addition to
make-up water tanks and associated
pumps (Fig. 10). Demineralizers are

Fig. 9—Switch-tube section of the hard-tube
modulator.
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used with the plate and filament water
systems to provide high-resistivity
water, as required. Cabinet air cooling
is supplied by two blowers, each one
of which is capable of supplying the
transmitter requirement.

SAFETY PRECAUTIONS

Safety precautions have been amply
considered. All enclosures containing
high voltages are interlocked, and un-
authorized access is prevented. The
first level of personnel protection is
provided by means of locked enclo-
sures, access to which is by means of a
properly obtained key. The second
level of protection is by door-type elec-
trical interlocks.

A key-lock system has been applied
to the HPA shielded enclosure, the
transformer vault, the capacitor vault
and the video-dummy-load vault doors.
To obtain access to any of the locked
enclosures, a supervisory key is removed
from the Main Control Panel, which
turns off all high voltages, and the key
is carried to and inserted in a second
lock assembly. Operation of the sec-
ond lock and a companion lever places
a fast-discharge resistor across the
capacitor of the high-voltage power
supply. A second key—the first key is
held by the lock-key system and can-
not be removed—is inserted into a
companion lock. It permits operation
of a lever which places a direct short
across the high-voltage power supply,
grounds the output of the modulator,
and allows the removal of a third key
—while locking in the second. This
third key opens a key bank and the
proper vault key can be selected. To
reverse the procedure, all keys must be
returned to the key bank by properly
closing and locking vault doors. The
high-voltage—supply short-circuit and
fast-discharge resistor levers are mext
operated in the proper sequence. The
supervisory key is now available for use
at the Main Control Panel to allow high
voltage to be turned on.

Shielded enclosures protect person-
nel from exposure to r-f fields, and
interlocks external to the transmitter
prevent r-f generation when the exter-
nal plumbing is in an unsafe condition.

SUMMARY

This transmitter, within its intended
scope of applications, represents the
latest design accomplishments in the
field of super-power transmitters, with
emphasis on high reliability and sim-
plicity of operation. Many have con-
tributed to the design and it is not
possible here to individually acknowl-
edge the many contributions.

=

Fig. 10——-Above: Heat-exchanger system.

Below: Water-storage and pump system. These

form part of the cooling system for plate, filament, and dummy-load circuits. In addition,

cabinet air cooling is provided.

T. P. TISSOT received his B.S. in EEE. in
1949 from Leland Stanford University. Pre-
vious to this, he served four years with the
U.S. Navy during World War II as an officer
attached to the Radio Material School, Treas-
ure Island, California. Here he served as an

instructor on Loran, countermeasures, radar,
and related subjects. In 1941, he was a tech-
nician at broadcast station KVCV, Redding,
California. Mr. Tissot first joined RCA in
19497and was associated with the Broadcast
Engineering group, where he worked on
RCA’s first developmental and commercial
uhf television transmitters, Between 1952 and
1958 he was with the Allen B. DuMont
Labs., Inc., where he worked on uhf and vhf
television transmitters. He served on industry
committees related to transmitter standards,
both color and monochrome, and was active
in installing television equipment, including a
cross-country network in Cuba. He repre-
sented his company on several occasions in
Venezuela. He rejoined RCA, with the DEP
Missile and Surface Radar Division, in Sep-
tember 1958 as a BMEWS Project Engineer
and is now an Engineering Leader in the
BMEWS Transmitter Projects group. He is
the author of a number of articles which
have been presented at’ technical conferences
and a Senior Member of the IRE.
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SUPER-POWER UHF PULSE TRIODE

by R. E. REED
Large-Power-Tube Development and Application

Electron Tube Division,

Lancaster, Pa.

HE DEVELOPMENTAL uhf pulse triode
Tshown in Fig. 1 is one of the latest
members of the Electron Tube Divi-
sion’s growing family of super-power
tubes that have been developed to pro-
vide increasingly higher outputs at
increasingly higher frequencies.! The
tube is rated for long-pulse operation at
ultra-high frequencies. One of the appli-
cations for this tube is in the high-
power-amplifier stage of the BMEWS
transmitter. In many respects, it is a
scaled-up version of the proven design
of a 100-kilowatt triode previously
described.2

The structural elements of the triode
are arranged for operation in the funda-
mental TEM coaxial mode with external
cavity resonator circuits. The use of a
double-ended configuration greatly
extends the tube’s power-producing
capabilities. This arrangement enables
the active tube elements to be placed
at the electrical center of a half-wave-
length portion of the cavity resonator
circuits.

The complete tube is 14 inches in
diameter and 17 inches long, and weighs
180 pounds.

ELECTRON-CONTROL SYSTEM

~.__ A total of 96 triode units are combined
“in.a_common vacuum envelope to pro-

vide fhe\tgtal electron current required
without exceeding a practical electrical

ROBERT E. REED received the B.S. in
Electrical Engineering from the University of
Oklahoma in 1952. He joined RCA the same
year as a Specialized Engineering Trainee, and
was subsequently assigned as a product develop-
ment engineer in the power-tube activity of the
Electron Tube Division in Lancaster, Pa. Since
then, he has been instrumental in the develop-
ment and manufacture of several uhf_super-
power tube types, and has also worked on appli-
cation problems and on tube specifications.
was appointed Manager, Specifications and Proj-
ect Engineering in July 1958, and moved to his
present job of Senior Engineer in Product Devel-
opment in September 1959. He is presently
leader of a project team of design and applica-
tion personnel responsible for high-frequency
super-power triode tube types. Mr. Reed is a
Member of the IRE and of Sigma Tau and Eta
Kappa Nu.

length for uhf operation. A cross-
sectional sketch of the triode units is
shown in Fig. 2. Integral wire-support
fins extend from the control-grid cylin-
der on each side of the thoriated-
tungsten filament strands. Active grid
wires are wound in tiny grooves across
the fins in a circumferential manner on
the outside diameter of the grid cylin-
der. The wires, wound at a pitch of 72
turns per inch, are then fastened in
place by a firm rolling operation.
This construction provides a short
thermal-conduction path for the flow of
grid heat to the water-cooled grid cylin-
der and effectively overcomes the prob-
lems of excessive grid temperature and
dissipation. The possibility of grid

emission is also minimized with this
cooling arrangement.

Each filament strand is a directly
heated thoriated-tungsten cathode indi-
vidually suspended from a pantographic

Fig. 2 o Top: Cross-section of the electron-
ically” active section of the tube. Bottom:
Grid-cathode mount assembly.

support. Thoriated tungsten is the
standard material used in high-power
tubes to provide high emission, long
life, and economical operation. The
total area of the 96 cathodes produces
an emitting area that is the largest in
any power tube in the world. Thorough
water-cooling of the cathode-support
structures provides a thermally stable
structure for uniformly high emission
and long life.

A-2346E

Fig. 1 — Developmental super-power uhf
pulse triode.

High performance is achieved with
this tube through the use of relatively
close grid-to-cathode spacings. The grid-
cylinder diameter is about 6.8 inches
over the active length of 4 inches (Fig.
2).
The high-dissipation plate is inten-
sively water-cooled by a water flow of
150 gallons per minute to provide for
long life and reliable operation under
the very high dissipation powers
encountered. The plate can adequately
handle the highest concentration of
power known outside of uncontrolled
atomic reactions. The plate is centered
about the electronically active region of
the tube on insulating ceramic bush-
ings, and forms the outer conductor of
the portion of the coaxial output circuit
located within the tube.

The ceramic-to-metal seals that form
the vacuum envelope are of the radial-
compression type.® This type of seal is
a reliable, high-conductivity seal that is
especially suited for large diameters
such as those used in this tube. The
reliability of the radial-compression seal
has been proven in several years of
successful use in other super-power
tube types.

TYPICAL OPERATION

When operated as a grounded-grid
pulse power amplifier, this tube develops
extremely high power output with a
power gain of 20 to 30 and a conversion
efficiency of about 50 percent in long-
pulse service. Modified versions of the
same tube are suitable for short-pulse
or continuous-power-output applications
requiring very high power output.
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LTHOUGH THIS ARTICLE is concerned

with the mechanical-design aspects
of the radome, it is difficult to develop
the rationale of the design without
touching upon the electronic require-
ments.

In essence, a radome is a shelter used
to imitigate the environmental effects
upon the antenna and pedestal and other
external components of a radar system.
Elimination of the effects of the wind
permits a decrease in the sizes of the
antenna structural members, in addition
to eliminating the effects of wind-induced
vibration, which may be a problem in
some radar systems. This decrease in
size reduces the inertia of the antenna
as reflected at the elevation and azimuth
drives of the pedestal. Less inertia,
together with the elimination of the wind
torques, permits a substantial decrease
in the size of these drives.

For the BMEWS tracking radar, for
example, the use of the radome per-
mitted 40-HP and 300-HP motors for
the elevation and azimuth drives, respec-
tively. Should the pedestal have to oper-
ate in a 40 MPH wind, it has been esti-
mated that these values would double.
The astronomical values that would be
required for these drives for operation in
a 130 MPH or a 185 MPH wind can be
easily calculated. Elimination of the
heavy snow and ice loads on components
of systems located in arctic regions
reduces the design problems and hence
the costs associated with the radar sys-
tem, per se.

However, attractive as all the forego-
ing may seem, the rule of Mother Nature
that “you can’t get something for
nothing” cannot be violated. In this
case, the advantages outlined above are
paid for by a degradation in electronic
performance, which results when addi-
tional material is located in the path of
the radar beam. These adverse effects
are the absorption and reflection of the
electromagnetic radiation with a conse-
quent loss of energy and, hence, range;
distortion of sidelobes; and bore-sight
shift with the consequent loss of accu-
racy. Depending on the type of system
(search, tracking, navigation, etc.) the
relative importance of these factors will
vary. Qualitative determination of these

*The BMEWS Engineering Model radome
was designed, fabricated, and erected by
the Goodyear Aircraft Corp., of Akron,
Ohio, under the supervision of RCA Mis-
sile & Surface Radar Division, Moores-
town, N. J. Directly involved were the
BMEWS Tracking Radar Project Engi-
neering Group, and the Microwave and the
Antenna Equipment Units of the Radar
Design and Development Dept.

by H. J. SIEGEL
Antenna Equipment Group
Missile and Surface Radar Division
DEP, Moorestown, N. J.

factors for large structures is usually
accomplished by electrical tests on
scaled models of various forms of con-
struction. Results of these tests are then
weighed together with factors such as
reliability, size, economics, environ-
mental conditions, delivery schedules,
and use of the electronic system in
determining the actual type of radome
selected for a particular application.

BMEWS RADOME CHARACTERISTICS

Consideration of these factors, several of
which changed over a period of time, led

DESIGN OF THE RADOME

other systems comprising the BMEWS
complex (see cover, and Fig. 1; also
The BMEWS System, by H. Phillips,
this issue).

The radome spherical shell is formed
by bolting together a number of spher-
ically curved panels. The panels are
of various sizes and have four, five, or
six sides, depending on their location in
the radome. These panels are of sand-
wich construction 6 inctes thick, having
two polyester-resin fiberglas-reinforced
skins separated by a waterproof-resin-
impregnated, 34-inch-cell paper honey-
comb. The cells of the honeycomb are
formed of two plies of 60-1b Kraft paper
on each side of a 1-mil-thick polyethy-
lene film. The edges of the panels are
enclosed by fibreglas channels. The pan-
els are held together by ¥45-inch-diameter

Fig. 1—The BMEWS radome (prototype at Moorestown, MN.J., for cvaluation and

checkout). .

to the ultimate selection of the honey-
comb sandwich construction of the
BMEWS radome. Because the BMEWS
installations were to be made at three
different sites, two at arctic areas and a
third in England, it was decided to pre-
pare two basic designs: one for a maxi-
mium wind of 185 mph and the second
for a maximum wind of 130 mph. These
two designs will most economically pro-
vide for the variations expected at the
different sites.

The BMEWS radome is basically a
spherical shell 140 feet in diameter. It
is truncated by a horizontal plane 46
feet below the equator, to form the base
ring. It is supported by a structural-steel
mounting ring fastened to the top of a
38-foot-high building which houses the
transmitter and the balance of the track-
ing radar system, as well as some of the

bolts, pairs of wnich are spaced at 6.0
and 6.5 inches along the edge of the
panels at the bolted connection. Narrow,
individual, aluminum bearing plates
under. éach pair of bolts transmit and
distfibute the loads from the skins into
the channels and bolts. A strip of spe-
cial caulking is added to the outside
of all joints to assure water-tightness.
The outside of the panels are painted
with Radalon, a special paint developed
by the U.S. Air Force for radomes.

In a complete sphere, there are twelve
basic repeating sections, each composed
of five spherical isosceles triangles hav-
ing a common apex panel, Point A as
shown in Fig. 2. These are comprised of
the actual panels, which are made as
identical as permitted by the geometrical
properties of the sphere. For erection
purposes, the panels are coded, as shown



in Fig. 3. At the base ring, because of the
truncation, the basic isosceles.triangles
are modified to form five hasic repetitive
patterns, shown in Fig. 4. The base
panels, in contact with the base ring, are
standard panels modified to provide for
the intersection of the sphere with the
plane of the base ring. The pattern of
these base panels, together with their
coding, is shown in Fig. 5.

DESIGN CRITERIA

The design of a radome must provide for
both strength and elastic stability.

Sufficient strength must be developed
by the basic panel and joint design to
withstand the 1) maximum membrane
stresses developed by windloading; 2)
stresses induced by vertical deflection of
the structural supporting base ring, due
to varying degrees of support provided
by the structural framework of the
building itself; 3) stresses induced by or
at the truncation of the sphere, including
the effects of radial restraint, weight,
and moment at the base; and 4) ther-
mal stresses.

The design must assure sufficient stiff-
ness so that the shell of the radome does
not buckle elastically. This criterion is
significant, and might at times be criti-
cal. However, it is difficult to evaluate
realistically, because of the peculiar pat-
tern of loading induced by the wind.
(Considerable effort is being expended
by various agencies to determine less-
conservative methods of evaluation than
have heretofore been employed.)

\\VMI[‘ID LOAD, OR PRESSURE DISTRIBUTION

In order.to minimize the effect of the
radome stiﬁat\ure upon the electronic
performance, the factor of safety of the
structural design \'should be held to the
minimum dictated by good judgment and
knowledge of the actual loading. The
more data that may be a{VaiIable and the
more exhaustive the stress:analysis, the
lower the factor of safety can be held.
The lower the factor of safety;.the less
is the material interposed in the radar
beam, and the less is the electl%k\
effect.

Although the literature records the
results of many wind-tunnel tests upon
radomes, these were based upon con-
figurations of radomes and supports dif-
fering in significant aspects from the
BMEWS radome. Wind-tunnel tests were
therefore conducted on a scale model of
this radome and its supporting building.
Data obtained from these tests included
lift, drag, moment, and a plot of pres-
sure distribution over the surface of the
radome. Values of these loads as calcu-
lated from the wind tunnel data for a
200-mph condition are: moment, 58,350,-

000 ft-lbs; lift, 1,486,000 lbs; and drag,
1,138,000 lbs.

Pressure distributions are shown in
Figs. 6 and 7. The stress analysis was
accomplished for 200 mph, and subse-
quently scaled down for the 185-mph and
130-mph criteria.

In order to calculate the membrane
stresses, it is necessary to determine a
wind-load function that adequately
approximates the measured pressure dis-
tribution over the radome surface. It is
possible to develop a function that will
closely approximate the distribution on
the upwind portion of the radome where
the stresses are most important. This
function is also shown in Figs. 6 and 7
to permit correlation between the distri-
bution calculated from the wind tunnel
study and the distribution resulting from
the load function,

Assuming symmetry about the hori-
zontal axis through the forward stagna-
tion point (valid from wind tunnel
study), the pressure distribution over
the wind-loaded radome is approximated
by the Fourier expansion

f:A 4+ Bsiny t+Ccos2v

. T
or, with vy = ?*QS,

%:A+Bsin¢—ccos2¢

where p = intensity of pressure at any
point on the spherical surface and ¢ =
intensity of pressure at the forward stag-
nation point where ¢ = =/2.

The values of the coefficients 4, B, and
C, are determined by solving simultane-
ous equations for total drag, total lift,
and a third equation, p/gq = 1 at the for-
ward stagnation point.

The wind-load function may be writ-
ten as
p/qg = — 0.61102 + 0.49825 cos ¥ +

1.11277 cos 2 ¥.

The overturning moment from wind
tunnel data is 58,350,000 ft-1bs. The cal-
culated overturning moment is 52,348,-
000 ft-lbs. The load function does not
account for skin friction, as evidenced
by the difference in the measured and
the calculated overturning moments. A
momerit correction (AM) was therefore
included in the analysis to account for
this:

AM = 58,350,000 — 52,348,000
= 6,002,000 ft.-1bs.

MEMBRANE STRESSES

The membrane stresses in the radome
are produced by each of the terms of the
wind-load function, boundary conditions
at the base plane, and by weight.
Stresses resulting from the application
of each term of the wind-load function
were superimposed on the stresses result-

40"~ 0" . 1

Fig. 2—Basic repeating spherical section and
constituent isosceles triangles.

Fig. 3—Typical radome panel layout of basic
isosceles triangles.

————ae

layout of

Fig. 5—Typical radome panel
repeating fifth segment at base.
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TABLE 1. EFFECT OF VERTICAL DEFLECTION OF BASE RING
All units of stress are lbs/lin. ft.

radome to the structural base ring. From
the diagram can be seen the method used
to transfer the hoop tension at the base

AT THE BASE 4 FT. ABOVE BASE . .
of the radome into the base ring by
EFFECT Conc. Cone. shear through the forward bolt. Subse-
Basic Total Factor Basic Total Factor quent to the erection of the complete
N max. (tension) 18590 20610 111 16,180 17,030  1.05 radome, the shear plate to which the
N min. (comp. -10,200 -12,100 119 -8,310 -9,070 1.09 clip is fastened by l‘)ody-bour%d bolts is
N shear 13,780 15700 114 11470 12,270 107 welded to the base ring. In this manner,
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ing from the boundary conditions and
skin-friction moment correction. These
stresses, calculated for the 200-mph
wind loads, were corrected to the site
wind-load criteria, 185 mph and 130
mph, and the membrane stress due to
weight were then added to give to total
membrane stresses. These stresses were
then resolved to principal stresses.
The membrane stresses were calcu-
lated on the assumption of a rigid base
support. Since the base support is ac-
tually elastic, corrections were later
applied to the calculated stresses.
Stresses were calculated for various
levels throughout the radome. It was
determined that the highest stresses
occur around the base ring. Curves show-
ing these base ring stresses for the 185-
mph radome are shown in Figs. 8 and
9, Stresses at other levels, values for the
130-mph radome, and the detailed
method for determining the membrane
stresses are shown in Reference 7.

STRESSES FROM BASE-RING DEFLECTION

The stresses induced by vertical base-
ring deflections were significant in devel-
oping the total stresses at the base of the
radome. The stresses shown in Figs. 8
and 9 are those calculated on the basis
of pure membrane theory and assuming
a uniform base support whose stiffness
is large compared to the radome. Inas-
much as the building structure does not
fit this category, it was necessary to
evaluate the stress concentrations caused
by the “hard points” over the supports
of the structural base ring.

The process involved in determining
these stress concentrations included a
series of trial-and-error calculations, and
is described in Reference 7. A summary
of critical values is shown in Table L.

The basic membrane stresses hitherto
calculated have neglected the effects of
the radial restraint of the base ring. The
restriction of the radial deflections which
would otherwise occur as a result of con-
sideration of pure membrane theory
introduces flexural stresses into the
radome base.

These stresses were calculated by con-
sideration of a cylindrical vessel with
hemispherical ends. Membrane theory
was applied to both the cylindrical and

the hemispherical parts. The resulting
stresses were compared and discontinu-
ities at the joints observed. These dis-
continuity stresses were eliminated by
shearing stresses and bending moments
uniformly distributed around the circum-
ference of the joint, The flexural stress
resulting was applied to the basic mem-
brane stress at the base of the radome.
The principle stresses were next calcu-
lated, and the corresponding stress con-
centration factors determined.

These factors are not precise because
of the computational method employed.
However, they are closely approximate
and are conservatively assumed to be
valid in the region from the base to a
height 4 feet above the base. The actual
equations and calculations are contained
in Reference 7.

JOINT DESIGN

The joints in a radome contribute the
major electronic effects. If a design
could achieve a purely isotropic con-
struction, i.e., no discontinuities, the
electronic effects of the radome would
be significantly decreased. The joints
for the BMEWS radome were designed
with this as a corollary criteria of impor-
tance equal to structural integrity.

It is of interest to note that the stress
analysis of the joint was used to prepare
a design that was modified as a result of
physical tests. Samples of the joint were
prepared on the basis of the initial
design, and this was modified in succes-
sive steps until the current design was
achieved. This joint possesses the tensile
strength required with an adequate mar-
gin of safety. In addition, the results of
many tests indicate that a balanced
dé?gn has been achieved. By this state-
ment is meant that if a large number of
samples were to be tested to destruction,
equal numbers of failures would be
recorded between tensile failure of the
skins, the bond between the skin and
the channel, and in the channel itself. In
the construction of the panels, the bond
between the honeycomb core and the
skin was developed to the point where
the skins failed in compression.

The base clip is shown in Fig. 10. A
series of these clips is bonded into each
base panel to make the joint from the

the total drag of the radome is trans-
ferred from the panel to the clips, from
the clips to the shear plate by shear
through the bolts, and from the shear
plate to the base ring by shear through
the weld. This method obviates the neces-
sity for field-reaming the base ring to
match the base panels prior to the erec-
tion of the complete radome and before
the full deflections have taken place. The
clips were designed for web bending and
were made of heat-treated 4340 steel
because of the high bending stresses that
must be resisted.

ELASTIC STABILITY (BUCKLING)

The formula for the critical pressure
that will produce buckling is
2

P, =KE %5 (1)
Where, P.. = critical pressure, E =
modulus of elasticity, ¢ = thickness of
shell, and R = major radius of radome.
The classical value for K is given by
Timoshenko2 as 0.6. Experimental
work by Von Karmen3® and Hsue-Shen

Fig. 6—Pressure distribution on wind-loaded
spherical radome above equator, L =1,486,000
Ibs; D — 1,138,000 ibs; M — 58,350,000 ft-lbs.

Fig. 7—Pressure distribution on wind-loaded
spherical radome below equator. L == 1,486,
000 Ibs; D = 1,138,000 lbs; M — 58,350,-
000 ft-lbs




Tsieu3* show the value of K, based on
uniform loading of hemispheres, to be a
function of t/R, with a value of K = 0.3
for the region of ¢/R for the BMEWS
radome. Because of the unequal stresses
existing at the stagnation point, resulting
from the wind loading seen by the
BMEWS radome, the value of K used
was 0.25. The allowable p resulting from
this value was shown to be conservative
on the basis of an independent study
made by Prof. Bijlaard, as a consultant
to RCA.

Another item that must be accounted
for is the fact that the above formula is
derived for a homogeneous shell, differ-
ing from the honeycomb sandwich con-
struction actually used. Modification of
the formula for use with sandwich con-
struction is shown below, together with
the margin of safety resulting from its
application to the radome for 185-mph
winds.

For sandwich construction,

t,2

P, =KE, —R%
Where E, = effective modulus of elas-
ticity, and t, = effective thickness of

sandwich.

Letting (EI) solid = (EI) sandwich,
Eotd _ ¢ °E
=g et

_ 6tE (c+1)2
e t 3
€

Fig. 8-—Membrane stresses around base.
v =131° 5'; Wind velocity 185 mph; W=
4.80 Ibs/f12

Fig. 9—Principal stresses around base ¥ =
131° 5'; Wind velocity 185 mph; W¢ = 4.80
Ibs/ 12,

| aTRESY, 0t les/ET

Where ¢ = core thickness of sandwich,
and t = skin thickness of sandwich.

Letting (EA4) solid = (EA) sandwich,

Egt,=2E
E = 2ttE
Therefore, ‘
2tE _ 6tE (c+1)?
te t3
le= \/ET (c+1)
2E

E =——""
V3 (c+¢)

2

P, = KEe'It{%‘

_K 2/3 (¢ + t)tE
I

P, = 3.464 K -(C+th)tE" @)

For elastic stability in 185-mph wind,
the following values were used in Equa-
tion (2): K = 0.25, ¢ = 6.000, ¢ =
0.056, E = 2.0 X 108, and R = 70 feet,
giving P, = 119.9 lbs/{t2. But,

185 \2
= X [ —
q = 9200 (200)

= 120.7 X 85562 = 103.3 lbs/{t2

P 119.9

MS =—¢ ] =222 —1
q 103.3

=0.16

MISCELLANEOUS FEATURES

Ventilation amounting to 8000 cfm of
outside air is provided to the interior of
the radome. This feature serves a num-
ber of purposes. First of all, the heat
resulting from the operation of the
pedestal, which might amount to as
much as 100,000 Btu/hr, is removed. A
second and by no means secondary hene-
fit is the equalization of inside and out-
side temperatures for the radome within
approximately 12° F, This equalization
brings the thermal stresses that might
otherwise exist in the skins to negligible
values. And last, but not least, is the
providing of breathable air to those per-
sons whose duties would keep them
inside the radome for any period time.
The entrance nozzles give a high
velocity (1500 ft/min.) to the entering
air, tbus assuring circulation by induc-
tion and preventing stagnation of the air
at the upper levels within the radome.
Because of the large volume of air
within the radome and the difference in
air pressure between the outside and
inside that might result because of the
time lag in venting the radome, the
exhaust ducts for the ventilation system
for the sites are sized to limit the maxi-
mum differential pressure to 0.02 psi.
The outlet to which these ducts are con-
nected is designed and located from
wind-tunnel data so that the exit of the

Fig. 10—Base clip for attaching radome base
panels to structural base ring.

duct is always exposed to static baro-
metric pressure. Thus, the structural
integrity of the radome is made inde-
pendent of automatic devices that might
fail at crucial times.
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Fig. 1—This aerial view at one of the
Sites shows much of the technical com-
plex, Shown are scanner and radar
transmitter and computer buildings in
addition to the huge antennas. The
antennas are larger than a football field

THE RCA SERVICE COMPANY’S ROLE

ANUARY OF 1960 marked the second
J anniversary of RCA as Weapon Sys-
tems Manager of BMEWS for the U.S.
Air Force. With the selection of RCA as
prime contractor, the need for an organi-
zation to assume the tremendous engi-
neering responsibilities was presented.
Within RCA, the Missile and Surface
Radar Division of DEP was given this
responsibility. In turn, they delegated to
the RCA Service Co. the on-site tasks of
the installation, checkout and test, inte-
gration, and operation and maintenance
BMEWS

Thus, the BMEWS Service Project
came into being and began the task of
starting from scratch to build, in one
year, an organization which normally
takes many years. The home-office head-
quarters in Riverton, New Jersey, now
occupies three buildings of over 85,000
square feet—an indicator of the neces-
sary extent of this activity.

