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The Space Business and RCA

This issue of the RCA EnciNiir, with its concentration on space activities, might
well raise for engineers the question as 10 why RCA has entered this unusual field.

It is true. of course, that industrial companies normally desire—and even require
in today's economic climate—a continuing increase in profitable volume and a
broadening hase for their husiness. RCA’s own history discloses a succession of
such steps in the company’s growth.

Business experience already has established criteria for evaluating any proposed
new industrial venture. For example: Is there « market with an anticipated con-
tinuity? In the case of space activity, the answer is written in the nation’s purpose-
ful entry into space exploration and the readiness of Congress to provide the neces-
sary funds.

Does RCA have the scientific capability and the manpower und financial resources
thai are required? The technical aspects of the question are answered by the suc-
cesses of Project Score, the Tikos series. and other outstanding satellite accom-
plishments. The measure of corporate financial support is indicated by the invest-
ment in our Princeton Space Center. our newly-erected Space Fnvironmental Cen-
ter, featured on the cover, and our future huilding plans.

What particular features characterize our contribution in terms of product or
service? The answers are many and varied, but two are especially important: the
concepts of reliability and of complete svstems-engineering responsibility.

RCA brings 10 satellites, space vehicles, and space probes a basie philosophy of
reliability derived from years of experience with defense equipment. This experi-
ence has forged both a theoretical and a practical concept of reliability as a planned,
integral part of design, manulacture and service of complex defense products.

The systems engineering concept forms an RCA “success pattern.” Many of RCA’s
corporate achievements have resulted from the assumption ol systems responsibility
to fulfill completely the basic requirements of the customer. Fxamples include the
original radio communications service and its evolution through radio broadecasting
into television; modern transcontinental microwave communication systems; and
the BMrws network. Other examples will occur to many of you {rom yvour own
experience.

A successful future can be compounded of these ingredients—if, as we expand
our professional force, we conlinue to emphasize reliability and excellence of scien-
tific performance not only as ultimate goals. but as day-to-day achievements.

Turning from this introspective viewpoint, the evidence is clear that RCA can
again make a significant and timely contribution in fulfillment of the customer’s
requirements. This is an especially aitractive and desirable course in this instance,
where the customer is our nation and the essential need is that of scientific and
military supremacy in space.

Barton Kreuzer

Division Vice President and General Manager
Astro-Electronics Division

Defense Electronic Products

Radio Corporation of America
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PF,RT is the best method known today for evaluating a
complex R & D program. It is also the first really new
technique since Gantt promoted bar charts. and it uses
modern tools—digital computers. Spelled out, PERT is a
Program Evaluation and Review Technique, It was origi-
nally developed by the management-engineering firm of
Booz, Allen and Hamilton under contract to the U.S. Navy;
but today. its application is already widespread, and famil-
iarity with the technique is fast becoming axiomatic in
government-industry management of R & D programs.

JUST WHAT IS PERT?

First, it is a network, or flow chart. or diagram, or anything
you care to call a map of the time schedules of a total
program. It is made up of events, activities. and time esti-
mates. In PERT, an event is a point in time when something
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happens; an activity is a piece of work from one event to
another; and the time estimate tells how long it is going to
take to do the work.

Let’s take a simple sports analogy, the 100-yard dash.
The end point of the race. the objective, is to cross the
finish line. In Prrt language, this would be shown:

To have this event take place, there must be an activity
which will result in the action cross finish line. This activity
is, of course, run 100 yards. It would be shown PErT-wise
as:

RUN 100 YARDS

For the activity run 100 yards to take place, an event must
start it: fire starting pistol. The PrrT diagram now looks

like:

FIRE RUN 100 YARDS
START ING =

PISTOL

There remains the time estimate; here. PERT recognizes
that estimates can't always be precise. There is the most

e A E i ——— ———— Il 2 a e i e o e o b it Ay cOoOm

likely estimate which occurs most of the time—99 times
out of a 100—Ilet’s say 10.5 seconds. But there is also the
optimistic time—the one that occurs once in a 100 times.
For example, our runner is in top form, the track is fast,
his reflexes are perfect, and he is helped by a tail-wind.
As much as a second might be trimmed from his time,
making it 9.5 seconds. On the other hand, all of the reverse
fortunes might pertain and the runner would take the
longest time of his career. This time is called the pessi-
mistic time—let’s say 11.5 seconds. The complete PErT
diagram would now look like this:

FIRE
STARTING
PISTOL

RUN 00 YARDS 9.5-10.5-11.5

THE PERT NETWORK

Let’s go from sports to electronics and try a more complex
diagram. A recent assignment entitled develop sequential
switch involved a development and fabrication, a depend-
ency on a supplier of transistors, and an independent
parallel study ending in a report. (This project was actu-
ally undertaken by E. J. Mozzi and S. Novick of DEP-ACC
Data Conversion Engineering.) The end objective was a
report. So, the PErT network would begin with:

DELIVER
FINAL
REPORT

To reach the end event, two activities had to take place:
A feedback from the customer about his opinion of the
fabricated models, and the completion of the independent
study. These activities were each preceded by an event—
the point in time when the activity action began. The net-
work beginning to form looked like this:

DELIVER
PROTOTYPE
SWITCH

DELIVER
FINAL
REPORT

COMPLETE
T-DIODE TRANS
STUDY

Stepping quickly over the detailed planning sequence,
the complete network evolved for this project is shown in
Fig. 1.

You will observe certain things about the network that
did not exist in our simple sports analogy. First, the events
are numbered for easy reference and computer identifica-
tion. Second, there are “interdependencies”. The com-
pletion of the breadboard (Event 007) depends upon the
completion of fwo preceding events, 002 and 006. And,
Event 007 is a vital milestone because 008, 009, and 016
cannot take place until 007 has taken place. Event 012 is
another point where several activities come together to
permit this event to happen. Third, there are certain calen-
dar dates assigned to specific events: 001, 009, 019, 020.

At this point, the first letter of PERT—Program—is com-
plete, and the electronic computer takes over to solve the
Evaluation portion of the technique.

Most types of modern computers have had PerT pro-
grams written for them. At a recent coordination meeting
at the Navy Computer Center in Dahlgren, Virginia. over
twenty program were listed. Many of the programs vary
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to give certain specific results. A popular program is
known as the “Lockheed Activity Oriented Program for
the IBM 7090 Computer.” The distinguishing feature of
this program is the “activity orientation.” The computer
talks about the activities in the network. The first program
for the RCA 501 computer was “event oriented”; or, in
ordinary language, the computer reports when an event
is to be completed. By early 1962. an activity-oriented pro-
gram will be ready. Both of these computers can handle
randomly numbered events, so it doesn’t matter how you
number them. as long as there are no duplications. But
a word of caution should be injected here. There are
some computer programs that can accept events in
ascending sequence only. in which case. a specific tech-
nique of network development is required, such as number-
ing events by 5’s (000, 005. 010, etc.) so that in-between
numbers are available for the forgotten events or changes.

The computer evaluates the PerT network. It begins
with the first date programmed. usually contract award,
and runs along each path indicated by the activity arrows
until it finds the longest path to an event, and then prints
out the expected date for the completion of an event. This
is more than a simple operation hecause all of the activity
times—optimistic, most likely, and pessimistic—are con-
verted to a single time by the formula {(a + 4b + ¢) /6,
called t.. the expected time. Some events will have many
paths leading to them, and the computer searches out the
longest path and discards the others.

THE EXPECTED DATE

The expected date is that date the project leader can
expect to complete an event. But is this date good enough?
Is it too good at the expense of cost? Is it undesirable
hecause of possible changes resulting from results of
development? Is it unnecessary because it will tie up
capital ?

The computer helps to answer these questions by taking
the end dates of the network and running backward
through the many paths to the event in question. It sub-
tracts from the calendar dates until it finds the longest
path and then assigns a latest allowable date to the same
event. This is the last date the event can complete and
still have a 50-50 chance to satisfy contract commitments.

[

Fig. 1—PERT network for the sequential switch.
- "} -

BEGIN
PACKAGE
TRVEST'G

10-31-60

DELIVER
BB TD
CUSTOMER

S

p-1-2

DEL IVER
PRATOTYPE
SWITCH

SLACK

When the latest allowable date is computed for each event,
it is matched with the expected date for the same event.
If the two dates don’t meet (and they probably will not
on the first attempt at network development), the differ-
ence is known as slack. If the expected date occurs bhefore
the latest allowable date. the diflerence is positive slack
and may represent the possibility of delivery ahead of
schedule. On the other hand, if the latest allowable date
occurs before the expected date. the result is referred to
as negative slack.

Negative slack shows the extent the plan falls short of
the requirement of the customer. It is important to know
this in order to replan portions of the work. If replanning
will not remove the negative slack. the customer should
be made aware of this so that he in turn can replan his
own activities or possibly relax some requirements. Of
foremost importance in examining slack and replanning
is to faithfully estimate realistic time values. Any attempts
to compress or extend time estimates to fit an assigned
schedule will only result in trouble later in the program.

THE CRITICAL PATH

For each event vn the network, the computer tells the
expected calendar date, the latest allowable date, and the
slack or difference hetween the two. Somewhere through
the maze of events and activities is a path which repre-
sents the least slack (it might be negative or positive).
This is known as the critical path—the series of activities
and events that deserves first attention.

But, before talking about the attention-giving, or review.
portion of Pert, a word about a couple of other computer
features is indicated.

Those who developed Pert realized that people are
fallible and may miss R & D time estimates by more than
the range of the optimistic and pessimistic times. It is not
a precise, seven-decimal-place instrument of prediction
because the input data are not precise. But. some limiting
guides are available for interpretation.

Built into the computer program is a standard deviation
for each event. For example, consider a computer printout
of a PErT network (not connected with the earlier exam-
ple). The statistics of two events are these:

Expected Latest Scheduled Standard  Prob-
Date Allowable Date Slack  Deviation ability

06/05/62 06/01/62 06/01/62 —0.5 1.2 0.33

09/24/62 10/01/62 10/01/62 +1.0 1.5 0.73

The printout says this: In the first case, the dates may
be off by 1.2 weeks either way. and in the second case, the
dates may be ofl by 1.5 weeks, so that neither slack picture
is anything to get excited about. They are well within the
accuracy of one standard deviation.

The other computer feature of interest is probability.
The PerT concept is designed to say that if your expected

dates and latest atllowable dates are exactly the same, you

B 60 s 1
¢ oy . have a 50-30 chance of meeting them within one standard
w\“‘- U deviation, or 50-percent probability. If you have some
o ' negative slack such as the —0.5 weeks shown above, your
e 3034 chances of success go down, in this case to 33 percent.

DESIGN

Conversely, if there is positive slack, your chances go up,

in the example above to 73 percent with one-week positive

slack. When the positive slack exceeds the standard devia-

tion, chances of success in your program are almost

— = - assured—that is, if you've satisfied the integrity of the
E - < s system in your time estimates,

f
dy
x{?
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Fig. 2—A portion of a printout of a sort by expected date.
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Fig. 3—A portion of a printout of a slack sort.

Thus, PeRrT is at your service as a powerfully useful tool
that evaluates, in a matter of minutes, the many, many
variables faced in an R & D project. .

But, even though Pert is a powerful tool. up to this
point only the Evaluation portion of the program is com-
plete. The rest is up to you.

Here. we get into the attention giving—or Review—part
of the technique. the third letter of PERT. The review
comprises three important items: 1) periodic updating of
the program; 2) analysis of the computer printouts; and
3) action on critical paths.

PERIODIC UPDATING OF THE PROGRAM

No R & D program is a routine job. It is a dynamic action,
full of surprises. discoveries, and an occasional disappoint-
ment or delay. The monitoring technique should reflect
these changes, and PerT does. There are seven updating
codes by which changes can be made to a network or to
the computer action. Here they are:

Code 1—introduces a new activity with its estimated
times into the computer.

Code 2—changes time estimates if new developments
indicate changes are necessary.

Code 3—(Air Force Code 4) reports an activity com-
plete with the completion date.

Code 4—(Air Force Code 3} changes a schedule date.

Code 5—deletes an activity if you've made a mistake or
change your mind.

Code 6—flags the computer to read out certain short
paths which might be used to trade off time
with a critical path.

Code 7—introduces a new starting date into the com-
puter. Suppose a project is suspended for
several months and when it is picked up again.

you want to continue with your existing net-
work. The activities being worked on at the
time of suspension would be given the new
starting date and the network would proceed
as before,
Thus PerT is completely flexible and accommodates to just
about any change which you might want to make.

The codes were developed to provide the means for pre-
diction far in advance of actual accomplishment. The effect
on the plan of a change of scope can be quickly predicted
by introducing the change into the network. Discoveries
which may eliminate sections of an R & D program can be
introduced to show their effect on the total program. The
network should be kept alive and updated every two weeks
for fast-moving projects, but no less frequently than once
per month.

ANALYSIS OF THE COMPUTER PRINTOUTS

There are standard sorts by which computer printouts
supply information to a project leader. The most common
are:

1) By successor event: This is a simple sequential sort.
using the end event of an activity as the reference.
The beginning event is called the predecessor and
is not used in sorting.

2) By expected date: This is useful to remind leaders
when events are due to be completed. The sample
RCA 501 printout shown in Fig. 2 is an example of
this sort which shows the chronological sequence of
dates you said you would meet.

3} By latest allowable: This is a last-chance sort which
tells the project leader the last day he can complete
an event and still meet his contract commitments.

www americanradiohistorvy com
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4) The slack sort is perhaps the most important, because
it signals the trouble areas and sorts the eritical paths
in the order of their dificulty. A sample is shown in
Fig. 3.

There are many more special sorts and computer printouts,
but they are not necessarv to this basic discussion.

Computer printouts are of no value if you do not use

them. The expected-date sort placed in the hands of each
design engineer is a constant reminder of dates he must
meet. The slack sort is valuable to help plan trade-offs,
which are switches in resources from one path to another.
For example, the most critical path might be running
behind schedule. let us say 4 weeks. The slack sort would
show —4.0 weeks for each event in this path. Further
along in the slack sort there may be a path that is ahead of
schedule. let us say 8 weeks. The slack column would
show +8.0 weeks. The action the project leader may take
is to take half the design effort from the +8.0 week path
and assign it to the —4.0 week path, thereby improving his
plan and probably getting the project back on schedule.
As the network is revised and updated, new critical paths
may develop. These paths are quickly traced by the com-
puter so that corrective action can be taken far in advance
of contractual commitments.

WHERE DO WE GO FROM HERE?

The Perr system and the many variations it has sired
appear to be here to stay until a better program-monitoring
technique comes along. It is used by all of the government
defense departments and by private industry. It is effec-
tive for progranms of short duration. such as the sequential
switch illustrated. and for mammoth weapons systems
such as Poraris and Dy~a-Soar which involve hundreds
of industries working toward a common objective. The
Pert networks for these total systems involve close to
50,000 events — so large that only computers can take a
total look at them and prepare a complete evaluation.

PERT FOR PROPOSALS

Pexrt is becoming a useful technique for project planning
of proposals. It is becoming common practice for custom-
ers to request a PErT network with a proposal in order to
check the feasibility of the requested schedule and to
appraise the ability of a company to plan a complex
project. One company has a planning team made up of
engineers experienced in estimating activity times to do
the job. Their prime function is to demonstrate planning
ability by the use of the Pert technique. One of their
efforts for a $10 million proposal involved 2,000 activities.
Recently, RCA submitted a series of proposals in which
sixteen PERT networks were developed in response to the
customer’s requirements.

PERT FOR COST CONTROL

There is an attempt being made to incorporate cost control
into the Perr concept. The research was conducted by Dr.
Sterling Livingston of Harvard University under a Navy
contract. As this article is written, a trial run of the results
of the research is being conducted by a large missile manu-
facturer under Navy funding. When the technique is per-
fected, it is likely that manuals will be issued describing
the system,
Running quickly through the quaint names which cryp-
tically describe the spawn of PERT, here are a few:
PrompT — PROgram Management Planning Tech-
nique is PERT applied to the management of a program.
Less — Least Cost EStimating and Scheduling ap-

praises the value of adding cost to save time and vice

versa. Someplace, there is a point where you get the

most for your money.

Prisnt — Program Rellability System for Technical
MHanagement monitors the reliability of a piece of hard-
ware or a weapons system as the research develops and
predicts reliability in advance of completion of the work.

Pacr — Production Analysis Control Technique adds
the computer to the Line of Balance Technique and
increases & hundred times the number of production
parts or subassemblies you can monitor.

These techniques are being carefully tested and appraised
by government agencies. If they are sound, you will hear
more about them and will be expected to use them.

The time of the bar chart is rapidly passing. As R & D
programs become more complex, the long familiar chart
which fits the customer’s schedule is no longer adequate to
demonstrate the contractor’s ability to plan.

