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.’an artist's conception’ of the SERT capsule
in space.” The hedvily instrumented: SERT cap-
sule carried two ion engines (shown extended
at sides of ‘capsule)’ into space so that they
could be tested in: their intended 'operational
environment for the first time. The six photo-
graphs . show . various. “sensors. designed. for
space application-by the Astro-Electronics Divi-
sion——top row: left, SERT hot-wire anemometer
probe to medsure ion beam intensity; center,
NIMBUS - ‘Advanced ‘Vidicon Camera  System

{AVCS); right, "APOLLO television: camera— -

bottom row: left, RANGER partial:scan camera;’
center, TIGRIS, an extremely sensitive dastro-
nomical camera; right,  TIROS ‘avtomatic: pic-
fure transmission . (APT) ‘camera. (Cover art
direction, J. Parvin. Photos and sketch coyr:
tesy: Astro-Electronics Division:) g

Editorial kS‘ecrefe‘m/ ‘

Space Equipment—A Design Challenge

Professional success is never achieved without heartbreaking setbacks and, on
attained, is easily lost to one’s competitors. Some of the articles in this issue
the RCA EnciNeer describe typical equipment which has helped RCA achi
success in the national space program. To uphold our successful position

must, of course, continue to use the techniques which have enabled us to prod
reliable—work-every-time—designs; but this is far from enough. We must m
forward, learn about new techniques, understand the application of new devices; m
succinctly, we must continue to be up-to-date professional engineers and scientid

The staff of the RCA EnciNeErR and the contributing authors are playing th
part by making information readily available. You belong to professional societ
and through your libraries you have ready access to the technical papers of t
world. Have you faced the challenge to keep up to date in your chosen area
skill so that you can help maintain RCA as a leading engineering company?

If you are a circuit-design engineer, do you know what techniques are used
horizon-sensor amplifiers, how to apply integrated-circuit techniques to spa
cameras, how to design efficient pc-to-nc converters and at the same time minimi
the interference generated by them? If your skill is in another area, perhaps yq
should know how to select adhesives and insulating materials which will withsta
the radiation fields in space; perhaps you need to understand the problems ass
ciated with outgassing. Whatever it is—are you keeping up to date?

RCA engineers have been in the forefront of space activities from the beginnir
To stay there we must meet the technical challenge of creating state-of-the-:
designs which achieve long life, and we must deliver equipment on the requir
date, at a price the customer can afford. The solution to this challenge is not

be found in ultra-conservatism, since our competitors have enterprising engineeri
teams also very determined to become the best in the business. Rather, all of

must produce something extra, from a personal dedication to the job at han
As we succeed, we can take our place in the proud ranks of the other RCA eny
neers who have maintained the fame and integrity of the RCA name througho
the world. "

J. Vaughan

Chief Engineer
Astro-Electronics Division
Radio Corporation of America
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N today’s defense and space business, a Project Definition

Phase (PDP) contract is an intensive advance study of all
of the concepts of “value” which will affect a major govern-
ment project—from the basic system concepts, through the
specification, development, design, production, and opera-
tional use of hardware. The PDP considers not only actual
dollar costs, but also “total value” in terms of what the sys-
tem is to do, and the most effective technical and managerial
means to achieve this.

In practice, PDP contracts are funded and parallel develop-

ment efforts assigned to two or more contractors. Each con-
tractor then:

1) Sets up preliminary engineering and management plans.

13V
~—

Establishes firm and realistic system specifications.

3) Defines interfaces and breakdowns of project responsi-
bilities.

4) Identifies high-risk areas.

5) Establishes the “best” technical approaches.

6)

Develops realistic schedules and cost estimates, leading
to fixed price or incentive contracts.

By so doing, the PDP assures that the military requirements
are valid and adequately defined, the proposed system is
technically and tactically feasible, and state-of-the-art tech-
nology is applied wherever possible. Furthermore, major
alternatives and trade-offs between them have been considered
and the planned system can then be developed based on an
appropriately realistic balance of performance, cost, and
schedule. Finally, both the customer and ‘the potential con-
tractors are equipped with realistic management plans, sys-
tems, schedules, and costs prior to actual selection of a con-
tractor and embarking on the project.

SYSTEM TRADE-OFFS

One of the most significant aspects of PDP is the concept of
system trade-offs among cost, performance, and schedule. In
the past, military projects were often oriented toward maxi-
mizing performance—with only secondary regard to cost.
While today’s defense procurement is very economy-oriented,
it can be disastrous from the standpoint of system performance

Final manuscript received December 15, 1964

to swing too far in the other direction—to minimize cost ir-
respective of the technological consequences.

A more realistic and practical approach is to maximize
capability for a specified cost, or to minimize cost for a speci-
fied capability. That is, choose a design which provides the
most benefits for a fixed budget of X dollars. Or, start with
the requirement that these same benefits be obtained at mini-
mum cost, probably resulting in the same design at the same
cost of X dollars.

The ratio of function to cost may also be used for comparing
alternatives developed in trade-off studies, providing the ratios
hold true at different magnitudes of function or cost. This is
not always the case, however, but ratios do become progres-
sively more realistic as constraints are placed on either the
function or cost, preferably to the point where one or the other
is fixed. This returns us to the more desirable approach of
maximizing capability for a given cost or minimizing cost for
a given capability.

TOTAL VALUE CONCEPTS

Today, RCA’s total-value concepts for defense systems relate
function to cost all the way from concept through use. Cost
is a major design parameter, and the cost of both producing
and using what is being designed has to be rigorously exam-
ined. Similarly, the PDP puts special emphasis on achieving
balanced characteristics in the early design stages which will
prevent unnecessary costs in the future. Designs are, there-
fore, evaluated with respect to the total cost of an equipment
for its service life.

Total cost is the sum of 1) research, development, test, and
evaluation (RDT&E) cost; 2) production, 3) installation,
and 4) operational cost, the latter including support equip-
ment, maintenance manpower and facilities, overhaul, and
supply.

The term service life can be somewhat nebulous. The im-
portant factor is how well the equipment functions while in
service. It is sometimes specified by the number of operating
hours with “normal” maintenance, which can be valid for
wear-out failure modes. But, this does not account for the
unavailability of the equipment due to outages and the re-
sources required to keep it going. A more precise measure-
ment is operational readiness for a given number of years as
defined by the four factors in the following example:

1) Mean time between failures = (Total operating hours)
~ (Number of system failures in same interval) =
100 hours. From this, the probability P, of successfully

completing a 24-hour mission is: P, = exp (—X\) =
exp [— (L/MTBF) X 24] = exp [— (1/100 X 24] =
78%

2) Preventive maintenance downtime per 1,000 hours =
10 hours.

3) Corrective maintenance downtime per 1,000 hours =
20 hours.

4) Maximum allowable single downtime for corrective
maintenance = 2 hours. This is the longest tolerable
downtime for corrective maintenance without compro-
mise of the mission. This can be used to guide pre-
ventive maintenance which could be scheduled when
repair or replacement of a part requires more than two
hours.

System availability is the probability that the system will be
operative at any given time. The above system is operable only
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Fig. 1—Cost analysis form for design activities.

COMPARATIVE VALUE STUDY
ITEM PART NO. QUAN.

S. ROBINSON, as Administrator of Value Engineering at the RCA
Missile and Surface Radar Division, Moorestown, is responsible for
the direction of the Value Engineering programs at this division. Prior
to this assignment, he was engaged in Value Engineering on BMEWS,
and has been continuously engaged in value engineering work at RCA
since December 1958. Before joining RCA in 1958, Mr. Robinson was
employed in the telemetering field for a total of seven years as Chief
Design Engineer with the Applied Science Corporation of Princeton,
N.J.; and with Teledynamics, inc., Phila., Pa. Prior to this he was
engaged in research, electronic engineering and production of nucle-
onic instrumentation for the University of Chicago Manhattan Project,
U.S. Atomic Energy Commission, and Nucleonic Corp. of America for
a total of five years. Mr. Robinson was also engaged in the design of
airborne gun sight and fire conirol computing systems at Fairchild
Camera Instrument Co. and in related aircraft technical fields for over
four years., Mr, Robinson majored in Physics at the City College of
New York, class of 1939. He is Secretary of the Delaware Valley Chap-
ter of the Society of American Value Engineers, and a member of the
EIA Committee on Value Engineering, and of the |EEE. _]
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OPERATION
CONFIGURATION, COST, AND CONCENTRATION —

Configuration and cost are the significant milestones estab-
lished early in the PDP; they delineate the hardware items,
quantities, and arrangements considered technically feasible,
and their estimated costs. This information provides the basis
for concentration of value improvement effort on value-sensi- Fig. 2—Value comparison form relating function to costs.
tive items—those with high potential for value improvement.
The cost spectrum used by RCA embodies total value con-
cepts and establishes target cost goals. Fig. 1 shows a cost
analysis form arranged so that the cognizant design activities 180 1~ — — — — — —— — — — )
are provided with RDT&E, production, and operational cost HCH °"E§$§T‘Z”‘L
goals pertinent to each “black box” they are to design. When
alternates or changes are considered, they must therefore be
evaluated over the same cost spectrum. Continuity of the total
value concept is maintained in the value comparison form
(Fig. 2), which relates function to RDT&E, production, and
operational costs. -
Knowledge of the total cost pattern is essential for realistic
value judgments. For example, one RCA study showed that
the direct cost of maintaining a typical military communica-
tion system designed to MIL-E-4158 is $40,000 per 1,000 parts
per year. The prevention of unnecessary operational costs at
the design stage presents significant value potential, perhaps
even at the expense of higher development and/or production
costs. Fig. 3 illustrates an assumed system of 500,000 parts
whose acquisition cost is $100 million. Using $40,000 per
1,000 parts per year, the yearly operational cost is $20 million
(line A”). If the rate is reduced to $35,000, the yearly opera-
tional cost is $17.5 million (line B’). The origin of line B’ is
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Fig. 3—Acquisition and operational cost trade-offs.
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Fig. 4—Evaluating relative worth of alternate designs for hypothetical
Systems A, B, and C. As an example here, comparison is between cost,
range, weight, and availability as characteristics, Each characteristic is
assigned a weighting factor, W. The sum of the weighting factors must
be unity. In this case, total value for each system is (W.V.) 4 (W.V,)
(W Vor) - (WVal.

placed at 4 + B to show that as much as $5 million additional
(5% of the original acquisition cost) could be budgeted tq
achijeve this goal and still break even in two years. (In four
years there would be a net saving of $5 million.)

Frequently, value improvement may both lower cost and
improve reliability by reducing complexity. Similarly, value
improvement may reduce direct operating costs and lower the
number of system parts as well. This would tend to increase
the savings shown in Fig. 3, since fewer parts would decrease
the slope of line B.

In general, a relatively few system elements account for a
high percentage of system cost. Generally, proportionate value
improvement effort should be devoted to these items. A rank-
ing of item costs, according to their percentage of the total
cost, will provide a quick initial guide for the concentration
of value improvement effort. However, this ranking may not
necessarily correspond with the items having the highest value
sensitivity—that is, potential return for effort expended. Some
additional criteria to consider are as follows:

1) High Quality Repetitive Items—These are frequently of
low or medium cost. The quantity factor exerts high
“leverage” in terms of overall savings for efforts ex-
pended. For example, a recent change by RCA in one
resistor for a missile program has resulted in savings of
over $7.7 million.

Fig. 5—A hypothetical normalization curve for range in the example of °

Fig. 4.
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2) Standard vs. Special Items—Standard and special de-
signs should be evaluated to determine if total value will
benefit from an exchange of roles. Standard parts tend
to seem less value-sensitive because they have the pro-
tection of status. A nonstandard part must demonstrate
at least equivalent function and reliability, and savings
which will more than compensate for changes in the
logistic system. Putting it another way, a nonstandard
part has to reach “escape velocity” to get into the “orbi-
tal swim.” On the other hand, the problem can be over-
simplified and misstated as: “The maximum use of
authorized parts, materials, and processes.” This ap-
proach is essential only up to the point where “standard”
items continue to provide superior total value.

3) Technical Uncertainties—The scientist and engineer in-
herently generate value by making it possible to per-
form a function that did not exist before. During the
PDP, value engineering techniques assist the inventive
process and guide it to the least complex and least costly
innovative solutions. In this regard, high-cost areas of
technical uncertainty are carefully investigated, partic-
ularly where the possible alternatives differ widely in
cost.

4) State of the Art—A “design from scratch” is potentially
more time-consuming, more costly, and less sure of re-
liability than an established approach. Its value im-
provement potential is, therefore, higher than that of a
mature design. Conversely, areas in which technology
is conventional and equipment design is relatively ma-
ture (such as power supply, storage, and conversion)
may offer less potential. This is not necessarily because
the mature design represents the best approach, but be-
cause the new design must justify the extra effort—much
as described above in considering standard vs. non stand-
ard parts.

During the PDP, value studies are conducted by all program
activities on system and hardware design, procurement, manu-
facturing, personnel, data, and management operations. In
performance studies, for example, key performance param-
eters are varied, holding the rest of the system in conformance
with specification requirements. In each case, the elements
concerned with the function being varied are studied for
design and cost ramifications, and new approaches are con-
sidered to minimize cost. In addition, other studies are made
in which the proposed system is compared with other existing
military systems. This is done by examining measures of
functional effectiveness vs. cost for each system with respect
to the required capability.

MEASURES OF SYSTEM VALUE

There has been much discussion regarding the need for estab-
lishing measures of system value. Such parameters might be
used in the PDP and subsequent phases to define the relative
importance of performance, cost, and delivery. For example,
reliability groups have a parameter they call system avail-
ability:

MTBF

System Availability = m

Where: MTBF = mean time between failures, and MTTR =
Mean time to repair. The total system availability is the net
result of the individual contributions of its subsidiary parts
and their network relationship in the reliability model. In any
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Fig. 6—Case study: original design approach to a radar antenna tower
before value analysis. Function-cost charts like this (and Fig. 7) help in
analyzing alternatives by focussing attention on disproportionate param-
eters,

one system, many different combinations of reliability char-
acteristics could achieve the same overall system availability.

Similarly, it is conceivable that a measure of total system
value, or system worth, might be established, although such
an all inclusive concept has sometimes been compared to the
“universal solvent.”

RCA has been using a technique for evaluating the relative
worth of alternative designs which is a step in this direction.
This is illustrated in Fig. 4, wherein cost, range, weight, and
availability are compared for Systems A4, B, and C. (The
numbers shown are for illustrative purposes only.) The char-
acteristics are assigned weighting factors between 0 and 1
whose total equals unity. Each system is rated on a normaliza-
tion curve for each characteristic. The normalization curve
for range is shown in Fig. 5. The total value is the sum of the
products of the individual weights and normalized values:

Total Value = WoVo + WoVo ot WV o+ WiV

Where: W .V, = (Weighting factor for cost) X (nofmalized
value for W,V,) = (W eighting factor for range) X (normal-
ized value for range) ; W V., = (W eighting factor for weight)
X (normalized value for weight); and W .V, = (W eighting
factor for availability) X (normalized value for availability).

This approach enables comparison of a number of charac-
teristics having different dimensions. It is, of course, critically
dependent on the weights and normalization curves which are

established.

DEVELOPING TRADE-OFFS: THE ‘‘CONCEPT REVIEW”

Normally, value engineering task force operations, in the
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Fig. 7—Case study: higher-value design resulting from coordinated
value study by RCA and the customer. Here, required functions are
provided at a third the originally anticipated cost for the approach in
Fig. 6.

classical sense, reach a peak during the early stages of the
RDT&E effort. At this time, established design concepts and
costs provide a base for evaluating the payoffs for further
value improvement. However, the PDP is, in itself, a system-
wide value study at an earlier level of flux and technical
uncertainty. In present-day RCA defense projects, this has
led to the use of value-engineering “Concept Reviews,” which
are tailored to this early stage. These reviews consider vari-
ous subsystem approaches and configurations for value-sensi-
tive portions of the system, rather than of all the detailed
hardware elements. The purpose of these reviews is to:

1) Provide communication among specialists whose disci-
plines are involved in the concept study of each major
subsystem.

2) Stimulate interdisciplinary contributions to overall cost
effectiveness with particular reference to producibility.

3) Study the initial design concept and initiate inter-
disciplinary efforts in search of higher value alternatives.

The items to be reviewed are selected and scheduled by a
Value Engineering group, as soon as a coherent presentation
of the initial design concept can be made in terms of sketches,

models, or reports. A task group representing a cross section
of program disciplines is designated by Value Engineering for
each review. (Typically represented are engineering, manu-
facturing, purchasing, and reliability personnel, with other
pertinent specialists as required.)

The agenda consists of a presentation by the design activity




describing the required function, the proposed concept, the
factors influencing its choice with respect to other alternatives,
and the cost factors. The concept is evaluated with respect to
the interacting needs of the various disciplines and modifica-
tions or entirely new approaches are recommended to improve
total value. Subsequent studies are triggered to investigate
promising alternatives. Minutes of the review are issued.
The flexibility for change at this stage of the program per-
mits radical changes in approach with relatively few inhibi-
tions. For example, in one review a subsystem configuration
revealed poor interdisciplinary trade-offs. A superior alterna-
tive configuration was devised and the cognizant manager
directed a subsequent detailed study leading to its implemen-
tation—all during the course of a two-hour session. Cost
estimates indicated production savings in excess of $1 million.

CASE STUDY-—A RADAR ANTENNA TOWER

Functional and cost models of the chart type are being used

in all phases of value engineering effort, but are particularly ~

apropos during the PDP. They concentrate attention on dis-
proportionate functional and cost parameters and assist in the
analysis of alternatives. They are developed in top-down
breakdown form for any desired level of system study.

Figs. 6 and 7 illustrate functional charts of alternative de-
signs for a radar antenna tower. All functions essential to the
basic function are joined to it by a solid line. Secondary func-
tions are joined to the basic function by a dashed line.

The conventional “brute force” design originally contem-
plated by the specification is shown schematically in Fig. 6.
For electrical reasons, a free-standing tower was thought
necessary, which required a broad-based, costly structure and
foundation. This was further aggravated by the need to with-
stand winds up to 130 mph and to minimize wind-induced
motion of the antenna. In a conventional design, as shown in
Fig. 6, the basic functions of weight support and resistance to
deflection are borne by the tower structure. The stairshaft
fulfills the secondary function of access via an internal spiral
staircase. All elements of the system are rigidly joined to-
gether. (Note that the tower structure accounts for 95% of
the total cost.) The radome is not included in the functional
chart because it represents a constant element, for purposes
of this discussion. The functional diagram is deceptively
simple in that the tower structure performs all of the basic
functions, and most of the total cost is expended for basic
rather than secondary function. The tower cost, however, was
disproportionately high compared to other towers and to the
radar itself, which performed the primary system function.

During the proposal and early contract stages, the RCA
design group carried out an intensive value study of the speci-
fication and design concept in close conjunction with customer
personnel. A key element in this process was the value tech-
nique of evaluation by comparison. A cost confparison showed
that a typical guyed tower could perform the same function
at approximately one-third the cost of the free-standing tower.
A further study of electrical requirements revealed that this
approach would be acceptable. To eliminate the effect of ex-
cessive tower deflection on the antenna, a solution was found
by working with nature instead of fighting it.

The design shown in Fig. 7 achieves higher value by com-
bining functions, separating other functions, and changing
the character of the required functions as follows:

1) Two functions are combined in the stairshaft; that is,
support the radar (2.1) and provide access (2.4). It is

designed as an independent free-standing tube with no
attachments to the rest of the structure.

2) To shield the antenna and its support from wind effects,
the tower structure surrounds it and is covered with a
siding. The tower structure still combines two functions,
but they have changed their character. It supports
weight, but only that of the radome (2.2). Instead of
resisting wind deflection (as in 1.2), it now provides
shelter (2.3). It may deflect within limits as constrained
by the guy wires without impairing radar function. This
eliminates the need for the previous massive structure
and provides the largest cost reduction. Note that the
support of the two major weights, antenna and radome,
is now accomplished by the stairshaft and tower struc
ture, respectively, which are independent of each other.

This new design provides the functions required at one-third
of the anticipated cost. This is an example of sound, value
conscious engineering applied in a coordinated effort by RCA
and the customer. The specification changes required for its
implementation have been approved as a value engineering
change proposal and the savings will be shared by the govern-
ment and RCA.

CONCLUSION

The inherent value-orientation of the PDP has stimulated the
projection of value studies into the earlier stages of program
development. It has also had the effect of extending the ap-
plication of value concepts throughout all other program
disciplines.

The PDP system has effected a significant breakthrough
in the application of value concepts. It has helped to break
through the “performance-orientation barrier” and put value
analysis into official government contracting policy. In effect,
it requires that we ask—realistically—of each project: What
is it? What does it do? What does it cost? What else will
do the job? What will that cost? W hat is the “best choice”?

This might be called cost effectiveness, or value engineering,
or systems engineering, or operational analysis, or just plain,
good, old-fashioned engineering. But it is not just one or the
other of these; it is all of them, and more.

The most significant aspect of the PDP process is that it
requires the application of total value concepts throughout
the entire spectrum of management and engineering opera-
tions at the earliest possible stage. Each project activity must
value-engineer its contribution. As a result, the effectiveness
of all disciplines has been broadened.
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DR. JACQUES |. PANKOVE

... for contributions to electrical and optical
semiconductor research and development.

DR. JACQUES I. PANKOVE, who has made many
coatributions to semiconductor devices, including
large-area photocells and fransistors, received his
BS in 1944 and his MS in 1948, from the University
of California. Since 1948, he has been a Member
of the Technical Staff of RCA Laboratories, Prince-
ton. He was awarded a David Sarnoff Scholarship
(1956-57) to study solid-state physics at the Uni-
versity of Paris under Prof. Pierre Aigrain. In 1960,
he received his doctorate for his thesis on infrared
radiation in germanium. Since his return, he has
done research in superconductivity and on silicon
carbide and germanium. He is currently studying
injection luminescence and laser action in gallium
arsenide and other compounds. Dr. Pankove has
authored over 30 articles and has over 40 patents.
He has received three "RCA Laboratories Achieve-
ment Awards." In addition fo IEEE, he is a Mem-
ber of APS, AAAS, and Sigma Xi.

STANLEY V. FORGUE

. . . for contributions to the development of
television pickup tubes and infrared imaging
devices.

STANLEY V. FORGUE, who has made major contri-
butions to TV camera tubes and infrared imaging
devices, received his BS in Physics in 1939 and his
BEE and his MS in Physics in 1940 from Ohio State
University. During 1940-42, he was a Graduate As-
sistant in Physics and a Research Fellow. Since
1942, he has been a Member of the Technical Staff
of RCA Laboratories, Princeton. in January 1961,
he became a Research Project Engineer in the Con-
version Devices Laboratory. His primary field has
been TV orthicons, image orthicons, and vidicens.
He developed the photoconductive surface basic
to the standard commercial vidicons and also has
patents and publications in the fields of storage
tubes, photoconductive cells and surfaces, color
pickup fubes, color kinescopes, and infrared. For
his work, he has received five "RCA Laboratories
Achievement Awards.’' {n addition to 1EEE, he is
a Member of APS, AAAS, Sigma Xi, Tau Beta Pi,
Pi Mu Epsilon, and Sigma Pi Sigma, and is a Reg-
istered Professional Engineer {Ohio).

DR. RICHARD GUENTHER

... for contributions fo advanced communica-
tion systems.

DR. RICHARD GUENTHER received his MSEE from
Institute of Technology, Danzig in 1934 and the
PhD (EE) from Institute of Technology, Danzig in
1937. From 937 to 1945 he worked at the Siemens-
Halske Company in Berlin on telephone multiplex
equipment, and supervised radio communications
development, In 1947 he joined the Signal Corps
Engineering Laboratories at Fort Monmouth, New
Jersey and did consulting work in radio relay sys-
tems, propagation, test equipment, and antennas.
in 1952 he joined the Bell Telephone Laboratoriss,
doing systems studies. Dr. Guenther joined the
RCA Surface Communications Division in 1956 to
establish a major system engineering capability.
This led to the establishment of the Surface Com-
munications Systems Laboratories in New York
City and Tucson, Ariz. In 1963 he was made Chief
Scientist responsible for the applied research and
technical planning of the RCA Communication Sys-
tems Division (successor to SurfCom). In addition
to 1EEE, he is a member of the AAAS,

SIX RCA MEN ELECTED IEEE FELLOWS

% These six RCA men have been honored by being elected Fellows of the Institute of Electrical and Elec- %

tronics Engineers, an honor bestowed each year for outstanding professional contributions to the field.

WARREN R. ISOM

... for contributions to electromechanics and
wideband magnetic recording.

WARREN R. ISOM pioneered the use of air bear-
ings, air suspensions, and air floated heads for
video recording and radar data processing. His
most recent work has been precision high-velocity
large-capacity magnetic-recording systems using
tape, drums, and disks. The first commercially
available television film projector and a mecha-
nism which solved the mechanical probem of kine-
scope recording were among his early accomplish-
ments. He has been in the mainstream of
developments in thermal energy control and con-
version, electro-optical composing machines, mass
memories, electronic storage for documents, con-
tinuous solar simulation, and satellite mechanisms.
He has I8 patents. Mr. lsom has been with RCA
since 1944. He graduated in 1931 ""magna cum
jaude'" from Butler University and holds an MS
from both The George Washington University and
Harvard. In addition to |EEE, he is a Member of
Phi Kappa Phi and a Fellow of the SMPTE.

WAYNE MASON

. . . for contributions to international agree-
ments on maritime radio communications and
safety.

WAYNE MASON has served as a shipboard radio
operator, a teacher, a broadcast engineer, and an
FCC official. From the University of Florida, he
received his EE degree in 1951. During undergradu-
ate work, he supervised a project on the refation-
ship between atmospherics and tropical storms
which later became the basis for the military
“sferics'’ project of World War 1. He was a mem-
ber of the FCC in Washington, D.C., from 1937 to
1943, During World War [, he served in the U.S.
Coast Guard in the office of the Chief Communica-
tions Officer. He also was Chairman of the Air-Sea
Rescue Committee of the Joint Chiefs of Staff.
Since 1945, he has been with the RCA Frequency
Bureau in New York City, first as Assistant Man-
ager and since 1946 as Manager. He has been a
member of the U.5. delegation to several interna-
tional telecommunications conferences, and in 1951,
at the request of the Department of State, served
as the Telecommunications Attaché in Geneva. In
1956 he received a special RCA Award for his out-
standing contributions at the CCIR Plenary Assem-
bly in Warsaw.

HARRY R. SEELEN

.. . for contributions to the design and de-
velopment of electronic receiving tubes,
cathode-ray tubes and color kinescopes.

HARRY R. SEELEN, who has been associated with
many of the major tube developments at RCA dur-
ing the past 35 years, received his BS from Provi-
dence College, Providence, Rhode Island, in 1929
and thereupon joined RCA in Harrison, N.J. In
1929-42, he held engineering and supervisory posts
in Harrison, and in 1942 moved fo RCA Lancaster,
where he set up the Engineering Laboratory. In
1949, he was named Manager of Engipeering at
Lancaster, and in 1954 became Operations Man-
ager, Color Picture Tubes, in Harrison. Presently,
he is Manager, TV Picture Tube Operations Dept.
His many technical and managerial contributions
have involved acorn tubes, miniature tubes, metal
receiving tubes, metal and large-size kinescopes,
camera tubes, phototubes, VHF and UHF fransmit-
ting tubes, and color kinescopes. In 1955, he re-
ceived the '""RCA Award of Merit" for his work in
development of the color picture tube. He has
written papers on tubes and holds patents in the
field. In addition to |IEEE, he is a Member of AAAS
and Sigma Pi Sigma.




THE SERT CAPSULE

Testing Ion
Engines in Space

On July 20, 1964, for the first time in
history an electric propulsion engine
was successfully operated in space.
Two complete ion (or electrostatic)
engine systems were carried aboard
the SERT | capsule launched from
Wallops Island, Virginia by a four-
stage SCOUT booster. The flight pro-
vided a zero-g time of approximately
48 minutes at an apogee of 2,500
nautical miles. A total of 24 minutes
of successful ion propulsion was
achieved at a thrust level of about
5 millipounds. The RCA Astro-Elec-
tronics Division, under NASA con-
tract, developed the capsule structure,
communications, command capability,
power distribution, and stabilization.
(NASA had developed, under sepa-
rate contracts, the ion engine sub-
systems, the programmer, and the
batteries.] RCA-AED assembled the
complete spacecraft, performed tests
and calibrations, and assisted NASA
in final simulation testing and launch.

L. E. GOLDEN, Mgr.
RCA SERT Project

Astro-Electronics Division
DEP, Princeton, N. J.

HE SERT I program was initiated

during 1961 at the Marshall Space
Flight Center of NASA and in 1962 was
transferred to the Lewis Research Cen-
ter, Cleveland, Ohio. The purpose of
the SErt (Space Electric Rocket Test)
program was to develop a spacecraft to
carry an ion propulsion engine into
space for its first test in its native envi-
ronment.}-2 (Ion engines can only oper-
ate in vacuum, and, although they may
be tested in earth-bound vacuum cham-
bers, their application is limited to space
flight.)

The primary objective of the flight
test was to study the behavior of ion
beam neutralization, without which
thrust is unobtainable. While vacuum-
chamber tests of ion engines seemed to
indicate the effectiveness of neutraliza-
tion, the presence of certain limitations
such as wall effects and an incomplete
vacuum gave rise to a need to study,

Final manuscript received November 4, 1964

Fig. 1—The SERT | spacecraft
(engines extended).

LAWRENCE E. GOLDEN received his SB and SM degree
from MIT in 1953 after a major course of study in aircraft
automatic control and instrumentation. At the Kaman Air-
craft Company in 1953, he worked as a systems engineer.
After two years as an Air Force project officer working on
nuclear weapons delivery systems, Mr. Golden joined Allied
Research Associates, Inc., in 1956. He became assistant
project engineer on the WINDSONDE program and a
directional control system for glider aircraft. Mr. Golden
joined the RCA Astro-Electronics Division in early 1959 and
initially participated in the development work on the TIROS
precession damper. As a specialist in attitude stabilization
of spinning vehicles, he later became involved in the devel-
opment of the spin-stabilized ''wheel'' concept and its
corollary—the magnetic attitude control system and data
sensing techniques used therein. In 1960, he became Project
Engineer for a system design study and development pro-
gram on a Navy Tactical Meteorological Satellite System.
In August 1961, he was appointed to his present position
as Project Manager for the SERT | program. Mr. Golden
is a member of the AIAA, Tau Beta Pi, Sigma Xi, and
Alpha Gamma Rho.

through a space test, the importance of
these chamber effects.
The SerT I capsule (Fig. 1) carried

The 48-minute flight time was to be
shared by operation of the Hughes and
Lewis engines, with the Hughes engine

the two complete ion engine subsystems,
each with their ancillary power conver-
sion equipment. In addition, the capsule
contained all communications, control,
and sensory equipment necessary to in-
flight operation of the ion engine sub-
systems and retrieval of flight data. A
simplified system block diagram is
shewn in Fig. 2.

The primary output of the spacecraft
during flight was telemetered flight data,
consisting of ion engine system electrical
performance measurements, spacecraft
operational parameters, and spacecraft
spin rate. The latter information pro-
vided a measure of the thrust of the ion
engines, which were mounted such as
to change the spin rate during thrusting.
The spacecraft was spin stabilized at
approximately 100 rpm by the Scour
fourth stage.

to be operated first. Flight sequencing
was to be directed by an on-board pro-
grammer, with the option of ground-
commanded operations; the program
consisted primarily of steady-state en-
gine operation with some time also de-
voted to special studies of neutralization
requirements and beam mapping. Both
telemetry and command capabilities
were centralized at Wallops Island using
the TiRos communications facilities.
Down-range tracking and telemetry re-
ceiving facilities at Bermuda and pos-
sibly several additional sites were
planned.

Special design considerations for the
SERT capsule evolved because of the high
voltages and high power needed for ion
engine operation. High voltage break-
down could not be tolerated, of course,
and, to this end, outgassing was to be




minimized so as to avoid the generation
of breakdown paths from exposed high
voltage terminals. The use of special
insulation was also required. The high
power requirement, and consequent
power handling loss, necessitated special
consideration of the thermal design
problem. Further discussions of these
special areas are presented below.

THE ION ENGINE

The principle of operation of an ion
engine is akin to that of a vacuum tube:
both involve the movement of charged
particles under the influence of elec-
trostatic fields (¥ig. 3). The principle
of operation involves the ionization of
the fuel and the acceleration to
extremely high velocities under the
action of the -electrostatic potential
existing on the accelerator. Particle
exhaust velocities on the order of 100
km/sec are readily achievable. Thrust
is created by the reaction of the ions
to the electrostatic fields, or, expressed
differently, by the transfer of momen-
tum to the ions in the high-velocity
exhaust beyond the accelerator.

One further step is necessary to
achieve, at least theoretically, successful
operation of the ion engine. It is obvi-
ous that the ion exhaust will be posi-
tively charged and that, left unaltered,
the ion particles would return to the
body of the engine under the action of
the potential difference existing. To
prevent this, the beam is neutralized
through the addition of electrons. One
simple type of neutralizer employs a
heated tantalum filament, placed
directly in the exhaust, which boils off
neutralizing electrons.

The two engines flown on SERT are
shown in Fig. 1. The NASA Lewis
Research Center engine ionizes its mer-
cury fuel by electron bombardment; the
Hughes Research Laboratories engine
achieves ionization of cesium fuel
through contact with hot tungsten.

ION ENGINE SUBSYSTEMS

The ancillary power conversion and
control equipment for the Hughes engine
was separated into four component
boxes. These served to convert the 28-
and 56-volt dc available from the cap-
sule batteries into the various ac and
pc voltages needed for engine opera-
tion. The maximum potential developed
was approximately 4500 volts. Solid-
state static inversion techniques were
used throughout with voltage ratioing
through specially insulated transform-
ers. The equipment was developed for
NASA by the Hughes Research Labora-
‘tories and Aircraft Company and pro-
vided to AED for capsule integration.
The power conversion equipment for

the Lewis engine was contained in two
boxes mounted on the underside of the
baseplate. Electrical design of the
equipment also employed solid-state
static inversion and transformer tech-
niques. As the Hughes equipment, the
Lewis power supplies were delivered
to AED for integration. An auxiliary
component of this subsystem provided
control of the potential of the neutralizer
filament. Effect of variation of this
potential was studied during one part
of the mission.

Two major problems plagued both
subsystems during their development.
The first, solved through the use of high-
response sensing circuits and current
limiting, involved damage to the equip-
ment by transients induced during high-
voltage arcing of the ion engines.
Early designs were Pproof-tested for
protection against output shorting; how-
ever, this protection proved insufficient
against the high current transient rates
induced by engine breakdown, in vac-
uum, through the plasma created during
engine start and operation. Although
the initial approach was to improve
starting performance so to eliminate
arcing, it became evident quite early
that such arcing would have to be con-
sidered a design condition if the pro-
gram was to succeed. The second major
problem was high-voltage breakdown
within the power conversion equipment
caused by the partial pressure conditions
existing subsequent to vacuum immer-
sion. Hughes solved this problem by
encapsulating all high-voltage termi-
nals, whereas Lewis pressurized its com-
ponent boxes. Both solutions appeared
to be adequate.

Expected thrusts were 6 millipounds
and 1.2 millipounds for the Lewis and
Hughes engines, respectively. Total
electrical power requirements were, re-
spectively, 1,400 and 610 watts.

CAPSULE STRUCTURE

The SERT capsule was notable for an
extremely high payload-to-structural
weight ratio, with 375 pounds of equip-
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ment packaged in a configuration which,
at a diameter of 30 inches and height of
28 inches, would fit within the 34-inch
diameter Scout heat-shield. The ion
engines were mounted on hinged arms
such that during launch they are folded
below the baseplate and extended after
separation to positions well beyond the
heat shield limitation. This extension
of the engines was required to: 1) mini-
mize interference between the engine
exhaust and the spacecraft; 2) reduce
thermal radiation from the hot engines
to the spacecraft; and 3) increase the
torquing moment arm of the engines.
Fig. 1 shows the Sgrt capsule with the
engines in the extended position.

The most interesting aspect of the
SERT structure is the use of a machined
magnesium forging rather than the
classic sheet-and-rivet construction for
the 30-inch diameter ribbed baseplate.
This approach provided not only excel-
lent strength-to-weight and vibration
damping characteristics but also the
capability for mounting components on
the baseplate underside as well as the
topside. As a result of its advantages,
this structural approach has been util-
ized on a number of other AED space-
craft programs. An open structural box,
located at the top-side center of the base-
plate, served to contain additional com-
ponents, support the main routing of
the harness, and act as an anchor for
top-side component vibration bracing.
The total assembly is mounted atop a
hollow, machined column which provides
additional component space within and
which also provides clearance between
the components mounted below the base-
plate and the rocket fourth stage.

The high spin rate of the capsule re-
quired the provision of some means of
removing kinetic energy during exten-
sion of the engines to prevent damage.
The space limitations and the require-
ment for minimization of outgassing
eliminated the use of conventional
hydraulic dampers. Accordingly, a
special sealed hydraulic system, em-
ploying diaphragms rather than piston-
cylinder seals, was developed.
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THERMAL DESIGN

The thermal design problem encountered
with SErT differed from that representa-
tive for orbiting spacecraft in two
respects: the amount of heat energy to
be handled was very large for the size
of the spacecraft, and the mission time
was sufficiently short that the thermal
behavior was transient rather than
steady state. Indeed, the heat power
was so large (600 watts) that much of
the equipment could not have operated
under the high steady-state temperatures
but would have overheated shortly after
completion of a l-hour flight. Design
considerations dictated that all exposed
components be painted with a high emis-
sivity, low absorption paint (white
epoxy “tilecote”) and that provisions be
made to cool the Hughes subsystem
power inverter during its prelaunch
operation. Preference in assignment of
outboard locations was given to high-
temperature components, and special
precautions were taken in the design
of mounting provisions, etc., to assure
sufficient heat-conducting area.

The adequacy of the thermal design
was verified in vacuum chamber tests.
No problems of note were encountered
in this area.

POWER SUBSYSTEM

Spacecraft power was provided by silver-
zinc primary batteries, selected because
of their high power-to-weight ratio. The
56 volts at 30 amperes required for ion
engine operation was supplied by two
28-pound batteries, while a smaller hat-
tery powered the separate communica-
tions and control circuits. In addition,
two special fibreglas-cased batteries
provided isolated power sources for the
Lewis engine subsystem.

Switching of power throughout the
system was accomplished through the
use of a relay-operated power switching
unit. Because of the size and weight
restrictions on high-current switching
devices, the main current (25 amperes)
to the lon engine power converters was
switched within the inverter circuits of
these subsystems, with low-current con-
trol through the power switching unit.
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During the early stages of the pro-
gram, high current switching was per-
formed within the power switching unit
using silicon controlled rectifiers. After
a short time, however, these rectifiers
were removed from the system because
of difficulties involving impedance
matching and concern over the prob-
ability of inadvertent switching from ion
engine subsystem noise.

Cabling presented interesting early
development problems because of the
high voltage, high current, low outgass-
ing, and low thermal dissipation require-
ments. After study, teflon was selected
as the insulating material since it com-
bined low outgassing with good high-
voltage insulating properties and could
be extruded onto the wire to minimize
entrapped air. Wire was sized—not by
conventional means—but in accordance
with the results of a thermal-balance
study of the special insulated wiring in
a space vacuum environment.

The high-voltage mechanical interface
problem proved to be one of the more
difficult encountered in the program.
Early in the development, the decision
was reached by all involved to utilize
special connectors at most high voltage
interfaces. These connectors, adapted
from conventional models, employed
pin-to-shell and pin-to-pin spacings suffi-
ciently large to prevent breakdown
under normal operating conditions.
While these were utilized successfully
in some instances, difficulties were
recognized later in the program after
other problems, which previously had
clouded the behavior of the connectors,
were solved. Since the design of the
high voltage equipments already em-
ployed connectors, it became necessary
to evolve corrective measures if the
delays associated with a complete
change of approach were to be avoided.
After a short but intensive test program,
it was decided to permanently bond the
cabling to the connector receptacles on
the equipment with potting compound
excluding entrapped air which, during
the rapid transition from sea level pres-
sure to space vacuum, could provide a
partial pressure breakdown path for

High voltages. Great difficulties were

experienced in the development of the
technique, and, even though it appears
to have been successfully employed, it
was felt by program personnel that the
practical use of high voltages in space
would require intensive evaluation of
the interface problem.

COMMUNICATIONS AND TELEMETRY
SUBSYSTEM

The telemetry subsystem used on SERT
was conventional in nature. As shown in

Fig. 4, ion engine performance data
and spacecraft “house-keeping” data
were treated in a signal conditioner
prior to being commutated. Redundant
paths were then employed, each consist-
ing of a commutator, subcarrier oscilla-
tor, solid-state 2-watt transmitter, and
10-watt power amplifier. Additional
subcarriers were provided on each trans-
mitter for spin.rate, programmer, and
command subsystem data. Outputs of
the two power amplifiers were diplexed
prior to feeding the antennas. A 15-watt
load resistor was provided at the balun
of the antenna coupling network to
absorb reflected RF power during high
VSWR launch conditions.

Of special interest is the antenna
ground plane, located at the base of the
column and indentifiable in Fig. 1 as the
radial array of wires joined at their tips
with a circumferential strand. This
ground plane was folded within a slot at
the base of the column and extended
after payload separation. The ground
plane served to remove large nulls or
asymmetries in the antenna patterns
which would result from the rather irreg-
ular exterior of the spacecraft. It also
directed the pattern to the hemisphere
beneath the baseplate; this hemisphere
contains the communications vector dur-
ing the complete flight. Serving a similar
purpose were a pair of metal loops or
“detuning wings” extending from the
baseplate at diametrically opposite loca-
tions 90° from the ion engine support
arms.

The antenna system consisted of two
sets of 4 dipoles each located at the base
of the spacecraft column. One set pro-
vided transmitting capability, and the
other fed the command receiver. The
complete antenna subsystem was devel-
oped, designed, and tested by the An-
tenna Skill Center of the RCA Missile
and Surface Radar Division, Moores-
town, N. J.

The final design of the telemetry
subsystem was also influenced by the
ion engine subsystems. During system-
evaluation testing under vacuum condi-
tions, it was found that ion engine arc-
ing was inducing signal transients of
sufficient magnitude to exceed the 300%
safety margin on the input of the then
solid-state commutators. As a result, it
became necessary to replace these with
mechanical counterparts and to provide
a measure of overvoltage protection else-
where in the telemetry subsystem and,
wherever possible, in the ion engine sub-
systems.

COMMAND SUBSYSTEM
Major sequencing of flight events was
provided through the spacecraft pro-
grammer. In view of the possibility of




malfunction of the programmer or of
either of the two ion propulsion experi-
ments, the decision was reached early
in the development cycle to add a limited
ground command capability. The com-
mand subsystem, designed to provide
this capability, possesses high noise
immunity in order to obviate the pos-
sibility of inadvertent operation either
by system noise or spurious transmis-
sions. With regard to the former, analy-
tical work, experience with ionized fields,
and a small amount of ion engine data
indicated the possibility of the genera-
tion of considerable RF noise by the
ion beam. Through the use of a two-
tone, programmed sequence code, in
addition to heavy filtering, the system
had the capability of command discri-
mination in the presence of 45 db of
random noise. Excellent results with the
system in spacecraft vacuum-chamber
tests led to the expansion of its applica-
tion to include complete ground control
of the mission.

SENSORY SUBSYSTEMS

Two independent techniques were pro-
vided for measurement of spacecraft
spin rate. The first utilized sun sensors,
developed under the Tiros program, to
detect, through a narrow vertical slit,
the presence of the sun on each rotation.
The pulses thus generated were then
telemetered to earth where period
measurements were recorded on special
ground equipment. The second tech-
nique involved a high-accuracy Accel-
erometer aligned to sense centripetal
acceleration; its sensing element, a
vibrating string, provided a frequency
(or digital output) proportional to
acceleration. The output of this instru-
ment directly modulated the rF carrier.
Elaborate ground equipment converted
the output to direct reading of space-
craft spin rate. Additional spin rate
data of much lower resolution was ob-
tainable from ground receiver Acc re-
sponse.

A hot-wire anemometer probe, driven
by a special mechanism, was also
carried to map the energy profile of the
Lewis engine exhaust beam. An associ-
ated sighal conditioner was necessary to
isolate the probe wires from ground and
to amplify the low level signals.

VEHICLE STABILIZATION
SERT was inertially stabilized in space
by the spin of approximately 100 rpm
imparted to the rocket fourth stage prior
to spacecraft separation. Nutational
motion resulting from separation tor-
ques and engine extension was reduced
to tenths of a degree by a pair of preces-
sion dampers similar to those developed
under the Tiros program. Disturbing

torques created by the earth’s magnetic
field or from other natural sources were
determined analytically to have neglig-
ible effect on the mission.

FLIGHT RESULTS

Spacecraft operation, through engine
deployment, was as programmed. How-
ever, upon turn-on of the high voltage
to the Hughes engine, apparent break-
down was encountered. Although the
protective circuits operated properly,
repeated breakdowns occurred. After 9
minutes of attempted operation, the deci-
sion was made by NASA to advance the
programmer, using ground command, to
Lewis engine operation. Positive beam
current was indicated and a real change
in spin rate was evidenced following
several minutes of warm-up. Neutrali-
zer potential and beam probe studies
were successfully performed after 14
minutes of steady-state operation. After
an unsuccessful attempt to operate the
Hughes subsystem, the Lewis engine
was again activated and positive thrust
developed. Ground commands were
widely employed throughout the flight.

Preliminary analysis of flight test data
provided the following conclusions:

1) beam neutralization could successfully

be achieved in space;

2) neither thrust nor beam current could
be obtained without the neutralizer
operating; and
ion-beam current and thrust were in
good agreement with theory through-

out the operation. A final thrust of
about 0.005 pounds was obtained.

3

~

The plot of spacecraft spin rate ver-
sus time from launch is presented in
Fig. 5 as a summary of engine perform-
ance. Failure of the Hughes subsystem
was clearly related to an equipment
malfunction rather than to any operat-
ing principle. NASA felt that test objec-
tives were met since successful operation
of the Lewis subsystem and good correla-
tion with vacuum chamber test results
were achieved.

FUTURE OF ION PROPULSION

The particular attractiveness of ion pro-
pulsion lies in its high specific impulse
(3000 to 10,000 sec) in comparison with
chemical-engines. However, because of
the great weight penalty which must be
paid in power generating and conversion
equipment, ion propulsion becomes
advantageous only for long-term space
flight. Interplanetary manned or un-
manned missions and long-life orbital
missions are classic examples. The
reader is urged to consult fon Propul-
sion for Space Flight by Ernst Stuhlin-
ger for a learned discussion of ion pro-
pulsion and its applications.2 A compari-
son drawn from this source for a Mars
satellite mission is presented in Fig. 6.
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Fig. 5—SERT { flight behavior.

The application of ion propulsion to
interplanetary missions will be depen-
dent upon the development of the high-
capacity power sources, ranging tens of
thousands of kilowatts, necessary to the
system. At present, lightweight nuclear
reactors are seen to offer the the best
promise, with solar power supplies also
in consideration. The present rate of
development, as well as the nature of
the mission, make it likely that a decade
will pass before serious mission appli-
cations of ion propulsion are seen. Much
also remains to be accomplished in the
area of the ion thrustor. Because of
the good correlation between SerT I
flight results and vacuum-chamber
operation, it is probable that most future
testing of the engines will take place in
earth-bound chambers.

The future of this unique technology
is deeply involved with the progress and
direction of the space program.
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A PROPOSED STEREOSCOPIC TV
OBSERVATION SYSTEM FOR
A LUNAR ORBITER

This camera system has been proposed by AED for use on the SURVEYOR
orbiter spacecraft. To provide information concerning the topography of the
lunar surface, the camera system provides stereoscopic pairs of images. Methods
of achieving stereoscopy at the desired resolution of 10 meters of lunar surface
are discussed. The relation between orbital parameters, and the extent of lunar
surface surveyed is considered in relation to available sensor resolution. The
optical system requirements are described in terms of aperture and focal length
necessary fo perform the mission under the conditions of illumination, lunar
albedo, resolution, and signal-to-noise ratio.

F. J. BINGLEY, Ldr.
Developmental Cameras -
Astro-Electronics Division, DEP, Princeton, N. J.

Asuitable balance between several
interdependent parameters must be
achieved in the design of a camera sys-
tem for a lunar orbiter. The major pur-
pose of such a camera system is to
produce images of the lunar surfaces
with more resolution than can be pro-
vided by direct terrestrial observation
by telescope. The geographical coverage
provided must be contiguous; i.e., it
should contain no gaps except those
which occur because of lack of primary
interest. At the same time, total cover-
age of the lunar surface will not neces-
sarily be a requirement, since a prime
interest exists in the area bounded by
=+ 20° lunar latitude (referred to the
lunar equator) and = 50° lunar longi-
tude (referred to the meridian through
the mean libration point).

The dimension of the resolvable ele-
ment on the lunar surface is a param-
eter of interest. For the purpose of the
system under discussion, an element of

Final manuscript received August 19, 1964

This paper was presented at the SMPTE Tech-
nical Conference in New York City, September 28,
1964. .

F. J. BINGLEY received his B.Sc. in Mathematics
in 1926 and B.Sc. in Physics in 1927 from the Uni-
versity of London. In 1927 he worked for the Baird
Television Corporation in London, England, and
New York, on development of early mechanical
television systems. He later joined the Philco Cor-
poration, in the development of television systems,
receivers, transmitters, tube, and studio equipment.
He was then promotfed to Chief TV Engineer. On
a leave of absence from the Philco Corporation, he

10 meters in linear dimension has been
selected. This dimension is inter-related
with several other important system
parameters, including sensor resolution,
orbital altitude, and orbital inclination.

Limitation on the rate of transmission
of information is set by the available
bandwidth of the communication chan-
nel. In considering the system design,
cognizance was taken of the limit to be
imposed by a typical communication
channel which might be used in a lunar
mission. It was considered that a video
baseband of 350 k¢ would be practical.