To fulfill these responsibilities, the
Service Company’s efforts have been con-
centrated into two basic organizations,
Engineering and Operations, and Logis-
tics, whose accomplishments are a meas-
ure of the progress of the Service Proj-
ect. Other groups, such as Plans and
Requirements, Project Administration,
and Personnel, play their important role
in supporting these basic organizations.

ENGINEERING AND OPERATIONS

The structure of this organization, in
order to meet the varied site require-
ments, was set up with a wide range of
skill levels, including engineering,

by W. F. GIVEN, Mgr.
BMEWS Service Project
RCA Service Co.,
Riverton, N. J.

equipment specialists, and technical
levels. All engineers who became part of
the organization had to fulfill the same
academic and experience requirements
as engineers in other RCA divisions.

All technician and specialist personnel
must pass through a comprehensive bat-
tery of technical tests administered by
the Personnel Department and, if quali-
fied, are given additional training as
described in the Technical Training por-
tion of this article.

A “twin-brother” concept was fostered
and developed as a plan to provide the
best training for project engineers and
equipment integration engineers. The
RCA Service Co. project engineers
study equipment with the DEP project
engineering groups, and thus obtain on-
the-job training with their DEP “twin
brothérs.” Through these assignments,
the RCA Service Co. engineer learns
from actual experience and, at the same
time, develops a working relationship
with the DEP project-engineering group
that he will functionally represent at one
of the forward sites. The RCA Service
Co. equipment integration engineers per-
form in a similar manner under the
“twin-brother” concept with DEP design
and development engineers.

During the training period, the engi-
neering organization continuously plans
and prepares for work at the BMEWS

site. The engineer must originate com-
prehensive technical procedures for the !
installation, checkout and test, and inte-

gration of the BMEWS equipment. He

must assure that proper and sufficient

tools, test equipment, drawings, speci- |
fications, and material are being pro- “
vided for use. He must help in forming
the teams of engineers and technicians
required to do the task. He must furnish

technical information to the Technical =~ .-
Training and Technical Publications—~"
Groups. et

To fulfill their BMEWS ;ﬁsﬁi;nsibility
with respect to other .siubcontractors,
RCA Service Co. engineers and techni-
cians are receiving €ssential instruction
at General Electri¢ and Sylvania on the
equipment furnjshed by these subcon-
tractors. General Electric provides the
detection radar, while Sylvania produces
data-take:off and missile-impact-predic-
tion equipment. The RCA Service Co.
engineers and technicians work with
General Electric and Sylvania during
the installation, checkout, and test of
their equipment so that when the opera-
tion and maintenance phase begins,
RCA can assume complete operational
control. In addition, the RCA Service
Co. insures that the subcontractors suc-
cessfully execute their responsibilities.

SUPPORTING SERVICES

Major emphasis has been placed on
the engineering organization at this
phase of the project. But, as the
BMEWS network reaches the operation
and maintenance phase, the require-



ments of the engineering organization
will decrease. At this point, the Opera-
tions organization will take over to
direct, supervise and plan for the oper-
ating effort at all of the sites. Currently,
the organization is responsible for plan-
ning, facilities engineering, and the vari-
ous support activities. Included in the
site support activities are the machine
and carpenter shop, electronics repair
shop, as well as the cafeteria and hous-
ing responsibilities.

It would be impossible for the
BMEWS Service Project to function
without such other organizations as din-
ing services, housing and billeting,
motor pool, and quality control. Food
at the sites is provided at no cost to the
employee. At Site I in Thule, Green-
land, the support services are now in
operation. The most modern cafeteria
facilities are utilized, and the Danish
personnel who do the cooking are mas-
ters in the preparation of soups and
desserts, as well as the basic entrees. In
addition to the large dining facility on
the Thule Air Base, there is a smaller
emergency cafeteria located at the tech-
nical building complex. A well-planned
diet includes such items as roast beef,
steak, shrimp, and a complete line of
fresh fruits and vegetables. Modern
dormitory buildings featuring comfort-
ably furnished semi-private rooms are
another feature. Emergency dormitory
facilities are available at the technical
site if bad weather or any other such
occasion should arise.

Another support activity that should
not be overlooked is the site warehouse
facility where all items are safely pro-
tected._from the Arctic weather. The
30,000-square foot base warehouse and

Fig. 3—Just one of many construction problems.

technical site storerooms provide techni-
cal personnel immediate access to
replaceable parts. All of these facilities
play a most important part in the site
operations organization. The responsi-
bilities of this organization will greatly
increase as the project reaches the oper-
ation and maintenance phase.

TECHNICAL TRAINING

A major achievement to be accom-
plished by the BMEWS Service Project
is the training of hundreds of technical
people in the specialized jobs they will
have to do at the sites. The word
“trainee” in this instance may be mis-
leading, as trainees are selected by
specially designed test batteries. The
vast concentration of technological
know-how put into the equipment is an
important factor in the success of the
BMEWS Project. Because of the lack
of training time allowed, it is virtually
impossible for the average technician to
learn all there is to know within the
period set aside for training. Hence,
only those who qualify in the compre-
hensive testing system are selected for
the project.

The RCA Service Co. has gathered

Fig. 2—Construction scene at one of the Sites during the summer of 1959. Feedhorn side of
Scanner Building is being:erected. Antenna is shown completed to the left.

together technical people with wide
range of experience in electronics, radar,
computers, communications, and many
other fields closely associated with the
BMEWS equipment. With a well-
designed program of training, develop-
ment, assimilation, and communications,
these men are being trained to do their
technical jobs as well as being welded
into a coordinated team.

To accomplish this ever-increasing
requirement, additional classrooms are
being built, training aids and films are
being procured and produced, and
courses are being prepared. Hundreds
of slides have been made, as well as
block diagrams and schematics to sup-
plement each training course.

Some of the specialized courses being
taught are: Checkout and Automatic
Monitoring, Detection Radar, Missile
Impact Prediction, Communications
(telephone and radio), and Program-
mer-Operators.

The Technical Training organization
has personnel undergoing training at the
Sylvania plants in West Roxbury and
Needham, Massachusetts and at the
Syracuse, New York plant of General
Electric. Other special training for
BMEWS personnel has been received at
the North Electric Company and Good-
year Aircraft Company, as well as other
manufacturers training schools who
make equipment used at the Sites,

Technical Training instructors are
specially selected on the basis of their
teaching ability and technical back-
ground. They are thoroughly orientated
in the overall BMEWS system and main-
tenance philosophy and assigned to
specific equipment areas. They prepare
course outlines, lesson plans and develop
training aids. They also prepare demon-
strations units and prepare themselves
for teaching by visits to laboratories and
production facilities as well as discus-
sion with RCA Service Co. engineers,
and DEP engineers and designers. They
study theory and schematic manuals
produced especially for BMEWS, as
well as standard military and commer-
cial texts. Instructors are sent to sub-
contractor plants and make visits to the
sites so as to present a comprehensive
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training program. They receive train-
ing in not only individual equipment
components but also in system and sub-
system configurations.

The Technical Training organization
is expected to reach peak operation in
mid-1961. At the peak, 18 major
courses, consisting of over 200 sub-
courses, will be taught. As the program
reaches the peak, the training staff will
be increased from the present 30 to 46
personnel.

Technical Training is constantly
searching for and applying the most
advanced techniques in its endeavor to
supply to sites technically trained per-
sonnel capable of adequately maintain-
ing all the equipment of the BMEWS
Project.

TECHNICAL PUBLICATIONS

With specialized equipment at remote
sites, the importance of comprehensive
technical publications becomes greatly
increased. One of the main functions of
the Maintenance Control and Technical
Publications organizations is the pro-
duction of thousands of pages of tech-
nical data.

RCA Service Co. personnel at the
Riverton location will publish over
35,000 pages of technical information
over the next two years in the fulfillment
of the provisional handbook program.
Publications are developed by RCA
Service Company personnel and cover
RCA-built equipment. Other BMEWS
subcontractors have similar publications
programs for their own equipment. All
of the manuals and handbooks turned
out at the Riverton location are directed
toward experienced technicians. In con-
trast, the military technical manual is
written in a much more simplified form
and is directed toward personnel with
much less experience in technical fields.

As a projection however, when the
BMEWS reaches the operation and
maintenance phase, military-type tech-
nical manuals on all equipment will be
written following the basic military
format. At this time, the provisional

handbooks will be supplemented by in-
formation gained in the installation and
initial operation of the equipment. The
transitional cost of the provisional hand-
book to the “end item” technical order
is minimized by paralleling the two
approaches, insofar as possible. All
technical publications turned out by
RCA Service Company, General Elec-
tric, and Sylvania are coordinated by
the Missile and Surface Radar Division
of DEP.

At Riverton, the provisional hand-
book program is divided into six general
classifications: operational instruction,
service instructions, overhaul and repair
instructions, parts lists, diagrams, and
descriptive theory. The handbook pro-
gram takes the integrated approach and
is designed to be ptroduced on a mini-
mum budget.

A vigorous revision program is
planned to keep the handbook coverage
current at all times thereby assuring
maximum information availability. The
provisional handbook program during
this, the contractor phase of the project,
is most necessary to the eventual opera-
tions and maintenance of the system by
the military.

In connection with the technical pub-
lications function, there is a require-
ment for maintenance control. It is the
responsibility of this organization to
establish and continue to evaluate main-
tenance effectiveness and efficiency
throughout the system.

Each technical writer is indoctrinated
as to the BMEWS handbook specifica-
tions. It is extremely important that all
handbook information be written clearly
and in a uniform manner. The writers’
descriptions of equipment and parts,
proper use of symbols and abbrevia-
tions, and ability to present information
reliably, are reflected in the effective-
ness of the BMEWS Provisional hand-
book program.

The handbook program is viewed as
the prime source of documentation for
establishment of operation and main-
tenance standards for BMEWS. Thus,

Fig. 4—An aerial view of the Riverton location showing Buildings 212 and 214 at left and Building
213 at the lower right. -

great care is being taken to not only
assure accurate details, but also to
assure a fully integrated systems
approach.

LOGISTICS

When it was decided that BMEWS was
to become a reality, the task of the logis-
tic support of this gigantic undertaking
appeared enormous. How many person-
nel will be required? Where will they
live? Where will they sleep? What kind
of a diet is needed in the Arctic? What
is the best transportation available?
How do we establish a supply system
for complex gear in the Arctic that is
one-hundred-percent effective? All of
these questions had to be answered im-
mediately, yet they had to be answered
accurately. It was at this point that the
RCA Service Co. was assigned the task
of providing complete logistic support.

It was only natural, therefore, that
one of the first activities to be estab-
lished was the Support Planning Group.
With the realization that it would cost
somewhere in excess of $25,000 per year
to support each individual in the Arctic,
and facing the tremendous cost of Arctic
construction, it became almost rudi-
mentary for this group to adopt the
slogan “Never do anything in the Arctic
that can be accomplished in the U.S.”

Planning

Prior to the first BMEWS contingent
arriving at Thule Air Base, planning
had to be accomplished for their trans-
portation, living quarters, dining room,
mail, laundry, medical care, religious

services, and other miscellaneous sup-~

port. Simultaneously, requirements for
the procurement of material and equip-
ment had to be generated for such activi-
ties as a cafeteria, machine shop, elec-
tronics repair shop, mtilities shop, test
equipment laboratory, and a floating
power ship. All of these requirements
for personnel, equipment, and material
then had to be phased into a master con-
struction schedule to assure that the
arrival of personnel and material coin-
cided with the completion and the
availability of the necessary facility.
How many beds, spoons, paper clips,
and other commodities are involved in
such an effort? In this area alone, the
RCA Service Co. has procured, pack-
aged and shipped since July, 1958 over
6000 measured tons of support material.
Even this figure is insignificant when
compared with the volume of the con-
struction and installation material.

Storage

The receipt of all this material at the
forward site presented an even more for-
midable logistic problem. Once all of
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Fig. 5~—A group of technical writers at Riverton look over a digital logic circuit. Left to right:
Henry Wagner, Thomas Mulien, Vern Skare, Nicholas Bodley, Don Van Hoesen and Robert Vivian.

these pieces of material were con-
structed into an end item of equipment,
plans had to be formulated on a system
to be adopted for the continuance of the
supply support. With over 50,000 sep-
arate line items to be considered, the
supply system must not only assure that
the needed part was in the right place
at the right time, but it was necessary to
devise an identification and storage sys-
tem that would preclude future mis-
handling and loss of parts.

To accomplish this task, a Weapons
System Storage Site (WSSS) operated
by the RCA Service Co. was estab-
lished at Griffiss Air Force Base, Rome,
New York. Within this activity, the
function of Material Control, Ware-
house, and Procurement were all formu-
lated into a mechanized supply which
will eventually be integrated with a
high-speed digital computer. The ware-
house, consisting of 100,000 square feet
of space, provides a six-month backup
of siipglies for all BMEWS technical
equipment. All material accounting
functions for all the forward sites are
provided for thei~ from the WSSS.

Re-order by Computer

Under the supply system, it is not
necessary for the personael at the sites
to be concerned with the responsibility

of reordering parts. A daily report of
parts used is transmitted by the manager
of Warehousing at the sites over a trans-
ceiver net to Rome. At this point, the
information is fed into the digital com-
puter, where it is compared with pre-
vious consumption and reliability fac-
tors. Parts reaching the reorder level are
automatically recomputed and reor-
dered, and all transactions against
anticipated usage are recorded for re-
appraisal of back-up inventories. The
amount of supply inventory is automati-
cally controlled through the data-proc-
essing center, and the maintenance of
manual stock records is not required.

This material control function not
only insures against shutdown of
BMEWS equipment because of lack of
parts, but also places the huge supply
and resupply system on a most efficient
economical basis.

Using a unique system utilized by
RCA Service Co. Supply personnel, the
50,000 separate items that will even-
tually be stocked at the Rome warehouse
will be stored without any problem in
filling orders efficiently. The system
consists of categorizing parts in numeri-
cal sequence by their technical values.
This not only affords rapid recognition
of parts but precludes dual stocking
under different numbers.

Fig. 6—A BMEWS instructor {Walter Edminster) goes over a diagram explaining part of the 210-
hour Checkout Data-Processing course. Left to right: Jose Calva, Don lavallee, Bill Howard and

John Meehan around table.
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Other significant responsibilities of
the supply system include inspection
and packaging. When supplies are re-
ceived, each part is thoroughly in-
spected. It is extremely important that
each and every part is in perfect order
when it leaves the warehouse.

However, once the item leaves the
warehouse enroute to site, there is still
the possibility of damage in transit. To
cope with this problem, RCA Service
Co. personnel utilize special packagings
to protect merchandise in transit and in
storage. Special cartons, waterproofing
materials, and sealing methods are used
to protect parts from penetrating arctic
cold and moisture. A waterproof barrier
paper and heat-sealing method has been
developed. With over $8 million worth
of merchandise shipped to Greenland
via the sea lift this past summer, little
damage has been reported.

SUMMARY

In summary, the RCA Service Company
is assuming the on-site engineering re-
sponsibilities for installing, checking
out, and integrating BMEWS. When the
operation and maintenance phase be-
gins, the task of the RCA Service Co.
will be to operate and support the sites.

Even as responsibility shifts from the
engineering organization to operations,
the support organizations will continue
to play a most important part. The
requirements for the training of techni-
cal personnel, writing and publishing
technical handbooks and manuals, re-
cruiting personnel and maintaining site
support services will still be essential to
the project.

WILLIAM F. GIVEN graduated in 1943
from Lafayette College with a BS in Engineer-
ing Physics and later served in the U. S. Army
during World War II as a first lieutenant. Dur-
ing his military career, he studied advanced
electronics and math at Harvard University and
advanced radar at M. I. T. He was with the
Philco Corporation for 12 years, advancing to
Manager of Communications Engineering. Mr.
Given joined RCA in February, 1959, as Man-
ager of Engineering for the BMEWS Service
Project. The following November he became
Manager of the BMEWS Service Project.
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Consumer inferest in remote control
as a convenience for TV viewing has
created a new vehicle for TV mer-
chandising. Remote-control systems
for various applications using wires,
cables, etc. are familiar; however, it
is apparent that for home TV, a sys-
tem without the inconveniences inher-
ent in a "wired" sysfem is necessary.
To achieve this, the Color TV Product
Engineering Group designed the
“"Wireless Wizard," utilizing ultrasonic
energy as the link between the remote-
control device and the TV receiver,
Mobile, reliable, and simple, it pro-
vides contfinuous color-TV control at
the touch of a button. (For application
of this principle fo black and white
TV, see R. J. Lewis, "A 17" Portable
TV Receiver with Remote Control,"
Vol. 5, No. .}

Fig.

1~—The *"Wireless Wizard"

by E. D. FOX, J. A. KONKEL, J. L. MILLER, and D. A. TANNENBAUM

Color TV Product Engineering, RCA Victor Home Instruments, Cherry Hill, N. J.

N A “WIRELESS” remote-control device

for Tv, it is important to restrict the
transmitted energy essentially within one
room, to avoid interference with other
receivers that might be in the vicinity. To
accomplish this, ultrasonic energy was
selected to “couple” the remote unit
and the Tv receiver, since sonic energy
above the audible range is greatly atten-
uated by walls, closed doors, and win-
dows; an electronic link could cause
interference in adjacent rooms.

In seeking a practical, low-cost ultra-
sonic system, many possibilities arose:

One employed a combination of several
carrier frequencies, each pair describing
a particular operation; since this system
required co-existence of two carrier fre-
quencies and, therefore, two transmit-
ters, it did not qualify as a low-cost de-
vice. In another utilizing only one carrier
with selected modulation frequencies,
receiver decoding became too costly.
The system finally chosen employs
selected carrier frequencies for function
control, and the presence or absence of
a modulation for their direction of rota-
tion. It consists of a push-button trans-

Fig. 2-—The authors (left to right), Miller, Konkel, Fox, and Tannenbaum,
and the color-TV remote-control system. Left to right: electromechanical
coupler assembled to tuner; ulirasonic transducer; portable control {trans-
mitter); amplifier,

ERNEST D. FOX received his B. S. in Electrical Engineering
from the University of Pittsburgh in 1952. At that time he-joined
RCA as a Specialized Trainee. Following the training program,
he was assigned to the Color Television Section of the Home
Instrument Division where he has been engaged primarily in
i-f circuit work, Currently, he is associated with the desigr-of
ultrasonic transducers and transmitters.

JOHN A. KONKEL received the Bachelor of Science degree in
Electrical Engineering from the University of Minnesota in 1950;
and joined RCA as a Student Trainee. After completion of this
program he was assigned to the Color Product section of the
Home Instruments Division, He is curre.ntly engaged in remote-
control development. He is a membir of Eta Kappa Nu and
Tau Beta Pi.

JAMES L. MILLER received the B.S. degree in Electrical
Engineering (Iowa State). in 1948 and is presently working
toward the M.S. degree {Drexel Institute) in the same field. Upon
completion of the RCA Student Training program in 1948, he
was assigned to the Parts Department, Coil Development Section
working on printed circuit development and the application of
this technique to tuners, i-f amplifiers, etc. In June 1953 Mr.
Miller transferred to the Home Instrument Division working on
color Tv, i-f and video amplifiers, and remote-control devices.

D. A. TANNENBAUM received his BSEP from the University
of Michigan in 1949. Mr. Tannenbaum joined the RCA Special-
ized Training Program in 1950. After training he was assigned
to the Export Radio Section where he contributed to the develop-
ment of radio receivers for use in foreign countries. In 1951 he
joined the newly formed Color Television Engineering Section.
Certain of his articles were used in petitioning before the FCC
for acceptance of the RCA Color Television System. In 1957 he
became a member of a group formed to develop Remote Control
devices for use with Television receivers. He is a member of IRE
and has patents awarded and applied for in the areas of Television
and Remote Control.
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mitter for the v viewer (Fig. 1) and a
receiver and electromechanical coupler
for the v set (Fig. 2).

ULTRASONIC TRANSMITTER

The selected remote-control system em-
ploys a coded 20-kc oscillator to produce
selected ultrasonic signals that vary
around 40 kc. A given signal drives an
electrostatic transducer, thereby trans-
mitting a double-frequency acoustic pres-
sure that impinges on the surface of a
similar transducer at the Tv receiver.
Here, an electrical signal proportional
to the acoustic pressure is generated,
amplified and decoded to electromechan-
ically operate the proper functions.

For direction of rotation, continuous-
wave (c-w) carriers cause the selected
function to rotate in a clockwise, or up,
direction; amplitude-modulated (am)
signals cause a counter-clockwise, or
down, direction. The functions and their
corresponding coded signals are:

Signal (kc)
Function
Up Down
Tint 35.75 35.75 -+ 60-cyc mod.
Color 38.25 38.25 -4 60-cyc mod.
Volume 43.25 43.25 4- 60-cyc mod.
Channel 40,75 + 60-cyc mod.

The transmitter (Fig. 3) is composed
of an oscillator, function-selection
switches, and an electro-acoustical trans-
ducer. The major design factors were
size, weight, shape, power consumption,
ruggedness, and cost. Other require-
ments were: transmission of large ultra-
sonic outputs to minimize noise factor,
gain and impulse noise considerations
of the remote-control receiver, and de-
sign of a nondirectional transmitter for
use at all normal Tv viewing angles.

Basic Oscillator Circuit

The ultrasonic transmitter employs a
transistor-type Hartley oscillator with a
tapped voltage-step-up collector coil.
Selected capacitors are tuned to produce
oscillation at the various frequencies cor-
responding to each function. The emitter
circuit has an associated r-c time con-
stant and bias voltage which periodically
(at a 60-cycle rate) quenches oscillation,
supplying an AM signal. The c-w signal
is produced by resistively shunting the
emitter circuit to stop the quenching
action.

Oscillator Tuning

The oscillator collector coil assembly
employs a ferrite cup-core with an air
gap in the center post to allow tun-

kFig.k 3~quﬁsmiﬂer Sekematic and (right] view with caise removed.

1 ‘ ‘Ulym‘nsbnic transducer: 1) glaskyd base; 2] perforated grifl; 3) flexible
mylar film ith conduchive aluminum couﬁng"{n one side; 4) washer; 5) back

ing and minimize saturation of the cup.
The cup-core also acts as an extremely
good magnetic shield. Coil Q and maxi-
mum inductance are very high relative to
its small coil-assembly size and weight.
The coil circuit is tuned with C,, the
transducer capacitance, the distributed
and stray capacitance, and the selected
capacitors that correspond to the receiver
functions. Variations in circuit stray
capacitances are held to a minimum to
allow the use of economical trimmers for
adjustment of selected frequencies. The
oscillator is powered by a 4.2-volt, 500-
ma-hr mercury battery with a shelf-life
expectancy in excess of two years. The
circuit drain is less than 10 ma, which
enables the battery to realize its full shelf
life under normal operation.

When a particular function-selector
button is depressed, the oscillator pro-
vides a signal of 225 volts peak to the
transducer at the frequency and modu-
lation percentage selected.

Function Selection Switch

The function switch is a series of 22
electrically connected, flexible, phos-
phor-bronze fingers (Fig. 3). Gold-
plated contacts affixed near the extremi-
ties of these fingers ensure adequate
electrical contact for dry circuit switch-
ing. Stationary rhodium-plated contacts
are attached to the bakelite board and
connected by a copper pattern.
Depressing a button will complete at
least the battery circuit and a circuit
selecting the proper frequency. In addi-
tion to this, the clockwise (up) buttons
close a switch, producing a c-w oscillator
signal for application to the transducer.

Transmitter Transducer

Of the many types of ultrasonic trans-
ducers—piezoelectric, magnetostriction,
reluctance, electromagnetic, and electro-
static—the  electrostatic was chosen for
cost, size, simplicity, and performance.
Unlike most others, it has a wide-band-
pass characteristic, permitting multiple
frequencies as a coding system. Its ca-
pacitance is 135 =15 mmf{, and its sen-
sitivity is relatively high.

The transducer (Fig. 4) requires two
conductive plates (one movable) and an
insulating dielectric. The mylar film is
stretched smoothly over the surface of
the grill after assembly by exposure to
170°C air. Its materials of like thermal
expansion minimize capacitance changes
with temperature, and were selected to
be insensitive to humidity.