It is evident that we are in an era of intense interest in
the capability of contractors to plan skillfully — The PErT
system and its successors will be the devices to appraise
these capabilities.
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Fig. 4—The avuthor and an actual PERT network diagram; many
such complex diagrams may be required for a whole project.
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| 'SPACE TECHNOLOGY
- . . Some Important Efforts and Business Implications for RCA
) i . .‘ ‘ .

b

Fig. 1 —T.he RELAY communications satellite.

o

Fig. 2 — An unmanned mobile vehicle for lunar exploration.
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by C. E. MARTINSON, Administrator
Market Planning

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

INCE THE BIRTH of the space era with
S the successful launching of the first
Sputnik in 1957, the U. S. has spent
several billions of dollars on its space
efforts, and the nation’s space objectives
now rank among the highest in priority,
Many important technical accomplish-
ments have already bheen made. and
many difficult missions have been defined
and scheduled for the years ahead: RCA
is destined to play an important part in
accomplishing these missions. (Figs. 1
and 2 rather dramatically illustrate two
among many efforts which today are
practical realities to RCA engineers.)

THE NEAR-SPACE ENVIRONMENT
The first important discovery using an
artificial satellite was made by James
Van Allen on the staff of the State Uni-
versity of Towa. Instruments carried by
Exprorer I (February 1958) designed
to measure cosmic rays at about 30
counts/sec. was literally overwhelmed
by rates exceeding 100,000 counts/sec.
These rudimentary observations sug-
gested enormous intensities of electri-
cally charged particles temporarily
trapped in the geometric field of the
Earth, in a region near the equatorial
plane where there was no previous hint
of their existence. The early results have
been confirmed and substantial literature
on the subject now exists.

The intensity structure of the trapped
radiation exhibits two distinct and
widely separated regions: the inner zone
and the outer zone (Fig. 3). Each zone
is approximately a figure of revolution
about the magnetic axis of the Earth.
The maximum intensity of particle flux
in the inner zone occurs on the magnetic
equator and at a radial distance from
the center of the Earth of 10,000 km
(3600 km above the Earth’s surface).
The magnetic forces so dominate the
inertial ones that the two belts of fast
moving, spiraling particles are effectively
attached to the solid Earth. Thus, since
the magnetic axis of the Earth is tilted
about 11° to its axis of rotation, the radi-
ation belts wobble up and down with a
24-hour period, as viewed from a suitable
vantage point in space.

The inner and outer zones are sepa-
rated geometrically by a region having a
minimum radiation intensity. The outer
zone is a huge region with maximum
radiation intensity at a radial distance
(quite variable)} of about 24,000 km in
the equatorial plane, with an outer limit
of some 90,000 km.

Many obscure features remain which
prevent a full quantitative understand-
ing of the processes involved with drift-
ing trapped electrons and protons. and
the origin and source of both the inner
and outer zones. There is. particularly,
a lack of information about the inten-
sities of low-energy protons and elec-
trons in the outer zone.

Because of the probable importance
of these components in producing geo-
physical effects (heating of the atmos-
phere, aurorae, air flow and magnetic
storms) and because of the importance
of these effects in planning manned
space missions, it is probable that this
area of scientific endeavor will be
strongly supported.

LUNAR AND PLANETARY EXPLORATION

Of the many challenging problems con-
nected with lunar and planetary explo-
ration there are two which stand out as
the most challenging and promising:
One. the possibility that direct sampling
and probing of the surface and crust of
the Moon may help to discover clues to
the origin, mode of formation, and pre-
history of the solar system; and two, of
even greater interest, the possibility
that direct exploration of Mars may
place us in contact with extraterrestrial
forms of life whose study may help solve
the problem of the origin and evolution
of life under different planetary environ-
ments.

The post-Gagarin acceleration of the
U. S. space program greatly expanded
effort on the first problem, and a number
of lunar projects are underway as a re-
sult. RCA is participating or preparing
to participate in solving most of these
problems. Since a project-by-project
discussion of this vast national effort is
not feasible, a more basic discussion will
be given of the lunar observation tech-
niques and possible types of scientific
experiments applicable to most of the
projects now planned.

Fundamental information on the struc-
tures of the lunar and planetary atmos-
pheres, such as chemical composition,
gas density. and atmospheric pressure
characteristics, can be provided by
photometric and spectrophotometric ob-
servations of the reflected solar light as
a function of phase angle (that angle
between the direction to the Sun and to
the Earth) as seen from the planet.
Photoelectric observations of the stars
occultations are a powerful means of
determining the structure (total pres-
sure, density gradient, temperature. etc.)
of the upper atmospheres of planets.
Polarimetric observations are subtle and
penetrating indicators of the nature and
structure of planets’ surfaces and atmos-
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pheres. Spectroscopic observation is the
most direct technique, short of sampling
on the spot, for determining the chemical
composition of planetary atmospheres.
Radiometric observations of the infrared
radiation through thermal receivers, such
as the thermocouple, are the most
powerful methods for determining plan-
etary temperatures. Radio observations
at centimeter wavelengths are growing
in importance determining the surface
temperatures of planets with dense at-
mospheres (such as Venus) not pene-
trated by ordinary infrared radiation.
These same observation techniques could
determine electron densities in their
ionospheres if these densities should
prove to bhe the origin of the observed
radiation.

The full range of possible experiments
in a well-organized lunar and interplan-
etary program would encompass all of
the modern scientific disciplines. Very
briefly, these experiments and programs
are:

1) Interplanetary probes on one-way flights
during period of closest approach will
include a search for magnetic fields and
will provide television pictures of the
surface, observations of the luminescence
of the atimospheres on the night-iime side
of Mars and Venus, passive detection of
infrared thermal and non-thermal emis-
sion, and active ionospheric radio sound-
ing and radar probing.

2

Artificial satellites (orbiters) will obtain
detailed optical mapping and finer photo-
metric, spectroscopic, infrared, micro-
wave, radar, and magnetic surveys.

3) Penetrating probes, crash-landing with
subsequent loss of communications, will
make direct atmospheric measurements.

4

Non-destructive crash landing without
communication loss will include, at first,
relatively simple observations such as
passive and active seismic recordings and
high-resolution television pictures of the
impact area.

More-sophisticated  soft-landed  equip-
ment which will report the basic ele-
ments of local climate (surface tempera-
tures, humidity and pressures, day and
night thermal radiation) and television
pictures of local terrain.

[

6

Mobile equipment of fairly complex de-
sign (Fig. 2) for extended direct explo-
ration and sampling, will be soft-landed.

7

Manned exploration will occur as the
final phase of exploration.
PLANETARY EVALUATION

Early data from lunar shots and deep-
space probes to Mars and Venus will
probably go through an evaluation be-
fore the distant space exploration pro-
gram becomes firm. The Moon, barren of
atmosphere, appears unlikely to harbor
life. But we know nothing of the condi-
tions beneath its exposed surface. The
Moon may be especially interesting as a
gravitational trap for meteoritic mate-
rial accumulated from space over many
eons, unaltered by the action of atmos-
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Fig. 3 — Yan Allen radiation-belt intensities
plotted with geomagnetic axis of the Earth as
an axis of symmetry.

phere. Mercury appears much like the
Moon physically, and because of the ab-
sence of corroding solar radiation, may
be a better repository for meteoritic
material.

Of the nearby planets, Mars offers the
best chance for finding life. Although
water and oxygen are scarce. the range
of temperature is moderate. Much of the
evidence has been at best only sugges-
tive. Recent observations of the infrared
reflection spectrum appear to indicate
the presence of C-H molecules in the
dark areas. A study of this phenomena
and a probe could provide erucial data
not available through Earth observa-
tions. Venus seems less likely to contain
a recognizable form of life. [ts surface
temperature is apparently higher than
the boiling point of water. However. it
would be intemperate to make dogmatic
conclusions until the planet has been
mapped in more detail.

The large planets are too distant for
early examination but they are not with-
out interest. Conditions there would
favor the aceumulation of organic mate-
rial, and probes to Saturn and Jupiter
may therefore be eventually attempted.

METEOROLOGICAL
SATELLITE SYSTEMS
One of the early applications of a space
system was the Tiros meteorological
satellite developed for NASA by RCA.
Although further significant improve-
ments in meteorological analysis and
forecasting will most likely result only
from an expanded research program to
which meteorological data will contrib-
ute, cloud data obtained by the Tiros
satellites has already been used to a
limited degree in present meteorological
operations. The Tiros I observations are
particularly valuable in covering the vast
distances on weather maps existing be-
tween conventional observing stations
over the oceans and the data-sparse areas
of the world. The infrared radiation data
from Tiros II will also be useful opera-
tionally when rapid processing and anal-

ysis techniques are established. For
example, the infrared measurements
made in the 8-to-12-micron water-vapor
“window’ show promise of indicating. in
a gross sense, the world’s eloud distribu-
tion at night, thereby complementing the
existing daytime cloud observations ob-
tained by the vidicon tvpe of television
cameras.

The quasi-polar orbit planned for the
Nimsus second-generation meteorologi-
cal satellite and its earth-stabilized de-
sign will enable an entire Earth coverage
twice a day. The ultimate design for an
operational meteorological satellite sys.
tem will involve four =satellites in an
equatorial orbit and al a synchronous
altitude of 22.300 miles. This system will
view all of the earth’s surface continu-
ously in the zone between 60° north and
south latitudes. These satellites might
be equipped with low-resolution cameras
to provide a new global cloud map (ex-
cept for polar areas) every few minutes
to any station having the proper receiv-
ing equipment and located within “radio
visibility” of one of the four stationary
satellites. Other cameras capable of
viewing smaller areas in greater detail
also might bhe included in the satellites.

COMMUNICATIONS SATELLITES

A second practical use of a space sys-
tem, and potentially one of the most
important is long-distance communica-
tions via satellites. Two problems exist
in developing this specific application of
satellite systems. The first is a technical
one of choosing the optimal system con-
figuration (active vs. passive. low alti-
tude vs. high, etc.). The choice is com-
plicated by the difficulty of making a
three-sided time match hetween decision-
time-to-proceed (on development of an
operational system), development lead-
time, and advancing technology, The
other problem, though nontechnical in
nature. is also intimately associated with
future development of satellite com-
munications. and is concerned with the
eventual operating organization of the
satellite communications system.

The RELAY communication satellite
system (Fig. 1}. now under development
for NASA by RCA. is the first major
step towards establishing an operational
system—although it is, in fact, a large-
scale experiment. The primary objec-
tives of this project are to investigate the
technical problems of transoceanic com-
munications via satellites and to estab-
lish the feasibility of basic concepts.

The forecast for satellite communica-
tions is very bright. The present size of
all international communications busi-
ness is about $175 million. In the 1970’s
with a satellite system in use, annual
operating revenues may reach the $§1
billion mark.

POWER SOURCES AND CONVERSION

Although the topic of power sources and
conversion is not really an application of
space systems, it is an important aspect
of space systems. Every space vehicle
needs an internal power supply for oper-
ating its instruments, for transmitting its
information, for comfort and survival of
a crew, and for many other purposes.
Most space missions seem to have a rela-
tively high peak-power demand with a
relatively low average demand. which
establishes one of the basic character-
istics of a space power source, flexibility.

Fig. 4 shows a spectrum of future
power sources and power conversion de-
vices and a probable use schedule over
the next 5 to 10 years. Light-weight
batteries. used extensively for current
space velicles. will continue to be used
for short-duration, low-power applica-
tions. Other means of chemically gener-
ating power by fuel cells will continue
to be refined. There is presently under
development a biochemical fuel cell that
produces electrical energy directly from
decomposing organic matter.

A cell using algae as a source of both
oxygen and organic matter for fuel could
probably produce electricity indefinitely
from solar energy alone. The use of
various positive displacement engines
appears promising for somewhat higher
power levels. Solar-energy sources are
generally effective for longer durations;
they are still relatively high in weight
per unit of power output and also in cost.
though they are simple and reliable.

Current vehicles make extensive use
of solar cells based on the photovoltaic
principle. The thermal energy contained
in solar radiation can also be used in a
thermal cycle engine by concentrating
the Sun’s radiation through an optical
system on a receiver: this will find appli-
cation at higher power levels. For long-
duration, high power levels. a nuclear
reactor seems essential. and either a

Fig. 4 — A use schedule of future power

sources.
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turboelectric or a thermoelectric con-
version method looks feasible.

Research and development is under-
way in areas of power sources and power
conversion, and it is too early to rule out
any one of the described methods. The
most advanced version currently under
development is a nuclear-energy source
with a mercury-vapor alternating power-
conversion system and a liquid-metal-
cooled reactor. It is anticipated that this
power source will be used to drive the
first electrical propulsion system for
interplanetary operation in the late
1960’s.

POSSIBLE MILITARY SPACE MISSIONS
So far, no firm military requirement has
yet arisen for a complete space weapon
system. However, the present Adminis-
tration has established a policy of in-
creased emphasis on the military role in
space; the 1962 budget reflects this
attitude.

Present Air Force R&D programs are
developing a space reconnaissance sys-
tem (Samos), a ballistic-missile early-
warning system (Mibas), and the SaTEL-
LITE INsPECTOR program in which RCA
is participating. Several studies have in-
vestigated other possible military space
missions such as the military value of a
lunar base, a ballistic-missile intercept
system, and many others.

While security limitations do not per-
mit detailed discussion of most existing
programs, it is interesting to mention
one futuristic concept of a possible mili-
tary mission: Such a concept might be
a “Space Polaris,” in which a system of
armed, maneuverable space vehicles
cruise in space under military control
(perhaps located on the Moon or in a
space station) ready to stage a retalia-
tory attack upon command should Earth
bases be attacked first. Such a system
would have a high degree of invulner-
ability and represent one possible
countermeasure to the eventual solution
of the present antisubmarine-warfare
problem.

GROWTH OF THE SPACE MARKET
The present space market comprises two
customers: The Department of Defense
(the Air Force has about 90 percent of
this segment of the market), and the
National Aeronautics and Space Agency
(NASA). The market trend since 1958,
which marks the beginning of the U. S.
space program, has been definitely up-
ward and has increased sharply this
year, due in part, to the impetus given
by the Soviet’s first manned orbital flight.

Fig. 5 shows the space market (includ-
ing military and civilian) from 1960 to
1966. The projection from 1962 to 1966
is based on space spending of over $15
billion dollars (cumulative) in the five-
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Fig. 5 — Military and civilian space market,
1960-66.

year period. This is a conservative figure,
since at least one interpretation of the
President’s May message to Congress,
commenting on the national space pro-
gram, estimated a total expenditure in
the same period of $25 to $30 billion.
The estimate shown would correspond
to an annual spending rate in 1966 of
over $4 billion.

Consideration of factors discussed in
the next section convinces the writer that
the annual spending rate could be double
this figure by the end of the 1960’s.
These figures are, of necessity, loosely
defined to include only those funds
available for industry support. This sup-
port would include R & D activities dur-
ing the early phase, gradually phasing
into operational activity during the latter
portion of the period.

IMPLICATIONS FOR
FUTURE RCA BUSINESS

Some insight into the potential of the
space business may be gained by com-
paring it with the automotive and
missile industries: The advent of the
internal combustion engine caused the
industrial revolution which produced the
automotive industry. Research, in our
present economy, is now experiencing a
phenomenal growth and also could be
considered as representing an industrial
revolution. While it is true that a large
share of this research has been devoted
to missiles, the nation’s missile research
phase is now almost complete, and space
instead of missile technology constitutes
perhaps the most vital part of the
nation’s research program.

While the space industry has similari-
ties with both the automotive and missile
industries, it possesses certain charac-
teristics advantageous to RCA’s objec-
tives that neither of those industries
possess. For example, space applications
have given birth to tremendous com-
mercial potential (i.e., communications
satellites) and also are revolutionizing
military possibilities. While the major
missile developments were achieved
within the framework of the aircraft
industry, the critical requirements of
space exploration are electronic in na-
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ture. Finally, the size of the space in-
dustry is expected to be comparable in
size to the automotive and missile indus-
tries in 5 to 10 years—an annual gross
revenue of between $5 and $10 billion
dolars.

Based on these considerations, RCA’s
past and present significant contribu-
tions to the space program, and the vast
RCA versatility and depth in electronics,
the author predicts that RCA’s space
business at the end of the decade will
equal to all the rest of its defense elec-
tronics business.
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HE RELIABILITY of equipment systems

has always been of major concern to
equipment designers and manufacturers
—particularly in the defense industry.
As equipment systems have become in-
creasingly complex, company organiza-
tion and procedure have been formalized
to ensure that these systems meet the
reliability requirements, In present
major defense-engineering companies,
large groups of people report to top-
management echelons with specific and
sole organizational responsibility for
product assurance, reliability, and qual-
ity control.

RCA has pioneered and made major
contributions in both the development
and implementation of product-assur-
ance management control. In brief, the
techniques include the use wherever pos-
sible of preselected “standard” parts;
inclusion of reliability specifications for
“nonstandard” (ordered) parts; adher-
ence to construction, assembly, and wir-
ing standards; quality-control auditing
at various levels in equipment manufac-
ture; specifications for testing; and the
maintenance of performance records
which provide the feedback control on
the over-all reliability system. In addi-
tion to the above, a body of linear statis-
tical theory has been organized to sup-
port this effort by establishing measures
of reliability (such as mean-time-to-
failure).