To provide the maximum possible in-
formation regarding the lunar topology,
the camera system is designed to provide
stereoscope pairs of images. The stereo-
scopic feature is so arranged that {fail-
ure of either of the two camera subsys-
tems each of which provides one of the
stereoscopic pairs of images, will not
affect the monoscopic performance of
the other. This feature provides a mea-
sure of redundancy. To obtain adequate
stereoscopic accuracy, the base-to-height
ratio of the system is unity; this is pro-
vided in a manner to be discussed later.

was employed by the Bamberger Broadcasting Co.,
where he was responsible for building TV stations

47 both New York City and Washington, D.C. He
rejoined Philco and was named Manager of the
Video Products section, in charge of industrial and
special-purpose television equipment, including
development of transistorized TV cameras and mon-
itors, high resolution 1000-line TV systems employing
various forms of image enhancement, direct tele-
vision display of stereoscopic radiographic images,
and & special high-sensitivity image-orthicon sys-
tem for in-flight data recording. He received the
""Zworykin Television Award"' of the IRE in 1956 for
his contributions in the application of colorimetric
science to television. He has 29 patents, all in the
television field. Mr. Bingley joined the RCA Astro-
Electronics Division in 1962, and has been engaged
in developmental work on a special photodielectric
tape camera system. Mr. Bingley is a Fellow of the
{EEE and a member of the SMPTE and the Frankiin
institute.

LUNAR ORBIT CONSIDERATIONS

Because of the performance of the cam-
era system is constrained by the physical
laws governing orbital motion, it is ap-
propriate to consider what these con-
straints are. For a circular orbit:

Gm

2 =
p = M)
Where: G, is the lunar gravitational
constant, r is the radius of orbit (km),
and v is the orbital velocity (km/sec).
Substituting r = R -+ h (where R is
the lunar radius and 4 is the orbital alti-
tude), rearranging and solving for v:

=GO o

Recognizing that A/R will in general be
small, Eq. 2 can be expanded, and
powers of A/R above the first can be
neglected. This gives v (in km/sec)
approximately as:

NGREHONE

The orbital period, T (in seconds) is
defined by: )

T2
v
1 +% 12
= 2r(R + h) C.R (4)

T ~ 20GorRo (1 + ; }zl?) 3)

The angular separation of the ascending
nodes at the lunar equator is obtained
by taking the ratio of the orbital period
to the period of a lunar month (2.36 X
10° seconds). This fraction of 27
radians will give the angular rotation of
the moon during one orbit of the satel-
lite. This angle multiplied by the moon
radius will give the desired value for
the separation S,. We then have:

921G, -2 R (1 + %)m

So .36 % 10°

27 R

b\ 302
1.67 X 10—5Gm—1/2R5/2 <1 + _ﬁ)
(6)

In Egs. 2, 3, 4, 5, and 6, values of R =
1,738 km, and G, = 4,900 km™sec™
may be substituted to obtain:

» = 169 (1 + %)”m o

1 h
_ _Lh 8
v ~ 1.69 (1 5 R) km/sec (8)




T =64 10 (1+ %)m ©)

h
R

T = 6.4 X 103 (1 —+ % . ) seconds

(10)

S, = 30.1 (1 + %)m a1

S, ~ 30.1 (1 + g%) km  (12)

The suborbital velocity v, of the satel-
lite will be less than the orbital velocity
v by the ratio R/ (R + h); ie.:

= (Ri h)”

m\ 12 h\Liz
() () (4 5)
GY et o

Substituting for G, and R:

Ds

1.69 (1 + %)“m (14)

1.69(1—%-2

2

v (15)

EFFECT OF ORBIT INCLINATION

Because of the limited area on the lunar
surface of primary interest, extending
=+ 20° in latitude and = 50° in longi-
tude, it is not necessary to provide a
polar orbit. Restricting the orbit in-
clination to some value a will reduce
the perpendicular spacing d between
the suborbital traces of successive orbits
in such a fashion that d = S, sin e. In
turn, this will reduce the number of
resolution elements required to be pro-
vided in a direction normal to the flight
path, for a given desired ground resolu-
tion. For ground resolution p, the num-
ber of resolution elements required to
be provided by the camera system will
be:

= g = (%) sina  (16)

Substituting from Egq. 11, and setting
o =10 X 10® km:

h\32
n, = 3.01 X 108 (1 + —R) sin
(17)

Eq. 17 provides a relation permitting the
trade-off of the number of resolution
elements along the line scan direction
with orbital inclination. A typical vidi-
con camera tube will have between 500
and 1,000 picture elements across the
width of its target area (the exact num-
ber depending upon the type and size of
tube and the criterion used in determin-

ing the size of the resolution element).
Thus if « = 90° (sin @ = 1), and if the
camera tube resolution figure is 600,
five camera tube targets would be re-
quired. Reducing the inclination angle
to 30° would reduce the number of
camera tube targets required to about
three.

CHARACTERISTICS OF THE CAMERA TUBE

It was decided that existing space-qual-
ified vidicon camera tubes would be used
to fill the mission, so the degree to
which such a camera tube can satisfy
the requirements was considered. There
are two basic characteristics to be con-
sidered: 1) the available resolution
and the criterion used to determine it,
and 2) the sensitivity of the camera
tube expressed in terms of its ability
to produce a video sighal of a specified
signal-to-noise ratio from objects of
specified contrast ratio and of typical
lunar luminances. These factors will
now be considered in greater detail.

A vidicon camera is basically com-
prised of a camera tube containing a
photoconductive target upon which is
focussed, by means of a lens of suitable
focal length, an image of the scene to
be transmitted. This image causes a pat-
tern of charge to be established upon the
target. The target is then scanned by
an electron beam provided by a gun
contained in the camera tube, in a raster
composed of parallel scanning lines.
In response to this scanning operation, a
video signal is generated and appears
as a current flowing in an external re-
sistor placed in series with the target
electrode.

Considering, first, resolution along the
scanning line, this is obviously affected
by the effective diameter of the scanning
beam. If a sine-wave pattern having a
given cyclic pitch and a specified con-
trast ratio is imaged on the target, the
relative video output signal can be ex-
pressed as a function of the cyclic pitch.
The effect of the finite size of the scan-
ning spot is, of course, to reduce the
video signal output as the pitch is re-
duced. It is customary in Tv practice
to express the cyclic pitch of such a test
image in terms of the number of half-
cycles contained in the picture height;
this is referred to as the number of tele-
vision resolution lines. A typical re-
sponse curve for the type 4431 vidicon
is shown in Fig. 1. The illustration
shows that the sine-wave response is
reduced to 209, at approximately 650
lines.

Now, considering resolution in a di-
rection transverse to the scanning lines,
a further factor is introduced which ex-
presses the fact that the scanning lines
are fixed with respect to the target,
whereas the details of the image re-
quired to be resolved in this direction
may occur at arbitrary locations with
respect to the target and therefore with
respect to the scanning lines. Thus, a
favorable location of the scanning lines
will resolve a sine-wave pattern placed
normal to them; but an unfavorable lo-
cation displaced by just one-half cycle
will completely fail to resolve such a
pattern. Thus it is customary to count
on resolving a pattern having only 0.7
of the number of scanning lines. This
factor is usually referred to as the Kell

Fig. 1~—Typical sine-wave response curve for type 4431 vidicon,
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factor. The exact value of this factor
has been debated for many years; how-
ever, a value of 0.7 is considered to be
conservative. Thus, to obtain resolution
of the same order as is furnished along
the scanning lines (usually referred to
as horizontal resolution) there would
have to be provided a number of scan-
ning lines equal to 1/0.7 times the hor-
izontal resolution line number (assum-
ing a square aspect ratio in the scanning
raster). Thus, for the value of 650
lines given in the example above, 930
active scanning lines would have to be
provided.

A typical sensitivity curye for a type
4431 vidicon is shown in Fig. 2. The
curve is actually drawn for this tube as
used in the NIMBUs camera, where the
frame interval is 6.5 seconds. The frame
interval for the Visual Instrumentation
System (VIS) is yet to be determined.
The noise level in terms of rRMs current
is indicated by the dashed line; it results
from noise generated in the video load
resistor Ry which carries the signal cur-
rent. For a given resolution figure, the
signal increases directly with the frame
rate since the beam current must be in-
creased proportionately to be able to
effect the same target discharge in the
smaller time interval. Thus, S = K, B.,,
where S is the peak-to-peak signal cur-
rent at a given exposure and K, is con-
stant of proportionality.

The noise current also depends upon
the bandwidth B,. In the first place, it
increases directly as the square root of
the bandwidth; in addition to this, it also
increases by a further factor, propor-
tional to the square root of the load re-
sistance. Since the load resistance must

decrease in inverse proportion to the
bandwidth, it is apparent that the noise
current is given by N = K, B,,, where
N is the rMs noise current and K, is a
constant of proportionality. Thus, it
appears that S/N = K, for a given ex-
posure in foot-candle-seconds. Thus, the
signal-to-noise ratio for a given exposure
is independent of the frame rate. This
fact enables the curve given in Fig. 2 to
be used universally, independent of
frame rate, provided the actual values
of current are scaled approximately, or
are regarded as being only relative
values,

A criterion of performance with re-
spect to horizontal resolution was taken
to be that the signal-to-noise ratio (ex-
pressed as a ratio of peak-to-peak video
to rms noise) should be 20 db when
resolving a test tirget having a contrast
ratio of 2 to 1 at a given Tv resolution
line number. If this criterion is to be
satisfied at a resolution of 650 Tv lines
(where the sine-wave response is down
to 20%), the S/N ratio at low hori-
zontal line numbers must be 50, for a

test object with a contrast ratio of 2 to.

1. Since the value ¢f rvs noise is 0.04,
the peak-to-peak signal must be 2.0
units (50 X 0.04). For a test object
with a contrast ratio of 2 to 1, this will
be seen to occur at a peak highlight
exposure of 0.25 foot-candle-second by
referring to the curve of Fig. 2.

EXPOSURE

Exposure is accomplished by opening
a shutter and allowing a charge pattern
to be built up on the vidicon target.
Subsequently, when the target is
scanned, a video signal is generated.

0.0 " Fig. 2—Typical sensitivity curve for type 4431 vidicon.
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After the stored charge has served its
purpose of providing one frame of video
signal, the target is erased and prepared
for the next exposure.

Exposure time is limited by the
amount of smear which is tolerable.
The subsatellite velocity is given by Eq.
14 so that the time T to travel half a
picture element (5 meters) is given by

5 X 10-3 h N2
Ts=T% (““ﬁ) (18)

If h is 100 km, then T, is 3.21 X 107
seconds. In other words, if a one-half
element smear can be tolerated, an ex-
posure time of 3.21 msec can be per-
mitted.

The exposure E at which 650 1v lines
of resolution is accomplished has al-
ready been shown to be 0.25 foot-
candle-second. The corresponding tar-
get illumination I, is then given by:

_E
-7

Since T is 3.21 msec, I, = 78.0 foot-
candles.

I (19)

OPTICAL SYSTEM
The optical system provides the illumi-
nation on the vidicon target. If Y, is the
scene luminance in foot-lamberts, = is
the lens transmission factor, and F is
the lens aperture number, then:

_ 7he
T 4F-

I. (20)

If a lens transmittance of 0.8 and an F
of 4 are assumed, thé minimum value of
scene luminance Y.y which will give
the desired vidicon resolution perform-
ance at a target illumination of 78.0 is
880 foot-lamberts.

With a solar constant of 13,000 foot-
candles, the minimum highlight albedo
@min, which could be observed at a
contrast ratio of 2 to 1 is @min =
6,240/13,000 = 0.48. That is to say,
adjacent areas 10 meters wide in the
direction of the scanning lines and hav-
ing alternate albedos of 0.24 and 0.48
would be resolved within the conditions
laid down above, namely, a signal-to-
noise ratio of 20 db.

The above values are based upon nor-
mal illumination and viewing. Lower
values of scene luminance will be ob-
tained at other angles of viewing (since
the moon is not a Lambert surface), and
also at other angles of illumination.
Performance can be extended to cover
lower values of scene luminance by in-
creasing the lens aperture to the limit
set either by the state-of-the-art of lens
design, or by the weight budget.

The resolution of the television
camera tube corresponds to about 30




cycles/mm. Since the limit on resolution
imposed by the lens will substantially
exceed the camera-tube resolution in a
well designed lens, the lens has been
considered not to materially affect sys-
tem resolution.

The focal length of the lens required
depends upon the flight altitude and
upon the system magnification desired.
The active target area of the vidicon is
11 by 11 mm, and 650 resolution ele-
ments are contained in the 1l1-mm di-
mension. Thus, the linear dimension of
the vidicon resolution element is 0.0169
mm (11/650), and the system magnifi-
cation m is 1.69 X 107 (0.0169 divided
by 10 X 10%).

If the flight altitude is 100 km, the
focal length f will be 169 mm (6.7
inches). If other flight altitudes are
used, the focal length will be reduced or
increased proportionately.

The angular coverage of a single
vidicon camera at an altitude of 100 km
covering a field of 650 ten-meter resolu-
tion elements will be given by tan (¢/Z)
= 3,250/10° = 0.0325, from which the
total angular field ¢ is 2.06°.

RELATION BETWEEN VIDEO BASEBAND
AND ORBIT INCLINATION

If the suborbital velocity is considered
to result in describing new picture
resolution elements at a fixed rate, V./p
(where p is the resolution element on the
ground, in kilometers), the rate N at
which picture elements are fed into the
system is given by:

Vs .
N=mn, (—-) sin o
P

30.1 h\3%21.69 h\—32
= 1+3) T<1+_R)

- (208 sin & (21
( p? ) )

Setting p equal to 10 X 107° km, we have
N = (5.08 X 107 sin a) elements/sec.

To determine the corresponding video
baseband B required to carry this in-
formation, we must recognize certain
factors characteristic of a Tv system:

1) To allow for line scanning, a Kell fac-
tor of 0.7 must be applied inversely,
that is, in the direction to increase
bandwidth.

2) Loss of elements due to blanking time
must be provided for by increasing
the bandwidth by the factor 1.11 for
10% Dblanking.

3) To allow for overlap, the number of
elements will be increased by 10%.

4) Each cycle of baseband will carry in-
formation about two picture elements.

Applying these factors, the bandwidth
B required becomes 4.4 X 10° sin «a
(cps). The bandwidth B, required for

stereoscopic pairs will, of course, be
twice this or 8.8 X 10° sin « (cps).

Again there is a chance to trade lat-
itude coverage for video baseband,
through selecting values of «, by means
of the above equation. The bandwidth
considered in the present system is 350
ke, and substituting and solving for «
gives sin @ = (350 X 10%) / (8.8 X 10°)
= 0.347. Thus, « = 23.4°. This obvi-
ously permits coverage over the = 20°
of latitude desired.

GROUND COVERAGE

It has been shown that an orbit inclina-
tion of 23.4° will generate 10-meter pic-
ture elements at a rate just equal to that
at which the bandwidth of the system
can transmit them while providing for
stereo coverage, blanking, and over-
lap. The number of resolution elements
in the perpendicular distance between
the suborbital tracks at the equator for
this inclination is given by Eq. 17.
Therefore, if & is 100 km, then =,
would be 1,300.

To cover 1,300 elements, just two
vidicon cameras, having the resolution
discussed above, will be required. This
will permit no overlap of coverage in a
direction perpendicular to the suborbital
track at the equator. This is believed to
be satisfactory, since there will be in-
creasing overlap in the higher latitudes.
At the same time, enough additional ele-
ments can be transmitted to permit an
overlap of approximately 10% in a di-
rection parallel to the suborbital track.

For the stereoscopic coverage re-
quired, a total of four cameras must be
provided. The manner in which the
cameras can be arranged to accomplish
the desired coverage will not be de-
scribed.

CAMERA COVERAGE PATTERN

A pair of cameras is arranged to view
either side of the suborbital path. Two
pairs of cameras provided, one pair
viewing forward of the local vertical;
while the other pair views aft of the
local vertical (Fig. 3). In order to pro-
vide a base-to-height ratio of unity, the
angle at which the two pairs of cameras
are disposed in the fore-and-aft direc-
tion with respect to the local vertical is
26.6° as shown. In addition, the two
members of a pair of cameras must
have their axes displaced by half the
field angle on either side of the orbital
plane; that is by = 1.03°. Camera I
will view 26.6° forward and 1.03° port;
camera 2 will view 26.6° forward and
1.03° starboard; cameras 3 and 4 will
both view 26.6° aft and 1.03° port and
1.03° starboard, respectively. Cameras
1 and 2 will first view a given area
ahead of the spacecraft; after the space-
craft has traveled a distance equal to
the orbital height, that same area will
be viewed by cameras 3 and 4. The two
views of this area so provided, one view
from cameras I and 2 and the other
from cameras 3 and 4, constitute a stereo
pair with a base-to-height ratio of unity.

Because the slant range is greater
than the orbital height by about 12%
due to the angle of 26.6°, the focal
length of the camera lens will need to be
increased over that previously calculated
for a 100-km altitude. The new value of
focal length required will be 203 mm, or
8 inches. Because the optical axes of
the cameras are not normal to the lunar
surface, a keystone distortion of the
field of each camera at the lunar surface
will occur. This distortion can be cor-
rected in one of several ways. For exam-

Fig. 3—Arrangement of cameras.
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Fig. 4—Visual instrumentation subsystem.

ple, the scanning raster at each camera
tube as well as the vertical deflection
waveform could be distorted correspond-
ingly to correct for this distortion; this
method was employed successfully in the
iconoscope camera used in early Tv sys-
tems. Alternatively, the lens could be
offset, maintaining the axis normal to the
target. Correction could also be made
by rectification at the ground station.
The latter approach is probably the most
practical.

DESCRIPTION OF CAMERA SYSTEM

The cameras used are basically similar
to those designed for the RANGER space-
craft, and use the 4431 vidicon. A pair
of cameras provides each of the two
stereo pictures. The four cameras will
be sequenced so that each reads out its
picture during one frame interval and

spends the next three consecutive frame
intervals in erasure, preparation, and
exposure. By staggering the read-out
frame timing, the picture signals gen-
erated by the four cameras can be read
out in sequence, thus providing a con-
tinuous video signal with consecutive
frames coming from each of the four
cameras in sequence; this operation is
repeated throughout the segment of the
orbit along which pictures are desired.

Fig. 4 shows the arrangement of the
four cameras and their interconnection
with the sequencer which provides the
master synchronizing signals and the
timing which causes each camera to go
through its cycle of expose, scan, pre-
pare and to sequence with the other
three cameras in the manner required.
The four video outputs, suitably gated,
are then fed to the combiner together

Fig. 5—Camera and associated electronics.
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with synchronizing signals for use at
the ground station. The composite video
signal output is then fed to the space-
craft transmitter.

A more detailed block diagram of
one of the four cameras and the asso-
ciated camera electronics is shown in
Fig. 5. The vidicon tube is programmed
through an expose, read, erase, and pre-
pare cycle by the programmer which
receives an initiating command from
the sequencer unit. The cycle is begun
with the exposure, which is effected by
means of an electromagnetically con-
trolled shutter. The vertical and hori-
zontal deflections then commence to pro-
vide a single complete scan of the
exposed photoconductive target, thereby
generating a single frame of video sig-
nal. This signal is then amplified and
clamped. A beam-current regulator en-
sures that variations in cathode emission
do not affect the beam current.

After the single frame of video signal
has been read from the target, the resid-
ual charge is erased by flashing a light
on it. The target is then prepared for
a new exposure by scanning it with
the electron beam for three complete
frames. During these three frames the
raster is enlarged so as to overscan the
normal read format; this overscan min-
imizes edge flare. The cathode blanking
signal serves to cut off the scanning
beam during retrace and also during the
expose and flash intervals. The basic
timing signals are generated in the
sequencer by a crystal oscillator with a
frequency of 38.6 ke by means of a fre-
quency-divider chain (Fig. 6). This
unit provides suitable timing signals for
horizontal and wvertical synchronizing
and blanking, as well as a timing signal
occurring at one-quarter of the vertical
synchronizing frequency. The later tim-
ing signal is used to effect the program-
ming of each of the cameras in turn
throughout the expose, read, erase, and
prepare phases. The basic pulses pro-
vided by the frequency divider chain are
fed to the programmer unit which, by
means of suitable logic circuits, gen-
erates the pulses required by the deflec-
tion circuits, the camera blanking, and
clamping. These pulses are also used
as synchronizing and gating signals in
the video combiner unit. The system
specifications are presented in Table 1.
The waveforms of the various timing and
synchronizing signals are shown in
Fig. 7.

PHOTOGRAMMETRY

With the system parameters provided,
great circle arcs within the field of view
will appear as straight lines on the vidi-
con face within a tolerance of one pic-
ture element. Rectification will be
required to correct for keystoning and
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TABLE 1—-SYSTEM SPECIFICATIONS

Number of scanning lines 920
Horizontal deflection frequency fu (cps) 965 cps
Time to scan one line tx 1040 psec
Active line scan period (based on 109,

blanking 936 usec
Vertical deflection frequency fo 1.05 cps
Time to scan one frame 0.95 sec
Active frame seanning period (based on 2%

blanking 0.93 sec
Number of active scanning lines 900
Effective vertical resolution (based on a Kell

factor of 0.7) 630
Video bandwidth 340 ke
Scale resolution 10 meters
Lens focal length 200 mm
Aperture t/1.5
for wvariable scale (foreshortening)

along the orbital path, as noted previ-
ously. In addition, correction for roll,
yaw, and pitch of the vehicle will be
required.

Satellite altitude can be computed on
the basis of overlap between adjacent
pictures. Altitude errors will affect the
accuracy if appreciable change in alti-
tude occurs in the interval between
pictures. Since the interval between
pictures supplied by a given camera is
about 4 seconds, a pitch error rate of
0.05°/sec can account for a 5% error
in a calculation of altitude when the
altitude is approximately 100 km. The
interval between pictures taken by the
two cameras of a pair is only 1 second,
so that less error is involved in this case.

To solve the photogrammetric geom-
etry, the direction of the optical axis
must be known. This could be deter-
mined by determining three angles.
Two of these are: 1) the angle between
the optical axis and the local vertical,
and 2) the angle between the optical
axis and the normal to the local vertical
in orbital plane. (For a circular orbit,
this latter direction is that of the veloc-

ity vector.) A third angle, the angle
between the yaw axis and the orbital
plane, must also be known. This infor-
mation could be obtained from the lunar
horizon-scanning subsystem and the azi-
muth-rate gyro in combination during
the orbital phase. The information is
obtained by sampling the error signals
(two from the horizon sensor and one
from the azimuth gyro) at the instant
of exposure of each picture. This infor-
mation is transmitted to the ground
station, where hard copy of the images
is made on photographic film. By asso-
ciating each image with the three angu-
lar values specified above, rectified
transparencies can be prepared by the
usual photographic process. The recti-
fied transparencies will not necessarily
all be of the same scale, since altitude
information has not been transmitted.
However, as noted previously, altitude
(or at least relative altitude) may be
deduced by comparing the overlapping
portions of adjoining areas and by cor-
recting the magnification of one or the
other to effect a match.

CONCLUSION

This television camera subsystem for
lunar “observation provides stereoscopic
coverage enabling topographic features
to be mapped at a resolution of 10
meters. The system could operate with a
communication baseband of 350 kc, pro-
viding coverage between lunar latitudes
of = 20° when injected into a suitable
lunar orbit.

ACKNOWLEDGMENT

The derivation of highlight exposure re-
quired to provide a given signal-to-noise
ratio at a specified resolution was done
by J. E. Armington.

0937 i je— 3825EC —f

[ 1
=

=
=

READ | [—l
e |1
3 J-_]
s [ 1

—a] }®—0.257 SEC

[ 1
=

[ 3.82 SEC ——#

-_—ﬂ-932 L] |'L
EXPOSURE 2
sl 1

[—— 3.82 SEC |

—:ﬂr— 83.2M8 ﬂ
FLASH |
]l I

: I
e 3.62 SEC. —|
FLASH

DECAY | - avoms |
2 l |

‘ |

~»| }e- 830.2NS

ERASE |
83.2MS i 1

3 ;
. RRR

-»| |#-0,104 MS

I ! l HORIZONTAL SYNC

-~ 104MS je—
—o| jo- 0.078MS

I SHORT HORIZONTAL SYNC

- 0.04MS |
—{ j&- 0.026 MS

” BLACK CLAMP

—f [04AMS jo—

Fig. 7—Timing and synchronizing waveforms.

17




18

TV CAMERA FOR THE COMMAND
MODULE OF THE APOLLO SPACECRAFT

This light-weight TV camera for the APOLLO Command Module is demountable
for hand-held use by the astronauts during flight. Since the APOLLO Lunar
Excursion Module will also utilize a TV camera for the astronauts' use in actual
exploration of the Moon's surface, the system design of the Command Module
camera was strongly influenced by the anticipated requirements of video cover-

age while on the lunar surface, in order fo take maximum advantage of common

design approaches. Special design considerations for the sensor, optics, power

supply, and automatic light-level compensation are given. In addition, a descrip-

tion of the operation of the video amplifier, yoke and deflection circuits, beam

current requlator, and sync generator is presented. Since low weight was a prime

requirement, hybrid and monolithic integrated circuits are used to the extent that

the state-of-the-art allows. The camera is easily adaptable to other space

applications with different scan and frame rates, thus making it attractive as

a utilitarian unit.

P. M. ZUCCHINO, and J. L. LOWRANCE, Ldr.
Spacecraft Electronics

Astro-Electronics Division
DEP, Princeton, N. J.

HE APOLLO three-man moon missions

will be covered by television. This
coverage will perform an important role
in the scientific experiment and in the
operational control of the ApoLLO mis-
sion. Subsequent broadcasting of video
recordings of the mission so obtained
will also allow a vicarious participation
by the public television audience in the
most exciting and significant explora-
tion of modern times.

This paper is concerned with the tele-
vision camera for the Command Module
of the AroLLo spacecraft. (RCA is de-
signing and building this camera under
contract to North American Avia-
tion’s Space and Information Division,
Downey, Calif., principal contractor to
NASA’s Manned Space Flight Center.)
The AroLLo mission will also include a
camera system with which the astronauts
can obtain television coverage of their
actual exploration of the lunar surface.
The design of the television camera for
the Command Module was strongly
influenced by the anticipated require-
ments of the lunar-surface camera for
the Lunar Excursion Module.

During 1962, the National Aeronau-
tics and Space Administration con-
ducted a study of analog versus digital
television for the AporrLo mission. These
tests had a twofold purpose: 1) to em-
pirically determine the optimum line

Final mavruscript received November 24, 1964
This paper was presented at the SMPTE Technical
Conference in New York City, September 28, 1964.

and frame rates for the mission, and 2)
to compare the performance, weight,
and power of digital versus analog tele-
vision systems designed for a specific
requirement. A competitive demonstra-
tion of analog versus the digital tech-
nique showed conclusively that:

1) Analog television was better suited for
the lunar mission.

2) A frame rate of 10 to 15 frames/sec
appeared adequate.

3) A system resolution of approximately
200 lines per picture height was a
satisfactory compromise between pic-
ture quality and bandwidth and the
resultant system ' parameters such as
transmitter power and antenna gain.

MISSION REdUIREMENTS

There are three mission requirements
for the ApoLLo Command Module tele-
vision camera. First, the camera in the
command module must take pictures of
the astronauts during launch, requiring
operation during vibration created by
the booster rocket (Fig. 1). During
latinch, the camera will be attached to a
bulkhead in front of the center astro-
naut. Secondly, after launch, the camera
will be removed from this mounting and
relocated behind the head of the center
astronaut’s couch. From there, the cam-
era views both the center aisle and the
work area of the Command Module. The
third requirement is for hand-held oper-
ation by an astronaut. While in orbit or
in transit, he will point the camera out
of the command module window and
take pictures of the Earth or Moon.

It is desirable to design both the Com-
mand Module camera and the Lunar
Excursion Module camera as nearly
alike as possible in order to reduce the
overall cost of the ApoLLo television
system. As a result the command mod-
ule camera has a self-contained sync
generator and requires only the unregu-
lated pc power of the Command Module
to operate. These are the requirements
anticipated for the lunar-surface camera,
since it will be operated some distance
from the Lunar Excursion Module.

Signal-to-noise ratio and transmitter
power considerations dictate that the
video signal be contained within a band-
width of 500 ke for the long-range trans-
mission from the Moon to the Earth.
This bandwidth limitation requires that
the television system have scan rates
lower than standard broadcasts. Since
the application of the camera requires
that the video signal be suitable for com-
mercial broadcast, a scan converter is
required to convert the slow-scan video
signal generated by the camera to the
standard broadcast rates. However, this
paper is primarily concerned with the
slow-scan camera.

SYSTEM DESCRIPTION

The camera is shown in Fig. 2, and a
block diagram of the camera is shown
in Fig. 3.

System parameters and other salient
features of the camera are listed in
Table I. As previously mentioned, the
frame rate and number of lines were
selected on the basis of empirical re-
sults obtained during the study using
a camera with variable line and frame
rates. The most important design con-
straint has been weight with due consid-
eration for performance and reliability.

SENSOR CONSIDERATION

The minimum weight and size require-
ments of the camera made the choice of
a vidicon mandatory for the sensor. The
next decision was to select the most
appropriate vidicon family: magnetic,
electrostatic, or hybrid (electrostatic
focus, magnetic deflection). The focus
coil required with magnetic vidicons is
rather heavy and large, even on a Y%-inch
tube. The electrostatic vidicon was
an attractive configuration, requiring
neither focus coil nor deflection yoke.
However, the hybrid vidicon was selected
for the following reasons:

1) The limiting resolution is higher than

the “all-electrostatic™ vidicon,

2) The deflection yoke for the hybrid is
very lightweight (0.1 pound). This
weight is partially offset by the fact
that the hybrid vidicon is somewhat
lighter than the *“all-electrostatic”
vidicon.




TABLE 1—~System Parameters of the
APOLLO Command Module TV Camera

Parameter Value

Size 7 x 33 x 3 inches

Weight 4.5 lbs, less optics

Frame rate 10 frames/sec

Line rate 320 lines/frame (3,200 cps)

Aspect ratio 4:3

Resolution 220 1v lines per picture
height both vertical
and horizontal

Bandwidth 500 ke

Sensor input 0.1 to 30 foot-candles,
peak illumination

5.8 watts, maximun,
‘from a 24- to 31-volt
DC source

—20 to +40°C.

20 ma peak, into a re-
ceiving - end -terminated
video line. (2 volts peak
into 100-ohm load)

Sync Conventional blacker
than black pulses: 23%
of peak-to-peak signal.
See Fig. 8 for complete
video waveform.-

43 db, typically

Power consumption

Operating temperature
Output

Signal-to-Noise Ratio

3) The magnetic-deflection method af-
fords more latitude in the design of
the electronics for this application.

4) The power required by the two deflec-
tion methods is comparable when con-
sidering the complete circuit.

The selected vidicon is a ruggedized
version of the RCA Model 8134 vidicon
tube. Operating at the rates and band-
width specified for the command module
camera, the sensitivity of this vidicon is
shown in Fig. 4. An opaque mask is
deposited on the outside of the 50-mil
faceplate to act as a black reference.
Each scan line begins just within the
masked area, allowing the black level
to be clamped during each line.

There are Y4-inch versions of the hy-
brid vidicon under development; how-
ever, the limited data on their perform-
ance and reliability made it advisable to
choose the 1-inch vidicon.

OPTICS

The camera optical system has been
selected to meet the rather broad mission
requirements with minimum weight.

The camera in the Command Module
will be located about 4 feet from the
center astronaut. In order to view the
faces of all three astronauts during
launch, a lens with a field of view of
approximately 80° will be required. On
the other hand, the Moon subtends 0.7°
when viewed from the Earth, and the
Earth subtends 2.0° when viewed from
the Moon. In order to meet this broad
range, two lenses have been selected
which are interchangable in flight. One
is an {/1.9, 7.5-mm Argus lens,
and the second is the £/2.5, 20-mm to
80-mm Argus zoom lens with a view-
finder. The lenses have been fitted with
special “bayonet” attachments to facili-
tate changing lenses.

Ilumination within the spacecraft
will be provided by incandescent lamps
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Fig. 1—Yibration profile of APOLLO spacecraft during launch.
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and by sunlight through the Command
Module windows. The incandescent
lamps provide 20 to 50 foot-candles of
illumination.

The sunlit Earth has a brightness
varying from 10,000 foot-lamberts for
bright clouds to 100 foot-lamberts for
certain terrain and has an average
brightness of approximately 4,800 foot-
lamberts. The Moon has a brightness of
1,000 foot-lamberts when illuminated by
the sun. The moon’s surface, when illu-
minated by Earth shine, is expected to
be approximately 0.1 foot-lambert.

AUTOMATIC LIGHT-LEVEL
COMPENSATION

The sensitivity of the vidicon is a func-
tion of the target-to-cathode voltage.
This characteristic, shown in Fig. 4, is
used to vary the system gain as a func-
tion of light level. The pc restored out-
put of the video amplifier is peak de-
tected and compared with a reference
level. The error is amplified and used
to control the target voltage, which
swings approximately 40 volts over the
light-level variation of 300 to 1.

This scheme is attractive for several
reasons. The system will work with any
lens, being independent of field of view,
f-number, and lens transmission. It will
also provide good signals with scenes
containing bright objects that are a
small part of the total field of view. This
characteristic can be controlled by de-
signing the peak detector to be respon-
sive to the average of the peak signal.
This is advantageous for scenes where
specular reflection may be present.

A judicious choice is necessary in de-
signing the response of the system to
prevent oscillations and at the same time
promptly follow variations in the illu-
mination. The system, as currently
designed, will correct for a 300 to 1
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Fig.. 3-—Block diagram of APOLLO Command

Module TV camera.

variation in approximately 3 seconds.
The signal-to-noise ratio is essentially
constant throughout this dynamic range.
Gray-scale reproduction at the extremes
of the light range is about six steps.

Good test-pattern pictures have been
obtained, for example, with 0.1, 1.0, and
30 foot-candles of peak illumination on
the vidicon faceplate.

POWER SUPPLY AND

POWER CONSUMPTION
The power source for the camera is 24
to 31 volts-pc. At maximum voltage, the
camera dissipates 5.8 watts of power.
The system design of the APoLLO space-
craft requires that the power ground be
isolated from the signal ground. The
power supply consists of an input regu-
lator that controls the voltage input to a
Royer-type pc-to-nc converter. The rec-
tified output of the converter provides
voltages of +320, —96, +10, and —8.3
volts. The low voltages (+10 and —8.3
volts) are regulated and become the sup-

1000

sideration compared to minimum weight.
plies for the camera electronics, with
the saturating transformer of the pc-to-
DC converter providing the necessary
isolation between power ground and
signal ground. The positive high voltage
(+320 volts) provides the electrode
potentials for the vidicon with the excep-
tion of G;, the beam-control grid. The
positive high voltage requires no further
regulation, since the load is relatively
constant; for proportional drifts, the
vidicon will remain in focus at the reso-
lution levels under consideration. The
—96-volt supply is used by a beam-cur-
rent regulating circuit for the control
grid. The vidicon filament requires 95
milliamperes at 6.3 volts. This is pro-
vided by the low-voltage negative sup-
ply. The camera, operating from a regu-
lated primary power source, consumes
only 3.85 watts, 0.7 watt of which is for
the vidicon filament. The camera was
designed with minimum power consump-
tion as an important, but secondary, con-

so0 L Fig. 4—Vidicon sensitivity.
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Fig. 5—Composite video output signal.

VIDEO AMPLIFIER

The video amplifier utilizes nine hybrid
integrated circuits and one monolithic
integrated circuit.

The output signal from the vidicon
receives initial amplification in a pre-
amplifier which is a feedback-pair cir-
cuit using low-noise silicon planar
transistors. The equivalent input noise
current of this preamplifier is less than
0.3 nanoampere-kMs over the 500-kc
bandwidth of the system. The vidicon
provides a black-to-white signal current
of about 40 nanoamperes. The ratio of
the peak-to-peak signal-to-rMS noise is
then 43 db, typically.

The signal is then compensated for
the effect of the input circuit’s inherent
roll-off characteristic above 30 kc and
given further ac amplification. A line-
to-line clamp restores the bc component
of the signal and provides the reference
black signal for the clamp operation.

In the remaining, direct-coupled,
stages of the video amplifier, the signal
is subjected to black- and white-level
clipping, to sync and porch insertion, to
bandwidth limiting in a filter stage, and

Fig. 7—Video amplifier and automatic light-
level control board {length, about 4 inches).

to output-stage amplification to drive a
video line.

The resultant composite video signal
is shown in Fig. 5. The sync tip is the
zero output-current level, and the peak
white is the 20-milliampere output-cur-
rent level.

The 500-kc low-pass filter’s response
is down more than 20 db at 1 Mc. The
filter exhibits a 109 overshoot on step
transitions; however, the video is not
significantly distorted since the rate of
rise of the video signal is limited primar-
ily by the response of the vidicon and
the optics.

Before entering the 500-kc low-pass
filter and the output stage of the video
amplifier, the video signal is peak-
detected by the first stage of the auto-
matic light-level compensation circuit.
The second stage controls the target
voltage of the vidicon on the basis of
how the peak-detected video signal com-
pares with a reference level.

YOKE AND DEFLECTION CIRCUITS

The frame and line rates for the Com-
mand Module camera fall between nor-
mal broadcast rates and slow-scan rates,

Fig. 8-—Sync generator board
{length, about 4 inches).

assembly

Fig. 6—Double-shear isolator.

such as the 2-second frame rate used in
the cameras of the Tiros satellite. The
type of circuit that best meets the re-
quirements of this region is the opera-
tional class B amplifier with feedback,
operating from a double-ended power
supply. A sawtooth waveform is gen-
erated by charging a capacitor from a
constant-current source. The source is
the collector of an emitter follower, with
a reference voltage at its base. The saw-
tooth drives one side of a differential
amplifier. The other input to the differ-
ential amplifier is the feedback voltage
developed by the yoke current flowing
through a small resistor in series with
the yoke. The differential output volt-
age drives the class B push-pull ampli-
fier, which in turn drives the yoke.
The yoke is a miniature design suit-
able for permanent bonding to the vidi-
con. (The yoke was developed by
RCA Communications System Division,
Graphic Display Group.) It has the
following electrical characteristics:

Lr = 1.15mh L, =19 mh
Ry = 12.5 ohms R, = 130 ohms
I = 50 ma I, = 9ma

(peak-to-peak) (peak-to-peak)

Fig. 9—Deflection circuitry and beam-current
regulator board assembly.
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The resultant retrace time is a maximum
of 20 psec for the horizontal scan and
1 msec for the vertical scan, operating
from the —6.3- and +8.4-volt power
supply.

The vertical scan is started four scan
lines ahead of the transmitted picture to
eliminate edge effects that may cause
white lines at the beginning of the
frame. This spurious white would affect
the automatic light-level compensation
circuit.

BEAM CURRENT REGULATOR

Cathode emission decreases with vidicon
age and, of course, with decreasing
cathode temperature. The cathode cur-
rent is a function of the G, to-cathode
voltage; that is, decreasing the voltage
increases the current. Since the scan-
ning-beam current is essentially a fixed
percentage of the cathode current, regu-
lating the cathode current is an effective
method of regulating the beam current.
The beam-current regulator is a one-
transistor circuit that samples the cath-
ode current and controls the G, voltage
accordingly.

Beam blanking during retrace is
effected by switching the cathode 15
volts positive with a transistor switch.

SYNC GENERATOR

The sync generator of the camera pro-
vides all the timing pulses for operation.
This circuit consists of a crystal oscilla-
tor running at a frequency of 102.4 ke.
This oscillator drives a series of 14
binary counters with feedback that pro-
vides vertical sync and drive at 10
pulses/sec; and horizontal pulses, drive,
sync, clamp, and porch, at 3,200 pulses/
sec. The 102.4-kc crystal oscillator em-
ploys a hybrid integrated circuit.

The sync waveforms required are
generated by gating the outputs of the
14 binary counters in the sync generator.
The front and back porch for the vertical
sync is actually the front porch of the
first horizontal line and the back porch
of the ninth horizontal line, since the
vertical scan is precisely synchronized
and in proper phase with the horizontal
scan.

Twenty-five monolithic integrated cir-
cuits and one hybrid integrated circuit
are used in the sync generator.

MECHANICAL DESIGN

The primary constraints on the mechan-
ical design of the camera are weight,
size, and operation during a vibration
environment. The camera must also be
properly proportioned for handheld
operation, and the lenses must be easily
interchanged in flight, without tools.

The only component significantly af-
fected by vibration during operation is
the vidicon. The first approach was to
obtain a ruggedized vidicon that would
perform satisfactorily at the vibration
levels specified for the camera, with
some margin for resonance in the cam-
era vidicon assembly. Vidicons have
been developed that are considerably
superior to the commercial product.
However, these vidicons cannot meet the
requirements over the entire vibration
spectrum from 20 to 2,000 cps. The
solution has been to suspend the vidicon-
yoke-less assembly within the camera
housing. The suspension system reso-
nates at approximately 100 cps and rolls
off at approximately 16 dh/octave.
The vidicon has a high threshold of sus-
ceptability at low frequencies. A typical
susceptability curve is shown in Fig. 1.
As long as the composite curve falls be-
low the susceptability curve, the picture
quality will not be seriously degraded.
The actual suspension system is a
double-shear isolator as shown in Fig. 6.
This type of isolator can be made to have
controlled and independent resonant fre-
quency in each axis of vibration.

To minimize the volume required for
the camera electronics, integrated cir-
cuits are used where practical. The
camera electronics consist of 25 mono-
lithic integrated circuits, 20 hybrid inte-
grated circuits, a minimodule, and mis-
cellaneous components that cannot be
put in an integrated circuit. The mini-
module contains the power-supply trans-
former and most of the power-supply
components that are not compatible with
integrated circuit packaging, such as the
filter capacitors and the high-voltage
rectifiers. .

Fig. 7 shows the video amplifier and
the automatic light-level control board
assembly. Fig. 8 shows the sync gen-
erator, and Fig. 9 shows the deflection
circuitry and beam current regulator
mounted with the minimodule power
supply on the bottom board. The pre-
amplifier is packaged separately and
mounted on the vidicon yoke assembly
to_minimize electrical interference gen-
erated by the power supply.

INTEGRATED CIRCUIT DESIGN
CONSIDERATIONS

The exclusive use of monolithic (single

crystal) integrated circuits for the en-
tire TV camera is not yet practical. The
current state of the art in monolithic
integrated circuits is not well developed
for analog circuits. The video processing
and deflection circuits in the command
module camera fall into that category.

On the other hand, the timing, pulse,
and synchronizing circuits of the camera
lend themselves well to the use of mono-
lithic integrated circuits.

The AroLrLo Command Module tele-
vision camera uses monolithic integrated
circuits primarily in the sync generator
circuitry. Most of the other camera cir-
cuitry is done with hybrid integrated
circuits.

The hybrid integrated circuits used in
the camera are made with discrete, dif-
fused silicon chips and thin-film compo-
nents, all mounted in a single transistor
case.

Circuit design with hybrid integrated
circuits differ little from that with con-
ventional components. Of couxse, elec-
trolytic capacitors and inductive compo-
nents are not integrated, and with weight
and space constraints, their use must be
minimized. A wide variety of transistor
characteristics can be supplied in a
hybrid integrated circuit. Single resis-
tors are available from 10 ohms to 40,000
ohms. For values above 100 ohms, thin-
film resistors, with the stability associ-
ated with conventional thin film resistors,
can be used. Capacitors, up to a few
hundred picofarads, diodes, and zener
diodes are also available as components
in a hybrid integrated circuit.

Video processing and deflection cir-
cuits tend to be rather specialized cir-
cuits fitted to the particular require-
ments of the system under consideration.
This is not the case with sync or logic
circuitry, which can be readily ap-
proached from a building block point of
view and which lends itself to the use
of standard monolithic integrated cir-
cuits, The hybrid integrated circuit
fabrication technique provides a custom
designed circuit in small quantities at
relatively low cost. However, in the
event that a circuit is needed in large
quantities, it becomes economical to
have even a rather specialized circuit
produced by a monolithic technique.

OTHER APPLICATIONS OF THE CAMERA

As previously mentioned, the design
of the Command Module camera was
carried out with the requirements of the
lunar-surface camera in mind. The
camera Is also applicable for the GEmint
missions to serve essentially the same
function as on APOLLO.

The deflection circuits have been de-
signed to accommodate easy modifica-
tion to slower scan rates and frame rates.
The video chain can be easily modified
for higher gain and narrower bandwidth.
This adaptability makes the camera
attractive as a utilitarian unit, capable
of being used for other space applica-
tions with different frame and line rates.
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of the facilities operation to preplan
missions. This paper deals with the
Space Track mission and the organiza-
tion of the computer program to meet
that mission, The hardware will be ex-
plained in general terms as back-
ground for the particular program
arrangement.

HERE are five functions which the

SPAce Track SEnsor Computer
(Spasic) real-time program performs
as part of an effective satellite surveil-
lance system. It locates new satellites
soon after launching; keeps up to date
records of known satellite orbits; pro-
vides positional data of high accuracy
for use by other systems; provides infor-
mation on size, shape and stability; and
indicates orbital change. The radar
associated with this system can operate
in both a surveillance mode to provide
data on orbiting objects passing
through the volume scanned or in a
tracking mode to provide more accurate
orbital data on observed objects.

The mission of the satellite surveil-
lance system is to identify and acquire
track or scan data on the satellites.
Care is exercised in the gathering of
data so that the minimum amount of in-
formation is collected that will satisfy
the requirements of the particular satel-
lite observation. This insures that the
radar will be available to gather infor-
mation on other objects and that redun-
dant information will not be transmitted.
The information leaves the computer as
smoothed radar observations in the form
of time, range, azimuth, elevation, range
rate and identification of the satellite, if
known. This information is transmitted
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« 'Fig. :1.~— Data flow in the SPASEC program.

THE 4102-S SPACE TRACK PROGRAM

E. T. GARNER and J. OSEAS, Ldr.
Real Time Digital Systems
Digital Information,; Systems Engineering
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over teletype lines to the Spacetrack
Center.

In addition to the real-time aspects
of the mission, the site must produce its
own schedule of what it is able to see
(called penetration listings). The site
is furnished with orbital elements by
the Spacetrack Center on all known
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satellites. This list of known satellites
is constantly being updated by means
of teletype messages from the Center. A
list of desired observations (called the
priority list) Is also furnished by the
central agency. Fig. 1 indicates the over-
all data flow within the SpasEc program.

Fig. 2 shows the operational system
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Fig. 2 — Operational systems organization. -

organization. The Operations Director
has the responsibility of coordinating
the-data requirements with the detailed
problems of site operation. Missions
are planned hased on new information
requests, object priority, number of
expected sightings, and probability of
detection. Changes in an objects status
are entered into the computer using
simple mnemonic codes and decimal
numbers. Changes or additions to the
satellite file received over the teletype
lines are automatically entered into the
computer ephemeris file and on the mas-
ter tape. The expected satellite pene-
trations are computed periodically and
a hard copy is produced. This allows an
operational check against the master
plan based on the most current informa-
tion at all times.

The plan is executed by the tracking-
radar control console operator who exer-
cises gross manual control over the

radar system directing the radar to scan
the selected sector. Under these man-
ual constraints, the system is automatic
and is controlled by the 4102-S com-
puter.

The raw data collected by the radar
system is processed and filtered by the
computer. Data identification, data
quality and data consistancy checks are
performed by the computer. The pro-
gram directs the radar in the gathering
of additional information and returns it
to the surveillance mode of operation
when it is satisfied that no more useful
data can be collected. The tracking
radar control console operator then
executes the next phase of the plan.

4102-S COMPUTER
The 4102-S is the most recent addition
to the 4100 series® built by RCA, Van
Nuys, California. The RCA 4102-S is
a 16-level, 30-bit-word-length, parallel,

Fig. 3 — SPASEC level assignment.
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binary 2’s, complement, fractional, inter-
rupt input-output, stored-program com-
puter. The computer has 16 program
counters and 96 full-length index regis-
ters. An add instruction requires 19.2
usec, and a multiply 75.5 psec.

The prime requirements for the
Srasec system demanded that the com-
puter be reliable, binary, economical
and capable of communicating with the
radar system in real-time. The RCA
4102-S met the real-time requirements
with interrupt input-output as opposed
to interleave input-output.

With the interrupt processing method
used, a section of coincident-current
memory is set aside and designated as
executive storage. This area is used by
hardware to store the program counters
and the index registers. There is an
internal 15-bit register known as the flag
register which is examined each time an
instruction is executed. If a higher-
priority-level flag is set, the program
counter for the higher level is accessed
and a new instruction sequence is begun.
When a level is through operating, it
may erase its own flag (called suicide).
All levels may set any bit in the flag
register, but the bit may be cleared only
by the level associated with the flag.
With these set and reset commands, pro-
grams and external devices can inter-
communicate.

Interrupt processing uses the hard-
ware level control to accomplish input-
output while tying up main frame only
a small portion of the time. Each com-
mand and input-output instruction sui-
cides, and the particular input-output
device will set the priority flag when it
is ready to accept or transmit more data.
This allows the program to proceed nor-
mally in processing data—being inter-
rupting when input-output devices need
servicing. Fig. 3 shows the level assign-
ment.

Economies in computer hardware
were achieved by the interrupt process-
ing method, by fixed point logic, and by
medium-speed circuitry, Effective com-
puter utilization was realized through
the use of a simple assembly language
and fixed-point coding.

4102-S CONFIGURATION

In the 4102-S, both program units and
hardware devices have been assigned
priorities. The level assignment is shown
in Fig. 3. The hardware devices are
fixed priorities and are arbitrarily as-
signed according to the maximum allow-
able time lag between request and serv-
ice of the device. Hence the faster, more
“impatient” devices have higher priori-
ties. The configuration is shown in

Fig. 4.
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The real-time interface is the com-
puter’s connection with the real world.
Through this interface, the computer
receives target information and radar
system status and transmits radar sys-
tem direction.

There are two magnetic tape units,
(7330’s) which are used in low density
only. The units are used for fast pro-
gram load and historical recording. The
line printer is an Analex 41000, capable
of printing 1,000 lines per minute. The
printer has a 64-character selection and
a 120-character line. The printer is used
to provide a hard copy of the penetra-
tions of the surveillance sphere.

A Model 28 Teletype is connected to
the computer through a special interface
which can recognize sequences of tele-
type characters as a request to start or
end a message. The Flexowriter is a
standard two-case, 5-bit-Baudaut-code
machine with read, write, and punch
capabilities. The Flexowriter reader is
used to enter control messages to the
program. The Flexowriter typewriter is
used to print direction messages to the
operator, equipment status messages,
and smoothed radar data.

PHILOSOPHY OF PROGRAM
DESIGN
Spasec was conceived to be a single-
purpose computer system as opposed to
a general-purpose system. Its task was
to fulfiil the Space Track mission 24
hours a day, 7 days a week.