The transducer is employed in a novel
manner to serve as a frequency doubler
in the transmitter: An electrical signal
of 20 ke, applied to the transducer, pro-
duces a 40-kc ultrasonic output by omit-
ting the polarizing voltage used in con-
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ventional applications. This is possible
because the acoustic output of the trans-
ducer is proportional to the square of
the applied voltage. In conventional ap-
plications, the applied voltage is the sum
of a sinusoidal signal voltage and a sub-
stantially greater polarizing voltage.
Consequently, when squaring this sum,
the term containing the signal-voltage
squared is negligible, the amplitude out-
put is proportional to the cross-product,
and the frequency is the frequency of the
applied signal voltage. However, if the
polarizing voltage is zero the cross-
product is zero, and the output is propor-
tional to the square of the signal voltage.
Since this is a sin? function, it resolves
to essentially the second harmonic of the

applied signal frequency. This is devel-
oped and shown graphically in Fig. 5.

In addition, when restricted by a max-
imum instantaneous-peak-voltage limita-
tion, an equal output can be realized
from either type of transducer operatior.
Therefore, in this application, the fre-
quency-doubling, or second-harmonie,
operation is used to effect a reduction
in cost and in size by eliminating the
rectifier circuit necessary to provide a
polarizing voltage.

The transmitter (Figs. 1 and 3) is
small (114 x 214 x 4 inches) and weighs
less than 12 ounces. It is housed in an
“impac” plastic case and is very rugged.
Its normal output is sufficient for reliable
operation at a distance of 85 to 110 feet
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By inspection, the maximum output
from each of the two cases are equal
if: 1) instantaneous sum of voltage is
limited by E, and 2) the driving
source delivers E, volts across trans-
ducer. The output force for the 2nd
harmonic is:

2
f=— AE cos wt

with normal receiver circuitry. The large
dispersion angle of the transducer (6 db
within an angle of +=45°) and the high
sensitivity of the system minimizes the
need for aiming the transmitter.

ULTRASONIC RECEIVER

When an ultrasonic signal impinges on
the electrostatic transducer in the re-
ceiver (Fig. 6), the electrical signal pro-
duced is amplified, stepped down to a low
impedance, and applied to the appropri-
ate series-tuned circuit. A series rectifier,
connected to this tuned circuit, produces
a d-c voltage that Is applied to the con-
trol-tube grid. This positive voltage
causes the keyer tube to conduct, clos-
ing the relay for the desired function.

To operate a given function in a
counter-clockwise (down) direction, the .
AM signal reverses the motor through
a relay.

40-kc Amplifier

The 40-kc amplifier section contains four
resistance-coupled amplifiers utilizing
12AX7 twin triodes. The gain of the
resistance-coupled amplifier is 120 db.
The gain bandwidth was determined con-
ventionally. The response gives adequate
cut-off of the lower audible spectrum
and sufficient attenuation to the horizon-
tal oscillator fundamental. Above 40-ke,
the amplifier has a conventional r-c roll-
off characteristic. The values of the inter-
stage coupling capacitors are small
enough to provide a capacity tap into the
amplifier grid circuits. Miller effects,
therefore, become appreciable and pro-
vide enough negative feedback to stabi-
lize the amplifier, making the amplifier- -~
section gain relatively constant . gfid
independent of component vari tions.
Noise immunity is exce/]lent in the r-c
amplifier because there gire no tuned cir-
cuits to provide harminic noise compo-
nents within the pats-band of the func-
tion-selector chanriels. In addition, age
control voltage-'is obtained from this

Fig. 5—Left; ‘mathematical basis of frequency-
doubling fechnique. Below: acoustic output vs.
input, “showing frequency-doubling character-
istic in absence of Vp.

L WITHOUT POLARIZING VOLTAGE-




Fig. 6—Receiver signal flow chart.

wideband source, which provides an ef-
fective degree of noise cancellation.
The 6BN8 output stage (Fig.7) serves
two purposes: it provides a wideband
source (Q=4) for the operation of the
reversing channels, and a low-impedance
source for the function-control channels.

Function Selector Channels

The function-selector channels are com-
posed of four series-tuned circuits con-
nected in parallel across the low-imped-
ance driver link. The low-impedance is
required to provide a minimum of inter-
action between the series-tuned circuits
and to keep their Q as high as possible.
A series rectifier is connected at the junc-
tion of the inductance and capacitance of
the series-tuned circuit (Fig. 7) with a
voltage stepup to this junction from the
link that is approximately equal to the
Q ratio. In this circuit, the stepup is
approximately 40:1. Because of this high
selectivity, very little of this voltage ap-
pears at the rectifier of other functions
(Fig. 8). The clockwise, or c-w, signal
of the desired function is rectified and
filtered, and the positive d-c voltage is
applied to the grid of the appropriate
keyer tube (normally cut off ). This posi-
tive voitage causes the keyer tube to con-
duct, thereby closing the relay and com-
pleting the circuit for the electromechan-
ical coupler....

High selectivity for the series-tuned
circuits is required to prevent extraneous
signals from operating the keyer tubes.
Integrating networks are used between
the detector and keyer tukes to keep
sharp bursts of unwanted signals, which
may be exactly at the function frequency,
from turning it on.

The tuned-circuit coils are universal-
wound on a paper form and covered with
an iron-core hat. The iron-core hat in-
creases inductance in addition to provid-
ing a shielding effect, preventing a loss
in Q. Coil Q’s of 80 to 120 can be real-
ized, while circuit Q’s of 40 to 60 are
obtained. Higher (’s increase the rejec-
tion of adjacent signals, but are not prac-
tical; maintenance of stability is more
difficult because of temperature and hu-
midity variation.

Bias for the function relay stage is
obtained from a B+ bleeder and a com-
mon cathode resistor. To prevent exces-
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sive cathode degeneration and maintain
a low bleeder current, the bias is ob-
tained from two sources: the 170-volt
B+ supply and the +36-volt d-c solenoid
supply. Regulation of the 36-volt supply
is in the direction to lower the bias on
the relay stage when the electromechani-
cal coupler is activated. The drop in bias
provides positive relay closure and pre-
vents relay chatter. The relay is one of
the high-sensitivity type: 2000-ohm plate
impedance and 5-ma closing current.

Automatic Gain Control

The am detector is fed from the 40-ke
driver stage, and detection of the Am
reversing signal envelope is accom-
plished by grid detection in the 6CG7
buffer-amplifier stage. The negative d-c
voltage developed at this point is fed
back to the r-c amplifier stages for age
(Fig. 7). The agc positive delay voltage
is derived from the plate circuit. The
detector action of this circuit provides a
variable positive delay voltage propor-
tional to signal level. As signal level in-
creases, the positive plate voltage drops,
which increases the gain of the agc loop
and gives a constant output over a wide
range of signal levels. In addition, the
delay voltage helps provide for an in-
crease in output amplitude of the am
signal, by increasing with an increase in
aM signal level. This reduces the gain of
the age loop, making the peak amplitude
on a modulated signal substantially
higher in the driver plate. The increase
is needed to provide a constant d-c¢ out-
put from the function-selector detectors
independent of modulation percentage.

AM Detector and Amplifier Channels

The 60-cycle envelope detected at the
grid of the 6CG7 is amplified in the plate
circuit of the same stage. The output
from this buffer amplifier is again de-
tected, and the positive voltage is fed to
the grid of the motor-reverse relay stage
through an appropriate filter network.
Since the control voltage for the revers-
ing function is derived from a broadband
source, this function is not noise-immune,
and random bursts of noise would inter-
mittently cause the reversing relay to
close. To prevent this, the reversing relay
is latched closed by permitting hold-in
current to flow through the relay and the

Fig. 7—Amplifier simplified schematic.

normally closed contact of the motor
start relay. This, in effect, provides the
reversing channel with the equivalent
noise immunity of the function channels.
When either an AM or c-w signal is re-
ceived, the reversing relay is unlatched.
The c-w signals keep it open, while plate
current from an AM signal causes it to
close.

The over-all sensitivity of the receiver
is such that each function will operate
when a 2-uv signal of the appropriate
frequency is applied at the input. This
corresponds to 85 to 110 feet in distance
when used with a nominal receiver trans-
ducer and transmitter. This is not con-
sidered excessive, even though the trans-
mitter and receiver separation is seldom
greater than 20 feet in actual practice.
The additional sensitivity provides
enough reserve to allow for signal varia-
tion due to multipath reception, direc-
tivity pattern of the receiving transducer,
and aging; it eliminates the need for aim-
ing the transmitter.

ELECTROMECHANICAL COUPLER

The final link in the system is the electro-
mechanical coupling mechanism (Fig.
9). Using the decoded information from
the receiver, this mechanism selectively
allows the tuner and control potentiom-
eters, manually variable at the receiver,
to be continuously remote controlled.
The physical package design for this
device is dictated by the functionally
styled arrangement of the operational
controls on the TV receiver, and the space
limitations of the cabinet. With the ex-
ception of the wiring to the potentiom-
eters and tuner, this package is a com-
pletely separate entity which can be
added (in production only) to a stand-
ard nonremotely controlled color-Tv

Fig. 8—Amplifier, point-by-point agc operative.
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chassis. The styling concept also dictates
that certain potentiometer controls be
mechanically dualed: volume on-off with
color, and brightness with hue. For pur-
poses of remote control, all but bright-
ness are remotely adjustable.

Motor

The reversible motor is a 2500-rpm, two-
pole, four-coil, 24-volt induction type,
fitted with a 250:1 ratio gear box having
a nominal output shaft speed of 10 rpm.
Its minimum torque capability is 120
oz-in to drive the tuner (90-100 oz-in)
potentiometers (1-3 oz-in) and a-c snap
switch (15-20 oz-in). Current require-
ments are in the order of 1 ampere. The
40-mfd nonpolarized running capacitor
represents the phase-shift device needed
for reversible action; its value is chosen
for minimum power input consistent with
the desired minimum torque require-
ment. The reversing action of the motor
is reasonably fast—about 50 milliseconds
for complete reversal. This type of motor
is attractive because of its low cost, sim-
plicity of control switching circuits, and
good life characteristics.

Gear Train

Two outputs are obtained from the gear-
box shaft: one is a gear fixed to the shaft
and drives the channel solenoid directly;
the second, used to drive the other sole-
noids, is obtained from a slip-clutch gear.
The latter is a sandwich of two end-plates
fixed to the shaft and holding between
them two corprene washers and a gear
free to rotate about the shaft. A spring
clip and an adjustment nut allows the
sandwich to be torque-wrench tightened

PLATED!
TOSHAFT

TUNER DRIVE
GEAR CORPRENE

to a predetermined value where the cen-
ter gear will just slip at torques above
60 oz-in. This slip gear is a necessary
protection against the possibility of
breaking the stop on the potentiometer
when it has been rotated to its maximum
positions. The slip action is not required
in the case of the tuner drive, since it is
a continuously rotatable device.

Solenoid Clutch

The driven core member is a stepped
shaft free to rotate in a plate-mounted
steel bushing which also serves as the
magnetic end-cap for the solenoid coil.
Affixed to one end of the shaft is a gear
linked with the other gears being driven
at 10 rpm by the motor output shaft; the
opposite end has eight equally spaced
clutch teeth of triangular shape.

The magnetically-activated plunger is
a sliding cylindrical collar with four
matching clutch teeth on one end. This
collar is spring-loaded away from the
drive teeth at a predetermined distance
of 0,188 inch, trough to trough — the
prime gap in the magnetic circuit, occur-
ring in the middle third of the coil (for
best efficiency). The spring is seated on
a ball, held captive within a recess in
the core, and is held in alignment by a
brass guide pin inside the plunger.
Spring material is piano wire which,
although magnetic in character, indi-
cated little or no effect on the magnetic
flux path. The ball permits free rotation
and eliminates the possibility of spring
wind-up and consequent binding. This
magnetically-activated collar, then, cou-
ples the motor to the potentiometer shaft.

k‘ Fig: 9—£le€trome¢hahical coupler: k(l);c‘o'up!ér
_assembly: (2) solenoid cluich; (3] slip-cluich
~ geor drive for potentiometers; (4) funer (show.

. ing 13-key chonnel programmer); (5} coupler-

tuner assembly in TY receiver.

Final coupling is accomplished
through an output shaft held centered in
a plate-mounted brass bushing and hav-
ing a fork-shaped, open-ended slot at one
end and a gear affixed to the other end.
The fork-shaped slot passes inside the
back end of the plunger where it engages
the lateral cross pin. A brass output
bushing is used so as not to short-circuit
the flux path. The output gear then drives
a secondary gear affixed to the shaft of
the potentiometer. A 2:1 reduction in
speed to 5 rpm is used here in the interest
of correct “feel” for the controls; that
is, their rate of change.when motor
driven. The coil placed around the core
and plunger is held captive by the plate-
mounted bushing ead-cap on one end,
and a flush-seating stee]l plate on the
other end. Keyed steel spacers between
these two plates establish the basic me-
chanical alignment for the structure, as
well as completing the external mag-
netic:flux circuit. All magnetic parts
used in the clutch are machined from
PS-53 cold rolled steel, best for high per-
meability, low retentivity, availability,
and machinability. The surface finish
used is oxide black, which is noncorrod-
able, adds no foreign materials to the
surface, and is self-lubricating,

Solenoid Coil

The pull power and stroke of a device of
this nature are principally dependent on
and proportional to the area of the cross
section of the plunger, and the ampere
turns in the coil. Additionally, the loca-
tion of the air gap between plunger and
core, the relative coil length to coil diam-



eter, the quality of the magnetic return
path, and the magnetic quality of the
core and plunger parts will determine
the efficiency of the design. Considerable
experimentation and evaluation of
parameters was required before select-
ing the specific characteristics of each
element. Diameter, length, shape of the
core and plunger, and the consequent
coil form factor were determined for the
most part by mechanical loads involved,
space factors, dimensional tolerances,
and cost. With these parameters estab-
lished, 500 ampere-turns are required
for maximum reliability. Having a prac-
tical-maximum d-¢ current of 250 ma, a
coil of 2000 turns (# 33 wire, random-
wound) was required. The d-c resistance
is approximately 82 ohms. Materials for
the coil form were selected to minimize
the effects of temperature and humidity.
Solenoid Power Supply

In the power-supply circuit, under open-
circuit conditions, the capacitor is
charged to approximately 36 volts d-c.
Closing any one of the relay contacts
instantaneously causes the discharge of
a high-peak surge-current pulse into the
coil. This surge action improves the effi-
ciency of the solenoid by applying high-
peak current when the solenoid is in its
weakest state; that is, the magnetic gap
at maximum opening. The series resistor
serves to limit the average current and
thereby reduce the continuous watts dis-
sipated in the coil, and protects the
power supply against coil short circuits.

Switching Control Circuits

Fig. 10 shows the basic electrical ar-
rangement for selective switching. Using
the color control circuit for illustration,
sensitive relay R,3 closes on reception of
a continuous wcve signal. The relay con-
tacts supply the ground return for a
series circuit compesed of the color sole-
noid coil and the coil of a low-resistance
motor-start relay (R,6). With both these
coils energized, the cluteh pulls in, en-
gaging the motor gear train to the poten-
tiometer gear train, and at the same time
the ground return supplied by R,6 con-
tacts to the motor control circuit causes
the motor to start in a clockwise direc-
tion. An AM signal which activates the
reverse channel relay R,5 would reverse
the motor direction.

Avtomatic Programmer for Tuner

A special switching case exists when
operating the channel control circuit.
Once energized by signal, this circuit
must provide automatic electrical latch-
ing of the solenoid and the motor power
to permit the tuner to proceed to the next
programmed channel and come to rest
properly detented. Programming of de-
sired channels is customer-selected.

The 13-key lever programmer device
is affixed to the shaft of the tuner with
one key per channel (Fig. 9). Lifting the
lever associated with the desired channel
causes the station stopper switch to open
when this channel is encountered during
the rotation of the tuner. The tuner then
comes to rest in detent. Depressing the
key would cause the switch to remain
closed during rotation, thereby repre-
senting an undesired channel, hence
causing the tuner to continue rotating
until the next open-switch condition oc-
curs, This open-seeking switch then is the
latch-unlatch sensor whose contacts are
part of a series control circuit made up
of resistor R, contacts ¢ and 4 on relay
R,1, and the coil of relay R,1 (Fig. 10).

Operationally, when a channel control
signal is received,-relay R,1 closes,
thereby supplying the ground return for
the channel solenoid and motor control
circuits. Additionally, this double-pole
relay supplies the ground return for the
latching circuit. Latching contacts ¢ and
d on R,1 are required to deactivate the
circuit when the tuner is manually oper-
ated. Otherwise, the selection of an un-
programmed channel manually would
cause the station stopper switch to close
activating the coupler and directing the
tuner to the next programmed channel.
The signal must be of a duration suffi-
cient for the tuner to start out of detent
and begin rotating. The instant the tuner
is out of detent, the sensing switch closes,
completing the series loop back to the
top of the control relay R,1.

This establishes a d-c current path,
independent of the original plate current
signal, and hence acts to hold control
relay R,1 energized. As a result, the
channel solenoid remains energized and
the motor continues to run until such
time as the station-stopper sensing
switch is caused to open by the detection
of the next programmed channel. At this

Fig. 10
“Switching
diagram.
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time, R, 1 opens and all power is removed
from the circuit, leaving the tuner at rest
and in detent.

Standby and Master Power Switching

One of the unique features of this system
is the method for remotely controlling
the a-c power to the Tv chassis and to
the remote control chassis. A double
switching arrangement is mechanically
associated with the volume control poten-
tiometer. One a-c snap switch serves for
master power on-off. A second a-c snap
switch serves for Tv power on-off. The
switch actions are displaced by an angle
of 60° which means that as the volume
control is rotated, at 5 rpm, in a counter-
clockwise (down) direction, the TV
power off switch first operates. At this
time, the Tv viewer can stop the system,
leaving the remote-control receiver in
standby and allowing the TV receiver to
be turned on again by remote control.

To turn off all power to the instrument,
it is necessary to continue the rotation of
the volume control in the counterclock-
wise (down) direction until the master
power switch activates. At 5 rpm, a two-
second interval is involved, an average
time required for the viewer to respond
in the event he desires only to turn the
1v off. Once the master switch has acted,
it is necessary to manually turn the in-
strument on. This desirable master off
feature prevents the wireless receiver
from continuously drawing standby
power.
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At 6:40 AM on April |, 1960, the
TIROS | safellite was launched from
Cape Canaveral, Fla., entering a near-
circular orbit of about 450 statufe
miles altitude shortly thereafter.
TIROS | makes roughly 14 passes each
day, and is expected fo do so for dec-
ades; it is planned that use will be
made of its instrumentation for about
90 days. TIROS | represents an out-
standing achievement for the engi-
neering groups of V. N. Landon, Mgr.
Staff Engineering, and E. A. Gold-
berg, Mgr., Space Vehicle Systems, at
the RCA Astro-Electronic Products
Division, Princeton, N.J., where it was
developed and built. Its success stands
as a major step forward in space tech-
nology. The Editors are indebted to 1.
M. Seideman of AEP Engineering for
compiling the material presented here.
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RCA-DEVELOPED
TIROS I Television
Satellite Sending Valuable
Cloud Pictures

Fig. 1—A. Schnapf, Ass't Manager for the
TIROS project at the RCA Astro-Electronic
Products Division, inspects an exterior com-
ponent of the TIROS | satellite. This view shows
a good portion of the more than 9000 solar
cells constituting the primary electrical power
supply; the four elements of the transmitting
antenna, shared by all r-f subsystems; and the
optical system of one of the TV cameras. Nearly
all major components are mounted, through a
base plate, to the structural ribs showing on
the bottom.
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IROS 1, waicH HAS been success-
fully launched into orbit from Cape
Canaveral, is an important satellite
experiment expected to provide meteor-
ologists with additional data for weather
forecasting. Until now, adequate
weather reporting from ocean areas and
uninhabited land areas of the earth has
not been practical. Now, however, the
cloud pictures taken by the TIROS I
satellite can be interpreted, by analysis
and by comparison with known weather
conditions, to reveal the weather and
weather movement in hitherto inacces-
sible areas. Cloud systems and their
- movement are observed by the Tv cam-
eras aboard the satellite; major storms
and hurricanes, for example, now can
be followed closely over large areas.

GOVERNMENT AND INDUSTRY SHARE
IN SUCCESS
Although the TIROS satellite and its
instrumentation were developed and
produced by the RCA Astro-Electronic
Products Division in Princeton, N. J.,
many other organizations were necessary
for the success of the TIROS project.
The National Aeronautics and Space
Administration (NASA) had over-all
management control; and the U.S.
Army Signal Research and Development
Laboratories (at Ft. Monmouth, N. J.)
provided the technical direction for the
satellite development. The Space Tech-
nology Laboratories, in conjunction with
Douglas Aircraft and under technical
direction of the U.S. Air Force Ballistic
Missile Division, were responsible for
. providing the three-stage Thor-Able
Jauuching vehicle and for the launching
itself.~The Space Operations Control
Center of NASA is directing the opera-
tional phase’uf the program, with sup-
port from the NASA Computing Center
and the U.S. Weatuer Bureau’s Meteoro-
logical Satellite Section. Meteorologists
representing many’ agencies (including
the Air Force Cambridge Research Cen-
ter, the Navy Research Weather Facility,
and the U.S. Army Signal Corps) are
located at the Kaena Pt., Hawaii, and
Ft. Monmouth, N. J., ground stations. ~

DATA RECEIVED AT HAWAII
AND FT. MONMOUTH
The two primary ground stations of the
TIROS I system, operated for NASA
under the technical supervision of the
U.S. Army Signal Corps, are located at
Kaena Pt., Hawaii, and at Ft. Mon-
mouth, N. J. The Hawaii station is oper-
ated by the Lockheed Missile and Space
Division and its consultant, the Philco
Corp., under contract to the U.S. Air
Force Ballistic Missile Division; the Ft.
Monmouth station, by the U.S. Army
Signal Corps. Both have full control and

Fig. 3—P. Binstock observes the operation of a tape recorder at
the TIROS ground-station installation at AEP.

programming facilities for the satellite,
and have receiving and data-processing
facilities for data returned by the satel-
lite. Contact with the satellite can be
maintained by at least one of these sta-
tions for all but three of ijts orbits
(which take about 90 minutes each)
every day. In addition, a back-up station
is being operated by NASA at Cape
Canaveral, Fla., and a station at Prince-
ton, N. J., is being operated by AEP per-
sonnel to obtain test and evaluation data.
Satellite position and altitude data will
be obtained by established radars, and
stations of the Minitrack network.

SATELLITE FUNCTIONS
CONTROLLED FROM EARTH

The TIROS satellite is within communi-
cation range of a ground station for only
a small portion of each orbit. During
this time, it receives instructions for 1)
automatic operation of the TV camera
systems during the succeeding orbit

(i.e., the time to start operation, the
sequence of operation of the cameras,
etc.) ; 2) the transmission of stored pic-
ture data to the ground station; and 3)
direct transmission of the camera pic-
tures while the satellite is still within
range. Since this involves a considerable
number of instructions to be sent from
the ground station in rapid sequence,
facilities are provided for pre-program-
ming complete sets of instructions at
each ground station. This permits both
a careful check beforehand of what is
set up on the equipment and an uninter-
rupted sequence of transmission once it
has started.

TIROS WEIGHT TOPS 250 LBS,

The TIROS satellite is roughly cylindri-
cal in shape (actually an 18-sided poly-
hedron), about 42 inches in diameter
and 19 inches high, and weighs over 250

Ibs. The four-element transmitting

Fig. 4—Actual TIROS | cloud-cover TV pictures of the central Pacific Ocean. Left: The wide-angle TV-
camera shows giant cloud bands. Right: Narrow-angle TV-camera detail of the cloud structure in the

center of the left photo.
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Fig. 6—Sidney Sternberg, Chief Engineer of AEP,
inspecting the first assembly of a TIROS | satellite.
This is not a flyable model, although identical in con-
struction, because of the severe tests to which it was
subjected.

‘Fig. 5—Cutaway of the TIROS satellite, showing:
1) one of the two half-inch vidicon TV cameras; 2} TV
camera lens; 3} video tape recorders; 4) electronic
“clock’ for timing the operational sequence of the
system; 5) TV transmitter; 6) power-supply batteries;
7) TY camera electronics; 8) tape-recorder electronics;
9) and 10) control circuits; 11) power converter for
tape motor; 12) voltage regulator; 13) battery-charg-
ing regulator; 14) auxiliary synchronizing generator
for TV; 15) transmitting antennas; 16) receiving
antenna; 17) and 19} solar sensor for detecting sun
angie at time of picture-taking; 18) solar cells; 20) de-
spin “yo-yo' mechanism to slow spin rate; 21) spin-up
rockets to boost spin rate as desired.

-

Fig. 8—The light-weight, low-power magnetic-tape
transport,

Fig. 7—TV picture subsystem. Top: in the satellite;
bottom: in the ground station. Dashed lines indicate
associate control equipment. The output of the two
radio-controlied TV camera systems are received,
sequentially, by a single TV channel at each ground
station. Pictures are displayed and photographed as
they are received, and are tape-recorded for future
play-back.
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Fig. 9—Actual TIROS | wide-angle TV-camera picture taken over the
Mediterranean looking toward the Alps {heavy cloud layer in center
of photo). At center is the ltalian peninsula.

Fig. 11— Actual TIROS | wide-angle TV-camera picture of the Red Sea
area, with the Nile River the dark strip at left. The Mediterranean is

at the upper left.

antenna ¢nd TV caneras project through
the bottom surface. The top and sides
are covered with solar cells for the power
supply, and the receiving antenna pro-
jects upward along the axis line. The
instrumentation, practically ali of which
is mounted on the base plate, is of spe-
cial light-weight and miniaturized con-
struction. Although TIROS I does not
carry infrared instrumentation, space
was provided so that the next TIROS
satellite to go aloft can be equipped to
measure the earth’s heat reflection and
radiation.