The advent of space technology and
spacecraft systems has emphasized this
kind of product assurance activity. As
long as a system is made up of many
parts and assembled in a wide variety of
ways by large organizations of people,
reliability controls and practices will be
necessary. But what additional or differ-
ent reliability problems will be encount-
ered as a result of Space Age missions?
Since much of the organized reliability
effort is concentrated in the direction of
components control, let us examine a
few component characteristics presently
considered in our standard parts listing.

COMPONENTS IN A SPACE
ENVIRONMENT

The parts we are now using in our space
electronic systems have been developed
for use on this good earth. It is no coin-
cidence that the design of temperature
controls in space systems centers about
room temperature; that form factors of
many components are so designed as to
control hot spots by air convection ; that
packaging techniques pay special atten-
tion to sealing out moisture; and that
structural configuration and materials
are measured by strength-to-weight
ratios. Complexities are measurably in-
creased in vacuum devices by the re-
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quirement for long-term maintenance of
low gas pressures. Imaging systems peak
in the white-light part of the spectrum.

Compare this list of design factors
with a space environment of extremely
low pressure, zero gravity, wide tem-
perature extremes, sh()rt-wave]ength
energy, and high-energy particles. The
mismatch is painfully obvious. Present
component design is not optimum for
maximum reliability in a space environ-
ment. A minimum of environmental con-
trol and a maximum of environmental
compatibility is necessary to meet the
requirements of long-term, unattended
operation.

The increased emphasis on space tech-
nology—and the increased national bud-
get—will most certainly lead toward the
development of a new line of components
affording a better match between their
design and their operational environ-
ment.

These parts, most efficient in space,
may he extremely inefficient on earth. All
that would be required of these space
components prior to launch is stability
and nondestruct characteristics in the
atmosphere, and an ability to be tested
on the ground (to ensure system opera-
tion). A specific example is always help-
ful to give substance to generalization.

SIDNEY STERNBERG, carlicr as Manager
of Satellite Projects at AED, dirccted much
pionecering  development  of  space  systems
and  equipment. Under his direction,  AED
developed and  produced  space and  ground
cquipment for the “Talking Atlas™ satellite
(Project Score), and the Tiros meteorological
satellite system. Tiros has demonstrated a
high mark for reliability of space power, sta-
bilization, structure, and instrumentation. As
Chief Engineer of AED, Mr. Sternberg is now
actively leading many new study and develop-
ment projects. Among these are lunar probes.
plasma acceleration methods, communications
satellite systems, and advanced meteorological

In 1955. RCA started developing a com-
ponent now called dielectric storage
tape. This tape was to register photo
images temporarily  (perhaps for
months), store a latent image of electro-
static charges, and be both erasable and
reusable. Today, at AED this space com-
ponent (Fig. 1) is a reality. It is simple,
works best in a vacuum, is not critically
sensitive to high-energy particles, and
does not have any fast-moving mechan-
ical parts to present lubrication prob-
lems. Interestingly enough, even though
ideal for its intended use in space, it does
not, at this time, appear to be a serious
competitor for any earth-bound counter-
part.

TESTING FOR RELIABILITY

Another new field in Space Engineering
is the design of tests to ensure opera-
tional reliability. Simulating the space
environment is a major problem.

The most important simulation is that
of temperature and pressure conditions
—the so-called thermfil-vacuum tests.
For these, a chamber is pumped to a low
enough pressure to ensure that all ex-
change of heat energy is by radiant
means. A pressure of 10° mm-Hg will
leave few enough air molecules to ensure
that convection cannot effectively exist.
The walls of the chamber are cycled
between hot and cold extremes (a typical
temperature range is 0 to 50°C), simu-
lating the eflect of the sun and tem-
peratures in outer space. As the space-
designed equipment operates, the
temperature of its parts is determined
primarily by form factors, position with

systems. Mr. Sternberg came to AED in 1958,
at its inception, from the RCA Laboratorics,
where he had becn in charge of satellite stud-
ies and spacce research programs starting in
1955. Before becoming concerned with space
technology, he was engaged in both analog
and digital computer research. He received the
RCA  Laboratorics  Research — Achievement
Awurd both in 1953 and 1955, the American
Astronautical  Society Certificute of Achieve-
ment for contributions to Tiros in 1961, and
has several assigned U.S. Patents. Prior to his
affiliation with RCA, from 1946 to 1950 he
was with the Office of Naval Research, where
he contributed to work in computer technol-
ogy. During World War 1I, he was a radar
officer in the U.S. Navy. He received his BS
in Physics from the City College of New York
in 1943, and an MSEE from New York Uni-
versity in 1949. Mr. Sternberg is a Fellow of
the American Rocket Society and past Presi-
dent of the Princeton Section, a Member of
Sigma Xi, and is a Senior Member of the IRE.
He has contributed many technical papers in
the satellite field and has participated in inter-
national conferences on the subject both at
home and abroad.
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Fig. 1—R. A. Couch, AED Engineering, displays a strip of dielec-

tric tape above a laboratory model of a camera designed for its

use.

respect to other parts, heat conductive
paths, and “color” (which determines
the absorptivity/emissivity ratio). One
of the earliest thermal-vacuum chambers
(Fig. 2) was built and instrumented by
AED in 1958 to test the Tiros satellites.
The reliability of the Tiros series attests
to the adequacy of the simulation and
testing. (See Corrington, this issue). In
preparation for larger spacecraft of the
future, a new thermal-vacuum facility
has been designed by AED, and is pres-
ently being completed under the system
management of the DEP Major Defense
systems Division. (See Yannotti, this
issue) .

However, there are still many ques-
tions on environmental simulation left
to be answered. How real is the simula-
tion? A confined volume can never truly
simulate the expanse of outer spuce, but
to what degree is this error significant?
How much of the solar energy spectrum
must be simulated to provide an ade-
quate test? How long a thermal-vacuum
test is required to ensure meeting space
operations requirements? It is presently
popular to force an equipment system to
live through more extreme conditions
than it will meet in space under the
assumption that this becomes a more
exacting and, therefore. better test. But
what is the correlation between this test
and mean-time-to-failure? This latter
test is analogous to “accelerated life
testing” which, although it has been
considered for many years in component
testing, is still not accepted by most reli-
ability statiticians except in very limited
and simple experiments. I list these
questions only to indicate that there is
much to be learned in Space Age relia-
bility testing, and I am certain the next
few years will give rise to many answers.

SYSTEM DESIGN APPROACH
TO RELIABILITY
An aspect of the total problem that has
not received the attention commensurate
with its importance is the influence of
the initial system* design on the final
reliability of equipment. There are
no formal procedures for auditing pro-
fessional creative contributions. How-

ever, it is this contribution by the engi-
neer that introduces the first major relia-
bility factor:

It is the understanding and inventive ap-

plication of both the principles of physical

science and system logic that make possi-

ble the simple-equipment solution to a

problem. The simplestt equipment system

is the most reliable equipment system.

To illustrate this point 1 will refer to
two programs: 1) Tiros, developed by
AED, and 2) Exrrorer XI, developed
by the Marshall Space Flight Center.
Physical principles of the dynamics of
spinning bodies were inventively applied
in both cases to simplify component sub-
systems. and improve reliability.

The Tiros system is required to take
pictures of the earth’s cloud patterns
from an earth-orbiting satellite. Assum-
ing no prior knowledge of the existing
system. let us examine an approach for
solving this mission. To take pictures of
a given scene. it would be desirable to
point the camera directly at the illumi-
nated object, with a minimum of camera
motion. By pointing in a direction paral-
lel to the earth’s local vertical at every
position in orbit, this goal would be
accomplished.

But compared to other systems in the
payload and relative to the carrier-
rocket capability. the stabilization sys-
tem required to point the satellite is
complicated and heavy, and requires
large amounts of electrical power for
its operation. A high-power solar-energy-
conversion supply would. at present, also
be complex and bulky: and would re-
quire a complicated widespread struc-
ture to collect sufficient energy, to radi-

* System here designates a total collection of parts
or equipment that when working together, per-
forms in accordance with a defined purpose or
mission.

t In this coneept, redundaney is not considered an
element of complication.

1 A spinning body in free fall (or in orbit) will con-
tinue with its original spin motion only if it is
perfectly rigid. If the spin has a slight wobble
and if the wobhle causes u relative motion of the
body parts, then friction occurs and the type of
spin changes. It has been established that such a
spinning body seeks the spin mode having the
largest woment of inertia. In the case of EXPLORER
X1, this was the dexired propeller mode. To has-
ten the change, a precession damper was supplied.
consisting of a doughnut-shaped ecavity partially
filled with mercury. The result was a very siinple,
reliable seanning system.
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Fig. 2—An early thermal-vacvum chamber at AED.

ate waste heat, or both. The addition of
systems adding such size and weight to
the payload would require a proportion-
ately larger and more complicated
rocket system. Although these state-
ments are over-simplified for the sake of
brevity, it is nevertheless true that find-
ing a solution for Tiros which allowed
picture-taking through a spin-stabilized
body, thus eliminating the first compli-
cation in the chain (that of earth-ori-
ented stabilization) has served the pur-
pose of simplicity and reliability in the
Tiros system.

In Exrrorer XI, the gamma-ray ex-
periment required the scanning of stel-
lar space. To accomplish this scanning,
a rotation of the satellite in the propeller
mode was utilized. The rocket system
used to inject the satellite into orbit re-
quired spin stabilization about its figure
axis during launch. This figure-axis spin
was converted to a rotation in the pro-
peller mode (tumbling) by the action of
a precession damper.}

THE SPACE-AGE CHALLENGE

The Space Age has greatly increased
the need for an engineering-system-
design approach to reliability. Never
before has there been as general a
requirement for long-term unattended
operation of nonrepairable equipment,

This, of course, places increased de-
mands on all factors contributing to
reliability. The engineer is thrown into
a design environment for which there are
few handbooks and in which many previ-
ous standards are obsolete. He must
develop by applying engineering sci-
ence, new design intuition, and many
new design standards. The engineer
must extend his knowledge in the depth
of physical science and the breadth of
system logic to ensure that the system
design is a strong positive influence on
the final reliability of the total equip-
ment system.

These are the responsibilities and
challenges that the RCA engineer alone
must assume, if RCA is to be the pre-
dominant industrial organization in
Space-Age systems and hardware.

11
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THE NEW AED SPACE
ENVIRONMENTAL TEST BUILDING

Space components, subsystems, and whole vehicles require extensive environ-
mental tests to ensure operational reliability. To enhance the Astro-Electronics
Division's capabilities to simulate space conditions in developing the new gen-
eration of space vehicles, a new environmental test center has been completed
—one of the most modern and complete in the U.S.

by F. J. YANNOTTI, Mgr.

Space Environmental Center

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

Tm: NEW 20.000-square-foot AED en-
vironmental facility allows RCA
engineers to simulate closely the en-
vironments of outer space. 1t is designed
to handle much larger and more-sophis-
ticated space vehicles than those
launched by the U.S. in the past. The
Center. completed this Fall, is located at
the main AED facility near Princeton.
N.J. (See accompanying photos and
front cover.)

VACUUM CHAMBER

The most spectacular environmental
equipment involved is the large vacuum
chamber. It has an internal clear height
of 20 feet and diameter of 26 feet. A
pressure of 5X10™" mm-Hg can be at-
tained in 24 hours with a 3500-pound
payload in the chamber. It can operate
at this pressure continuously for three
months and is so designed that its capa-
bility can be extended to 10™ mm-Hg in
the future.

The vacuum system. designed by RCA.
consists of two large roughing pumps,
two blowers. and several 32-inch diffu-
sion pumps. The chamber itself is essen-
tially a vertical cylinder with a convex
top and bottom. The entire shell is con-
structed of l-inch stainless steel sup-

ported on four vertical columns and re-
inforced with several steel belly-bands.
The chamber top is sealed with a 24-foot-
diameter cover that can be lifted and
transported on two tracks. The weight
of the cover is supported primarily on
the tracks, and only enough weight is
transmitted to the chamber to effect a
seal.

Besides the vacuum capability, the
chamber is also equipped with a thermal
shroud covering the entire inside surface
of the chamber. This shroud is the tube-
in-sheet-copper type and is divided into
six separate circuits. Brine is circulated
through these circuits. and temperatures
from —100°F to +250°F can be inde-
pendently controlled in each of the six
circuits. This heat sink simulates the
hot and cold environments of space.

The interior of the chamber contains
a steel floor grating that is removed dur-
ing the tests. To get the desired vacuum
in a reasonable time. all such excess
equipment must be removed from the
chamber — especially equipment which
might collect and hold dust particles and
small debris. Personnel entering and
leaving the chamber before and after the
tests must wear surgical-type clothing
to maintain cleanliness.

FRANCIS J. YANNOTT!I received his BSEE
from Newark College of Engineering in 1948.
Upon graduation he instructed at Hudson Tech-
nical Institute. In 1951, he accepted a position
at Curtiss Wright Corp. where he did instru-
mentation and test engineering on  aircraft
propellers and mechanisms. He joined the RCA
Tube Division at Harrison, N.J,, as an Equip-
ment Development Engineer in 1952, where he
worked in development of laboratory and fac-
lory equipment for receiving tubes, In 1954, he
was made Manager of that group. An Advanced
Equipment Development Group was formed in
1955 and Mr. Yannotti was named Manager,
Electrical Advanced Equipment Development.
This group developed the first practical high-
speed, automated test machinery used in receiv-
ing tube manufacturing. Mr. Yannotti joined
the Astro-Electronics Division in March 1961
as Manager, Space Environmental Center. He
1s a member of the faculty at Newark College
of Engincering, Special Courses Division, and a
member of the Institute of Environmental
Sciences.
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While this chamber allows engineers
to test large space vehicles. thermal-
vacuum environment testing also can be
accomplished with smaller. less elabo-
rate equipment. For example, the Tiros
vehicles were tested in an existing 4-foot-
diameter chamber. Many of the Tiros
components and subsystems were tested
in still-smaller facilities like bell jars.

NATURAL ENVIRONMENTS

Low Pressures

A low-pressure environment produces
many peculiar effects on space vehicles.
A significant cause of these peculiar ef-
fects is the reduction of the mean free
path, the average distance travelled by
molecules before collision with each
other. The mean free path determines
many of the energy-transfer character-
istics in gases. for example. sound propa-
gation, vapor pressures, thermal condue-
tion. lift. and drag. The mean free path
at sea level is 6.16X10™ cm. At an alti-
tude of 200 km. the mean free path is
over 1.000 feet.

At an altitude of 90 km. the pressure is
10 mm-Hg, and lift and drag forces
approach zero. The transfer of sound
energy approaches zero at an altitude of
125 km and 10 mm-Hg. These low pres-
sures present other problems. For exam-
ple. heat transfer is by radiation only;
therefore, absorptivity and emissivity be-
come important, since the actual tem-
perature of a satellite depends upon the
ratio of incident radiation (solar) en-
ergy to that reradiated back into space.

Vaporization of materials is also a
problem. presenting some unique prob-
lems of lubrication in space. Even the
more solid lubricants can vaporize
quickly at pressures of 10 mm-Hg. For
lower pressures, materials become too
clean because the natural antifriction
materials disappear completely. and co-
efficients of friction can increase 100
times.

Thus. in the simulation of space condi-
tions. it is necessary to conduct thermal
tests in vacuum, since thermal-energy
transfer in space is exclusively by
radiation.

Thermal
Solar energy consists of corpuscular and
electromagnetic radiation. Corpuscular
radiation consists of high-energy parti-
cles which contribute little to the
space-vehicle thermal environment. Elec-
tromagnetic radiation has an energy
distribution from 1 to 2000 angstroms.
with most of this in the visible and in-
frared regions. Therefore, it is sometimes
reasonable to reproduce only a portion
of the solar spectrum to simulate the
solar thermal effects.

New advances in environment simula-
tion now allow approximation of the
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! Fig. 1—Aerial view of the ‘*'RCA Space Center,”
the Astro-Electronics Division, near Princeton,
N.J. The new Space Enviranmental Test Building
is the high structure ct top right.
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Fig. 2—Test area of the AED Space Environ-
mental Teu$ Building. Out of photo to lower left
is the assembly area. To transport satellites and
equipmeni, an overheod crane is used in this
test area; o monorail crore is used in the adja-
cent assembly area; this photo was taken from
the overhead crane. A} The 26-foot diameter,
20-foot-high vocuum chember; Ed Enfiejion, AED,
stonds otep its 24-foot-diameter cover shown
here remeved from the top of the chamber, as
it would be to lower a satellite in; vacuum
pumps ore located under the suspended cham-
ber on the ground floor. B) Trocks for moving
cover; these support the cover, tronsmitting only
enough weight, when in place, to the chamber
shell to effect a seal. C) Control Console (see
Fig. 5); D) Shaker table for vibration tests (see
Fig. 4). E} Two mezzanime levels for instrumen-
tation and access. F) The color cover photo
{this issue) was tcken frem the for reor corner
of this first mezzanine level.
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solar spectrum. Such systems generally
use mercury-xenon lamps or carbon-arc
lamps and produce a collimated energy
source through a complex optical sys-
tem. These systems can produce energy
densities of 200 to 500 watts/ft.* The
cost of these systems is quite high. with
prices starting at about $1 million.