Throughout the design and coding
phases of the development of this pro-
gram, particular attention was paid to
relieving operating personnel of respon-
sibility for determining detailed system
action and response. This design con-
cept, which stresses completely automa-
tic operation, is coupled with additional
features to allow manual direction
and/or intervention. The blending of
operational flexibility and automatic
control has made this system adept at
gathering data for general and special
purpose missions. This concept has
allowed an operation which has signifi-
cantly reduced the number of technical
specialists necessary to conduect the most
complicated assignments.

The Space Track program is seg-
mented and planned in such a way that
the operation can continue with reduced
capability. If the Flexowriter is inoper-
able, the Teletype will be directed to
perform the Flexowriter output function
in addition to its own. If as much as
half of core memory is inoperable, the

TABLE I—Program Communication

Flag

Magnetic tape input-output
Magnetic tape input-output
Real-time interrupt.

Start message output !
Compare data!

File error message!

File error message!

File error message!

File error message!

10 Filé error message!

11 Start penetration calculations!
12 Cycle through input-output devices!
18 Check for data to compare!

14 Smooth data!

15 Printer control

16 Teletype input control

17 Teletype output control

18 Flexowriter input control

19 Flexowriter output control

%0 00 ~2 Sy Ve O 2@

Fig. 5 — SPASEC program organization. Arrows show communication via the flag register. (Table

| shows meanings of the arrows.}
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program continues relocated into the
good half. In this case the satellite iden-
tification feature is lost. If the program
is destroyed by a transient signal or
intermittent error, the program can be
quickly reloaded from magnetic tape.

The logic of the program and the
system assumes that any changes in
operating mode due to manual interven-
tion are correct, unless such changes are
of such a nature as to physically damage
the radar. If any procedure is unex-
pected, the program will notify the
operating personnel of such change by
specific English reference to what has
occurred. (e.g. track denied, radar
inop (erable), track mode). System mal-
function is determined quickly and oper-
ator intervention is confirmed.

It was realized that as additional oper-
ational requirements become known,
program changes would be required.
The actual requirements for changes
which are being implemented attest to
the validity of this concept. Based on
this concept, features were incorporated
into the program to facilitate modifica-
tion, debugging, and historical recall.

Historical recording is closely allied
to the debug features within the Spaskc
program. These features are used for
program maintenance, system, and
hardware debugging as well as special
studies. Access is allowed to the pro-
gram and its data in real-time or off-
line modes of operation.

PROGRAM ORGANIZATION
Initialization

The 4102-S is paper-tape oriented, which
for small programs is not unwieldy. For
the Spaskc program, a “bootstrap” pro-
cedure is used: that is, the program is
assembled on another computer with
card input-output and brought to the
4102-S on a low-density binary tape;
that magnetic tape enters the 4102-S
under control of a small paper-tape
program loaded through the Flexo-
writer.

An integral part of the Sraskc pro-
gram is the ephemeris file, which is con-
stantly being changed. In order to
reflect this change, a new program tape
is written during initialization and is
positioned to receive changes to the
ephemeris file. Each day, a new tape is
generated which is used for input on the
next day. To enhance the reliability
needed for an operational system, the
program can be quickly reloaded from
the next day’s master without destroy-
ing any of the above capability.

Real-Time Data Haundling

The interrupt cycle occupies the highest
program-priority (Fig. 5) ; that is, pro-
gram-priority as opposed to the priori-

s
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ties assigned to the hardware- devices.
The duty of the interrupt-cycle program
is to act as an executive routine and
clearing house for other sections of the
program that communicate with the
real-time interface or are concerned with
real time. The rationale for this is that
the communication with the real-time
interface must be done at certain times
within the radar pulse interval; to avoid
confusion, it was advisable to have one
section of program control the data flow.
This section must be executed periodi-
cally—hence the high priority level
The interrupt cycle is activated as a
program once per radar pulse interval;
therefore, it is well suited to update
timers and in general furnish the pro-
gram with a pulse. Periodic entry to
lower priority levels is effected through
this program.

Since the radar system can be in track
or scan but not both, data processing is
performed on the same level by two
mutually exclusive programs. The scan
portion of the program looks at returns
from two complete scans and attempts to
associate the various returns. The data
that the scan program has access to con-
sists of end-of-scan and scan reports.
When reports from two consecutive
scans are believed to be from the same
object they are said to associate. When
it is determined that there is no data to
update a previously smoothed data re-
port, the cumulative information on this
object is given to a track decision rou-
tine for further action.

Smoothed scan reports (scan Q-points)
are developed from weighted radar
parameters (range, doppler, azimuth,
elevation, time, and credences). Addi-
tional parameters are developed from
this base data such that a final-scan
()-point contains range, range rate, range
acceleration, azimuth, azimuth rate, ele-
vation, elevation rate, time, and an accu-
racy index. Q-points generated from
scan data and initial-track Q-points are
compared with the ephemeris file
(S-points) by the comparator program.
The results of the comparison test yields
one of the following results: fine, passed
comparison within close time and posi-
tion tolerances; coarse, passed compari-
son within broad time and position toler-
ances; coarse, tentatively identified with
more than one object; uncorrelated, ob-
ject unidentified.

Uncorrelated object (Q-points are
processed through discrimination tests
which are designed to determine if the
object is a satellite. These tests are based
upon energy considerations and are de-
signed to eliminate meteors, the moon,
and noise. Q-points which pass these
tests are placed on a tracker waiting line

and are tagged as uncorrelated. Those
which fail are discarded as being of no
interest.

Each object on the tracker waiting
line has associated with it a track prior-
ity. This priority is a function of the
object identification, data age, and prob-
ability of detection. The program selects
the object with the highest tracking pri-
ority and attempts to track for a period
of time based upon the track criteria.

To automatically track an object, the
program directs the radar to a point
along the object’s path slightly ahead
of the object. This designation message
is transmitted to the radar system
through the real-time interface, causing
the radar antenna to be directed to a
point in space. For“a short period of
time, the object’s path can be described
as a second-order curve in each of the
radar’s parameters. The six Q-point
parameters are used to find values for
the second derivatives or range, azimuth,
and elevation.

The designation point is current time
+ 14 second and is valid for 1 second.
1f the object is not detected, a new desig-
nation point is computed. This pro-
cedure may continue for 30 seconds. If
the object is detected, the radar auto-
matically locks-on to the object and the
track is begun.

Track data is smoothed using un-
weighted arithmetic means with least-
square fits to develop the rates. The final
track Q-point contains range, range rate,
azimuth, azimuth rate, elevation, eleva-
tion rate, average angular credences, and
orbital elements consisting of inclina-
tion, period, semimajor axis, eccentric-
ity, and right ascension. The track
Q-point presently is developed from 10
seconds of radar data.

The track program examines the re-
ports and will terminate the track if the
radar antenna should attempt to enter
unavailable regions in the sphere of
surveillance.

Penetration Computations

The S-point file is generated from the set
of current orbital elements contained in
the memory. Satellite elements, radar
site coordinates, radar sector, and time
period of interest are used to compute
predictions. Nonpenetrating satellites
are quickly rejected from consideration
based on tests of the satellite’s inclina-
tion and time of horizon passage.

There are five types of penetration
schedules available to the Operations
Director to preplan missions. The five
penetration requests are: 1) penetration
for all objects ordered by time; 2) pene-
trations for all objects ordered by satel-
lite number in increasing order; 3)

penetrations for a priority class of ob-
jects ordered by time; 4) penetrations
for a priority class of objects ordered
by satellite number; 5) look angles, a
series of penetrations of a single object
separated in time between two elevations.

When operating in real time, penetra-
tions (S-points) are automatically gen-
erated for all. azimuths at a specified
elevation and filed for use by the com-
parator program. The file always con-
tains one penetration interval normally
40 minutes ahead of the current time.
When S-points become more than 6
minutes old, they are automatically
deleted. This allows continuous opera-
tion with no loss of S-point storage. The
S-points are printed after the computa-
tions for an entire interval are com-
pleted. When a print request is received
in real time, the real-time S-points are
deleted and the print request is honored.
Upon completion of that printing, the
real-time S-points are automatically re-
generated and printed.

INPUT-OUTPUT CONTROL

The prime considerations in the design
of the input-output control program
were ease of use and movement of data
at the acceptance rate of each device.
The input-output control routine com-
municates with each of the following
devices: magnetic tape units, Flexo-
writer, Teletype, and line printer. This
master control routine is responsible for
scheduling each of these devices based
on availability, speed of operation, and
message priority. For output, the user
program notifies the input-output routine
through a calling sequence which speci-
fies the input-output device, the address
of the data, and the type of message.
From the point of view of the user pro-
gram the data is considered transmitted
to the output device after the calling
sequence has been executed. In reality
the request is stacked and will be pro-
cessed when the device is available.

For input, the entire transfer of infor-
mation is automatic and no processing is
done on any message until the transfer
is complete. The message is identified,
converted and delivered to the responsi-
ble routine. This is accomplished by
flagging the proper subprogram and giv-
ing the location of the data. Movement
of large blocks of data is eliminated
through use of simple list techniques.
Only references to data are communi-
cated between subprograms. These meth-
ods are discussed in more detail in
the next section, Data Manipulation
Techniques.

Real-time input-output is treated sim-
ilarly but independently of the main
input-output control program to assure
minimum response time.




DATA MANIPULATION
TECHNIQUES

Data handling in this program makes
use of simple list structures, e.g.,
chained lists, and key buffers referenc-
ing lists. Nearly all sections of the pro-
gram work with chained lists. Fig. 6
shows a general block-to-block Iist with
key reference. The only predictable
order is within the block. The ordering
is a function of the data rates of the
various sections of the program which
use the lists. To keep track of the list,
the location of the first item on a list is
remembered in a key word. One word
in each block is set aside for linkage,
this word is known as the head cell.
When the linkage contained in the head
cell of a block is 0, it denotes that this is
the last item in this list.

Initially, there is only one chained list
in memory, termed available storage.
This list is exactly what its name im-
plies: i.e., storage which is available for
use by various programs upon demand.
This is the list from which an item (data
block) is drawn to be used by any sec-
tion of the program. Control of an item
may be passed among several programs
with the understanding that when the
data is no longer pertinent, the item will
be returned to available storage.

The penetration filing scheme is an
example of a key buffer referencing a
list. A penetration consists of a set of

. Fig. 6— General block-to-
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Fig. 7 = Penetration buffer. . When there is more than . one penetration in’a

block list with key referances:

spherical coordinates plus time. The
time word is used to order the coordi-
nates of a penetration. Filing utilizes a
key buffer and fluid storage to store co-
ordinates. The key buffer is a time-
referenced buffer of 128 key locations
representing 64 seconds each (Fig. 7).
In addition to this buffer, there is a sec-
tion of fluid storage consisting of 190
blocks of 13 words each. When the
penetration of the radar fan is computed,
it is stored in one of the blocks of fluid
storage and the location of the block is
stored in the time referenced buffer
according to the time of penetration.
When there is more than one penetration
in a 64-second time interval the penetra-
tion will be chained. Previously filed
data is recovered easily, and if no data
is available in the pertinent time slot,
this is determined quickly.

It should be noted that it is not neces-
sary to achieve sophistication in list
structures to make use of them. List
structures can be programmed in vary-
ing degrees of complexity tailor-made
for the particular program. In program-
ming for the Spacetrack mission, list
processing was found to be efficient in
terms of space and time and was a con-
venient way to visualize data transfers.

SYSTEM GROWTH

As with any experimental system, cer-
tain growth can be expected in the
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hardware configuration and in the so-
phistication and diversification of the
programming effort. This expansion
may be divided into two categories: that
which is presently being implemented,
and future planning. Present implemen-
tation includes transmission of pointing
data in real time to a narrow-beam,
short-range radar in Baltimore, Mary-
land. A high-speed (2,400-bit/sec) data
link will provide communications. This
service may be expanded in the future
to provide similar data to other sites.
Push-button input for control of pro-
gram options is under development.
This will allow faster response to re-
quests. Program changes are being in-
stalled to allow automatic recognition of
radar coverage changes and to recom-
pute S-points based on this new sector.

Plans for future improvement and
growth include: additional storage for
system enhancement; a card reader-
punch; and displays. Additional storage
would allow an expanded ephemeris file
when the known satellite population be-
comes much larger than the present 400
objects, and would be used to store dif-
ferent production programs which would
time share with the operational program.
A card reader and punch would allow
a desirable re-orientation of our present
paper tape system. A displays facility
with computer control of a slide projec-
tor would allow a concise picture and
quick human identification in most
cases.

CONCLUSION

The 4102-S SPASEC program has
proved itself to be a flexible and reliable
satellite surveillance program. Working
as part of Moorestown Space Track
facility, it has demonstrated its ability
to identify satellites and direct the radar
system in the collection, reduction, and
forwarding of data. The use of this pro-
gram has enhanced the operations of the
Space Track mission and made this site
one of the networks more important
members.
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INFRARED FIBER OPTICS

The phenomenon of transmitting visible light by mul’riple internal reﬂechons
along the walls of a glass fiber was described in previous papers'-? and
throughout technical literature on fiber optics. Visible light, however, occupies
only a portion of the useful electro-magnetic spectrum and most forms of
glass will only transmit electromagnetic radiation of wavelengths less than 2.5
microns. The widespread application of infrared detection and imaging
devices provides the need for longer wavelength transmission properties of " Hg. 1—Criteria for internal reflection in a
fiber optic materials for the imaging of the infrared spectrum. While many " fiber. Co ~ C
materials can be used for infrared energy transmission, relatively few have .

properties to produce suitable infrared fiber optics. More recently, however, f ng=1

techniques have been improved for processing fiber optic materials for infra- o
red applications, thus adding greater flexibility to the design of opfical ele-
ments for infrared systems. This article describes the fundamentals and
characteristics of infrared fiber optics, and their application fo a line-to-raster
converter that is believed to be the first coherent infrared bundle to be

"C cLADDIN

FIBER CORE

fabricated for a specific application.

N. ARON, Ldr, and L. ARLAN

Electro-Optical Engineering

Aerospace Systems Division
DEP, Burlington, Mass.

HE transmission of radiation in fibers

by multiple internal reflections is
based on a simple physical principle.
This is that total reflection of radiant
energy at a boundary will occur if the
index of refraction of the medium in
which the radiation exists is greater than
the index of refraction of the medium
on the other side of the boundary (that
which the radiation would normally pass
into if not internally reflected back).
Thus, if the radiation is in a medium of
index n, (the fiber core material) and
the index of the material on the other
side of the boundary is n, (the fiber
cladding material} the criterion for in-
ternal reflection is that n, <n,.

The index of refraction of the fiber
material is such that any entering radia-
tion incident on the internal fiber walls
at an angle greater than the critical
angle 6,, is continually reflected (Fig.
1). The fiber optics thus acts as a smooth
transparent cylinder transmitting the
radiation by multiple internal reflec-
tions. The diameter of the rod must be
larger than the longest wavelength to be
transmitted. No substantial change oc-
curs in the behavior of this phenomenon
until the diameter of the rod becomes
comparable to the wavelength of light
(about 5 microns).

If many such fibers are gathered to-
gether into an orderly array, an image
placed at one end will be transmitted to
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the other end, the fibers breaking up the
image and transmitting each component
separately. Transmission is improved
by cladding each fiber with a coating
that has an index of refraction n,, which
is lower than that of the fiber material
n;. The cladding prevents leakage or
cross talk from one fiber to another.

INFRARED FIBER OPTICS MATERIALS
AND PROPERTIES

The infrared region covers a broad spec-
tral span from roughly 0.8 micron to 100
microns, for practical purposes. As a
result, most infrared materials transmit
selectively in the infrared and do not,
therefore, pass the radiation with equal
efficiency at all wavelengths over the
complete infrared spectrum. Some are
difficult to fabricate into optical ele-
ments and some are even toxic and re-
quire special treatment and careful
handling.

/f to this is added the requirement
that the material be capable of being
drawn into a fiber, a severe limitation is
placed on those materials which are oth-
erwise acceptable. Some work has been
done on germanate and calcium alumi-
nate glasses® to extended infrared trans-
mission out to about 5 microns, at least
in short fiber lengths. However, the
material that has thus far proven most
suitable and easily drawn into fibers is
arsenic trisulphide (As,S;} glass. This
material, when clad with a modified
arsenic sulphide (AsS), has exhibited

spectral response in short lengths of
7 mm to a wavelength of 12 microns.

Fabrication Methods

The fiber is fabricated from a melt of
arsenic trisulphide glass. The liquid
glass is drawn through a die together
with the cladding material. Extreme
caution must be used in heating of the
arsenic trisulphide glass when drawing
the fibers, since it emits toxic fumes at
a critical temperature of 300°F.

A method of fabricating the fibers into
a coherent bundle draws the fibers
around a drum in complete loops. These
are then fixed in place by an epoxy be-
fore cutting and polishing to keep the
fibers at each end in the same relative
position and to maintain coherency be-
tween the input and output ends of the
finished bundle. Since arsenic trisul-
phide does not transmit in the visible
region, locating individual fibers to
check bundle coherency is a problem.
Minimum bundle fiber lengths are lim-
ited by drum size.

Use of Fibers

The fabrication of the infrared fibers
into useful bundles invariably results in
mechanical defects such as broken fibers,
nonuniformity of fibers in cross-sectional
dimension along the fiber length gaps
between the fibers, and- fiber displace-
ment. Broken fibers reduce the total

energy transmission, lower the resolu-
tion capabilities of the bundle in those
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dead areas, and contribute to the back-
ground noise of a transmitted image.
Breakage of fibers up to 1 or 2% of the
total is common in bundles used in the
visible spectrum. Present day state-of-
the-art infrared fibers can experience up
to 5% breakage. However, flexible in-
frared bundles have been made and
flexed as many as 1.5 million cycles with-
out sustaining any apparent damage.

Arsenic trisulphide fibers with diam-
eters of 0.001 inch have been fabricated,
but in most of the work that has been
done the fibers used are approximately
0.002 inch (50 microns) in diameter
with a cladding thickness that is about
109% of the core diameter. In addition
to variation of fiber diameter between
fibers of a bundle, a variation occurs in
the cross-sectional area along the length
of the fiber. This contributes to a spread-
ing of the transmitted energy at the out-
put end.

Gaps occurring between fibers and
fiber displacement result in image reso-
lution deterioration. Present state of the
art for infrared fiber optics indicate a
fiber displacement tolerance of = 14
fiber diameter. Packing density can be
increased by fusing the ends of the fibers
together since distortion from the cir-
cular shape does not significantly affect
the optical properties of the fibers.

CHARACTERISTICS OF FIBER OPTICS

The optical characteristics of the fibers
are related to the physical properties of
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the fiber material and to its index of
refraction. Those of greatest interest are
usually the numerical aperture, the
spectral response and the transmission.
These characteristics together with the
feasibility of producing fibers with the
proper coating determine the infrared
fiber optics material to be used for a
specific application.

Numerical Aperture

The numerical aperture, N4, is a meas-
ure of the light-gathering ability of an
optical device. For an optical fiber this
is related to the maximum radiation ac-
ceptance angle 6,, (Fig: 2) which is a
function of the indices of refraction of
the core and cladding materials. The
relationship for the numerical aperture
is given by:

NA =sin o, (1)
Where: ¢,, = sin™\/n, — n,’, and 6,, =
maximum half-angle accepted, n; = in-
dex of refraction of fiber core material,
and 7, = index of refraction of fiber
cladding material.

The range of numerical apertures
available in fiber optics is limited only
by the materials from which the fibers
can be made. For visible bundles made
of selected pairs of glasses, any value
of numerical aperture to 1.2 can be fab-
ricated. Infrared materials such as ar-
senic trisulphide glass have higher re-
fractive indices; it is, therefore possible
to obtain larger numerical apertures for
the same coating-to-core refractive index

ratio. If the arsenic trisulphide glass
fiber whose index of refraction is 2.47
is coated with a lacquer having an index
of refraction of 1.5, a nominal numerical
aperture as high as 1.96 is achieved. On
the other hand, with the arsenic trisul-
phide fiber coated with arsenic sulphide,
the numerical aperture is 0.7.

Energy travels from the entrance end
of the fiber to the exit end by means of
total internal reflection. If the fibers
were perfect, the entrance cone would
be equal to the exit cone. However,
since the fiber walls are not perfectly
parallel and smooth, the output radia-
tion pattern exceeds the entrance cone.
The measured output radiation pattern
for a 4.8-inch-long fiber optics bundle
for normal incidence when the angle
subtended is 0.7°, as shown in Fig. 3
and at normal incidence in Fig. 4. The
curve spreads as the length of the bundle
increases.
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whose index of refraction n = 247, Eq. 2

Fig. 6a—Infrared fiber op- gives R = 17.9%.
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Spectral Response

The relative spectral transmissivity of
several lengths of arsenic trisulphide
fiber bundles is shown in Fig. 5. There
is very little transmission bheyond 7 mi-
crons and there are absorption notches
at 2.95, 4.1, and 6.3 microns.

Transmission

The overall transmission of an infrared
fiber optics bundle depends on internal
transmittance, dead areas due to pack-
ing density, broken fibers, the type of
cladding material used, the efficiency of

SPACERS 015 TH'K

Fig. 6b—Enlarged
view of line -{imag~ "
ing) end:of infrared
fiber optics converier.

and anti-reflection coating used, and the
length of the bundle.

The high index of refraction of arsenic
trisulphide causes a considerable por-
tion of the incident energy to be lost
because of Fresnel reflection. For nor-
mal incidence at the air-glass surface,
the reflectance for one surface only is
given by: .

n—1)*
=t ©
Where n = index of refraction of the
core material. For arsenic trisulphide,
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The absolute transmission per unit
length is a function of cladding thick-
ness and efficiency of anti-reflection coat-
ing. Best available data to date show the
average internal transmittance in the
3.2-to-5.5-micron wavelength region is
about 90% per inch of bundle length.

APPLICATIONS

Infrared transmitting fiber optics bun-
dles can be either rigid or flexible. One
of the most valuable applications for
rigid bundles is for image conversion.
For example, it is often desirable to use
a slit pattern in the primary image plane
and a circular pattern on a detector
cell in the secondary image plane. This
is easily achieved with a fiber optics
converter. Another application is found
in converting from a line to a raster for
a television display. This enables a wide
angle, high resolution image to be
broken up into segments so that the de-
tecting device will not limit the overall
resolution.

Flexible fiber bundles can be utilized
in infrared systems by transmitting the
energy from a gimbaled optical system
to a stationary detector and cooling sys-
tem. Other uses might be found in the
form of infrared fiber scopes for medical
diagnosis where internal temperature
differences can be detected and imaged.

In any application one of the most
important considerations is overall trans-
mission but other parameters such as
cooling of the bundle and methods of
efficient coupling of the fiber bundle to

‘the detector or imaging device must be

determined in order to utilize an infra-
red bundle in the best manner.

FIBER OPTICS LINE-TO-RASTER
CONVERTER

An application of infrared fiber optics
in a bundle configuration converts a line
to a raster for a television display (Figs.
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6a, 6b). Such a bundle® was fabricated
of 0.002-inch-diameter arsenic trisul-
phide fibers for the purpose of obtaining
a 0.94° by 36° field-of-view optical sys-
tem. The wide-angle image is divided
into six segments {Fig. 7) which are
imaged on an infrared-sensitive device.
The six segments are stacked one above
the other to fill the sensitive surface of
the device. A higher degree of overall
resolution is thereby achieved than
would otherwise be obtainable from a
single line display on the imaging de-
vice. Spacers are used between the seg-
ments (Fig. 8) on the raster end of the
fiber bundle to prevent garbling or carry-
over of information from one segment to
another. Each segment has a rectangu-
lar cross section that is 0.4134 by 0.0656
inch and are displayed end to end to
form a spherical rectangle that is 2.4804
inches long by 0.0656 inch high at the
line end. The bundle length is 12 inches
and was dictated by the method of fab-
rication rather than the application. For
the application a shorter length would
have been preferable to reduce optical
transmission losses.

A photograph of the output or raster
end of the bundle was made with Kodak
spectroscopic type film which has a max-
imum sensitivity at 1.09 microns but is
sensitive to 1.22 microns. The input end
of the bundle was illuminated with a
microscope illuminator. Fig. 9 shows
the illuminated bundle taken at f/5.6
and an exposure of four minutes. The
uniformity of the fiber diameters as well
as that of the spacing or packing of the
fibers is evident. The dark spots indicate
either broken fibers or spaces between
fibers. The nonuniformity of illumina-
tion or shading is attributed in part to
variations in surface polish of the fibers.

Four visible fibers running the length
of the bundle were added in the center

Fig. 9—Infrared fiber optics converter illumi-
nated on line end.

of the top and bottom and of the extreme
ends as an aid in optical alignment of
the bundle in the system. Use of visible
fibers for this purpose was possible in
this system since the other primary op-
tics consisted of all reflective elements.
The sharp absence of transmission at the
bottom center of the lowest segment in
the photograph was produced by the
tape necessary to block transmission of
the visible fiber at this point. It is
thought that future bundles would ex-
hibit better uniformity of fibers by grind-
ing and polishing each segment sepa-
rately. Resolution of the fiber bundle
was measured as being eight line pairs
per millimeter.

An orderly (nonrandom) fiber pat-
tern acts as a raster. Hence, if used as
an optical element in an electronic scan
imaging system, it will generate spatial
intermodulation products (beat pat-
terns) in the recorded image if the dis-
tance between fiber centers is not small
compared to the resolution element.
Similar beat patterns will occur if cas-
caded rasters have the same center dis-
tance between fibers. Random place-
ment of fibers of very fine fiber diameters
would be indicated. At present there
are no techniques to produce fully ran-
dom fiber patterns and the fineness of
the pattern is limited by the minimum
available arsenic trisulphide fiber diam-
eter of 0.002 inch. However, no beat pat-
terns were noticeable in the use of this
fiber bundle,

The transmission of an image from
the end of a fiber optics bundle to the
photosensitive surface located on the
back of an image tube faceplate requires
the use of a fiber optics faceplate to
avoid loss of resolution, or the use of an
optical relay lens to focus the image
through the faceplate onto the photo-
sensitive surface, If the radiation sensor
requires cryogenic cooling, as do most
sensitive infrared devices, the imaging
must usually be performed through win-
dows of a dewar. A better approach to
imaging on the infrared sensor directly
would be to butt the end of the fiber
optics converter through windows and
against a fiber optics faceplate of the
photosensitive surface of the infrared
imaging sensor. However, butting the
fiber bundle against the faceplate of a
cooled infrared image tube tends to raise
the temperature of the photosensitive
surface and also precludes the use of
windows in the dewar. The end of the
fiber bundle next to the faceplate would
then have to be an integral part of the
dewar. While this solution presents
severe design problems, some simple
preliminary experiments have been
made to determine resistance of fibers

to the thermal shock of cryogenic
cooling.

Loose fibers of arsenic trisulphide
immersed into liquid nitrogen did not
shatter, crack, or craze. Furthermore,
they could be readily bent while im-
mersed in the liquid. Therefore, it is
felt that with proper thermal design
fiber optics assemblies can be built cap-
able of successfully operating at cryo-
genic temperatures.

CONCLUSIONS

Most of the work done in infrared fiber
optics has been directed toward the fab-
rication of arsenic-sulphur coated ar-
senic trisulphide fibers because of useful
transmission properties of these fibers
in the short and medium wavelength in-
frared regions. Present day technology
has resulted in the fabrication of co-
herent bundles but degradation of over-
all transmission and resolution due to
minimum available fiber size, fiber
breakage, fiber spacing, and fiber uni-
formity all result in fiber bundles which
cannot compare favorably to present-day
visible fiber optics bundles. However,
improved fabrication techniques and
usage of other materials should result in
higher quality fiber optics bundles for
use throughout the infrared spectrum.
The fiber optics converter discussed in
this article is believed to be the first co-
herent infrared bundle to be fabricated
for a specific application. As with every
state-of-the-art development, experience
has indicated better fabrication tech-
niques and methods.
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ELECTRO-OPTICAL SIGNAL PROCESSING

Effective utilization of image-scanning sensors {for example a TV pickup tube)
in automatic electro-optical systems for detection, acquisition, tracking, and
recognition requires signal processing equipment for extraction of desired
information. Several signal processing fechniques have been successfully im-
plemented for use with both standard and slow-scan systems. This paper de-
scribes such fechniques, including point-source and extended-background dis-
crimination, image motion processing, and coordinate generation, and includes
data on performance and applications to electro-optical systems.

M. J. CANTELLA and R. KEE

Electro-Optical Engineering

Aerospace Systems Division

DEP, Burlington, Mass.

MAGE-SCANNING sensors, such as televi-
sion pick-up tubes, have wide appli-
cation in automatic systems for detection,
acquisition, tracking, and recognition.
These sensors are particularly desirable
because of their high sensitivity, large
capacity for information storage, and
high-speed sequential readout. Informa-
tion on image intensity, shape, position,
and velocity is acquired rapidly and un-
ambiguously.

Full utilization of image scanning
sensors in electro-optical systems re-
quires signal-processing equipment for
automatic filtering and decision making.
Functions performed by signal proces-
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sors include noise discrimination, spatial
filtering, velocity filtering, and coordi-
nate generation. Techniques for imple-
mentation of these functions must be
rapid and efficient to be compatible with
the sensor. The techniques described
herein have been implemented success-
fully for use with sensors operating at
normal and slow scanning speeds.

SPATIAL FILTERING

In a 71v pick-up tube, spatial distribu-
tions of irradiance are converted to tem-
poral patterns by convolution of the
charge patterns on the storage surface
with a scanning electron beam. Auto-
matic spatial filtering requires that the
output signal be processed to recognize
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superimposed on relatively high-level
and high-gradient cloud-background sig-
nals. To eliminate most of the video
level produced by the cloud background,
successive delay-time taps are connected
to the inputs of a difference amplifier.
The delay-difference filter is used as a
basic building block and is compatible
with frequency-domain concepts.

By taking the Fourier transform of
the impulse response, it can be shown
that the transfer function H (f) is:

, H(f) =1~ exp (~7fr)
Fig. 4—Scene 1: video displayed on monitor, Fig. 5—Scene 1: discriminator output dis- Expressed in terms of the magnitude
played on monitor. and phase functions:

|H (f)] =2 (1~ cos 27fr)
And for 0 < f < 1/7:
0 (f) = —mjr+ 7
And for =1/ < f<0:
o(f)=—mjr—3

Sketches of magnitude and phase vs.
frequency are shown in Fig. 2.

From the standpoint of optimum fil-
tering in the frequency domain, the
delay-difference filter has the proper
basic magnitude-frequency characteris-
tic. The frequency components of inter-
Fig. 6—Scene 2: video displayed on monitor. Fig. 7—Scene 2: discriminator output dis- est from a point target occur in the range

played on monitor. —1/7 < f < 1/7. The amplitude fre-
quency characteristic from extended
cloud backgrounds are approximately

waveforms corresponding to patterns of pulse width. The desired point-response 1/f* in form. The system resolution and

interest. The scanning raster converts waveform is narrow, while the wave- delay () would be so chosen that most

two-dimensional information to ampli- forms from cloud backgrounds are rela- of the energy from the cloud background

tude versus time. Generally speaking, tively wide. would fall in the vicinity of the zero-

the recognition process must compare Delay-line pulse-width selectors, for frequency null of the delay-difference

video amplitude at several points in time pulse trains composed of isolated pulses, filter, and most of the energy from the

in order to make a discrimination be- are given in the literature.' There is, point target would fall within the band-

tween desired and undesired pieces of however, a substantial difference be- pass region of the delay-difference filter.

information. tween the usual pulse-width discrimina- In this manner, the target-to-background
The technique to be described was tion requirement and the requirement ratio can be maximized.

developed to process the output of a Tv for detection of a point target in a cloud Frequency-domain synthesis is limited

pick-up tube to de.tect autom:.itlcally the background. In the latter case, the nar- to linear systems, and design criteria

presence of a point source in a cloud row-width pulse must be detected while are based on energy components from

background and eliminate the cloud

background. Design of the discrimina-

tor is based on a time-domain synthesis

technique which utilizes delay lines to TABLE I: Summary of Mathematical Discrimination Criteria

provide waveform sample points for dis-

crimination decisions. Synthesis in the Limiting Conditions for Discriminator Qutput

time domain permits straightforward X ]

implementation of both linear and non- Type of video waveform W<2r W>2r

linear functions. The linear functions -

are compatible with frequency-domain Isolated Video Pulse _}.)_> 1 (2_7) (ﬁ) >1

concepts of filtering. This basic tech- v 4 T,

nique can be extended to even more ) . ]

complicated discrimination functions. g‘mll: Targ«(eit in a High-level 2 >1 &) (.ﬁ) >1
Fig. 1 is a block diagram of the dis- ackgroun T, 4 T,

criminator which makes decisions based . .

on illumination patterns in the direction ng.t tar%et Ln a Cor(lftant' £ 2Py

of the scanning raster (horizontal). gradient backgroun 2mz mW

Discrimination in the vertical direction and and

is an extension of this basic technique. op

The major difference between the wanted 2P (1 — ‘—;/-) >To42mr r (7 — m) >T,

and unwanted waveforms is that of video




desired and undesired classes of wave-
forms as observed in the frequency
domain. Time-domain synthesis permits
direct analysis of the waveforms in ques-
tion and permits direct accomplishment
of both linear and nonlinear operations.

Beyond the linear delay-difference

filters, two nonlinear operations are
accomplished. One operation is a video
threshold which requires that the differ-
ence waveform be positive and above a
minimum amplitude. The other non-
linear operation requires that the other
difference signal be below some maxi-
mum amplitude. If and when both of
these conditions exist simultaneously, an
output is obtained indicating the pre-
sence of a point source. This discrimina-
tion logic precludes any other class of
video waveform from yielding an out-
put and permits detection of the point
source even when superimposed on high-
level and high-gradient backgrounds.

A mathematical analysis has been

made to predict discriminator perform-
ance in several types of backgrounds.
The point response of the system was
assumed to be approximately triangular
and of amplitude P and width ¥. Dis-
criminator parameters are delay time 7,
video threshold T',, and switching signal
T.. One background parameter consi-
dered was the slope m. The results of
this analysis are given in Table I. These
results indicate that:

1) The detectability of a point source in-
creases with increasing amplitude P
and decreases with increasing video
threshold T'.. The ability to reject the
crests of waveforms increases with in-
creasing video threshold and decreases
with video amplitude. Optimum thresh-
old setting requires a trade off between
probability of detection of a point tar-

get and false alarm rate from wave-

form crests.
2) Constant, high-level backgrounds
neither decrease the detectability of
point targets nor cause false alarms.
The ability of the discriminator to re-
ject high-level backgrounds is a result
of the difference technique and is lim-
ited, in a practical sense, only by the
dynamic range of the system and the
accuracy with which the difference
operation can be performed.
Constant-gradient backgrounds reduce
the detectability of a point target but
do not produce false alarms. The deg-
radation in detectability is not serious
in a system capable of high resolution.
Detectability of a point source depends
upon the relationship between the
width of the point response W and the
length of the delay lines 7. Optimum
performance is realized for W = 2r.

Performance of the discriminator has
been measured with a target/back-
ground simulator. The experimental
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obtained from a photographic slide.
Brightness of the point source and cloud
background can be adjusted indepen-
dently and the point source can be posi-
tioned on any part of the cloud scene.
Video output from the vidicon camera
chain is passed through the discrimina-
tor. The video output either preceding
or following the discriminator can be
displayed on a monitor and an oscillo-
scope.

Monitor photographs illustrating dis-
criminator performance with two repre-
sentative cloud scenes are presented in
Figs. 4 through 7. In both of these
scenes, the point source was approxi-
mately 10™ times as bright as the aver-
age total illumination of the background.
No false alarms were produced by the
background and detection of the point
source was accomplished easily over
almost all parts of the scenes.

This technique for spatial discrimina-
tion has recently been extended to in-
clude both vertical and horizontal dimen-
sions. Two-dimensional discrimination
is accomplished sequentially in two
steps. The sensor is first scanned in one
direction and the output of the delay
line discriminator is written on a storage
tube. The storage tube is then read
while scanning orthogonal to the direc-
tion of the written information and the
output is again passed through the delay
line discriminator.

From the theoretical and experimental
results obtained, it is concluded that the
high data rate capability of the elec-
tronic discriminator combined with a
high-resolution image sensor such as a
TV pick-up tube provide particularly
good performance in wide field-of-view
detection, acquisition, and tracking sys-
tems,

VELOCITY FILTERING

Many image-scanning systems require
sorting of video data on the basis of

FRAME # | ——

FRAME #2[——

Fig. ‘BF—Typicdl velocity filter.
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velocity. Velocity can be measured by
making comparisons between successive
frames to measure displacements of
objects in known time intervals. The
required velocity filter functions are
shown diagrammatically in Fig. 8.
Frames I and 2 are separated in time by
a known interval T. This system has
associated with it a high-pass velocity
filter characteristic as shown in Fig. 9.
The cutoff velocity ¥, is determined by
the comparison interval T and the ideal-

Fig. 10—Electrostatic storage system for star background cancellation.
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ized diameter d of a system resolution
element. Multiple comparisons with
different intervals can provide velocity
bandpass characteristics.

Any one or a combination of several
methods can be used to implement velo-
city filters. Basic functional elements
include data storage, delay, and com-
parison. In principle, the filter can be
made of circuit components or be imple-
mented with a computer. Considerable
success has been attained in the use of
electrostatic and magnetic storage media
and in analog and digital methods of
video comparison.

Electrostatic storage tubes are par-
ticularly attractive components for use
with image scanning sensors because
storage capacity, resolution, writing
speeds, and data location are fully com-
patible. Both two-tube and one-tube
systems are feasible. In a two-tube sys-
tem, frames of video information are
written and stored alternately on each
tube. Between each successive write-in
sequence, the two tubes are read out
simultaneously, and video comparison
and thresholding are accomplished with
external circuits. In the one-tube sys-
tem, two or more frames of video infor-
mation are superimposed on the same
tube in an equilibrium writing mode.
The write-in signal is used for video out-
put and contains only the differences
between presently written information
and all previously stored information.
In this manner, the functions of storage
and comparison are accomplished
directly within the tube. A basic block
diagram of a one-tube system for star-

background cancellation in an optical
surveillance application is shown in Fig.
10. In addition to the functions shown,
the tube is periodically erased, and the
video is gated.

Magnetic storage media are particu-
larly useful for relatively long term
storage. However, writing speeds are
generally lower and information index-
ing is somewhat more cumbersome.

From the experience obtained thus
far, it is concluded that velocity filtering
of video information can be accomplished
most efliciently and effectively at the
signal processing level.

COORDINATE GENERATION

Automatic generation of positional in-
formation is vital to many electro-opti-
cal systems. This positional information
can be used for closed and open loop
tracking of point and extended images
and for determination of detailed proper-
ties of extended images such as size,
shape, aspect-ahgle, and range.

Coordinate generation is accomplished
by combining video information with the
timing signals of the scanning system
to produce x-y data from each frame.
Both analog and digital methods have
been implemented with a high degree of
success.

A digital, optical tracker for use with
an image scanning sensor will be des-
cribed in detail. This tracker is capable
of providing the coordinates of the geo-
metric center of an extended image out-

line and is applicable to single and mul-
tiple objects.

Fig. 11 illustrates the principles of
operation of the tracker. The signal
processing is done digitally using a com-
posite video waveform from the sensor.
As the camera scans the field of view, the
composite video output will essentially
be at black level except for the times the
scan crosses the target area. At the
start of scanning from the top of the field
of view, the first line that contains target
video will be the line that crosses point
P,, ie., a, lines from the top. The last
line that will contain target video will
be line A, which crosses point P,. The
number of lines, @, and a,, could be
added and divided by two to obtain the
desired vertical error E,. However, E,
may also be obtained by adding 2a, to
a;, and dividing by two. This latter
method is more desirable from a com-
ponent standpoint since a single counter
may be used to do the computation. By
counting two into the counter for every
line in @, and then counting one into the
same counter for every line in a,, a total
of 2a, 4+ a, is obtained in the counter at
the end of the scan. The desired out-
put, (2a, +a,) /2 is obtained by shifting
the contents of the counter one bit to the
right at the time information is trans-
ferred to the store register. In a similar
fashion, E; may be obtained by counting
two into a counter for b, block pulses
along the horizontal line and to count
one into the same counter for b, clock

Fig. 12—Tracker system block diagram.
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pulses provided, of course, that the hori-
zontal scan is divided into fixed time
increments as defined by -the clock
pulses.

Fig. 12, shows the functional opera-
tions within the system. The incoming
composite video waveform as delivered
by the Tv camera enters a separator
circuit and amplifier. The separator
obtains the horizontal sync from the com-
posite video. The horizontal sync is
used by the horizontal and vertical syn-
chronizers and also to generate a clamp-
ing pulse to reference the output of the
amplifier to ground during the black
level time. The horizontal sync pulses
are synchronized to the internal clock,
and other timing pulses are derived
within the horizontal and vertical syn-
chronizers. The video signal is filtered,
thresholded, and synchronized to the
internal clock to transform it into a
standard logic waveform T. The target
synchronizer derives digital signals
representing the leading edge T, and
trailing edge T,.

The vertical coordinate E, is computed
in the N-counter and B register. At the
beginning of the vertical scan, the N-
counter (a 10-bit binary flip-flop
counter) is reset to zero and starts to
count two into the counter for every
horizontal sync pulse. Flip-flop F, con-
trols whether the counter counts two
or one for every horizontal pulse input;
F, remains in the I state from the top of
the scan to the first line containing tar-
get video. Thus, the N counter accumu-
lates 2a, counts. At this time the F, flip-
flop changes to the O state and all re-
maining horizontal sync pulses add only
one count into the counter. The number
in the N-counter is transferred to the P-
register for each horizontal line contain-
ing target video. Therefore, at the end
of the frame, the P-register will contain
whatever count was accumulated in the
N-counter at the time point P, was
scanned, since P, was the last target
video observed for the frame. This
count is the desired number 2a, and ¢,
and is left stored in the P-register until
the end of the frame. At this time, the
number in the P-register is transferred
and shifted one bit to the right and
stored in the R-register where it will
remain until the end of the next frame,
at which time it will be updated. The R-
register is a flip-flop register which now
contains the desired number (2a; -+ a;) /
2 in digital form. A ladder network of
precision resistors converts the digital
number to an analog voltage represent-
ing the vertical coordinate.

Computation of the horizontal coordin-

ate is more difficult because each line
must be examined to locate target video
and each line containing target video
must be compared to preceding lines
containing target video in order to
obtain the extremities of the outline of
the target. Fig. 12 shows a target with
one horizontal target extremity P, on a
different line than the other extremity
P,. Storage is required to remember the
minimum and maximum target extremi-
ties. The horizontal computation is
accomplished first by dividing the hori-
zontal scan into approximately 128 in-
crements. At the beginning of a frame,
the A-counter (Fig. 13) and the C-regis-
ter are set to zero, and the B-register is
set to full scale. The A-counter counts
clock pulses. During each clock period,
the number in the 4-counter is compared
with the numbers in the B-register and
C-register by means of comparator net-
works. The comparator networks gen-
erate an output only when the two binary
numbers being compared are identical.
Therefore, each comparator will gen-
erate an output sometime during each
horizontal line. Flip-flop F; indicates
when a number in the A-counter is ident-
cal to the number in the B-register. It is
set to a I state at the beginning of each
horizontal line and is set to a 0 state
when the identity occurs. In a similar
fashion, the F, flip-flop indicates that a
number in the A-counter is identical to
the number in the C-register. The num-
ber in the A-counter is transferred into
the B-register at the instant the front
edge of the target video occurs provided
the F, flip-flop is a I at that instant. The
number left in the B-register at the end
of what horizontal line will then be the
target video edge position of that line
only if it is smaller than the number
previously transferred into the B-regis-
ter. The B-register was set to a “full
scale” at the beginning of the frame and,
therefore, the first target edge position
will be inserted into the B-register (posi-
tion P, in Fig. 12). When the next line
of video occurs, P; position will be trans-
ferred to the B-register because it will
occur before the match of position P,,
since .P; is a smaller number. The num-
ber left in the B-register will be posi-
tion P, which equals b,. Similarly, the
lagging edges of target video are meas-
sured by transferring the number in the
A-counter to the C-register only if the
lagging edge of target video occurs after
an identity between the numbers in the
A-counter and C-register. Then the
extreme right edge of the target video
(equal to b,) is stored in the C-register
at the end of the frame. With b, in the
B-register and b, in the C-register at the

end of the frame, the desired horizontal
error may be obtained by averaging b,
and b,. This is accomplished in the V-
counter which was previously used to
compute the vertical error and may now
be used for combining b, and b,. The N-
counter and the F, flip-flop is reset to
zero at the end of the frame. Clock
pulses are accumulated by counting two
counts into the N-counter for every clock
pulse. During this time the A-counter
is also counting clock pulses. When
there is an identity between the numbers
in the A-counter and the B-register, the
signal M sets F, to zero so that the N-
counter will now count only one count
for each clock pulse. When there is an
identity between the number in the A-
counter and C-register, M, is generated
to reset flip-flop F,, which in turn inhib-
its clock pulses K, from entering the N-
counter. At this time, the N-counter
contains the number (26, + b,). This
number is now shifted one bit to the
right and transferred to the D-register.
Thus, the D-register contains (25, + b;)
/2. The D-register, like the R-register
consists of flip-flops that are used to con-
trol a ladder network to obtain an analog
horizontal coordinate. The D-register is
also updated at the end of every frame.

If the tracker receives a frame of
video without target information, a no-
target signal is generated. This is done
with flip-flop Z, which initially is set to
a 0 state at the beginning of each frame
and will be set to a I state if a target
video signal occurs. The Z, flip-flop
output is sampled at the end of each
frame.

The digital optical tracker has been
fully evaluated. It is concluded from the
results that highly accurate and reliable
positional information can be obtained
automatically from image scanning sen-
sors.

CONCLUSIONS

Signal processing equipment has been
used effectively in electro-optical sys-
tems to provide vital functions of noise
discrimination, spatial and velocity fil-
tering, and coordinate generation. These
functions are accomplished rapidly and
efficiently by hybrid combinations of
analog and digital techniques. Signal
processors can be used with image scan-
ning sensors in a variety of automatic
and semi-automatic systems for detec-
tion, acquisition, tracking, identification,
and sorting.
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ASTRONOMICAL IMAGE SENSORS

High-altitude rocketry, satellites, and high-altitude balloons offer means for
overcoming the limitations that the atmosphere places on ground-based astro-
nomical sensors. This paper reviews the progress made to date on these new
approaches to astronomical sensors and points out their special problems as
well as their advantages. Discussed are imaging sensors, signal-generating
sensors, pickup devices, and systems applications such as the Stratoscope | and
I balloons, telescope orientation, and JrEe possibility of using television to present
visual data directly on the ground from an orbifing telescope.

L. E. FLORY*
Astro-Electronics Applied Research Laboratory

PPROXIMATE QUANTUM EFFICIENCY (%)

Astro-Electronics Division
DEP, Princeton, N. J.

STRONOMY, unique among the sci-
A ences, depends entirely upon obser-
vation and analysis with no opportunity
for experimental verification. It is, there-
fore, entirely dependent upon its ability
to overcome the limitations in its obser-
vational instruments and methods. With
the exception of a few nearby objects
such as the sun, the moon and the
brighter planets, the quest for new
knowledge centers around the detection
of fainter and fainter objects. Thus, the
sensors employed are almost always re-
quired to work at or near their threshold.
Sensor sensitivity is therefore a funda-
mental limitation. A second limitation
encountered by the astronomer is that
interposed by the earth’s atmosphere
which absorbs some of the radiation
from distant objects (completely absorb-
ing the far ultraviolet), creates a spuri-
ous background due to atmospheric ion-
ization and light diffusion and, lastly,
introduces a time variant optical effect
know as “seeing” due to convection and
turbulence of the atmosphere.

To overcome ‘“‘seeing”, astronomers
have long sought out mountain peaks to
place their instruments outside as much
of the atmospheric effect as possible.
Recent techniques utilizing ballistic ve-
hicles, orbiting devices and high alti-
tude balloons offer at last a possibility
of overcoming atmospheric effects, but
place an additional requirement on sens-
ing devices because of the separation of
the sensors from the observers. Some
means of telemetry of the information is
required in this type of operation.

Aside from direct visual observation,
the photographic plate has been the
accepted recording medium for astro-
nomical information although photo-
multipliers have in recent years come
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into almost universal use where photon
reception from a single point is to be
measured and a two-dimensional image
is not required.

Photoelectric sensors offer two funda-
mental advantages over photographic
methods. First, the quantum efficiency
of the photoelectric process is many
times (== 100) more efficient than the
photographic emulsion.” Second, the
photoelectric process is perfectly linear
and does not suffer from the reciprocity
failure of photographic plates. This char-
acteristic can account for an additional
factor of the order of ten times at thres-
hold. Fig. 1 indicates the relative effi-
ciencies of several types of sensors.

IMAGING SENSORS

Many astronomical observations require
a two-dimensional presentation and thus
require some type of imaging device.
For example, a study .of galaxies re-
quires a simultaneous presentation of all
image points in the field to properly
quantitate the light distribution. Since
a mechanical scanning by a photomulti-
plier detector would be too time consum-
ing to benefit from the efficiency of the
photoelectric process, some type of elec-
tronic imaging device is required. Con-
siderable work has been done with direct
image converters on ground-based tele-
scop'e/sf2 These devices consist of an ex-
tended area photocathode, an electronic
focusing means and some means of con-
verting the electron image back to a
visual image. This means can be: 1)
direct impingement of the electron
image on a photographic emulsion inside
the tube; 2) passage of high velocity
electrons through a thin window to im-
pinge on a photographic emulsion out-
side the tube; 3) excitation of a phos-
phor inside the tube and exposure by
light of a photographic emulsion either

through an optical system or by close
proximity of the emulsion to the phos-
phor screen. A sensor of this type de-
pends for its gain in threshold signal
to-noise ultimately on the superiority of
the quantum efficiency of the photoelec-
tric emitter over the photographic emul-
sion. To realize this advantage, however,
some gain mechanism must be provided
to raise the signal level to a point where
it can overcome the signal-to-noise limi-
tation of the ultimate photographic re-
cording. This is generally done in one or
more of four ways:

1) Acceleration of the photoelectrons to
increase their energy before striking
the emulsion or phosphor;

2) Electron optical reduction of the image
to increase the current density;

3) Passing the electron image through
one or more stages of secondary emis-
sion; and

4) Cascading two or more stages using
optical coupling between phosphor
and photoemitter.

By these various methods it has been
possible to observe the full gain of the
photoelectric process, limited in some
cases by the restriction of the resolution
of presently available tubes.