The average power requirements of 18
watts for the TIROS satellite instrumen-
tation must be generated by the solar
cells on the illuminated portion of the
satellite while it is not in the shadow of
the earth. This is accomplished by more
than 9000 solar cells connected in a
gigantic series-parallel network. The

maximum voltage generated is close to
33 volts. The solar-cell output charges a
bank of storage batteries, the output of
which, in turn, is 1) used directly, 2)
voltage-regulated, or 3) converted to
other a-c or d-c voltages.

TELEMETRY REPORTS SATELLITE
CONDITION
Forty parameters of the satellite (i.e.,
temperatures and voltages) are meas-
ured and transmitted serially to the
ground station at least once during each
contact period. For reliability, all meas-
urements are sent twice, through sepa-
rate beacon transmitters during the
telemetry period. An FM-AM telemetry
system is used. All data is plotted auto-
matically on a paper chart recorder at
the ground station as a deviation from
zero volts. An overlay showing the cor-
rect deviation makes possible a quick

Fig. 10—The TIROS satellite on a vibration table at
AEP, with G. Hieber at the controls and E. Grzegor-
zewski monitoring test readings.

comparison and easy recognition of a
variance outside of tolerance limits.

SATELLITE “FLIGHT-TESTED”” ON GROUND

All possible precautions were taken be-
fore the launching of TIROS I to ensure
that the instrumentation would both sur-
vive the shock of launching and operate
properly for the life of the satellite.
The environmental conditions actually
encountered were simulated at the AEP
test laboratories, and models of the satel-
lite were subjected to conditions far
more severe than those actually antici-
pated. Among the commercial test
equipment used were a vacuum cham-
ber large enough to house the entire
satellite, and a vibration machine, or
“shaker.” A structural load test device
was designed and assembled at AEP
and, so far as is known, is the only one
of its kind.
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WEST COAST MISSILE

AND SURFACE RADAR DIVISION

EXPANSION oF RCA Defense Elec-
tronic Product activities within
the West Coast industrial and mili-
tary complex has been an inevitable
part of RCA growth. The proximity
to major airframe and missile manu-
facturers, to military installations
and test ranges, to universities, and
to large numbers of electronic sup-
pliers and users was an important
factor behind this expansion.

Recognition of these expanding
requirements was reflected early in
1959, when ground was broken for
an entirely new plant at Van Nuys,
California. This 235,000-square-foot
facility, located on acreage sufficient
for additional expansion, now houses
the West Coast Missile and Surface
Radar Division. Construction pro-
gressed sufficiently in 1959 to allow
establishment of the Engineering
Department and supporting activi-
ties. Production, marketing, adminis-
trative, and cafeteria facilities were
occupied in early 1960.

ENGINEERING GROWTH

Initially, the West Coast operation
had built capabilities in the fields of
light radar, navigation, missile con-
trols, electronic countermeasures,
simulators, radar altimeters and bea-

cons. Now, its additional capabilities
allow a grouping of interests as fol-
fows:
1) Electronic Countermeasures
2) Data-Processing Equipment
3) Electronic Displays
4) Missile Launch Control, Auto-
matic Checkout and Ground
Support Systems

5) Airborne Radar and Naviga-
tion Equipment .

A major element in the new engi-
neering responsibility of the West
Coast Missile and Surface Radar
Division is the Atlas missile check-
out and launch control equipment
program. It was transferred from the
Moorestown Missile and Surface
Radar Division. At the same time, a
number of engineering personnel
were Transferred from RCA locations
on the east coast—the nucleus of the
Atlas project engineering organiza-
tion and the nucleus of several design
and development engineering groups
whose interests and capabilities
extend to data processing, digital
computers, electronic displays, and
associated products and techniques.
The engineers who transferred,
together with a larger number who
have recently joined the West Coast
staff through an effective recruiting

During the past seven years, a rela-
tively small West Coast DEP operation
has built up engineering capabilities
in @ number of defense electronics
fields. Recently, additional powerful
capabilities have been added to this
group, as described herein. Its engi-
neering organization has expanded
threefold, and now, as a full-fledged
operating Division of DEP, it supplies
RCA with a major technical capabil-
ity within the West Coast industrial
and military complex. (For overall
organizational relationships within
DEP, see p. 68, Vol. 5, No. 3, of the
RCA ENGINEER.)

by R. E. ROBERTSON, Mgr.
Advanced Projects

West Coast Missile and Surface Radar Division

DEP, Van Nuys, Calif.

program, have expanded the engi-
neering organization more than three-

fold.

ENGINEERING FACILITIES

Initial action leading to the construc-
tion of the new facilities at Van Nuys
was taken nearly five years ago. RCA
purchased the 53-acre plot of ground
in 1955, since it was apparent that
expansion on the WestCoast was
inevitable. The Department of
Defense decentralization in 1956 and
the business recession in 1957
deferred action  on the expansion.
Approval to go ahead with the pres-
ent construction was granted by the
RCA Board of Directors early in
1959.

The present complex of buildings
being constructed in Van Nuys under
Phase I of the building program
includes the eight separate buildings
shown in Fig. 1. A Phase II construc-
tion program, scheduled for the
future, includes the additional build-
ings shown.

Although the basic design of the
engineering buildings was under-
taken five years ago, the concept of
flexibility was sound enough to per-
mit its use basically unchanged. With
the exception of permanent rooms




G. F. Breitwieser, Chief Engineer, and A, N.
Curtiss, General Manager, West Coast Missile
and Surface Radar Division, and the new Ad-
ministration Building at the Van Nuys facility.

such as conference rooms, halls, util-
ity rooms, etc., the buildings have
complete flexibility in interior layout.
The major avenue for foot traffic is
located outside the buildings, with an
overhang providing weather protec-
tion. Lighting and air conditioning
are designed to permit interior
realignment of equipment and per-
sonnel locations. Both the north and
the south sides have continuous win-
dows running the length of the
building. As shown in Fig. 1, the
Engineering Tower acts as a commu-
nications hub for the three Phase 1
engineering buildings and the fourth
one planned for Phase II.

The three Engineering buildings
accommodate approximately 400
engineers. The offices of the Division
General Manager and his staff, mar-
keting, and engineering employment
are located in the Administration
building. The Plant Operations build-
ing houses the financial personnel,
purchasing, and manufacturing opera-
tions, with approximately 5000 square
feet for the model shop. Two of the
engineering buildings accommodate
the design and development engi-
neering staff and the laboratories.
The third houses systems engineering,
engineering projects, engineering
administration, engineering services,
and the auditorium.

ENGINEERING ORGANIZATION

A realignment of the engineering
organization has accompanied this
growth. It now follows roughly the
phases of the development process,
beginning with systems requirements
studies, proceeding through systems
synthesis and analysis, through devel-
opment and design, and culminating
in a product design to satisfy the
requirements. In all of its phases, the
work program is integrated by appro-
priate systems engineering and proj-
ect management. In the engineering
of defense systems and subsystems, a
foundation is provided by the con-
tributions which come from past or
present engineering programs. There
is always the need for new and better
components and techniques in the
design of new and improved defense
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_ FUTURE ADDITIONAL
 MANUPACTURING AND
_ ENGINEERING SHOP ARE,

facility, located at 8500 Balboa Blvd. Future development is shown in dashed lines. Legend:
301, Administration; 302, Cafeteria; 303, Manufacturing; 304, Tower; 305, 306, 307, Engi-

neering; 312, Cooling Tower,

systems. Conversely, the introduction
of these components and techniques
allows the design of improved
defense systems. It is the recognition
of this inter-relationship and the need
for proper integration of activities
that provide the basis for the present
engineering organization and its
activities. (See Fig. 2).

Systems engineering performs a
technical integration function through
all phases of the development proc-
ess, from initial conception to the
final field evaluation of the engi-
neered product. Systems engineering
is a reiterative process in which each
new phase of development in a com-
ponent or subsystem feeds back into
the overall system design, allowing
trade-offs between the various com-

ponents and subsystems in order to
more nearly approach an optimum
design. The combination of existing
engineering strengths in component
and techniques design, together with
the growth in these and in systems
engineering, has brought together a
strong team for attacking and carry-
ing out engineering responsibilities.

ENGINEERING PROGRAMS

By virtue of its size, the principal
West Coast program is the equipment
for the Atlas ICBM launch control
and checkout. It includes design and
development work for particular sys-
tem elements, project engineering for
items which are produced by subcon-
tractors or other RCA plants, and
field operations in the installation

Fig. 2—Basic engineering organization,
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and initial operation of equipment at
Air Force bases, such as Vandenberg
and Warren. The equipment pres-
ently in the production stage is for
fixed installations. Currently, the
principal design effort is concentrated
on the logical extension to mobile
equipment, together with the vehicles
which will house it. These combined
programs will be in engineering and
production through 1960 and beyond.

Considerable attention is being
given to the product potential of
other missile and satellite checkout
and ground-support system designs.
There are a number of military pro-
grams in progress with requirements
for this type of equipment. Included
are Dynasoar, Minuteman, Super-
sonic Low Altitude Missile, and a
variety of satellites.

In electronic countermeasures
(ECM) equipment, the engineering
activity has extended to a number of
different contracts. These include
study contracts for automatic jam-
ming, for detection countermeasures,
and, most recently, for the use of
ECM on a satellite in orbit. As a
result of this and earlier work in
ECM techniques, the AN/ULQ-5
Countermeasures Set and The AN/
ULQ-6 ECM Repeater equipments
are now being developed for the
Navy. These are scheduled to reach
the production phase in 1960. In
addition, several RCA General Engi-
neering and Development projects are
in progress for advancing the state-
of-the-art in ECM techniques and
systems.

In the area of military data-proc-
essing and electronic-display equip-
ment, there have been a number of
separate design efforts which were
transferred from the Moorestown
Missile and Surface Radar Division.
Included is data processing equip-
ment for: BMEWS, the Automatic
Ground-to-Air Communications Sys-
tems (AGACS), the Atlantic Missile
Range and Pine Tree Digital Data
Processing, AN/EPS-16 Digital Data
Read-out, and DAMP Ship Data Con-
verter Print-out and Decimal Display.
Extensions of these capabilities in
data processing and displays have
placed West Coast Missile and Sur-
face Radar Division in the center of
consideration for data-processing and
display equipment for the support of

missile ranges, future combat opera-
tions centers, and early-warning sys-
tems.

Design activities have been
extended in providing simulation
equipment for training military per-
sonnel in decision-making functions.
Presently, the design of the AN/
GPS-T2A radar and ECM simulator-
trainer is being modernized for a
third round of service procurement.
Recent engineering activities have
included production support of main-
tenance supplies for these initial
equipments, a modification design to
adapt this simulator to the AN/
FPS-3 radar, and the new contract to
modernize the design. Study pro-
grams and proposal efforts in prog-
ress are examining the use of simula-
tion equipment to provide a system
model for the study of overall missile
systems and to provide means for
training and exercising personnel in
combat operation centers.

A contracted engineering study is
making a basic investigation of
propagation through ionized media,
as a part of the effort to solve the
radar-antenna design problem for
missiles such as Dynasoar. Its experi-
mental phases are being carried out
in the new hypersonic wind tunnel at
the University of Southern Califor-
nia. This investigation is in support
of the lightweight-radar work, in
which this Division has been well
known for the AN/APS-42 and the
RCA AVQ-10 Weather Radar. The
latter has provided United Airlines
with the familiar nickname of the
“Radar Line.”

In the airborne electronic compo-
nent product area, the Thor missile
autopilot has been receiving engi-
neering support for production. and
product improvement programs. A
small, transistorized version was
demonstrated recently to the Thor
preject engineers. Other products in
production which require engineering
support include AN/APN-70 Loran
Receivers, CV-402 Waveform Con-
verters for the AN/APS-42 Radar,
MX-1646 Communications Adapters,
and r-f test units for BMEWS. Exten-
sions of this product area include pro-
posals for low altitude radar altim-
eters, coherent radar beacons, and
missile autopilots. Several of these
have been projected as equipment

which will use RCA micromodule
techniques for compact, lightweight
designs,

Thus, in these new Van Nuys facil-
ities, a wide variety of engineering
experience and technical background
is contributing to a broad but related
group of product designs in the West
Coast Missile and Surface Radar
Division. RCA engineering is certain
to play an even more important
future role in the swift industrial
expansion of the West Coast. The
establishment of this expanded organ-
ization and facilities in the San Fer-
nando Valley has been a major step
in keeping pace with this growth.
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engineering design and management contribu-
tions. His early design experience was on
airborne radar fire control at General Electric,
and missile guidance at Bell Aircraft and the
National Bureau of Standards. Returning to
General Electric, he was Supervisor of Radio
Guidance and Computer Engineering for the
Hermes Missile Program and Manager of
Instrumentation Engineering for the ICBM
and IRBM nose cone programs. He was also
Assistant Project Manager for the MA-1
Weapon System supplied by Hughes Aircraft
for the F-106 Interceptor. Sponsored by Booz,
Allen and Hamilton Management Consultants,
he was Chief Engineer of the B & H Instru-
ment Company, makers of Jetcals and Ta’pots.
He joined RCA in 1958, and is now respon-
sible for project management of systems. engi-
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the study, proposal, and early contract phases
of new engineering programs.-He is a mem-
ber of Eta Kappa Nu, Delta’ Theta Phi, and
AIEE, a Senior Member of the IRE and was
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a registered profession-i engineer, is admitted
to the bar of sevelal United States Courts
(including the U.’S. Court of Customs and
Patent Appeals);” and is a licensed pilot.
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Fig. 1—Iron filing pattern of a stack model.

by Dr. M. J. SCHINDLER
Microwave Engineering
Electron Tube Division
Harrison, New Jersey

RIGINALLY, traveling-wave tubes

were placed inside solenoids, and
the uniform magnetic field of the sole-
noid focused the electron beam; how-
ever, their resulting bulk and weight
made them very unattractive for many
applications. Now, instead of a tube-
solenoid power-source package weigh-
ing about a hundred pounds, tubes using
periodic permanent-magnet focusing
weigh only one to a few pounds, and
some smaller tubes even less. Periodic
focusing is possible because the mag-
netic field appears in the second power
in the focusing formula. As a result, the
direction of the field is of no interest, and
a series of short fields having alternating
directions have essentially the same
effect as one long, uniform field. Such
a periodic field can be produced by a
number of pole pieces, as in Fig. 1, to
which alternating magnetic charges are
applied.

The periodic field is achieved by per-
manent-magnet rings placed between
metal disks, or shims, so that neighbor-
-ing magnets repel each other. In Fig. 1,
half-.of one ring magnet has been
placed unQerneath the paper on which
the iron-filing pattern is displayed, be-
tween the first~and second shims from
the right. This arrangement was used
to investigate the influence of one mag-
net upon the neighboring magnetic
cells. Each cell acts as"a magnetic lens
focusing the electron beam very much
as a convex optical lens focuses a light
beam. Generally, about 40 cells are
needed to keep the beam in \fUQus
throughout the length of the helix.™
Because of the high intensity of the
beam, the repelling forces between the
electrons spread the beam rather

A NOVEL TECHNIQUE FOR |
ANALYZING TWT MAGNETIC FOCUSING

quickly. This action would find its opti-
cal analogy in a concave, or negative,
lens.

HELIX INTERCEPTION

An electron beam in a periodically
focused traveling-wave tube is thus like
a light beam passing through 80 lenses.
Consequently, proper alignment and
focal length of the magnetic lenses are
required to maintain the beam straight
and of uniform diameter between the
electron gun and the collector.

In the development of a new tube,
therefore, focusing poses a problem.
Often, when first inserted into its mag-
net stack, a tube either exhibits poor
focusing or does not draw a beam at
all; i.e., not enough of the electrons
reach the collector, and full voltages
cannot be applied without helix dam-
age. There are many possible causes
for such a malfunction, each of which
disturbs the beam in a different man-
ner, distributing the interception along
the helix in a characteristic pattern.
However, it is cumbersome to exclude
one possible malfunction after another,
since the total interception may be sim-
ilar in several cases.

VISUAL OBSERVATION OF INTERCEPTION

A very simple technique has been
developed by the Microwave Engineer-
ing Chemical and Physical Laboratory
to make the beam-interception pattern
visible. A thin coat of a phosphor is
applied to the helix, and striking elec-
trons immediately become visible.
These phosphors can be outgassed eas-
ily and do not interfere with the opera-
tion of the tube. )

When the tube is made of glass, obser-
vation of the fluorescing helix is no prob-
lem if the bulb is accessible, as in the
case of electrostatically focused tubes.
For observation inside a solid, opaque
magnet stack, a sleeve of photographic
paper, for instance, can be inserted
between bulb and stack, and exposed.
Direct visibility is the preferable
approach, however, and slits are

DR. M. J. SCHINDLER received his MS
in Electronics in 1951 from the Institute of
Technology of Vienna, Austria. He remained
there in the Department of Metal Physics until
1954, under sponsorship of the Austrian Min-
istry of Energy, and in 1953, received his
Doctor’s Degree. From 1954 to 1957, he was
with the Tungsram-Watt tube plant in Vienna,
first as a development engineer and later as
Head of Quality Control, working on aspects of
receiving tube manufacture. In 1957-58 he was

ground into the ring magnets. The bulb
is then viewed through the gaps
between the pole pieces.

In Fig. 2 (taken at a demonstration
of this method at the 1960 IRE Conven-
tion in New York) this technique has
been applied. The tube exhibits sub-
pertodic scalloping, a rather regular
fluctuation of the light intensity along
the helix (arrows in Fig. 2), caused by
improper beam-entry conditions; for
instance, by a converging or diverging
beam instead of the required parallel
beam. In Fig. 3, a ring magnet has
been placed on top of the capsule,
approximately in the middle of the
stack. The pattern in the right half of
the stack is still the same as in the case
of Fig. 2. The left half, however,
shows an altogether different pattern.
Because of the transverse field caused
by the external magnet, the beam is
deflected and intercepted by the helix.
This effect causes that section of the
tube to be brightly illuminated.

Such a tube has been used for stud-
ies of beam focusing as well as of sec-
ondary emission. It is interesting that
secondary electrons, obtained by a

reduction of the collector voltage, travel
almost all the way back to the beam-
entry region, where they finally cause
the coated helix to fluoresce. Functional
tests performed on the phosphor-treated
tube revealed perfect high-frequency
performance.

Fig. 2—Effect of improper beam-entry condi-
tions, indicated by fluctuation of light intensity
along helix (arrows),

Fig. 3—Effect of a ring magnet placed at mid-
dle. Right half: light fluctuates as in Fig. 2;
left half: bright helix illumination indicates
proper beam interception.

at the Wright Air Development Center, Dayton,
Ohio, investigating the a-c magnetization proc-
ess. In September 1958, he joined the Chemical
and Physical Laboratory of the RCA Microwave
Operation at Harrison, where he has worked
on a number of physical problems related to
the design of traveling-wave tubes, as well as
thin magnetic films and a variety of technolog-
ical investigations. He is chairman of the Micro-
wave Engineering Education Committee.
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LASS IS AN ancient material. It was
formed naturally in the core of the
earth as obsidian or volcanic glass long
before man evolved, and made artificially
by the Egyptians more than 4000 years
ago. These first examples of glass were
used by the people of the early eras as
tools, weapon-points, and for adornment.
Structurally, glass is an amorphous
material usually composed of a mixture
of oxides with silicon dioxide. It is often
transparent or translucent, and pos-
sesses the properties of an undercooled
liquid. Thus, it has no definite crystal
structure, but is characterized by a ran-
dom network of silica tetrahedra of
infinite extent. It has no melting point,
but rather a long softening range. It
conducts electricity by the movement of
ions, just as in the case of other more-
normal liquids. It is very strong in
compression, but rather weak in tension
——characteristic of the low cohesive
strength which distinguishes liquids.
Chemically, the majority of stable
glasses are a balance of acidic and
basic oxides. Most commercial glasses
are usually composed of 60 percent or
more by weight of silicon dioxide, with
smaller additions of the network modi-
fiers. These modifiers — the alkaline
earths, the alkalies, and lead oxide—
are added to obtain the melting range,
the thermal expansion, and the other
properties desired.

VALUABLE PROPERTIES

Glass is admirably suited to its major
role as the envelope and electrical
insulation between lead wires in elec-
tron receiving tubes for several reasons.

First, its lack of crystal structure
ensures that it will be impervious to
the passage of most gases (very high
silica glasses are slightly pervious to
helium) and thus will maintain the
vacuum in an electron tube indefinitely.
Second, because glass is a solution of
oxides rather than a chemical com-
pound, its composition can be varied
linearly to obtain a material having a
thermal expansion that will match
almost exactly the expansion of the

lead wires to which it must be sealed.
This match prevents any rupture caused
by differential expansion when the tube
is heated and cooled in subsequent use.
Third, because glass is a material with
a long softening range (i.e., a large
variation of viscosity over a long range
of temperature) it can be worked on
automatic machinery at almost any rate.
Thus, a machine running at a produc-
tion rate of 400 units per hour must be
run with the glass much cooler than the
glass for one running at 1200 units per
hour for each to turn out a satisfactory
product. Fourth, because glass conducts
electricity by the actual movement of
ions through the glass, and because the
ions have very limited mobility at room
temperatures, glasses have high elec-
trical resistance at pormal tube operat-
ing temperatures. Furthermore, small
ions with high  mobility (such as
sodium) can be eliminated to produce
glasses of very high resistivities for
special applications, such as in stems of
high-voltage rectifiers.

Glasses used in receiving tubes are
normally those termed soft glasses; ie.,
they are lower melting (1300 to
1400°C) or are less refractory than the
hard glasses (melting range 1400 to
1600°C). The soft glasses normally are
worked in the range below 1000°C and
the hard glasses above 1000°C. Also,
the soft glasses have coefficients of
thermal expansion of the order of
90 X 10-7 inches per inch per degree
centigrade, which adapts them to match
platinum, chrome-iron, and dumet lead
wires. The hard glasses have thermal
expansions below 50 X 10-7 inches per
inch per degree centigrade and are
adapted to fit metals like tungsten,
molybdenum, and Kovar.

ANNEALING AND TEMPERING OF GLASS
Because glass is weak in tension, it is
frequently desirable to anneal such
glass articles as flat-press stems to
remove dangerous tensions. Table I
lists the annealing temperature for each
glass. Heating the glass at this tempera-
ture for 15 minutes will remove 90 per-
cent of the strain. At the strain point,
a similar strain removal will require
four hours heating.

JOHN GALLUP received the BS in
Ceramic Engineering from Alfred University
and the MS in Ceramics from Rutgers Uni-
versity. He has been a ceramic engineer and
glass technologist in the Chemical and Physical
Laboratory at Harrison since 1932, and is the
senior glass technologist in the Electron Tube
Division, He is a member of the American
Ceramic Society, The National Institute of
Ceramic Engineers, the American Optical
Society, and the Society of Glass Technology.
He is the author of a number of scientific
papers and holds a number of U.S. and
foreign patents. Mr. Gallup is a Licensed
Professional Engineer in the State of New
Jersey.

The need for annealing can be deter-
mined by measurement of the strain
type and intensity in a polarimeter
utilizing crossed light polarizers. Fig. 1
shows the interference figure produced
by polarized light on a strained stem.
An unstrained stem produces no effect
on polarized light and is invisible in a
polarimeter.

The strain in glass bulbs is measured
in a similar manner, except that the
curvature of the bulb wall requires that
the tube be immersed in a liquid hav-
ing the same index of refraction as the
glass for accurate observation.

Although glass in tension is weaker
than unstressed glass, glass in com-
pression is stronger than unstressed
glass. These properties lead to the use
of quenching methods to produce ther-
mally toughened glass of superior
strength, such as that used in auto
windows and steam gauges. The glass
used in receiving tubes having button
stems is compressed and strengthened
by blowing jets of air against the tops
of stems as they start to cool on the
stem machine and against the bottom
of tubes as they start to cool on the
Sealex machine.

STRENGTH TESTS

The efficacy of the strain induction
treatments is measured by thermally
shocking the finished tubes at the same
time that the lead wires are stressed
mechanically (spread 5° by the inser-
tion of a metal cone between them}).
Fig. 2 shows a number of tubes in
place on the cones, ready to be inserted
into a container of boiling water for 10
seconds, a step followed by insertion
into a container of room-temperature
water. If the strain distribution has
been properly controlled; none of the
tubes will crack. Strain:free and improp-
erly strained tubes will not stand as
much shock as those with the proper
compression strain.

Because the tips of miniature tubes
are exposed to external shocks, they
must be made stronger than those which
are protected within a bakelite base.
A test device designed in the laboratory
to measure the side load which such
miniature tips will stand without failure




Fig. 1—Interference figure of one-inch
button stem in the polarimeter.

is shown in Fig. 3. Good tips support
a load in excess of 20 pounds. This
machine can either measure the strength
of exhaust tubing or that of the finished
tips. Information gained from its use
has tripled the average strength of
miniature tips in recent years.
Recently, the Harrison Chemical and
Physical Laboratory has made a study
of the crushing pressures which glass
receiving tubes can stand without
imploding. An autoclave pressured from
tanks of commercial compressed nitro-
gen was used for the measurements.
The largest receiving tubes, such as the
6BG6G (volume 130 cubic centimeters)
imploded in the range from 450 to 700
psi, while smaller GT tubes (volume 40
cubic centimeters) failed in the range
from 450 to 1050 psi. Miniature tubes
(volume 7 to 16 cubic centimeters)
start to fail in the range from 1500 to
2200 psi. Subminiature tubes having a
volume of only 2 cubic centimeters
could not be crushed with 2260 psi.