Most early space vehicles have had
relatively simple structural shapes. for
example the uniform 18-sided poly-
hedron of Tiros. The absence of complex
shadow effects made true solar simula-
tion unnecessary as a means of produc-
ing the thermal environment. However.
as structures become more complex it
may become necessary to use more-
sophisticated solar simulation for accu-
rately producing shadow effects and the
effects of the full solar spectrum on some
materials., AED is therefore now con-
sidering such a solar-simulation system
for the large vacuum chamber.

One approach is to add the solar-
simulation system to the 24-foot-diameter
cover of the vacuum chamber. While
this would not alter the chamber itself.
it would increase the cover weight to
over 60 tons. Thus. to allow for this
potential addition, the cover lift and
transport mechanism was designed to
handle this additional weight.

Sometimes. thermal environment must
be simulated in an atmosphere rather
than in a vacuum  or, a thermal environ-
ment might be desired with humidity.
Both of these conditions represent ther-
mal environments which a space vehicle
might encounter prior to launch. Con-
ventional thermal boxes and thermal-
humidity chambers are available to
simulate these conditions, but are limited
in size. Therefore. the new AED environ-
mental center includes a large. walk-in
chamber with a temperature range of
—85° to +250°F, and a range of 5- to
95-percent relative humidity. Since the
temperatures reached by an orbiting ve-
hicle can usually be controlled to a rea-
sonable range by judicious selection of
materials and finishes of its shell. a
range of simulation between —100° to
+250°F is usually quite adequate.

INDUCED ENVIRONMENTS

Vibration

There are several sources of both ran-
dom and sinusoidal vibrations: 1) dur-
ing countdown, from rotating compo-
nents. such as pumps and generators;
2) at the instant of firing, obviously
severe vibratory loads on the whole sys-
tem; 3} immediately after firing, sev-
eral other vibratory loads caused by
turbines, engine thrust, acoustic pres-
sures, and steering forces; 4) during
early flight, from fuel sloshing, wind,
aerodynamic forces. and shock waves;
5) during advanced stages of flight. vi-

bratory stresses from capsule separation,

Vibrations between 5 and 20,000 cps
are significant because they affect struc-
tural strength, with frequencies from 5
to 500 cps usually most damaging. Vibra-
tion can cause fatigue failure of me-
chanical parts. loosening of parts, short
circuits. noise, objectionable operating
characteristics, etc,

In environmental testing, the vibra-
tion pattern experienced during flight
cannot be exactly simulated. since this
pattern is extremely complex and almost
impossible to reproduce. The pattern
essentially consists of random vibrations
within the vehicle caused by machinery.
etc.; random vibrations outside the
vehicle caused by lift and drag; and
sine-wave vibrations caused by natural
resonances.

A good means of approximating the
natural resonances and the random vi-
brations within the vehicle is to induce
random vibrations on an electro-dynamic
shaker tester while sweeping through
the audio spectrum with a sine-wave in-
put to the shaker tester. The random
vibrations caused by drag and lift can
be simulated by employing acoustic
energy.

The AED environmental center is
equipped with one of the largest shakers
in existence. an oil-cooled, electrody-
nanmic unit with a maximum displace-
ment of 1 inch that can produce 28,000
pounds of peak force. The amplifier to
the exciter can deliver 140 kw over a 25-
to 10,000-cps frequency range. The many
narrowband filters in this unit either
boost or attenuate signals. thereby shap-
ing the output response.

The shaker is controlled from a cen-
tral console which contains a logarith-
mic-sweep wideband oscillator providing
automatic frequency cycling through the
audio band. Appropriate servos in the
system control acceleration, velocity. or
displacement. A spectrum analyzer mon-
itors the random-vibration output., The
shaker system and its associated controls
are designed for operation with an addi-
tional shaker in the future.

Shock

Another of the induced environments is
shock, occurring when there is a sudden
change in load, velocity, or movement.
The rapid accelerations present after a
launch produce severe shock; a typical
value is 50 g in 11 milliseconds. although
booster-separation shocks of 200 g have
been measured.

Generally speaking, the simulation of
this environment presents no great prob-
lem. Various methods of producing con-
trolled shock have been employed in-
cluding impact, explosive charges. and
pendulums. At AED, an impact-type
shock tester is used which can easily
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simulate 250 g with rise time of 6
nilliseconds.

One of the unknowns of shock environ-
ment is the impact effects of high-speed
particles on the space vehicle. This prob-
lem requires more research before ade-
quate simulation methods are formal-
ized. Establishment of more accurate
values of shock levels produced through
normal handling. transportation. and
booster separation is also a problem.
Acceleration
Acceleration (another induced environ-
ment) normally encountered by the
space vehicle is from 10 to 15 g. Such
accelerations produce strains and/or dis-
placements which can cause fracture of
structures or movement of parts with re-
sultant damage.,

It is impractical to simulate accelera-
tion in a straight-line motion for most
applications because of the great physi-
cal space and cost involved. (An exam-
ple of such a facility would be a rocket
sled.) Therefore. most simulation of
the acceleration environment is accom-
plished in a rotary accelerator. AED’s
rotary accelerator has been used to pro-
duce accelerations on many of its space
programs. This facility has a load rating
of 2500 g-pounds and will accommodate
test specimens up to 100 pounds, with
volumes to 18 cubic inches.

CHALLENGE OF THE FUTURE
Besides the environments that have been
discussed. there are many others of
great signficance: gravity; high-intensity
noise; effects of comets. meteors, dust
clouds. and plasma; nuclear. solar, and
Van Allen radiations; and magnetism.

It is now impossible, or almost impos-
sible. to simulate many of these. Zero
gravity, for instance, can only be pro-
duced for short periods. As the state of
the art advances these environments
might be produced more accurately and
simultaneously.,

Advancing the state-of-the-art in tech-
niques of scaling—achieving equivalent
test data by using scaled-down equip-
ment and specimens—presents intrigu-
ing challenges. The goal could be mil-
lions of dollars saved annually.

Achieving necessary reliability through
more effective subsystem testing so as to
reduce size, complexity, and cost of fa-
cilities presents an enormous challenge.

A chief factor in successful design and
fabrication of space-vehicle systems is
achievement of the highest degree of
over-all performance reliability. Cer-
tainly. environmental testing contributes.

The philosophy of injecting reliabil-
ity into a product early in its life, during
design and fabrication, is just as appli-
cable to space technology as it has been
in so many technologies through the
years.
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Fig. 1—Earth-to-moon tra-
jectory. 1) launch, 2) injec-

tion, 3) midcourse maneuver, /
4) retro-maneuver, 5} land-

ing.
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To land sophisticated instruments and eventually men on the moon necessitates
a soft landing of the spacecraft—a controlled deceleration from trajectory
velocity of several thousand fps to a reasonable impact velocity of less than
50 fps. Success depends upon accurate measurement of trajectory parameters
and precise control of retro-thrust devices as the spacecraft approaches.
Instruments carried in the spacecraft to control this maneuver may include a
computer and optical, radar, and TV sensors.

ARGE ROCKET BoOsTFRS have brought
lunar exploration from the realm of
scientific fantasy into the foreground of
engineering practicality. This was dra-
matically underscored when on Sep-
tember 14, 1959, the Russian Lusik 11
impacted on the surface of the moon.
Then, during October 1959. Lumnix 111
circumnavigated the moon and provided
the first photographs of its hidden side.
Manned exploration of the moon by
the early 1970°s is a major goal of the
present United States space program.
To support this goal. NASA (the Na-
tional Aeronautics and Space Adminis-
tration) has begun development of a
family of unmanned lunar probes under
the Ranckr and Survevor programs,
and has initiated design studies of the
AroLLO spacecraft that will transport
men to the moon.
Instrnmented circumlunar probes and

high-velocity impacting probes similar
to the Russian Luxiks will provide
much scientific information. The NASA
RANGER program plans a limited-pay-
load lunar landing at an impact velocity
that may approach several hundred feet
per second (fps).* However, sophisti-
cated scientific payloads must he landed
for really detailed lunar studies. Such
payloads cannot economically be de-
signed to he operable after a high-
velocity impact. Therefore. the vehicle
must decelerate from a lunar approach
velocity of several thousand fps to a
landing velocity of less than 50 fps. The
absence of an appreciable lunar atmos-
phere dictates deceleration by retro-
rocket techniques. This soft-landing
maneuver requires accurate measure-
ment of the lunar-approach trajectory
parameters and precise control of the
retro-propulsion.
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by B. P. MILLER
RaNGEer Project \

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

THE APPROACH TRAJECTORY
Fig. 1 shows the over-all sequence of
events as a spacecraft travels from the
earth to the moon. The vehicle is accel-
erated by a booster, through alternate
periods of propulsion and coasting in
the vicinity of the earth, to a planned
velocity of approximately 36,000 fps—the
injection velocity at which the space-
craft enters an actual lunar trajectory.
At a predetermined mideourse point in
the trajectory. a velocity-vector correc-
tion is computed from tracking data
and the spacecraft maneuvers to reach

* NOTE: Four additional RANGER
spacecraft have been added to the
currently existing RANGER Lunar
Exploration program by NASA. The
California Institute of Technology,
Jet Propulsion Laboratory, is carry-
ing out the uvnmanned lunar and
planetary program for NASA. Mis-
sion of the four new RANGERS will
be to send back to earth stations
high resolution television pictures
of the lunar surface up to the mo-
ment the spacecraft impacts on the
moon. The Astro-Electronic Division
has been selecied to develop the
television subsystem which will be
carried by the RANGER spacecraft,

Fig. 2—Vertical-impact trajectories.
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the moon’s vicinity at a specified time,
position. and approach velocity.

Although nonvertical landings have
been proposed for some manned ve-
hicles, the vertical impacting trajectory
has been suggested for the majority of
unmanned. soft-landed. exploratory mis-
sions and will be used here to illustrate
the problems of lunar landing. Fig. 2
shows the possible combinations of the
earth-to-moon transit time, approach
velocity. and impact location for vertical
impact trajectories, In general, both the
injection velocity and the lunar ap-
proach veloeity increase with decreasing
transit time. and transit times less than
about 40 hours result in a marked de-
crease in the deliverable payload weight.
Although the velocity requirements are
decreased by trips requiring more than
about 90 hours, these longer transit
times impose stringent requirements
upon the injection accuracy and thus
are usually not considered.

Other factors may further restrict the
choice of trajectories, such as line-of-
sight communications between an earth-
hased station and the descending vehicle.
However. the velocity of the spacecraft
in the vicinity of the moon will probably
not be less than ahout 8200 fps for the
usual (vertical-impact) transit trajec-
tories. and may reach 10.500 fps. There-
fore, soft landing of the spacecraft re-
quires controlled deceleration to the
desired touch-down velocity of less than

50 fps.

BASIC PARAMETERS OF LUNAR
SOFT LANDING
The total spacecraft mass delivered to
the vicinity of the moon at lunar ap-
proach velocity will consist of payload.
rocket motor, propellants, and guidance
equipment required for the soft-landing
maneuver. Some of the rocket methods
to provide the retro-thrust for soft
landing include:
1) a fixed-thrust rocket motor with a
single burning phase;
2) a multiple burning,
rocket ;

or pulsed,

3) a variable-thrust rocket motor;

4) combinations of the above.

For the trajectories considered. the
approach velocity is parallel to the
lunar-radius vector. and the retro-maneu-
ver occurs within a few hundred miles of
the lunar surface. Under these condi-
tions, the equations of motion for the
soft-landing maneuver can be expressed
as;

Vi=Vo+ (1y
m,;
= A, T BA
h!i:hui+VaiAt1_ (2}
g.”iAlf’ FiAt, _
2 m,
FAt, ., my—mi At
Th( (lﬁﬁ'lAf, ln m,;

Where: F = thrust. g = acceleration of
gravity, h = altitude. [ = specific in-
pulse, m = mass. m = mass rate of flow.
t = time. V = velocity. and subscripts
f= final. { =i" time period. and o0 =
initial.

In Equations 1 and 2, the time incre-
ment corresponds to the burning time
for the fixed-thrust mode. or to a con-
venient time interval over which the pro-
pulsion parameters are averaged for the
variable-thrust mode, If the rocket motor
is not operating during the time incre-
ment, the equations are reduced to:

Vii=Vai— g At (3)

his=ho+ Vo At — —g"”? d

(4)
Note from the dynamics of the landing
maneuver (Equations 1 and 2) that the
additional increment of velocity due to
the acceleration of lunar gravity is mini-
mized if the rocket burning time is infini-
tesimal and the retro-maneuver is per-
formed just Defore the spacecraft
reaches the lunar surface. In the ter-
minology of rocket propulsion, when the
rocket burning time is infinitesimal the
propulsion maneuver is described as

Fig. 3—Vehicle propulsion parameters.
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impulsive. Thus. by minimizing the
velocity due to the acceleration of lunar
gravity. the impulsive type of retro-
maneuver minimizes the weight of pro-
pellants needed to cancel the approach
velocity and maximizes the payload
weight delivered to the lunar surface.

However. the impulsive maneuver im-
plies an infinite mass rate of flow of
propellants. and therefore an infinite
thrust and deceleration. It is obvious
that there is an upper limit to decelera-
tion that the payload can tolerate. There-
fore, any soft-landing maneuver has a
maximum value of retro-thrust. a mini-
mum rocket burning time, and a mini-
mum ignition altitude. For the approach
trajectories shown in Fig. 2, the mini-
mum percentage of the spacecraft mass
that must be allocated to propellants
(the propellant fraction) for the impul-
sive retro-maneuver ranges from about
48 percent for the 90-hour transit to
57 percent for the 40-hour transit, as-
suming a liquid H. and liquid O. propel-
lant-oxidizer combination.

GUIDANCE AND PROPULSION PROBLEMS

The soft-landing propulsion and guid-
ance problems can be illustrated by the
fixed-thrust retro-maneuver with a single
burning phase. Although this method is
not practical to ensure a true soft land-
ing. its analysis provides insight into the
problem. More-sophisticated and feas-
ible techniques will then be discussed.

In this case. the altiude and velocity
must go to zero simultaneously at the
instant of propulsion cut-off. Fig. 3 de-
picts the variation of the vehicle propel-
lant fraction and the rocket burning
time {as a function of the rocket thrust
level} to land a mass of 100 slugs (about
3220 earth pounds) on the surface of
the moon with zero velocity at zero alti-
tude. Increasing mass has the effect of
increasing the thrust level and the pro-
pellant fraction required for soft land-
ing. Note that the propellant fraction
and burning time decrease, and the
thrust increases as the altitude for the
initiation of the retro-maneuver moves
closer to the lunar surface at a constant
approach velocity,

According to Fig. 3. a soft-landing
maneuver with a rocket motor having a
single burning phase and fixed thrust
requires starting the retro-maneuver at
a predetermined altitude for a given ap-
proach velocity and rocket design. In
practice, the guidance requirements for
this type of retro-maneuver are some-
what stringent and difficult to fulfill. The
device used to initiate the retro-rocket
burning at a prescribed altitude,
whether it be a radar or optical instru-
ment in the spacecraft, or an earth-based
command. is subject to measurement

17
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TABLE |—TYPICAL SYSTEM ERRORS

Initial Conditions:

hy 100 naut mi
V. 10.000 fps
Spacecraft Parameters:
m, 77.7 slugs
T, 5,000 lbs
I,, 300 sec
Std. Values of System Errors:
AV, = 10 fps
AH, + 500 ft
AT, = 5 lbs
Am *+ 5 x 107" slugs/sec
At *+ 0.1 sec

errors. If the retro-firing begins too soon.
the spacecraft may reach zero velocity
at some altitude above the surface and
then fall freely to the surface. Con-
versely. if the retro-firing is delayed. the
payload will strike the surface with some
fraction of its initial velocity. For these
reasons, a single-burning-phase. fixed-
thrust-descent rocket would probably be
designed to reach zero velocity a few
feet above the surface and then to fall
freely under the acceleration of lunar
gravity for an impact at a nominally low
velocity.

Other errors in the measurement or
control of rocket parameters, such as
thrust level. mass efflux of propellants.
burning time. and the deviation of the
actual approach trajectory from the de-
sired nominal trajectory caused by injec-
tion errors and uncertainties in orbital
determination, can similarly affect the
success of the landing maneuver. For
example. a typical single-burning-phase.
fixed-thrust, retro-maneuver system ana-
lyzed by AED must produce the soft-
landing conditions of simultaneous zero
velocity and altitude from initial condi-
tions of a vertical descent velocity of
10,000 fps and an altitude of about 100
nautical miles. The spacecraft mass at
this altitude is 77.7 slugs (about 2500
earth pounds). The retro-rocket em-
ploys a propellant combination yielding
a specific impulse of 300 seconds and a
thrust level of 5000 pounds. The retro-
maneuver is started by a command from
a radar altimeter having a standard
error of 500 feet at the initial altitude.
The descent time to the lunar surface is
nominally 100 seconds.