SIGNAL GENERATING SENSORS
While the direct-image conversion offers
a means of realizing the efficiency of the
photoelectric process in an imaging de-
vice, for several reasons a signal gen-
erating sensor is attractive in spite of
its complexity: 1) integration of the
signal over long periods can be accom-
plished electrostatically ahead of the
signal generation; 2) the integrated sig-
nal can then be handled by electrical
methods with the possibility of auto-
matically extracting information diffi-
cult to obtain by other means; 3) many
applications require the radio transmis-
sion of the information so its availability
directly in electrical form without the
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Fig." 2-~A vidicon camera used in conjunction
with o photographic: camera-on Stratoscope 1.
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intervention of a photographic process is
desirable.

The type of sensor used for astro-
nomical imaging depends upon the exact
use to which it is put. For the detection
of faint stars, the images are not resolved
and the amount of light in the faint
image is a direct function of the area of
the lens. In case the diffraction image
formed by the optics is larger than a
picture element of the television system,
the signal produced by the pickup de-
vice will be dependent on this image size
and thus indirectly upon the focal length
of the optics. This condition does not
usually occur, however, and the signal
from a star is dependent only upon the
area and the efficiency of the optical
system. Astronomical optical systems
for stellar observations usually have
rather long focal lengths for two rea-
sons. First, it is impossible to make
optics of large aperture in short focal
length since even in a reflective system
the minimum theoretical f number is 0.5
and the practical one somewhat larger.
So the focal length of astronomical op-
tics is usually many times the diameter
(i.e., 10 to 200 times). Another reason
for a large f number in optics designed
for observation of faint sources is to re-
duce the effect of sky background. As
was pointed out, to a first order the sig-
nal from a faint source is dependent
upon the area of the lens. On the other
hand, the signal from the sky back-
ground (or any extended source) will
be inversely dependent on the f number
and thus for a given lens diameter, on
the focal length. A practical design is
usually a compromise since often the
specific field of view required dictates
the focal length.

TYPES OF PICKUP DEVICES

Two types of signal-generating pickup
devices are generally used for astro-
nomical purposes. - They are the vidicon
photoconductive camera tube and the
image orthicon (or isocon) photoemis-
sive tube. In addition, for the ultimate
in sensitivity, the image intensifier orthi-
con may be used. The choice must usu-
ally be made of the optimum tube for a
particular application on the basis of:
1)/sensitivity; 2) complexity of equip-
ment—and thus cost and weight of com-
plete system; and 3) cost of pickup
device itself. Since there is a spread of
some 10° times in sensitivity between the
standard commercial vidicon and the
supersensitive image intensifier isocon,?
the choice is wide and a careful evalua-
tion must be made of all factors involved.
Following are three example of signal
generating equipment designed for as-
tronomical uses, each tailored for the
specific task to be performed.

STRATOSCOPE 1
StrATOSCOPE I was the first of the bal-
loon-borne telescopes designed by The
Perkin Elmer Corporation for Princeton
University. It was designed to photo-
graph the surface of the sun from an
altitude of 80,000 feet. Because the best
sun photographs taken on earth do not
equal the theoretical resolving power of
a 12-inch telescope, it was decided to
design the first stratoscope around op-
tics of this diameter. After some suc-
cessful “blind” flights in 1957, the need
for some visual monitoring from the
ground was realized in order to check
the focus of the optical system, and to
locate areas of the sun’s surface of inter-
est to photograph—for example, regions
in the vicinity of sun spots.

The primary data recording system of
StrATOSCOPE I was a photographic cam-
era that exposed one frame of 35 mm
film each second with an exposure of
one millisecond. Therefore a television
system for monitoring through the exact
optics used for photography would have
to operate under these same conditions
of exposure. Because of the high inten-
sity of the luminous flux from the sun,
a quick calculation indicated that a vidi-
con would have adequate sensitivity.
Since information was available only
once per second, a l-frame/sec system
with 1-msec exposure during vertical
flyback was indicated.

Such a system was designed and con-
strueted for the StraTOscore I 1959
flights® and was used with complete suc-
cess in four flights. A photograph of the
vidicon camera as integrated into this
photographic camera is seen in Fig. 2,
while a block diagram of the airborne
system is given in Fig. 3. The visual
information received enabled the astron-
omers to focus the telescope precisely
and, by ground command, to direct the
telescope to precise regions of the sun’s
surface. As a result, the STrRATOSCOPE I
program brought back hundreds of the
finest pictures of the sun’s surface ever
made.’

VISUAL ORIENTATION OF TELESCOPES
Another use for television on astronom-
ical instruments is for the visual recog-
nition of constellations or star fields.
When a telescope instrument is launched
either by balloon or orbiting vehicle, it
will be blind until a chosen guide star
can be brought into the field of auto-
matic tracking systems. A television
system with suitable ground control can
provide a means of bringing the desired
objeet into proper range. Again, the
choice of pickup device depends upon
the use to which it is to be put. A recent
system designed for use as a visual moni-
tor for the OAO (Orbiting Astronomical




Observatory)” uses a vidicon to detect
stars down to fifth magnitude with a
3.inch-aperture lens. StraToscore II,
on the other hand, required the detection
of stars of ninth to twelfth magnitude, so
an image orthicon is required even
though the aperture of the mirror is 36
inches.

STRATOSCOPE 1I
StraToscorPE II is a balloon-borne tele-
scope® with an aperture of 36 inches, de-
signed to photograph stars and obtain
spectra from an altitude of 80,000 feet.
Since many stars to be observed or used
as guide stars are very faint (less than
ninth magnitude), it was necessary to
provide a television system of high sen-
sitivity.” Further, because of the rela-
tively high rates of motion of the stellar
images provided by the long focal length
optics, it is necessary to provide a rather
high information rate. Therefore, it was
not possible to take advantage of a slow
scan. A rate of 20 frames/sec was used.
Two television cameras were supplied,
one a coarse camera with its own 3.5-
inch-diameter lens with a field of 10°,
and a second (fine camera) looking
through the main optics with a field of
50 minutes. Fig. 4 shows the camera
design. Not shown is the cover necessary
to hermetically seal the camera to with-
stand the 1/40 atmosphere pressure con-
ditions existing at 80,000 feet. Image
orthicons of the 7967 type are used to
obtain adequate threshold sensitivity.
Transmission is by means of a 1,500-Mc
FM channel, and the operational range
is about 200 miles.

Two flights have been made, both to
obtain infrared spectra of stars and
planets.” The television system func-
tioned perfectly and permitted the as-
tronomers to proceed routinely from one
body to another throughout the flight.
Astronomers are analyzing the results of
these flights while a third flight now in
preparation will directly photograph
planets and other astronomical objects
to obtain the high resolution provided by
the 36-inch optics.

INTEGRATING TV SYSTEMS
So far, the specific applications of tele-
vision described have used television
only as a tool to assist in proper opera-
tion of the telescope. An even more in-
teresting and potentially more important
use of television lies in its use as the
primary data recording medium. Of in-
terest in all astronomical applications
because of the potential increase of sen-
sitivity and consequent reduction in ex-
posure time but essential as a practical
means of returning visual data to earth
from an orbiting observatory, the inte-
grating Tv system has been the subject

of a thorough investigation under the
StraTOSCOPE projects.” This work con-
firmed that it is indeed possible to obtain
the high sensitivity in an integrating
image orthicon as predicted by theory.
A (C74034 (7967) image orthicon oper-
ating at reduced temperature (<—10°C)
shows integration linear within our abil-
ity to measure to as long as 3 hours.
Fig. 5 indicates the threshold character-
istics of long integration operation while
Fig. 6 shows operation at two higher
levels of illumination out to 40 minutes.
These results demonstrate the practic-
ability of using an image orthicon tube
under these conditions as a primary re-
cording medium. Consequently, equip-
ment now approaching completion will
be used in connection with the Strato-
scope to obtain visual information di-
rectly on the ground from the telescope
aloft.

Another application of the integrating
system of interest even on the ground is
to reduce the exposure time for taking
spectra where often a full night’s expo-
sure to light from a weak star is not
sufficient. So a hundred, or even ten-
fold reduction in exposure time would
be of prime importance.

CONCLUSION

Signal-generating astronomical sensors
are only beginning to show their real
potential. With the increasing sophisti-
cation proposed in scientific satellites,
more and more demands will be made
for sensors to meet certain specifications.
With the wide variety of camera tubes
available and more knowledge being
obtained about their operation in special
modes, sensors should be available to
meet these demands.
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PREDICTING
SYSTEM CHECKOUT ERRORS

During checkout of space or weapon systems, two types of errors can occur:
1) not detecting an existing defect, and 2) calling a nondefective system defec-
tive. This paper develops equations which relate the two error types to test
equipment accuracy and specification limits of system parameters. The problem
is considered on both the individual measurement level and the total system fest
level. The results can be used to specify test equipment accuracy design criteria,
or to defermine the probabilities of the two types of errors when test equipment

design is already fixed.

W. D. MOON*
Aerospace Systems Division
DEP, Burlington, Mass.

HE object of checkout is to determine

whether the system being tested is or
is not in a state of operational readiness
at the close of checkout. Two types of
error are associated with this determi-
nation. The first involves the presence of
undetected mission-failure-causing de-
fects at the close of checkout. The sec-
ond involves saying that a defect exists
in the tested system when, in fact, it does
not—called a false alarm.

Undetected defects in the tested sys-
tem directly affect the success of its mis-
sion because the system may be put into
service under the mistaken idea that it is
completely operational. False alarms di-
rectly cause needless loss of time and
money through unnecessary delays in
use of the system. Indirectly, false
alarms could affect mission success
through deleterious effects on the tested
system caused by the time delays.

The highly accurate, complete, and
timely testing required for present day
space and weapon systems makes it nec-
essary that attention be given to devel-
oping testing techniques and test equip-
ment design criteria aimed at reducing
both the number of undetected defects
and false alarms. The resulis of this
paper can be used to indicate the test
equipment accuracy required to keep
the probabilities of false alarm and un-
detected defects below specified toler-
able limits. Or, for already designed test
equipment, the probabilities of false
alarm and undetected defects can be
determined.

Equations are developed in this paper
which show the relationship of the prob-
ability of an undetected defect, prob-
ability of a false alarm, test equipment
accuracy, specification limits of system
parameters, and decision limits on which
go/no-go decisions are based. This rela-
tionship is considered at both the indi-
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vidual measurement level and the total
system iest level.

INDIVIDUAL MEASUREMENT

For any one of the specific measurements
comprising the total test of a system, the
actual value of the parameter is assumed
to be related to the measured value ac-
cording to a normal probability density
function. That is, a random measure-
ment error only is assumed with no bias
error such as would be caused by mis-
calibration of the measurement equip-
ment. The existence of a normally dis-
tributed random error is generally
accepted in measurement analyses and
can be observed in actual practice. For
example, H. L. Mirick of IBM says' of
measurement error that, “Over a rela-
tively long history of measurement these
variations assume a normal or Gaussian
distribution.”

Two equivalent ways of considering
the normally distributed random error
relationship are:

1) The density function with standard
deviation ¢ is always centered at
the measured value, M. The prob-
ability that the actual value falls
within a given range is just the
area under the density curve in the
given range.

2} The density function with standard
deviation o (the same ¢ as above)
is always centered at the actual
value. The probability that the
measured value M falls within a

iven range is the area under the

“ density curve in the given range.

The concept used in this paper is the
first of the two described above. In this
case, the probability density function
has the form

=l o[ 4(4)]

The plot of f(x) is shown in Fig. 1. Also
shown in Fig. 1 are the upper and lower
specification limits, S; and S, within
which the actual value of the measured
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parameter must fall in order for the sys-
tem to be operable. In order to assure
that the probability of an undetected
defect does not exceed some specified
maximum, the measured value M must
fall within even tighter limits called
decision limits (upper and lower deci-
sion limits are designated as Dy and D).
If a measured value falls outside of these
limits, a no-go decision results. The cen-
ter of the density function establishes
the location of a decision limit when the
function is located such that the area
under the tail protruding beyond the
specification limit equals the maximum
allowable probability of an undetected
defect (see Fig. 1). The maximum prob-
ability of an undetected defect is here-
after designated as puyq.

Probability of an Undetected Defect

When the function is centered at the
upper decision limit, the area under the
tail of the curve protruding beyond the
upper specification limit is:

o0
1 x—D,\
ra oo (557 Jo
Sy

By a change of variables and by defining
¢=S,— D, =D, — S, the above equa-
tion can be put into the standard form
that is tabulated in the standard tables
of normal probability density function
integrals as follows:

-2 ud ._l__
-I—ZLZ/VZ—WexP (—Yt*)de (1)
0o

Equation 1, then, relates: 1) the maxi-
mum allowable probability of an unde-
tected defect, p,.; 2) the distance that
the decision limits lie inside the specifi-
cation limits £; 3) and the test equip-
ment accuracy o.

Probability of a False Alarm

When the measured value falls outside
the decision limits, a no-go decision re-
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sults. The probability that this is a false
alarm is simply the probability that the
actual value of the measured parameter
falls within the specification limits even
though a no-go decision is made. This
probability is the area under that part
of the density function curve (Fig. 2)
that lies within the specification limits.
Fig. 2 shows that the probability of a
false alarm is a function of the measured
value M. That is, the further M is out-
side of the decision limits, the less is the
probability that the no-go decision is
erroneous. Mathematically, the expres-
sion for the false alarm probability p,.
for a specific measured value M outside
of the decision limits is:

Sy
1 x—M\
P oo P[“/Z<'—'>]d
Si

The above expression for p;, is just the
cross-hatched area under the curve in
Fig. 2.

The above equation can be put into a
form that is tabulated in the standard
tables of normal probability density
function integrals as follows:

SU-——-M/O'

1
Vam

Pre = exp (—Yer*)dt —

o

S.—M/o

\/12? exp (—L%t*)dt

(4]

The plot of the probability of a false
alarm p,, versus the measured value M
can now be made and is shown in Fig. 3.
Note that the integral equation for p;,
is only meaningful for M’s outside of the
decision limits. Inside the decision limits
the probability of a false alarm must be
zero because the decision is go.

Linear Approximation for p

The above integral equation for p;, can-
not be solved in closed form. Therefore,
it would be convenient for further devel-

dpment of this problem, if some approxi-
mate closed form expression could be
found for p;.. It can be seen from Figs.
2 and 3 that for ¢’s much less than
Sy — S., the actual curves in Fig. 3 can
be approximated by straight lines. These
straight line approximations are also
shown in Fig. 3. They intersect the M
axis at:

_ £
¢ =S, — 1 =2 pur
And:
_ &
¢ =Sy + 1— 2 pue

Expected Value of p

Because of the large number of individ-
ual measurements in a total system test,
it now becomes justifiable and useful to
find the “expected -value” of p;, and
thereby provide a single value for p;.
which is not a function of the measured
value M. (It is pointed out, however, that
since the probability of false alarm py,
is a function of the measured value M, it
may be of value to consider program-
ming of automatic test equipment that
evaluates p;, as a function of M. Such
programming could be designed to warn
the test equipment operators when
no-go measurements had high associated
probabilities of false alarms or it could
be designed to take action to reduce a
high false alarm probability, such as
repeating the measurement.) Statistical
theory states that the expected value of
the function p;, of the random variable
M whose density function is f(M) is:

o0

E[pfa] = /;)Iaf(M)dM
— o0

As a worst-case consideration, it is
assumed that the measured value M is
equally likely to occur over the range of
Pre- Fig. 3 shows that the straight-line
approximations for p;, range from ¢, to
¢y. Thus, the constant value for f(M)
over this range must be 1/ (¢y — ¢z) in
order to assure a unity area under the
f(M) probability density distribution.
Fig. 4 is a plot of f(M).

The-equation for E[p,,} now becomes:

bu

1
Elpi..] = mﬁm M.
L

The above equation is quite easy to
evaluate, since it is simply 1/ (¢y — ¢5)
times the area under the two triangles
formed by the straight line approxima-
tions in Fig. 3. The solution for the ex-
pected value, E[p,.], of the probability
of false alarm is:

3 (1 — pua)’t
Elpn] =2 [(SU —82) (1 —2 pus) +2¢

The above expression shows that the
expected value of the probability of false
alarm is a function of: 1} the specifica-
tion limits, S and S.; 2) the distance ¢
that the decision limits lie inside of the
specification limits; and 3) the probabil-
ity p.. of an undetected defect.

Parametric Plots

Figs. 5 and 6 were made using the two
basic equations developed above for
(1 — 2 pys) /2 and E[p,.]. Fig. 5 shows
plots of expected value of false alarm
E[p;.] versus the probability of unde-
tected defects pyq, for various ratios of
o to S; — S,. Fig. 6 shows a plot of
E[p;.] versus the ratio of o to Sy — S,
for various p..’s. It should be noted that
the magnitude of ¢ is only important
relative to Sy — S;. Therefore, it is the
ratio of e to S; — Sy that appears in Figs.
5and6.

Fig. 5 shows that unless the require-
ment for the probability of undetected
defects p.. is very low, a change in the
probability of undetected defects has
little effect on the expected probability
of false alarm E[p;,]. However, when
very small p,’s are required, high
E[p;.]’s can be expected. In addition, it
should be noted that if the probability
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p.a of undetected defects is required to
be too small or if the accuracy of the
test equipment is too low (¢ too large),
it is possible for the upper and lower
decision limits to coincide. At this point,
there is no region left in which to get a
go decision; and, therefore, measure-
ment of the parameter becomes mean-
ingless.

Fig. 6 shows the dependance of the
expected probability of false alarms on
the ratio of o to Sy — S.. In practice,
certain lower limits may exist on o rela-
tive to the specification limit difference
Sy — S., and the absolute nominal value
of the measured parameter 1% (Sy + Si).
In such cases, it may be necessary to:
1) perform tradeoffs between the two
types of errors in order to optimize the
overall situation; and 2) develop testing
techniques which effectively reduce o,
such as making repeated measurements.

TOTAL SYSTEM TEST

Thus far, consideration of undetected
defects and false alarms has been done
on the individual measurement level.
This section presents the problem of
these two errors at the level of the total
system test which consists of many indi-
vidual measurements. The purpose of
this section is to show how decisions
regarding maximum probabilities for
these two errors at the level of the total
system test can be translated into a re-
quired test equipment accuracy ¢ at the
individual measurement level.

Three new parameters are introduced
here. They are:

Py,p = Probability of having at least
one undetected defect

in a

Fig. 3—Probability of false alarm versus meas-
vred parameter value,
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series of individual measure-
ments comprising the total sys-
tem test.

Prs = Probability of having at least
one false alarm in a series of
individual measurements com-
prising the total system test.

m = Number of individual measure-
ments comprising the total sys-
tem test.

Relationship of Py, P4/ Ppas and pg,,

Since the total system test consists of a
number of individual measurements, it
is easily seeh that:

m
Pyp=1-— II [1— (Pua).]
=

And:

m
E[Pp]=1— II (1—Elpsnls).
i=1

Where: (pu.s). = Probability of not de-
tecting a defect in the ith individual
measurement; and E[p,. ], = Expected
probability of false alarm during the ith
individual measurement.

If it is assumed that all (pu.).’s are
equal and all E[p;.].’s are equal (this
can be forced), the above expressions
for Pyp and E[Pr,] become:

Pypoy=1— (1 —pu)"™
And:
E[PFA] =1- (]- _E[pra])m-

Earlier in this paper, the relationship
between the error probabilities p.. and

Fig. 4—Probability density function for meas-
ured parameter value.
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Fig. 5—Expected probaobility of false alarm \
versus probability of undetected defect.

E{p;.] was shown at the individual
measurement level. At the total system
test level, a relationship between the
probabilities of the two error types Pyp
and Prs also exists. At this level, two
parameters act to affect the relationship:
the number of individual measurements
m, and the standard deviation o, for indi-
vidual measurement accuracy.

Fig. 7 shows a plot of expected false
alarm probability E[Py,s] versus the un-
detected defect probability Py, at the
total system test level. For this plot, m
is varied while p,; and E[p,;,] are held
constant. Fig. 7 demonstrates the need
to keep the number of measurements, m,
as low as possible while assuring that
the number is adequate to detect all
defects.

Fig. 8 shows a plot of E[Ps4] versus
the ratio of o to S; — S, for various
values of Pyp. It is important to notice
that E[Pr,] is affected much more by a
change in the ratio of o to Sy — S, than
is E[p.]. Compare Figs. 6 and 8.

Determination of Required Test
Equipment Accuracy

For a total system test, decisions should
be made as to the tolerable maximum
probabilities of both errors, Pyp and
E{P.,]. (It must be remembered that if
the maximum expected probability
E[Pr;] is placed too low, the require-
ments for test equipment accuracy can
become extraordinarily high; refer to
Fig. 8.) These decisions are based on
requirements relating to the probability
of success of the system mission and the
tolerable time delays and costs resulting
from false alarms. With a specified Py»
and E{Pr4], the above equations for Py,
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and E{P;.] can be solved for the maxi-
mum p,; and E[p;.] at the.individual
measurement level. The solutions are:

Pua=1— (1—Pg)"™
Elpr] =1— (1 —E[Pr])""

With p.s and E{p;.] numerically spec-
ified according to the above discussion,
the required test equipment accuracy o
and decision limits ¢ can be determined
by solving Equations 1 and 2, developed
in the “Individual Measurement” section
of this paper.

In solving Equations 1 and 2 for ¢ and
£, some arbitrary value for Sy — S, can
be used. The ratios of o and £ thus deter-
mined to Sy — S, are now the quantities
that must remain constant for all meas-
urements comprising the total system
test. To find the required o and ¢ for a
specific measurement, the ratios deter-
mined above would be multiplied by the

Sy — S; for the specific measurement.
CONCLUSION
Basic A ption Consideration

A random normally distributed measure-
ment error was assumed in this paper.
However, as the problem analysis begins
to deal with almost infinitesimal prob-
abilities of undetected defects, the as-
sumption may no longer be valid. Rea-
sons for this are: 1) the extreme “tails”
of a normal probability density curve
may not faithfully describe the true dis-
tribution; and 2) the measurement bias
error, assumed negligible in this paper,
may become relatively significant when
treating very small probabilities of un-
detected defects. The area of doubt on
the assumed density curve is probably

bug * 00000025
Byg < 0000005
fua * 0.00005

Pug = 0.0008

g < 0005

Fig. 6—Expected probability of false
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that which lies outside of the four- to
five-sigma region. This means that treat-
ment of undetected defect probabilities
less than 0.00003 to 0.0000003 by meth-
ods in this paper may be doubtful. How-
ever, in the absence of empirical data
which would support use of some density
curve other than normal, the problem
treatment in this paper was approached
assuming validity of the normal density
distribution.

Measured vs. Non-Measured Parameters

The considerations in this paper regard-
ing undetected defects involved only the
probability of not discovering that a
parameter is outside of specification
limits when that parameter is measured.
Another class of undetected defects can
also exist in the overall system which
are those involving parameters that are
not measured. The probability of the
existence of this second class of unde-
tected defects is a function of the inher-
ent reliability of the equipment and prior
test history when these parameters were
measured. This means that the overall
probability that there is an undetected
defect in the system at the close of check-
out must be determined as a function of
both classes of undetected defects de-
scribed above. This problem is treated in
part by Firstman and Voosen.’

o Related to Accuracy

The common way of expressing meas-
urement accuracy is not in terms of o as
was done in this paper. Accuracy is more
commonly expressed as plus or minus a
certain percentage of full scale reading
with a certain confidence. The relation-
ship of the o discussed in this paper to

NOTE:
E[p(y] AND p,q WERE KELD CONSTANT
L AT 002 AN 0.000I RESPECTIVELY,
WHILE m WAS VARIED.
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Fig. 7—Probability of false alarm for system
test versus probability of undetected defect for
system test.

Fig. 8—Expected probability of false alarm for

system test versus sigma to spec, limit ratio.

this more common method of stating
accuracy is as follows when the measure-
ment is made at nearly full scale:

+ X% =+ <’i’yLs> (100) %

with yo confidence.

Where: = X9 = accuracy in percent of
full scale reading; yo = desired confi-
dence in stated accuracy, i.e. lo, 20, 30,
etc.; o = accuracy as determined by
methods in this paper. (Numerical value
to be inserted into equation only, not
into confidence expression to the right of
equation) ; and F. S. = full-scale read-
ing of measurement device.

As an example, assume that the full
scale reading of the measuring device is
10 volts and ¢ as determined by methods
in this paper is 0.05 volts. The required
accuracy of the measuring device in per-
cent of full scale can now be expressed
as:

=+ 1.59%, with 3¢ confidence

Or: = 1.09 with 20 confidence
Or: *= 0.5% with 1l¢ confidence
etc.

Thus, it can be seen that any accuracy
can be stated provided the appropriate
confidence in that accuracy is also stated.
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COMPUTER-CONTROLLED
AUTOMATIC TESTING—A REVIEW

The digital computer has assumed a very active and powerful role in controlling
automatic test equipment. It has become a vital component of the test system
because of its inherent abilities for high-speed calculation, large-capacity
memory, and programmed decision-making—abilities that enable the test system
to isolate faults to a level normally attainable only by skilled test personnel. The
computer provides the fest designer with a flexibility that eases the planning of
test procedures and reduces the size of the total test program. It readily accom-
modates mathematical diagnostic techniques as they are perfected and opens
the door to simplifications in the stimulus and measurement equipment that it
controls. This paper reviews the philosophy of computer-controlled automatic
testing, and presents specific cases of the powerful role that the computer plays

and will play therein.

B.T. JOYCE and E. M. STOCKTON
Aerospace Systems Division, DEP, Burlington, Mass.

UTOMATIC test equipment has been
going through a natural evolu-
tion*? In particular, we have watched
the changes in the basic digital control
of the stimuli generation, the measure-
ment facilities, and the test-point selec-
tions. Control was at first realized by
manual patch boards, then by program-
mer-comparators of varying complexity,
and more recently by general purpose
computers.
The decision for using or not using a
general-purpose computer for control of
automatic test equipment is dictated. by
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a number of operational, environmental,
and economic factors. However, com-
puter control is essential in maintenance
type test equipment where diagnostic
test programs must be prepared for
many different kinds of units: Why?
Simply, diagnosis in depth can only be
accomplished in an indirect way through
detailed examination of basic perform-
ance characteristics. Data must be col-
lected and stored and then operated on
by a series of calculations in order to
obtain a measure of circuit performance.
The same kind of test process followed
by an engineer in laboratory testing,
analysis and trouble-shooting must be
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translated to a test program. Such a pro-
gram can be reasonably handled only
with the power of computation, storage,
and manipulation inherent in the gen-
eral-purpose computer.

With this type of need clearly estab-
lished, we have included the general
purpose digital computer in automatic
test equipment, and we are materially
rewarded in many other ways. Let us
highlight some of the dividends:

1) The computer comfortably handles a
large test-prograinming load. Literally
thousands of independent test programs
will be prepared for use in diagnostic test-
ing at the assembly or subassembly levels
in different systems. The bulk-storage
problem becomes acute. Magnetic tape
provides practical storage for this velume
of test data and test control. The general-
purpose computer with its own internal
memory and timing provides the natural
vehicle for temporarily holding and proc-
essing those blocks of magnetic-tape in-
formation associated with specific units-
under-test.

2) The program modification features of
a computer reduce the length of a stored
program having a given technical con-
tent. Basic subroutines can be stored in
memory, used over and over again, and
modified to suit special test requirements.
3) The computer gives considerable flexi-
bility to the programmer in preparing a
test design because he has at his disposal
a number of tools for making logical
manipulations and decisions. The com-
puter has built-in instructions that permit
transfers (branching) on various digital
conditions—positive, negative, overflow,
and zero. Other instructions allow manip-
ulations of digital data through mask-
ing, complementing, shifting, and sign
changing.

4) The general purpose computer can
handle sophisticated mathematical analy-
sis in isolating failures, assuring the
future growth of diagnostic testing.

All of these statements favoring the use
of a computer in automatic testing are
quite general. Much of the material that
follows departs from generalizations
and shows specific cases of the powerful
roles that the computer does play and
will play in automatic testing.

THE “TYPICAL” TEST PROGRAM

Before we examine specific samples of
computer utilization in diagnostic test-
ing, let us review some summary data
collected from an analysis of a number
of actual computer-controlled test pro-
grams. These programs covered analog
and digital devices, and combinations of
both. They were prepared by personnel
with varying skill, ability, and equip-
ment familiarity. The programs were
all associated with assemblies, such as
chassis, containing replaceable subas-
semblies, such as module boards. It
would be very helpful to be able to de-
fine a so-called “typical” test program;
but it is sure that what is typical today
will not be so tomorrow. For one thing,




test programming techniques are im-
proving and equipment is becoming
more readily tested as industry becomes
more conscious of maintenance needs,
such as the need for carefully selected
test points. The unit-under-test itself
varies widely in complexity. The follow-
ing data at least may be useful in help-
ing to indicate the general magnitude of
the diagnostic type test program as we
see it today.

The “typical” diagnostic test program
consists of 100 tests with an average of
750 bits for each test. The total program
uses about 75,000 bits of storage. Within
this program there are some 3,600 print
characters (or 22,000 bits} used for
messages. These messages identify the
tests and the unit under test, give special
instructions to the operator, and direct
the necessary repairs. Significant reduc-
tion in the total amount of storage used
for messages can be anticipated through
more efficient use of the computer in
handling repetitive commentary and by
more careful planning of the message
content and vocabulary.

The storage information was deliber-
ately given in bits. These numbers can
be juggled to reflect the number of com-
puter words of different word lengths
or the number of characters, according
to the way you may like to express this
information. To make the information
more useful, we need to define the word
test. This, surprisingly enough, is some-
what difficult to do in simple terms. The
very fact that a computer is used to
control the test operations creates such
a flexible situation that one test may
include the analysis of many measure-
ments to lead to several diagnostic con-
clusions. Let us try the following defini-
tion as being totally applicable to the
word test as used here: A test is that
process of making one or more directly
related measurements of a specific func-
tion to arrive at one or more diagnostic
conclusions.

EXAMPLES OF COMPUTER UTILIZATION

Certainly many examples of computer
utilization in diagnostic testing could be
picked. Those examples that have been
chosen are common to many test prob-
lems and punctuate the importance of
computer-control.

Digital Equipment Evaluations

The advantage of a computer-controlled
test set is vividly revealed when testing
a digital type unit-under-test (vuT). A
multibit digital word can be inserted
into the computer memory from the
vut with a single interrogation. Once
the UUT message is in the memory, the
full computer flexibility is utilized. As

with the programmer-comparator a di-
rect comparison with the desired results
can be made. The advantage of the com-
puter comes into play if the UUT does
not behave properly. With a comparator
only a greater or less-than result can be
accomplished. With a computer, de-
pending on the type of digital function
being observed, there are alternatives
that can be programmed.

If a straight transfer-type digital fune-
tion is being examined, a shifting rou-
tine (Fig. 1) can find all false channels
and print out the total failure upon ex-
amination of all channels. Knowing what
message should have been fetched into
the computer, the program can succes-
sively shift the data, one bit at a time in
the accumulator. Each bit, as it is trans-
ferred into the sign position, is examined
by the logic decision instructions, trans-
fer on positive, or transfer on negative
depending on the desired results. Each
time a malfunction is detected the shift
number can be stored in a predestined
position in memory. In this manner, the
whole word is examined and the results
can be printed out with one message
listing all malfunctioning channels.

Another method that may be pro-
grammed is taking a numerical differ-
ence (Fig. 2). This method is used to
best advantage on a digital assembly
that does some manipulation, and not
a straight data transfer. Again, the pro-
grammer knows what result should be
derived from the specific problem fed
to the uuT., The actual test result is sub-
tracted from the desired result. and a
numerical difference is determined.
Utilizing the transfer on zero logic de-
cision, a correct result can be ascer-
tained. If the result is not zero, its ab-
solute magnitude can be established.
Knowing the operation of the vuT the
test designer can predict a large portion
of the faults in this manner. Specifically
assume that the tested device is an arith-
metic unit from another computer. A
series of addition problems could be in-
serted and the results, or difference of
results, from correct responses would be
stored in memory. The results could
then be analyzed to determine the cause
of ipeorrect bits. A feature mentioned
before which comes into action when
testing digital units is the ability of the
program to modify itself. The series of
addition problems to be inserted into the
arithmetic unit mentioned above could
well depend on the results of the previ-
ous comparison in the series.

Depending on the sophistication of the
computer in the test set, the implemen-
tation of a masking function (Fig. 3)
could greatly aid digital type tests. By
performing a masking function between

Fig. 3—Masking function,

Fig. 5—Amplifier bandwidth.




the desired results and the actual re-
sults, the actual bits that are different
from the expected results are what re-
main. The masked result could then
be operated on with the methods men-
tioned. By shifting and examining the
masked results and storing the shift
count, the exact channel discrepancies
are isolated.

By taking advantage of a high-speed
computer as the source for digital mes-
sages to a UUT, more-accurate real time
testing can be performed. The com-
puter does not have to compare each
message as it is generated, but instead
store each response in the memory at
a speed limited only by the memory
cycle time. Thus a series of digital stim-
uli could be sent to the test device, with
a series of results coming back for im-
mediate storage. These results could be
analyzed after completion of the high
speed data collection.

Analog Circuit Evaluation

It is very apparent that the general
purpose computer has considerable flex-
ibility for manipulating multi-bit re-
sponses from digital type devices to lo-
calize failure modes indicated by the
various bit combinations. In such opera-
tions, the logic-, shift-, and transfer-type
instruction dominate the diagnostic pro-
gram, although some add and subtract
instructions also appear. The computa-
tional, or arithmetic, capability of the
computer really comes into play in the
examination of analog circuits where de-
tailed fault diagnosis requires calcula-
tions on response data. Many important
circuit performance-characteristics that
provide clues to finding troubles can be
obtained only indirectly.

Let us examine two typical examples
that illustrate this important use of the
computer: 1) a test of power supply
load regulation, and 2) an amplifier
bandwidth measurement. These ex-
amples are particularly appropriate in
that they are likely to be found in many
major subsystems requiring fault isola-
tion.

Power Supply Load Regulation (Fig. 4)

A regulated power supply normally has
an allowable range for its nominal out-
put voltage that may or may not be ad-
justable. Even when adjustable, the ab-
solute voltage setting is not critical. But,
very critical to the performance of the
supply is the specified regulation it
must provide against load-current
change. Load regulation is a direct
measure of output resistance, a charac-
teristic very important to the circuits
that load the power supply. If this re-

sistance is excessively high, even though
the voltage is still within its specified
limits, amplifier circuits can become
oscillatory, flip-flops can trigger falsely
on noise, and for that matter, the per-
formance of a whole system can be de-
graded by the undesired noise on the
power supply lines.

How is output resistance measured in
the computer-controlled test system?
First, the computer directs the measure-
ment of the power supply voltage under
one condition of load (perhaps no load)
and records the answer in digital form in
memory. Then it makes another meas-
urement of the voltage under a different
condition of load (perhaps full load).
The computer calculates the difference
between these two voltages and divides
this difference by the change in load
current. Thus, it hds a measure of the
power supply output resistance. The
value of output resistance can then be
evaluated against the programmed lim-
its determined from the performance
specification. It should be noted here
that an element of sophistication in these
measurements is possibly desirable. The
nominal power supply voltage setting
may lie between rather wide acceptable
limits and the loading may be accomp-
lished with resistors rather than with
constant current loads. For these rea-
sons, intermediate calculations may be
required to determine more exactly the
currents involved in the two load meas-
urements and in order to find accurately
the current difference.

Amplifier Bandwidth (Fig. 5)

There is a broad spectrum of linear
amplifier performance-characteristics as-
sociated fundamentally with measure-
ments of gain and bandwidth. In the
example to be illustrated, we have the
case of a relatively narrow band ampli-
fier where the nominal gain is quite
variable and we have the problem of
finding out what the bandwidth is. The
computer goes through an incrementing
process to generate a series of signals at
different frequencies and stores the re-
sulting responses in memory. It then
examines this accumulated data in a
sequence of comparisons to find the max-
imum response.

The computer can at this point make
a check of the signal amplitude against
predetermined programmed upper and
lower limits or calculate the gain by di-
viding the output signal by the measured
input signal and make the comparison
against the normalized limits of gain.
Now that the maximum point of the re-
sponse curve of the amplifier is known,
the computer is used to calculate the
signal amplitude at the half-power points

(0.707 times the maximum signal) and
determines the signal frequency at these
points. Here it is practicable for the
computer to interpolate in order to find
the frequencies more exactly. The dif-
ference between the upper frequency
f. and the lower frequency f, is computed
to obtain an accurate measure of band-
width—a performance characteristic
that could not have been obtained with-
out computer-controlled test equipment.

Minimization of Program Storage
Required for Print-Out Messages

In a programmer-comparator a large
portion of the file storage is used for
storing print-out characters. Due to the
serial sequencing of the paper tape each
message must be programmed in total.
A careful study of the types of print-outs
show that messages fall into several pat-
terns.

One typical message pattern (Fig. 6)
consists of instructions to the repairman
to replace a faulty part or subassembly;
another typical message consists of in-
structions to the operator to make some
adjustment on the unit under test. By
utilizing the addressable memory and
program modification capabilities of the
computer, common messages can be
stored in specific memory locations. Dur-
ing the test, the results of previous
measurements and analysis will dictate |
which of the names or identifications
will get inserted into the canned mes-
sage. In this manner, the basic prose for
each pattern of messages has only to be
stored once. This utilization of the com-
puter flexibility not only reduces the
amount of program storage required but
also dictates a common format for mes-
sages to be printed out, so that there is
less likelihood of confusion in the mes-
sage content.

SIMPLIFICATION OF AUTOMATIC
TEST EQUIPMENT
THROUGH COMPUTER CONTROL
We have come to appreciate that com-
puter-control leads to simpler and more
flexible test programs and permits more
penetrating and revealing tests, We are
really working in a relatively new en-
gineering specialty field—automatic test
engineering could be its name. The test
engineer is being married with the com-
puter engineer, even though by training
and by instincts these people have been
separated. As yet, neither fully appreci-
ates the technology of the other. They
differ from each other like analog differs
from digital, like “maybe” differs from
“yes” or “no.” As we watch automatic
test equipment evolve, we will see the
rewards of a happy union of the two
engineering disciplines. When a gen-
eral-purpose digital computer is part of




an automatic test system, it makes sense
to take a hard look at the variety of
special test equipment contemplated for
inclusion to see what can be eliminated
or simplified by taking advantage of
computer-directed “intelligence.”

In the modern engineering laboratory
we find all kinds of test equipment to
suit every peculiar technical need. It
is well to reflect that many of the meas-
urements made today with sophisticated,
complex equipment were made and still
can be made with relatively crude de-
vices by classical testing techniques.
Take an amplifier gain measurement, for
example (Fig. 7). The amplifier can be
driven from a signal generator designed
to deliver accurate signals scaled to the
appropriate required input level; and
then the output signal can be measured
absolutely with another accurate piece
of test equipment. Gain is calculated by
dividing output by input. This same
measurement can be made with cruder
equipment and yet be made more ac-
curately. It is really not important that
the signal generator be accurate but
rather that it have good short term sta-
bility. Let a crude signal generator
(Fig. 8) drive a precision attenuator
which in turn feeds the amplifier. The
attenuation is selected to yield an output
voltage from the amplifier that closely
approximates the input voltage to the
attenuator. A piece of test equipment
is used which makes a relatively crude
measurement of the signal difference. A
calculation involving the output signal,
the difference signal, and the attenuator
setting leads to a highly accurate meas-
urement of gain. A review of basic test
techniques and incorporation of these
techniques into real hardware and test
programs in computer-controller test
equipment will bring to the user hard-
ware simplifications, better test results,
and improved system reliability.

Let us look at another example where
computer-controlled test equipment can
be simplified (Fig. 9). Servomecha-
nisms often require very low frequency
signals for stimuli either directly or for
modulating higher carrier frequencies.
With computer-control it becomes prac-
tical to eliminate any need for having
as part of the test equipment comple-
ment an identifiable signal generator for
these frequencies. The digital-to-analog
converter (pAcon) for delivering pc sig-
nals is a fundamental element of any
comprehensive automatic test system.
The computer can be programmed to
change the digital words that control the
DACON continually in a quantized fashion
to synthesize a sine wave of the desired
frequency and amplitude. There are
several forms that the program may take
to do the job of controlling the pacon.

One method can be examined superfici-
ally to illustrate the principles involved.
First, a normalized set of digital words
would be stored in memory. It would
take 400 data words (of 8 bits each) to
generate one cycle of a sinusoid gener-
ated from a pacon controlled by the
states of two BcD characters. If the nor-
malized set of words were sent out se-
quentially to the pacon, the peak value
of the sine wave generated would be
equal to the maximum voltage that could
be delivered. For any other voltage
lower than the maximum, the computer
would modify this list by multiplying
each value by the appropriate factor.
The speed for outputing the data words
would be established by a simple sub.
routine using index registers. It is quite
reasonable with a good medium speed
computer to control the DACON output to
provide a 1% sine wave stimulus up to
100 cps.

In a similar fashion, the computer
can, by control of the pacoN, generate
low-frequency saw-tooth, square-wave,
or triangular waveforms. For that mat-
ter, it can be used to produce any com-
plex repetive pattern or profile within
the limitations of its processing speed.

SUMMARY

The digital computer assumes a very
active and powerful role in controlling
automatic test equipment. It is a vital
component of the test system because it
can, through its ability to calculate,
through its capacity to remember, and
through its faculty to make decisions,
isolate faults to a level normally attain-
able only by the skilled engineer. The
computer provides the test designer with
a flexibility that eases the programming
problem and permits a reduction in the
size of the total program. It readily ac-
commodates mathematical diagnostic
techniques as they are perfected and
opens the door to simplifications in the
stimuli and measurement equipment
that it controls.
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OPTIMIZING
SQUARE-ROOT COMPUTATIONS ON A
DIGITAL COMPUTER

F. H. FOWLER, JR.

Commaunications Systems Division, DEP, Camden, N. J.

uE Newton-Raphson method is usually
Tused when square root is calculated on
a digital computer. This method makes use
of a relatively simple calculation for refin-
ing an estimate of the desired square root
to obtain a more accurate estimate. The
calculation may be repeated as many times
as desired, each time refining the result of
the previous calculation. If the initial esti-
mate is positive, the final estimate can be
made as accurate as desired by repeating
the calculation enough times.

This paper develops a procedure for mak-
ing the initial estimate. The number whose
square root is desired is normalized, and an
initial estimate is obtained by a table
look-up. For each of several intervals, the
table gives the initial estimate for a normal-
ized number within that interval. These
initial estimates are chosen to minimize the
maximum possible error after the first
iteration. The paper also treats the rela-
tionship between the desired final accuracy,
the number of iterations required and the
number of words in the table of initial
estimates. Rates of convergence are formu-
lated.

In this paper, it is assumed that the time
for an add type instruction is substantially
less than the time for a multiplication and
that the instruction complement includes a
normalize instruction, logical operations and
shift operations. The details have been
developed for binary arithmetic, although
they could have been developed similarly for
a computer using decimal arithmetic.

BASIC ITERATIVE PROCEDURE

The formula for obtaining an improved
estimate «,,; of the desired square root of
the given number B*® from the estimate
x, is:

B2

n

1
ft = (x + <1>

To apply this, some initial estimate x, is
obtained. From this, x5, %2, %5, . . ., are
successively computed by Eq. 1. The compu-
tation may be terminated when either of
two conditions is satisfied: completion of
a specified number of iterations; or, for
some unspecified n, that |x,, — %,|<e,
where ¢ is a specified positive number.

RATE OF CONVERGENCE

To study the rate of convergence, we will
see how the relative error decreases with
each successive approximation. The relative
error v, of the nth successive approximation
x, is, by definition:

X, — B x,
S AL | 9
Y B B @
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This may also be expressed in the form:

Xnpl = B(]- -+ yn+1)

Substitution of Egs. 3 into Eq. 1 and sim-
plification of the results gives:

"
2(1 + ya)

From Eq. 2, if x, is positive, y, > —L.
tive. Furthermore, if any relative error is
Eq. 4 also shows that if y, is positive,
From Eq. 4, if y, > —1, then vy, is posi-
positive, then the error after the next itera-
tion, and hence all subsequent relative er-
rors, are also positive.
then:

4

Yoyr =

" 1\ n+1 )
0 <ynp < y; < (5) Yo o (5)
And, if y, < 1:

¥t
0 <yn1 < -5 (6)

Eq. 5 shows that, if the initial estimate is
positive, the error will indeed approach
zero eventually, Eq. 6 provides a more
realistic indication of the rapidity of con-
vergence, once a reasonably accurate esti-
mate is obtained. For example, from Egq.
6 it can be seen that:

If: oy, =Y =2
Then: y, < 27 . (7)
And: y, < 27

The relationship between y, and ¥, is
plotted in Fig. 1, which also traces the
effect of three iterations upon the relative
error. In the example, the computation be-
gan with a rather large negative relative
error. Three iterations have reduced this
error substantially.

A good procedure for making the initial
estimate would render the first two or three
iterations of this example unnecessary.
Sucha procedure will now be demonstrated.

PROCEDURE FOR THE INITIAL ESTIMATE

A satisfactory procedure for obtaining the
initial estimate must comply with' three
conditions: first, it must be sufficiently
accurate such that the desired final accu-
racy can be obtained without performing
too many iterations; second, the computa-
tion time for this estimate should not be
too long; and third, the number of mem-
ory locations required must not be exces-
sive.

In scientific and real-time problems, the
computations made are often repeated many
times with slightly different numbers.

Therefore, the square root of the number
in the current computation may not differ
greatly from the square root of the corres-
ponding number in a previous computation.
When this is so, the initial estimate for the
current computation can be the result from
the previous computation.

When this method is used, there may not
be a good initial estimate of the square
root the first time the computation is per-
formed. Thus, in the first calculation of
the square root, either reduced accuracy is
obtained or extra iterations are performed.
If the reduced accuracy alternative is ac-
cepted, this reduced accuracy may apply to
the first few calculations, not just the first
calculation.

When the initial estimate cannot be ob-
tained from the results of a previous cal-
culation, some other procedure for obtain-
ing the initial estimate is required. The
first step in such a procedure is to multiply
the original number by a normalizing fac-
tor. The normalized number thus obtained
will fall within a restricted interval, This
makes it easier to obtain a good initial
estimate.

In binary computers, it is easy to normal-
ize a number A® by multiplying it by an
appropriate power k of 4, so that

025 <44 < 1. (8)
Then, to simplify the notation, let:
B =g, (9a)
So that:
B =24 (9b)

Eq. 9b shows that VA® can be obtained
from VB by multiplying B by 27%. Also,
from Egs. 8 and 9:

025 < B*<1 (10a)
05 <B <L (10b)

Thus, a procedure for calculating the square
root of numbers in the range specified by
Eq. 10a can be made applicable by Eq. 9a
to all positive numbers.

The range specified by Eq. 10a can be
subdivided into several smaller ranges. If
this is done, the typical lower limit of B
will be «;8, and the typical upper limit
will be B,. Then, within this ith range,
let 3,C, = B, so that, within the typical
range (a,8, < B.C, < B):

a2§02<1}
< C<1

(11)

In the special case in which « = 0.5, 8 =
1, Egs. 11 and 10 are the same.

If the procedure for obtaining the initial
estimate complies with the second condi-
tion, then, within any interval, the formula
for the initial estimate should be simple.
In response to this requirement, the opera-
tions performed will be restricted to addi-
tion or subtraction and to multiplication or
division by small integral powers of 2.
Thus:

Xo :p32 + qﬁy (12)

where: p = %, 1, or 2 and ¢ is a constant.
Then, if z, = x,/8, then:

z, = pC* + ¢ (13)
And:
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Fig. 1—Convergence of Newton-Rauphson method of
calculating the square-root A% If the estimate X,
of A is positive, the relative error Y, will exceed —1.
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20 —C pC?*—C+qg
= 1
Cc c (14)

Furthermore, the relative error after the
first iteration is

__ ¥ -C+?
2(1 + yo) 20(pC* + )
(15)
Within the range specified by Eq. 11, ¥, will
have its greatest value when C = a, C =
1, or C = C,,,, the abscissa of a maxi-
mum point. This maximum point exists

within the practical range only if:
0<pg <025 (16)

Yo =

Y1

@< Cox = Valp <1 (7
In this case:
(2vpg — 1)
4/pg
We wish to find the value of ¢ which will

make the greatest value of ¥ as small as pos-
sible. When this value is either y,(1) or
¥, (a), decreasing ¥, (1) will increase ¥, (a)
and vice versa. Therefore, the best com-
promise can be achieved by making y, (1) =
y,(@). When this condition is used with
Eq. 15, the following is obtained:

yl(Cmax) = (18)

(19)
po?—a+g@? (—-1+9°
2a(pat + q) 2(p +9)

This is a cubic whose roots are:

@ =

 va=ar @iy - a +a |

(20a)
92 =
H-vTFa +aap - 4 +ay |
(20b)
gs = pa. (20¢)

Of these roots, only the first, with p = 1,
is of practical importance. From Egs. 16
and 17, for p = 1 and a > 0.5, there is
no maximum point within the practical
range. Therefore:

p=1
Yomax = q1 |
. (21)
Y = L
ey =
P2+ @)

Values of y,,.,, and g are plotted against
a in Fig. 2.

Two methods of dividing the range from
0.25 to 1 into several smaller ranges can
be considered. In the first method, a, would
be the same for every range. This method
would minimize, for a given number of
ranges, the error after the first iteration.
However, with this method, it is not easy
to determine range within which lies the
number whose square root is desired.

A simple method of dividing the range
is to let:

B = 2!
(22)
P=202241,,..,2

When the range is thus divided, the value
of (i — 1) associated with the range in
question can be obtained from the j most
significant bits of B%, Thus:

Bil=0G—1)27 < B <27 =8/
(23)
i — 1
P (24)
i

The smallest value of «; is that for which
B = 0.25; and hence, i — 1 = 2/,

For this interval,

2 2i -
Q= —
2 +1

When j is large, the maximum relative
error after the first iteration can be ap-
proximated by:

(25)

Yimaez = 2—.21—1
(j large) (26)

Values of the maximum relative error com-
puted by Egs. 20 and 21 for values of a
given in Eq. 25 are plotted on a logarithmic
scale against j in Fig. 3. In Fig, 3, the
approximation of Eq. 26 is also plotted as
a dotted line, and the maximum relative
errors for one and two intervals are stated
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for comparison. (With a computer hav-
ing a normalize instruction, two intervals
can be used almost as easily as a single
interval.)