HYDROGEN TREATMENT OF LEAD GLASS

With the advent of higher-voltage recti-
fiers (such as the 1B3-GT) it has been
necessary to protect the inner glass
bulb wall from the disruptive effects of
high-voltage bombardment. Experiments
in the laboratory showed that hydrogen

Fig. 2—Thermal-shock “B' test device
for miniature tubes.

treatment of lead bulb glass imparts a
protective layer to the bulb which
shields it against the disruptive effects
of the bombardment. All higher-voltage
rectifier bulbs are now treated in this
manner.

SPECIAL GLASSES

Low-melting solder glasses initially
made in the Harrison laboratory have
been applied to some special uses in the
receiving-tube field. These glasses are
essentially lead-borates and lead-boro-
silicates having working temperatures
below a red heat (550°C and below).
Two applications include marking a
tube envelope with an ink made from
such a low-melting glass, and sealing of
transducer tubes.

Glasses that soften at higher tempera-
tures than the lead borate solder glasses
are sometimes used as solders. Recently
a Kovar sealing glass (code #7052) has
been used to cement fine grid wires to
the grid frame side-rods.

As higher tube operating temperatures
have become common, the increased
damage from electrolysis in rectifier
tube stems has necessitated the use of
glasses of higher electrical resistivity.
Table I shows that the newest high-
resistance glass (code #8161) has 75
times the resistivity of the normal (code

Fig. 3—Tip-strength test device for

miniature tubes.

0120) stem glass at 250°C. This
increased resistance has made it possi-
ble to produce hot tubes which will
operate for ten times as long as the
usual tube life without loss of vacuum
due to glass decomposition.

A LOOK AHEAD

Some of the tantalizing glass problems
confronting the glass technologist for
future achievement are: 1) a cheap
infrared-transmitting glass—its attain-
ment would materially lower operating
temperatures of hot tubes; 2) a flexi-
ble glass—such a glass would obviously
solve breakage troubles; 3) a glass
with thermal conductivities approaching
those of metals—such a glass would not
develop strains from thermal gradients
and would have a high resistance to
thermal shock; 4) a glass having a low
melting range and a low coefficient of
expansion—such a glass could be
sealed to fused quartz and would have
the advantages of fused quartz without
its excessive cost and high melting
range; and 5) a glass which would
weld or solder to metal solders. The
liquid nature of glass, with its almost
limitless variations in miscible-solution
compositions, and the increased pace
of glass research in recent years
promise much in future progress.

TABLE I—PHYSICAL PROPERTIES OF SOME REPRESENTATIVE GLASSES

%oeﬁ. Vorki s y ! Surai Specific Resistance
xp. ricn, .
Density (1 0117 Igoir:t & Pg{rttt I;Lo’;reg Pt;;lrtz’tl Refra. (16° Okm-cm)
Code No.* Lab. No. Use (gl/cc) infin/°C) (°C) (°C) (°C) (°C) Index @250°C  @350°C
Soft: T
0010 G-1 Lead exhaust tubing 2.85 91 970 626 428 397  1.542 1,190 13.3
0080 G-8 Lime bulb 247 92 1000 696 510 475 1.512 2.27 0.148
0120 G-12 Lead stem 3.05 89 975 630 433 400 1.557 11,900 95.5
8160 G814KW  High resis. stem 2.98 91 975 627 433 399  1.553 36,300 237
8161 814UD Very high resis. stem 4.02 89 862 601 434 403 — 891,300 7080
1991 Iron sealing 3.18 127 — 539 393 366 — — 21.6
Hard:
7040 GT705BA Kovar sealing 2.24 47.5 — 702 484 450 1.480 5,310 88.1
7052  G705FN Weather resistant 2.29 46 1115 708 480 442 1.484 501 20
7070  G707DG Low-loss tungsten
sealing 2.13 32 1100 — 490 455 1.469 150,000 1300
7720 G702P Nonex 2.35 36 1110 755 518 484  1.489 653 15.8
7740 G726MX  Chemical Pyrex 2.23 325 1220 820 553 510 1.474 141 4.73
7900 96% Silica-Vycor 2.18 8 — 1500 910 820 1.458 5,012 100

*The code and laboratory numbers are those of the Corning Glass Works, who furnished the above data,
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TERMINATIONS IN THE MICROMODULE

by W. H. Liederbach
‘Micromodule Engineering

Semiconductor and Matertals Division

Somerville, New Jersey

NE OF THE REQUIREMENTS of the

micromodule is reliable perform-
ance under exposure to severe environ-
mental conditions. Early in the develop-
ment program,¥ it became apparent that
silver migration and metallic-whisker
growth might have extremely detrimen-
tal effects upon performance. In
recent months, concentrated effort has
revealed some highly interesting
aspects of both problems and has led
to the understanding of those factors
necessary for their control.

SILVER MIGRATION
The micromodule was designed to util-
ize materials and techniques available
in the current state of the art. How-
ever, the drastic size reduction of the
micromodule as compared with pre-
vious modular designs created unfore-
seen problems. Fig. 1 shows the differ-
ence in size between an early “Tinker-
toy” module and wafer, and the RCA
micromodule and its wafer. An area for
immediate and continued investigation
was the application of fired-on conduc-
tive silver paints to ceramic materials
for electrodes, terminals, and printed
circuits. Similar techniques were used
in the proximity fuse of World War 1I
and in the Tinkertoy module.

Silver is known to migrate, or move
as a positive ion, through a water or
other ion-mobile film when it is exposed
to the influence of either an a-c or d-c
potential. It is deposited as metallic sil-
ver at the cathode, and grows in tree-
like fashion until a low-resistance path,
or short circuit, develops. Because elec-
trical potentials always exist between
terminals within a module, silver
migration can be controlled only
through elimination or control of the
water or ion-mobile film.

The central wafers of the micromod-
ule are 0.310 inch square, and the end
wafers are 0.350 inch square. Although
the central wafers are encapsulated in
the final assembly step, the end wafers
are not coated because their metalized
terminals provide the electrical con-
tacts for subsequent module joining.
Consequently, the end wafers are
unprotected from moisture and are very
susceptible to migration. This problem
is exaggerated by the extremely close
spacing between metalized terminals in
the micromodule (0.015 to 0.020 inch).

Voltage and Humidity Tests
For evaluation of the various factors
involved in silver migration, humidity

*Sponsored by the U.S. Army Signal Corps.

cells were constructed so that individ-
ual wafers could be subjected to con-
trolled voltage and humidity (Fig. 2).

Two adjacent notches of micromodule
alumina wafers were metalized with
silver so that a 0.015- to 0.020-inch
spacing was maintained. Other factors,
such as encapsulation, cleaning, and
solder coverage, were then varied on
individual wafers. By means of such
tests, it was found that soluble salts, or
hygroscopic materials, left on the sur-
face of the metalized area can cause the
formation of a conductive water film
even after encapsulation. In a highly
humid atmosphere, water vapor pene-
trates the organic coating to condense
on or dissolve the hygroscopic material
below it. This film of moisture is diffi-
cult to remove, even at high tempera-
tures, and recondenses when the micro-
module is cooled. Cleaning of the
metalized ceramic decreases its suscep-
tibility to silver migration.! Complete
solder coverage of the metalized area
also helps to delay migration.

cl ing Techni
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A cleaning technique suitable for
production and control was also evalu-
ated. In this technique, the metalized
wafers are inserted for one minute in
an ultrasonic deionized water bath con-
taining 0.5 percent detergent, rinsed in
a deionized water bath consisting of
three stages arranged for counter-cur-
rent cascade rinsing, treated for one
minute in an ultrasonic denatured-alco-
hol bath, and then rinsed in alcohol
and oven-dried for one hour at 85°C.
The effectiveness of the cleaning pro-
cedure was determined by tests on
unencapsulated silver-metalized wafers
in the humidity-voltage cells under con-
ditions of 100-percent relative humidity
and a d-c voltage of 50 volts. The wa-
fers were considered to fail if visible,
continuous lines of migration residue

Fig. 1T—RCA micromodule (at right) compared
to an early "Tinkertoy"” module,

Within Micromodule Engineering at
Somerville, a small group called Termi-
nations is responsible for the metaliz-
ing used to bring the micromodule
into electrical and mechanical conti-
nuity. Some of their problems stem
from the extremely close spacings
within the micromodule. The two
described here—silver migration and
metallic-whisker growth—have
required extensive investigation.

appeared between terminals. Resistivi-
ties across such residue paths have
been found to be as low as 24,000
ohms. Fig. 3 shows a wafer contami-
nated with fingerprints which failed in
four hours. A similar wafer, cleaned by
the procedure described above after it
was metalized and test leads were
attached, did not fail until after 346
hours of test time; this wafer is shown
in Fig. 4. (The migration residue is
difficult to see in this photograph
because it is on the corner of the wafer
between the test terminals.)

Complete solder coverage of the sil-
ver-metalized terminals was also evalu-
ated. A typical test piece (Fig. 5) proc-
essed with solder coverage and sub-
sequent ultrasonic cleaning had an
extended life of 576 hours in the
humidity-voltage cell.

Resin Protection

Silver-metalized test wafers encapsu-
lated with a 0.020-inch thickness of
selected resins have been exposed to
4550 hours of voltage-and-humidity cell
conditions. Resistivity measurements
were taken throughout the test period

with a megohm bridge, which recorded

both a wet and a dry reading. The wet
measurements were taken a6ross the
terminals while the encapsulated test
wafer was in the cell. The dry measure-
ments were taken across the same ter-
minals after the plece was removed
from the cell and dried for 48 hours.
The lowest wet reading was 11,000
ohms, and the lowest dry reading was
50 megokms. Initial readings on all
samples were infinity. Highly erratic
readings, which can be attributed to
corrosion of the lead wires, occurred at
the end of the test period. Wafers hav-

Fig. 2—Individual humidity test cell being
measured on a resistance bridge.




ing gold-plated and pure-gold wire
leads to eliminate wire corrosion are
currently being tested. After the wafers
are removed from the voltage-humidity
cells, they are examined by means of
nondestructive techniques for visual
observation of the electrode areas.
X-ray studies appear most promising
for observation through the black,
opaque encapsulants.

Substitute Metals

At the present time, a substitute met-
alizing material, Gold-Platinum No.
7553, developed in conjunction with
and available from the DuPont Com-
pany, has been on test for 2700 hours
with no migration evidence (Fig. 6).

At this time, DuPont Gold-Platinum
No. 7553 is being used on the unpro-
tected end wafers of the module, and
silver within the encapsulated portion.
The change to a substitute metal within
the module depends on current work
concerning encapsulation protection,
ceramic capacitor electrodes, and resis-
tor terminals. An arbitrary change from
silver would be unwise. A poorly cho-
sen substitute material could adversely
influence capacitance, power factor,
voltage breakdown, temperature coefhi-
cient, etc.

METALLIC WHISKER GROWTH

Another of the important material con-
siderations which can affect module
reliability is metallic-whisker growth
from tin or tin-rich solders. Reference
information? indicates that the low-
resistance metal whiskers (300 ohms,
3%4-inch long) which grow from tin,
zine, or cadmium-rich surfaces result in
shorts or electrical disturbances within
a circuit. The whiskers grow as single
or twinned crystals from a metal-sur-
face imperfection. (crystal dislocation)
under conditions of temperature and
pressure. Voltage or magnetic stresses
apparently are not involved. Pressure
need not be any more than the inherent
lack of equilibrium present in most
films caused by the mode of film forma-
tion or by temperature-differentials:- _

Metallic-whisker growth was first
recognized as a factor in the failure of
communication equipment in 1946. It is
very probable that this phenomena has
always been an intermittent source of
trouble, but it is difficult to pinpoint
because whiskers burn up when 10 to
12 volts are applied, and normal opera-
tion is restored.

Temperatures also affect whisker
growth—even gold grows whiskers at
400 to 500°C. At room temperature or
slightly above, however, only tin, zinc,
and cadmium are particularly trouble-
some. Resinous or wax coatings of less
than Y%s inch do not inhibit the growth.

Evaluation Tests

The present module design comprises
the following factors that could be
conducive to whisker growth: close
spacing of metal elements (0.005 to
0.010 inch); conventional tin-rich sol-
ders; pressure caused by encapsula-
tion shrinkage; and low voltage (under
10 to 12 volts).

A two-inch-diameter hardened-steel
ring was used to evaluate materials,
substrates, and pressures in relation
to whisker growth.3 The test speci-
mens, in this case steel shim stock 10
mils thick having appropriate electro-
plated or hot-dipped coatings, are placed
between the cross-pieces and com-
pressed. The surface of the specimens
and rings are polished to aid test obser-
vation. This accelerated ring test, under
a pressure of 5000 psi, produced tin
whiskers, shown in Fig. 7, which were
8 to 10 mils long in two to three days.

Some Indicated Solutions

Electroplated tin-lead (60-40) steel
shim stock has been in the same test
configuration for more than three
months with no evidence of whisker
growth. Similarly, solder-dipped (60
Sn, 37 Pb, 3 Ag) silver-metalized alu-
mina wafers show no whisker growth
after more than three months. As a
result of studies to date, 60-40 tin-lead-
coated copper riser wires have been
substituted for tin-coated copper wire
for module assembly.

Bell Telephone Laboratories have
reported the growth of whiskers from
tin-lead solders used in the construction
of a quartz crystal oscillator. A quartz
crystal in microelement form using tin-
lead-silver solder (60-37-3) has been
breadboarded in an oscillator circuit op-
erating at 45.1 megacycles; in one test,
continuous oscillation produced no mal-
function after 2000 hours.
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Fig. 3—Silver-metalized
wafer contaminated with
fingerprints that failed in
4 hours under 50 volts
d-c and 100-percent rela-
tive humidity.

Fig. 4 — Ulirasonically
cleaned, silver-metalized
wafer that withstood 50
volts d-c.

Fig. 5—Wafer in which
migration was retarded
by complete solder cover-
age of silver-metalized
area. |t withstood 50
volts d-¢ and 100-percent
relative humidity for 576
hours.

Fig. 6 — Gold-Platinum-
metalized wafer showing
no evidence of migration
after exposure to 50 volts
d-c and 100-percent rela-
tive humidity for 2700
hours.

Fig. 7—Tin whiskers growing from an
electro-plated tin film (200X).
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CACTUS AND COMMUNICATIONS

by A. M. CREIGHTON, Mgr.

Surface Communications Systems Laboratory,

DEP, Tucson, Arizona

The Tucson, Arizona, Systems Laboratory (pictured above) of the Sur-
face Communications Division, DEP, began in 1955 as a small,
detached engineering group working under contract to the U.S.
Army Electronic Proving Ground, Fort Huachuca, Arizona. Today,
that ‘group has grown to nearly 100 personnel, of whom some 60 are
scienfists and engineers. This article describes their new laboratory
and takes a look at some of their engineering activities.

SURROUNDED BY DESERT vegetation
and ringed by 9,000-foot moun-
tain peaks rising abruptly from the
valley floor is the Tucson Systems
Laboratory — the newest engineering
facility of the Surface Communica-
tions Division, DEP.

This new ranch-style building of
adobe brick is a modern expression
of traditional southwestern architec-
ture and commands a panoramic view
of the mountains to the north. It
provides approximately 13,000 square
feet, divided into a systems lab,
design and development lab, model
shop, drafting, library, cafeteria, and
offices. To provide for future growth,
it is located on 100 acres, with access
both to the highway and the railroad.

WHY ARIZONA

Students of history and students of
TV westerns will identify Fort
Huachuca as a cavalry post near
Tombstone, Arizona, to protect the
early settlers from marauding
Apaches, Today, Fort Huachuca is a
busy Army Electronic Proving
Ground, operated by the Signal Corps;
and neighboring communities, such as
Tombstone, now list electronic engi-
neers and scientists in their census.
In recent years, SurfCom-Tucson

has assisted the Proving Ground in
carrying out its mission—to develop
and prove new electronic concepts,
and to test and prove new electronic
equipment for military use. This has
involved a complete determination of
communications requirements for
present and future field armies. Based
on these requirements, Army area
communication systems have been
designed and evaluated by a combi-
nation of analytic procedures and
field tests.

ENGINEERING METHODS

Two basic analytic approaches have
been used in designing and develop-
ing complex communication systems:
simulated tests and mathematical
models, each having particular areas
of utility. Simulated tests are espe-
cially suited for the study of systems
of large scope in which the physical
entities in the test system have a one-
to-one correspondence or a statistical
relation with a computer number or
word in the simulated test program.
Mathematical models are, initially,
more applicable to subgroups of the
systems, and as understanding
develops, the models are extended to
larger groups of the systems.

In addition to the analytic
approaches, equipment and personnel
evaluations are made. Equipment
evaluations can determine applica-
tions within existing systems and pro-
vide guidance for future systems.
Personnel evaluations involve equip-
ment operation and maintenance, and
depend on careful human-engineering
considerations. A

At present, the enginéering man-
agers at the Tucson Systems Labora-
tory are: 4

o

A. M. Creighton, Mgr., Surface Com-

munications, Systems Laboratory

D. R. Green, Mgr., Systems Projects
R. J. Meyer, Mgr., Systems Engineer-
ing -

B. A. Trevor, Administrator, Tech-
nical Projects Coordination

L. J. Flodman, Mgr., Design and

Development

CURRENT ACCOMPLISHMENTS

Application of these systems-engi-
neering and operations-research
approaches has resulted in major con-
tributions to Signal Corps communi-
cations and to the scientific study of
the many physical situations in which
military communications systems must
function.



Tactical Communications
Recommendations have been pre-
sented to the Signal Corps providing
complete communication systems for
tactical field armies operating during
the present-to-1962 and the 1962-1965
time frames. Scientific contributions
in the realm of queuing systems and
congestion problems have been such
original ideas as the two-way traffic
models, the concepts of saturation and
effective switching rates, and the use
of both queuing theory and simulation
methods for analytical solutions.
Field tests are designed and exe-
cuted to evaluate the results of theo-
retical studies. These are usually con-
ducted at Fort Huachuca. In the spring
and summer of 1959, Operation Sand-
burr was run as a test of the ability of
an Army area signal center to operate
under field conditions and provide
service to meet communication
requirements. This involved the
deployment and realistic tactical
movement of a large number of signal
troops and equipments. The entire
operation was monitored and data

collected by RCA observers.

Support Equipment
Design and development activities at
the SurfCom Systems Laboratory have
been concerned with providing instru-
mentation and data-collection devices
for field tests and training. A complete
__timing system and ancillary items were
developed to provide precise real-time
information throughout a 150-square-
mile area:- Devices for monitoring
manual switchboard traffic and auto-
matically indicating circuit faults dur-
ing field operations were developed.
A switchboard signal device has been
designed to provide plug supervision
on the Switchboard SB:86/P when
used on carrier trunks provided by
the AN/TCC-3 or -7 carrier \eq@-
ment. N
Present design and development
work also includes effort on the
Minuteman and 480L programs, and
RCA General Engineering and Devel-
opment (GE&D) of a very stable
frequency synthesizer for single-side-
band use.

Automatic Pictorial Instruction Device

A pictorial instructional device, to be
known as the Auto Briefer, has been
developed for the Signal Corps. This is
an automatically controlled system of
photographic slide projectors, motion-

Fig. 1—Automatic pictgrial instruction device developed for the U.S. Army Signal Corps. This
system of slide, motion-picture, and audio equipment will avtomatically present lectures with

visual aids and live or recorded voice.

picture projectors, and lighting and
audio equipments for training pur-
poses. This equipment will automatic-
ally present a complete training lec-
ture with visual aids and live or
recorded voice. The device will over-
lay slides and movies in any desired
sequence in order to show the develop-
ment of complex systems and relation-
ships. Sequencing is done with a
standard computer-type patch board.
Several programs can be stored in the
machine and any one presented by
inserting a prepatched board. A fea-
ture of particular novelty and utility
is a random-access provision whereby
the lecturer can call or recall any slide
for viewing simply by dialing its code
number. It is shown in Fig. 1.

FUTURE PLANS
Looking to the future, Surf Com-
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Tucson plans continued growth with
broader participation in the technical
programs at Fort Huachuca, includ-
ing work in data processing, combat
surveillance, and electronic warfare,
and product-area diversification
among other customers in the West
and Southwest. This broadened out-
look is made possible by the new facil-
ity and particularly capable staff of
communications engineers. The Lab-
oratory also hopes to make increas-
ingly important contributions within
RCA, through intimate knowledge of
Army tactical communications, by
making use of a geographic location
which provides an excellent climate
and electromagnetic environment for
all-year outdoor testing of antennas
and equipment, and by perform-
ing forward-looking GE&D to main-
tain and improve future product
capabilities.




 MULTLHOP MICROWAVE

 RELAY SYSTEM

by J. B. BULLOCK
Broadcast and Television.
Equipment Engineering

1EP, Camden, N I

ONG-HAUL RELAYING of TV signals by
multi-hop microwave systems is a
service ordinarily performed by com-
mon carriers, using equipment of their
own design and manufacture, closely
tailored to the very demanding perform-
ance requirements. In recent years,
however, the growth of Tv broadcasting
and the appearance of a surprisingly
large number of community Tv distri-
bution companies has created a great
demand for lower-cost, medium-haul
facilities to supplement the common
carriers.

RCA’s TVM-1 microwave relay equip-
ment is being utilized for such applica-
tions. Initially, it was developed for
studio-to-transmitter—link and portable-
Tv-pickup service. In these services, it
is only occasionally necessary to have
more than one hop in a circuit; for
example, when the intervening terrain
presents an obstacle to line-of-sight
transmission, or when it is desired to
route the signal via a common switching
point.

The initial design of the TVM-1
locked forward to medium-haul, multi-
ple-hop TV relaying, and the distortions
per hop were kept low. Since that time,
continuing improvement has been
achieved in performance, so that today
it is possible to put a considerable num-
ber of hops in series and still preserve
a high degree of over-all performance—
this in spite of the demodulation and
remodulation which takes place at every
repeater.

TV RELAY APPLICATIONS

There are today many applications of
the TVM-1 equipment to medium-haul
multi-hop relaying of 1v signals, some
of which are described in the following
paragraphs. In addition to 1v relaying,
tests have shown that the equipment is
suitable for multi-hop relaying of multi-
channel telephony. In that application,
a system is, of course, required to be
two-way, and accessories which permit
two-way operation on a single set of
antennas are available.

Rebroadcasting by ‘“Off-Air"’ Pickup

In those cases where common-carrier
facilities do not exist, or cannot be eco-
nomically provided, a Tv station may
obtain its network programs by rebroad-
casting the signals of one or more other
stations. In this application, a high-
quality TV receiver is located in the
Class A reception area of the station
whose programs are to be utilized. The
receivér’s output is then relayed via
microwave to the using station for
rebroadcast. If more than one station’s
programs are to be relayed, the general
practice is to employ more than one Tv
receiver and remotely switch the desired
receiver output to the microwave system.

“‘Off-Air’’ Feed for a CATV System

Community Antenna TV Systems dis-
tribute video within an area via coax
lines. The video is modulated in the
normal manner on a very-low-power TV
transmitter whose output is fed to the

distribution system. The system then
feeds conventional TV receivers simply
by connection to the antenna terminals.
In the United States, these systems are
now nearly as numerous as TV broad-
cast stations themselves. The typical
subscriber pays an installation charge
of about $50 and then a monthly rate
of $3.00 to $8.00. These CATV systems
are largely confined to the wide-open
spaces of the West and to mountainous
areas where signal strengths of TV sta-
tions are low or where programming is
poor. In many cases, three-channel
microwave systems are in use in order
to carry all the major networks to an
area. As in the network-source case, the
CATV operator will locate a high-quality
receiver where received signal strength
is good and feed its output to the micro-
wave link, which then carries the pro-
gram to the desired area.

Interconnection Between TV Stations
This type of system is most generally
installed between stations under com-
mon ownership. Reversible links are
often provided so that either station can
feed program to the other.

Local or Regional Network Connection
This service might involve either off-air
pickup or direct connection to the com-
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mon-carrier system. It may have one or
more branching points and may have to
be reversible in whole or in part.

TVM-1 EQUIPMENT CHARACTERISTICS
The TVM-1 equipment operates in the
5925-t0-8500-mc frequency range, cover-
ing completely the frequency bands allo-
cated to common carriers, broadcasters,
business, and governmental services.
The transmitter utilizes a directly fre-
quency-modulated klystron with one watt
of r-f power output. The receiver is a
superheterodyne, employing a klystron
local oscillator, crystal mixer, and an
i-f centered at 130 mc with a nominal
width of 25 mec. The equipment is
physically mountable in portable carry-
ing cases or in standard 19-inch racks.
The latter mounting is generally used in
fixed-station installations—the usual type
in multi-hop service.

Performance

The performance characteristics of a
single hop of TVM-1 equipment and a
standard which may be taken as typical
of common-carrier intercity service are
shown in Table L.

The first column shows performance
of a single TVM-1 transmitter and
receiver, when no pre-emphasis is em-
ployed. In this situation, multiple-hop
service for color TV equal to the stand-
ard could only be attained over about
two hops. The limitation comes in the
differential phase and gain perform-
ance; these items are, of course, impor-
tant in preserving the quality of color
information. They are also important

“~~.in keeping cross-talk from the video
.

e

channel into the audio at a low level, as
will be discussed later.

Low-frequency de-emphasis at the
transmitter input to shape the Tv signal
is standard practice in TV microwave
relaying so as to lessen the effects of
both amplitude and phase nonlinearity;
that is, the differential phase and dif-
ferential gain. This is done by passing
the signal through a low-frequency
de-emphasis network—often called a pre-
distortion network. The effect of this net-
work, as illustrated in Fig. 1, is to reduce
the amplitude of low-frequency compo-
nents of the signal, thus compressing the
signal so that video amplifier plate cur-
rent swings and r-f and i-f deviations
(the TVM-1 is an FM system) are
reduced. In the receiver, a complemen-
tary restorer network- restores the sys-
tem video response to flatness. The
amount of predistortion used in the
TVM-1 is optionally 8 or 12 db.