Based upon the standard errors for
this system, as summarized in Table I,
the velocity of lunar impact could easily
approach 240 fps. Thus, guidance and
propulsion control problems preclude
the possibility of achieving a truly soft
landing with a single-burning-phase.
constant-thrust descent program.

FEASIBLE SCHEMES FOR SOFT LANDING

At least three propulsion and guidance
schemes appear to bhe feasible for
achieving lunar soft landings. Each of
these entails more-complex guidance
and propulsion equipments than the
previously discussed constant-thrust
descent. They also require a greater
propellant mass fraction for the same
initial conditions.

Dual-Burning-Phase Descent

The dual-burning-phase descent uses a
restartable rocket motor that begins the
initial retro-firing at a slightly higher
altitude than the single-burning-phase
case. In the dual system. the first phase
removes all but about 500 to 1000 {ps
of the descent velocity. with nominal
burnout occurring at a lunar altitude of
about 25.000 feet. The first phase of
the retro-firing requires only a coarse
optical or radar sensing of the altitude
and velocity for initiation.

The altitude for conclusion of the
first burning phase is selected to permit
using a precision radar altimeter with
reasonable weight and power require-
ments. The spacecraft then falls freely
from the nominal first-phase cut-off alti-
tude. and during this period of free fall
the radar altimeter measures the alti-
tude and vertical descent rate. Televi-
sion instrumentation, if used during
free fall, can visually inspect the land-
ing site: and if necessary, a lateral
maneuver can he performed to select a
more desirable landing area.

A vehicle computer determines the
firing time and duration for the second
propulsion phase of the soft-landing
operation. and the second phase im-
parts an impulsive velocity increment to
the spacecraft just prior to impact.
Studies of this method of descent have
shown the feasibility of limiting the
velocity at impact to approximately 25
fps (JPL Res. Summary, No. 36-4, 15
August 1960 ).

Multiple-Phase, or Pulsed-Mode

The pulsed mode of operation is a logi-
cal extension of the dual-burning-phase
descent. It permits measuring the de-
scent parameters and correcting the
thrust program after each period of
rocket-motor operation. at the expense
of increased propulsion system com-
plexity. Each propulsion period may
have a different thrust level and dura-
tion. and the required thrust program
for the soft landing is recomputed peri-
odically during the propulsion system
ofl-time by the vehicle computer.

Variable-Thrust Rocket Motor

The variable-thrust rocket motor pro-
vides a continuously variable thrust
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profile (to within about 10 percent of
the maximum thrust) by varying the
flow of propellants through the thrust
chamber. Like the pulsed descent, this
system requires observed velocity and
altitude measurements for comparison
with a standard descent profile. Error
signals generated in the vehicle com-
puter generate the thrust program.

CONCLUSION

The soft landing of a payload on the
surface of the moon will require accu-
rate measurement of the trajectory pa-
rameters as the spacecraft approaches
the vicinity of the moon. Control of the
rocket propulsion during the retro-
maneuver is necessary for a soft land-
ing, with a dual-burning-phase descent
considered as a minimum requirement.
Instrumentation for soft landing con-
sists of optical and radar devices for
altitude and velocity measurements, a
computer for thrust-program computa-
tion, and television equipment for vis-
ual inspection of the landing site dur-
ing the descent maneuver,
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Future international communications demands—telephony, telegraphy, data
transmission, television—are seen as exceeding the economically practical

capacities of today's conventional transmission methods. Satellite communica-

tions relays are of great interest as a solution, since their transmission charac-
teristics provide economic and technical advantages over additional transoceanic
cables and/or earth-bound radio links. These technical concepts are described
herein, while the following companion articles by Edwards and Hawkins consider
the operational and the legal aspects, respectively, of satellite communications

systems.
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SATELLITES FOR INTERNATIONAL COMMUNICATIONS
... Technical Concepts

S. METZGER, Mgr.
Communications Engineering
Astro-Electronics Division

DEP. Princeton, N. J.

EVERAL YEARS AGO. the Operations
S and Engineering stafl of RCA Com-
munications. Inc., New York. observing
the rapidly expanding demand of com-
munication services, began planning
systems and methods to meet this
demand. Discarding the highly publi-
cized forward-scatter techniques as too
costly and too difficult from the logistics
standpoint for a chain of stations over
the North Atlantic, it became apparent
that for the immediate future we would
have to squeeze out more channels from
the already congested high-frequency
spectrum.'  Single-sideband operation
with time-division multiplex contributed
considerably towards temporarily reliev-
ing the demand.

But not enough—the need for more
channels kept pressing. Through the
cooperation of RCA associates in
Britain. Germany, and France who con-
trol the overseas portions of the trans-
atlantic coaxial cables, and the A.T.&T.

D. S. RAU, Vice President
Engineering
RCA Communications, Inc.

New York, N. Y.

Co., the owner of the North American
portions, RCA Communications was per-
mitted access to the cables for telegraph
service. By using new techniques the
number of cable channels can be ex-
tended, but only up to a limit which may
he too restricting in a few years, [n 1959,
a congressional report? showed that
there were approximately 1% million
transoceanic telephone messages in 1950
and predicted 3 million in 1960 and 21
million in 1970. Actually. the A.T.&.T.
Co. handled 3.700.000 transoceanic tele-
phone messages in 1960 and now esti-
mates that they will handle 100,000,000
by 1980.

“It does not appear feasible to meet
this rapidly expanding demand for com-
munication services through conven-
tional cable means,” said the congres-
sional report. The gross predicted for
voice communications appeared to RCA
Communications management to hold
correspondingly true for telegraph serv-
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ices. Such belief was supported by the
rapid increase in demands for Telex and
leased channel services.

Consequently in 1959, RCA Com-
munications. Inc. queried the Astro-
Electronics Division about their activity
in the field of satellite communication
relays. AED told of its participation in
the Score project and its activity in
development of other projects for the
military and the National Aeronautics
and Space Administration (NASA}).
AED asked RCA Communications, Inc.
to join in a study of the commercial
aspects of satellite communication re-
lays. AED knew RCA Communications’
practical knowledge of long-distance
communications gained from many years
of successful operations in this field
would add considerably to AED’s theo-
retical and experimental research to
bring about the ultimate development
of a practicable system.

THE SATELLITE RELAY CONCEPT

The main reason for a satellite commu-
nication system is that a satellite at an
altitude of thousands, or even hundreds.
of miles above the earth can provide
line-of-sight paths between cities sepa-
rated by thousands of miles. These
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paths permit using microwave frequen-
cies (1,000 to 10,000 Mc), with their
wide bandwidths capable of handling a
television program. or a thousand speech
circuits, or a high speed facsimile signal
which can be converted into printed
pages at a rate of 600 pages per minute.
The ionosphere has negligible effects on
these frequencies. By comparison, pres-
ent high-frequency circuits (3 to 30 Mc),
which cover distances of thousands of
miles over non-line-of-sight paths by re-
flections from the ionosphere, are lim-
ited to bandwidths about one thousandth
of those needed for transmission of the
aforementioned services.

A satellite at an altitude of 1.000 miles
has a line-of-sight range of about 3.000
miles. Thus. a satellite 1.000 miles above
New York City would be in view of both
Los Angeles and Paris simultaneously.
and could thus act as a repeater between
these two cities. Unfortunately, it is not
practical to keep a repeater so positioned
in space at this altitude. A satellite stays
in orbit by a balance between its out-
wardly directed centrifugal force and
the gravitational force directed toward
the center of the earth. Its orbital plane
must always pass through the center of
the earth. Therefore. its position in
space is always moving with respect to
a point on the earth, except for the spe-
cial case of the so-called stationary. or
synchronous orbit. For the synchronous
orbit, the satellite in an equatorial orbit
at a distance of 22.300 miles above the
earth has a period of 24 hours, and its
position in space is fixed with respect to
a point on the earth. The possibilities
of using this synchronous satellite for
communications has been described in
the RCA Review,” and will be briefly dis-
cussed later in this article.

For the moment. let us consider the
use of satellites at altitudes of a few
hundred or a few thousand miles. and
consider the effect of the orbital angle
of the satellite on its utility. Fig. 1shows
the orbital paths for three possible sat-
ellites: an equatortal orbit. an inclined
orbit, and a polar orbit. For a low-
altitude equatorial-orbit satellite, the
stations visible to this satellite are
rather restricted. For example, a sat-
ellite at a 300-mile altitude would see
only stations within 1500 miles north
and south of the equator. but these would
be seen for every pass of the satellite. At
this altitude the satellite period is 11,
hours. A polar orbit with the same alti-
tude has the same satellite period. but
the satellite would pass over all cities of
the world. The daily frequency of these
passes would depend on the latitude of
the particular city. For example. a city
located within 1,500 miles of the pole
would see the satellite every pass. At the

Fig. 1—Orbital paths for a system of nonsyn-
chronous communications satellites.

Fig. 2—A synchronous satellite system.
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other extreme, a city at the equator
would see the satellite a couple of times
in succession, and then not see it again
until about 12 hours later, At intermedi-
ate latitudes, the viewing time per day
would be intermediate to these two ex-
tremes. Similarly. a satellite in an in-
clined orbit would pass over all cities
below the latitude of its inclination
angle. The exact number of passes per
day would also depend on the latitude
of the city.

ACTIVE AND PASSIVE REPEATERS

So far we have discussed satellites by
considering their time in view with re-
spect to ground stations, but we have not
mentioned the nature of these satellites.
For communication purposes. satellites
are classified as active or passive
repeaters.

An active repeater is similar to that
used in a microwave relay station. where
the received signal is amplified. shifted
in frequency, and retransmitted back to
the ground station. Such satellites can
be unstabilized. or spin-stabilized; both
cases requiring an omnidirectional an-
tenna. The satellites might also be
attitude-stabilized to permit using direc-
tional antenna or antennas for communi-
cating between the ground stations.

The passive satellites receive energy
from one ground station and reradiate
to another distant ground station. Such
a passive satellite might be a metallic-
coated sphere. a flat plate or parabolic
reflector. or a cloud of dipoles.

There are advantages and disadvan-
tages to both the active and passive re-
peater classes. and to the various types
within each class. For example. in the
active repeater a directive antenna would
decrease the transmitter power needed
in the satellite, but only at the expense
of requiring a stabilization system. With
the present technology, it is simpler to
have a higher-power transmitter with an
omnidirectional antenna, rather than to
use a stabilization system; however, this
may change in the future.

The use of passive repeaters appears
very attractive hecause no power is
needed in the satellites. But this advan-
tage is diminished because extremely
large ground antennas and extremely
high powered transmitters are required.
The transmitter power needed in an ac-
tive satellite is proportional to the square
of the distance from the satellite to its
ground station; on the other hand. the
passive satellite requires ground-based
transmitter power times antenna gain
which is proportional to the fourth
power of the distance, as in radar. Be-
cause we are talking of hundreds. or even
thousands of miles, the path attenuation
is very large.

Active repeater communication satel-
lites may also be classified as delayed
repeaters or real-time repeaters.

A delayed repeater satellite comes in
view of a given city, receives messages
from that city destined for another place,
and records these messages for later
play back when the satellite comes in
view of the other cities. Such a delayed
type of repeater is advantageous in that
only one satellite can provide coverage
for manyv cities. It cannot be used for
speech or Telex communications, how-
ever, but could be used for deferred tele-
graph or data transmission.

A real-time repeater satellite is in view
of both ground stations simultaneously.
Except for the case of the synchronous
satellite, many satellites must be used if
one satellite is to be in view of a ground
station 24 hours a day.

SYNCHRONOUS SATELLITES

A satellite with an altitude of 22.300
miles above the earth has a period of 24
hours. Such a satellite. when placed in
an equatorial orbit. will be fixed with
respect to points on the earth (Fig. 2).
From such a satellite, almost half of the
earth’s surface is visible, including all
areas up to =81° latitude. With three
such satellites located 120° apart. it is
possible to cover all of the civilized areas
of the world. including overlap regions.
as shown in Fig. 2.

The transmitter power needed for the
satellite repeater to provide a 3-Mc
transmission bandwith is in the range of
1 to 10 watts (depending on the ground
antenna size and receiver performance).
This power requirement might permit
using most of our commercial radio re-
peaters. except for one important restric-
tion. reliability. Note that we need about
the same power for a 25,000-mile satel-
lite circuit as for a 25-mile circuit used
in a typical ground relay system. How-
ever, ground radio relay equipment must
have sufhicient power to overcome the
noise of 100 repeaters in tandem (20
db) : and also a fading margin of 30 db
for multipath effects caused by trans-
mission through a 25-mile layer of air.
In transmitting to a svnchronous satel-
lite. we go through only one repeater
(two links) rather than 100. With a
powerful ground transmitter. the up-
ward path to the satellite may be de-
signed to contribute a negligible amount
of noise to the system. Also, the amount
of fading should be substantially less
than in our earth-bound links Dbecause
the radio signals pass through less of
the atmosphere. If we were to increase
from 25 miles to 25.000 miles on the
ground. we would need a million times
more power. or 60 db. For the satellite
case. 50 db of this amount is recovered
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by virtue of the two factors mentioned
above, and another 10 db or so can be
obtained by using modern low-noise re-
ceivers such as the parametric amplifier.
or the maser. Thus, our satellite repeater
need have a very modest power output.

Reliability, as mentioned before. pre-
vents us from using a commercial micro-
wave relay repeater equipment. Reliabil-
ity is the most important consideration
for satellite communications, and applies
not only to the repeater electronics, but
also to stabilization equipment needed
to keep the satellite in orbit and pointed
towards the earth. The reason for the
stress on reliability is obvious because
it is impossible to maintain equipment
once it is in orbit. The first approach to
satellite equipment reliability has been
to use duplicate equipment. This is not
a completely satisfying answer, so work
will continue for developing components
and circuits with even greater reliability.

CONCLUSIONS

RCA’s experience with satellites to date
indicates that propagation from and to
satellites is truly free-space propagation.
No unknown effects have appeared. and
received held strengths check closely
with those calculated.

Fromn an economic viewpoint, one
might think of a transatlantic satellite
repeater in the following terms: In 1956,
A.T.&T. installed a transatlantic cable
with a capacity of 150 ke at a cost of
about $35 million. A 5-Mc circuit should
cost considerably more. With some more
development, now underway, it is ac-
cepted that a satellite system can be built
for considerably less than a 5-Mc trans-
atlantic cable. The question may be
raised as to whether there is sufficient
need for this channel capacity. All pres-
ent studies indicate that this is indeed
the case. considering future needs for
television. telephony, telegraphy. and
data transmission.

CCIR (Committee Consultative Inter-
national Radio. an international commu-
nications organization) working groups
are presently studying some of the com-
plex problems incumbent with interna-
tional utilization of satellite relays. RCA
has been and will continue to be actively
interested in these groups.
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The development of space vehicles for long-distance telecommunication links will
in large degree be dictated by and must conform to those standards, practices,
and procedures developed for other media over many decades. Discussed here
are some of the problems of the Plant and Traffic Operations groups in making
use of space vehicles for communications and of the problems of the groups
developing space communications in conforming to present procedures. Cooper-
ation will also be necessary among the many nations of the world in developing

this new communications medium.

owned by such governments and would
be afforded equal right of access to the
space-vehicle relay functions.

Of pertinent interest under economics
is the cost of the ground station. The
space system must be of large capacity
to make it economically feasible. In the
early stages. it is likely that the users
will be communications centers with
large traffic volume, but that very soon
there would be users whose individual
requirements may be the equivalent of
twelve. twenty-four or thirty-six “‘voice-
frequency” channels. It is equally pos-
sible that eventually these “low-capac-
ity” installations may be the majority of
the users. Costs of these “low-capacity”
installations must, therefore, be com-
parable to radio or submarine cable
channel costs.

Countries cooperating in the Interna-
tional Telecommunications Union (ITU)
have developed plant and operating
standards resulting in a very high degree
of compatibility among installations
which vary at different places and among
peoples of many different languages. The
ITU develops its practices through mem-
ber recommendations and from interna-

SATELLITES FOR INTERNATIONAL COMMUNICATIONS
. - - Operational Considerations

by H. H. EDWARDS
RCA Communications, Inc.
New York, N.Y.

URING THE PAST DECADE, the domestic
D and international communications
common-carriers have seen a vast expan-
sion in their volume of traffic and in the
types of services offered. During the next
ten years. a still larger growth can be
anticipated. even if only the present
methods of communications are consid-
ered.

The existing media of h-f radio, long-
distance land lines, and microwave
equipment. submarine cables. scatter,
etc., will be supplemented by a new
medium, that of communications via
space-relays.

This new method using microwaves
will serve not only to supplement and ex-
pand existing services, but also will per-
mit long distance and international de-
velopment of other services not now fully
exploited and in some cases unavailable.
because of the wider bandwidth required.

FOUR MAJOR COMMUNICATIONS ASPECTS

In examining the scope and operations
of present international communications.

several major aspects must be consid-
ered in the development of a space sys-
tem. Among these are: policies, econom-
ics, practices, and procedures.