After deciding the number of intervals
desired, the constants 8, and ¢, can be
computed by Eqgs. 20c, 23, and 24. From
these, values of ¢, can be calculated and
stored in a table prior to the production
calculations to obtain the initial estimate
from the formula:

%, = B° 4+ Biq, (27)

To determine the number of intervals de-
sired, use should be made of Eqgs. 6, 20a,
21, and 25. From the specified final accu-
racy (after the last iteration), the required
accuracy after the next to last iteration
can be obtained from the following form
of Eq. 6, assuming that there are n + 1
iterations:

Yn~ V 2y (28)

The required accuracy after all previous
iterations can similarly be calculated.

Then, from Egs. 20a, 21, and 23, it is
possible to determine: first, a value of j,
say j(1), such that y,,,,, < ¥n,4; then,
another value of j, or j(2), such that
Yimes < ¥nmy €tc.; and-a j (k) such that
Vlmes < ¥ngoe Now, a table composed of
3 X 2™-2 yalues of B,q, will be required
if there must be relative error of less than
Ynso-x after the first iteration, hence less
than y,,, after the kth iteration.

The programmer is now able to trade
memory locations for time. The number of
iterations k£ can be reduced by increasing
the size of the table, whose size was com-
puted numerically from y,,,, the specified
final error. On the basis of the value of
space in the computer memory as com-
pared to the value of operating time, a
decision as to the number of intervals de-
sired can be reached.

49




VE-DET is.-an" electronic system: now
being marketed commercially by
RCA for the detection of standing
or moving vehicles. It is.an.outgrowth
of earlier development work ot RCA
Laboratories on automated highway
systems, and represents a significant
step in instrumentation fechniques for
the automatic control of highway,
railroad, - or other traffic. : Potential
apphcahons include traffic counting,
signal: control based on number and
speed of vehicles, monitoring . of
parking - facilities, various types of
indicators that depend up detection
of speed or presence of vehicles, and “
sophisticated warning ~
that automatically adjust fo ’rraﬂ:‘
“situations. The designs of the origin:

VE-DET

Electronic Vehicle Detector for
Automated Traffic Control
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VE-DET and the second-generation

‘kVE‘DET 4-PAK equupmem‘_ are

o Blymoz;th, M zlc:ikz’ig

new concepts and better circuit de-
signs calling for more highly refined,
advanced components. One such con-
cept is RCA’s Vehicle Detection System,
which now provides commercially avail-
able equipment that forms a basis for
sophisticated traffic control as a step
toward a future concept of automated
highways.

Both the early model of VE-DET, and
the present Ve-DET, 4-PAK, are commer-
cial versions of the electronic vehicle
detection system originally proposed by
RCA Laboratories. In 1953, Dr. Zwory-
kin demonstrated the basic principles of
an electronic highway system using 1/5
scale models. In 1957, a demonstration
was given in Nebraska in which full-size
cars were used to demonstrate improved
control techniques. Shortly thereafter, a
quarter-mile oval track was built at the
RCA Laboratories and equipped with
the necessary electronic installations to
apply these techniques to fully automatic
control of suitably equipped cars. In
1960, in conjunction with General
Motors Corporation which furnished
cars with the necessary servo systems, a
demonstration was made to the press
and interested highway officials.

EACH day sees the development of

THE FUTURE AUTOMATED HIGHWAY

Any electronic highway system must be

Final manuscript received November 13, 1964

ig. 1—VE-DET 4-PAK.

immediately useful to all drivers
whether or not their vehicles are elec-
tronically equipped. It must provide
additional benefits to drivers of equipped
vehicles and be applicable to existing
roads. It must permit expansion, with-
out premature obsolescence, into the
“fully-automated” highway. Since it is
virtually impossible to convert many
thousands of miles of highway and tens
of millions of vehicles to an automatic
control system, equipped and un-
equipped traffic will be intermixed on
highways for years to come. Within the
framework of the proposed detection
system, a measure of control of un-
equipped vehicles is now available in the
form of vehicle counters, and traffic-
actuated warning signals which will
benefit vehicles with no special equip-
ment.

VE-DET—HOW USED

As a result of these applications, a com-
mercial vehicle detector has been devel-
oped for highway use, and is currently
being marketed by RCA in Plymouth,
Michigan, under the name of VE-DET.
The transistorized VE-DET detects stand-
ing or moving vehicles, such as bicycles,
motorcycles, automobiles, trucks, air-
planes, and even those used by the rail-
road industry.

For highways, a rectangular wire-
loop, comparable to a car in size, is em-

EDWARD C. DONALD, prior o attending Lawrence
Institute of Technology (1956-1958), served a four
year U. S. Naval enlistment as an electronic tech-
nician. His background includes a 2 year employ-
ment with Bethlehem Steel Co. as a machinist
apprentice before the Korean Conflict. Employed
with Efficient Engineering, Inc. he designed and
developed electronic packaging for various por-
tions of the DART, THOR, TITAN and MACE Mis-
siles. In 1959, he was contracted to the Atomic
Energy Commission in Albuquerque, New Mexico,
where he led a feam of electromechanical de-
signers and draftsmen in electronic packaging of
an automatic program and recording project.
Since joining the Industrial Products group of RCA
New Business Programs in Plymouth, Michigan, he
has been responsible for printed circuit and elec-
tronic packaging of various electronic inspection
equipment and industrial products, and also, has
been instrumental in circuit designing and pack-
aging of high speed automatic industrial and
automotive post process inspection machines.




bedded in or near the surface of the road
and connected to the VE-DET normally
placed at the side of the road. For rail-
roads, a section of the rails is shorted
together to replace the embedded wire-
loop. Electronic detection is based on
the phase characteristic of a parallel-
tuned, resonant circuit composed of a
lumped capacitance, and the inductance
provided by the wire-loop. By driving
this tuned circuit with a radio-frequency
current constant in amplitude and phase,
the total voltage across the combination
reflects any change in the impedance of
the resonant circuit.

A crystal controlled oscillator (94 to
110 kc) is coupled to a buffer stage
which drives the embedded road-loop
and one of the inputs of the phase detec-
tor. The road-loop is resonated by two
sets of capacitors (fine and coarse) so
that the phase of the loop current relates
to the current injected into the phase
detector is a function of the phase rela-
tionship between the loop and buffer
currents.

When a metallic object, such as a
vehicle, enters the loop, the current
phase is altered and the phase detector
indicates this by a shift in its pc output
voltage.

The phase detector output is ampli-
fied and used to excite and energize a
mercury-wetted contact relay. When the
loop’s phase characteristics are upset by
a vehicle driven onto the road-loop, or a
temporary loss of power, the relay is de-
energized, thereby retaining an impor-
tant fail-safe feature. Once a vehicle is
over the loop, the relay will remain de-
energized for 30 to 180 seconds and then
return to its original energized state, In
special applications this time can be ex-
tended to 13 minutes.

EARLY REFINEMENTS
Although satisfactory for numerous ap-
plications, the need for a second mode
arose; a true presence mode, one that
could detect a vehicle as long as it re-
mained over the loop. This was done by
inserting a slow-acting servo-loop which
doubles back to the junction of the
buffer stage and phase detector. The
closing of the servo-loop is accomplished
by means of a slow-speed electromechan-
ical adaptive element which has become
known as a magnaptor. The magnaptor
receives an input signal from the system,
and simultaneously feeds a reference sig-
nal back into the system. The value of
the adaptive element automatically ad-
justs until the phase detector output
matches the reference, thereby establish-
ing a required transfer function for the
system.

When a vehicle enters the road-loop,
one side of the phase detector is acted

upon and its DC output voltage is
changed accordingly. This change oc-
curs at a rapid rate providing large sig-
nals in the relay circuit without affecting
the magnaptor tuning. Once the relay
is de-energized, the magnaptor is re-
moved from the circuit electrically.
Since the slow-speed magnaptor cannot
tune out the voltage differential, the ve-
hicle remains detected until it leaves the
loop.

In the standard mode of vehicle detec-
tion, the loop inductance changes are
obviated by ac coupling of the pc ampli-
fiers. It is general knowledge that detec-
tion of a vehicle under such a condition
can only be momentary and detection is
lost when the vehicle remains in the road-
loop long enough to allow the capacitors
to reach their quiesctnt levels.

As a result we now have two distinct
modes of operation, moving vehicle de-
tection and true presence detection. The
need for a compatible enclosure to ac-
cept either or both modes resulted in the
second generation of VEi-Dir, called
Ve-DEeT 4-PAK.

PACKAGING

A versatile, reliable, and rugged model
was required which could be expanded
to meet all present and future applica-
tions. While retaining reliability, accu-
racy, and ease of maintenance, an inex-
pensive in-road installation of VE-Der

4-PaK includes the use of plug-in planar
styled printed circuit cards with plug-in
transistors, a printed circuit intercon-
necting board and an anodized alumi-
num shelf assembly.

Each detection module consists of two
separate printed circuit cards. The
standard mode of operation (moving ve-
hicle detection) requires: 1) a tuning
board plug-in card, and 2) a vehicle
board plug-in card.

For the true presence mode of opera-
tion, the vehicle board is replaced by a
true-presence plug-in card. Fourteen
different modes of operation are attained
when using the 4-Pak. When special
applications are desired, any of the 14
combinations can be expanded to meet
exact requirements.

Planar style printed circuit cards were
chosen for their proven reliability, imme-
diate availability, and low cost.

All four printed circuit plug-in cards
are 6 x 434 inches. Because the power
supply contains the heaviest and largest
components, 3/32-inch-thick glass epoxy
material was used for the circuit card.
All other detection modules are etched
from 1/16-inch material.

Because of the extremely high gain of
the VE-DET 4-PAK circuits, extreme cau-
tion was taken in selection of all com-
ponent parts. After the assembly of

components to their respective printed
circuit cards, both sides of the boards
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are treated with a fungicidal protective
coating. Two coats of a sprayed solvent
containing a phenolic spar varnish pro-
vides moisture, corrosion, and fungus
proofing.

The shelf assembly consists of a frame
enclosure with top- and bottom-rear
covers. The exposed portions of this
assembly employ a protective and dec-
orative etched, light blue anodized finish
for the wrought aluminum alloy. This
finish has a smooth sheen of low reflec-
tivity and good resistance to fading
under light exposure.

A chemical (nickel acetate) seal
closes the pores and retains the color of
the coating. The oxide coating produced
by this finish renders the aluminum alloy
surface passive and highly resistant to
corrosion when subjected to mild atmos-
pheric exposures. A continuous or un-
broken coating offers substantial protec-
tion against corrosion when the shelf
assembly parts are associated with dis-
similar metals.

Space for any four detection modules
and one power supply is available, with
the power supply being inserted into the
extreme right position. When less than
four detection modules are desired, ano-
dized front spacer panels are provided.
Into one detection module space, a tun-
ing board is placed to the left and to the
right either a vehicle board or a true
presence board is installed. Aluminum
sheet spacers are used between modules
to reduce interaction. All plug-in cards
are properly keyed to prevent any mis-
placement.

The printed circuit interconnecting
board is attached to the rear of the en-
closure. Loop and relay contact wires,
separately sleeved, extend from the con-
nector board to loose six-pin connectors.
Three sleeved wires (ac input) extend
from the power supply via the connect-
ing board to a loose three-pin connector.
Use of the clear, heat-shrinkable tubing
provides insulation for connecting wires
and terminals and allows visual check
of each soldered connection.

All connectors are riveted to the top
cover. Both the top and bottom-rear
covers are then snapped into position on
the frame enclosure by means of snap-
button retainer studs; the top cover is
made easily removable (see Fig. 4)
allowing a visual check when inserting
the printed circuit plug-in cards. Snap-
buttons are treated with a polyvinyl
chloride coating which provides non-
skidding and avoids scratching when
shelf assemblies are stacked. With the
use of keyed quick-disconnect connec-
tors, the complete assembly is easily re-
movable from one location and trans-
ported to another.

POWER SUPPLY

The power supply includes a front panel,
a printed circuit card assembly, and a
cable assembly. The front panel is ano-
dized to the same specifications as the
shelf assembly. The front panel is con-
nected to the printed circuit card by the
two power wires coming from the switch.
This allows the card to be firmly inserted
before positioning the panel to the shelf
assembly.

For a temporary installation, the
power supply is removed and a circuit
card containing the proper wire jumpers
is inserted into its position. The power
supply cable is connected to an external
battery which has an operating life of
approximately 20 days.

TUNING" BOARD

The tuning board, adaptable to both
modes of operation, (moving vehicle
detection and true presence detection)
serves two purposes. First, it contains
the crystal controlled oscillator, buffer,
and phase detector stages. Second, the
card transmits the selection and tuning
information from the front panel to
either the vehicle board or true presence
board.

A right-angle printed circuit crystal
socket is provided for a selected crystal.
For a single detection application, a
100-kc crystal is recommended. When
two or more detection modules are re-
quired in one application, crystals 2 ke
apart are selected from the 94-t0-110-ke
range. By using different frequency crys-
tals, spurious oscillations between any
two detection modules are eliminated.

The front panel is separated from the
circuit card and considered as a separate
subassembly. The elecirical information
is transmitted between the two via two
flat multiconductor cables. These two
cables are twisted two turns at assembly
and coil into place when the tuning
board is properly positioned. By using
these cables, the front panel may be re-
moved from the shelf assembly while the
circuit card is still in place. The front
panel contains all the components neces-
sary” for any tuning procedure or
inspection.

Resonating capacitors are mounted to
the two rotary decade switches located
on the front panel. A 0-t0-500za micro-
ampere meter provides a visual means
of all operational or functional inspec-
tions required. The system gain may be
increased or decreased by the panel
mounted potentiometer without affecting
the tuned circuit. Three test points
(loop, relay, and ground) are present
for more accurate tuning and inspection.

VEHICLE BOARD

The vehicle board is supplied only when
the moving vehicle detection mode is de-
sired. It contains the pc amplifiers, the
relay driving stage and the SPDT mer-
cury-wetted relay. When a special appli-
cation requires the use of an additional
set of contacts, a second SPDT mercury-
wetted relay is mounted to the circuit
card. To extend the memory of a de-
tected vehicle from its normal time (30
to 180 seconds) to 13 minutes, a 500-uf
electrolytic capacitor is added to the
vehicle printed circuit card.

Since the vehicle board is not used
without a tuning board, the four relay
contacts are transferred to the tuning
board cable via the shelf assembly inter-
connecting board. To meet all standard
and special applications, four models of
the vehicle board are available.

TRUE PRESENCE

The need to detect a vehicle for an in-
definite period of time is filled by the
true presence board. A vehicle once
detected de-energizes a pppT mercury-
wetted relay. The relay must remain de-
energized until the vehicle leaves the
detection area. How long the vehicle
remains in the loop is unimportant.
What is important is that the vehicle
must continually be detected; the de-
tector, once the vehicle has passed, must
recover in time to detect a vehicle imme-
diately following. The true presence
board accomplishes this.

The true presence board is comprised
of a pc amplifier and relay driving
stages, stabilizing and fail-safe circuits,
a DPDT mercury-wetting relay, and the
magnaptor. A thermistor is employed to
stabilize the circuits once the relay is
de-energized and the magnaptor is re-
moved electrically. After a vehicle has
remained over the road-loop for a period
of time, the circuits would drift with
ambient weather conditions, without the
aid of the thermistor. This would cause
the magnaptor, even though not electri-
cally involved, to appear to be detuned,
If this occurred, after the vehicle de-
parted the relay would remain de-ener-
gized and continue to report a vehicle
present. The true presence detection
would then require external resetting.

Fail-safe circuits prevent the magnap-
tor from detuning with a temporary loss
of power; without such circuits, the relay
would de-energize upon return of power,
indicating a vehicle present; again, ex-
ternal resetting would be required.

One set of contacts of the pPDT mer-
cury-wetted relay is provided, in like
manner as the vehicle board, for the
customer’s application. The second set
of contacts is in series with the drive coil
of the magnaptor, thereby electrically




removing the magnaptor from the circuit
when a vehicle is detected.

When true presence detection is de-
sired in an established circuit, the
vehicle board is replaced by a true
presence board and the tuning board
front panel toggle switch is placed into
the TP position. After allowing several
minutes for the magnaptor to seek its
null position, the true presence detection
is established and available for its appli-
cation. To further increase the versa-
tility of the VE-Der 4-Pak, the true
presence board was designed to function
in either mode of operation. When the
tuning board front panel toggle switch
is in the V position, the magnaptor re-
mains in the circuit and slowly tunes out
the presence of a vehicle. Thus either
mode of operation can be selected by
the position of the toggle switch.

MAGNAPTOR

The inductive readout magnaptor is a
slow-speed electromechanical adaptive
element. (An adaptive element has a
value which may be automatically varied
to suit the requirements of the system.)
Because the magnaptor has a memory,
the VE-DET 4-PAK may be turned off and
the system will thereafter retain the
exact transfer tuning function.

The magnaptor may be operated so
that it varies over its entire range in a
few seconds, or several hours, and it has
a memory with an indefinitely long-time
stability.

The magnaptor consists of a piston
positioned into an oil-filled cylinder.
Onto one end of the cylinder, the drive
coil is directly wound between two posi-
tioned spacers. The end opposite the
drive coil is sealed with a phenolic plug.
Prior to sealing, the inside surface of
the cylinder must be free of all foreign
matter. The cylinder is then partially
filled with a measured amount of silicon
oil. The piston, also free from contami-
nation, is now properly placed into the
oil filled cylinder. After the piston has
settled into position and all air pockets
have been removed, the open end is
sealed with a second phenolic plug.
When inserting the final end plug any
excess oil will overflow thereby remov-
ing any remaining air pockets. The
magnaptor must be assembled in a
white-room atmosphere by using extreme
caution during assembly, the cycling
time of all magnaptors will be within
109% of being the same.

APPLICATIONS

The VE-DeT 4-Pak with its important
characteristics of an embedded wire-
loop and its compatibility with the long
range concept of a gradually-evolving,
fully-automated highway, is now being

successfully utilized. Listed here are
some of the diversified applications of

VE-DET:

1) Traffic Counter—One detection mod-
ule will cover any single, selected road
lane, and provide mass detection
across as many as eight lanes; numer-
ous other system configurations are
possible.

2) Signal Controller—This installation in-
cludes sufficient detectors to provide a
traffic signal with the maximum
amount of intelligence to know the
actual situation regarding speed and
number of vehicles approaching an
intersection from all directions. It also
provides the necessary information to
know whether or not and when the
vehicles have cleared the intersection.
Parking Facility Control—The Ve-DET
is especially versatile inside buildings,
since it can be mounted on walls or
ceilings to detect passing vehicles.
When connected *to counters, the de-
tectors enable parking facility opera-
tors to maintain accurate counts of
vehicles parked on individual levels.
It can be utilized as an expired meter
control, registering when a vehicle
enters or leaves a parking area.
4) Indicators—The detectors may be ap-
plied to door openers, toll booth ve:
hicle indicators, air field instrumenta-
tion, unlimited use within a railroad
system and other apparatus such as a
concealed vehicle-speed indicator.
Warning Light—Another application
is the traffic warning light. This pro-
vides a visible warning with the “flying
tail” (a series of maulticolor lights)
flush mounted in the pavement at 25-
foot intervals. Lights are coded to in-
dicate to following cars the distance
and closing speed. As a vehicle moves
forward, the three lights directly be-
hind it glow red. The next three are
amber, the following three green, and
all remaining lights will glow white;
therefore, not only providing a flying
tail but also a “leading tail” of traffic
warning lights to a second vehicle.
While the flying tail of lights would
be of valuable assistance in rain or
fog, the leading tail of warning lights
could be instrumental in warning driv-
ers approaching a hazard location such
as a blind intersection, road curve, or
hill, that another vehicle is also
approaching.
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CONCLUSION

The commercial version, Ve-DeT 4-Pak
is now available for any immediate ap-
plication. With its versatility it can
easily become the foundation of the
futuré fully automated highway system.
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RCA's latest color film camera, the TK-27, is the second of a series of cameras
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employing standard transistorized modules. It has been designed to provide
TRANSISTORIZED better stability, reliability and picture quality than present tube equipments. The

similarity of circuits used in the various broadcast equipments has enhanced the
TK-27 "common-module” approach; such concepts are included in the TK-27. Consid-

erations in design such as monitoring, automatic operation, ease of mantenance,

COLOR TV and overall operating flexibility are discussed in this paper.
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N color television broadcasting, a color

film camera is used to convert exist-
ing color film (double-frame 35-mm
slides, and 16-mm and 35-mm movies)
into a high-quality color video signal.
The most common television film instal-
lation (Fig. 1) optically multiplexes a
number of picture sources including
both color and monochrome picture in-
formation. Therefore, the TK-27 color
film camera must produce high-defini-
tion pictures for transmission and ulti-
mate reception on any color television
receiver or on any monochrome receiver
using the same signal.

An earlier paper' discussed the devel-
opment during the past four years of
RCA’s four-tube color television studio
camera. As a part of this total activity,
a development model of a companion
four-vidicon color film camera was de-
signed and displayed at the 1963
National Association of Broadcasters
Convention. The development goals for
this early film camera were:

1) Obtain the best possible monochrome

picture.

2) Make no sacrifice in color perform-

ance.

3) Provide competitive sensitivity.

4) Allow latitude in operating conditions.
5) Provide greater ease of operating.

ESTABLISHING THE TK-27

DESIGN GOALS
Based on the endorsement of the four-
tube approach by both Broadcast and
Communications Products engineers and
RCA’s customers, a product design
cycle was initiated in the middle of 1963.
(Systems planning had started much
earlier in anticipation of the product
design cycle.) As discussed in a previ-
ous article®, the TK-27 became a part of
the standard module, or identical circuit,
philosophy of camera design. A reitera-
tion of the main goals of this program is
as follows:

1) Transistorization.

2) Maximum use of identical circuitry,

3) Use of standard modules.

4) Greater reliability.

5) Simplified operation.

6) Automatic camera cable and encoder
delay compensation,

7) Built-in signal-level test.

8) New look.

To establish the objectives of the stand-
ard-module program, several important
engineering decisions were reached dur-
ing the planning stages; some of these
were:

1} 1%e-inch hybrid (magnetic deflection,
eletrostatic focus) vidicon3 for the
monochrome channel to give high defi-
nition both vertically and horizontally

along with excellent signal-to-noise
performance.

Final manuscript received November 16, 1964

2) l-inch hybrid vidicon® to be used in
the blue, red, and green color channels.

3) Vertical mounting of the optics to
conserve floor space.

4) No active circuits at the control

panels.

All of the automatic features of the

TK-22 monochrome film camerat ex-

tended for color operation of the

TK-27.

6) Setup similar to the TK-22.

7) Inclusion of the encoder at the rack
location.

5

Z

THE TK-27 ELECTRICAL SYSTEM

Although a detailed description is be-
yond the scope of this paper, several
intriguing design problems required
solution during the planning and design
of the TK-27 color film system. Some of
these considerations included the moni-
toring and setup techniques, as well as
the adaptation for “color film of the
TK-22 automatic modes of operation
(e.g., gain, black level, and sensitivity).

Equally as challenging was the need
to use standard modules to solve these
problems. For example, it was not ap-
parent just how extensively the standard-
module approach could be applied to
the TK-27 color-film camera and to
companion broadcast and television
equipments. As the design program
progressed, the number of basic circuits
which could be treated from the stand-
ard-module concept increased; the total
number of modules, including the stand-
ard modules in the TK-27 color film
camera, is shown in Fig. 2. The monitor-
ing, setup techniques, automatic modes
of operation, and the extension of auto-
matic operation to the TK-27 color film
camera operation, are discussed in the
remainder of this paper.

MONITORING

Several design innovations have been
incorporated in the new TK-27 color film
camera to assure greater ease and accu-
racy of monitoring by the television sta-

100 —

Fig. 3—Waveform monitor display of mono-
chrome signal.

00—

Fig. 4—Waveform monitor display of sigrals
into the encoder from a three-tube color
camera.

tion film operator; such new methods
were necessary to overcome the greater
complexity of monitoring a four-tube
color film camera involving B, R, G, and
M signals instead of the conventional
three-tube color film camera previously
used. Another factor was that the TK-27
monitoring system was to be used for
the new four-tube TK-42 live color tele-
vision camera.

Before describing how these require-
ments were met, it will be helpful for
the reader to consider how the television

Fig. 5—Waveform monitor display of encoded output signal from a three-tube color camera

scanning o saturated color bar pattern.

100 —
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station operator must adjust, calibrate
and monitor the amount of light striking
the pickup tube so that the electrical
signal generated from the pickup tube
has the prescribed amplitude (Fig. 3).
This level is constantly monitored by the
operator on a waveform monitor (cro)
on which the height or amplitude is cali-
brated. Using this as a guide, the oper-
ator is able to remotely adjust the light

Fig. 6—Waveform monitor display of signais
into the encoder from a four-tube color camera.

reaching the pickup tube in the live or
film camera and in effect also regulate
the amplitude of the signal on the wave-
form monitor.

In any film camera, a variable neutral-
density disk may perform the same func-
tion as the iris of the studio camera;
Fig. 3 shows the standard waveform
monitored for monochrome operation.

In past color operation, the three color
signals—blue, red, and green were
simultaneously displayed and monitored
on the waveform monitor. The camera
operator adjusts a control until the high-
est amplitude of the three waveforms
(B, R, G of Fig. 4) touches the 100%
level. The three color signals are cabled
into the colorplexer which encodes these
individual signals into the single com-
posite color signal prescribed by the
FCC. When the three-tube camera scans
a scene containing a vertical bar pattern
comprising a white bar and fully satu-

Fig. 7—Waveform monitor display of encoded output signal from a four-tube color camera
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rated yellow, cyan, green, magenta, red,
and blue bars, the composite electrical
signal fed to the transmitter would be as
shown in Fig. 5.

If a four-tube system were monitored
in the same manner as was done for the
three-tube camera, the M (monochrome)
signal would be displayed simultane-
ously with the B, R, and G signals
(Fig. 6) ; in this case, the video operator
would adjust the neutral density control
until the highest amplitude of the four
signals reached the 1009 value shown
on the waveform monitor. A four-tube
color film camera adjusted in this way
and scanning the previously mentioned
color bar pattern would produce the en-
coded color signal of Fig. 7.

The difference in amplitudes between
the Fig. 5 and Fig. 7 waveforms result
from the gamma, or transfer characteris-
tic, of the monochrome pickup tube. The
consequences of this change in the video
signal are: 1) normal distortions pro-
duced by the transmitter are increased
for the yellow and cyan saturated colors
as seen on a color receiver; 2) the elec-
trical signal at the kinescope of the re-
ceiver can be as much as 25% over the
normal level of a three-tube camera
viewing a saturated blue scene, and 3)
in wideband monochrome receivers, the
visibility of the color subcarrier will in-
crease because of the rectification effects
occurring at the kinescope.

Such undesirable monitoring effects
could occur in the TK-27 system if the
B, R, G, and M signals were each moni-
tored separately for amplitude on the
scope. To avoid these effects in the
TK-27 camera, the four channels are
converted as shown in Fig. 8 to three
channels (B,, G,, R,) identical to those
in the color receiver. These three signals
are then monitored for amplitude and
the effect of the fourth channel signal,
the M signal, is truly represented and
monitored. The three channels are also
combined into a single waveform dis-
play as described in detail below. This
system takes advantage of the fact that
the peak amplitude height (100%) and
the base position (zero level) are
the primary considerations in level
monitoring.

Although the film operator observes a
single waveform, he is, in effect, moni-
toring the peaks of the three derived
B,, R,, G, signals; he also observes and
maintains zero black level which is
represented by the lowest portion of the
composite waveform containing the low-
est amplitude of the three derived B,,
R., G, waveforms.

To further explain the single wave-
form monitoring: The three signals
(B,, R,, G,) are processed by nonaddi-
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Fig. 9—Principle of nonadditive mixing.

tive mixing. (When two or more wave-
forms are mixed in a nonadditive man-
ner, the resultant waveform represents
at any instant of time the greatest ampli-
tude of any of the waveshapes). As
shown in Fig. 8, the single signal result-
ing from the nonadditive mixing for
white and black levels may be selected
for display on the waveform monitor by
a synchronously operated switch. The
electronic switch commutates continu-
ously between the two nonadditively
mixed (nam) signals, taking two lines
of NaM white and two lines of Nam
black. The output of the switch is then
taken to the waveform monitor sweeping
at a standard 1% horizontal rate. The
effect is seen on the waveform monitor
as a superposition of these two signals.
To the video operator, these signals
appear exactly the same as the signals
from a monochrome camera (Fig. 3);
thus, the operator adjusts the color film
camera controls in exactly the same way
that he would for his monochrome
camera.

AUTOMATIC OPERATION

Automatic White Level (AWL)

In a color system having AwL, it is neces-
sary to control all four channels pro-
portionately and simultaneously. To
control the channels independently of
each other, would completely destroy
the colorimetry of the pictures. The same
NaM white signal (Fig. 8) used in wave-
form monitoring is the correct signal
to use in an automatic loop providing
AwL control. This NAm signal is peak-
detected to give a bc voltage to be used
as a control signal for Awr. The pc volt-
age is used to control simultaneously
the gain of all the channels until the
highest peak amplitude in the receiver-
matrixed B,, R,, G, signals is brought
to the 100% level.

The AwL maintains constant output
signals for input signal variations rang-
ing to = 6db; such variations are a
function of light input and density
changes in slides or motion picture film
material.

Avtomatic Black Level (ABL)

The aBL is accomplished in much the
same manner as AWL (Fig. 8). How-
ever, in this case, the output of the NaM
black signal for waveform monitoring
is used in conjunction with a peak detec-
tor to give a pC voltage to control black
level proportionately in each of the
channels; for establishing aBL, the low-
est point in the B,, R,, G, receiver
matrixed signals are brought down to
the zero level. Because of the way in
which the black level control is imple-
mented in each of the channels (de-
scribed in an earlier paper*) the gain
of each channel is changed in direct
proportion to the amount of black level
shift; thus, a balance for white level is
always maintained between the channels.

Optical Black

One of the problems in using vidicons
as pick-up tubes in color television is
that the dark current (the signal cur-
rent from the tube when no light is
impinging on the tube) is a function
of temperature and target voltage. Since
the dark currents from the vidicons vary
independently for each tube, a change
in the critical black balance of the color
picture could result. For example, if a
scene fades to black, the picture might
become green because of the difference
or drift in the dark currents from the
vidicons. To overcome this problem, a
portion of the picture picked up by the
vidicons is made black by opaquing the
corners of the image. This is not visible
in the receiver because the raster of the
receiver normally extends about 10%
over the edge of the picture tube frame.
By using suitable keying circuits, the
TK-27 samples the masked areas, gen-
erates a correction voltage in each chan-
nel to correct black level and thus main-
tains the proper black level balance.

Avutomatic Sensitivity Control (ASC)

The variations of highlight brightness
from film to film is a situation which
must be handled in a television color
film camera. Such variations can be as
much as 30:1. In a color system, it is
not possible to compensate for the film
densit§’ by changing the brightness of
the projection bulb by varying the volt-
age applied to it because the color
temperature of the incandescent lamp
changes as a function of the brilliance
of the lamp.

To overcome the color temperature
problem, the projection lamp is operated
at constant input voltage thus also main-
taining constant brilliance. Since lamp
brightness can not be varied, another
method must be used to control the
effects of variations in film densities so

that a constant highlight value always
strikes the vidicon pickup tubes. Such
control is effectively accomplished by a
neutral-density disk placed between the
color film and the vidicon pickup tubes.
For manual control, the camera opera-
tor remotely adjusts the neutral disk to
maintain the light output from the film
projection system at a constant level.
For automatic control, the TK-27 does
not in itself contain the amplifiers and
servo drivers to operate the neutral den-
sity disk in a feedback system; however,
it does supply a control voltage to an
external unit used for this purpose; this
control voltage is derived from nonaddi-
tively mixing the individual, R, B, G,
and M camera signals (Fig. 9). Since
the mixed signals are taken ahead of
any video gain control, they truly repre-
sent the light levels on the faces of the
vidicons which act as peak-reading light
meters.

Fully Automatic Operation

In summary of automatic operation,
design of the TK-27 allows the use of all
automatic controls in any desired com-
bination. To be more explicit, it is pos-
sible and often desirable to have automa-
tic sensitivity, automatic gain, automatic
black, and optical black all working at
the same time. Since there are certain
situations, primarily those concerned
with special effects, when an operator
must control the signal manually, all or
any of these automatic controls can be
turned off.

Thus, the TK-27 color film camera
design provides, as do the other RCA
“new look” camera designs, simultane-
ous operation of automatic sensitivity,
automatic white level and automatic
black level functions.

Ease of Test, Setup and Maintenance

The features of automatic operation, to-
gether with built-in signal level test cir-
cuits combine to provide a more reliable
setup and test procedure. Contributing
to simplified operation, is the incorpora-
tion of the test pulses to speed up the ini-
tial adjustment of camera signal levels.
Such pulses determine that the pickup
tube and amplifiers are operating at
their- proper levels. Circuits are
arranged within the camera system so
that one man (formerly two) can now
set up and adjust the camera by use
of these pulse techniques. By depressing
a switch on the control panel, these
same test pulses may be momentarily
inserted into the system at any time for
a test check of stability.

MECHANICAL DESIGN

Major efforts in mechanical design were
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Fig. 10—TK-27 camera head. =

directed toward reducing the floor space
required by the color film camera (Fig.
10). By maintaining the vidicon assem-
blies and the optics on a vertical bed-
plate and allowing sufficient space for
the electronics, a space saving of 2 to 1
was achieved over the earlier TK-26
color film equipment.

Another mechanical design feature of
the camera head is the easy and rapid
removal of the vidicon yoke assemblies
to facilitate troubleshooting, tube chang-
ing, or replacement of yoke assemblies.
Each vidicon camera assembly is accur-
ately indexed to assure optical align-
ment, focus and registration.

Mechanical design of the modules and
mountings used both at the camera head
and at the rack are a part of the RCA
module approach (Fig. 11). In the TK-
27, only the control panels (Fig. 12)

appear at the console in addition to the
usual waveform and picture monitor.

OPTICAL DESIGN

In the optical design of the TK-27, it
was decided to use the dichroic prism of
the TK-26 color camera because it had
been highly developed and refined in its
design. This optical assembly splits the
light into separate red, green and blue
components; with this prism as a
nucleus, the rest of the optical system
(Fig. 13) is new to the TK-27 design.
Included in the specialized optical
design is the field lens, and the neutral-
beam-splitting prism and lenses for both
the 1-inch and 1%%-inch vidicons.

A design goal was to produce a system
in which the four images from the vidi-
cons could be accurately superimposed
electrically on the face of the kinescope.

Fig. 11—TK-27 rack mounted equipment,

BLANK PANELS

BLANK PANELS

Since differential image distortion due
to both optical and electrical effects pre-
vent perfect registry, a design goal was
established to reduce optical misregis-
try to 0.044% of picture width.

To accomplish this demanding speci-
fication, it was necessary to provide ad-
justments on the neutral beam-splitter
and the mirrors, and to develop a
specialized alignment procedure using
a collimated light source (light eminates
in parallel rays) and an optical tele-
scope. After the adjustments have been
made, all the images now produced will
be centered on the face of the vidicons
with no trapezoidal effects to produce
misregistry. As in any other camera, it
is still necessary to make the standard
electrical adjustments such as center-
ing, size, and skew to obtain a com-
pletely registered picture.

ADDITIONAL TK-27 DESIGN
FEATURES

In addition to the major design consid-
erations of monitoring, automatic opera-
tion, color fidelity, and stability previ-
ously described above, there are several
design features which are important to
effective film camera operation and may
prove interesting to other engineers.
Most of these features described below
were designed with full regard to the
requirements of companion camera
equipment for both monochrome and
color operation. This applies particu-
larly to the handling and simplification
of the total number of signals and cir-
cuits required in the camera system.

Minimum Drive Signals

Formerly, the color film cameras re-
quired the following signals which were
obtained from a master synchronizing
generator in the television installation:
synchronizing, blanking, subcarrier,
burst flag, horizontal drive, and vertical
drive. At the outset of the design pro-
gram, it was decided to originate two of
these signals (horizontal drive and verti-
cal drive) within each of the camera
chains for both monochrome and color
instead of requiring that these signals
be fed from the synchronizing generator.
This resulted in a simplified distribution
system* having simplified cabling and a
minimum of distribution amplifiers.

Automatic Time Delay Compensation

As described in an earlier paper®, the
TK-27 design incorporates an automatic
sensing circuit which compensates for
time delay in the system; for example,
the sensing circuit detects the time delay
in the camera cable and automatically
advances an internally generated hori-
zontal-drive signal to avoid introduction
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Fig. 12—TK-27 control panels.

of the delay into the outgoing video
signal. This system is used in all
cameras both monochrome and color so
that the outgoing video signal is timed
corrected with respect to synchronizing
and blanking signals.

Additionally, the color film camera
must take into account further time
delay present in the color system occa-
sioned by the encoding and color-filter-
ing processes. Such compensation is
done by sensing or sampling the signal
information at exactly the same point
as is done in the monochrome system.

Fig. 13—TK-27 optical system: 1) field lens;
2) neutral beam splitter prism; 3} dichroic beam
splitter prism; 4) mirror; 5) lens for 1l-inch
vidicon; 6} lens for 1'4-inch vidicon; 7) 1-inch
vidicon assembly; 8) 1% -inch vidicon assembly.

This is the final stage in the camera sys-
tem. By sampling this signal at the last
point in the system, the color film
camera automatically compensates for
any additional time delay such as that
occasioned in the encoder. The output
signal is timed correctly (for both mono-
chrome and color operation) with
respect to the incoming synchronizing
signal. Moreover, there is no longer a
need to provide separate pulse distribu-
tion system for both monochrome and
color signals.

Monochrome Operation

The control circuitry allows push-bot-
ton selection of monochrome only opera-
tion of the TK-27 camera. Only those
circuits required for processing the
signal from the 1l%4-inch vidicon are
used. With the camera operating in this
mode, the entire operation of the camera
reverts to the same operation as in the
TK-22 monochrome film camera. This
applies to all functions such as negative
film operation and automatic target
operation, and includes the operation of
the monochrome control panel.

Balance Controls

Located on the color film camera con-
trol panels are two sets of balance con-
trols; one set is for white balance, and
the other for black balance. These are
used to compensate for deficiencies in
color film. The two sets of balance ad-
justments control to a limited degree
(#%=10%) the amplitudes of the R, G,
and B video signals.

The-uniqueness of these contrels is
that the amplitudes of the white level
signals can be adjusted while black level
is still maintained, or vice versa. Thus,
it can be said that white balance can be
adjusted without affecting black bal-
ance, and black balance can be corrected
without affecting white balance.

Chroma Control

Chroma level may also be controlled and
adjusted from the color film camera con-
trol panel; thus, chroma deficiencies

in color film can be compensated and
adequate chroma levels maintained.
Without the special monitoring provided
in the TK-27; namely, that of looking
at the B,, R,, G, signals as the receiver
sees them, it would be extremely dan-
gerous to provide this type of control
because of the possibility of overloading
the system. However, no danger is
encountered in the TK-27 because it is
always possible to ascertain when maxi-
mum chroma levels have been reached.

European Standard (CCIR) Operation

The TK-27 is equipped so that the
appropriate drive signals are available
for CCIR operation of the equipment; it
will produce NTSC-type encoded signals
having a 50-cycle field rate, 625-line
rate, and a 4.43-Mc color subcarrier.
The camera chain can be transferred to
this type of service by actuating a single,
remotely-located switch, since relay con-
trol had been provided in all of the
appropriate modules. In the case of the
TK-27, we have chosen to provide a
CCIR type of operation using a 4.43-
Mc subcarrier and having I and Q band-
widths which are the same as those
used in our domestic FCC approved
transmissions.

CONCLUSIONS

The development and design of the TK-
27 color film camera represents another
step forward in the Broadcast and Com-
munications Product Division program
to design and produce a series of modu-
larized, transistorized camera equip-
ments providing increased reliability,
maintainability, and flexibility for the
broadcast. It is the first of the new series
of color cameras to become commercially
available to the market.
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MINIATURE C-BAND SOLID-STATE
FREQUENCY MULTIPLIER FOR MISSILES

A rugged, miniaturized, all-solid-state harmonic generator especially designed
to operate under the adverse environmental conditions encountered in missile
applications is described. The harmonic generator is a module, 26 in® in volume,
which accepts power in the 30-to-40-mw range at 104 Mc, amplifies this power
to approximately 8 watts, and then harmonically converts the frequency by a
factor of 48 to 5000 Mc. Af this frequency, a power output in excess of
400 mw is obtained over the temperature range from 0° to 75°C with minimal
white-noise confributions in the vicinity of the output frequency.

J. J. NAPOLEON, D. E. NELSON and C. L. CUCCIA*

Microwave Tube Operations Department
Electronic Components and Devices, Harrison, N. J.

NEW, miniature, c-band, solid-state
harmonic generator, RCA Develop-
mental No. SS-1025, especially designed
for operation in missile environments
has demonstrated characteristics that
are believed to be unique and to repre-
sent contributions to the state-of-the-art
of such devices. Particularly significant
is the ability of this miniaturized device
to operate over a wide temperature
range (0° to 75°C) without degradation
in performance or generation of white
noise at, or near, the carrier frequency.
The SS-1025 harmonic generator is a
highly ruggedized device that uses varac-
tors to achieve {requency multiplication
at a high conversion efficiency. The
electrical characteristics, mechanical
features, and environmental capabilities
of this device are generally representa-
tive of what can be achieved with a
c-band harmonic generator especially
designed for use in missile applications.

BACKGROUND

In 1958, disclosures by Chang’, Uhlir®,
and others indicated the exceptional
capabilities of varactors to provide fre-
quency conversion with comparatively
low conversion losses. Since that time,
efforts to derive the maximum benefit
from this technique have been intensive
in a variety of areas, including: 1) the
development of varactors having wide
ranges of characteristics; 2) the devel-
opment of transistors capable of han-
dling high power in the 100-Mc range;
3) the development of harmonic-
generator techniques of practical use in
the range from 500 to 5,000 Mc and
above (the range between the frequen-
cies at which lumped-constant param-
eters can be used to advantage and
those at which waveguides provide the
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optimum circuit performance); and 4)
studies to obtain a more thorough under-
standing of the “idler” circuit which has
made possible frequency multiplication
by factors of 3 and 4 at efficiencies here-
tofore attainable only in frequency-
doubler circuits.

By 1962, a wide variety of advances
had been made in all the areas men-
tioned above. Evidence of these ad-
vances was provided by the development
of varactors and transistors capable of
producing several watts of output power
in c-band,’ the commercial availability
of varactors and transistors having re-
producible characteristics and capable
of operation at many power levels and
in various frequency ranges, and the de-
velopment of high-performance fre-
quency tripler and quadrupler circuits
having efficiencies between 40 and 50%.

The development of the S§S-1025 har-
monic generator was a direct outgrowth
of several earlier programs carried out
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by RCA. Pioneering research in 1958 by
Dr. K. K. N. Chang' and C. Stocker at
the RCA Laboratories provided one of
the earliest disclosures of the use of
varactor harmonic generation to obtain
c-band frequencies. Subsequent work in
RCA resulted in the development of
practical devices and circuits.

At the RCA-EC&D plant in Somerville,
New Jersey, parallel programs led to
two developments which represented
substantial advances in the art: 1) the
design of power transistors® which could
provide several watts of output at 100
Mc and 2) availability of a variety
of varactors having increased power-
handling capabilities at various fre-
quencies. The development of a varactor
having a breakdown voltage® of 200 volts
and of a 50-volt, c-band pilltype
gallium-arsenide varactor® contributed
greatly to this program.

Two other programs in RCA fur-
nished a background of key system-and-
circuit design information. As early as
1959, groups at RCA Victor Co., Lid., in
Montreal’ and RCA Industrial Elec-
tronic Products in Camden,” during
developments of remote, unattended
radio-relay stations for commercial ap-
plications, started work on chains of
transistor-amplifier and varactor-
harmonic-generator circuits for use in
s- and c¢-band multichannel rpM-FM
radio-relay applications. These systems
were developed and placed in test and
service, in both Canada and the United
States, during the period from 1961 to
1963. From the standpoint of circuit
performance, reliability, and reproduci-
bility these radio-relay circuits became
the proving ground for a wide spectrum
of devices and circuit techniques. The
experience gained from these programs
formed a basic starting point for the
development of the subject c-band har-
monic generator.
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TABLE 1 — Characteristics of Typical Unit

Electrical

Input Frequency 104 Mec

Input Power 30 mv minimum, 40 mw
maximum

Input Impedance 90 ohms

DC Input Power
DC Input Voltage

18 watts at nominal
input power
56 volts nominal

Qutput Frequency 5,000 Mec
Qutput Power 400 mw
Output Impedance 50 ohms

60 db below signal,
minimum
Bandpass (3-db points) 20 Mc minimum

Spurious Qutput

Mechanical

Orientation Any .
Dimensions Refer to Fig. 6
Volume 26 in3

Weight 17 oz

Environmental Capacity

Vibration—Sinusoidal vibration level of 5 g peak
from 15 ¢ps to 2,000 cps at a sweep rate of 2 min-
utes per octave. Random Gaussian vibration level
of 0.2 g 2/cps from 20 cps to 1,200 ecps. The two
vibration modes are applied concurrently.

Acceleration—Constant acceleration of 50 g applied
along any axis.

Shock—150 g in any direction for a duration of
1.5 mseec.

Temperature—Operating, 0 to 75°C case tempera-
ture; Nonoperating, —60°C to 100°C.

OPERATING CHARACTERISTICS

The SS-1025 c-band harmonic generator
was designed to meet the electrical,
mechanical, and environmental specifi-
cations listed in Table I. The device
delivers 0.4 watt of output power at
5,000 Mc in response to an applied
power of 30 to 40 mw at 104 Mc. Al-
though this output power does not repre-
sent the maximum value for the state of
the art, it is moderately high and can be
maintained essentially constant for all
aspects of missile environment.

The circuits of the SS-1025 are housed
in a small 1-pound module, only 26 in®
in volume, that is thoroughly capable of
withstanding the shock, temperature,

vibration, and acceleration conditions
listed in Table I.
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Fig. 2—Schematic diagram of the C-band harmonic g‘eneraio‘r; :
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Fig. 1—Block ‘d‘ia‘grqm of the C-band harmonic geﬁerqtdr,
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CIRCUIT DESCRIPTION

The SS-1025 harmonic generator con-
sists of a three-stage transistor amplifier
followed by a three-stage frequency mul-
tiplier chain. A block diagram of the
basic harmonic generator circuit is
shown in Fig. 1.

The three-stage transistor amplifier is
operated with an rF input power of 30
to 40 mw at 104 Mc and provides 8 watts
of output power at 104 Mc. Although
the transistor amplifier is capable of
providing greater output power, (as will
be discussed later) the design value of
8 watts is consistent with the pc input
power specification of 23 watts maxi-
mum over the 0°C-t0-75°C temperature
range under all drive conditions.

The three-stage multiplier chain,
which provides a frequency maultiplica-
tion factor of 48, is operated at an RF
input power of 8 watts and provides in
excess of 400 mw of RF output power at
5,000 Mc. The specific multiplication
factors and sequence of multiplication
selected for the chain were determined
by the harmonic-generator performance
specifications and transistor-amplifier
design objectives which dictated: 1) the
required multiplier output frequency
and frequency multiplication factor; 2)
the RF input and output power levels
and, in turn, the efficiency; 3) the maxi-
mum allowable size and weight; and 4)
the required environmental capability.
The multiplier chain consists of a low-
frequency power quadrupler (104 to
416 Mc) which drives a tripler (416 to
1,250 Mc) which, in turn, drives a high-
frequency quadrupler (1,250 to 5,000
Me). A design objective of 409% effi-
ciency for each multiplier stage was
established in order to achieve more than
400 mw of R¥ output power at 5,000 Mc
with the 8-watt input power.

The c-band harmonic generator (Fig.
2) is required to perform many func-
tions in addition to providing stable fre-
quency conversion of RF power: e.g., the
spurious output must be very low, 85 db
below the output signal level; and be-
cause of a specific system requirement,
white noise must be virtually non-
existent in a 3-Mc frequency band which
is centered 52 Mc above the output fre-
quency. Also, operating stability must
be attained for all input powers between
30 and 40 mw over the entire tempera-
ture range.

The three-stage transistor amplifier,
circuit 4 in Fig. 2, was specially de-
signed to operate at the 8-watt level for
a nc supply voltage of 55 to 57 volts. Pi-
type matching networks provide the
interstage coupling throughout the am-
plifier chain. This type of coupling in
transistor amplifiers provides both ex-
cellent impedance matching between
stages and attenuation of the higher
harmonics which could be troublesome
in the frequency-multiplier section.

The first stage uses a low-power, high-
gain transistor capable of producing 500
mw of output at 104 Mc. This transistor
increases the input power level to ap-
proximately 300 mw. The transistor
used in the second stage and the paral-
leled transistors in the output stage are
rated to provide a combined 10-watt out-
put at 104 Mc. The second stage has an
output of about 3 watts, which is applied
to the pair of parallel transistors in the
output stage. In response to this input,

TABLE Il — Varactor Characteristics

Reverse

Capacitance Cut-Off
Sg\z}lgce, (at —6 VDlts)'Brzgll(?ogv?m Frequency
pf volts Ge
104-416 15 200 20
416-1,250 10 120 25
1,250-5,000 1 50 60
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the output stage provides from 8 to 10
watts of output power from the transistor
chain. :

The power quadrupler, circuit B in
Fig. 2, is a shunt-type current-pumped
varactor circuit, which is designed to act
as the load of the transistor amplifier.
The power quadrupler uses a 208-Mc
idler circuit® and is designed to function
with a 200-volt reverse-breakdown varac-
tor having a capacitance of 20 pf at zero
bias. The efficiency of this circuit is
between 40 and 50%.

The two final stages of the harmonic
generator, circuits C and D, are identical
in their basic form. Each is a shunt-
type, current-pumped frequency conver-
ter using a band-pass filter type of input
coupling circuit, a single idler circuit to
shunt the second harmonic of the input,
and a resonant-filter type of output cir-
cuit. In each of these stages, waveguide
devices are used for the output circuits.

The frequency-multiplier chain,
shown by the lower section eof Fig. 2,
uses three varactors having the charac-
teristics shown in Table II. The chain
is an integrated circuit, designed to
operate with each succeeding stage func-
tioning as the output circuit of the state
driving it. In order to achieve optimum
overall circuit performance, a minimum
number of varactor stages consistent
with the objective overall efficiency was
selected so as to minimize circuit com-
plexity and to facilitate integrated cir-
cuit adjustments. Interstage filters and
intrastage idler circuits are tunable, so
as to accommodate differences in varac-
tor characteristics, to allow for circuit
adjustment to achieve optimum inter-
stage frequency selection and impedance
transformation. Because of the excellent
filtering and matching throughout the
chain, the generation of spurious re-
sponses is minimal.