The improvements in differential gain
and differential phase characteristics are
apparent in looking at the second and
third columns of Table I. The improve-
ment is sufliciently significant to extend
the useful range of the equipment to four
hops with the 8-db networks, or to twelve
hops with the 12-db for the relaying of
color-tv signals and their accompany-
ing sound.

The predistortion in the transmitter
leads to a poorer S:H (signal-to-hum
ratio) if any significant amount of hum
is generated within the system. For this
reason, the 12.db networks normally do
not de-emphasize at 60 cycles, The
restorer network then must attenuate at

60 cycles and thus attenuates hum gen-
erated within the system. Table I illus-
trates this case, showing S:H in the
12-db case to be identical to that when
no predistortion is used.

Sound Channel

Program sound is carried on the TVM-1
microwave on a subcarrier at 6.8 mc.
The subcarrier is frequency-modulated
and then simply added to the video sig-
nal through a filter network. Subcarrier
level is normally run at about 20 per-
cent of peak-to-peak video level, and at
the receiver, it is extracted from the
video by means of a filter and fed to a
demodulator. Excellent audio transmis-
sion is possible; i.e., a 15-ke channel,
with 1 percent or less distortion and
S:N of 65 db or more. Standard 75-
wsec pre-emphasis is employed in the
sound modulator prior to modulating
the audio on its subcarrier. Flat fre-
quency response at the output of the
receiver is restored by a de-emphasis
network in the subcarrier demodulator.
S:N is the only cumulative distortion
in the audio channel. It is specified as
an rms:rms ratio, since that is the mean-
ingful ratio as far as the ear is con-
cerned, and cascades in a multi-hop
system at the same rate as the S:N in
the video channel. Therefore, the S:N
ratio decreases by 3 db every time the
number of identical hops is doubled.
The noise in the audio contains two
major components. One, the random
noise, is a function of the microwave
system, the subcarrier level, and the
demodulator design. The other major

e
. "\\ TABLE 1~ SINGLE-HOP TVM-1 PERFORMANCE Fig. 1—Differential phase and gain test signal
- before (top) and after (bottom) predistortion.
Y Predistortion Viewed on a monitor, this test signal would
appear as a series of vertical bars all of the
Charactenst\lﬁ Standard same '‘color’ but increasing in brightness,
AN None 8db 12 db
\
Video Channel \\‘
Differential gain @ 3.58\m\c, db 0.5 0.25 0.1 1
Differential phase @ 3.58 nic, degrees 3 1 0.3 4
Amplitude-frequency responséﬁ?‘\: 60cyto4.2mec 0.5
60 cy to 6 mc without sound, db. +0.25 +0.25 +0.25
60 cy to 4.5 me with sound, db ™ +0.25 +025 025
L.F. Window Tilt, pct. max 1 1 1 2
S:N (p/p : rms, 8 mc band) *, db 65 65 65 50
S:H (p/p : p/p), db 52 46 52 46

Audio Channel (s)
Amplitude-frequency response:

50 cy to 13 ke, db +0,—0.5 4-0,—0.5 4-0,—0.5 —

to 15 ke, db —2 —2 -2 —
Harmonic distortion, pct. max. 1 1 1 —
S:N (rms : rms) *, db 67 73 70 —
S:H (rms : rms), db 75 75 75 —_—

*Both video and audio S:N are a function of the r-f level into the receiver. The figures
shom_'n are.for a 2.2-.m11e path using 6-foot parabolic antennas on both transmitter and
receiver, with negligible waveguide feeder losses.

**The narrowing of the video channel with sound is due to the filters required at each
end of a system to exclude sound subcarrier from the video channel.
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component is the cross-talk component
from the video channel. It occurs at
both the horizontal and vertical sync
rates and on any abrupt change in pic-
ture brightness. It is caused by phase
nonlinearity in the video channel (differ-
ential phase at the sound subcarrier fre-
quency.) This can be understood by
visualizing the sound subcarrier riding
one moment on the video signal at white
level and the next moment being moved
almost instantly to blanking and then
to the tip of sync. If the subcarrier
undergoes any change in phase during
this excursion, the transient is phase-
(and frequency-) modulated on it and
cross-talk into the audio channel has
been created. This cross-talk compo-
nent is lessened by the use of the video
predistortion, except that if the 12-db
networks are used without de-emphasiz.
ing at 60 cycles, then the cross-talk at
that rate is not improved. For this latter
reason, Table I shows a poorer audio
S:N with the 12-db networks than with
the 8-db networks.

Audio is not demodulated from its
subcarrier at a repeater unless sound
drop-off is required, and then it is only
demodulated to feed the drop-off. Thus,
there is no contribution to audio distor-
tion at a repeater.

A second sound channel can be added
to the TVM-1. It is identical to the first,
except for its subcarrier frequency, 6.2
me. The second channel permits the
sound for an FM transmitter at the TV
transmitter location to be accommo-
dated on the studio-transmitter-link,
or the second sound channel may be used
for fault alarm or switching control tones.

Fig. 2—TVM transmitter station with fault sensing and

automatic standby switching.

These latter applications are discussed
in following sections.

Fault Alarms

A multi-hop microwave system must
have sensing devices at various points
to enable a user to identify trouble
quickly—preferably to locate the unit
or station in trouble, or at the very least
the hop in trouble. Obviously, the more
specific the means for identification of
trouble are, the more complex and
costly the alarm system becomes.

The alarm units, which are optional
parts of a TVM-1 system, provide for
the detection of video at the transmitter
input, transmitter monitor output and/or
receiver output; for the detection of low
r-f power output from the transmitter;
and for the detection of low i-f signal
level at the receiver. The transmitter
monitor output is an off-air monitor
which provides high-level quality video
derived from the actual outgoing Fm
signal via an rf discriminator and
broadband amplifier. This output pro-
vides a check point for both modulation
and r-f failure.

It is desirable that the low-signal and
low-power alarms sound in advance of
actual failure, and for this reason, the
low-signal alarm indicates when received
signal drops 15 db or more (nominally
one-half the fade margin) and the low-
power alarm when transmitter output
drops 6 db or more.

Standby Service

If the highest possible reliability is
desired, complete standby must be pro-
vided. Automatic switchover to standby
units are another optional feature of the

TVM-1 system. A typical arrangement
is illustrated in Fig. 2 and 3.

Fig. 2 shows a transmitter system
wherein both transmitters operate on
the same frequency, the one in standby
for the other. The transmitter standby
switcher senses the outputs of the two
transmitter monitors. If either should
fail or drop over 6 db in level below its
companion, the switcher will operate
the waveguide switch (and/or the radia-
tion attenuators) to place the nonfailed
transmitter on the air. Switching will
take place whether the level differential
is due to video or to r-f trouble, since
there is no limiting ahead of the dis-
criminator which feeds the transmitter
monitor.

Fig. 3 shows a receiver system wherein
automatic provision for switchover to
standby has been provided. Here again,
a one-frequency system is assumed. The
receivers are fed from separate antennas
to take advantage of space diversity to
combat fading. At 7 kmec, a spacing of
only 15 to 25 {feet vertically is required
between antennas. The TVM-1 is also
adaptable to frequency diversity, but in
the 1v relay service, the assignment of
two frequencies for a single hop is gen-
erally difficult to obtain in the conti-
nental United States because of the
scarcity of channels; hence, space diver-
sity is more commonly used. If diversity
is not desired, the two receivers may be
fed from a common antenna through a
waveguide directional coupler.

The recetver standby-diversity switcher
senses both the age and the video out-
put of each receiver. If either receiver -
signal falls below a predetermined mini-

L
Fig. 3—TVM receiver station with fault sensing and s!qﬂdby.
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mum usable S:N ratio, as indicated by
agc voltage, the switcher operates to
select video from the nonfaded receiver;
or, if the video level of either receiver
falls more than 6 db below its com-
panion, the switcher selects the non-
{ailed video. The switcher will not oper-
ate if the two agc voltages drop together
(simultaneous fades) or if both video
voltages go down together (simultane-
ous video failure), nor will it switch to
a failed video or to a signal faded below
the preset agc level (minimum usable
S:N). Also, upon loss of signal by
either receiver, that receiver’s afc is
turned off to prevent its local oscillator
from being carried off frequency by the
output of the open afc loop.

The fault alarms discussed earlier may,
of course, be incorporated in the auto-
matic switchover systems. Some are
indicated on the diagrams.

Fault Alarm Transmission

The fault indications discussed earlier
would be useless at unattended stations
unless some medium were provided for
forwarding them to an attended loca-
tion. The TVM-1 system provides two
general philosophies for forwarding this
fault information. The more elegant is
diagrammed in Fig. 4 and involves the
use of a wire line or radio link external
to the microwave system. The second
method involves less equipment, uses
the microwave system itself as a trans-
mission medium, and is aimed at merely
identifying the link which is in trouble.
It is diagrammed in Fig. 5.

~In the system of Fig. 4, all fault
reports are gathered together at the
delay timer (or junction panel). Each
fault actually. provides a contact closure.
These closures.are then fed on to the
Indicon coder which translates each into
a pulse code. Wfi‘epever a fault (clo-
sure} occurs, the coder starts a cycle
of operation by sending. a series of five
pulses to identify its own-location. It
then follows with a series of ten pulses
to identify the particular fault. In this
manner, as many as ten faults ma&“bg

reported from each of 31 stations. The

five station-identifying pulses are used in
combination, long or short; the ten fault
pulses are long (360 milliseconds) if
their particular fault exists, short (90
milliseconds) if it does not. The Indi-
con units are a long-established part of
RCA’s Commercial Communications
Microwave product line and were well
suited for use in the TVM-1 system.
The delay timer acts to prevent simul-
taneous transmission of fault informa-
tion from several stations at once. For
example, if modulation failure occurs at
the first station, the delay timer does

.
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Fig. 4—Fault reporting system via wire line or radio link.

not permit reports from other stations
until after the first station has reported.
It does this by delaying the Indicon
coder operation at each station until the
preceding stations have had time to
report. It does not protect from coinci-
dental faults at two stations causing
simultaneous reporting. Such protection
can be provided if a more elaborate
lockout provision of the Indicon units
is utilized. However, in a system where

the number of hops is not great, the
probability of coincidental faults is quite
low; hence, the delay-timer scheme of
Fig. 4 is generally used.

The pulse output of the coder modu-
lates a tone generator, and the tone is
forwarded to the attended terminal via
wire line or radio link where it is
detected in the tone receiver. The pulse
trains are then decoded and displayed
in lights by the Indicon Decoder.
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Fig. 5—Favit location reporting via subcarrier on microwave video.
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In the less-costly reporting system of
Fig. 5, all fault closures are tied in
parallel and used to key a tone gener-
ator. A different frequency tone is used
at each station. The output of the tone
generator is then fed to a sound sub-
carrier modulator whose output is fed
into the video line itself. At the attended
terminal it is only necessary to connect
an oscilloscope across the subcarrier
demodulator output to identify the fre-
quency of the tone being received to
know which station is reporting trouble.
Or, as Fig. 5 shows, tone receivers may
be used to give a pilot light display of
the trouble location. The light display
is desirable in the event of simultaneous
reports.

In the case of this “internal” reporting
system, transmitter outage can only be
indicated by the following receiver, since
the transmitter itself is required for for-
warding the report. Transmitter low
power, however, can be reported. There-
fore, the system can report the station
which is failing, but only reports the link
that has failed.

If a microwave system has complete
standby, then a combination of the two
reporting schemes could be used. The
Indicon unit would be used to identify
each fault and station as per Fig. 4,
but the output of the keyed tone gen-
erator would be fed to the subcarrier
modulator as in Fig. 5. Transmitter
failure would now no longer interrupt
fault transmission, and therefore com-
plete reporting is again possible.

System Shutdown

It will be noted that in Fig. 4 and 5,
a unit identified as the afc radiation
switch is associated with each receiver.
This unit performs two important func-
tions for an unattended receiver.

The first of these functions is the
disabling of receiver afc in the event of
loss of signal. This is actuated by opera-
tion of a trigger circuit in the unit
which trips if the receiver age voltage
drops below a preset level. This removes
B+ from the receiver’s afc amplifier.
With afc turned off, the receiver klys-
tron local oscillator remains at its man-
ual tuning setting, and when signal
reappears producing age, afc is again
turned on. Thus any significant drift
of the local oscillator tuning due to the
open afc loop in the absence of signal
is prevented. This action also prevents
the afc from locking the receiver to a
microwave transmitter on an adjacent
channel in the event of loss of its own
signal.

The second function of this unit is to
permit remote shutdown of a multi-hop
system when it is not in use. This is
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Fig. 6—Reversible system via wire line or radio link.

required by FCC regulations. In this
case the operator turns off radiation
from the first transmitter in a system,
perhaps by remote means, and the sub-
sequent loss of signal agc by each
receiver turns off radiation of its follow-
ing transmitter. This turn off is delayed,
so that short fades do not shut down
the system. The turn off is effected by
actuating the transmitter’s radiation
attenuator. This drops the r-f output by
an approximate 45 db, but otherwise
leaves the transmitter active and ready
for instant use when resumption of serv-
ice is desired.

Where two TVM-1 receivers are used
in standby for one another, the receiver
standby-diversity switcher performs the
above two functions (Fig. 3).

Reversible System

When a Tv relay microwave link is for
use between two cooperating broadcast
stations, it is sometimes the case that it
will be desirable to transmit a program
at one time In one direction, and at
ano#tier time in the opposite direction.
A TVM-1 multi-hop system can be made
reversible by providing an additional
transmitter and receiver, one at each
terminal, and a few minor accessories
at each station. A reversible system is
illustrated in Fig. 6.

Reversing is accomplished via a con-
trol wire line or radio link, or via a sub-
carrier on the microwave link itself.
Fig. 6 shows a system using a telephone
line for control.

In either reversible system, reversing
is accomplished by means of an audio

tone sent through the control channel.
A tone which may be shifted in fre-
quency is used and is left on at all times
to minimize the possibility of accidental
switching due to noise bursts or spuri-
ous tones. The basic operation is very
simple. Whenever a mark tone is on
the line the system will be oriented in
the 4 direction, and if the tone is shifted
to space frequency, all the waveguide
switches operate to switch transmission
to the B direction. A tone detector is

provided in each tone receiver so that .

failure of the tone disables the sw1tch
ing circuitry and the system then
remains as it was until tjie switching
tone is restored. o

If the switching toné is transmitted
via subcarrier on the microwave itself,
then it is necessary to effect switching
from both ends of the system. The tone
sent from the then-transmitting end of
the system actually initiates switching,
but if the system is to remain switched
as ‘directed, the tone generator at the
new transmitting end must be set for
the same direction. Here, also, an FM
system is used and tone is left on the
subcarrier at all times to protect against
accidental switching due to noise bursts,
etc.

It is possible to combine the switch-
ing and fault reporting on the same tele-
phone line or radio link by simply
using different tone frequencies for the
two functions. If fault reporting is
included, then the waveguide switches
may report back when they have
switched via the fault reporting system.
The report is turned off by time delay

-



relays in the antenna reversing control
after a nominal 5-minute interval.

Remote Switching

Previously, it was noted that it is some-
times desirable to remotely switch the
input to a microwave system. This
switching, unfortunately, cannot be done
on the microwave system itself, since
the switch to be actuated is at the trans-
mitting end. It can, of course, be done
by wire line or radio link. It can also
be done on an FM broadcast channel,
providing the broadcast station is on the
air for program purposes at the required
times and the switching tone does not
interfere with programming.

High reliability in this switching is
always required, and the general system
is to use a frequency shiftable tone
which is left on at all times to provide
noise immunity. Each time the tone is
shifted, for example to mark frequency,
a step switch will be actuated and the
microwave transmitter’s input changed.

R-F Multiplexing

At any installation where r-f signals are
either to go to, or come from, a common
distant point it is almost always desir-
able to use a common antenna. Cir-
culators and filters are used with TVM-1
equipment to accomplish this r-f multi-
plexing. Fig. 7a, b, and c¢ illustrate
typical systems.

In Figure 7a, three transmitters are
placed on a common antenna, with neg-
ligible addition to system distortions.
The method takes advantage of the

- unique ability of a ferrite circulator to

dccept a signal at one port and pass it
clockwise (only) to the next port. If it
is reflected-from that port, it tries the
next clockwise_port, etec. Thus in Fig-
ure 7a, a signal from transmitter 3
enters port 4, tries.to exit at port 1, but
is reflected by the waveguide bandpass
filter which is tuned\‘t(\) transmitter 2.
It then tries to exit atport 2 but is
again reflected from the bzindpass filter
on that port. Finally it exits at_port 3

to the antenna. A similar analys\iswg

Fig. 7a—Three transmitters placed
on a common antenna.

TABLE 1l — MAJOR TVM-1 MULTI-HOP INSTALLATIONS

No.
Owner Hops From To Features
WBTV 4  Charlotte, N.C. Florence, S.C.  Reversible, with fault reporting.

Radio Tupi 8  Rio de Janiero

WLEX 3

Cincinnati, Ohio

WMTW 4 Boston, Mass.

Saskatch- 4
ewan
Telephone
Company

British 4
Columbia
Telephone
Company

Midwest 5
Video
Company

Grenfell, Sask.

Hedley, B.C.

Pine Bluff, Colo.

Bello Horizonte,
Brazil

Lexington, Ky.

Yorkton, Sask.

Kamloops, B.C.

Provides interconnection

between WBTV and WBTW.

Reversible, with fault reporting.
Provides interconnection for
regional network.

Fault reporting and remotely
selected video input. Provides
network video for WLEX.

Mt. Washington, Fault reporting, and remotely
N.H.

selected video input. Provides
network video to WMTW.

Diversity on each hop. Provides
network video to broadcaster.

Automatic standby on each hop.
Provides network video to
broadcaster.

Rapid City, S.D. Three channels on common

antennas. Provides community
TV video feed.

show that signals from transmitters 1
and 2 are delivered to the antenna. A
nominal loss of 0.5 db per pass through
the circulator is encountered. The band-
pass filters used have a nominal pass-
band of 30 mc in order not to contribute
to the system differential phase distor-
tion. The Tv relay channels allocated
by the FCC are normally spaced 25 mc
apart. Thus, for proper functioning of
this multiplexing scheme a spacing of
one guard channel is required.

Figure 7b shows how three receivers
can be placed on a common antenna and
Figure 7c illusirates how both a trans-
mitter and receiver can be connected to a
common antenna. In this latter case, it
is necessary to bolster the isolation pro-
vided by the circulator (20 db) by the
addition of a bandpass filter. Obviously,
the cascading of circulators and filters
can make possible much more compli-
cated r-f multiplexing arrangements.

Fig. 7b—Three receivers placed on
a-€ommon antenna,

FIELD INSTALLATIONS
A few of the multi-hop TVM-1 installa-
tions which have been made using the
systems discussed above are listed in
Table II.

In addition to these installations, there
are many multi-hop systems which do
not include multiplexing or any auto-
matic functions, and there are a great
many single hop systems wherein the
fault alarm, diversity and standby, r-f
multiplexing, etc., features have been
utilized.

Only a few of the many possibilities
for utilizing the TVM-1 equipment in
multiple-hop systems have been illus-
trated. The potential and flexibility of
the equipment have been shown, how-
ever, and it is surely apparent that
many special applications are possible.
These will be developed as the needs
for v relaying by microwave continue
to grow.

Fig. 7c¢—Transmitter and receiver
placed on a common antenna.
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RCA engineers go to sea—in the USAS American Mariner, a float-
ing laboratory of data-gathering equipment for missile flight tests
at the Atlantic Missile Range. DAMP is an integrated data-handling
program managed by RCA and sponsored by the DOD's Advanced
Research Projects Agency. Some 60 engineers and technicians, many
of them from the DEP Missile and Surface Radar Division and the
RCA Service Co., are assigned to the ship to man the DAMP instru-
mentation. This article describes the DAMP system, while in the fol-
lowing article, W. R. Isom and F. E. Shashoua describe a special

DAMP radar-video tape recorder.

| DAMP —Down-range Anti-ballistic-missile
Measurement Program

o i

by L. FARKAS
Tracking, Guidance, and Navigation Systems Group

Missile and Surface Radar Division
DEP, Moorestown, N. J.

At the Atlantic Missile Range, the
impact area for missile flight tests
extends from a few hundred to several
thousand miles from Cape Canaveral
(Fig. 1), the operating area for DAMP.
It was because of the wide geographic
separation of these areas and the neces-
sity for a flexible measurement facility
that DAMP was conceived.

The U. S. Army Ship American
Mariner is outfitted as a floating instru-
mentation site for DAMP, forming the
source point for a data-handling system
that includes the Cape Canaveral
launching site and RCA’s Data Reduc-
tion Center at Croydon, Pa. From there,
the reduced and analyzed data is fed to
the government agencies and companies
involved in the ballistic missile pro-
gram. Very close integration of the
activities of these widely separated loca-
tions is of utmost importance, just as
is timely feedback of significant results
to the American Mariner to ensure the
most accurate future data.

DOWN-RANGE . . .

The wide expanse of the ocean range
and the scarcity of suitable island
bases immediately suggested a ship as
a platform for the DAMP instrumenta-
tion. A Liberty-class ship was trans-
formed into what may be called a
floating laboratory. As with any other
scientific laboratory, experiments are
planned in order to prove or disprove

specific hypotheses, measurement equip-
ment is available, and the results of
the measurements are carefully analyzed
to ascertain their validity. In this ship-
board laboratory, the primary measure-
ment instruments are high-precision
instrumentation radars.

A ballistic-missile trajectory meas-
ured with respect to a rolling and pitch-
ing ship would obviously be of little
value, per se. What is desired is a tra-
jectory measured not with respect to
the moving platform—the reference for
the pedestal of the radar—but rather
with respect to an earth-fixed coordinate
system. This was achieved by instru-
menting the ship with precision gyros
to measure its roll, pitch, and yaw,
which can then be used as correction
factors. To further enhance the accu-
racy of data, a program was initiated—
still-under way—to investigate ship-
board-radar calibration. One precedure,
based on optical and radar tracking of
a sphere of known cross-section, has
been utilized which allows a simul-
taneous calibration of both age and
angle error signals.

Although there are many problems
in utilizing a shipboard high-precision
measurement radar, there are corre-
sponding advantages in having a
floating laboratory. First, it permits
investigation of the terminal phase
characteristics of re-entering bodies,
important both from the design and

discrimination standpoints, Secondly, it
provides shorter-range radar measure-
ments, with the corresponding increased
accuracy of trajectory measurements
with respect to the radar. Finally, it
allows for great flexibility in measuring
bodies impacting in different areas and
also enables observation of the re-enter-
ing bodies from different aspect angles.

.« » « ANTI-BALLISTIC-MISSILE

As with any experimental program,
DAMP measurements have a wider
applicability than just for the spe-
cific experiments performed — e.g.,
trajectories.

For the anti-missile effort, the infor-
mation obtained can be utilized to assist
in the development of more-sophisticated
discrimination techniques against vari-
ous re-entry bodies. The discrimination
can be based upon either active radar
measurements, or passive optical and
infra-red detection devices. Also, infor-
mation regarding re-entry behavior of
various types of bodies can be deter-
mined and catalogued, as well as the
aerodynamic characteristics of various
body configurations, as an aid to the
design of re-entry bodies.

. . . MEASUREMENT

The DAMP instrumentation has been
designed to flexibly implement the
broad program objectives cited. The
DAMP ship is equipped with two four-
horn, monopulse, C-band, modified
FPQ-4 radars. In addition, there are
pedestals that can be slaved to the

radars and adopted for mounting /,,//l

optical, infrared, ultraviolet and oghﬁ‘:’
passive measurement devices. Mefeoro-
logical data-gathering equipment, as
well as communication eguipment, is
also provided. ;

Radar Equipment ‘/

The primary medasurement instrument
is the RCA FPQ-4 instrumentation-type
radar—esseritially the same as the RCA
FPS-16 range instrumentation radars.
The tracking accuracy of a properly
calibrated land-based radar is 0.1 milli-
radian-rms in azimuth and elevation,
and 5 yards-rms in range. However, in
shipboard operation, the accuracy of
the computed trajectory also depends
on the accuracy of the special roll-
pitch-yaw gyros and the ship’s naviga-

Fig. 1—Atlantic Missile Range.
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tion system. Thus, measured azimuth,
elevation, and range data may be some-
what less accurate, even though the
radars themselves are operating per-
fectly within these tolerances.

The FPQ-4 tracks with a very nar-
row beamwidth—the order of one
degree. Therefore, the DAMP system
contains a designation and an acquisi-
tion mode to initially detect and lock
on the target before going into the auto-
matic track mode.

Acquisition Techniq

Designation is based upon a prior knowl-
edge of the desired acquisition point on
the re-entry trajectory of the missile.
The range, azimuth and elevation of this
point with respect to a theoretical non-
atmospheric impact point, based upon
trajectories computed at Cape Canav-
eral, are transmitted to the ship. This
information, together with the ship’s
position with respect to the same non-
atmospheric impact point, is inserted
into the ship’s designation computer, a
chain of resolvers which performs the
necessary coordinate transformations so
that the radar is directed in elevation
and azimuth to the correct point in
space. One source of inputs to the desig-
nation computer is the stabilization
gyro: the ship’s roll, pitch, and yaw
signals are utilized to stabilize the line
of sight during the designation mode.
At the launch site, the outgoing tra-
jectory of the missile is measured by
radars in the vicinity of and down range
from Cape Canaveral. Based upon this
information, a revised estimate of the

“DAMP acquisition point is calculated

at the-Canaveral digital-computer facil-
ity. Thisfine, corrected information is
immediately-_sent to the ship and
inserted into the designation computer
only moments before the missile arrives.