Under policies one would find the de-
sire of all countries to have a number of
communication links to other countries
without having these links pass through
neighboring territories. Some of these
countries have large traffic volumes and
have developed or are developing large
capacity links. Others, with less volume,
find it difficult to keep up with increasing
traffic demands. For both groups. space-
communications will provide the means
of expanding the scope and types of
traffic handling. For the new and devel-
oping countries. this medium can be used
as the principal method of providing the
desired international linkage from within
their own borders.

Many of the countries of the world
maintain their international communica-
tions system as a government agency;
and it can be assumed that the ground
apparatus of a space system would be
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tional engineering groups, such as the
International Consultative Committees
on Radio (CCIR) and on Telegraphs
and Telephones (CCITT).

Even when fully developed, space
communications will still be a subsystem
of international traffic transfer, and in
a very large proportion of circuit link-
age will be one of several media used to
complete the circuit. i.e.. land lines. sub-
marine cables. and space relays may be
used in succession to relay a message.
Under these conditions, satellite com-
munications must conform to ITU prac-
tices.

Similarly. the operating procedures,
also administered by ITU, have heen co-
operatively developed. In spite of lan-
guage barriers, these procedures function
smoothly and again. the space medium
must conform to these operating proce-
dures.

Accordingly. the established practices
and procedures can be used as guides to
develop the more technical aspects of
engineering the space subsystem with
due consideration to economics and to
the desire of each country to communi-
cate long distances from within its bor-
ders with a minimum of transfer over
connecting media of other countries. The
majority of ITU members fall into this
category and of these, a large number
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would satisfy their international com-
munications demands with operating
spectrum space equivalent to less than
twenty-four v-f (voice-frequency) chan-
nels for the near future.

The chief U.S. Government groups ac-
tive in international satellite communi-
cations are listed in Table L.

SPACE COMMUNICATIONS OPERATIONS

Among the many phases of space com-
munications. problems will exist in fre-
quency assignment methods, natural
phenomena and the practical engineer-
ing field. Each has some bearing upon
operational considerations (Table 11},

A study of these problems can be made
by listing the probable services which
may find space communications useful.
the probable users and the fields in
which this new medium can serve to de-
velop new services.

Other services are envisioned in which
information or intelligence is to be dis-
seminated within a narrow bandwidth.
These services can be regarded as simi-
lar to the possible use of point-to-point
communications services by a terminal
point with light traffic loading.

A third category would be services
such as point-to-point communications
with a substantial traffic loading but
without a wide bandwidth requirement.

The fourth category would be the
wide-bandwidth type of terminals to pro-
vide a large number of telecommunica-
tions channels or TV services.

SPACE COMMUNICATIONS SYSTEM
PARAMETERS

The parameters of a telecommunication
industry system. with particular refer-
ence to space communications, fall in a
few general areas of interest.

1) Area Classification:
Domestic, e.g., USA traffic
Regional, e.g., Alaska. Canada,
Mexico, USA
Inter-regional, e.g.. North. South
and Central Americas
International

2) Terminal Distance Classification:

Short, less than 250 miles
Intermediate. 250 to 750 miles
Medium. 750 to 2500 miles
Long, over 2500 miles

3) Traffic Loading:

Light load, total public telephone,
telegraph and other supple-
mentary services could all be
handled on 12 to 24 v-f (voice-
frequency) channels

Medium load, 24 to 72 v-f channels

Heavy load, 72 to 180 v-f channels

4) Types of Traffic:

Narrow band keying. teletype
services at 50 baud rate

Public telephone and other v-f
services at 3-kc bandwidth

Wide band services. Facsimile data
processing, etc.. 2500 bauds or
higher

Economic Considerations:

o

FEconomics requires that space com-
munications systems be compa-
rable to other media in both in-
stallation and operation cost.
Major cost items are the ground
station installation. maintenance
and operation, and the prorated
share of the cost of the satellite
family of velicles.

6

System Reliability:

Anticipated life of satellite com-
ponents

Maintenance of operational conti-
nuity on long term and dav-to-
day basis and during satellite
“handover™ period.

7

Timing and Phasing Problems:

Delay due to length of over-all cir-
cuit path

Doppler effects

Phasing of signals during satellite
“handover”

To discuss the operational problems,
certain assumptions must be made and
some arbitrary values for the parameters
of the system must be chosen. One of
these arbitrary values could be that the
average ground station would operate
apparatus consisting of one or more
groups of twelve v-f channels as v-f chan-
nels or with wider-band transmission

equivalent to two or more v-f channels or
with v-f channels divided into teleprinter
subchannels or combinations of all three
into a space system capable of accepting
signals from many such ground stations.
Other parameters could be selected
which would permit the use of economi-
cal equipment such as medium-sized
transmitting antennas.

Most of the circuits to be considered
(terminal to terminal} will have an earth
surface separation of 2100 to 3600 miles
and it would be desirable to have as long
a period of simultaneous visibility of
each vehicle at the two terminals.

This distance factor makes a space
system with the vehicle heights of less
than 4000 miles relatively inefficient. Ob-
viously, the 22.300-mile synchronous sys-
tem would have many advantages (See
Metzger and Rau, this issue). There
seem to be no particular advantages in
a space system operating at heights be-
tween 10.000 miles and 22.000 miles,
which may not be obtained at heights
between 4.000 and 10.000 miles, or by
use of the synchronous vehicle.

By using Cape Canaveral as the firing
point and without post-firing flight cor-
rection. a 30° inclined plane from the
equator can be assumed. At this inclina-
tion the problems of computing and
tracking are still relatively simple. Ad-
ditionally this inclination provides ade-
quate coverage for regions above 70°
North or South Latitude where only a
limited amount of communication is to
be expected. This cannot be provided
by an equatorial medium height system.
The polar orbits provide maximum cov-
crage in the regions where it is least
required.

In broad terms, satellite relay systems

Table | — U. S. Government Groups Active in International Space Telecommunications

NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION

Responsible in the space field for the

many activities of which telecom-

munications is only one aspect. NASA

also coordinates the civilian activities
in this field.

DEPARTMENT OF STATE

Establishes policy and handles many
international coordination problems.

FEpERAL COMMUNICATIONS
ComMMISSION

Concerned chiefly with regulatory func-
tions in connection with the establish-
ment, operation and use of space com-
munications systems. Relay via satellite
is regarded as another subsystem of tele-
communications along with h-f radio,
land lines. submarine cables, etc., within
the U.S.A. which are now regulated by
the FCC.

USA Commirtek ofF tHE CCIR

Aids the ITU in the development and
international utilization of the space
medium by preparing the framework of
basic scientific data and other informa-
tion concerning the use of “space” for
telecommunication.
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Table Il — Operational Space
Communications Problems

Frequency Assignment Factors

Freqgency spectrum assigned to
Space Communications

Bandwidth of each transmission
assignment

Frequency tolerances

Frequency sharing between space
systems and ground services

Type of modulation and frequency
characteristics

Doppler effects between transmit-
ter frequencies and apparent speed
of space vehicle

Natural Phenomena
Considerations

Laws of gravity related to rocketry
and vehicle placement

Faraday effects
Signal propagation parameters

Atmospheric and ionospheric
effects

Line-of-sight functions
Practical Engineering Aspects
Height and eccentricity of orbits

Location of orbit (polar, equato-
rial. inclined, etc.)

Earth motion relative to orbital
planes

Number of orbital planes required

Number of vehicles required for
continuous service

Field of view of vehicles at differ-
ent heights

Ground range of vehicles at differ-
ent heights

Avoidance or elimination of at-
mospheric effects

Thermal noise

Long distance circuit problems
such as may exist between semi-
and full-antipodean locations

Doppler compensation techniques

Speech circuit time delays and
echo suppression

Maintenance of signal phasing in
satellite handover in non-synchro-
nous orbital systems

can be polar, equatorial or inclined in
plane with circular or elliptical orbits
and at low (under 4,000 miles), medium
(4,000 to 12,000 miles), or synchronous
(22,300 miles) in height.

Arbitrarily selecting values from these
broad categories. a space system in a
circular orbit. inclined 30° from the
equator at 6400 miles (1-hour revolution
period) has been chosen to develop
further considerations,

An inclined (30° from equator) cir-
cular orbital system at a height of 6400
miles would have a field of view of ap-
proximately 135° and a ground range of
approximately 9700 miles. Reducing
these values to correct for a minimum
elevation angle of 714° for the antenna
the figures then become 120° and 8400
miles, respectively. The period of revolu-
tion is 6 hours, or 360 minutes. The earth
advances 90° in this time: therefore. the
apparent period of revolution is 8 hours,
or 480 minutes. (Three apparent passes
per day.)

Time of visibility can be derived as
follows:

Field of view Rev. period
Circum. of earth 1

= Visible time, or

120° = 480 mins. 160 mins. per
360° 1 = puss

For times of mutual visibility at two
locations. terminals of an east-west cir-
cuit. on the same line of latitude:

Field of view — Lat. separation in degrees
Circum. of earth

X Rev. period = Time of use per pass

Taking a practical example of a cir-
cuit between Belem, Brazil, and Quito
Ecuador, both very close to the equator
and separated by about 2800 miles and
approximately 40° in latitude:

120 — 40 480
360 1

— 106 minutes circuit time per pass

Also using Quito, 79° W. longitude, as
one terminal but selecting Valdivia,
Chile, at approximately 74° W, longitude
as the second terminal with only a 5°
separation:

120 — 5 480

360 1
_ 15 480
360 1

= 153 minutes of use per pass

The two circuit examples above bring
out an important fact. To Belem from
Quito the time period is 106 minutes, to
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Valdivia 153 minutes. If large world cen-
ters such as London and New York, with
very many circuits instead of only two
are considered, the problem of keeping
full continuity on each circuit becomes
a large one even though the orbital pat-
terns are easily computed and each ve-
hicle easily found and tracked, since the
number of handovers will vary widely.

The following examples are arranged
in geographical groupings (Table III)
to show one possible method of arrang-
ing ground equipment to obtain the long-
est common usage. without handover, for
each grouping.

To depict the passage of time, it is
assumed that the satellite passing over
the 180° time-line will be at 0 time and
in the column (Table III) headed ac-
quired, the figures indicate the number
of minutes after the passing over the
time-line at which the eastern-most sta-
tion acquires the satellite. Similarly, the
column headed relinquished, indicates
the number of minutes above zero at
which one of the two stations (paired)
loses the satellite. The last column gives
the usable time per pass for the circuit.

Expanding the times given in Table
III, the following *‘around-the-earth”
ground siting would provide a good pat-
tern of usable time (shown in minutes) :

San Francisco—New York, 93
New York—Sao Vicente, 95
Sao Vicente—Johannesburg, 90
Johannesburg—Bombay, 100
Bombay—DMalaya, 96
Malaya—Sydney, 116
Sydney—Honolulu, 93
Honolulu—San Francisco, 113

Two seemingly minor problems have
generated a great deal of discussion: the
time delay of a voice signal traveling
over long space circuits. along with the
associated problems of echo suppression,
and the difference in the phasing of sig-
nals when repeated from two satellites to
the same ground station. Only the latter
is important in telegraph transmission.

When the two vehicles are equidistant
from the ground station, there will be
matched phases. For each 186 miles dif-
ference in distance, there will be a phase
difference of 1-msec. Present h-f radio
operation of a four-channel time-division
multiplex (200-baud keying rate) re-
gards multipath of greater amount than
1-msec as a potential source of circuit
degradation.

Thus, for orbiting systems with no
channel keying at more than 200 bauds,
the change from the departing to the up-
coming satellite (handover) should be
made only when the signals are within a
phase difference of some value equiva-
lent to the 1-msec multipath tolerance;
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otherwise each teleprinter or other coded
transmission channel, possibly several
thousand, will be put out of phase. If
high-speed computer-type keying is con-
sidered, this handover must be made
when there is much less of a difference.

This handover problem limits the over-
all time-per-pass of each vehicle, since
there is a very low probability that both
satellites would be at the lower horizon-
tal angles simultaneously ; therefore. the
concept of using each satellite as low as
approximately 714 ° elevation above the
horizon requires reconsideration, It is
more probable that elevations of 15° to
20° would be the lower limits of use.

The very complex handover problem
in a multiprocess, multicircuit system
increases the number of satellites re-
quired, or alternatively necessitates more
equipment at each ground station, com-
pared with a system where handover is
not a problem. Furthermore, it makes the
problem of scheduling the times of use
at multiple circuit points still greater.

An additional handover problem will
exist during those periods when the path
of the vehicle crosses the area of thermal
noise from the sun. (This transit prob-
lem will also be present several days of
the year when the synchronous satellite
is in the same area as the sun. At each
ground station the periods of this type
of interruption will not coincide with
similar periods at each distant terminal
with which it communicates; therefore,
these total interruptions would be the
number of interruptions at all the inter-
linked stations.)

Computing the vehicle’s path and
tracking for equatorial orbits is rela-
tively simple. Semiequatorially inclined
orbits are not much more complex. The
handover problem for these two orbital
patterns, serious as it is, becomes much
more difficult when considering semi-
polar and polar orbits with their very
complex apparent motions.

SPACE SYSTEM RELIABILITY
Reliability in its technical sense is an
engineering aspect. From the operations
viewpoint, the reliability of a space sys-
tem would be its continuity of circuit
maintenance and stability. Because each
vehicle will be equipped for large capac-
ity and will be relaying hundreds of
voice channels and thousands of tele-
printer or other code transmission chan-
nels, the required continuity over a long
period, e.g., one year, must be better
than 99.9 percent (approximately 525
minutes outage per year) and preferably
in the order of 99.98 percent (105 min-
utes outage per year). Of equal impor-
tance, is the quantity of outages. No
matter how brief an interruption may be

(even 20 msec) each recording unit of
apparatus must be rephased, or some
similar action must be taken. to restore
each channel; otherwise the mutilation
on all signals must be regarded as a nor-
mal condition, thereby accepting a de-
graded transmission service.

MESSAGE ROUTING

Another item of importance in the oper-
ational area is the routing of signals or
channels and the use of switching facil-
ities at an intermediate ground station
between two circuit terminals. In pre-
ceding paragraphs, it was mentioned that
most countries prefer to operate their
own circuits without depending upon use
of connecting links through neighboring
countries. However, economics and other
factors make it desirable to consider the
use of a distant point as a distribution
center for small-volume collections of
traffic to several other places. For exam-
ple. an African country would, in the
early stages of space communications,
find it more efficient to operate into a
European center and at that point obtain
connecting links outward to North or
South America. or may make use of
European and North American relay
points. Space communications would
make it possible for an operating center
to expand its direct circuits or to change
relay points, if desired, as traffic volume
increases.

Planning a pattern of routing and

switching for the initiation of a space
telecommunications system and for sub-
sequent changes in, and additions to, the
initial pattern poses quite an operational
problem. Antipodean and almost-anti-
podean circuits provide an excellent ex-
ample of routing and of operational
problems over the multiple relay path.
The projected ITU Inter-American Tele-
communications Network? can be used
to develop an example of an operation
pattern for one area of a world-wide
“space” network.
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Table Il — Contact Times Between Major Cities

*

Group Cities Acquired Relinquish Minutes
1 New York—San Francisco (USA) 63 156 93
2 New York—Santiago (Chile) 65 222 157
2 New York-—Buenos Aires (Argentina) 82 222 140
2 New York—Rio de Janeiro (Brazil) 101 222 121
3 New York—Sao Vicente (Cape Verde Islands) 127 222 95
4*  New York—Tangier (Morocco) 157 222 71
4 New York—London (Great Britain) 160 222 62
4 New York—Frankfurt (Germany) 177 222 45
4 New York—Johannesburg (U of SA) 197 222 25
5 New York—Rio de Janeiro (Brazil) 101 222 121
5 Rio de Janeiro—Tangier 151 261 110
5 Rio de Janeiro—London 160 261 101
5 Rio de Janeiro—Frankfurt 177 261 84
5 Rio de Janeiro—Johannesburg 197 261 64
6 New York—Sao Vicente 127 222 95
6 Sao Vicente—Tangier 151 287 127
6 Sao Vicente—London 160 287 136
6 Sao Vicente—Frankfurt 177 287 110
6 Sao Vicente—Johannesburg 197 287 90

If it is desired to limit the number of handovers on the circuits in Group 4, a ground
rq]ay station can be established. For example, using either Rio de Janeiro or Sao
Vicente the time shown under Groups 5 and 6 would be obtained.
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HOWARD R. HAWKINS joincd RCA
Communications, Inc. in 1946 as Assistant Gen-
cral Attorney. He became General Attorney in
1949 and Vice President in 1951, He serves as
legal counscl for the Company and its sub-

sidiaries, and also 1s in charge of its regulatory

relations. Ilc is a director of the Marconi
Telegraph-Cable Company, Inc. Mr. Hawkins
was graduated from the University of Indiana
with degrees of Bachclor of Science in Public
Business Administration in 1938 and Doctor
of Jurisprudence with honors in 1941, He was
Editor-In-Chief of the Indiana Law Journal in
1940 to 1941 and was clected to Order of Coif.
He scrved with the U.S. Department of Justice,
Federal Bureau of Investigation. in Washing-
ton, D.C.. Connecticut and New York from
1941 to 1946 on assignments, among others,
to communications and major security cases.
Mr. Hawkins 1s a member of the bar of the
U.S. Supreme Court, State of New York. State
of Indiana, U.S. Court of Appeals for New York
and District of Columbia, and the FCC. He 1s
on the International Communications Commit-
tee of the International Law Section. American
Bar Assoclation, and a member of the Associa-
tion of the Bar of the City of New York and
the Federal Communications Bar Association.
Ie served on the Ad Hoc Carrier Committee
established by the FCC to formulate plans for
commercial satellite communications.