A breadboard of the transistor ampli-
fier and frequency-multiplier chain was
built in which the circuit structures were
designed to be compatible with the ob-
jective that the final harmonic generator
have a volume of only 26 in.* The unit
was tested to obtain some verification
that the performance of the individual
stages would be as predicted and that
the objectives of the overall chain would
be accomplished.

The breadboard unit was operated to
provide approximately one-half the out-
put power required of the final harmonic
generator. In this unit, two frequency
doublers, which provided frequency con-
versions from 1,250 to 5,000 Mec, were
substituted for the final quadrupler. It
was found that the cascaded doublers
did not permit the flexibility of operation
and did not provide overall conversion
losses as low as the direct frequency
quadrupler.

THE PACKAGED C-BAND
HARMONIC GENERATOR

Extensive breadboard tests were made
before the final structure was evolved.

Fig. 3 shows a working unit of the
overall c-band harmonic generator and
shows the small size and the output
probe of the device. Particular note
should be made of the absence of pro-
tuberances and of the accurately main-
tained rectangularity of the housing. The
box is made of aluminum, and all sec-
tions, internal and external, are formed
by dip-brazing. All parts are gold-
plated.

Fig. 4 shows the outline dimensions of
the bottom, side, and top of the c-band
harmonic generator. The maximum di-
mension is shown to be 4.16 inches, and
the width of the unit is only 2 inches.
The outline of the side view includes a
diagram of the actual location of the
various stages of the unit.

As shown in Fig. 4, the unit has four
connections: a ground post, a bc post to
which a voltage of 56 volts is applied,
a 90-ohm RF input coaxial connector,
and a 50-ohm rF output probe which can
be used to drive a cavity circuit or a
suitable coaxial receptacle.

In the transistor deck, each transistor
is sealed into a well in the deck for effec-
tive heat sinking. The power quadrupler
is assembled onto a small separate
chassis which is then mounted next to
the transistor deck and connected so that
the transistor-amplifier chain and the
power quadrupler can be tested as an
integral unit. The tripler and the output
quadrupler are housed in the harmonic
generator shell. The output quadrupler
is removable for separate tuning and
adjustment,

All component units of the chain are
assembled separately ‘and before being
mounted in place, each individual stage
is checked at the power levels at which
it is to operate. When the assembly is
complete, nineteen controls are available
to provide all final tuning adjustments
which are needed to obtain optimum
operation of the chain and to eliminate
all spurious responses and output-
frequency white noise.

-~ MECHANICAL RUGGEDIZATION
The c¢-band harmonic generator is built
to withstand vibrations up to 5 g from
15 ¢ps to 2,000 cps concurrent with ran-
dom Gaussian vibrations of 0.2 g*/cps
from 20 cps to 1200 cps; an acceleration
of 50 g and a shock of 150 g for a dura-
tion of 1.5 msec.

The ability of the harmonic generator
to withstand these vibration, accelera-
tion, and shock conditions was demon-
strated by an operating unit of the type
illustrated in Fig. 3. Several features
were incorporated into the harmonic

generator to insure that it would with-
stand the required environmental condi-
tions. Very thin aluminum walls were
used throughout to obtain a low-inertia
structure. Ruggedized capacitive and
inductive components were employed
and rugged Teflon-loaded mounts were
used for the longer varactor and induct-
ance mounts. All transistor-amplifier
resistors and leads were attached to cir-
cuit-board subassemblies with a bonded
coating.

Emphasis was placed on precision fit-
ting of all component sections which
were assembled together and, wherever
practical, insulator bushings were used
to support all members which might
bend or move during vibration.

ELECTRICAL PERFORMANCE—
ROOM TEMPERATURE

A series of tests of the c-band harmonic
generator was conducted to evaluate its
performance at room temperature. In
these tests, the power outputs of indi-
vidual circuit elements and of the overall
unit were measured with all circuits
operated at the frequencies and pc and
RF input power levels specified for the
device.

The transistor amplifier and power
quadrupler were found to have a stable
power output and a very wide frequency
range at room temperature. For a pc
current input of 350 ma (20 watts at
56 volts) and an RF power input at 104
Mc of 30 to 40 mw, power outputs at
416 Mc of 4 to 5 watts were repeatably
measured; the overall bandwidth for
these circuits was in the order of 10%.
Resistive self-bias was used in the power
quadrupler so that the forward conduc-
tion of the varactor would be held to a
minimum during the application of the
104-Mc input power.

Fig. 5 shows the behavior of the 5,000-
Mc output of the final two stages of the
harmonic generator in response to a
416-Mc input at power levels up to 5
watts. The two curves in the figure com-
pare the behavior when no tripler bias
is used with that obtained when the
tripler uses resistive self-bias. For an
unbiased tripler, the power output (near
saturation) is shown to be almost 600
mw for a power input between 4 and 5
watts; however, as the power input is
reduced below this level, the power out-
put is abruptly decreased and is very
rapidly reduced to zero. When resistive
self-bias is used in the tripler, the maxi-
mum power output attainable is slightly
less, but the power input-versus-power
output curve remains smooth and con-
tinuous as the input is reduced to negli-
gible power levels.

Units of the overall ¢-band harmonic
generator have provided up to 750 mw
at room temperature when peaked for




maximum power output. In general, the
harmonic-generator units, operated with
a wide variety of varactors and transis-
tors, have demonstrated stable operation
over the 30- to 40-mw input power range
with outputs in the 400-t0-500-mw range.

ELECTRICAL PERFORMANCE IN THE
0-TO-75° TEMPERATURE RANGE

The problem of maintaining stable elec-
trical performance for the harmonic gen-
erator over a temperature range of 0°C
to 75°C, as measured at the case, was as
extensive as that of the actual design of
the unit.

Several of the techniques which con-
tributed to the achievement of stable
performance characteristics over so wide
a temperature range are as follows: 1)
Each stage was operated slightly above
saturation level; 2) The heat-sinking
provisions for all heat-generating tran-
sistor and varactor elements were excel-
lent; 3) The characteristics required of
the transistors and varactors to be used
in the harmonic generator were precisely
specified; 4) Sufficient signal isolation
was provided between stages so that
small changes in varactor characteristics
would not cause significant mismatches
which would be accompanied by insta-
bility and a reduction in the power out-
put; 5) Self-bias was used in all
varactor stages; 6) Although thermistor
compensation of all transistor bias and
voltage circuits was not found to be
necessary, the exact parameters of the
transistor bias circuits were defined.

The most important technique used
to achieve stable operation of the har-
monic generator over the required tem-
perature range was that of “hot tuning”,
which was applied only after the benefits
to be derived from the techniques listed
above had been achieved. In the hot-
tuning process, the harmonic generator
is detuned slightly, at some sacrifice of
output power, to obtain the required
uniformity in performance over the wide
temperature range. This detuning is per-
formed during a heat run at each ex-
treme of the temperature range. The
method of detuning is described below:

The unit is tuned initially at room
temperature to provide an optimum level
of RF output power consistent with a
clean spectrum. Acceptable perform-
ance is obtained for an extended range
of drive conditions; namely, 25 to 50 mw
of rF input power, 50 to 60 volts pc input,
and a pc power input well under 22
watts.

The ambient temperature is then
raised to a level at which the case tem-
perature of the unit stabilizes at 75°C.
Typically, as the temperature rises, the
pc current drawn by the transistor ampli-
fier increases and the 5,000-Mc output
power decreases. After the unit has sta-

bilized at 75°C, the transistor amplifier
is detuned so as to limit the pc input
power to 22.5 watts and the multiplier
chain is retuned to obtain the required
5,000-Mc output power while retaining
the clean spectrum.

The ambient temperature is then re-
duced to 0°C and the temperature of the
nonoperating unit is allowed to stabilize
at 0°C. Once the unit has stabilized,
the rF and pc inputs are applied to the
unit and performance is observed for a
period of 10 minutes after “snap-on.”
Typically, at snap-on, DC transistor cur-
rent is low, 5,000-Mc output power is
low, and considerable white noise in
combination with discrete spurious sig-
nals are present at the RF output.
If, within the 10-minute period after
snap-on, the unit performance does not
improve to meet spectfications, the multi-
plier chain is retuned. The 0°C snap-on
test Is once again made, and the cycle is
repeated until satisfactory performance
is achieved within the 10-minute limit.
The ambient temperature is then allowed
to rise until the case temperature of the
operating unit stabilizes at 75°C. Addi-
tional tuning is performed if necessary
and the temperature cycle from 0°C
snap-on to 75°C tuning is repeated until
the specification is satisfied over the
entire temperature range. Performance
is continuously monitored during cycling
to confirm proper operation at inter-
mediate temperatures.

The snap-on problem at near-zero tem-
peratures is due primarily to a reduction
in 104-Mc output power from the tran-
sistor amplifier, caused by lower tran-
sistor amplifier gain. In this low-gain
condition, the pc current drawn by the

Fig. 3—Packaged ruggedized SS-
1025-C-band harmonic generator.

transistors operating in Class C service
is reduced. The warm-up time of the am-
plifier is therefore increased because of
the lower dissipation in the transistor
junctions. At near-zero temperatures,
selected circiuts in the transistor ampli-
fier can be tuned to increase the ampli-
fier gain. It is also possible to tune the
multiplier chain to reduce its low-level
threshold.

Another characteristic of the harmonic
generator is the drift of rF-input-power
threshold with temperature. The c-band
harmonic generator is required to oper-
ate at an RF input power in the range of
30 to 40 mw. Typically, the harmonic
generator can be tuned to operate satis-
factorily with mF input power in the
range of 25 to greater than 50 mw at
room temperature. The lower limit of
25 mw represents a threshold, below
which insufficient power output is ob-
tained at 5,000 Mc, or excessive noise
appears in the output spectrum. As the
temperature increases or decreases, the
input power threshold increases may
exceed 30 mw. The harmonic generator
must then be tuned to maintain an ade-
quate guard band between the RF input
power threshold and the 30-mw limit
over the operating temperature range.

Figs. 6 and 7 show typical character-
istics of a unit in which hot tuning was
used to meet the objective specifications.
Fig. 6a shows the power output of the
transistor amplifier and the power quad-
rupler subchain as a function of the
input power at 104 Mc, for case tempera-
tures of 0°, 30° and 75°C; Fig. 6b
shows the pc input current to the tran-
sistors as a function of the input power.
As shown, the power output of the sub-
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chain remains above 4 watts at 75°C for
all useful input powers in the 30-to-
40-mw range. During this test, the tran-
sistor current did not exceed 400 ma,
which represents a maximum DC power
of 22.4 mw. The curves show that the
power output at each temperature is a
relatively constant function of input
power across the 30-to-44-mw input-
power range.

Fig. 7 shows the power output at
5,000 Mc for two different units, each
operated with 34 mw of input power and
for case temperatures from 0°C to 75°C,
As shown, these units have power out-
puts which vary between a maximum of
500 mw and a minimum of 400 mw.

WHITE NOISE

In certain missile system applications,
the 5,000-Mc output signal (carrier) of
the harmonic generator serves two func-
tions, namely, 1) transmitted carrier,
and 2) local-oscillator signal. In this
application, a few milliwatits of the trans-
mitted carrier serves as a local-oscillator
signal which is coupled to a mixer in the
front end of a low-noise receiver. The
receiver is tuned to a frequency which
is displaced from the harmonic-genera-
tor output signal by the receiver inter-
mediate frequency. The sensitivity of
the receiver is determined in part by the
noise figure of the mixer, which in turn
depends largely on the white-noise out-
put of the harmonic generator in the
frequency band which encompasses the
receiver frequency. In the case where
the limiting factor on receiver sensitivity
is the white-noise output of the harmonic
generator, it is necessary to obtain a
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quantitative measure of this white noise.
The level of white noise may be ex-
pressed in terms of the minimum dis-
cernible signal (mps) in the output
spectrum of a receiver where sensitivity
is limited by the white-noise output of
the harmonic generator.

A block diagram of the test system
used to measure MDS is shown in Fig. 8.
A diplexer couples a small amount of the
harmonic-generator output signal to a
mixer to act as a local-oscillator signal.
The mixer output is fed into a low-noise
1F amplifier whose undetected output is
viewed on a spectrum analyzer. One
port on the diplexer is common to both
transmitted and received signals. The
transmitted signal (harmonic-generator
output) is terminated in an isolator. A
simulated receiver signal, which is ob-
tained from a calibrated signal genera-
tor, flows through the isolator into the
diplexer and to the mixer. The smallest
receiver signal, referenced to the trans-
mitter-receiver port of the diplexer,
which produces a discernible spike

within the noise spectrum viewed on the

spectrum analyzer is defined as the mini-
mum discernible signal (mps). The
magnitude of the Mps is a measure of the
white-noise output of the harmonic
generator,

Alternate white-noise measurement
techniques for the harmonic generator
are: 1) standard noise-figure measure-
ments, and 2) system sensitivity tests by
the customer. Direct correlation has
been obtained with the three measure-
ment techniques.

The mps of the two units used to ob-
tain the performance curves shown in
Fig. 7 was measured with the test setup
shown in Fig. 8. In unit No. 1, the
mps varied from —111 dbm at the ex-
treme temperatures to —112.6 dbm at
peak power. In unit No. 2, the Mps was
—110 dbm at 0°C -and decreased to
—113 dbm at 75°C.

The mps figures were monitored dur-
ing all temperature runs, and it was
found that selected stages of the c-band
harmonic generator could be tuned to
provide a minimum Mps. The monitoring
of mMps provided an excellent guarantee
of the purity of the output-power spec-
trdim, gave insight into controls needed
for total control of harmonic-generator
performance, and indicated the magni-
tude of the varactor biases and the re-
verse-breakdown voltage of each varac-
tor required for minimum Mbs.

SPURIOUS OUTPUTS

Spurious outputs (discrete frequencies
as opposed to white noise) at levels of
—80 dbm or greater were present only
at frequencies representing integer mul-
tiples of 1,250 Mc. Typical power levels
of spurious outputs are shown in Table

TABLE [l — Spurious Outputs

Spurious-Response Spurious-Response

Frequency, Me Level, dbm
1250 —75
2500 —80
3750 —465
6250 —65
7500 —75

III. As Table III shows, the spurious
outputs are better than 90 db below the
signal (+26 dbm at 5,000 Mc).

ACCEPTANCE TEST

Table IV shows acceptance test data on
important parameters, measured at room
temperature, for a finished unit of the
c-band harmonic generator prior to
customer acceptance. Of interest is the
]-db bandwidth of 10.8 Mc, the 3-db
bandwidth of 18.6 Mc, and the con-
stancy of output power over a time inter-
val of 21 hours.

ADVANCED ASPECTS

The c-band harmonic generator de-
scribed has been designed for a specific
power output consistent with low bc
power and 56 volts of applied voltage.
Some indication of other operating capa-
bilities are mentioned below.
Experiments with the transistor ampli-
fier operated at higher voltage and with
an additional transistor amplifier stage
as a driver to the parallel output stage
have indicated that up to 15 watts of
output can be obtained from the ampli-
fier chain. With such power into the
frequency-multiplier chain and with the
use of varactors designed for higher-
power-level operation, power outputs in
excess of 1 watt are attainable at 5,000
Mec without any revision in the package.
It must be recognized that the attain-
ment of power outputs substantially
higher than those characteristic of the
SS1025 will require varactors having
more stringent requirements, particu-
larly in relation to heat-sinking provi-
sions and characteristic parameters. In
addition, operation may have to be re-
stricted to narrow temperature ranges to
preserve the operating characteristics
because of the necessity of operating the
varactors closer to power saturation.
The operation of the harmonic-genera-
tor unit is not necessarily restricted to
the conversion of 104-Mc power to
5,000-Mc power. For example, if the
output quadrupler is replaced by a
tripler, or by a doubler, power outputs
in low s-band can be achieved. Also,
the circuit components used can be re-
tuned, with only minor modifications,
to provide frequency conversions up to
133 Mc to 6,400 Mc at the same power
levels. At significantly higher frequen-
cies, however, the efficiency of the tran-
sistors is substantially reduced, and
major design changes would be required




TABLE 1V——Acceptance Test Data

Finished 881025V? Unit (Serial No. M-12, weight
17 0z.) tested prior to customer

acceptance (at room temperature) on 1/27/64. Diplexer No. 1968.

General Data

Aging test at elapsed time: in hours, of:

Supply voltage, volts 55 55 56 56
Supply current, ma 316 360 321
Input signal power, mw 30 40 30 40

Qutput power, mw 415 460 435 485
Center freq., Ge 5 5 5 5
1.0-db bandwidth, Mec:
total 10.9 114 10.8 120
low side 67 71 67 76
high side 42 43 41 44
3.0-db bandwidth, Me:
total 187 18.2 18.6 184
low side 123 121 123 123
high side 64 61 63 6.1

Spurious outputs
(at 5,032 Mc), dbm

57
327
30
445

11.2
6.9
43

18.6
12.2
6.4

—116 —116 —116 —116 —116 —116

0 4 4 15 15 2
Iston off 2ndon off 3rdon of
57 56 56 56 56 56 56
383 1 313 318 318 317 318 318
40 30 30 30 30 30 30
500 440 430 430 420 420 420
5 5 5 5 5 5 5
11.9

7.8 Remarks:

4.1 Spurious outputs at 1,230, 2,500, 3,750,
6,250, and 7,500 Mc were not detectable.

18.3

li‘; System sensitivity:

’ @ Mec: 1,250 2,500 3,750 6,250 7,500
dbm: —75 —80 —69 —68 —T4

in the circuits of the frequency multi-
plier chain to obtain comparable conver-
sion efficiencies.

PRODUCT IMPROVEMENT

This paper reports the first product-
design cycle for the SS1025V7 harmonic
generator, in which the major problems
of miniaturization and ruggedization
were overcome wtih relatively small sac-
rifice in electrical performance. Late in
1963, the SS1025V7 harmonic generator
successfully completed flight certifica-
tion testing. A total of fifteen units have
been delivered to the customer whose
missile transponder system has, in turn,
passed flight certification tests.

A product improvement program is
currently underway to design a second-
generation device. Specific objectives
are:

1) Substitution of recently-developed
stud-mount transistors for the older
TO-5 configuration iransistor in the
power amplifier. This modification
will improve heat dissipation, increase
the guard band between actual and
rated power output, and reduce the
product fabrication cost in manufac-
turing. A prototype amplifier has been
built and is now being tested.

2) Temperature compensation of a key
frequency multiplier tuner. There was
need to eliminate the cycling to tune
the harmonic generator for perform-
ance over the 0°C-10-75°C tempera-
ture range. The improved multiplier
incorporates a tuner designed to be
self-compensating over the tempera-
ture range, based on dissimilar
thermal-expansion rates for the ma-
terials selected.

Redesign of the input section to in-

crease conversion efficiency of the final

multiplier stage.

3

=

The improvement program is still under-
way. However, a harmonic generator
which incorporates the temperature-
compensated tuner and modified input
section in the final multiplier stage has

demonstrated the following perform-
ance:

1) RF output power in excess of 14 watt
was obtained over the entire tempera-
ture range of 0° to 75°C;

2) unit required no warm-up time at 0°C
snap-on;
3) unit demonstrated acceptable per-

formance across the 0° to 75°C tem-
perature range after initial tuning at
room ambient temperature.

It is anticipated that the improved har-
monic generators will complete flight
certification and be in limited produc-
tion by the end of 1964.

ACKNOWLEDGEMENT
The authors gratefully acknowledge the
contributions made to this development
by F. Sterzer, E. Bliss, A. Presser, B.
Minton, A. Solomon, F. Elliott, R. Marx,
C. Hughes and E. Kuhmann.

BIBLIOGRAPHY

1 K. K. N. Chang, “Harmonic Generation
with Non-linear Reactance,” RCA Re-
view, Sept 1958.

2 A. Uhlir, “The Potential of Semiconduc-
tor Diodes in High-Frequency Communi-
cations,” Proc. IRE, June, 1958.

3 B. Bossard, S. J. Mehlman and A. New-
ton, “A Solid State One-Watt Tunable
Exciter for the 4550 Gigacycle Com-
munications Band,” Paper presented at
WESCON, 1963.

4 R. B. Janes, “The Continuing Revolution
in Semiconductors,” RCA ENGINEER,
Aptil-May, 1962.

5 Klein and Kressel, “High Power Silicon
Epitaxial Varactor Diodes,” RCA
ENcINEER, June-July, 1962.

6 Kressel and Gibbons, “New GaAs Power
Varactor Diodes VD310,” RCA Ener-
NEER, August-September, 1962.

7 Elvidge, Lopianowski, and Martin, “The
MM-600 Microwave System between
Rimousky and Mt. Carleton, Canada,”
RCA EncINeer, February-March, 1962.

8 Privett and Forbes, “A Transcontinental
Microwave System,” RCA ENGINEER,
QOctober-November, 1962.

9 Kaufman and Douthett, “Harmonic Gen-
eration Using Idler Circuits,” Proc. IRE,
April, 1960.

CRRE TEM ERATURE =0° C—‘

] 30
{oer"]
/
v 75
L]

AN

OUTPUT. POWER' AT- 416. Mc-——WAT'TS
e

o Fié 7—Powér output at: 5000 Me for we units

450

“DC TRANSISTOR: CURRENT =
L == MILLIAMPERES S

22 26 30 34 38 42
RFINPUT POWER AT 104,17, Mc-MILLIWATTS

Fig..6a—Caombined outputl power of transistor
umphﬂer and power quadrupler as:a funchon
of RF input. power. ;

UNIT TUNED AT 75° C CASE TEMPERATURE
TO REDUCE TRANSISTOR CURRE!

|

CIASE TEMPERATURE=75° C

a

30

Sior
o

Al
\

0 —

[ S
Qg G
QG

D

L E—
2272650 33 3@ Az
REINPUT  POWER AT 10417 Mc-MILLIWATTS

ng‘ 6b-—Trcmsustor current as funchon of RF
mpur power, :

46

o :
Qi :,

- $600 T e T T

B | INPUT POWER-34 MILLIWATTS

N UNIT 1

=500 e

e 3 R g P LSS ==
g S ‘/,——-A' UNIT2 \
5L 0F

0 =400

i<

2o

8

£ 2300 .

O

CASE TEMPERATURE.- . .

+ of the C:band harmonic generutor for case.

femperufures from O° to 75 c

S E———
10 207230 40 50 80 70

POWER

METER
104.16 Mc | - DIRECTIONAL IMPEDANCE
SS‘;GUI\:‘\:LE [ ATTENUATOR 103 ™ ooUPLER  [7] TRANSFORMER

\F.

L C-BAND MIXER ———-——-———-—1 e
HARMONIC }! DIPLEXER S -
| GENERATOR |- - - F
e ; JAMPLIFIER
: 2 WATT i
VOLTMETER A 0P0Me | ¥
: | ISOLATOR =gl SPECTRUM
MILLIAMMETER =110 dbm - !
- — L 5000 Mc i ANALYZER |
T HE
oc SIGNAL SOURCE
POWER 5000 Mc
SUPPLY +IF

F(g 8-Test setup used. for' measuring minimum.
discernible sugnai

65




GEMINI SPACECRAPT allows wideband modulation along

5) %}lt}tl ﬁlteri;lg for tlowt.spuri.ous output.
aterproof construction insures op-
PCM'PM TELEMETRY TRANSMITTERS eratiox{)raftercexstenged immserl;i(s)n Ii)n

salt water.

The GEMINI two-man spacecraft will use a pulse-code-modulated FM telemetry 6 L‘fgiidsgess ﬁ)er‘l]gl L:iBgleeVZ%mapfnﬁgﬁ
system operating at bit rates up to [12.6 kilobits. The RCA-designed solid-state temperature: 11,000 hours at 35°C;
three-transmitter system described herein provides the RF telemetry link between 9,900 hours at 71°C. .

the spacecraft and earth. A wide range of modulation freqencies (25 cps to 150) 7) Light weight and small size, universal

requirements for aerospace equipment,

k) low distortion, compactness, and light weight are design features. are achieved.

DESCRIPTION OF TRANSMITTER
Table I gives the electrical and mechani-
cal characteristics of the transmitter.

The transmitter consists of a react-
ance-modulated crystal oscillator (simi-
lar to that used on the Rancer VII shot)
with a corrected phase-modulated buffer
1) Efficient operation achieved over a amplifier and a cross-over network to

R. G. ERDMANN
Commaunications Systems Division, DEP, Camden, N.J.

THE GEMINI telemetry system uses a design with the following character-
three RCA-designed solid-state istics.
transmitters in the spacecraft: one real-

time unit, one for standby, and a delayed- wide range of input voltages by a ield frequency modulation over the
time unit. The mid-band delayed-time high-efficiency RF amplifier, a compact y ; 4 ¥ £ 95 50
unit transmits data collected by the and full-regulation pc-nc power con- lnput requency range o cps to 1
GEMINI tape recorder' when the orbiting verter, and a Tow-loss rF output filter. ke (Fig. 1). The high input impedance
. M . The wide variation in input voltages requirements of the system, along with
spacecraft is “hetween” ground stations. will result from the fuel cell power a deviation sensitivity requirement of
Figs. 1, 2, and 3 show the solid-state supplies to be used during a projected 100 ke/vol K % d th
modulation frequencies handled, 25 cps two-week mission. . Kc/volt peax, necessitate the use
to 150 ke. and the low distortion 2) Thermal heat-sinking withstands ther- of a Vldeol amplifier CODSISt'lng of thJ
achieved ' mal SFrlgles _laSUlng one 1-135“ Hfl gpvaz- stages of direct-coupled transistor ampli-
- uum following long perieds o era- . : : N
The RCA transmitters have already tion at high temperaliures. ﬁers}thgbamlfllﬁer <.ie'51g.n ergploys'nega
successfully performed in the GemINI 3) A reactance-modulated crystal oscil- tive lee fc to minimize distortion to
orbital firing in April 1964 (rPM-FM in lator with corrected phase modulation less than 4% over the modulation fre-
. e p . . provides maximum long- and short- quency range at peak deviations. The
this application). The special require- term frequency stability with instant exciter, or oscillator-modulator sub-
ments of the GEMINI telemetry system. warm-up, modulation rates of up to b’l . he vi .
plus the destructive elements encoun- 150 ke with 150-kc peak deviation at assemply, comprises the video am‘phﬁ.er,
tered in lift-off, outer space travel low distortion values, and maximum crystal oscillator, modulator circuits,
4 . ’ immunity from incidental FM under and buffer amplifiers for producing a
re-entry and recovery imposed challeng- vibration. o utput of 15 £19 to 22 M
ing problems, which were overcome in 4) Complete filtering of both power leads power output ol Lo mw a 0 &5 e
and RF output provides a “clean” out- Its output is multiplied to the transmitter
Pinal manuscript received November 12, 1964 put spectrum. The absence of mixers final frequency by 12:1.
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cuits. In 1955, Mr. Erdmann was assigned the pro-
ject of developing one of the first solid-state YHF
militarized receivers (R-737 Marker Beacon Re-
ceiver). Later, his group modified the basic design
of the ARR 48 data link receiver to produce the
R89I receiver for the RCA DRR-1 data link system
for the BOMARC-B missile. He was Leader of a
group responsible for the DYNA-SOAR SHF re-
ceiver, and Search and Rescue Transceiver. He is
now responsible for the GEMINI Telemetry Trans-
mitter. He is also currently engaged in directing
the group designing the LEM VHF Transceiver, to
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a Member of Tau Beta Pi, Eta Kappa Nu, and {EEE.
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The times-12 multiplier chain consists
of a buffer amplifier driving a varactor
multiplier diode which quadruples the
frequency at a power level of about 60
mw. The circuit is similar to circuits
developed for the DynaSoar multiplier
chains for use in the sHF transmitter and
receivers. Two stages of class-C transis-
tor amplifiers follow the times-4 stage to
raise the power level to about 1.5 watts.
A single transistor power amplifier
raises the power level to 6.5 watts and
feeds four varactor diodes connected in
series-parallel. The diodes convert the
80-Mc rr energy to 260-Mc output with
an efficiency of almost 50%,. The multi-
plier is matched to a bandpass filter,
which has less than 1 db of insertion
loss while yielding sufficient selectivity
to suppress the adjacent frequency mul-
tiples by almost 70 db. This vields an
antenna conducted output spectrum that
is almost 83 db down.

The transmitter contains a bpc-pC
power converter of the regulating type
to meet the requirements of wide varia-
tions in line voltages. This compact
power unit weighs only 11.75 ounces
and occupies about 8.5 cubic inches; it
consists of an L-C input filter to suppress
input spikes and audio frequency con-
ducted noise, a preregulator circuit and
oscillating converter, and a feedback
circuit which keeps the output constant
within %9 over the range of input
voltages. The power converter contains
a mu-metal (high-permeability) shield

fig.‘,2—Trdnsmi!ief with : cover ‘remo‘ved‘cn,n'd -
- RF subassemblies exposed. Note that tuning
‘adjustments are ‘exposed, Frame:is machined: -

: - from solid aluminum for strength ‘and to meet
close: tolerances. of ' spacecraft - mounting.

“When installed, ‘transmitfer isin- o hermeti-.

© cally sealed watertight container,

Fig. 3——Transmitler with power converter and

filters: 'exposed.. : An- RFinterference. filter is -

built-in.

to suppress the magnetic field from mod-
ulating the transmitter output.

DESIGN CHALLENGES

One of the more interesting design prob-
lems centered around the development
of the power converter; this unit repre-
sented a challenge due to its small size
and its relatively high-efficiency and low-
weight requirements. The problem of
weight was solved in part by potting
with a filled epoxy, instead of plain
€poxy.

The resultant L-C filter design keeps
noise spikes out of the converter by inte-
grating the spikes to a harmless value,
and at the same time filters the ac ripple
voltages. The converter employs a
switching transistor to preregulate the
input voltage to a value just below the
minimum line voltage, expected. An os-
cillating power converter then supplies
the voltages required by the transmitter
(70 and 30 volts) and feeds back an
error signal to the switching transistor
for voltage regulation. The resultant
regulation holds the output voltages of
the converter to a %% value over the
entire range of input voltages; thus,
uniform performance is assured over
line voltage input extremes.

The thermal design of the transmitter
presented a problem due to a require-
ment for operation without a coolant flow
in the heat sink, and continuous opera-
tion in a vacuum for up to one hour with
wall temperatures of 100°C. This situa-
tion is encountered by the vehicle during
re-entry when all available cooling is
required elsewhere in the spacecraft.
The transmitter must absorb all the heat
in a uniform manner (i.e., no hot spots)
and provide a design that can perform
satisfactorily with the resulting terminal
temperature. Special attention to heat-
sinking of the transistors plus reducing
thermal interfaces with soldered heat
sinks to the metal chassis solved this.

To provide a waterproof seal plus an
RFI (RF interference) tight seal in a
minimum of space was approached first
by use of rubber O-rings plus silver-
filled epoxy. The epoxy was later dis-

TABLE I—Transmitter Performance

225 to 260 Mec,
fixed -tuned

Freq uefc/y

Power output 2.0 watts
Power input 20.5 watts

(18 to 30.5 volts-Dc)
Frequency stability +.01%

disortion
Modulation, ¥M
intermodulation

25 cps to 150 ke at peak
deviation of 150 ke

distortion 3% max.
Size 38 cubic inches
(2.75 x 2.25 x 6.5 inches)
Weight 41 ounces, maximum

Temperature 0°C. to +55°C. nonmal
cooling 100°C. and no
coolant flow for 60

minutes

In salt water to a depth
of 4 feet for periods up
to 12 hours, not oper-
ating.

Immersion

carded for the use of a small sawtooth-
like finger stock as a more effective and
stable rFI seal.

The basic problem of high-power effi-
ciency faces any spacecraft designer, not
only for power conservation but also to
reduce heat dissipation. The rF circuits,
particularly the high-level stages such as
the power amplifier and the final multi-
plier, had to be operated at the maxi-
mum possible efficiency. Thus, low-loss
components, such as coils and trimmer
capacitors, were mandatory. Air trim-
mer capacitors were found necessary in
all the high-level circuits, as the loss
encountered with the customary ceramic
and glass units caused an intolerable
amount of R¥ power loss. This quest for
the utmost in power conservation led to
the use of a bandpass output filter hav-
ing only 1-db insertion loss, while still
suppressing two-thirds of F, out of the
multiplier by some 70 db. In this case
a large filter was adapted to the allo-
cated space by omitting the outer barrel;
this packaging concept saved enough
weight so that the frame and cover could
be made massive enough to absorb heat
and withstand vibration.

Finally, the dense packaging of the rR¥
circuits and the push to reduce weight
caused vibration problems due to reson-
ances in the overall package design. The
high-frequency and high-efficiency re-
quirements did not permit the use of
foam encapsulants which would have
helped materially. A heavier cover with
chassis stiffener posts plus selective
potting of components solved this.

The transmitter has passed all quali-
fication tests with some redesign found
necessary, e.g., vibration problem. The
first flight test of the Gemint vehicle
(April, 1964) contained three transmit-
ters for telemetering data to ground.
These units were connected in an FM-FM
system employing subcarrier oscillators.
All three transmitters were connected
for independent data transmission on
each. Flight results were extremely
good, with all units functioning nor-
mally. These units were not recovered.

CONCLUSION

The Gemini telemetry transmitter is a
specialized design to meet the unusual
GEMINI spacecraft requirements. How-
ever, the transmitter embodies solutions
of problems common to all space vehi-
cles and is, therefore, suitable to other
space applications.

The transmitter was designed in the
DEP Communication Systems Division’s
UHF Communications Equipment Engi-
neering section in Camden. A total of
69 units will be produced on this project.
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ELECTRON IMAGE MAGNIFICATION IN
BROADCAST TV CAMERAS SIMULATES
LONG-FOCAL-LENGTH LENSES

To obtain clear close-ups from a remote TV-camera position, the camera is
equipped with conventional long-focal-length lens systems. But planning for the
1964 national political conventions indicated that conventional optical lenses
with focal lengths of 100 inches or more would be desirable—optics that are
prohibitively costly. By operating on the electron optics in the image section of
the image orthicon to produce magnification of the photo-electron image, it
was possible to simulate the expensive long-focal-length lenses with relatively
inexpensive shorter-focal-length lenses without any apparent degradation in
picture quality. This approach was developed by and exclusive with NBC at
both 1964 political conventions, and provided NBC a definite advantage over
other networks in obtaining excellent close-ups.

F. HIMELFARB
National Broadcasting Co., Inc., New York City, N. Y.

n the operation of the image orthi-
I con, the photoelectrons leaving the
photocathode surface are focused on the
target by means of an electronic lens
produced by the electric and magnetic
fields in the image section. The photo-
electrons emitted from the photocathode
follow approximately the magnetic lines
of force and are focused on the target
by proper adjustment of electrode
potentials.

Fig. 1 shows the electric and magnetic
fields in the image section of a 3-inch
image orthicon. Since the photoelec-
trons follow the magnetic lines of force,
the electronic lens is actually a reduc-
tion lens with a magnification ratio of
approximately 0.85. The magnification
ratio is related to the ratio of the mag-
netic flux densities at the photocathode
and at the target. It can be approxi-
mately given as:

Final manuscript received October 6, 1964

Fig. 1—Flectric and  magnetic
fields in 3-inch imoge orthicon.
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Fig. 2-Principle” of electronic
imoge magnification.

M~ /‘/ flux density photocathode

flux density target

In a 3-inch image orthicon camera,
the focusing magnetic field strength
produced by the focus coil is 75 gauss;
near the target, it has decreased to about
70 gauss and at the photocathode it is
only about 50 gauss:

M=~ g/ 30 =085

70

It therefore follows that to produce mag-
nification in the image section, it is nec-
essary to increase the magnetic flux
density at the photocathode relative to
the flux density at the target.

This is exactly the procedure that is
followed in 4%4-inch image - orthicon
cameras where controlled image magni-
fication is required. The sizes of the
photocathode areas used in both the
3.inch and 4l4-inch image orthicons are

Fig. 3—Auxiliary focus coil.

the same, and therefore, the electron
image in the 4l4-inch image orthicon
must be magnified in order to fill its
larger target. Magnification is pro-
duced by the addition of an auxiliary
focus coil in front of the photocathode
connected in series aiding with the main
focusing coil, to increase the magnetic
field strength at the photocathode rela-
tive to the target.

Fig. 2 illustrates this technique and
the principle of electronic magnification.
The field strength at the target is ap-
proximately 60 gauss and in the plane
of the photocathode it is approximately
120 gauss, giving the required magnifi-
cation ration M =~ 1.5 X.

The application of these principles to
the television cameras for use at the
political conventions was determined by
the following operational requirements
and conditions:

1) To provide for controlled image mag-
nification in 3-inch image orthicon
cameras in preset steps of 1.00 X,
1.25 X, 1.50 X, 1.75 X and 2.00 X. The
first step (1.00 X) was arbitrarily
chosen as normal camera operation
where M is actually 0.85.

2) To provide for the random selection
of these preset conditions by the
cameraman during operation much
the same as he would select lenses
normally.

3) To provide for quick installation of
the necessary equipment for image
magnification and for quick removal
if necessary for normal operation later
on, without modification of the equip-
ment.

To satisfy these operational require-
ments, the following design conditions
were established:

1) An auxiliary focus coil must be pro-
vided and the current to this coil must
be precisely controlled in steps.

In order to eliminate camera modifica-
tions, an external current regulated
power supply was used to supply the
auxiliary focus coil current instead of
tapping into the main focus coil cur-
rent source. The power supply must
be capable of being programmed to
produce the constant regulated cur-
rents required for each magnification
step.

2

—

Fig. 4—Auxiliary focus coil in-
stalled in the camera,




3) Electrical focus must be maintained.
For each step of magnification, the
photocathode voltage must be properly
adjusted and because there is leakage
of magnetic flux from the auxiliary
focus coil into the scanning section of
the image orthicon, the wall {ocus volt-
age must also be properly adjusted.
A separate set of photocathode voltage
and wall focus voltage controls must
be provided to be switched in and pre-
set for each magnification step. These
preset controls should be at the vidoe
control position where there is proper
monitoring facilities for setting elec-
trical focus.

4) In order to provide local control for
the video control setup and remote
control for the cameraman’s selection
of the desired magnification step dur-
ing operation, a relay chassis must be
designed to switch the current power
supply programming controls, and the
electrical focus controls with local
pushbutton controls at the video posi-
tion and remote pushbutton control at
the camera position.

The auxiliary focus coil was designed to
be installed in the image orthicon yoke
assembly in place of the normal retain-
ing ring. The coil form used was a bob-
bin made of aluminum for strength and
heat conductivity fitted into an alumi-
num collar which is slotted to act as the
retaining ring (Figs. 3 and 4). The
volume of the space available for the
doughnut-shaped coil is fixed by the in-
side diameter of the focus coil, the open-
ing port required for the image orthicon,
and the distance measured from the face
of the image orthicon to the end of the
yoke assembly. The efficiency of the
coil is determined by the packing density
of the coil. The power required for the
coil is relatively independent of the wire
size used over a fairly wide range.
Smaller-size wire permits more turns in
the given volume, requiring less current
for a given flux density; but a higher
voltage supply is required because of
the higher coil resistance. Similarly,
larger wire provides less turns, needs
more current, but the supply voltage re-
quired is lower because of the lower coil
resistance. The final coil design con-

FRED HIMELFARB graduated from Corneli Uni-
versity in 1950 with a BEE and that year joined the
TV Terminal Group at RCA Camden to work on the
development and field testing of color television
camera equipments. In 1954 he ioined NBC as an
Audio Video Facilities engineer and worked on new
color television studios and facilities. In 1959 he
was appointed a Project Engineer in the Engineer-
ing Development Group at NBC. He is a member
of Eta Kappa Nu, Phi Kapp:a Phi, and Tau Beta Pi.

sisted of 1,326 turns of AWG #25 heavy
formex magnetic wire, form-wound. This
design permitted the use of a transistor-
ized low voltage current regulated power
supply programmed to produce, in steps,
constant regulated current to the coil.
The coil performance results were as
follows:

M Current Approx. Power
1.00X 0.0 amp 0.0 watts
1.25X 0.3 2.4
1.50X 0.4 4.3
1.75X 0.5 6.8
2.00X 0.7 13.0

Fig. 5 shows the remote-control box con-
taining a set of illuminated selector
pushbuttons for the cameraman. It was
designed to slip over two studs mounted
on the rear of the left side door of the
camera for quick installation and/or re-
moval. The auxiliary focus coil leads
were also routed to a plug in the left
side door and then into the control box
and together with the control wires
down a short cable with a standard
camera cable bell connector at its end.
Thus, a standard monochrome camera
cable was used from the camera control
position to the camera for the image

magnification circuitry. This was an
extra safety feature for the remote
camera as it provided a possible spare
main camera cable in case of trouble.

Figs. 6 and 7 show the separate elec-
tronic lens magnifier control chassis
which was provided at the camera control
position. This unit contains:

1) The constant current power supply
2) Switching relays

3) Local illuminated selector push keys
4) Sets of electrical focus controls

5) Current programming controls

6) Local/remote delegate switch

7) Local battery supply for the relay
system

This unit requires 117 volts-ac for power
input. It connects via camera cable to
the coil and remote controls at the
camera. It also connects via a special
cable into the camera control unit
which had to be modified (Fig. 8)
to bring out the photocathode and wall
focus voltage controls. The existing
photocathode voltage control and the
wall focus voltage control on the camera
control unit proper are used for the
1.00 X magnifier position. A self-
normalling plug is available at the con-
trol unit for use without the magnifier.

At the political conventions, an 80-
inch lens and a 40-inch lens were
used in conjunction with the magnifier
equipped cameras. This provided the
cameraman with the following combina-
tions:

M 80 Inch Lens 40 Inch Lens
1.00X 80 inch 40 inch
1.25X 100 inch 50 inch
1:50X 120 inch 60 inch
1.75X 140 inch 70 inch
2.00X 160 inch 80 inch

Larger magnification ratios are possible
but were not required for this applica-
tion. The only difficulties to be encount-
ered would be the increased power and
heat dissipated in the coil and the need
for increased light since the usable
photocathode decreases with increases
in magnification.

Fig. 6—Magnifier control chassis
(front view).

Fig. 5—Remote control box in-
stalled on-the camera.

Fig. 7-—Magnifier control chassis

Fig. 8—Camera control chassis
{rear view). ;

modification.
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OVERLOAD CONSIDERATIONS FOR
LOW-COST TRANSISTORIZED
AM RECEIVERS

An important, often overlooked performance characteristic of a low-cost fransis-
torized AM receiver is its operation without overloading in presence of a strong
signal. Signal strengths exceeding | volt/meter can exist near a transmitting
antenna. A well designed receiver must handle this strong signal and still deliver
intelligible acoustic output with only a few hundred microvolts/meter present.
These extremes dictate severe AGC requirements and necessitate special over-
load considerations. This article describes design techniques that permit
improved overload performance without sacrificing receiver gain. An example
of the RCA RFG20 "Marathon" portable receiver is cited wherein these tech-

niques are successfully applied.

D. E. KOWALLEK and M. C. MEHTA
RCA Victor Home Instruments Division, Indianapolis, Ind.

VERLOAD resulting from a strong sig-
O nal will be defined as excessive
distortion of the RF or IF carrier enve-
lope. In general, for a fixed biased
tuned amplifier, overload will take place
in the form of distortion of the upward
modulation (envelope peaks). In a
tuned amplifier to which reverse Acc is
applied, overload in the form of distor-
tion of both the upward and downward
modulation (envelope valleys) may oc-
cur. Either type may appear when the
receiver is tuned exactly to the fre-
quency of the transmitted signal, or
when the receiver is slightly detuned.
The resulting tune-through characteris-
tic is a very important aspect of strong
signal performance.

Fig. 1 shows the I, vs. V55 character-
istic of a typical p-n-p germanium tran-
sistor. This transconductance character-
istic may be used to predict overload,
since in general, tuned amplifiers are
mismatched so that the driving stage acts
as a constant voltage source. The posi-
tion of the operating point in the for-
ward biased region will determine the
type of overload which can occur. The
position of the operating point in the
reverse biased region will determine

Final manuscript received November 2, 1964
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the maximum input signal that can be
applied without causing overload.

LARGE OUTPUT SIGNAL OVERLOAD

If a transistor is biased at Q, of Fig. 1
and a sufficient input signal is applied,
the collector current waveform will be-
come clipped due to current saturation.
If the collector is terminated in a circuit
which is tuned to the input frequency,
the impedance of the tuned circuit at the
harmonic frequencies will be extremely
low. The voltages produced by the vari-
ous current harmonics will therefore be
negligible. The output voltage will then
become a function of the fundamental of
the current waveform. It will be a sym-
metrical sinusoid even though the cur-
rent waveform is severely clipped. Like-
wise, for the case of a tuned 1r amplifier
biased at Q, a large modulated input
signal will cause a symmetrically
clipped voltage envelope to appear
across the output tuned circuit. The re-
sult is voltage clipping as shown in Fig.
2. Tt is distinguished by a squared mod-
ulation envelope with a peak-to-peak
voltage of approximately 2 Vp.

If the tuned 17 amplifier is biased at
Q. of Fig. 1 and a large modulated input
signal is applied, collector current cut-
off will occur with the upward modula-
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tion. The resulting voltage envelope
which appears across the output tuned
circuit indicates current clipping. This
is shown in Fig. 3. In this case, the
envelope is distinguished by the “round-
ing” of the upward modulation and a
peak-to-peak voltage of less than 2 V.

SMALL OUTPUT SIGNAL OVERLOAD

If the quiescent current of the tuned I1F
amplifier is reduced to a value cor-
responding to Q; of Fig. 1, the stage gain
will be drastically reduced. Therefore,
clipping as previously defined will not
occur; however, as the input signal is
increased, envelope distortion will occur
as a result of the nonlinearity of the
transconductance characteristic. This is
shown in Fig. 4. It has been shown that
envelope distortion becomes excessive if
the input signal exceeds approximately
10 mv-rms and that the distortion in-
creases directly with the percent modu-
lation. It is therefore desirable that the
quiescent point of the transistor be
moved through the knee of the trans-
conductance characteristic toward re-
verse bias before the signal input
exceeds approximately 10 mv-RMs.

ATTENUATION IN REVERSE BIAS

If the quiescent point of the amplifier is
taken into the reverse bias region, as
indicated by Q, of Fig. 1, attenuation of
the input signal will occur. In this
region, the intrinsic transconductance of
the transistor is reduced to zero. How-
ever, the collector to base capacitance,
C.;” will cause a signal feed-through to
the following tuned circuit as shown in
Fig. 5. The voltage division across C,;
and R,, the effective resistance appear-
ing at the collector of the transistor,
results in signal attenuation. With a
given value of C,’, a lower value of R,
will provide greater attenuation; con-
versely, a larger value of R, will provide
less attenuation.

A signal input far exceeding 10
mv-RMS can be applied in the reverse
bias region providing that the peaks of
the upward modulation do not swing
back into the forward characteristic. A
sufficient reverse bias voltage is there-

Fig. 1—Transconductance characteristic
for pnp germanium transistor.
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ig.  2—Envelope aistorrion. due ‘to
oliage clipping.

fore necessary. However, this voltage
should never exceed the reverse base to
emitter breakdown voltage.

DESIGN CONSIDERATIONS

The amplifier immediately preceding
the detector circuit will be susceptible to
large output signal overload in the form
of voltage or current clipping. This
stage must be capable of supplying the
detector with sufficient power for Acc
operation before clipping takes place.
Fig. 6 shows the maximum unclipped
signal power output of a tuned amplifier
as a function of R,, the effective resist-
ance appearing at the collector of the
transistor. The available power reaches
a maximum of Vgpl./2 at Ry = Vei/1,
for any given set of quiescent conditions.
This value of R, is the value at which

both the full RMs current of I,/\/2 and

the full rRMs voltage of Vys/7\/2 oceur.
Simultaneous voltage and current clip-
ping is therefore achieved. The signal
power can be increased for a given Vg
by an increase in /, and a corresponding
decrease in R,. Usually, mare than 1
ma of collector current is necessary to
provide adequate power for aAcc opera-
tion. Similarly, clipping overload in any
other stage can be minimized by the
choice of the proper quiescent point and
a corresponding R,.

A gain-controlled amplifier will be
susceptible to small output signal over-
load when reverse Acc is applied. If
overload is to be prevented, the acc
voltage must cause the operating point
to pass through the knee of the trans-
conductance characteristic toward re-
verse bias before the input signal
exceeds 10 mv-rms. In spite of the loss
of gain in the controlled stage, the signal
power to the detector must be sufficient
to maintain reverse bias. This dictates a
minimum gain requirement in the fixed
gain amplifier (s) between the controlled
stage and the detector. 1f more reverse
bias attenuation is designed into the con-
trolled stage, more gain is required in
the following amplifier (s). The amount
of gain required normally dictates the
use of more than one stage of amplifica-
tion. Therefore, in a low-cost receiver
design where only one stage is used, the
attempt is made to limit the signal ap-
pearing at the input of the controlled
stage to 10 mv-RMs. If this is done, the
stage need not be driven into reverse
bias. The signal may be limited in the
following three ways:

Fig. 3-—Envelope ' distortion due to
current clipping.

1) the transformer on the input of the
controlled stage may be designed for
a large voltage step down ratio;

2) the gain ahead of the controlled stage
can be kept to a minimum;

3) overload protection, such as back
biased diode, can be placed just ahead
of the controlled stage.

The application of the various tech-
niques for overcoming both small and
large output-signal overload will result
in mismatch losses which alone are not
sufficient to produce stable operation.
Additional mismatch™ losses should be
distributed so that maximum stable gain
per stage is achieved. In this way, over-
all receiver sensitivity is maintained.

The receiver should be designed to
minimize overload on the selectivity
skirts as well as on the center frequency.
The loss of gain in the selective ampli-
fiers as the receiver is detuned from the
strong signal will allow the acc to relax.
If the Acc system is designed to reverse-
bias one of the stages, the Acc may allow
the operating point to return to the for-
ward-biased region before the input sig-
nal drops to 10 mv-rRmMs. In this case,
small output-signal overload will occur
on the selectivity skirt. An undesirable
tune-through characteristic will occur.
To improve tune-through, the greatest
portion of the receiver’s selectivity
should be placed ahead of the acc-
controlled stage. The gain reduction
on the selectivity skirt will then reduce
the input signal to the controlled stage
simultaneously with the reduction of Acc
voltage.