An acquisition séan is then necessary,
since even if the po\si\tions of the ship
and target were known.exactly, errors
due to noise in the stabilization system
and errors in computations in‘the desig-
nation computer would change the posi-

tion of the radar line of sight from ihe

desired one. The acquisition scan is
centered about the designated line of
sight, which causes the radar line of
sight to spiral outward and then inward
(Fig. 2). The parameters for this scan
are chosen to maximize the probability
of detection and acquisition.

Fig. 2—Typical test geometry.

Another acquisition problem is created
by the very high velocity of the target,
which can traverse a fixed, 100,000-
yard acquisition display very rapidly
and thus increase the probability that it
would not be detected. This has been
solved by incorporating a moving acqui-
sition display into the system. Together
with the designation data from the
launch site, a missile arrival time and
velocity at the designated point is
included. At the expected instant of
arrival, 90 percent of the expected
velocity is inserted into the radar range
system, causing the acquisition display
to move down in range and effectively
resulting in a target with only 10 per-
cent of the actual target velocity. This
greatly improved the probability of
detection and acquisition.

Data Recording

Assuming that the designation and
acquisition modes perform as they
should (and they have proven their
performance many times) the actual
measurement portion can begin with
the occurrence of target lock-on, at
which time the radar goes into its auto-
matic tracking mode. It is only from
this instant that the radar is perform-
ing its measurement function. All other
operations were solely for the purpose
of assuring a successful and meaningful
track.

A measurement of prime importance
is the trajectory; but, in addition, the
cross-section and scintillation character-
istics of the body are also measured.
In this radar, an age section is utilized
to dynamically adjust the gain of the
receivers on the basis of the received
signal power. An increase of signal
power results in an increase of voltage,
which causes a decreased receiver gain.
This action is necessary in order to
maintain proper signal levels in the
tracking section when the signal
strength varies radically. The agc volt-
age is thus a direct measurement of the
received signal power and may be cali-
brated as a function of the received-
signal-to-noise power ratio. To under-
stand the manner in which cross-section
measurements are derived from the age
signal, it is only necessary to refer to
the classic radar equation, from which
it can be shown that S:N = KA/R4,
where 4 = radar cross section of target,
R = range, and K is a known constant

LEONARD FARKAS received the B.E.E. degree, cum laude, from the
City College of New York in 1956, After a year at the Emerson Research
Laboratories in Washington, D.C., and service as a 2d Lt, in the Corps of
Engineers, he returned to school and received his Masters’ degree from Stanford
University in 1958. He is presently working towards a Ph.D. at the University
of Pennsylvania. Mr. Farkas joined RCA in 1958, and his work has included
the shipboard radar stabilization computer in conjunction with the radar scan
and acquisition problem. This work included both analog and digital computer
simulation of various portions of the DAMP system. He was responsible for the
initial establishment of DAMP data reduction procedures and for the analysis
of missile cross-section data. He is currently working on statistical radar tech-
niques in conjunction with tracking and satellite navigation systems.

dependent only on various character-
istics of the radar. :

Data Processing

The ability of the radar to make accu-
rate and precise measurements is mean-
ingless unless the data-processing sys-
tem is of the same high quality as the
radar. This necessitated a careful eval-
uation and implementation of both
the data-recording and data-reduction
procedures. .

The primary radar outputs (range,
azimuth and elevation) are available
in digital form through digital shaft
encoders. All other required quantities,
which are not available as outputs of
digital shaft encoders, are fed into a
series of analog-to-digital converters.
The data-sampling frequency is estab-
lished by a master clock, synchronized
with WWV. All data quantities are
sampled at the same instant of time and
are recorded, together with real time,
by multichannel digital recording equip-
ment. The data tapes are then returned
to the data-reduction facility at Croy-
don, Pa. Semiautomatic screening and
sorting procedures are utilized and cali-
brations are automatically applied.

. « . PROGRAM

It is at this point that DAMP earns the
right to be called a Program—a coor-
dinated and integrated effort with spe-
cific output requirements and output-
input feedback. The product of DAMP
—information, from the reduction and
analysis of data—may then lead to
coordination of ship measurement sched-
ules and missile firings in order to
obtain further information for verifica-
tion of measurement results. Results
may be compared and correlated with
various studies and associated research
as a practical verification of existing
theories. The theoretical results then
leading to suggestions regarding pro-
gram augmentations in order to obtain
additional data. Thus, the cycle is com-
pleted by returning to its starting point,
the actual tracking of the target—how-
ever, with the new, modified measure-
ment goals. The integrated, closed-loop
nature of DAMP measurement tech-
niques indicate its great utility and
importance to the ballistic-missile pro-
gram. Its operation is an outstand-
ing example of interservice-industry
cooperation,
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A RADAR VIDEO RECORDER FOR DAMP

by F. E. SHASHOUA and W. R. ISOM, Mgr.
Electro-Mechanics Group, Applied Research
DEP, Camden, N.J.

N THE EARLY stages of the Down-range

Anti- ballistic - missile Measurement
Program (DAMP), there arose an im-
mediate need for a recorder capable of
accepting six 4-megacycle channels of
information from two FPS-16 radars.
This radar normally operates in two
modes, one at a pulse-repetition fre-
quency of 285, and the other at 910. A
recording time of 15 minutes was
required. Since the equipment had to be
installed in the USAS American Mari-
ner within three months, it was decided
to modify a commercial video recorder.

In essence, the commercial video
recorder is a 4-megacycle equipment
making use of a high head-to-tape speed
of 1600 inches per second. This high
tape speed is achieved by transverse-
scanning a 2-inch-wide tape at the rate
of 960 scans per second, or 64 scans per
inch of linear tape speed. The scanning
assembly consists of a head wheel 2
inches in diameter, with four heads
equally spaced about its circumference.
In operation, the tape is constrained so
that its width is in direct contact with
90° of the head wheel. The rotation of
the head causes the tape to be scanned
successively and continuously by the
four heads. With a head wheel speed of
14,400 rpm and a linear tape speed of
15 inches per second, 64 tracks per inch
are scanned at a head-to-tape speed of
1600 inches a second. This is sufficient
to record the 5-megacycle carrier fre-
quency of the 4-megacycle video signal.

MODIFICATIONS NECESSARY
Drastic modifications and redesign of the

basic commercial video recorder were
necessary. First, the commercial version
was a single-channel recorder, but six
channels were needed for DAMP. The
duty cycle of each of the six channels
was limited to approximately 60 micro-
seconds at both pulse-repetition-fre-
quency rates. The duty cycle, however,
was simultaneous for all six channels.
To solve this problem with a single chan-
nel, time-division multiplex was selected.
Each of the five channels following the
first one was delayed progressively so
that the one channel of the recorder was
adequate for all the information. Either
a quariz delay line or a multichannel
magnetic drum could have accomplished
the time-division multiplex, but the im-
mediate availability of the quariz delay
line recommended its choice. Signal at-
tenuation resulting from this method of
delay was regarded as a problem of
less magnitude than that of designing
and building a multichannel magnetic
memory drum,

he DAMP tape format is shown in
Fig. 1. A tape speed of 22.7 inches per
second was required, instead of 15 inches
per second, to allow for a wider trans-
verse track width of 20 mils, instead of
12 mils. The center-to-center track spac-
ing of 15 mils was increased to 40 mils,
and the usual 64 tracks per inch reduced
to 40. This change was calculated to give
a 3- to 6-db advantage in signal-to-noise
ratio. Three heads were used on the
scanning wheel instead of four, to take
full advantage of the fact that the radar
signal is pulsed and not continuous.
The scanning-head wheel speed was

Fig. 1—Left to right: DAMP recorder equip-
ment racks. Scanning head, showing {1)
vacuum shoe holding 2-inch tape in contact
with (2) head wheel; (3) one of three record-
playback heads; (4) head-wheel motor. Head-
tape relationship and tape format.

increased to 18,000 rpm from the 14,400
rpm of the commercial machine. A
10%%-inch reel of tape gave 32 minutes
of playing time, which satisfied the 15-
minute requirement.

PROBLEMS AND SOLUTIONS

Meeting the delivery schedule was the
number-one problem. Its solution was
the full use made of the prior develop-
ment and design work on the commer-
cial recorder and quartz delay lines.

Delay Lines

The use of the quartz delay line
caused a 36-db attenuation of the
40-megacycle carrier signal. On top of
this, the f-m carrier signal was very nar-
rowly deviated (2% percent). In the
overall system, it was advantageous to
use the quartz delay line with the nar-
rowly modulated 40-megacycle carrier
before it was translated down to 5 mega-
cycles for recording on the tape. A 36-db
attenuation of the delay lines required
the development of a Vari-Cap modu-
lator. (The standard reactance-tube
approach to the design of the modulator
was not feasible.) The Vari-Cap modu-
lator resulted in satisfactory signal
amplitude. A great deal of effort was
spent to determine the linear operating
region of the modulator and the equal-
ization of its response characteristics to
obtain the necessary flat output.

Signal Multiplexing

The time-division-multiplex system
superimposed on the video recorder was
simple in concept (Fig. 2). Following
each radar “bang,” six sigpals appear
simultaneously at the inpit of the re-
corder: reflected-pulse /r/iz/dar 1, azimuth
error 1, elevation error’l, reflected-pulse
rader 2, azimuth erfor 2, and elevation
error 2. Reflectéd-pulse radar 1 is
recorded directly. The others are pro-
gressively delayed and recorded serially
in a time slot of 100 microseconds for
each. Thus, reflected pulse 1 is in the

-0-t0-100-microsecond time slot; azimuth

1 in the 100 to 200 slot, etc. While 60
microseconds would have been sufficient
to accommodate the rate, 100 microsec-
onds was used, an easy-operating mar-
gin to accommodate irregularities intro-
duced by transients. The synchroniz-
ing generator for the delay line, the
recorder, and the radar system were com-
mon. This simplified the system tremen-
dously, particularly the servo problem.

As stated, a time slot of 60 microsec-
onds would have been sufficient for the
recording of the signal return in any con-
dition. However, at’'a pulse repetition
frequency of 910, there are approxi-



mately 1100 microseconds between
bangs. By reducing the number of heads
on the scanning wheel to three and
increasing the head-wheel speed to
18,200 rpm, each head is in contact
with the tape for about 1000 micro-
seconds. Allowing for auxiliary longi-
tudinal tracks along the tape edges
(Fig. 1), a recording time of about 900
microseconds is available, ample for the
six 100-microsecond signal slots. Thus,
the radar returns are synchronized so
that six simultaneous returns are put in
corresponding  100-microsecond slots
during this 900-microsecond segment.

Scanning Technique

The use of three record-playback heads
instead of four was advantageous in
accommodating a pulse repetition fre-
quency of 285. By the simple expedient
of using only one out of every three time
segments for the recording of the lower
repetition frequency, the system was
made almost compatible. The servo sys-
tem of the recorder was required to
handle as a reference frequency the
pulse repetition frequency of 910, which
was synchronously recorded by three
transverse recording heads on the scan-
ning wheel. This gave a once-around
scanning wheel speed of 303.3 rps. To
accommodate a frequency of 285, only
one of the three heads was used, with the
head wheel slowed down from its 303.3
to 285 rps. The attendant poor utiliza-
tion of the tape (one tape scan utilized,
two tape scans left bank) was a small
price to pay for the compatibility be-
tween two pulse-rate frequencies. The
~crystal-controlled reference oscillator
for both the recorder and the radar has
a dual-channel output reference, one at
910 cps and the other at 285 cps. For
control of the head wheel and the cap-
stan of the tape recorder, the 910 figure
was divided by three to give a 303.3 ref-
erence standard for the servos. The 285
reference was used dif@gtly. A simple
switch between the two “tape-recorder
servo reference standards constituted the
only servo modification needed. A.tape-

tension idler was added to ensure com:

stant tension, a necessary requirement
for high reliability.

As in'the commercial video recorder,
the control, timing, and audio tracks
were ' placed longitudinally along the
tape edges (Fig. 1). The timing track,
required - for the reduction of the
recorded information, was multiplex
with  the pulse repetition frequency.
The audio log track has proven valuable
for orientation during analysis, and for
correlation between the output displays.

OPERATION

The DAMP version of the recorder has
been: used in down-range tracking of
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Fig. 2—Time-division multiplexing of video channel.

missiles and their re-entry into the
atmosphere. In these operations, the
characteristics of the radar and of the
missiles are fully known, and opportu-
nity is afforded for a complete calibra-
tion of the reflected radar signal. With
this calibration, a meaningful study can
be made of the effects of the unknowns
on the reflected signal. The availability
of video information for such study gives
several orders of new detail with which
to work. As yet, this great mass of infor-
mation has not been completely assim-
ilated. The fine structure detail has not
yet been fully interpreted. However,
some information is beginning to shape
up concerning ion sheath, shock wave,
and vehicle attitude. The capability of
the system is presently limited by the
ability to interpret.

The recording of radar video has given
a new tool for a more-precise reconstruc-
tion of the complete radar picture from
targets both inside and outside the
world’s atmosphere. At the moment, the
recording equipment — the data collec-
tion — is ahead of data reduction. This
may be the condition for some time to
come. The present equipment is the first
of more-sophisticated collection devices
that can be built employing the art of
video recording. Another such device
is a helical-scan recorder for simultane-
ously recording six continuous channels
of radar video to give a more-complete
coverage of the radar spectrum. The
value of this technique has been demon-
strated .by a preliminary development
program at RCA. This technique
recently came into the news through its
use, also, in Japan for commercial video.

A large measure of credit for this
program is due R. C. Wilcox and J. R.
Hall. Others making significant tech-
nical contributions include J. Heizer,
C. Lauxen, and F. Lee of DEP Applied
Research; and K. Solomon of ASD.
Special appreciation is extended to M.
Fink and J. N. Niewenhouse of M & SR
for coordination and to the TV Terminal
Equipment Group of IEP for informa-
tion on the commercial recorder.

F. E. SHASHOUA, Leader, Recording Sys-
tems, received his BSEE from Faraday House
College, England, in 1952 and his MSEE
from Newark College of Engineering in 1954.
Since joining RCA in 1956, he has developed
a variety of high-speed precision servomecha-
nisms used on the Quadruplex Video Tape
Recorder and on military magnetic-drum sys-
tems. He has also developed a multi-loop
wideband servo system with a response beyond
120 cps. He participated in the systems study
of the DAMP recorder. He has prime responsi-
bility for the video record and playback ampli-
fiers and for all the servomechanisms. More
recently, he has been active in the systems
development of a miniaturized wideband video
recorder and a companion processing unit. He
is a member of the IRE, an Associate of AIEE,
and a graduate of the IEE (England), and has
a patent pending.

W. R. ISOM received his BS from Butler
University in 1931, and taught there from
1937 to 1944, when he joined RCA at Indian-
apolis. He developed the first commercially
available Tv film projector and many special
mechanisms for kinescope recording equip-
ment for advancing film during the vertical
blanking time of a Tv system, and for sound-
recording equipment for both films and mag-
netic tape. His most recent work has been the
development of precise, high-velocity, large-
capacity magnetic-recording systems using tape,
drums and disks. He has pioneered the use of
air bearings, air suspensions, and air-floated
heads for video recording, tape and drum
memories, and military tape and drum systems
for broadband recording and radar data proc-
essing. He was instrumental in expanding the
advanced environmental-test facilities of RCA.
His group also has been responsible for heat-
transfer and temperature-control developments
in electronic equipment, and advanced mechani-
cal devices, including stabilized platforms and
gyroscopes. Mr. Isom is a fellow of SMPTE and
a Senior Member of the IRE.
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PODIUM

Basep ON Reports Recerven Over a4 Periob oF Asour Two MonTas

INDUSTRIAL ELECTRONIC PRODUCTS
Camden, N. J.

Television Tape Recording:
Principles and Present Practice

A. H. Lind. New York City SMPTE Conf.
Feb. 10, 1960. Principles, highlights, and
future considerations involved in television
tape recording.

A Tunnel Diode Tenth Microsecond Memory

M. M. Kaufman. IRE Nat’l Convention,
Waldorf-Astoria Hotel, New York City,
March 24, 1960. A type of tunnel diode
memory cell believed to be practical for a
large (approx. 105 bits) memory has been
developed. This memory cell is a baseband
destructive “read” type with a resistor
loaded tunnel diode and a transformer
coupled output.

Improving TV Picture Quality

Through Phase Equalization

R. S. Jose. Nat’l Assn, of Broadcasters
Convention, Chicago, Illinois, March 7,
1960. The factors causing phase or time
delay distortion are reviewed and the
effects on picture quality are illustrated.

New 5000 Watts High Efficiency

AM Transmitter Type BTA-5T

1. R. Skarbek. Broadcast News, March,
1960. A third harmonic resonant circuit of
the final amplifier modifies the instanta-
neous plate-current plate-voltage waveform
of the conventional class C amplifier per-
mitting 90-92% stage efficiency.

The Micromodule Program

J. Wentworth and D. Mackey. IRE Micro-
Circuits Symposium, Univ. of Pa., Jan. 20,
1960. Progress and status are reviewed, and
the relationship of micromodules to “solid-
state” approaches is realistically evaluated
and found compatible.

Description of the Tunnel Diode and Its
Applications

J. W. Wentworth. Field Engineers’ Electron-
ics Digest, Vol. 8-1, April, 1960. A compre-
hensive discussion on tunnel diodes, with a
minimum of mathematics, and includes
materials used in the construction, typical
application and the performance character-
istics under various applications.

TV Automation

F. R. McNicol. NAB Convention, April 6,
1960. Important steps in the development of
automation of the program assembly func-
tion as a promising approach to cost reduc-
tion in operation of a TV station.

Improvements in Television Cameras

J. H. Roe. NAB Convention April 6, 1960.
Significant improvements in TV camera per-
formance.

HOME INSTRUMENTS
Cherry Hill, N. J.

Lamp and Receptacle Provide Standby
Power and Appliance Checker

J. B. Powell. Electronic Design, Vol. 8,
No. 1, pg. 112. An accessory for bench
work used to check for short circuits and
continuity.

DEFENSE ELECTRONIC PRODUCTS
Camden, N. J.

Communications in High Intensity Noise

W. Meeker. IRE Professional Group on
Audio, WCAU Studios, Philadelphia, Pa.,
Feb. 17, 1960. Problems of communicating
in high-intensity acoustical noise and
methods of calculating speech intelligibility.

Weapons System Support

D. B. Dobson. NAECON, Dayton, Ohio.
May, 1960. Responsibilities of Weapons
System Support and their effect on a hypo-
thetical system.

Study to Determine Critical Environments
Encountered by High Altitude Vehicles

B. V. Wacholder and E. Fayer. Effects of
the environments on vehicles and equip-
ment operating on the fringes of the
earth’s atmosphere and beyond to the sur-
face of the moon. April 6-8, 1960 Meeting
of the Institute of Environmental Sciences,
Los Angeles, California.

Reliability Prediction ., . . lts Validity and
Application as a Design Tool

T. C. Reeves. 5th Design Engineering Con-
ference, New York City, May 24, 1960. A
survey of predictive techniques for the
designer of complex equipment and sys-
tems where procedures for reliability pre-
diction are not in common use,

Resistor Reliability-Capability Analysis

B. R. Schwartz. 6th Nat’l Symposium on
Reliability and Quality Control, Washing-
ton, D. C., Jan. 11-13, 1960. A new concept
in obtaining specific reliability data based
on test results developed during vendor
quality assurance test programs.

Practical Maintainability Numerics

M. P. Feyerherm and H. W. Kennedy, Jr.
6th Nat’l Symposium on Reliability and
Quality Control, Washington, D. C., Jan.
11-13, 1960. Maintainability indices and
numerics which the electronic design engi-
neer can use in improving the maintain-
ability of his equipment.

Design Reliability Analysis—A Proven
Technique for Production Control
und/,Enhuncement

H. L. Wuerflel and D. 1. Troxel. 6th Nat’l
Symposium on Reliability and Quality
Control, Washington, D. C., Jan. 11.13,
1960. Modern weapon systems and equip-
ments have achieved reliability gains as
high as 50 to 1 over W. W. II equipment
and 10 to 1 over 1950 equipments.

The Operational Support of

Space Vehicle Missions

H. S. Dordick. American Astronautic Soci-
ety—6th Annual Meeting in New York
City Jan. 21, 1960. Support requirements
and factors for space vehicle systems such
as logistics, test equipment training devices
and preventive maintenance routines are
analyzed.

Applied Systems Support Concepts

J. S. Williams. NAECON, Dayton, Ohio,
May 2.4, 1960. A basic electronic systems
support concept and its application to spe-
cific types of ground, airborne, satellite,
and space systems.

Servomechanism Fundamentals

H. Lauer, R. Lesnick, and L. E. Matson.
A revised edition published by McGraw-
Hill Book Co. of New York includes a
greatly expanded portion on transfer-func-
tion methods as applied to linear servos,
following a basic “introductory study of
their transient behavior.

Dry Circuit Evaluation
of Mechanical Connections

J. W. Kaufman, H. R. Sutton, A. V. Bal-
chaitis, and W. R. Matthias. April issue of
the Electrical Manufacturing Magazine.
Identification, definition and development
of instrumentation to reliably evaluate

electrical contacts used in connectors on
BMEWS.

Moorestown, N. J.
Design Review

G. J. Armbruster. 6th Nat’] Symposium on
Reliability and Quality Control, Washing-
ton, D. C. Jan. 11-13, 1960. Reviews the
working relationships between design and
review personnel and its effectiveness.

Reliability Models

P. R. Gyllenhaal. IRE-PGRQC, Presiden-
tial Apartments Feb. 2, 1960. A procedure
for developing a septum reliability model.

Organization of a Parts, Materials
and Process Operation

L. Jacobs. IRE Prof. Group on Compo-
nents, Jan. 11, 1960, Los Angeles. An activ-
ity to investigate, test, standardize and
review the application of parts, materials
and processes for military electronic equip-
ment.

Quality Control and Reliability

on a Major System Project

R. H. Baker. Standards Engineers Society,
Engineers Club, Philadelphia, Pa:, Jan. 25,
1960. Operation of a reliability and quality
control group on a large systems project
and discussion regarding” standardization
actions which are being-accomplished.

7
Charts Ease Amplifier Calculations

Roy. A. Henderson. Electronic Industries,
December, 1959. Graphs of plate efficiency
and plate voltage swing, pulse duration
(Theta), pulse shape (Alpha), and plate
current ratios are presented for class C
amplifiers, doublers and triplers.

The Use of FM in Correlation Radar

W. Blau. BMEWS Systems Conference,
RCA Moorestown, N. J., Jan. 11, 1960.
Long pulse sinusoidal FM is employed in a
radar system exhibiting high combined
range-velocity resolution. The correlation
output has a bandwidth which is com-
pressed to the AM pulse spectrum for a
target in the range gate.

A Practical Parametric Amplifler Design and
Its Application to Monopulse Radar

J. A. Luksch, Masters Thesis submitted
January, 1960 to the Moore School of Engi-
neering, Univ. of Pa. Theoretical consid-
erations and experimental results are pre-
sented concerning the design of a uhf
parametric amplifier and its operation in a
monopulse radar.
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Patents Granted

° TO RCA ENGINEERS

e

Baskn oN SUMMARIES RECEIVED OVER A PERIOD OF ABOUT TWO MONTHS

INDUSTRIAL ELECTRONIC PRODUCTS
Printing Mechanism
2,919,641—Jan. 5, 1960; F. W. Pfleger
Signal Detecting Circuit
2,920,239-—Jan. 5, 1960; W. Saeger

Semi-Conductor Trigger Circuits
2,921,206—Jan, 12, 1960; M. C. Kidd
Simplified Two-Channel Multiplex System
2,921,981—Jan. 19, 1960; M. C. Kidd

Phonograph Apparatus
2,921,992—Jan. 19, 1960; J. D. Bick

Information Handling Device

2,920,313—Jan. 5, 1960; D. L. Nettleton and
L. Bensky

Method of and System for Storing Data
Magnetically

2,926,338—Feb. 23, 1960; D. L. Nettleton,
A. Beard (DEP), and L. Bensky

Synchronizing Signal Separation

2,923,766—Feb. 2, 1960; R. W. Sonnenfeldt

Color Television Matrix Amplifier

2,924,648—Feb. 9, 1960; A. C. Luther, Jr.

Modulation System for Transmitters
2,924,791—Feb. 9, 1960; C. J. Starner

Sawtooth Wave Generator

2,926,284—Feb. 23, 1960; M. B. Finkelstein,
and H. C. Goodrich (Home Instruments)
Film-Television Editing System and Method
2,927,154—March 1, 1960; W. V. Wolfe and
T. C. Sharp (Hollywood)

Motion Picture Film Editing System

2,927,153—March 1, 1960; J. J. Askins and
H. A. Young (Hollywood)

DEFENSE ELECTRONIC PRODUCTS

Memory Reading System

2,925,588—Feb. 16, 1960; 1. H. Sublette and
L. S. Bensky (Camden)

Information Handling Device
2,925,589—Feb. 16, 1960; E. J. Schmitt
(Moorestown)

Voice Coil Structure

2,925,541—Feb. 16, 1960; W. R. Koch
(Moorestown)

HOME INSTRUMENTS

Avutomatic Gain Control with Variable
Resistance Device in Antenna Circuit

2,923,816—Feb. 2, 1960; J. B. Schultz

Notch Filter in Brightness Channel of Color
Television Transmitter

2,921,121—Jan. 12, 1960; G, L. Grundmann
and R. W. Sonnenfeldt (IEP)

ASTRO-ELECTRONIC PRODUCTS

Tachometer

2,927,268—March 1, 1960; F. F. Shoup and
T. E. Haggai

ELECTRON TUBE DIVISION
Servo-Motor Hoisting and Handling
Apparatus

2,924,429-Feb, 9, 1960; M. R. Weingarten
and R. M. Hollinger (Lancaster)

Electron Tube Mount

2,921,209-—Jan. 12, 1960; A. W. Bloom and
R. K. Wolke (Harrison)

RCA RECORD DIVIiSION

Coated Phosphor Particles

2,920,003—Jan. 5, 1960;
(Marion, Ind.)