Establishing, operating, and utilizing satellite systems for international com-

munications have novel and complex legal aspects. Even so, these can be resolved

largely by reasoned application of basic principles of national and international

law. International agreements on frequencies and related matters will be needed.

The regulation of these operations will be of common interest to all nations—

as with conventional systems-—and seems likely to be comprehensive. The legal

matters inherent in such requlation will be of continual interest and significance.

but in other instances will require new
international law or agreements.

NATIONAL LAW ASPECTS

United States policy has historically
provided for ownership and operation of
international communications facilities
under government regulation in the pub-
lic interest. Today, ten United States in-
ternational carriers furnish international
communications services jointly with
their counterparts abroad — the foreign
government administrations and author-
ized communications agencies.

Communications Act and the FCC

International communications carriers
are regulated in the United States by
the Communications Act of 1934, as
amended.' The Congress set forth a basic
policy in §1 of this Act for regulation by
the Federal Communications Commis-

sion (FCC):

“so as to make available, so far as pos-
sible, to all the people of the United
States a rapid, efficient, nation-wide and
world-wire wire and radio communication
service with adequate facilities at reason-
able charges.”

The Aect provides that no person shall
use or operate apparatus for the trans-

mission of energy, communications. or
signals by radio within the jurisdiction

SATELLITES FOR INTERNATIONAL COMMUNICATIONS
... Legal Aspects

by H. R, HAWKINS, Vice President

RCA Communications, Inc.
New York City, N. Y.

NTERNATIONAL COMMUNICATIONS by
I satellite systems offer bright promise
for future expansion and improvement of
global communications. The achieve-
ments of science and technology in this
field are now heing implemented through
programs for the establishment of world-
wide operational communications satel-
lites. The legal aspects will he significant
in such a practical application and use
of the new technology.

Satellite relays will provide the long-
distance transmission at microwave fre-
quencies essential for greatly increased
communications capacity and for tele-
vision services. As space relays, they will
not be through-systems to serve customer
to customer needs. nor will they replace

submarine cables and conventional radio
systems. Hence, these satellites must be
integrated with earth stations and also
with other national and international
comniunications systems.

These facts bear importantly upon the
legal aspects of satellite communica-
tions. Present cable and radio communi-
cations are already substantially regu-
lated and involve established national
and international legal aspects. Many of
these legal requirements will be applica-
ble as well to the use of satellites. How-
ever. new problems will arise—problems
that can be resolved in some instances
by the reasoned application of existing
statutory law and precedents to the novel
factual situation that satellites create,

of the United States. except in accord-
ance with this Act and a license granted
by the FCC. Therefore. a person desiring
to engage in satellite communications
will need a construction permit and a
radio license from the FCC. These may
be granted upon proper applications
showing technical. legal. and financial
qualifications, and that the public inter-
est. convenience. and necessity will be
served.

The exact nature and form of licenses
and frequencies for future earth and
space stations may bhe determined in
the light of further international agree-
ments. as will be discussed. Apart from
such matters, appropriate terms and con-
ditions reasonably related to satellite
communications may be incorporated in
station licenses and FCC rules to safe-
guard the public interest and to effectu-
ate the purposes set forth in §1 of the
Communications Act.**

Present common carrier regulation
under Title Il of the Communications
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Act will be equally applicable to com-
mon-carrier satellite communications. in-
cluding requirements for just, reasonable
and nondiscriminatory charges, prac-
tices, regulations. and services.

Antitrust Laws

The antitrust laws of the United States
relating to unlawful restraints and mo-
nopolies. and to combinations. contracts
and agreements in restraint of trade will
be relevant. These laws apply to all areas
of interstate and foreign commerce ex-
cept those specifically exempted by the
Congress. No general immunity has been
granted in the international communica-
tions field. The Congress expressly de-
clared in §313 of the Communications
Act that the antitrust laws are applicable
to:

“the manufacture and sale of and to

trade in radio apparatus and devices

entering into or affecting interstate or

foreign commerce and to interstate or for-
eign radio communications.”

The Department of Justice is respon-
sible for the enforcement of the anti-
trust laws. In carrying out the national
policy and provisions of the Communica-
tions Act, the FCC must give appropriate
consideration to the antitrust laws.*>*

The related $314 of the Communica-
tions Act prohibits the acquisition, own-
ership. control, or operation by a radio
carrier of a cable system, or by a cable
carrier of a radio system. in international
communications if “the purpose is and/
or the effect thereof may he to suhstan-
tially lessen competition or to restrain
commerce” between any place in the
United States and any foreign country.
“or unlawfully to create monopoly in any
line of commerce.” The Supreme Court
has held that the FCC is entitled “to look
at the entire competitive scene and not
confine itself to one aspect of it” in
applying such provision.” The introduc-
tion of satellite communications on a
basis that would preserve such competi-
tion in international communications ap-
pears to be consistent with this section.

In the authorization, establishment.
and operation of a communications satel-
lite system. the FCC is empowered to act
as public interest. convenience, or neces-
sity require in furtherance of the pur-
poses of the Communications Act. Pur-
suant to §301 of this Act, the FCC may
assign bands of frequencies consistent
with international allocations. study new
uses of radio. and generally encourage
the larger and more eflective use of radio
in the public interest.

In granting licenses for international
communications. the FCC is authorized
by §308(c) of the Communications Act
to impose any terms, conditions, or re-
strictions authorized to be imposed with
respect to submarine cable licenses by
§2 of the statute entitled “An Act Relat-
ing to the Landing and the Operation of
Submarine Cables in the United States.”
This statute authorizes the granting of a
cable landing license “upon such terms
as shall be necessary to assure just and
reasonable rates and service in the opera-
tion and use of cables so licensed.”

The basic principles of communica-
tions law which will be applicable to
commercial communications satellite
systems thus have been promulgated by
the Congress. The Supreme Court has
set forth the proper considerations in
applying the criterion of “public interest.
convenience or necessity” to interna-
tional communications. The Supreme
Court has held® that, among relevant fac-
tors in weighing the public interest. is
competition which is “reasonably feasi-
ble” and “beneficial”— such as for the
purpose of “maintaining good service
and improving it.”

Historically, international communica-
tions carriers have generally provided
their own radio transmission facilities.
However. with respect to communica-
tions satellites. this is neither practi-
cable nor possible for economic and
other reasons. including the high cost of
satellite relays. insufficient traffic among
certain of the carriers, inadequate fre-
quency spectrum. and the international
implications of orbiting satellites. There
is likely to be only one such system
for commercial use. at least during the
early period of satellite communications.
Some joint use is therefore a practical
requirement.

Two formal proceedings by the FCC
have been focal points for the considera-
tion of legal and similar aspects of satel-
lite communications: Docket No. 13522,
involving primarily the allocation of fre-
quencies. in preparation for the Extra-
ordinary Administrative Radio Confer-
ence of the International Telecommuni-
cation Union tentatively scheduled in the
latter part of 1963; and Docket No.
14024, concerning administrative and
regulatory problems looking toward the
establishment of a commercially oper-
able satellite communications system.

Communications
Carriers and Satellite Suppliers

The legal aspects may affect the inter-
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national communications carriers which
are presently engaged in furnishing
international communications services
and which intend to provide such serv-
ices via satellites, other carriers and
media of communications which may use
satellites, and enterprises which have an
interest in or are engaged in satellite
research and development or in furnish-
ing equipment for the construction. oper-
ation and maintenance of the satellites.

President Kennedy. on July 24, 1961,
issued a statement on communications
satellite policy. after studies and policy
recommendations by the National Aero-
nautics and Space Council. for the opti-
mum development and operation of com-
munications satellites. The Space Coun-
cil is composed of the Vice President,
Secretary of State, Secretary of Defense,
Administrator of NASA, Chairman of
the AEC. and certain other members as
appointed by the President. It is their
function to advise the President on aero-
nautical and space policies, plans, pro-
and accomplishments of all
agencies of the U. S. engaged in such
activities. and to develop a comprehen-
sive space program.

grams,

The President’s statement favored pri-
vate ownership and operation of the
United States portion of the satellite sys-
tem. provided that such ownership and
operation meet specified policy require-
ments. These requirements contemplate
that new and expanded international
communications services will be made
available at the earliest practicable time
and that the satellite system will be made
global in coverage as soon as technically
feasible.

The President’s statement also pointed
out that: opportunities must he provided
for foreign participation through owner-
ship or otherwise in the communications
satellite system: present and future au-
thorized communications carriers must
have nondiscriminatory use of and equi-
table access to the satellite system; effec-
tive competition, such as competitive
bidding, will be required in the acquisi-
tion of equipment used in the satellite
system; the structure of ownership or
control must assure maximum possible
competition: there must be full compli-
ance with antitrust legislation and with
the regulatory controls of the Govern-
ment: and an economical system must
be developed. the benefits of which will
be reflected in overseas communications
rates.

The FCC. on July 25, 1961. issued

a Supplemental Notice of Inquiry in
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Docket No. 14024 on matters within its
jurisdiction. which set forth procedures
to govern discussions by international
common carriers, through an Ad Hoc
Carrier Committee. looking toward joint
formulation of a plan of organization or
joint venture for the development, con-
struction, ownership. operation, manage-
ment. and use of commercial connunica-
tions satellites. The Supplemental Notice
specified public interest objectives which
any plan of organization and operation
or joint venture must accommodate.
These objectives are considered factors
in the public interest and requirements
of applicable communications and anti-
trust laws.

The FCC specified that a communica-
tions satellite system will be expected to
provide the potential means for globhal
coverage. ownership of the satellites
must be shared with interested foreign
governments or communications agen-
cies. and regardless of whether such or-
ganizations participate in ownership,
they will be entitled to access to the
satellites on equitable and reasonable
terms.

The FCC also specified that any joint
venture of international common carriers
must be arranged or structured to pre-
vent any single participating carrier
from being in a position “to dominate or
control” the development, construction,
management. operation, or use of the
communications satellite system to the
detriment of other carriers whether or
not they participate in the joint venture
as owners; it must permit future owner-
ship participation by any present or fu-
ture international common carrier desir-
ing such ownership.

The FCC added that clear and definite
provision must be made to ensure that
present and future international com-
mon carriers, whether or not they par-
ticipate through ownership in the joint
venture. will have equitable access to.
and nondiscriminatory use of, the satel-
lite system on fair and reasonable terms
for the purpose of obtaining satellite
communications facilities to serve over-
seas points with the types of service for
which they are or may be licensed or
authorized by the FCC. Further, the FCC
stated that adqeuate and effective provi-
sions must be included in any joint ven-
ture plan, such as competitive bidding. to
ensure against favoritism in the procure-
ment of communications equipment re-
quired for the construction, operation
and maintenance of the satellite system,
and to foster opportunity for continued

research and development by all enter-
prises seeking to compete in furnishing
equipment for the satellite system. Fi-
nally, adequate accounting and records
nwst be maintained to comply with all
applicable laws and governmental regu-
lations.

Pursuant to the FCC action, an Ad
Hoc Cazrrier Committee recommended.
in a report to the FCC on October 13,
1961, that each U. S. carrier authorized
by the FCC to provide communications
services via satellites should be allowed
to participate in joint ownership of satel-
lites and to establish and operate its own
ground stations, participate in joint
ownership of ground stations with other
carriers. or lease capacity in such ground
stations as authorized by the FCC. The
Committee recommended also that a non-
profit satellite corporation should be cre-
ated to develop, construct, operate, man-
age, and promote the use of communi-
cations satellites for the United States
interests. It proposed that the satellite
corporation have three directors ap-
pointed by the President of the United
States or by whomsoever he shall desig-
nate to make the appointments, two
directors designated by each authorized
participant in ownership of the satellites
and a director designated by the carriers
which do not own but may lease satellite
facilities.

The FCC has indicated that this report
was to serve as a basis, together with
other views and information, for further
administrative action looking toward the
establishment of a communications satel-
lite system.

Several other approaches to satellite
ownership and operation have been sug-
gested. These approaches range from
government ownership of the satellites,
with authorized use by U. S. and foreign
carriers through their own ground sta-
tions, to various combinations for owner-
ship of satellites and ground stations by
communications carriers. aerospace
manufacturing entities, and the public.”

It appears that alternate approaches
to satellite ownership and operation are
under consideration and time may be
required to resolve in the hest manner
the complex administrative and regula-
tory problems that are involved. The
international political implications ap-
pear to warrant particular consideration.

In the meanwhile, the most important
activity with respect to satellite com-
munications should be to speed research
and development of techniques, systems
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and apparatus so that the establishment
of an operational system will not be
delayed. Substantial research and devel-
opment projects are being carried for-
ward by government and industry look-
ing toward the launching of experi-
mental active communications satellites
in 1962 and 1963.

The Committee on Science and Astro-
nautics. U. S. House of Representatives,
has concluded, in a Report on Commer-
cial Applications of Space Communica-
tions Systems, as follows:

“The committee advises the encourage-
ment of private enterprise to participate
in this development to the limit of its re-
sources, talent, and capacity. However, it
is also the view of the committee that be-
cause of the many significant questions of
public policy raised, and the absence of
precedents on which to rely, the Govern-
ment must retain maximum flexibility re-
garding the central question of ownership
and operation of the system. No final deci-
sion should be made during the early
stages of development which might preju-
dice the public interest or U.S. interna-
tional relations.”™
As in other regulated public services,

the legal aspects which are applicable to
the normal conduct of the international
communications business will continue
to be applicable upon the integration of
satellites into international communica-
tions operational systems. Satellite com-
munications seem likely to be closely
regulated in the public interest after the
system becomes operational. Particu-
larly if one or a limited number of satel-
lite systems are established, substantial
regulation of operations and use of the
satellites is likely to become the primary
reliance for the protection of the public
interest.

INTERNATIONAL LAW ASPECTS

Legal problems of space exploration
have been matters of extensive study and
consideration." The United Nations has
been the forum for much of such activity
as the agency through which general
space law could be established to govern
the conduct of nations. Principles in
other fields which may be relevant in-
clude freedom of the high seas. sover-
eignty of air space. and the suspension of
these principles in the doctrine of res
nullius.

Though international law of space ap-
£ I F
pears in the process of emergence. such
law may not crystallize for an indefinite
future period."

The Congress has declared that “it is
the policy of the United States that ac-
tivities in space should be devoted to
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peaceful purposes for the benefit of all
mankind.”” On September 22, 1960,
President Eisenhower proposed to the
General Assembly of the United Nations
that nations agree “celestial bodies are
not subject to national appropriation by
any claims of sovereignty” and that we
press forward with “a program of inter-
national cooperation for constructive
peaceful uses of outer space under the
United Nations.” Improved world-wide
communications was cited as one of the
benefits of such cooperation.”

Existing international agreements and
concepts of international communica-
tions indicate that the establishment
of world-wide communications satellites
need not await the ultimate disposition
of the larger legal problems of space
exploration. The International Telecom-
munication Union (ITU), nearly a cen-
tury old and now a subsidiary organ of
the United Nations. has long been the
basic organization for the establishment
of international communications law
and agreements among nations. Through
the [TU, international agreements on the
use of frequencies, on standards and op-
erating procedures. and on various other
telecommunications matters have been
formulated and accepted by governments
and communications agencies through-
out the world.

The Ordinary Administrative Radio
Conference of the ITU, Geneva. 1959.
recognized satellite communications and
allocated frequencies to be used on an
experimental basis for such communica-
tions. Article 1 of the Radio Regulations
adopted at this Conference defined space
services. earth-space service, space sta-
tion, and earth station. Such agreement
among many nations relating to radio
communications constitutes the basis of
a treaty. (The U.S.S.R. is a membher of
the ITU and signed the Geneva, 1959.
Radio Regulations.)

Preparatory work and further studies
of satellite communications are being
carried on by organs of the ITU in prepa-
ration for the next Extraordinary Admin-
istrative Radio Conference. Recommen-
dation No. 35 of the Geneva Conference
proposes that such a Radio Conference
be convened. in principle, during the
latter part of 1963. The Administrative
Council of the ITU is to review the situa-
tion during its 1962 and 1963 ordinary
sessions on the basis of information re-
ceived from members and associated
members of the ITU, the International
Radio Consultative Committee, and other
interested organizations. Should the Ad-

ministrative Council decide that there is
sufficient justification for the convening
of the Extraordinary Administrative
Radio Conference in 1963, it will so rec-
ommend to members and associate mem-
bers. Preliminary views of the United
States for frequency allocations for
space radio communications in prepa-
ration for the proposed 1963 space con-
ference have been released.™

International law of radio use in outer
space can be based upon activities of the
ITU. The ITU agreements appear to
establish the principle of international
law that the operation of satellites for
communications purposes constitutes a
proper use of outer space.