SUMMARY

A fixed-biased amplifier operating at
tion. As the quiescent current is
reduced, the stage gain will be reduced.
Then for a given output signal, a greater
input signal will be required. The in-
maximum stable gain will normally re-
quire an input signal of only a few milli-
volts to drive the stage into clipping.
The predominant envelope distortion
will occur as a “flattening” or “round-

Fig." 4—Envelope 'distortion due to
transconductance nonlinearity. bias.

Cev'=COLLECTOR TO BASE CAPACITANCE
Rz=EFFECTIVE RESISTANCE APPEARING
AT THE COLLECTOR

Fig. 5—Tuned amplifier in' reverse

ing” of the peaks of the upward modula-
creased signal excursion will cause
envelope distortion due to the nonlin-
earity of the transconductance.
The envelope distortion resulting from
clipping of the upward modulation may
be minimized by an increase in the sig-
nal power output capability of the stage.
Excessive envelope distortion which oc-
curs at a reduced operating gain may be
prevented either by 1) limiting the input
signal to the controlled stage, or 2)
reverse biasing the controlled stage be
fore 10 mv-rRMS appear at its input. i
The RCA “Marathon” portable receiv-
er, model RFG20, is shown in Fig. 7. This
instrument utilizes two high capacity D
cells for its power supply. Despite the
limited dynamic range imposed by 3-volt
operation, excellent overload perform-
ance has been achieved. At 30% modu-
lation, this receiver can handle greater
than 2 volts/meter before 10% overall
harmonic distortion is produced. This
excellent overload characteristic repre-
sents what can be achieved in a low-cost
receiver design. Table I indicates that
low-level performance has not been com-
promised to handle overload.
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TABLE —Nominal Performance of RCA
““Marathon’’ Portable Receiver, Model
RFG20, Measured at 3.0 Volts DC.

Frequency : ke: 600 1000 1400

50-mw sensitivity, 4v/meter 150 165 220
20-db S/N, uv/meter 440 340 360
Image attenuation, X 250 115 46
1F attenuation, X 50 115 121
Selectivity, A.C.A., 10-ke, X 40 17 12
aqc figure of merit, db 42 39 36
Signal strength ; 30%

modulation for 10%

distortion — >2 —

volts/meter

Fig. 6—Maximum unclipped signal
power vs, Ry,
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RC-1218 SOLID-STATE

STEREO-MULTIPLEX

Radio Victrola Product Engineering
RCA Victor Home Instruments Division

DESIGN OF THE

AM-FM

HI-FI RECEIVER

J. B. SCHULTZ

Indianapolis, Ind.

HE major objective for the RC-1218
Treceiver program was to produce a
solid-state AM-FM and stereo multiplex
receiver having performance equal to or
surpassing that of its vacuum tube coun-
terpart. This objective was to he met
with similar cost restrictions. Table I
shows the degree to which the perform-
ance objectives were met.

The mechanical design stresses the
use of automatic assembly techniques
resulting in a more uniform product at
lower cost. Printed boards are used for
all major functions, and all components
are inserted into the boards from one
side. The inter-board connections are
simplified by localizing the takeoff
points to one area and using wire har-
nesses. Molded, fixed-tuned coils are
used in the Fu radio-frequency circuitry.
Finally, the printed circuit boards are
mounted to the chassis by using auto-
matically inserted eyelets which are
soldered to lugs on the chassis.

The electrical design of the RC-1218
is discussed in greater detail later in this
paper; however, some of the design fea-
tures may be summarized as follows:

1) an automatic AFc switch disables the
AFc when the tuning knob is rotated
in either direction. When a desired
FM station is reached, AFc is applied
by simply depressing the center of
the tuning knob.

2) a stereo multiplex circuit automati-
cally switches to monaural operation
when a mono signal is present. This
feature insures an optimum mode of
operation for different signal condi-
tions.

Final manuscript received November 2, 1964

Although transistors have previously enjoyed widespread use in portable receivers
and military communication equipment, 1964 saw the first significant penetra-
tion of solid-state devices in line-operated home instrument equipment. Prior
to 1964, relatively high cost dictated that the use of fransistor circuitry had to
offer significant advantages over similar vacuum-tube circuitry (e.q. low power
consumption in portable entertainment receivers; in military equipment, size,
weight, and reliability). Advancing device technology has made transistor-cir-
cuitry cost competitive with equivalent tube circuitry, and solid-state line-oper-
ated home entertainment equipment has become economically attractive. As
a result, RCA has introduced the RC-1218 solid-state AM-FM stereo receiver
into the top end of the high-fidelity product line. Its design is described herein.

3) a tuning meter indicates signal
strength for both AM and FM opera-
tion,

4) shock mounting of the entire receiver
eliminates acoustical feedback.

5) illuminated dial and control areas.

6) a die cast escutcheon.

A simplified block diagram of the RC-
1218 is shown in Fig. 3. For convenience
in description, the receiver can be
divided into four areas: 1) the FM tuner,
2) the Fm, I1F, and AM receiver board,
3) the stereo multiplex board, and 4)
the audio preamplifier board.

FM TUNER

The RF stage of the Fu tuner employs a
germanium mesa transistor operated in

~ a common-emitter configuration. A col-

lector current of 2 ma and a collector-
to-emitter voltage of about 7.5 volts is
used. The balun and input-tuned cir-
cuits losses are approximately 1.5 db.
At 100 Mc, the device noise factor of the
RF transistor is 3 db, and the gain of the
RF stage is 14 db. With this combination,
and a converter noise factor of 13 db,
the receiver noise factor is about 5.5 db.

The converter circuit also uses a ger-
manium mesa transistor operated in a
common-base configuration; oscillator
injection for optimum conversion gain
and noise factor is about 150 mv. To
avoid the loading effects of the transis-
tor, the oscillator circuit is designed so
that the circuit impedances are consid-
erably lower than the input and output

impedance of the transistor. By doing
this, changes in transistor parameters
will not affect oscillator frequency; the
oscillator frequency change for supply
voltage variations of =40% is less than
+100 ke. The choice of the 10.7-Mc load
impedance in the collector circuit is a
compromise between gain and overload.
Overload occurs when voltage clipping
of the 10.7-Mc signal in the collector
circuit drastically affects the oscillator
amplitude and frequency. The 1F load
impedance is chosen so that voltage
clipping will not occur at the strongest
signal anticipated. For this application,
an IF load impedance of 1,500 ohms is
used ; with this load, the gain of the con-
verter is 6 db.

The antenna, RF interstage, and oscil-
lator transformers are molded coils; the
need to adjust the inductance of these
coils is eliminated by maintaining a
1.59% tolerance on the coils and provid-
ing an accurate and controlled assembly
of the tuner board to the ganged tuning
capacitor. Fig. 4 shows the assembly
procedure for the FM tuner.

FM, IF, AND AM RECEIVER BOARD

This printed board includes four 10.7-Mc
IF stages, a ratio detector, the AM radio
frequency and converter stages, two
455-kc 17 stages, and the FM tuner assem-
bly. The second and third 10.7-Mc
stages are common with the two 455-ke
IF stages.

Fig. 1-—RC-1218 solid-state re-
ceiver.

and mechanical assembly.

Fig. 2—RC-1218 chassis layout
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The 10.7-Mc 1F employs the same fam-
ily of transistors used in the Fm tuner.
Four double-tuned transformers provide
a 200 kc adjacent channel attenuation of
20 db while maintaining a 3-db band-
with of 190 kc. To avoid loading effects
on the tuned circuits and insure stable
operation and constant bandpass char-
acteristics, the source and load imped-
ances of each stage are kept small
compared to the input and output
impedances of the transistors. The first
stage operates at 30-db gain and the
other three at gains of 20 db; the overall
gain of the 1r amplifier is approximately
90 db.

For maximum AM rejection, each 1F
stage is designed to limit at approxi-
mately the same signal input. The fourth
IF stage limits first, and after an in-
crease in signal level of 20 db, the third
(F stage begins to limit. With an addi-
tional 20-db increase in signal level, the
second IF stage begins to limit, and so
on. The limiting and signal-to-noise
characteristics are shown in Fig. 5.

A standard ratio detector circuit pro-

Fig. 3—Functions of
the RC-1218.

(L-R)SIDE BANDS

vides 25-db AM rejection at signal levels
below limiting. The output of the ratio
detector supplies the multiplex circuit
with a wideband composite signal for
stereo operation. For monaural opera-
tion, this composite signal undergoes
response shaping through a 75-usec de-
emphasis network.

AM RECEIVER STATION

The AM receiver section uses drift-field
transistor for the r¥ stage and converter
circuits. The two 455-kc 1F stages use
devices common to the second and third
10.7-Mc 1F stages. The rrF selectivity is
provided by a ¥4-in-diameter, 7-inch-
long ferrite antenna operating with a Q
of 150, and a single-tuned r¥ interstage
circuit operating with a Q of 100. The
1F selectivity is provided by one single-
tuned and two double-tuned transform-
ers. The 1r amplifier has a 3-db band-
width of 10 ke¢, and a 10-kc adjacent
channel attenuation of 22 db. The over-
all 3-db bandwidth is primarily deter-
mined by the r¥ selectivity, while the 1F
selectivity supplies most of the adjacent
channel rejection.

The most difficult problem encoun-
tered in the AM receiver design involves
strong-signal operation. Overload may
occur when the receiver is being tuned
through a strong signal, or when the
receiver is tuned directly to a desired
frequency of high signal strength. There
are two important system considerations
which must be taken into account if the
transistor AM receiver is to approach the
performance of its vacuum tube counter-
part at strong signals.

The first consideration is placement of
the greatest amount of selectivity at the
lowest signal level points in the receiver.
In other words, the maximum amount of
selectivity should be at the front end of
the receiver, while the gain should be
concentrated in the final stages of the
receiver. This arrangement is necessary
to insure that strong signals do not cause
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Fig. 5-——Limiting and signal-to-noise characteristics.

overload when the receiver is detuned
to the point where Acc is inoperative.
Fig. 6 shows the gain distribution of
both the am and Fm sections of the
RC-1218.

The second consideration is the acc
characteristics. To operate in field
strengths ranging from 50 wv/m to
2 v/m, the acc range must be at least
80 db. To accomplish this amount of
control, the RF stage must be completely
cut off. However, to reduce the g,, of
the transistor to zero, the forward trans-
fer characteristic must traverse a very
nonlinear region. To prevent overload
in this region, the signal level at the
base of the RF stage must not exceed
10 millivolts. Consequently, then,
the bias of the RF stage must move
through this region and into the linear
reverse bias condition before a 10-mv
input level is reached. The attenuation
of the RF stage in a reverse bias condi-
tion is approximately 50 db. Conse-
quently, the acc must begin to act at the
lowest signal level consistent with good
noise performance. In addition, the pc
gain of the Acc loop must be high so that
the RF stage gain is reduced as rapidly
as possible. .To accomplish this, the first
IF is used as a pc amplifier between the
detector and the ®rr stage. To make
optimum use of the pc output of the
detector, the diode circuit is connected

O O= T L AND
_——m = e AM._BOARD
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directly between the base and emitter of
the first IF stage. In this way, the pc
degeneration of an emitter resistor is
avoided. The Acc and signal-to-noise
characteristics are shown in Fig. 7.

THE STEREO MULTIPLEX BOARD

The multiplex portion of the RC-1218
provides two-channel stereo service from
a composite multiplex signal consisting
of: a 19-ke pilot, an (L — R) signal, and
an (L + R) signal. The (L — R) infor-
mation appears as amplitude modulation
of a suppressed 38-kc subcarrier.

An explanation of the Fig. 3 multiplex
circuit follows. The 19-kc pilot signal
is amplified through a two-stage 19-kc
amplifier; the signal then drives a fre-
quency doubler, which in turn drives a
38-kc amplifier. The high-level 38-ke
signal is then used to switch the diodes
of a balanced wide-angle synchronous
detector.

The sidebands of the suppressed
38-kc subcarrier are fed to the synchro-
nous detector through the center tap of
a bifilar secondary of the 38-kc trans-
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Fig. 6—~Gain distribution.

former. The (L — R) information con-
tained in the aAM sidebands is detected
and appears out of phase at the inputs
to the differential amplifier (Q305 and
Q306). The (L — R) information ap-
pears on one input and —(L — R) on
the other.

The (L + R) signal is also coupled
to the differential amplifier through the
synchronous detecsor diodes. This L + R
signal appears in phase at both inputs
to the differential amplifier. The com-
bined signal at the left channel input is
[(L+R)+n(L—R)], and at the
right channel input is [(L 4+ R) —»
(L — R)], where 7 is the efficiency of
the detector circuit and, in this case, is
about 0.7.

After collecting terms, the left chan-
nel signal becomes (1.7L 4 0.3R), and the
right channel becomes (0.3L + 1.7R).
Cross-coupling between the emitters of
the differential amplifier is adjusted so
that approximately (0.3/1.7) (0.3L 4
1.7R) appears at the emitter of the left
channel and (0.3/1.7) (1.7L + 0.3R)
appears at the emitter of the right chan-
nel. This cancels the R signal in the left
channel and the L signal in the right
channel.

The separated left and right channel
signals are then passed through a 15-ke
low-pass filter to reduce undesirable fre-
quency components. .

In the absence of a 19-kc pilot signal,
the second stage of the 19-kc amplifier
(Q302) is biased to a low-gain operating
point. This basis is derived from the
collector circuit of the pc amplifier
Q304. When a 19-kc signal appears, the
rectified voltage from the doubler circuit
drives the 38-kc amplifier into conduc-
tion. This in turn increases the current
in Q304. The positive-going collector of
Q304 reduces the negative potential at
the emitter of Q302 and the loop gain
rises. This regenerative process contin-
ues until Q304 is completely turned on.
Conversely, if the 19-kc signal decreases,
the process is reversed and a degenera-
tive action takes place. The presence of
this feedback loop results in a rapid
turn on, or turn off of stereo operation
as a 19-ke signal is applied or removed.
In the absence of the 19-kc pilot, the
multiplex circuit is inoperative and
monaural operation with its superior

signal-to-noise performance is automat-
ically realized.

The pc amplifier Q304 also acts as a
switch for a 40-ma incandescent lamp;
this lamp is used to indicate the pres-
ence of a 19-kc pilot.

THE AUDIO PREAMPLIFIER BOARD

This board includes three audio stages
for each channel, separate bass and
treble tone control circuits, a compen-
sated loudness control, and a balance
control. The preamplifier is designed
for use with a ceramic pickup having
a capacity of 600 pf and a standard
open-circuit voltage of 0.25 volts. The
dynamic range referenced to standard
input is 22 db. At maximum loudness
and flat tone control settings, the voltage
gain is approximately 20x. The response
characteristic of the tone controls is
shown in Fig. 6.

The first stage of the preamplifier
uses a low-noise germanium alloy tran-
sistor. The second and third stages use
transistors from the same family except
without the low-noise specification. The
preamplifier, as well as all other sec-
tions of the receiver, is designed to
operate over a temperature range of
10°C 1o 55°C.
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TABLE [~—Performance of RC-1218
Transistor Receiver vs, RC-1211
Tube Receiver

RC 1211 RC 1218
1963 1964
Deluxe Deluxe
Tube Transistor
Receiver' Receiver
FM PERFORMANCE ‘
(300 Source)
30-db 8/N sens 7 uv 6 uv
3-db limiting knee 6 uv 10 uv
AM rejection,
10uv 30 % mod. 25 db 25 db
3-db bandwidth 170 ke 190 ke
ACA 200 ke 20 db 20 db
image rej. 108 Mc 35 db 35 db
maximum input signal 0.3 volt. 1 volt
stereo separation 1,000 ¢ps 25 db 30 db
AM PERFORMANCE
20 db S8/N sens 60 uv/m 80 uv/m
Sens. rated output 30 uv/m 30 uv/m

3-db bandwidth (1,000 ke) 5 ke 6 ke

ACA 10 ke (1,000 ke) 35 db 30 db
image rej. (1,400 kc) 80 db 80 db
AGC figure of merit

ref. t0 0.1 v/m 55 db 55 db
maximum input 80 % mod. 3v/m 2v/m




Fig. 1= 100-character lihe slot.
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HE modern approach to a data
processing operation is an inte-

CONTROL k grated one—the system is designed and
CHARACTERS R : S implemented such that remote data

: e o . o sources can communicate their data
LINE ; ; o 9R S _ o automatically over transmission facili-
SLOT . DATA . - ties such as teletype or telephone lines

processing (in addition to the regular
data inputs at the computer’s location).
Similarly, in some systems, computers
at remote locations may need to com-
municate their data with each other.
With the high processing speed and
large memory capacity of modern com-
puters, the handling of data from such
various sources in ‘‘batches” becomes
a deterrent to efficient use of the com-
puter. That is, if a batch of data from
one input source must be completely
processed before another can be
handled, obvious inefficiencies result.
The solution is equipment operating
on-line with the input-output section
of the computer that will accept the
data from multiple sources and feed it
to the computer in such a manner as to
achieve a simultaneous processing of
the data. Thus, the computer is “in-
tegrated” with various data sources.
To meet this industry- and Govern-
ment-wide need, RCA Electronic Data
Processing has designed a family of
data transmission equipment to in-
tegrate computers with readily avail-
able data transmission systems on-line.
The basic tool in the family is the Com-

. DATA : - “ POSIT'ONS o S for direct input into the computer for
- ADDRESS ... .

T ‘ ‘ munications Mode Control (CMC) and

) s SR oo V a corresponding group of buffers that
- ‘L can handle various codes, speeds, and

L Py Sl character formats. Other devices classed

: s k in this family are the Data Exchange

GSHFE ol | T - Control, a memory-to-memory transfer

T L % - - channel, and the Communcations Con-

trol, for computer transfer via telephone

COMMUNICATIONS L &
g i A
4  facilities.

COMMUNICATIONS MODE CONTROL

The CMC is a wired-program data
processor housed within the input-out-
put section of the main processor. The
CMC shares the computer’s main
memory simultaneously with the data
processor and with other input-output
devices. It provides an additional de-
gree of simultaniety, since it in no way
affects the operation of the computer’s
normal and/or simultaneous modes of
operation. In fact, it provides many
additional degrees of simultaniety, since

g . many data communication lines can op-
‘ 2 ; erate independently of each other, re-

e 05T
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quiring memory interrupts only to bring
characters in and out of the main
memory.

In the transmit mode, when a char-
acter is available for transfer out of
memory and the buffer is ready to ac-
cept the character, the memory will be
accessed for the appropriate transfer.
In the input mode, when a character
is available for transfer to the proces-
sor, the buffer is readied at the next
scan time, and the CMC accesses the
appropriate number of memory cycles
to accept the character. At all other
times, normal processing will proceed
independent of CMC operations. When
the CMC requires service, it will in-
terrupt the memory on a preselected
percentage of memory accesses.

Each CMC scan position has associ-
ated with it a 100-character portion of
main memory termed a line slot (Fig.
1). Referring to Fig. 1, the 4, 4,
characters are reserved for a character
position indicator. The I, I, positions
in memory are reserved for bit con-
figurations used by the CMC to com-
municate to the program ( [,) and by
the program to communicate with the
CMC (I.). The next 95 characters are
data. The last character is reserved for
program use.

Each half-duplex buffer will take one
line slot and each full-duplex buffer
will take two line slots. For full-
duplex operation, one of the buffers will
use four line slots. Therefore, a 20-line
CMC will require 2,000 characters of
main memory reserved for line-slot
usage.

The maximum number of memory ac-
cesses which the Model 378 CMC uses
in transferring a character between a
buffer and a line slot are:

1) Read I, I, from memory.

2) Read A4, A, from memory.

3) Transfer a character to or from

memory in position designated by
A, A, in step 2.

4) Write updated 4, 4; to memory.

5) Write updated I, I, to memory.
Similarly, the CMC for the RCA 3301
System may use a maximum of four
memory accesses per character transfer.

In the RCA 3301, one of the accesses
is associated with signaling a program
interrupt and inserting the line slot ad-
dress in a service table whenever a con-
dition calling for an interrupt occurs.
When the program interrupt is detected,
the program need only examine the
service table within main memory to
determine the address of the line slot
demanding attention. The maximum
possible data rate from the RCA 301
CMC to the computer is 7.1 ke, which is
distributed among the line slots. The
maximum data rate distributed over the

fas

number of active line slots is 18.5 k¢
for the RCA 3301.

BUFFERS AND RELATED EQUIPMENT

A broad range of buffers have been
designed to interface with the various
CMC’s. Fig. 2 depicts a hypothetical
system which shows the versatility of
the buffer system. The organization of
the system allows communication lines
to share a Buffer Interface Unit
through one set of cables to 10 line
slots of the CMC. A second set of
cables permits buffer-to-buffer inter-
connection.

CMC-Buffer Interface Unit (CMC-BIU),
Model 6025

The CMC-BIU has the necessary line
drivers and receivers so that it can be
positioned 100 cable feet away from
the CMC. Thus, the buffer system can
be housed in separate racks with sepa-
rate power supplies, which enhances
system reliability. This also allows for
the use of switches which are required
in some redundant CMC computer sys-
tems. Since the operating speed of
various communication buffers is de-
pendent upon the communications sys-
tem in which the buffer is to operate
(and it is possible to have a mixture
of these speeds in a system) the basic
CMC-BIU can incorporate one or more
crystal-controlled oscillators, which pro-
vide the primary data clocking for in-
dividual buffers. The clock signals are
transmitted to each buffer; each buf-
fer, in turn, selects the required clock.

Five-Level Telegraph Buffer, Model 6002

The Model 6002 is designed for half-
duplex remote inquiry applications
whereby for each inquiry there is a
reply. The same buffer may also be
used fcr simplex operation by locking
the unit in either the receive or trans-
mit mode. In the half-duplex remote in-
quiry application, the buffer is qui-
escently in the receive mode.

The message is transmitted a char-
acter at a time at the operator’s own
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speed. Since memory is interrupted only
when a character is present in the buf-
fer, the operator’s speed does not affect
the system. When the complete message
has been transmitted and visually veri-
fied, the operator releases the message
by transmitting a special control char-
acter called DD2. Receipt of the DD2
by the CMC causes the line slot to
prohibit further input, causes an I,
bit to be set in the line slot, and causes
a DD2 recognized signal (DD2R) to be
transmitted to the buffer. Receipt of
DD2R at the buffer causes the buffer
to change states from receive to trans-
mit. The data processor’s program will
now process the inquiry message and
respond with a reply message. The
processor’s program must format the
message such that DDI is the last char-
acter transmitted. When the CMC
transmits the last character of the
message (DDI1), it will send the DDIR
signal to the buffer which will cause it
to return to the quiescent receive mode
ready for another inquiry. The program
will then re-establish the I, I, input
conditions.

The Model 6002 includes a two-
register buffer and uses common hard-
ware for the receive and transmit modes
of operation. The two registers allow
for one complete character time be-
tween the time the last bit is received
and the time in which the character
must be transferred to the processor.

Six-Level Telegraph Buffer, Model 6003

The Model 6003 specifically operates in
conjunction with the RCA 301 Data
Processing System associated with
newspaper typesetting. It handles the
6-level teletypesetter code and operates
with Model 20 teletype equipment
commonly used in the newspaper indus-
try and press wire services. The op-
eration and design of this buffer is iden-
tical with the Model 6002 with the
exception of the addition of the sixth
bit in the storage register and shift
register and, of course, a change in the
clock to extend the character time by
one bhit. In the hyopthetical system
shown in Fig. 2, the buffers are being
used to bring in a news story on a six-
level or a five-level transmitter distribu-
tor, which allows the computer to con-
vert from 5-level code to RCA 301 code.
The computer then processes the coded
text against its stored rules for the
newspaper column width desired and
the “breaking” (hyphenating) words,
so that when the typesetting is done the
column will be “justified” (i.e., have
even right-hand margins). This pro-
cessed text is then converted to 6-level
teletypesetter code, and transmitted to
a Model 20 reperforator. This output
is fed to a teletypesetter which then




automatically sets the type in the form
of the usual linotype lead slugs, ready
for makeup into newspaper pages.

Half-Duplex Polling Telegraph Buffer,
Model 6013

The Model 6013 is used in conjunction
with Bell System Type-83 selective-
calling, sequential-polling half-duplex
teletype systems. The combination of
the computer’s program and the Model
6013 buffer takes the place of the
master control unit of the original Bell
83 system. The Bell 83 peripheral
station itself remains unchanged. Since
the system operates in a nonsimultane-
ous two-way transmission mode, the
buffer requirements are such that either
the peripheral Bell 83 station or the
computer may originate transmission.
This necessitates a neutral mode con-
cept, which indicates that the buffer
can lock on either the input or output
operating mode. The particular mode
which it locks onto depends on the first
service request.

Full Duplex Polling Buffer, Model 6015

The Model 6015 is similar in applica-
tion to the Model 6013 with the excep-
tion that simultaneous two-way traffic
can be handled. The receive section of
the buffer is identical to the Model
6013 and indeed contains the same
logic. The transmit section, however,
is a transmit only buffer with provision
for a timer for generation of a pause
required in the full-duplex polling op-
eration.

This buffer requires two line slots for
operation, one termed Receive and the
other Transmit. The program treats the
two line slots as one full-duplex line.

Communications Buffer, Model 6012

The Model 6012 is basically designed
for memory-to-memory transfer via the
telephone network. The speed at which
transfer is accomplished is dependent
upon the speed of the telephone net-
work. The channel coordination and
error protection procedures are com-
patible with communication control
modules for the RCA 301 and RCA
3301 Computers.

This buffer is used where high speed
and the utmost in data integrity is re-
quired. It uses, in addition to character
parity, a block parity checking system.
Each message or line block must be
verified prior to initiating transmission
of the next. The buffer is used in half-
duplex operation and occupies one line
slot in the high-speed memory. The
transmission line code contains 8 bits
per character consisting of 6 informa-
tion bits, 1 parity bit, and 1 control bit.
The control bit is added by the buffer
prior to transmission and is removed

prior to the transfer of data to the
memory.

The Model 6012 buffer is used with
Bell System Digital Data Subsets
(Models 201 and 202) and is also com-
patible with their Automatic Calling
Units. The interface is consistent with
EIA interface specification RS232 and
as such may be used with any subset
which conforms.

When using the Automatic Calling
Unit, the computer’s program can au-
tomatically load the telephone number
of a compatible station into the line
slot and automatically set up a connec-
tion to that station. When transmission
is complete, the program may turn the
line slots around, and the receiving
computer becomes the originating sta-
tion, and vice versa. Upon completion
of all data transfers, a terminate se-
quence may be transmitted which ter-
minates the call and allows for a new
station to be set up.

Time Generator, Model 6041, and
Parallel Buffer, Model 6016

The Model 6041 and Model 6016 are
required to read time into a line slot
as Fig. 2 shows. The arrangement is
such that program need never service
the line slot.

The line slot will always contain the
latest time. The data format is such
that once the line slot is conditioned
by program for the first time, a message
will be transmitted to the line slot each
360 msec. The first message to be
transmitted will contain an item sepa-
rator symbol and then the time
message, while the next will contain a
DDI and time.

Fig. 3 shows the line slot for four
successive readouts of time. Program
need only analyze 4, A, to determine
which time should be read out. If
A, A, > 10, correct time should be read
from 04 — 09; if A, A, < 10, correct
time should be from 11 - I6.

SYSTEM OPERATION
WITH EDGE OR AUTODIN

RCA’s Electronic Data Gathering Equip-
ment' (Epce), may be operated on-line
to RCA Computers through the CMC.
An EpCE receiver has been developed
to operate with the normal EpcE system
codes and messages as input using the
high-speed memory as output. A sys-
tem employing this equipment was in-
stalled at a Lockheed plant in Cali-
fornia in September 1962, and has been
in successful operation ever since.

The Auropin Buffer, Model 6009 op-
erates with the data processor on one
end, via the CMC. and one of the
message switching centers of the
AutopIN network (formerly ComLoc-
NET*) on the other. The buffer operates

in the continuous mode with all of the
sophisticated channel coordination pro-
cedures associated with the AuToDIN
Network. The continuous mode implies
that data is transferred in continuous,
80-character line blocks in the full-
duplex mode and that each line block
is acknowledged automatically with the
acknowledgement signal being inter-
spersed with the data being received
on the other half of the line. If the
line block is not acknowledged before
the end of transmission of the second
line block, transmission is interrupted
until it is received or an error condi-
tion is received. If an error is received,
the first and second block must be re-
transmitted. In order to accomplish this
feat, the buffer uses four line slots in
memory, two for the receive mode and
two for the transmit mode. The line
slots are alternated by the buffer, and
are programmed in such a way that
the last line block transmitted is held
in memory until the previous block is
acknowledged.

CON<LUSION

A data communications system has been
developed which is modular in its
make-up and versatile in its implemen-
tation. The system is capable of
handling data rates up to 4,800 bits per
second and may accept up to 160 half-
duplex lines. The system handles non-
parity, unformated teletype traffic on
the one hand and the very sophisticated
computer information messages on the
other. As new communications require-
ments are established, other new buf-
fers, similar in concept, may be de-
signed to handle them. The buffer
concept allows for continued compati-
bility as a users requirement changes
from the RCA 301 to the RCA 3301.
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This Note describes the design of filters by a set of recently pre-
pared digital computer programs. Many of the filters designed using
these programs have been built, and the measured responses agree
accurately with the calculated responses. The filters meet stringent
cost, reproducibility, and temperature requirements.

Although prepared specifically for the design of filters for the
CV-600 microwave multiplex equipment, the programs are suffi-
ciently general to solve a wide variety of design problems for filters
composed of discrete elements. The programs are so organized that
no change or additional programming is required for designing
filters of different structures. The programs are based upon modern
network theoretic approaches to filter design,’ and they give greatly
improved results as compared to the classical image-parameter filter
theory.

Program Use: Some experience in designing a particular single-
sideband filter will be described to illustrate how the computer
programs can be used. The structure of the filter is shown in Fig. 1,
and its response is shown in Fig. 2. (Although the structure indi-
cates that there should be three peaks of attenuation in the lower
stopband, the peak closest to the stopband was not measurable, due
to presence of losses, and is not shown in Fig. 2.) For economy, the
number of coils has been minimized so the ratio of coils to capaci-
tors is quite low. In addition, the coils have the same design value,
a novel feature incorporated to reduce manufacturing costs. Pre-
distortion techniques® were used to minimize the effects of coil
losses.

The coils are adjusted in an alignment procedure, suggested by a
sensitivity analysis,® whereby each coil is tuned to resonate with
adjacent capacitors in the completed filter after shorting appropriate
nodes to ground.

The use of a digital computer permitted some 35 distinct filter
designs to be made and evaluated in the course of arriving at the
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design shown in Fig. 1. Because good correlation was obtained
between computer calculated responses and measured responses,
only four of the designs were actually constructed, each introducing
a major design change: The first was a minimum inductor design
employing predistortion to cancel loss effects; the second had, in
addition, the equal coil feature; the third had, in addition, much
improved response; and the fourth was, in addition, less sensitive to
element variations. The other designs were evaluated on the basis
of computer output data alone.

The total computation time required for a filter increases rapidly
with the order of the filter. The design of the twelfth-order filter of
Fig. 1 took about 114 hours of computer time on a relatively slow
computer. The time was about equally divided between synthesis
(obtaining element values) and analysis (checking frequency re-
sponse and element sensitivity). Sixteen digits are used for all
calculations in synthesis and eight are used in analysis.

The use of faster computers such a the RCA 301 or RCA 601
would reduce the computation time. For example, the RCA 601
could reduce the time by a factor of 1,000 and the RCA 301 could
reduce it by a factor of 5 to 10. The analyis program is now usually
run on an RCA 301 which reduces the computation time indicated
above by a factor of 5 or more. This analysis program has been
used by several RCA divisions which have RCA 301’s.

Program Description: A bare minimum of data has to be coded
for input. The initial input data for the synthesis programs con-
sists of the pole and zero locations of either the desired response
function or its related characteristic function.® The determination
of these locations, the approximation problem, is done prior to the
time the programs described herein are employed. This problem is
to determine pole and zero locations such that the corresponding
response meets or exceeds whatever attenuation and/or return loss
specifications are given at various frequencies. A new design of
potential analog plane’ has most often and most conveniently been
used to solve this problem, although a digital computer has some-
times been employed.

The synthesis programs require this pole and zero data plus data
specifying the filter structure desired, which must be consistent with
the former data. (The possible branch configurations are given in
Fig. 3 of Ref. 1.) The output is a printed sheet giving element
values of a ladder structure filter having the specified response. It
is well known that the synthesis problem is, in many cases, not
unique; i.e. many designs (sets of element values) can be obtained
for a given structure for which the responses will be the same as the
specified response.* These programs are such that any of these
possible designs can be obtained. This flexibility was exploited in
making all the coils equal in the filter of Fig, 1.

To simplify the use of these programs an option is provided which
will cause the computer to automatically decide on one of the many
possible designs. The criterion for this choice is that the synthesis
be most likely to succeed, an eventuality which is not always
assured.®

In addition to the print-out of element values, the synthesis pro-
grams provide punched cards which serve as input to the analysis
program. This latter program calculates for each specified fre-
quency, the attenuation and phase, impedances looking away from
source and load, and the deviations in attenuation and phase that
occur if each branch is varied in turn from its nominal value.
Parasitics such as coil losses and distributed capacity may be in-
cluded. These deviations are calculated by methods much more
efficient than the often used method of giving each branch a speci-
fied deviation and recalculating the gain and phase.® On the basis
of this data obtained from the analysis program, a decision can be
made as to whether a new design is to be made or whether the
present one should be constructed and tested further.
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To ensure satisfactory operation of unattended television camera sys-
tems, particularly in satellite applications, it is necessary to main-
tain stable operating parameters for the vidicon sensors between
environmental extremes for the predicted life of the system. In ad-
dition to providing compensation for the effects of sensor aging,
extremely close regulation of the sensor parameters must be main-
tained to meet the stringent requirements for resolution, gray scale,
and linearity called for in specific satellite systems.

Maintaining the high level of performance for satellite television
camera systems such as those aboard the NimBus Meteorological
Satellite requires considerable care in the design of the regulating
circuitry., It is necessary to maintain stable performance in a
relatively hostile environment, where thermal conduction is the
major means of dissipating heat generated within the camera
system. Not only is there a wide temperature excursion to contend
with, but there is also aging of the components. Aging of the
vidicon presents the most challenging problem, since these cam-
eras must function for a period of 6 months with no adjustments
to compensate for changing vidicon characteristics.

To maintain uniform performance through the environment
under the conditions described above, one should first consider
the parameters that must remain constant to insure the required
performance. (Practically, this environment was considered to be
the extremes of the thermal-vacuum tests specified, with a tem-
perature range from —5°C to 55°C, at a vacuum of approximately
10~° torr.) Starting with the vidicon filament, a constant fila-
ment supply voltage must be maintained; so that the filament
does not become stressed by over-voltage. This is accomplished
by operating the vidicon filament from a regulated voltage supply.
Even with the vidicon filament voltage constant, the vidicon
cathode emission diminishes with time, so some type of device is
required to ensure constant cathode current throughout the useful
life of the camera. Effects of cathode aging are minimized by a
circuit called a vidicon beam current regulator. Once the vidicon
beam current is established, the electron accelerating field must
be kept uniform. This is accomplished by regulating the vidicon
mesh and target supply voltages. Now that a uniform beam cur-
rent and accelerating field are established, means must be pro-
vided to maintain electrical focus. A focus current regulator keeps
the current to the focus coil constant regardless of supply voltages
or temperature.
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Fig, 3~~High-voltage regulator.

Control of these four vidicon operating parameters has bheen
attained by a group of circuits.

Least complex of the circuits is the filament-supply voltage regu-
lator (Fig. 1). This consists of a low-voltage input from a tran-
sistorized Dc-to-DC converter, a series-control element, a two-stage
amplifier, and a temperature-compensated zéner reference diode.
Three silicon transistors maintain the vidicon filament voltage
within 1%. The only voltage to the camera from the Nimaus
power supply is —24.5 volts, which is supplied to two pc-to-nc
converters which develop the secondary voltages used by the fila-
ment voltage regulator as well as other circuits in the camera.
Besides supply vidicon filament voltage, this same regulator sup-
plies other voltages to the camera. To make the voltage more
useful, both +6.3- and —6.3-volt regulators are used. The —6.3-
volt regulator is used to supply vidicon filament and preamplifier
filament voltages. The 6.3-volt supply furnishes power to lamps
used to illuminate the vidicon target during a portion, of the
operating cycle. Both power supplies derive reference voltage from
the —24.5 volts supplied to the camera. This permits a higher
reference supply voltage and hence a more nearly constant current
operation for the zener diode reference elements. By using a
pc-to-pc converter to supply lower voltages to the series regulating
element, a compromise must be reached between: 1) how much
voltage drop in the —24.5-volt bus can be tolerated and 2) the
voltage drop, and hence dissipation, in the series-control element.
In this case, the —24.5-volt bus may drop 3 volts before the supply
ceases regulation and the series element saturates.

The effects of aging of the vidicon cathode is minimized by the
vidicon beam-current regulator (Fig. 2). Beam current is the final
current after the electron beam passes through the vidicon mesh.
This current is less than 107" amperes, so low that it is difficult
to use direct control to maintain this current constant—so one
simplifying assumption is made (one which is reasonably accurate
over a limited current range and throughout vidicon life}. It is
assumed that the ratio of G, current to beam current will be con-
stant. Therefore, currents in the order of only 10~° amperes must
be regulated—a much easier job. Regulating this current is further
simplified since the electron beam is turned on and off during each
scanning line. Thus, there are two distinct signal levels to work
with: essentially a zero-current level and a maximum-signal beam-
current level. This then gives a chopped signal that can be ampli-
fied by a stable ac amplifier and converted to a high pc voltage
level by a peak-to-peak detector which can then he compared with
a ‘reference voltage to control the beam current by varying the
vidicon G, voltage. Fig. 2 shows the regulation scheme used.
The temperature coeflicient of the reference voltage is such that
it compensates for the temperature coefficients of the detector diodes
and comparator transitor. During the vidicon picture-taking oper-
ation, it is desirable to gate the vidicon beam off. This function
is performed in the circuits following the comparator by means
of a transistor switch and a diode gate.

The problem of supplying a regulated mesh and target voltage
to the vidicon is complicated by the fact that there were no high-
voltage series regulators available. Control of the high voltage
therefore is performed indirectly by controlling the input voltage
to the high-voltage pc-to-pc converters on the return side, as shown
in Fig. 3. Regulating the voltage on this side helps simplify the
control amplifier circuitry. Filtered high voltage is divided down
by a stable voltage divider to 9.2 volts and compared with a 9.2.
volt reference diode in a double-differential amplifier to hold the
high voltage within 0.5%. Because of the inherit lag of the regu-
lation system, due to the filtering network, considerable dampen-
ing is required to prevent the regulator from oscillating, Because
the load changes are negligible with respect to input-voltage vari-
ations, capacitance is placed between the series-regulator control-
element input and the —24.5-volt supply. This capacitor supplies
the necessary dampening and also “boot straps” the input voltage
to the transformer, so that output voltage is insensitive to input

Fig. 4““Focus current regulator,

79



voltage transients. Because the G: and G: supplies come from the
same transformer as the regulated mesh and target supplies,
indirect regulation of these two supplies is also gained.

The last remaining vidicon operating parameter that must be
controlled to insure stable unattended vidicon camera performance
is the focus current. The current is regulated by sensing the
focus current with a stable resistor in series with the focus coil,
then comparing this voltage with a reference, and varying the
resistance of a series regulator (Fig. 4).

For simple amplifier design, it is desirable to make the voltage
drop across the current sampling resistor as large as possible.
Conversely, for good operating range with respect to supply varia-
tions, it is desirable to make the voltage drop across the series
control element as high as possible. One limitation, however, is
the power dissipation in the geries regulator. A compromise was
reached in this system with a voltage drop across the sample
resistor of —1.3 volts. A double-differential amplifier compares
the —1.3-volt signal with a —1.3-volt reference derived from a
—9.2.volt zener reference diode to give a focus current variation
of less than .05%.

Using the circuits described, the vidicon operating parameters

have been successfully maintained at sufficiently stable values that

no adjustments were required through the specified space-environ-
ment-simulating thermal-vacuum tests.

Multiple Diode Theorems

R. L. Ernsr,
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New York, N. Y.

Final manuscript received December 2, 1964

In any mixer network, the dynamic range may be increased and the
relative intermodulation distortion decreased by increasing the local
oscillator or pump power. For single-diode networks, the maximum
permissible pump power is limited by mixer noise figure and diode
burnout. This limit may be increased by incorporating more diodes
in the mixer network and distributing the pump power among the
individual diodes. In order to minimize intermodulation distortion
in such networks, two design problems must be solved: 1) how
should the signal power be distributed among the individual diodes,
and 2) what is the best way to arrange the diodes in the circuit
(push-pull, parailel, etc.).

These problems are solved by the following two theorems. These
theorems are applicable to mixer networks within all frequency
ranges. It is assumed that intermodulation products caused by
signals outside the desired band are eliminated by

THEOREM 1: Given a multiple diode mixer network. in which
1) the diodes are identical, 2) all ports are matched, and 3) each
diode is fully pumped, then the optimum configuration (in terms of
intermodulation distortion) is one in which the signal power applied
to the circuit is equally distributed to each diode.

PROOF: By reason of the three stated conditions, the IF output
of the complete circuit is independent of the circuit configuration.
It is therefore sufficient to determine what configuration will mini-
mize the total intermodulation power, because this will minimize
the intermodulation to IF power ratio.

Call the total signal power applied to the circuit P. Each of the
diodes receives a fraction of this power, ie., P, = # P, where P,
is the signal power applied to the nth diode and M, is the fraction
of the total power applied. Summing over N, the total number of
diodes in the circuit, gives:

N
M,=1 (1)
n=1
The intermodulation power produced in each diode is of some
functional relationship of the type:

0
(M), =) AP} )
Ee1
where (IM),? is the intermodulation power output of one diode, k&

is the index of summation, and A, is the series coefficient. The
total intermodulation power is, therefore, of the form:

N o N o0 N
S AP =D 3 AMPY =3 4P Y MY
fi=1Fk-1 n=1k=1 E=1 n=1 (3)
N
Calling: f=2 M}k (4)
n—1

Then, the problem becomes one of determining what values of M,
will minimize f. By setting the partial derivatives of f equal to zero
and realizing that M, =1 — M, — M, — ... — M, _,, the following
equations result:

a%:le"~1—k(1—M1—-M2-—...—MH)"-I:O
1

O kM — k(L — My — My — ... — M, )™ =0
aMz_ 2 17 2 e T n-1. —_—
Of M, = — k(= M, — My — ... — M, )" =0
m—' n-1 1 2 L -1 —_

From these equations the following relations are found:
M=M,=...=M,,
M=1—-M~M,—...— M, , =M,

Therefore, all M, are equal.

Comparing the steps giving Egs. 1 and 4, it is seen that M, =
1/N. Therefore, the optimum circuit configuration is one in which
the signal power is equally distributed to each diode.

THEOREM II: In a multiple diode mixer network, the inter-
modulation distortion is independent of circuit configuration for
any network which satisfies the conditions that: 1) the diodes are
identical; 2) all ports are matched; and 3) the total power applied
to the circuit is equally distributed to each diode.

PROOF: Contributions (2) and (3) require that each diode
convert the same power regardless of circuit configuration. This
fact, considered with condition (I), reveals that the total voltage
across each diode is the same. The intermodulation distortion pro-
duced by each diode is a function of the voltages across that diode.

At any one diode the phase of the fourth-order intermodulation
output is given by (2 6,, — 6, — 6,,) and the phase of the desired
intermediate frequency output is given by (8,, — 6,,), where: 6,
is the relative phase of the desired signal input; 4., is the relative
phase of the unwanted signal; and 6,, is the relative phase of the
pump; and one particular diode in the circuit is chosen as a refer-
ence, i.e., 8,, = 0, and 6,, = 0, and 6,, = 0 at this particular diode.

Because the frequencies of the desired signal and the unwanted
signal are practically identical, and bhecause both signals must pass
through the same network, their relative phases at any diode are
essentially equal, ie., 6, = 6,. Therefore, the phases of the
intermodulation and intermediate frequency output are given by:
(20, 0,—6,,) = (26, — 6, — 8,) = (6,,— 6,,) for the
intermodulation term and by: (8,, — 6,,) for the intermediate fre-
quency terms. Since the relative phases of these two terms are
equal, any phase cancellation scheme that eliminates the inter-
modulation term will also eliminate the intermediate frequency term.

Repeating the steps in the above two paragraphs for higher-order
intermodulation terms, such as the sixth and the eighth,-will pro-
duce the identical result. Therefore, the intermodulation distortion
output is independent of circuit configuration.

When saturation effects are not present, and the conditions stated
in the theorems are satisfied, the change in relative fourth-order
intermodulation distortion for a given total signal power is given by:

(AD),, = —20 log,, N

This result is a consequence of the fact that a 1-db increase in total
signal power causes a 2-db increase in fourth-order intermodulation
distortion.?

1. This Note is the result of work done on USAEL Contract DA 36-039-
AMC-02345 (E), Interference Reduction Techniques for Receivers, July,
1963— June, 1965.

9. First Quarterly Progress Report, Interference Reduction Techniques for
Receivers, July-September 1963, USAEL Contract DA-36-039-AMC-
02345 ().
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D.C. Deadline: Abstracts, approx. 8/1/65.
FOR INFO.: IEEE Headquarters, Box A,
Lenox Hill Station, N.Y. 21, N.Y.
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Enc. 1IN Meorane & Biorocy, IEEE-ISA;
Univ. of Pa. & Sheraton Hotel, Phila., Pa.
Deadline: Abstracts, approx. 8/1/65. FOR
INFO.: Dr. H. Sch

. Schwan, Moore School of
EE, Univ. of Pa., Phila., Pa.

Nov. 15-18, 1965: 11tH ANN. CONF. oN
MacneTisM & Mac. Maris., IEEE-AIP;
Hilton Hotel, San Francisco, Calif. Dead-
line: Abstracts, approx. 8/19/65. FOR
INFQ.: IEEE Headquarters, Box A, Lenox
Hill Station, N.Y., N.Y.