J. A, Davis,

RCA LABORATORIES

Magnetic Switching Systems
2,927,307—March 1, 1960; J. A. Rajchman

Burlington, Mass.

An Error Minimization Technique

For Sampled-Data Systems

C. W. Steeg, Jr. and A. F. Engelbrecht.
IRE 7th Region Conf. and Electronics

"o Exhibit, Seattle, Wn., May, 1960. The

incieased significance of sampled-data in
control cvstems has emphasized the desir-
ability of transferring well-known tech-
niques for cortinuous systems into methods
applicable to discrete systems.

ELECTRON TUBE DIVISION

Harrison, N. J.

Hi-Fi Applications of New Trioae-Pentode
W. M. Austin, Electonics World, Jan. 1960.
Applications of the RCA-7199, a miniature
medium-mu triode — sharp-cutoff pentcde
specially designed for use in high-fidelity
audio equipment.

Versatile Modulator

P. Koustas. Radiotronics, Jan. 1960. A mod-
ulator which furnishes audio power between
25 and 100 watts and can modulate 100%
any r-f input power up to 200 watts. The
modulator uses RCA-6146 vhf beam-power
tubes in the output stage.

Nomographs for Modification of Electron-Tube
Dimensions

R. D. Reichert. Electronic Industries, Jan.
and Feb., 1960. Present nomographs to
determine physical tube dimensions, pro-
vided dimensions and electrical character-
istics of a tube of the same general class are
already known.

A New, Rugged, Ceramic Penecil Tube for
Class-C Service

C. J. Gurwacz. AIEE Winter General Meet-
ings, New York City, Feb. 1-5, 1960. Mechan-
ical and electrical design features of the
RCA-7554, intended for class-C amplifiers
and frequency-multipliers up to and above
1000 megacycles, and for c-w oscillators up
to and above 3000 megacycles.

Design Considerations for Modulators and
Converters Using a New Miniature Beam-
Deflection Tube

M. B. Knight and J. T. Maguire. AIEE Win-
ter General Meetings, New York City, Feb.
1-5, 1960. Unique design features of the
RCA-7360—a new beam-deflection tube pro-
viding output currents which are a function
of the mathematical product of two input
signal voltages.

-

Lancaster, Pa.

Luminescence

G. E. Crosby. Roddy Science Society at Mil-
lersville State Teacher’s College, Jan. 12,
1960. Differentiates the several kinds of
luminescence and describes the emitting
characteristics of various types of phosphors.

Chemistry in Color Television

D. T. Copenhafer, Jr. WGAL-TV, Lancaster,
Pa. Feb. 7, 1960. The role of the chemist in
the design, manufacture, and quality control
of color-television equipment,.

SEMICONDUCTOR AND MATERIALS
DIVISION

Somerville, N. J.

New Semiconductor Materials and Tunnel
Diodes

E. O. Johnson. Main Line Cleveland, Inc.,
Cleveland, Ohio, Jan. 13, 1960. Relative
merits of various semiconductor materials
with respect to their use in tunnel diodes,
including electrical characteristics and pos-
sible applications of tunnel diodes.

Tunnel Diodes

D. J. Donahue. N. N. J. IRE Section Meet-
ing, Montclair, N. J., Jan. 13, 1960. The
theory of operation, design features, and
possible applications of newly developed
RCA tunnel diodes.

Determination of Dislocation Densities in
Silicon Crystals by an Optical Method

G. Eckhardt and S. Lederhandler. American
Physical Society Mtg., New York City, Jan.
27-30, 1960. A photometric method for the
determination of dislocation densities in sili-
con crystals prompted by an observed cor-
relation between dislocation density and
crystal residual stress.

A Two-Transistor Regenerative Receiver for 80
and 40 Meters

E. M. Washburn. RCA Ham Tip, Jan.-Feb.
1960. A miniature “Ham” receiver using
two RCA-2N247 p-n-p “drift” transistors.
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RCA LABORATORIES ANNOUNCES
1959 ACHIEVEMENT AWARDS

The RCA Laboratories has announced the
following recipients of its Achievement
Awards for 1959:

Rubin Braunstein: for coniributions to
the understanding of energy-band structures
of semiconductors through optical studies.

David Kleitman: for development of
means for preparing high-efficiency evapo-
rated phosphor films.

Murray A. Lampert: for theoretical stud-
ies leading to greater understanding of the
behavior of charge carriers in solids and
gases.

Herbert Nelson: for the development of
techniques for fabricating semiconductor
devices with high performance and uni-
formity.

Kerns H. Powers: for contributions to the
theory and practice of error-correction, cod-
ing, and modulation techniques.

Leonhard F. Reinhold: for the develop-
ment of practical processes related to mag-
netic tape.

Benjamin Abeles and George D. Cody:
for team performance in the development of
a superior lechnique for measuring the
thermal conductivity of semi-conductors at
high temperatures.

Richard W. Ahrons, William L. Behrend,
Walter G. Gibson, and Edwin M. Hinsdale,

RCA 501 INSTALLED AT AEP

An RCA 501 computing system has been
installed at the Astro-Electronic Products
Division, Princeton, N. J. It will be used
in processing of bulk data from satellites,
information in natural languages, scien-
tific calculations, and to study test devices
to supplement computing system capabili-
ties.

The installation at AEP is the first one
to be used for scientific calculations. AEP,
in a joint effort with the Advanced Pro-
gram Activity of the Electronic Data Proc-
essing Division, IEP, is developing sub-
routines and scientific speed-codes which
will have universal applicability wherever
an RCA-501 system is used. A staff of fif-
teen engineers and a crew of five profes-
sionally trained computer operators are
available to aid AEP engineers in the steps
necessary in the solution of problems.

CORRECTING OUR ERRORS...

In Vol. 5, No. 4, in “Dielectric Ceram-
ics in Electron Tubes,” by W. J. Koch
and T. F. Berry: on pp. 38-39 the
photomicrographs for Figs. 5 and 7
should be transposed, as should those
for Figs. 8 and 10, and 11 and 12.
Also, in the captions for Figs. 2
through 12, the magnification powers
should be 2/3 the values listed. Our
thanks to E. C. Hughes, Jr., Mgr., Com-
mercial Engineering, Electron Tube
Division, Harrison, N. J., for bringing
these to our attention. " The Editors.

r.: for team performance in developing
apparatus for improved tape-recording of
color television.

Williom H. Fonger and Michael Kesti-
gian: for team performance in research
leading to a substantial improvement of the
effictency of vacuum-tube heaters.

Imre J. Hegyi and Egon E, Loebner: for
team performance in synthesis of high-
energy-gap III-V semiconductors.

Paul G. Herkart and Leonard R. Weis-
berg: jor team performance in research
leading to greater understanding and sig-
nificant improvements in the synthesis of
gallium arsenide crystals.

Gerald B. Herzog, Morton H. Lewin,
Henry S. Miller and James C. Miller: for
team performance in research on ultra-fast
computer circuits.

Hendrik J. Gerritsen and Henry R.
Lewis: for team performance in research
leading to new maser materials and high-
frequency masers.

David F. Martin, Arthur Miller, and
Arthur I, Stoller: for team performance in
research on new materials for magnetic
tape.

John Bruce Rankin and Oakley M.
Woodward, Jr.: for team performance in
developing an electronically  steerable
radial-waveguide antenna.

BEST PAPER AWARD TO GUERBER

H. P. Guerber, of the Electronic Data Proc-
essing Division, IEP, recently won a Best
Paper Presentation Award at the 1960
Winter Convention on Military Electronics,
sponsored by the IRE Professional Group
on Military Electronics, Mr. Guerber’s
paper, entitled “AutoData—RCA’s Auto-
matic Message Switching System,” describes
RCA’s step into dlgltal data communication
systems.

HOLLYWOOD I[EP ACTIVITY EXPANDS

The Film Recording Section (IEP) has
become a part of the Closed Circuit Tele-
vision and Film Recording Department,
Broadcast and Television Equipment Divi-
sion, IEP. The Film Recording and West
Coast Closed Circuit Television Systems
Engineering facilities will remain in Holly-

~ Approximately 4000 square feet of
additional space has been acquired in the
same building from NBC for a model shop,
Class A manufacturing, and warehousing.
The engineering staff has already been aug-
mented by the addition of one systems engi-
neer, H. E. Jury; plans call for the addition
of two more during the year.

SARNOFF FELLOWSHIPS
AWARDED TO TEN RCA MEN

Ten RCA men have been awarded David
Sarnoff Fellowships for graduate study in
1960-61. These grants, which include full
academic fees, a stipend of $2500 to $4000
depending on marital status, and a $1000
gift to the school, are for one academic
year, with the recipient eligible for
reappointment.

Three of the current awards are for the
second year, and went to: L. Bernal, RCA
Laboratories, Princeton (Ph.D., Physical
Chemistry, Columbia University); S. M.
Marcus, DEP, Camden (Ph.D., Physics,
University of Pennsylvania); and €. W.
Rector, Electron Tube Division, Lancaster
(Ph.D., Physics, Johns Hopkins University)

The seven new appointees are: €. L.
Becker, DEP, Tucson, Arizona (Ph.D,,
E.E., University of Arizona) ; I. J. Fredman,
RCA Service Company, Riverton (Ph.D.,
Mathematics, Princeton University) ; J. C.
Miller, RCA Laboratories, Princeton
(Ph.D., E.E., Yale University) ; S. Skalski,
Semiconductor and Materials Division,
Somerville (Ph.D., Physics, Rutgers Univer-
s1ty) H. Anderson, Electron Tube Divi-
sion, "Harrison (M.B.A., Management, Uni-
versity of Pennsylvanla) A. B. Cerderman,
DEP, Burlington, Mass. (M.B.A., Harvard
Business School); and S. J. Corpora,
National Broadcasting Company, New York
(Master of Fine Arts, Yale University).

COMMITTEE
APPOINTMENTS

J. L. Pettus, Mgr., West Coast Closed Cir-
cuit TV Systems Engineering and Film
Recording, IEP, has been appointed Chair-
man of the Sound Engineering Committee
of the Society of Motion Picture and Tele
vision Engineers. He has been actlve in e
SMPTE for 21 years and during ‘he last
several years has held several positions in
the Hollywood Chapter.—C. E. Hittle

E. J. Byrum, of Receiving Tube Manufac-

turing Engineering, Electron Tube Division,

Harrison, N. J., has been appointed Man-
aging Editor of the Northern New Jersey
IRE Newsletter.—TI'. M. Cunningham

Within Surface Communications, DEP,
Camden, N. J.: P. J. Riley has been elected
Chairman of the IRE Professional Group
on Product Engineering and Production,
Philadelphia Chapter. He has also been
elected to the National Administrative Com-
mittee of the PGPEP. J. Knoll has been
appointed Program Chairman and W. J.
Welsh (of Missile and Surface Radar,
Moorestown) has been elected Secretary of
the Philadelphia PGPEP Chapter—R. E.

Paiterson.

F. J. Hermann, Mgr, Scientific Instru-
ments, [EP, has been elected President of
the Philadelphia Chapter of Eta Kappa Nu,

REGISTERED PROFESSIONAL ENGINEERS

................ Prof. Eng., 11018, N.J.
J. W. O'Neill, Missile and Surface Radar Division......... Prof. Eng., 11044, N.J.

s



MEETINGS, COURSES
AND SEMINARS .

IEP ENGINEERING DINNER MEETINGS

IEP has inaugurated a series of Engineering
Dinner Meetings, of which two have already
been held. The first, on November 4, 1959,
included an address by T. A. Smith, Execu-
tive Vice President, IEP, who discussed
“Goals for IEP and the Engineer’s Contri-
bution.” The second, on January 26, 1960,
had as the main speaker D. H. Ewing, Vice
President, Research and Engineering who
discussed the growing problem of foreign
competition. All IEP Engineering managers
and members of the professional staff were
invited. The purposes of the dinners are to
provide an opportunity for IEP Engineering
personnel to become better acquainted
across divisional lines and to present
speakers of interest to IEP Engineers.

G. A. Kiessling

PERSONNEL IN RCA

At the invitation of Professor T. C. Helm-
reich, John Hirlinger, RCA EnciNeEr Edi-
torial Board Chairman for the Electron
Tube Division and Semiconductor and
Materials Division, delivered a well-received
talk on “The Place and Function of Per-
sonnel in RCA” to a class in Industrial
Management at Purdue University on
March 11, 1960.—C. A. Meyer

TELEVISION SEMINAR AT
NAB CONVENTION

At the conclusion of the recent National
Association of Broadcasters Convention in
Chicago, IEP Broadcast Engineers held a
two-day seminar, April 7-8, 1960. Lecture
topics covered included Transistorized
Switching Equipment, Special Effects, New
TV Cameras, TV Automation, Film Cam-
eras, Microwave Equipment, VHF Direc-
tional Antennas, Audio Tape Recording,
Video Tape Recording, Servo Systems, and
new FM Transmitters. IEP engineer-lec-
turers were: J. W. Wentworth, J. H. Roe,

~._ H. N. Kozanowski, H. E. Gihring, A. H.

“Lind, R. B. Marye, and L, E. Anderson. A

similar seminar was scheduled for the
SMPTE Conventlon, Los Angeles, May 6-7.
—E. T. Griffith

COLOR AND MONOCHROME v

L. Whitcomb, Mgrﬁ‘ Electrical Equipment
Development Engineering, Marion, was
guest speaker at the March 9th meeting of
the Marion Subsectionof the AIEE. His
discussion described transmitted signals,
receiver changes, and pictire tube differ-
ences for color TV systems as compared to
black-and-white systems.—Jan DéGraad

ENGINEERING LECTURE SERIES \\.\
AT HARRISON "~

D. H. Ewing, Vice-President, Research and
Engineering, presented the first in a series
of lectures of general interest to engineers,
sponsored by the Harrison Engineering
Education Committee to 300 Electron Tube
Division engineers on February 9, 1960. He
reviewed the status of research and develop-
ment in the Far East in general and in
Japan in particular. The second lecture
April 20, 1960, featured M. Staton from
Astro-Electronic Products Division speak-
ing on “RCA’s Plans for the Electronics
Associated with Men in Space.”

A special series, to present timely sub-
jects for engineers was inaugurated with
a lecture on “Applications at High-Fre-
quency Induction Heating” by Dr. J. F.
Libsch of Lehigh University, on March 10,
1960.—7T. M. Cunningham

~

ENGINEERS IN NEW POSTS

In the Electron Tube Division, W. E. Breen,
Mgr., Microwave Manufacturing, announces
the appointment of H. M. Learner as Super-
intendent of the new Microwave Special
Tube Manufacturing activity, which will
produce sample quantities of newly-devel-
oped microwave tubes. J. Gale has been
promoted to Mgr., Methods and Estimates
for Microwave Operations. G. D. Hanchett
has been named Coordinator, Technical
Planning for the Electron Tube Division. In
Kinescope Operations, W. J. Harrington
has been appointed Mgr.,, Development
Shop. J. B. Lovecchio has been named Mgr.,
Administrative Planning. At Cincinnati
Receiving Tube Operations, R. G. Ashton
has been named Administrator, Work Sim-
plification and Materials Handling. In
Entertainment Tube Products, Lancaster,
Pa., J. D. Ashworth has been named Admin-
istrator, Engineering Administration, Kine-
scope Engineering, replaging D. G. Garvin,
who becomes Mgr., Institutional and Lab-
oratory Sales, Government, Industrial Tube
Products.

In the Semiconductor and Materials
Division, J. M. Spooner, Plant Manager,
Findlay Plant, announces the following
members of his staff: R, J. Hall, Mgr., Man-
ufacturing, R. H. Kramer, Mgr.,, Manufac-
turing Standards, K. D. Lawson, Mgr., Plant
Engineering, J. W. Ritcey, Mgr., Produc-
tion Engineering, and H. A. Uhl, Mgr.,
Plant Quality Control. For the new Moun-
taintop, Pa., plant now under construction,
A. E. Mohr has been named Mgr., Produc-
tion Engineering by G. H. Ritter, Plant Mgr,

In the RCA International Division, M. E.
Karns, Director, Licensing Operations,
announces his staff as follows: §. S. Barone,
Mgr., Licensing; R. F. Holtz, Gen. Mgr.,
Laboratories RCA, Ltd. (Zurich); H. W.
Johnson, Mgr., Patent Services; P. A.
Richards, Managing Director, American
Electronics Enterprises Ltd. (Tokyo) ; L. A.
Shotliffe, Mgr., Technical Aid Develop-
ment; H. A. Strauss, Special Representa-
tive, Licensing; and E. F. Sutherland, Mgr.,
Administrative Services.

In the RCA Victor Record Division, A. J.
Viere has been named Mgr., Quality Con-
trol, for the new Tape Manufauturmg Plant
in Indlanapohs In the Record Operations
Department, R. A. Boas is' Mgr., Manage-
ment Engineering and A. L. McClay is Gen-
eral Plant Mgr., Manufacturing.

Within Industrial Electronic Products,
F. J. Dunleavy, General Mgr., Industrial
and Automation Division, announces his
organization to include: N. M. Brooks,
Chief Engineer; S. K. Magee, Mgr., Food
Machinery and Scientific Instruments

Department;
Automation Products Dept.; and M. J.
Yahr, Mgr.,, Audio Products Dept. Under
Mr. Magee, H. €. Gillespie is Mgr., Engi-
neering. In Broadcast and Television Equip-
ment Division, V. E. Trouant, Chief Engi-
neer, Engineering Dept., announces his
organization: F. €. Blancha, Coordinator,
Mechanical Design; A. E. Garrod, Mgr,,
Drafting; T. M. Gluyas, Mgr., Broadcast
Studio Engineering; W. R. Johnson, Mgr.,
Engineering Services; H. N. Kozanowski,
Mg%., TV Product Advanced Development.
In the Electronic Data Processing Division,
J. W. Leas, Chief Engineer, Engineering
Dept., announces his organization as: H. H.
Asmussen, Staff Engineer; €. M. Breder,
Mgr., Data Processing Engineering Admin-
istration; J. A. Brustman, Mgr., Engineer-
ing Programs and Planning; H. M. Elliot,
Mgr., Computer Product Line Engineering;
D. L. Nettleton, Mgr., High-Speed Com-
puter Engineering; and R. A. Wallace,
Mgr., Mechanical Design and Peripheral
Devices Engineering. Also within EDP, J.
N. Marshall is Mgr., Advanced Systems
Engineering and R. E. Wallace is Mgr.,
ComLogNet Project, within the Data Com-
munications and Advance Systems Depart-
ment. R. E. Wilson has been appointed Mgr.
of the new industrial electronics plant to be
built in Washington County, Pa. He will
report to N. Caplan, Mgr., RCA Communi-
cations Dept., who heads industrial elec-
tronics activities in that area.

In RCA Victor Home Instruments, J. J.
Toyzer has been appointed Mgr., Manufac-
turing Engineering Administration.

In the National Broadcasting Company,
Inc., €. W. Slaybaugh has taken the posi-
tion of Director, International Enterprises,
and will also serve as Vice Chairman of the
Board, NBC International, Ltd.

In Defense Electronic Products, R. Stale-
mark has been appointed a senior member
of the stafl of the Surface Communications
Systems Laboratory. In the Missile Elec-
tronic and Control Engineering Department
at Burlington, C. E. Leete has been named
Mgr., Product Assurance, and Dr. R. C. Sea-
mans has been appointed to the Scientific
Advisory Board of the U.S. Air Force. In
the Missile and Surface Radar Division,
C. J. Foskett has been named Mgr. of the
new BMEWS Operations Liaison Office at
Hanscome Field in Bedford, Mass. Succeed-
ing him as Mgr. of BMEWS Programming
and Manufacturing Coordination is H. M.
Emlein, formerly Operations Mgr. of the
IEP Industrial and Automation Division.
In DEP Staff appointments, L. H. Orpin has
been named Mgr., Planning, and R. V.
Miraldi Mgr., Management Engineering.

Dr. VIC'O}; E. Buhrke leads o seminar of RCA crystallographers from Marion, Lancaster, Harrison,
Somerviile, Princeton, and Camden, the first of its kind specifically keyed to X-ray applications
within RCA. This seminar was under the auspices of the Applications Laboratory, Scientific Instru-
ments, IEP, Camden, N. J., of which Dr. Buhrke is Director. Similar seminars are planned for the
future. (See VYol. 5, No. 5, “Why an X-ray laboratory in Camden,”

by Dr. Buhrke.)

I. €. Maust, Mgr., Detroit
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George Kiessling (left) and RCA ENGI-
NEER Editor Bill Hadlock {right) welcome
Sig Dierk as Chairman of the IEP
Editorial Board.

RCA VICTOR COMPANY, LTD. JOINS
‘“‘RCA ENGINEER" ACTIVITIES,
NAMES RUSSELL ED REP

The Editors and Advisory Board are par-
ticularly pleased to announce that engineers
and scientists of RCA Victor, Litd., Mont-
real, Canada, are now full-fledged partici-
pants in the RCA ENGINEER. Planning is
now under way for articles from that area.
Dr. J. R. Whitehead, Director of Research,
RCA Victor Company, Ltd., has named
H. J. Russelil of their Research Laboratories
as Editorial Representative.

ENGINEERING MEETINGS
AND CONVENTIONS

June 8-11
National Society of Professional
Engineers, Annual Meeting, Stat-
ler-Hilton Hotel, Boston, Mass.

June 13-15
Radio  Frequency Interference
Symposium, IRE, Washington,
D.C.

June 15-17

American Physical Society, Mc-
Gill University, Montreal, Canada

June 20-21
Chicago Spring Conference on
Broadcast & TV Receivers,
PGBTR and Chicago Section of
IRE, Graemere Hotel, Chicago, Ill.

June 20-24
American Institute of Electrical
Engineers, Summer General Meet-
ing, Chalfont-Haddon Hall Hotel,
Atlantic City, N.J.

June 22-24
Electronic Standards & Measure-
ments Conference, PGI of IRE,
NBS, AIEE, NBS Boulder Labs,
Boulder, Colo.

June 25-July 9
1st Congress International Federa-
tion of Automatic Control, PGAC
et al, Moscow State University,
Moscow, USSR

June 26-July 1
American Society for Quality Con-
trol, Chalfont-Haddon Hall, Atlan-
tic City, N. J.

June 27-29
National Convention on Military
Electronics, PGMIL of IRE, Sher-
aton Park Hotel, Washington, D.C.

Don Garvin {right} discusses an Enter-
tainment Tube Products Dept. article

with John Ashworth, new Ed Rep.

DIERK NAMED TO HEAD “RCA ENGINEER'’ ACTIVITIES FOR IEP;
ASHWORTH REPLACES GARVIN AS LANCASTER ED REP

In Industrial Electronic Products, Camden,
N. J., Siegried F. Dierk has been named
Chairman of the RCA EnciNeer Editorial
Board, made up of seven Editorial Repre-
sentatives throughout IEP. Concurrently, he
was appointed as an Engineering Editor on
the RCA ENGINEER staff. These duties form
an important part of his new position as
Technical Publications Administrator for
1IEP, to which he was recently named by
G. A. Kiessling, Mgr., Engineering Stand-
ards and Services, who had performed these
functions since the transfer of €. W. Sall to
the RCA Laboratories. (See News and
Highlights, Vol. 5, No. 5). Mr. Dierk’s new
responsibilities are well described in this
issue on Pp. 2-4.

In the Entertainment Tube Products
Department, Electron Tube Division, Lan-
caster, Pa., John D. Ashworth has replaced
Don Garvin as RCA EnciNeer Editorial
Representative. He will serve as a member
of the Electron Tube and Semiconductor
Division’s Editorial Board, whose Chairman
is John Hirlinger. The Editors extend their
best wishes to Don Garvin, who has done a
particularly fine job for the RCA Encr-
NEER.

Siegfried F. Dierk attended the Ohio
State University and Drexel Institute of
Technology. Upon discharge from the U.S.
Air Force, where he worked on airborne
radar and navigational equipment, Mr.
Dierk joined RCA’s commercial digital
computer section in 1955. During the fol-
lowing year he assisted in the operational

Clip out and Mail to Editor, RCA ’E:VGINEER, H#2-8, Camden

check-out and installation of the System
Central of the BIZMAC system. In 1956 and
1957 he participated in the design and
development of a digital data processing
equipment for a missile program and a
military ground-to-air data-link system. Late
in 1957, Mr. Dierk entered the technical
publications field in the EDP Engineering
Publications Group. Here he was respon-
sible for the compilation, writing, editing
and production of periodic research reports
to the Government. His functions also
included the preparation of engineering
reports, specifications and proposals as well
as visual aids for technical papers and sales
presentations. Mr. Dierk is currently
attending the Evening College of the Drexel
Institute of Technology. He has now
assumed the post of Technical Publications
Administrator for IEP, with responsibilities
for professional papers, activities and Engi-
neering Reports and Memorandums.

John D. Ashworth received an AB degree

from Franklin & Marshall College in 1953

and came to RCA in Lancaster the same
year. After a short stint as a Factory Super-
visory Trainee, he joined the Lancaster Per-
sonnel Dept. as Suggestion Administrator.
In 1954, he assumed the p(}si’tion of Admin-
istrator, Salaried Employmient at Lancaster,
and in 1956 was named Administrator,
Organization Development. He now suc-
ceeds Mr. Garvin .gs Administrator, Engi-
neering Administration, Kinescope Engi-
neering, Entertainment Tube Products.
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