Nov. 30-Dec. 1-2, 1965: Farr Joint Com-
puter Conr., IEEE, AFIPS, ACM; Con-
vention Center, Las Vegas, Nevada. Dead-
line: Abstracts, approx. 5/1/65. FOR
INFO.: IEEE Headquarters, Box A, Lenox
Hill Station, N.Y. 21, N.Y.
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AMPLIFICATION

Preamplifier, A 144-MC Antenna-Matching—
L. W. Aurick (ECD, Lanc) RCA Ham
Tips, Fall 1964

VHF/UHF Tuned Amplifiers, Achieving High
Performance in—T. J. Robe (ECD, Som.)
Electronic Design, Dec. 21, 1964

ACOUSTIC THEORY: PHENOMENA

Cinerama Theatre Acoustics—M. Rettinger

(BCD, Camden) Jour. SMPTE, July 1964

Sound Velotity Measurements in CaW Oy Single
Crystal—D. Gerlich (Labs, Pr.) Physics
Letters, Vol. 12, No. 4, Oct, 15, 1964

ANTENNAS

Butler Matrix, The Systematic Design of the—
H. J. Moody (RCA Ltd., Montreal) Trans.
IEEE on Antennas and Propagation, Nov.,
1964, AP-12, No. 6

Spherical Reflector, Optics of the Focal Re-
gion of a—R. C. Spencer, G. Hyde (DEP-
MSR, Moores,) Annual Mtg. of the Optical
Soc. of America, N.Y., Oct., 1964; Journal
of American Optical Soc., Vol. 54, Nov.
1964

Spherical Reflector, Transverse Focal Region
Properties of a—G. Hyde (DEP-MSR,
Moores.) 14th Annual Symp. on USAF An-
tenna R&D, Univ. of Ill, Oct. 6-7-8, 1964;
Proceedings

ATOMIC ENERGY: PHENOMENA

Comparative Anatomy of Models for Double
Injection of Electrons and Holes in Solids—
A. Rose (Labs, Pr.) Applied Physics, Vol.
35, No. 9, Sept. 1964

Dielectric Behavior of Nonrigid Molecules. 1l.
Intramolecular Interactions and Dielectric Re-
laxation—F. K. Fong (Labs, Pr.) RCA4
Review, Vol. XXV, No. 4, Dec. 1964

Q Mech I Effects in Simulated Op-
tical Emission. H—R. C. Williams (Labs,
Pr.) The Physical Review, Vol. 136, No. 3a,
Nov. 2, 1964

CHECKOUT; MAINTENANCE

Ad d Servici Tech

" iques, Vol. Il, Part
Hi — Tape Recorders — M. P. Rosenthal
(DEP-CSD, N.Y.) Manual published by
J. F. Rider, Inc., N. Y., October 1964

Designing Dynamic Test Sets for Use Optithi-
zation—F. W, Stirner (DEP-CSD, Camden)
IEEE Transactions of PTGPEP, Apr. 1964

Measurement Accuracies — W. D. Moon
(DEP-ASD, Burl.) IEEE Transactions on
Aerospace, Aug. 21, 1964

Y A ic Test Equip Appli-
cations of—P. M. Toscano (DEP-ASD,
Burl) Northeastern States U.S. Navy Re-
search & Development Clinic, Phila.,, Pa.,
Nov. 20, 1964

System Test Evaluation and Controf—W. J.
O'Leary (DEP-MSR, Mrstn.) Princeton
Conf., Princeton ~ University, Princeton,
N.J., Dec. 5, 1964

CIRCUIT THEORY; ANALYSIS

Network Functions with an Infinite Potential
Analog Plane, Generating—F. M. Brock, R.
Binks (BCD, Camden) RCA Review, Vol.
XXV, No. 4, Dec. 1964

Non-Linear RC Circuils, Step Response of—
G. E. Roberts, H. Kaufman (RCA Ltd,
Montreal) Journal of Electronics and Con-
trol, Vol. 17, No. 4, Oct. 1964

Silicon Rectifiers Used in Capacitive-Load Cir-
cuits, Simplified Rating System for—J. M. S.
Neilson, B, J. Roman (ECD, Mttop.) Semi-
conductor Products, Sept. 1964

CIRCUIT INTERCONNECTIONS;
PACKAGING

Circuit Interconnections; Packaging Microelec-"

tronics; A Typical Packaging Concept—R. C.
Leunis (DEP-CSD, Camden) IEEE Mtg. of
Professional Groups on Engineering and
Production, and Component Parts, Phila.,
Pa., Dec. 3, 1964

Conductive Paths—J. H. Wolff (DEP-CSD,
Camden) Overall Comm. Systems Plan-
ning, JEEE Educational Committee, New-
ark, N.J., Nov. 3, 1964

Temperature Elevation in an Electric Module
—G. Rezek (DEP-CSD, Camden) Electro-
mechanical Desig/n/,, Oct. 1964

e

COMMUNICATIONS, DIGITAL

Interference Control Techniques, Digital—
Communication — J. Neubauer (DEP-
CSD, Camden) Nat’l. Electronics Conf.,
Chicago, IlL, Oct. 19, 1964

COMMUNICATIONS SYSTEMS; THEORY

Fundamentals of Radic—M. P. Rosenthal
(DEP-CSD, N.Y.) textbook published by
J. F. Rider, Inc, N. Y., Dec. 1964

Microwave Ci System C Pt

Narrow Beam Communication System Acqui-
sition Problem—]. S. Greenberg (DEP-Pr.)
IEEE Trans. on Military Electronics, Vol.
MIL-8-No. 1, Jan. 1964

RADA C icati On the Optimizati
of—R. Sommer (DEP-CSD, Camden) Proc.
of IEEE Corres., Aug. 1964

RADA Systems and Techniques—W. J. Bie-
ganski (DEP-CSD, Camden) Northeastern
States Navy R&D Clinic, Phila., Pa., Nov.
20, 1964

Satellite Design, Economics of—An American
Assessment—S. Gubin, J. S. Greenberg
(DEP-Pr.) Published by Iliffe Books, Ltd.,
London, England, Apr. 1964 as Chapter 13
in book entitled Telecommunication Satel-
lites; also published by Prentice-Hall, Inc.,
Englewood, N.J., July 1964

Satellite Telecommunications, Future of—Dr.
N. I. Korman, Dr. M. Handelsman (DEP-
Pr.) Published by Iliffe Books, Ltd., Lon-
don, England, Apr. 1964 as Chapter 14 in
book Telecommunication Satellites; also
published by Prentice-Hall, Inc., Engle-
wood, N.J., July 1964

Seismic Communication—K. H. Powers (Labs,
Pr.) Northeast Electronics Research and
Engineering Mtg., NEREM-64, Nov. 4, 5,
6, 1964

Simulation Techni for Simul of a
Communication System—E, W. Veitch (DEP-
CSD, Camden) Univ. of Michigan, Ann
Arbor, Mich., June 18, 1964

Tactical Radio Relay-——AN/TRC-97 —N. E.
Edwards (DEP-CSD, Camden) Northeast-
ern States Navy R&D Clinic, Phila, Pa,
Nov. 20, 1964

COMMUNICATIONS, VOICE SYSTEMS

Singapore Police Force Mobile Network—
G. Sartore (ECD, Camden) IEEE Group
on Vehicular Communications, Cleveland,
Ohio, Dec. 3, 1964

Transmitter, Efficient High-Power Mobile—F.
A. Barton (BCD, Camden) Nat’l. Conven-
tion of PTGVC (IEEE), Cleveland, Ohio,
Dec. 4, 1964

VHF Pipeline System for the Richmond Petro-
levm Co.—J. C. Kaltenbach, Jr. (BCD,
Camden) IEEE Petroleum Industry Conf.,
San Francisco, Aug. 26, 1964

COMMUNICATIONS, EQUIPMENT
COMPONENTS

Dielectric Resonators for Microwave Applico-
tions—R. V. D’Aiello, H. J. Prager (Labs,
Pr.) IEEE Transactions G-MTT, Vol. 12,
No. 5, September 1964

Mixers, Intermodulation Distortion in — B.
Bossard, P. Torrione, S. Yuan (DEP-CSD,
N.Y.) 10th Tri Service Conf. on Electro-
magnetic Compatibility, Chicago, Ill., Nov.
17, 1964

Mixers, Nonlinear-Admittance — L. Becker,
. L. Emst (RCA Comm., N.Y.) RCA
Review, Vol. XXV, No. 4, Dec. 1964

Preamplifier, A 144-Mc Antenna-Maiching—
L. W. Aurick (ECD, Lanc.) RCA Ham
Tips, Fall 1964

VHF/UHF Tuned Amplifiers, Achieving High
Performance in—T. J. Robe (ECD, Som.)
Electronic Design, Dec. 21, 1964

COMPUTER APPLICATIONS

Soluti Rectifi

Comp Aid Filter Design
—W. M. Austin, K. W. Angel (ECD, Hr.)
Electronic Industries, Dec. 1964

Conditi

| Least Sq Pol ial  Ap-
P i R. W. Klopf (Labs,
Pr.) Mathematics of Computation, Vol. 18,
No. 88, October, 1964

B. Bossard, K. Chang, W. Y. Pan, L. Burns
(DEP-CSD, N.Y.) NEREM, Baston, Mass.,
Nov. 4, 1964

oGO i Real-Time Quick-Look Anal-
ysis for the—F. H. Fowler, Jr. (DEP-CSD,
Camden) Computering Reviews, Nov.-Dec.
1964

Ordinal Transformations, Inverse Table Look-
up for—F. H. Fowler, Jr. (DEP-CSD, Cam-
den) Control Engineering, Nov. 1964

COMPUTER CIRCUITRY; DEVICES

Flexode, The Point-Contact—B. E. Tompkins
(Labs, Pr.) Proceedings of the IEEE, Sept.
1964, Vol. 52, No. 9-

Laser Digital Devices—W. F. Kosonocky, O.
A. Reimann (Labs, Pr.) RADC Symp. on
Optical and Electro-Optical Info. Process-
ing Technology, Boston, Mass., Nov. 9-10,
1964

Ryotron—A New Cryogenic Device—R. A.
Gange (Labs, Pr.) Proc. of the IEEE, Oct.
1964

Ryotron—A Variable Inductance Cryogenic.
Device—J. C. Miller, C. M. Wine, L. S. Co-
sentino (Labs, Pr.) Proc. of the IEEE.

Transistor Logic Circuits, Switching Response
of Complementary-Symmetry MOS—J. R.
Burns (Labs, Pr.) RCA Review, Vol. XXV,
No. 4, Dec. 1964

COMPUTER STORAGE

Analysis of the ““Shmoo’ Plot for Coincident
Current Core Memory Operation—Y. L. Yao
(DEP-CSD, Camden) Electronic Design,
Dec. 31, 1964

Cryoelectric Memory Planes, Cavity Sensing
of—L. L. Burns (Labs, Pr.) Decennial Conf.
Magnetism and Magnetic Materials, Minne-
apolis, Minn., Nov. 16-19, 1964

Integrated Magnetic and  Superconductive
Computer Memories—], A. Rajchman (Labs,
Pr.) Boston Chapter of the IEEE, Dec. 16,
1964

COMPUTER SYSTEMS

Inside Digital Computers—Dr. L. R. Lavine
(DEP-Pr.) Univ. of Penna., Oct. 24, 1964

Real-Time Computer Systems, Design of—W.
A. Levy (DEP-CSD, Camden) Univ, of
Michigan, Ann Arbor, Mich., June 17, 1964

DISPLAYS

Displays, Papers, and Lighting—The Visual
System in Command Centers—A. C. Stocker
(DEP-MSR, Moores.) Information Display,
Oct. 1964, Vol. I, No. 1

Electron Microscopy Using Image Intensifica-
tion and Television Display—J]. H. Reisner,
Dr. (BCD, Camden) Scientific Instruments
News, Oct. 1964

DOCUMENTATION; WRITING

A Billion-and-a-Half a Year; A Ton-and-a-
Half o Day: Reducing the Cost and Bulk of
Defense Documentation—C. W. Fields, J. J.
Gillespie, R. E. Patterson, W. W, Thomas
(DEP-CSD, Camden) WFLN Radio, Phila.,
Pa.,, Dec. 5 & 19; 1964

c ication—The Engineer's Job?—M.
Hertzberg (DEP-CSD, Camden) IEEE
Transactions on EWS, EWS 7-2, Sept. 1964

How to Write a Technical Book and Get It
Published—M. P. Rosenthal (DEP-CSD,
N.Y.) IEEE Transaction on EWS, EWS
7-2, Sept. 1964

Proposal Activity, Organization and Manage-
ment of a—J. A. Doughty (DEP-CSD, Cam-
den) Proposal Management, American
Management Assoc., N.Y. Nov. 18, 1964

Proposal Prep , Cost Engi i Ap-

proach to Government—R. W. Greenwood
(DEP-CSD, Camden) Amer. Inst. of Ind.
Engrs.,, Region II Conf., Baltimore, Md,
Oct. 8, 1964




EDUCATION

Address to Awards Day Ceremony—Engineer-
ing Department—Dr, J. R. Whitehead (RCA
Ltd., Montreal) Univ. of Saskatchewan,
Nov. 25, 1964

ELECTROMAGNETIC THEORY;
PHENOMENA

Butler Matrix, The Systematic Design of the—
H. J. Moody (RCA Ltd., Montreal) Trans.
IEEE on Antennas and Propagation, Nov.
1964, AP-12, No. 6

Cyclotron Harmonics in Warm Plasmas, Excita-
tion of—T. W. Johnston (RCA Ltd., Mon-
treal) Amer. Physical Soc. Plasma Physics
Mig., N.Y., Nov. 1964

Collisional Effects on E-M Wave Propagation
Near the Electron Cyclotron Frequency—M. P.
Bachynski, B. W. Gibbs (RCA Ltd., Mon-
treal) Amer. Physical Soc. Plasma Physics
Mtg., N.Y., Nov. 1964

Site Preference of Ge%* in Magnetic Spinels—
M. Robbins (Labs, Pr.) Magnetic Conf,,
Minneapolis, Minn., Nov. 17, 1964

ELECTRO-OPTIC SYSTEMS; TECHNIQUES

Abberations in Electron Optics—E. G. Ram-
berg (Labs, Pr.) Lecture for Colloquium at
Electron Physics Laboratory, Penna. State
Univ., Oct. 23, 1964

Broad-Band Optical Defectors: Comparison of
Photodiode Varactor Photodiode and Photo-
conductor in a Cavity—H. S. Sommer, Jr.,
(Labs, Pr.) Stanford Univ., Calif., Nov. 17,
1964

Electron Microdiffraction from Circular Areas
of Less Than 100 Angstrom Diameter—Dr. J.
W. Coleman (BCD, Camden) Electron Mi-
croscope Soc. of America, Detroit, Mich.,
Oct. 1964

Electron Microscopy Using Image Intensifica-
tion and Television Display——]. H. Reisner,
Dr. (BCD, Camden) Scientific Instruments
News, Oct. 1964

| R

Electron-Beam Noise, Effect of High M
Field on—J. M. Hammer, C. P. Wen (Labs,
Pr.) RCA Review, Vol. XXV, Né. 4, Dec.
1964

Fundamentals of Radio—M. P. Rosenthal
(DEP-CSD, N.Y.) Textbook published by
J. F. River, Inc., N.Y., Dec. 1964

Laser Transmission Measurements at the David
Taylor Model Basin—H. Okoomian (DEP-
ASD, Burl.) 2nd Mine Advisory Committee
of the Nat'l. Academy of Sciences, Nat'l
Research Council 60th Annual Mtg., Univ.
of Calif., Berkeley, Calif.

Microwave Properties of Superconductors—
J. L. Gittleman, B. Rosenblum (Labs, Pr.)
Proceedings of the IEEE, Oct. 1964

Microwave Surface Impedance of Supercon-
ductors _of Periodic-Medium—G. Fischer
(Labs, Pr.) Journal of Mathematics Phys-
ics, Vol. 5, No. 8, Aug. 1964

Surface of
ductors of the Second Kind— G Fischer
(Labs, Pr.) Physical Review, Vol, 135, No.
5a, Aug. 31, 1964

Narrow Beam Communication System Acquisi-
tion Problem—J. S. Greenberg (DEP-Pr.)
IEEE Trans. on Military Electronics, Vol.
MIL-8-No. 1, Jan. 1964

Ph { . O;

d Organic Sys-
tems—W. Mehl N E. Wolff (Labs, Pr.)
Journal of Physzcs and Chemistry of Solids,
Vol. 25, June 4, 1964

Space-Charge-Limited Currents Injected From a
Point Contact—M. A. Lampert, A. Many, P.
Mark (Labs, Pr.) Physical Review, Vol. 135,
No. 5a, Aug. 31, 1964

Theory of One Curner, Spuce-Churge Lumlfed
Diff

System: i
L M. Krmman (DEP AED Pr) Cny
College of N.Y. Chapter of the IEEE,
Nov. 12, 1964

integrated Thin-Film Image Scannrer—P. K.
Weimer, H. Borkan, L. Meray-Horvath, F.
V. Shallcross (Labs, Pr.) 1964 Internat’l.
Solid-State Circuits Conf. Session 8, Feb. 8,
1964

Laser Digital Devices—W, F. Kosonocky, O
A. Reimann (Labs, Pr.) RADC Symp. on
Optical and Electro-Optical Info. Process-
ing Technology, Boston, Mass., Nov. 910,
1964

Light Modulators—F. Sterzer (ECD, Pr.)
Johnson Foundation, Univ. of Penna., Nov.
20, 1964

Q Mech | Effects in Stimulated Op-
tical Emission. II—R. C. Williams (Labs, Pr.)
The Physical Review, Vol, 136, No. 3a, Nov.
2, 1964

ENERGY CONVERSION; SOURCES

Cesium Reference Anodes—J. R. Fondley, Jr.
(Labs, Pr.) 1964 Thermionic Conversion
Specialist Conference NASA Lewis Re-
search Center, Cleveland, Ohio, Oct. 26, 1964

Transistorized Microwave Power Source—M.
Caulton, R. Ernst, H. Sobol (DEP-CSD,

Camden) Electron Devices Conf, Wash.,
D.C,, Oct. 31, 1964

ENVIRONMENTAL FACTORS

Currents Incl

A. Lampert, F. Edelman (Labs, Pr.)
Journal of Applied Physics, Vol. 35, No. 10,
Oct. 1964

ELECTROMAGNETISM

Anomalous Resistivity Nb3sn—D., W. Wood-
ward, G. D. Cody (Labs, Pr.) Physical Re-
view, Vol. 135, No. 1A, Oct. 5, 1964

Differential and Thermogravimetric Analysis
of Mn-In Ferrite—R. E. Hurley, R. Degen-
kolb (H.I, Indpls.) Indiana Branch of the
Amer. Ceramic Soc., Oct. 26, 1964

High-Temp s ibility of Heisenk
Ferromagnets Having First- and Second-Neigh-
bor Interactions—P. J. Wojtowicz, R. 1.
Joseph (Labs, Pr.) Physical Review, Vol.
135, No. 5a, Aug. 31, 1964

Selected Topics in Magnetism—I. Gordon
(Labs, Pr.) Graduate Seminar, School of
Ceramics College of Engineering, Rutgers
Univ., New Brunswick, N.J., Nov. 7, 1964

Sign of the Trigonal Field Splitting of B-Site
lons in Spinel—S. B. Berger (Labs, Pr.)
Conf. on Magnetism and Magnetic Mat’ls.,
Minneapolis, Minn., Nov. 17, 1964

Designi Electronic for the Com-
bined Random and Sinusoidai Vibration En-
vironment—A. W. Sinkinson (DEP-ASD,
Burl.) 34th Symp. on Shock, Vibration and
Associated Environments, Monterey, Calif.,
Oct. 14, 1964

Temperature Elevation in an Electric Module
—G. Rezek (DEP-CSD, Camden) Electro-
mechanical Design, Oct. 1964

e
FILTERS

Pol Soluti Aid Rectifi

Filter Design
—W. M. Austin, K. W. Angel (ECD, Hr.)
Electronic Industries, Dec. 1964

GEOPHYSICS

Noble Equation for the Diffusion of a Circular

Dye Patch, A Simple Derivation of the—F. C.

W. Olson (DEP-Pr.) The Journal of Geo-

physwal Research, Vol. 69, No. 2, Jan. 15,
1964

Simulation of Geophysical Ph

in the
Loboratory—M. P Bach)nskl (RCA Lid,
Montreal) A4.0.4.4. Journal, Vol. 2, No. 11
Nov. 1964

Variati of the M e with Solar
Wind Properties, Luboru'ory Studies of the—
F. F. Osborne, M. P. Bachynski, J. V.
Gore (RCA Ltd., Montreal) Journal Geo-
physical Research Vol. 69, No. 21, Nov. 1
1964

3

INFORMATION PROCESSING;
RETRIEVAL

ASW Vehicles, A Semi-Automatic Tactical
Real-Time-information Data-Exchange Concept
for—D. Greenberg (DEP-CSD, Camden)
Northeastern States Navy R&D Clinic,
Phila., Pa., Nov. 20, 1964 (classified paper;
unclasszﬁed title)

INSTRUMENTATION; LAB EQUIPMENT

Electron Microdiffraction from Circular Areas
of less Than 100 Angstrom Diameter—Dr,

W. Coleman (BCD, Camden) Electron
\hcroscope Soc. of America, Detroit, Mich.,
Oct. 1964

Electron Microscopy Using Image Intensifica-
tion and Television Display—J. H. Reisner,
Dr. (BCD, Camden) Scientific Instruments
News, Oct. 1964

Focussed Microwave Systems for Plasma Diag-
nostics—A. I. Carswell, C. Richard (RCA
Ltd., Montreal) Amer. Physical Soc. Plasma
Physics Mtg., N.Y., Nov. 1964

Simulation of Geophysical Phenomena in the
Laboratory—M. P. Bachynski (RCA Ltd.,
Montreal) A.1.A.A. Journal, Vol 2, No. 11,
Nov. 1964

Two-Phase Mercury Plasma Tunnel—A. 1.
Carswell (RCA Ltd., Montreal) Review of
Scientific Instruments Vol. 35, No. 11, Nov.
1964

X Lasers (Properties of) and Their Applica-
tions to Spectroscopical Probiems—H. J. Ger-
ritsen (Labs, Pr.) Brookhaven Nat’l. Lab.,
Upton, L.I,, N.Y., Nov. 4, 1964

X-Ray Spectrometric Analysis, Solution Tech-
niques in—E. P. Bertin (ECD, Hr.) Soc. for
Applied Spectroscopy, N.Y. Chapter, Dec.
8, 1964

LASERS

Blue Gas Laser Using Hg?—H. J. Gerritsen,
P. V. Goedertier (Labs, Pr.) Journal of Ap-
plied Physics, Vol. 35, No. 10, Oct, 1964

CW O i of Ga As Inj

M. F. Lamorte, R. B. Lxebert T Gonda
(ECD, Som.) Proceedings of the IEEE
(Corres) Oct. 1964

Divalent Rare Earths in Optical Maser Oscil-
lator—G, J. Goldsmith (Labs, Pr.) Depart-
ment of Physics, Purdue Univ., Oct. 16, 1964

Laser Digital Devices—W. F, Kosonocky, O.
A. Reimann (Labs, Pr.) RADC Symp. on
Optical and Electro-Optical Info. Processing
Technology, Boston, Mass., Nov. 9-10, 1964

Laser Transmission Measurement at the David
Taylor Model Basin—H. Okoomian (DEP-
ASD, Burl.) 2nd Mine Advisory Committee
of the Nat’l. Acadamy of Sciences, Nat’l
Research Council 60th Annual Mtg., Univ.
of Calif., Berkeley, Calif.

’\ Mech I EﬁEC'S in Stil ! i 0 -
tical Emission. 11—R. C. Williams (Labs, Pr)
The Physical Review, Vol. 136, No. 3a, Nov.
2, 1964

Threshold Current in GaAs Lasers, Temperature
Dependence of—G. C. Dousmanis, H. Nelson,
D. L. Staebler (Labs, Pr.) Applied Physics
Letters, Vol. 5, No. 9 Nov. 1, 1964

X Lasers (Properties of) and Their Applica-
tions to Spectroscopical Problems—H. J. Ger-
ritsen {(Labs, Pr.) Brookhaven Nat’l. Lab.,
Upton, L.I, N.Y., Nov. 4, 1964

MANAGEMENT; BUSINESS

A Billion-and-a-Half a Year; A Ton-and-a
Half @ Day: Reducing the Cost and Bulk of
Defense Documentation—C. W. Fields, J. J.
Gillespie, R. E. Patterson, W. W, Thomas
(DEP-CSD, Cam.) WFLN Radio, Phila.,
Pa., Dec. 5, 19, 1964

Communications Part in Corporate Systems—
E. J. Tomke (DEP.-CSD, Camden) AMA
Orientation Seminar, N.Y., Nov. 18, 1964

Income Control Through Marketing Standards
—H. N. Garber (Labs, Pr.) Budget Execu-
tive Institute, Boston, Mass., Oct. 23, 1964

New Perspectives for Consumer Electronics—
J. Hillier (Labs, Pr.) IEEE Consumer Elec-
tronics Award Dinner-part of 1964 National
Electronics Conf., Chicago, Iil

Patents in the United States—M. S. Winters
(Labs, Pr.) Jewish Center of Princeton
Men’s Club, Nov. 16, 1964

Program Management—C. K. Law (DEP-
CSD, Camden) Air Force Institute, Dayton,
Ohio, Apr. 1964

Program Management, Guidance and Control
of—C. K. Law (DEP-CSD, Camden) IEEE
PTGEM Mtg., Point Mugu, Calif., Oct. 19,
1964

Proposal Activity, Organization and Manage-
ment of a—J. A. Doughty (DEP-CSD, Cam-
den) Proposal Management, Amer. Manage-
ment Assoc., N.Y., Nov. 18, 1964

Proposal Preparation, Cost Engineering Ap-
proach to Governmemt—R. W. Greenwood
(DEP-CSD, Camden) Amer. Inst. of Ind.
Engrs Region II Conf, Baltimore, Md.,
Oct. 8, 1964

MATHEMATICS

Conditional Least Squares Polynomial Approx-
imation—R. W. Klopfenstein (Labs, Pr.)
Mathematics of Computation, Vol, 18, No.
88, Oct. 1964

Noble Equation for the Diffusion of a Circular
Dye Patch, A Simple Derivation of the—F. C.
W. Olson (DEP-Pr.) The Journal of Geo-
physical Research, Vol. 69 No. 2, Jan. 15,
1964

Ordinal Transformations, Inverse Table Lookup
for—F. H. Fowler, Jr. (DEP-CSD, Camden)
Control Engineering, Nov. 1964

MECHANICAL COMPONENTS

Versatile Fibergloss in an Eiectronics Model
Shop~I. M. Frank (DEP-MSR, Moores.)
IEEE-GPEP, Phila. Chapter, Oct. 27, 1964

MILITARY SYSTEMS

ASW Vehicles, A Semi-A Tactical
Real-Ti Information Dat Concept
for—D. Greenberg (DEP-CSD, Camden)
Northeastern States Navy R&D Clinic,
Phila., Pa., Nov. 20, 1964 (classified paper;
unclassified title)

Exch

MOTION-PICTURE EQUIPMENT

Cinerama Theatre Acoustics—M. Rettinger
(BCD, Camden) Jour. SMPTE, July 1964

OPTICS

Space Optics—R. Jorden (DEP-AED, Pr.)
Optical Soc. of America, Delaware Valley
Sect., Temple Univ., Dec. 3, 1964

Spherical Reflector, Optics of the Focal Region
of a—R. C. Spencer, G. Hyde (DEP-MSR,
Moores.) Annual Mtg. of the Optical Soc.
of America, N.Y., Oct. 7, 1964; Journal of
American Opncal Soc., Vol. 54 Nov. 1964

PLASMA

Cyclotron Harmonics in Warm Plasmas, Exci-
tation of—T. W. Johnston (RCA Ltd., Mon-
treal) Amer. Physical Soc. Plasma Physws
Mtg., N.Y., Nov. 1964
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Focussed Microwave Systems for Plasma Diag-
nostics—A. I. Carswell, C. Richard (RCA
Ltd., Montreal) Amer. Physical Soc. Plasma
Physics Mtg., N.Y., Nov. 1964

Sustained Plasma Oscillations Near the Crest
of an lon Acoustic Wave—G. W. Swartz, L. S.
Napoli (Labs, Pr.) Mtg. of the Plasma
Physics Div. of the American Physical Soc,,
N.Y., Nov. 4.7, 1964

Two-Phase Mercury Plasma Tunnel—A. L
Carswell (RCA Ltid., Montreal) Review of
Scientific Instruments, Yol. 35, No. 11, Nov.
1964

Variation of the Magnetosphere with Solar
Wind Properties, Laboratory Studies of the—
F. J. F. Osborne, M. P. Bachynski, J. V.
Gore (RCA Lid., Montreal) Journal Geo-
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Williams, R. C. atomic theory; phenomena

Wine, C. M. computer circuitry; devices

Winters, M. S. management; business

Wojtowicz, P. J. solid-state materials

Wojtowicz, P. J. electromagnetism

Wolff, N. E. electromagnetic theory;
phenomena

Woodward, D. W. electromagnetism

Yocom, P, N. solid-state materials

Yocom, P. N. solid-state materials
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RCA CITED FOR FOUR OF THE
‘MOST SIGNIFICANT NEW PRODUCTS”
OF 1964
RCA produced four of the 100 most sig-
nificant new products of 1964, according to
Industrial Research magazine. Only two
companies, General Electric with 6, and
Honeywell, Inc., with 5, had more products
on the list than RCA. Three companies had
three products, and nine had two. The re-
maining 58 came from individual organiza-

tions.

The RCA products cited were: 1) Para-
metric amplifier providing the first demon-
stration of parametric amplification in su-
perconductors developed by the Microwave
Research Laboratory, RCA Laboratories,
Princeton, N.J., 2) Laminated ferrite mem-
ories for digital computers developed by the
Computer Research Laboratory, RCA Labo-
ratories, 3) Vidicon camera tube for RANGER
7 developed by ECD Industrial Tube and
Semiconductor Division, Lancaster, Pa., 4)
Superconductive magnet—the world’s most
powerful (107,000 gauss) with practical
bore size (1 inch) —developed by the Super-
conductor Materials and Devices Labora-
tory, ECD Special Electronic Components
Division, Princeton.

All these developments have been de-
scribed in recent issues of RCA ENGINEER

and RCA Review.

RCA AND PRENTICE-HALL
NEGOTIATING MERGER
Preliminary negotiations for a merger of
RCA and Prentice-Hall, Inc.,, were an-
nounced in December 1964. The negotia-
tions are subject to the approval of the di-
rectors of both firms. The final agreements
will be submitted to the stockholders of the
two companies. If successfully concluded,
the transaction will provide that each share
of Prentice-Hall common stock presently
outstanding would be exchanged for 1%
share of RCA common stock and 34¢ share
of a new $1.75 cumulative convertible RCA

preferred stock to be issued.

RCA Chairman David Sarnoff, in com-
menting on the proposed merger, explained:
“Prentice-Hall has long played an influ-
ential role in communicating and teaching
through the printed pagé. At the opposite
end of the communications spectrum, RCA
has profoundly influenced the development
and growth of electronic means for convey-
ing information in sight and sound to peo-
ple everywhere,

“If our preliminary plans for merger are
ultimately approved, I believe that this will
work to the benefit of both organizations,
and will also advance the art of communi-
cations as a whole.

“Richard P. Ettinger, co-founder and
Chairman of the Board of Prentice-Hall,
has agreed to become a member of the RCA
Board of Directors if present negotiations
are successfully concluded. We look for-
ward to having the benefit of his long ex-
perience and advice.

“RCA has always had a deep interest in
education. We are conscious of the de-
mands that are being made upon our edu-
cation system, and of the responsibility
which all of us bear in this age of mounting
educational complexity.

“Against this background, I believe the
merger which we now propose is indeed
promising and stimulating. I also believe
that it can open to us major opportunities
in all fields of educational endeavor.”

p- N

RCA SIGNS COMPUTER PACT WITH
SIEMENS-HALSKE

RCA and Siemens & Halske A.G. of Ger-
many have signed patent, license, and tech-
nical information and sales agreements to
strengthen the position of both companies
in the expanding world-wide computer mar-
ket. The new arrangement, expected to de-
velop a multi-million dollar business be-
tween the two firms, was announced by Dr.
Etmer W. Engstrom, RCA President, and
Dr. Hans Kerschbaum, Board Chairman of
Siemens & Halske.

Siemens & Halske and RCA will each
make available to the other technical in-
formation relating to the engineering and
manufacture of data processing equipment.
Also included will be information on pro-
grapuming, testing, installation, training,
and service and maintenance.

The sales agreement is expected to result
in substantial purchases by Siemens &
Halske of the new RCA Spectra 70 series
of computers. Siemens & Halske will mar-
ket and service the electronic data process-
ing systems it purchases from RCA, as well
as those it manufactures itself, through its
worldwide sales and maintenance organi-
zation. It also is anticipated that RCA will
have available from Siemens devices and
systems which can be included in RCA
electronic data processing product lines.

Dr. Engstrom said the agreements will
assure RCA of expanded use of its elec-
tronic data processing equipment and tech-
niques in the overseas market.

Siemens ranks among the top ten indus-
trial firms in Western Europe with more
than $1.5 billion in annual sales revenue.
It employs more than 240,000 people and
enjoys a wide manufacturing and sales rep-
resentation in about 100 countries—it owns
distributing companies in 36 countries and
has representatives and agencies in more
than 60 countries.

RCA FIRST U.S. COMPANY TO SELL
MILITARY ELECTRONICS PRODUCTS
DIRECTLY TO INDIA

RCA has become the first U.S, company to
negotiate a military electronics product
order directly with the government of India.
The equipment includes 2,400 manpack tac-
tical FM receiver-transmitter sets and kits
of parts and subassemblies. The AN/PRC-
25 sets, originally developed by RCA for the

Army, are lightweight 920-channel
two-way instruments. They will be built
for India by the Communications Systems
Division,

RCA also negotiated a license and tech-
nical aid agreement under which the Indian
government may eventually build the radio
sets,~ Assembly lines for the kits will be set
up by Bharat Electronics Ltd., a company
wholly owned by the Indian government.

EIA TO HONOR E. C. ANDERSON

E. C. Anderson, recently retired RCA Exec-
utive Vice President, Staff, has been named
to receive the 1965 Medal of Honor, the
highest award of the Electronic Industries
Association. Mr. Anderson will be cited for
his “distinguished contribution to the elec-
tronics industries,” particularly for his ef-
forts on behalf of the consumer products
industry.

Mr. Anderson retired late in 1964 after
42 years with RCA. Also, last year he re-
tired as a representative of the Consumer
Products Division on the EIA Board of Di-
rectors, a post he had held since 1955.
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DR. CHANG GETS ACHIEVEMENT AWARD
Dr. Kern K. N. Chang, head of the solid
state devices group of the Microwave Re-
search Laboratory of RCA Laboratories,
Princeton, N.J., has been honored by the
Chinese Institute of Engineers, New York,
Inc. (CIE). Dr. Chang was given a CIE
Achievement Award for his outstanding con-
tributions in the field of electronic devices.
Dr. Chang is a graduate of the National
Central University of Nanking, China. In
1948 he received an MSEE from the Uni-
versity of Michigan, and in 1954 a PhD at
the Polytechnic Institute of Brooklyn. Since
1948, Dr. Chang has been a member of the
technical staff of RCA Laboratories, where
he has engaged in research of magnetrons,
traveling wave tubes, beam focusing de-
vices, parametric amplifiers and tunnel
diode devices. In 1956 and 1960 he received
RCA Laboratories Achievement Awards for
outstanding theoretical and experimental
research on electron beam focusing and on
parametric and tunnel diode devices.

J. ST. THOMAS HONORED FOR WORK
IN PHOTO-OPTICAL INSTRUMENTATION
The Society of Photo-Optical Instrumenta-
tion Engineers (SPIE) has selected Jean
St. Thomas, Test Operations Analyst for
the RCA Service Company’s Missile Test
Project on the Air Force Eastern Test
Range, as the recipient of one of its 1964
Karl Fairbanks Memorial Awards.

Only two of the awards are granted an-
nually. One is presented to an individual
in private industry and the second goes to
a person employed by the government. Each
is awarded to recognize “outstanding
achievements in the field of photo-optical
instrumentation engineering.”

St. Thomas was selected for the award as
a result of his many contributions to photo-
optical instrumentation. Of particular note
have been his efforts in the area of codifica-
tion for photo-optical instrumentation and
the leading role he played in promoting
publication of the Shaftan papers, which
document the early portion of the develop-
ment of photographic instrumentation engi-
neering—7T. Elliott

W. M. SHEAHAN

NAMED FELLOW OF SMPTE
William M. Sheahan, Manager of Range
Photography for the RCA Service Com-
pany’s Missile Test Project, has been named
Fellow of the Society of Motion Picture
and Television Engineers (SMPTE). The
designation, made in recognition of con-
tributions in the photographic field, is the
highest honor that SMPTE bestows upon
its members.

Sheahan has headed the Missile Test
Project’s Range Photography unit since
1960. He joined the Company following a
distinguished career in the U.S. Army,
where he served in several high level photo-
graphic capacities, including Chief of the
Pictorial Engineering and Instrumentation
Office of the Army Pictorial Service.

Active in several professional organiza-
tions, Sheahan is one of the founders of the
Cape Kennedy SMPTE Chapter. He is also
the current chairman of the Canaveral
Council of Technical Societies.—7T. Elliott




RCA RECORDS WIN PRIZES

The Academie du Disque Francais has
awarded three Grand Prix awards to RCA
Victor recordings and artists. Pianist Artur
Rubinstein won the Grand Prix du Presi-
dent de la Republique for his newest re-
cording, “A French Program.” Miriam
Makeba’s recordings were grouped together
to win her the Grand Prix in the category
of folk singing excellence. The RCA Victor
recording of Verdi’s “Falstaff” won the
Grand Prix Charles Cros as the finest oper-
atic recording of the year.

RCA COMMUNICATIONS
EXPANDS PACIFIC CABLE NETWORK

RCA Communications, Inc., completed a
major expansion of its communications fa-
cilities in the Pacific with the inauguration
of services on the new Guam-Philippine seg-
ment of the Transpacific Cable System in
December.

Thompson H. Mitchell, RCA Communica-
tions President, said the company has ac-
quired 27 wideband circuits in the Philip-
pines segment, bringing to 59 the number
of circuits RCA operates in the Transpacific
Cable System. The 59 circuits were acquired
at a cost of approximately $15 million and
more than double RCA’s capacity to provide
overseas communications services for both
government and commercial customers in

the Pacific.

GIBBSBORO ANTENNA FACILITY EXPANDS

The Antenna Engineering Facility at Gibbs-
boro is now undergoing major expansions.
These include new roadways, a new VHF
building and trestle, new instrumentation
house and instruments and major capital
equipment, a travel lift and a turntable. New
facilities now in planning include a new
model range and a three-axis turntable.

At a Broadcast Division consulting engi-
neering seminar at Meadowlands, Pa., on
November 18, 1964, the Antenna Engineer-
ing Staff made a presentation of the new
facilities at Gibbsboro and on new antenna
developments. Speakers included R. L. Roc-
amora, Manager, Gibbsboro Antenna Fa-
cility, H. E. Gihring, M. S. Siukola and H.
H. Westcott. Edmund A. Laport, Director
of Communications Engineering on Dr. G.
H. Brown’s R&E staff, is conducting a semi-
nar at Gibbsboro covering the design of
antennas for the International market and
special problems associated with such a
market.—H. E. Gthring

CAMDEN HOLDS TRAINING PROGRAM
IN INTEGRATED CIRCUITS

The RCA Camden plant held an Integrated
Circuits Orientation Program, one of a
series of programs which will be offered to
assist technical employees in becoming
knowledgeable in new technological areas.

The integrated circuit program consisted
of four two-hour sessions on Tuesday eve-
nings in the Little Theatre, Building 2,
Floor 1. The first session was held on Tues-
day, January 19, 1965. Information on the
program series may be obtained from Harry
A. Moos, Training, Building 5-2, Camden,
NJ.

LICENSED ENGINEERS

M. F. Bondy, DEP-CSD, Camden, PE-13735,
N.J.

A. R. Campbell, DEP-AED, Pr., PE-13135,
N

g
D. Mackey, RCA Staff, Camden, PE-13627,
NJ

N. Seidman, ECD, Lanc., PE-10014E, Pa.

P. V. Smith, RCA Ser. Co., Cherry Hill, PE-
10161E, Pa.

S. M. Zollers, ECD, Lanc., PE-13685, N.J.

TEN-SECOND, DRY, HIGH-SPEED
FILM PROCESSORS DESIGNED BY M&SR
TO USE NEW BIMAT
High speed processors for 10-second, dry,
continuous developing of photographic film
have been designed by the Special Applica-
tion Engineering activity of the DEP Missile
and Surface Radar Division, Moorestown,
N.J. The first in the industry to use the re-
cently announced Eastman Kodak 10-second
Bimat technique, these processors are an
outgrowth of M&SR work on optical data
processing and display equipment for mili-

tary applications.

Bimat permits the use of silver halide
films for the first time in systems requiring
fast, dry image formation with a high pack-.
ing density. Silver halide films have sensi-
tivities at least 100 times greater than other
dry recording processes and resolutions
greater than 100 line pairs per millimeter
compared with resolutions of 3 to 5 line
pairs for other dry processes.

Two 35-mm Bimat processors have been
developed during the past year. Fabrication
is under way on a 16-mm" quick-access proc-
essor for optical data correlation and on a
5-inch continuous tone, high resolution dis-
play in which the data is projected onto a
screen promptly after being recorded.

High speed Bimat processing potentially
can be used in many areas for the record-
ing, storage, and readout of optical informa-
tion. M&SR engineers state that the sim-
plicity, cleanliness, and reduced handling
of the Bimat film processors establishes
them as logical replacements for existing
wet systems.

DR. PETERSON, COMMUNICATIONS

PIONEER, RETIRES
A most-distinguished RCA engineering ca-
reer reached its climax recently with the
retirement of Dr. Harold O. Peterson,
after an association with RCA that has
spanned almost 43 years and virtually every
development in modern communications
and electronics. A 1921 graduate of the
University of Nebraska, Dr. Peterson joined
RCA in 1922,

Most of Dr. Peterson’s career with RCA
was spent at the Communications Labora-
tory at Riverhead, Long Island, where he
was associate director of the laboratory be-
fore transferring to the Missile Test Project
of the RCA Service Co. in 1961. His efforts
there resulted in a vast number of innova-
tions and wave propagation data, as evi-
denced by his 130 patents.

For his contributions to the science of
communications, Dr. Peterson was recog-
nized with an honorary Doctor of Engineer-
ing by his alma mater in 1951. Dr. Peterson
was also the recipient of the National Asso-
ciation of Manufacturers Modern Pioneer
Award in 1941, and a Fellowship in the
IRE. —T. L. Elliott

RCA AWARD-WINNING

_COLOR FILM AVAILABLE
“The Challenge of Tomorrow,” a 28-minute
color motion picture portraying RCA’s
varied activities in electronics is available
for intra-company and public showings. The
film won the Best Photography Award of
the Fourth International Film and TV Festi-
val in New York. In addition to being
loaned for showings within RCA, the film
is available for presentations before educa-
tional institutions, social and civic groups,
and industry and fraternal organizations.
To borrow a copy of the film, write to Mr.
Coffin at 30 Rockefeller Center, New York.

««« PROMOTIONS . ..

to Engineering Leader & Manager

As reported by your Personnel Activity during the
past two months., Location and new supervisor
appear in parentheses.

Electronic Components & Devices

B. J. Walmsley: from Eng. Ldr., Product
Development to Eng. Ldr., Manufacturing
(G. Stolpman, Product Assurance Test-
ing, Somerville)

DEP Astro-Electronics Division

D. Silverman: from Engr. to Ldr. Engrs.
S. Gubin, Mgr., Electronic Systems Eng.,
Princeton)

DEP Aerospace Systems Division

R. Benedict: from Sr. Member D&D Eng.
Staff to Ldr., D&D Eng. Staff (F. Worth,
Van Nuys)

R. E. Richards: from Ldr., Dev. and Des.
Eng. Staff to Mgr., Electronics Eng. (R.
Landee, Van Nuys)

RCA Service Company

A. P. Frankowski: from Engr., BMEWS to
Ldr., Engrs., BMEWS (P. C. Groot, Site
II Eng.)

Z. S. Havser: from Engr.,, BMEWS to Ldr.,
Engrs., BMEWS (H. H. Lugg, Site I
Eng.)

R. L. Johnson: from Engr., BMEWS to Ldr.,
Engrs., BMUEYS (R. E. Shannon, Eng.)

A. L. Lea: from Engr. to Ldr., Engrs.,
BMEWS (H. M. Hochreiter, Nuclear &
Scientific Svcs.)

D. E. Price: from Field Engr. to Ldr., Engrs.
(J. W. Martin, Signature Support Eng.)

P. C. Groot: from Ldr., Engrs.,, BMEWS to
Mgr., Site Eng. (E. E. Terrien, Site Eng.,
Clear, Alaska)

W, J. Ewing: from Engr. to Ldr., Eng. (G.
B. Cope, Data Translation Eng., Missile
Test Project)

DEP Communications Systems Division

J. S. Griffin: from Engr. to Eng. Ldr. (J. D.
Rittenhouse, Magnetic Recording Eng.,
Camden)

A. S. Katz: from Project Engr. to Eng. Ldr.
(F. D. Kell, Magnetic Recording Eng.,
Camden)

C. A. RACKEY, PIONEER BROADCAST
STUDIO DESIGNER, RETIRES

Chester A. Rackey recently retired from
NBC after 41 years of service. At the time
of his retirement, he was Manager, Facil-
ities Design and Construction in NBC
Engineering. Mr. Rackey joined AT&T in
1923 in the Radio Division, Station WEAF,
which was sold to RCA and became the
nucleus of NBC along with Station WJZ in
New York. He joined NBC at the time the
Company was formed in 1926 and became
a charter member of the NBC Engineering
staff in which he served the rest of his
career.

At that time, Mr. Rackey had charge of
design and construction of NBC’s first radio
studio plant at 711 5th Avenue, New York.
Later he was in charge of the design and
installation of the original radio studios at
the Merchandise Mart in Chicago 1930-31,
Radio City New York 1932.33, Sunset &
Vine Studios Hollywood, as well as other
NBC locations in San Francisco, Cleveland
and Washington.

DEGREES GRANTED

M. Fomin, ECD ..........................
J. Wilder, RCA Labs .....................

....BS in EE, Fairleigh Dickinson University
......... v+.....PhD in EE, Univ. of Penna.
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C. M. Sinnett

G. A. Kiessling

C. M. SINNETT RETIRES

Chester M. (‘‘Mack’) Sinnett has retired
from fulltime RCA activity after a dis-
tinguished 40-year engineering and man-
agement career highlighted by important
contributions to modern professional im-
provement programs for engineers, and to
the stimulation and understanding of en-
gineering creativity. (See RCA ENGINEER
Vol. 1, No. 6, “(Ideas)™—Is There a
Limit?”.) His technical career was inti-
mately involved with the growth of home
radio receivers, and the birth and growing
pains of hi-fi and both monochrome and
color Tv home receivers.

Mr. Sinnett received his BSEE from the
University of Maine, and joined Westing-
house Electric and Manufacturing Com-
pany in Pitisburgh in 1924. When the RCA
Victor Company was established in 1929,
he transferred to Camden as Manager of
Phonograph Design and  Development.
Later, he was named Manager of the
Loudspeaker and Phonograph section.

In 1945 he was appointed Manager of
Home Instruments Advanced Development.
In 1959 he was appointed Director of Prod-
uct Engineering Professional Development,
a position he held until his retirement.

Mr. Sinnett has been issued 30 U.S.
patents, and is a Fellow of the JEEE. He
is a Registered Professional Engineer in
New Jersey, and a member of the NSPE
and Tau Beta Pi.

C. M. Sinnett helped pioneer the intro-
duction of the RCA ENGINEER, served as an
Engineering Editor for several years and
then until his retirement as an Advisory
Board member.

He pioneered Trend, the RCA engi-
neering news digest, on which he served
as Editor. As a Contributing Editor of
Research/Development magazine, Mr. Sin-
nett is currently writing a series of monthly
articles on “The Challenge of Personal Pro-
fessional Development.”

CERAMIC SOCIETY INDIANA SECTION

Recently, a new Indiana Section of the
American Ceramic Society was organized
in a meeting held at the RCA Indianapolis
plant at which 60 attended. Active at the
meeting and in the organizing effort were:
W. H. Liederbach, H. M. Dess, T. M.
Gainer, R. A. Gaiser, A. M. Hossenlopp,

1. D. McKeown, R. S. Degenkolb, and R. E.
Hurley. A slate of officers and a program
for 1965 is being set up.

KIESSLING NAMED MANAGIR,
PRODUCT ENGINEERING PROFESSIONAL
DEVELOPMENT

Appointment of George A. Kiessling as
Manager, Product Engineering, Profes-
sional Development, was recently an-
nounced by D. F. Schmit, Staff Vice Pres-
ident, Product Engineering. He replaces
C. M. Sinnett, who has recently retired.
Mr. Kiessling has been active in RCA Pro-
fessional Development Programs involving
engineering and engineering management
communications, recognition, rewards, and,
in collaboration with Personnel and Stafi,
training, performance evaluation and
measurement, and employee relations. Mr.
Kiessling received the BEE degree from
Manhattan College, New York, in 1951 and
the MSIE degree in Engineering Manage-
ment from the Stevens Institute of Technol-
ogy, Hoboken, N.J. in 1953. He was a
member of the technical staff of the Physics
Laboratories, Sylvania Electric Products,
Inc. before joining RCA’s Engineering
Products Division as Administrator, Engi-
neering Financial Planning in 1954. Upon
formation of Commercial Electronics Prdo-
ucts in 1956, Mr. Kiessling was made Man-
ager, Engineering Standards and Serv-
ices continuing this assignment with the
successor, Industrial Electronic Products,
organization, In 1961, he joined Electronic
Data Processing as Staff Engineer, and in
1962 was named Manager, Product Admin-
istration, Custom Projects Marketing. Mr.
Kiessling is a member of the IEEE and the
IEEE Group on Engineering Management.

PINSKY NAMED EDITOR OF ‘‘TREND”

A. N. Pinsky, Administrator, Professional
Development Communications, has been
named Editor of Trend—the RCA research
and engineering news digest. Mr. Pinsky
had been Assistant Editor of Trend. He
reports to G. A. Kiessling, Manager Product
Engineering Professional Development.

RADIO LECTURE ON DOCUMENTATION

R. E. Patterson, C. W, Fields, and J. J.
Gillespie of CSD, and W. W. Thomas of
Central Engineering participated in a panel
discussion over radio station WFLN, Phila-
delphia on December 5 and 19, 1964, titled,
“A Billion-and-a-Half a Year; A Ton-And-
A-Half A Day.” The two-part talk out-
lined the problems of bulk and expense
accruing to Defense documentation in in-
dustry, and the steps which industry and the
Department of Defense are taking to solve
these problems.—C. ¥. Fields

At o recent meeting of the DEP Editorial Board, at which technical papers activities of the DEP
Divisions were discussed and the CSD microfilm «ctivity toured, this group was snapped during
a coffee break: I. to r.: W. O. Hadlock, Editor, RCA ENGINEER; C. W. Fields, CSD; M. Pietz,
Applied Research; J. Phillips, AED M. Rosenthal, CSD; E. R. Jennings, Assistant Editor, RCA
ENGINEER, G. Lieberman, CSD; D. B. Dobson, ASD; F. D. Whitmore, Chairman, DEP Editorial
Board; J. J. Lamb, Central Eng. This DEP group regularly meets every other month. Should you
have matters concerning technical papers or the RCA ENGINEER that you wish discussed at one

of these meetings, contact your DEP Editorial Representativ

{see inside back cover).

J. WALTER RETIRES

John C. Walter retired from RCA recently
after 28 years service. Mr. Walter made
many important contributions to the high
power transmitter design functions in Cam-
den. He was responsible for the design and
installation of the famous Jim Creek 1000
kw VLF transmitter and headed design
teams which developed such products as the
50-D, 50-E and 150-A broadcast transmitters,
TTU-12 and TTU-25 TV transmitters and
the Cambridge Electron Accelerator.

A strong advocate of registration for pro-
fessional engineers, Mr. Walter encouraged
many of his associates to sit for State Board
Professional Engineer examinations and
initiated the RCA EncINEER policy of pub-
lishing a continuing roster of RCA em-
ployees holding active licenses as Profes-
sional Engineers.

DR. C. B. JOLLIFFE' RETIRES

Dr. Charles B. Jolliffe, Vice President and
Technical Consultant of RCA, retired on
December 1st, after nearly 30 years’ associ-
ation with RCA. Dr. Jolliffe received his
BS in 1915 and his MS in 1920 from West
Virginia University, and his PhD from Cor-
nell University in 1922. He was awarded
an honorary LLD degree from West Virginia
University in 1942. Dr. Jolliffe joined RCA
in 1935 after five years® association with the
FCC. In 1941, he was named Chief Engi-
neer for RCA Laboratories,and in 1945 upon
the retirement of Dr. Otto S. Schairer, he
became Executive Vice President in charge
of the RCA Laboratories Division. From
1951 to 1961 he served as Vice President
and Technical Director of RCA. In 1957 he
was also named Technical Director of De-
fense Electronic Products.

D. PARKER HEADS PHILA. IEEE
“BASIC SCIENCE” LECTURE SERIES

The purpose of the IEEE’s Basic Science
Technical Group is to present lectures on
new or fast-moving advanced technologies
of interest to today’s scientist. The lectures
are tutorial, designed for an audience of
varied background. Speakers prominent in
the field give lectures which include a re-
view of the pertinent physical principles, a
discussion of the significant problem areas
and predictions of future applications.

D. J. Parker, Manager of RCA’s Applied
Research, is Chairman of the Basic Science
Technical Group of the IEEE, Philadelphia
Section, and G. K. Zin, Physicist in Applied
Research, is heading its Publicity Com-
mittee.

Reservations and information on future
meetings can be gotten from Miss Helen
Yonan, University of Pennsylvania, Phila-
delphia, Pa.; (215) 594-8106.

PLANNING FOR APRIL 1965
“SPACE CONGRESS' HEADED BY
MERTENS AND TABELING

The Second Space Congress will meet dur-
ing the first week of April 1965 in Cocoa
Beach, Florida. The theme for this Con-
gress is “New Dimensions in Space Tech-
nology” and will include all aspects of space
science on systems, equipment, techniques,
and associated fields.

Dr. L. E. Mertens, Staff Scientist for the
RCA Missile Test Project, Patrick AFB,
Florida, is Program Chairman for this
Congress. Speaker Chairman is R. H.
Tabeling, System Project Manager, RCA
Missile Test Project, Patrick AFB, Florida.
Many other RCA personnel are active in
running this year's Congress, which is ex-
pected to surpass the tremendously suc-
cessful first meeting of the Congress in
1964.
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