Though further agreements will be
needed to allocate actual frequencies
for operational satellite communications
on an international basis, the allocation
of such frequencies and the appropriate
assignment of them to earth and space
stations should establish legal rights to
engage in satellite communications in ac-
cordance with prescribed technical and
other provisions of the International
Telecommunications Convention and
Radio Regulations.

President Kennedy’s statement of July
24. 1961. indicated that the Government,
in addition to its regulatory responsibili-
ties, will conduct or maintain supervision
of international agreements or negotia-
tions relating to satellite communica-
tions; and it will examine with other
countries the most constructive role for
the United Nations, including the ITU,
in international space comnunications.
The ITU can be an effective forum
for the resolution of international legal
aspects associated with the establish-
ment and operation of communications
atellites.

It is noteworthy that world-wide con-
cepts and patterns of international com-
munications are well established. Those
matters not dealt with through the ITU
have been largely resolved by separate
international agreements entered into di-
rectly by United States international
carriers and their counterparts abroad.
International carrier agreements with
government administrations and author-
ized communications agencies normally
cover operating terms and conditions.
compensation usually by divisions of
revenues and similar matters relating to
communications operations. Agreements
like these often reflect pertinent pro-
visions of agreements reached through
the ITU, which may or may not have
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treaty status, as applicable terms and
conditions of providing international
communications. Separate agreements
may be entered into as common under-
takings by two or more administra-
tions or agencies for the construction
and maintenance of communications
facilities,

International communications agree-
ments which are developed through the
ITU and separately by the communica-
tions agencies are generally scrupulously
followed. because of the common inter-
ests of nations in the maintenance of
world-wide communications. These con-
cepts and patterns of international law
and cooperation seem likely to con-
tinue with the introduction of satellite
communications.
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SYSTEMS SUPPORT ENGINEERING

In modern weapon and space systems, the sophistication of checkout and main-
tenance problems can approach those of the primary system. Solving such
problems is the business of Systems Support Engineering, an activity of the DEP
Aerospace Communications and Controls Division in both Camden, N.J. and
Burlington, Mass. Their efforts range from study and development of support
concepts to the design of hardware—for RCA-produced weapon systems and
on direct contract to other companies and the government. [Editor's Note:

Credit is due D. B. Dobson, RCA ENGINEER Editorial Representative, for

supplying this material.]

YSTEMS SUPPORT ENGINEERING per-

forms complete support programs
for underseas warfare systems, ground-
based systems, manned aircraft, strategic
and tactical missiles, and spacecraft. An
additional capability is the design and
construction of personnel training sim-
ulators; a life sciences group working
with the RCA Laboratories, studies and
designs of biomedical monitoring devices
and life-support equipment for future
use by astronauts. Typical hardware pro-
grams presently underway are shown in
the table. A selection of current papers
that have emanated from Systems Sup-
port Engineering is presented in the
Bibliography.

RESEARCH AND DEVELOPMENT PROGRAM

Research and development programs are
also being conducted, oriented toward
the development of new support con-
cepts, devices, and techniques that can
be applied to systems now under con-
sideration by the military and NASA.
The increasing complexity of new sys-
tems will demand constant attention to
changing requirements and correspond-
ing rapid new development of support
techniques.

Extensive study programs are in prog-
ress to predict the support requirements
of typical future spacecraft and weapon
systems. In life-sciences. comprehensive
investigations are being conducted for
biomedical equipments, life support de-
vices, in-flight monitoring of astronaut
performance and physiological behavior,
and the simulation and training devices
which are necessary to assure human
safety and survival.

GREATER RELIABILITY

In achieving an ever greater reliability,
new techniques are being developed to
predict failures and to “heal” malfunc-
tions before they cause system degrada-
tion. Advanced methods are being stud-
ied and established which increase the
ratio of useful service time to training
time for short-term military personnel,
and remote control devices are being
developed to replace the human element
wherever possible,

ADVANCED TEST TECHNIQUES

An advanced test-techniques program
continues to assure RCA’s lead in the
automatic test systems. More-sophisti-
cated computational capabilities and
computer-controlled machines are al-
ready in the design and fabrication stage.
The Drr family of automatic evalu-
ation equipment will continue to satisfy
the test demands from the most moderate
requirement to the most complex com-
puter-controlled systems.

Continuing emphasis is given to stand-
ardization of equipment and the use of
the “Erector-set” or “brick-and-cinder-
block™ concept. The successful imple-
mentation of this concept has made it
possible to instrument an electronic test
system with only those stimulus, mea-
surement, and control building blocks
actually required for the intended test
application. Electronic building blocks
(available designs), can quickly be
added, substituted, or removed, so that
each system can be updated at low cost
and incrementally expanded to meet ad-
ditional test tasks or increased work-flow
rates by the interchange of building
blocks. Such test systems avoid a high
rate of obsolescence.
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SYSTEMS SUPPORT PROGRAMS

Dynamic  Accuracy Test System,
(Dats) * A checkout system for the
AC-10/F-102A  Interceptor

The Digital Evaluation Fquipment
tDee Family). Applied to industrial
test equipment for the Camden De-
fense Plant and Letterkenny Ord-
nance Depot ¢ 5th echelon support
for Army Missile Systems * Signal
Corps Depot at Tobyhanna.

Automatic Programmer and Test
System (ApraTs) < Instrumentation
and checkout of Discoverer and M-
DAs as operated in Lockheed’s Space
(Chamber.

Data Link Test Systems ¢ Checkout
Equipment for the Air Force and
Navy time-division data link ¢Top1)

Homing All the Way to Kill
(Hawk) ¢ Missile test system and
field maintenance equipment.

Underseas Warfare (Usw Support
Systems) ¢ Integrated ship electronic
checkout systems.

Spacecraft Support ¢ SATELLITE IN-
sPECTOR, Mipas missile detection and
alarm systemn, Advanced Trainer,
Dy~Nasoar, AroLLo, Stovak, Boss-
WEDCGE.

Life Sciences * Automatic hypoder-
mic injection device, automatic blood
pressure monitor. mechanization of
microscopic studies of the Mars sur-
face, study of bio-electronic measure-
ments (luring space travel.

Communications Satellite Checkout
Equipment ¢« (RELAY).

Surround ¢ Study of a spherical
1360°) trainer using optical tech-
niques with 90° vertical field of view.

Automatic  Programmed Checkout
Equipment {Arcug) ¢ A part of the
ATras launch complex.
Teaching Machines * for training
maintenance personnel.

Adapters for North American Busic
Automatic Checkout Equipment
tBack) ¢ Used with the Navy A3J.

10.

11.

H. S, Dordick, “The Allocation

Muaintenance Functions in Systems of
Spacecraft,” PCroceedings of 19th Na-
tional Meeting of the Operations Re-
search Society of America, 1965.

E. R. Campbell, Jr. and 0. T. Carver:
“Dats - Dynamic Accuracy Test Sys.
tem—for Air-Borne Fire-Control Sys-
tems"; RCA Exciveer. Dec. 1960-Jan.
1961.

D. B. Dobson and [.. L. Wolfl. “DeE
Concept-—A Family of Test Systems™;
RCA ENGINEER, Aug.-Sept. 1961.
“Automatic Test Techniques.” Special
[ssue of the JRE-PGMIL Transactions,
to be published, mid-1962.
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Dr. Elmer W. Engstrom Elected President of RCA

The RCA engineering and research community can be justifiably proud that one

of its pioneer members is now President. The review of his career presented

below is of interest to every RCA engineer and scientist; speaking for them, the

RCA ENGINEER extends sincere congratulations.

R. ELMER W. ENgsTROM, who joined
RCA in 1930, was born in Minne-
apolis, Minnesota, on August 25, 1901.
He received a BSEE at the University of
Minnesota in 1923 and then became
associated with the General Electric
Co., where he was assigned to engineer-
ing development work in the Radio Engi-
neering Department, His early responsi-
bilities included work on high-power
radio transmitters and development of
broadcast receivers. When commercial
activity was initiated in sound motion
pictures, he was placed in charge of the
engineering development and apparatus
design.

When the radio engineering and man-
ufacturing activities of General Electric
were transferred to RCA in 1930, Dr.
Engstrom continued as Division Engi-
neer in Charge of Photophone sound-
motion-picture apparatus for the RCA
Manufacturing Company at Camden,
New Jersey. He then took over the engi-
neering responsibilities for RCA’s broad-
cast receivers and continued in this field
until he began the organization of a
research department, first in the fields
of apparatus and systems. Later he was
responsible for radio tube research and
coordinated this with the apparatus and
systems work.

Beginning in the early thirties, Dr.
Engstrom participated in the evaluation
of television, directing the research to-
ward a practical service. In this, he was
responsible for development and con-
struction of apparatus used in field tests
and in the planning and coordination
which led to the reality of black-and-
white television service. Following this.
he and his associates conducted research
on color television. This resulted in the
development of the compatible color
television system which RCA pioneered.

Dr. Engstrom was a member of the
National Television Systems Committee

at the time television standards for
broadcasting were established, and was
a member of the Radio Technical Plan-
ning Board. He was a member of the
National Television Systems Committee
which developed technical signal specifi-
cations for color-television transmission,
adopted by the Federal Communications
Commission on December 17, 1953.

In 1942, when all the research activ-
ities of RCA were brought together at
Princeton, New Jersey, Dr. Engstrom
became Director of General Research.
and in 1943, Director of Research of
RCA Laboratories. On December 7,
1945, he was elected Vice President in
Charge of Research of the RCA Lahora-
tories Division; on September 7, 1951.
he was elected Vice President in Charge
of RCA Laboratories Division; on Jan-
uary 11. 1954, he was elected Executive
Vice President, RCA Laboratories Divi-

The election of Dr. Elmer W. Engstrom
as President of RCA was announced on
Dec. 1, 1961 by Chairman of the Board
David Sarnoff, following the regular
monthly meeting of the RCA Board of
Directors. Dr. Engstrom, who has been
Senior Executive Vice President of RCA
since 1955, succeeds John L. Burns,
whose resignation as President and a
Director of RCA and a Director of sub-
sidiary companies was accepted by the
Board on Dec. 1. Mr. Burns. President
of RCA since March 1, 1957, will con.
tinue to serve the company on special
assignments from Chairman Sarnofl.

General Sarnoff will continue as Chair-
man of the Board and Chief Executive
Officer of RCA, the position he now
holds. Dr. Engstrom will have supervi-
sion of all company operations and will
report to the Chairman.

Dr. Engstrom is a member of the
Board of Directors of RCA and of its
subsidiaries, the National Broadcasting
Company, Inc.,, and RCA Communica-
tions, Inc.
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sion; and, on June 4, 1954, he was also
elected Executive Vice President, Re-
search and Engineering. On October 21,
1955, he was appointed Senior Executive
Vice President of RCA.

During World War II, Dr. Engstrom
was responsible for research in the fields
of radar, radio, air-borne television, elec-
tronics, and acoustics.

The honorary degree of Doctor of Sci-
ence was conferred on him in June 1949
by New York University. On March 23,
1960, Dr. Engstrom was awarded an
honorary Doctor of Laws degree from
Findlay College, Findlay, Ohio. An hon-
orary Doctor of Laws degree was also
awarded to him from Rider College,
Trenton, New Jersey, on June 4. 1961.

In August, 1949, Dr. Engstrom re-
ceived the Silver Plaquette of the Royal
Swedish Academy of Engineering Sci-
ences. In October, 1950, he received the
Outstanding Achievement Award gold
medal from the University of Minnesota
for “pioneering in television research.”
He received the Fall Meeting Award for
1952 of the Institute of Radio Engineers
and the Radio and Television Manufac-
turers Association. The Progress Medal
Award was presented to him by the So-
ciety of Motion Picture and Television
Engineers on October 4, 1955; and, in
November, 1955. he was elected a for-
eign member of the Royal Swedish Acad-
emy of Engineering Sciences. On Febru-
ary 11, 1956. he received the John Erics-
son Medal from the American Society
of Swedish Engineers. On May 20, 1958.
he was awarded the Industrial Research
Institute Medal for “distinguished lead-
ership in industrial research.” On Octo-
ber 12. 1959. he was a recipient along
with Brigadier General David Sarnoff.
Chairman of the Board of RCA. and
Dr. V. K. Zworykin. Honorary Vice
President of RCA. of the Christopher
Columbus International Prize in Com-
munications for “outstanding leadership
in the development and introduction of
television.” On March 21, 1960, the
President of the Republic of Italy con-
ferred on Dr. Engstrom the rank of Com-
mander in the Order of Merit of the
Italian Republic. On October 20, 1960.
Dr. Engstrom received the Medal for the
Advancement of Research {from the
American Society of Metals.

-


www.americanradiohistory.com

Dr. Engstrom is a member of the
Defense Science Board. Office of the
Secretary of Defense, Washington, D.C..
and a member of its Executive Commnt-
tee. He is a member of the Advisory
Committee of thé Research Division of
the College of Engineering at New Yotk
University. He is Vice Chairman of the
Hoover Medal Board of Award for 1962,
He is a Fellow of the Institute of Radio
Engineers, of which he was a Director
in 1949, and he has served as a member
and as Chairman of the IRE Awards
Committee and as a member of its Re-
search Commmittee. He is also a Fellow
of the American Institute of Electrical

...1934

Dr. Engstrom and a radio receiver in a Camden Laboratory.

...1950

Dr. Engstrom with an early developmental color kinescope.

...1961

Dr. Engstrom and a model of a synchronous satellite

of the type proposed by RCA for global communications.

Engineers and has served as a member
of the Lamme Medal Award Committee.
He is a member of the Board of Gov-
ernors of the American Swedish Histor-
ical Foundation. He is a member and
past President of the Princeton Chapter
of Sigma Xi, science honor society.

Dr. Engstrom was for several years
Chairman of the Research and Engineer-
ing Advisory Panel on Electronics in the
Office of the Secretary of Defense. He
was a member of the Research and
Development Committee of the National
Security Industrial Association and was
Chairman of its Visiting Committee to
the Naval Research Lahoratory. He was
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a member of the AIEE Technical Advi-
sory Committee to the National Bureau
of Standards and a member of the Advi-
sory Council to the Department of Elec-
trical Engineering at Princeton Univer-
sity. Dr. Engstrom has also been a
representative to and a past President
of the Industrial Research Institute. He
has served as a member of the National
Association of Manufacturers Commit-
tee on Research.

Among many civic activities, he has
served as a member of the Department
of Radio and Television, Presbyterian
Church, U.S.A. Dr. Engstrom resides in
Princeton, N.J.
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A REPORT ON TIROS II AND III

by G. H. CORRINGTON, Ldr.

Engineering Project Systems
Astro-Electronics Div.
DEP. Princeton, N. J.

Rg. 1—Ugpper rght: TIROS lIl. Arrow: mzgrefic attitede comtrol wound around base. Note omnidirectional
infrared senso s at sides, ard TY came-c: (PCA trcde mark}—Background is Hurricane Ann photographed
ky TIROS Il cawing its 117°h orbuit. Th's ohotsgranh was s ored on magnetic tape and transmitted to the
Pt. Mugu, Calif. TIROS Station during the (13th orkit. Huiricane Anna was 200 miles north of Caracas,
¥enezuela in this photo,
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The noteworthy success of the TIROS satellites is an important achievement of
RCA engineering at the Astro-Electronics Division, as well as for the nation's
over-all space effort. TIROS |, described in detail in the Feb.-Mar. 1961 RCA
ENGINEER™-? initiated this series of successes, which now includes TIROS
Il 'and Ill. While the three are basically similar 260-pound-plus payloads placed
in near-circular, 400-mile-high orbits by Thor-Delta vehicles. TIROS Il and Il
have involved operational refinements and additional instrumentation. Additional
TIROS launches are planned, all as prelude to more-sophisticated, second-gen-
eration meteorological satellites such as NIMBUS, components of which are now

under development at AED.

SHORTLY AFTER the successful launch
of Tiros I on April 1, 1960, AED
was awarded a contract by NASA to
modify and test the Tiros satellites fab-
ricated as back-up models for the Tiros
[ launch. One modified version of Tiros |
thus was orbited as Tiros IT on Novem-
ber 23, 1960. Then. under another NASA
contract (No. NAS5-936) AED modified
the remaining Tiros II back-up models
to create Tiros 11, which was orbited on
July 12, 1961. Although Tiros I met the
great majority of its primary and sec-
ondary objectives *. as did Tiros 1I and
11, the modifications in each program
refined and improved performance.

TIROS 11
Tiros II was orbited with the following
refinements: electromagnetic control of
the spin axis orientation; the addition of
NASA infrared equipment; and im-
proved position-reference and telemetry
subsystems.

Electromagnetic Attitude Control

One of the major additions to Tiros II
(and III) was a 250-turn torquing coil
wrapped around the periphery of the
satellite (Fig. 1). This provided limited
control in changing orientation of the
spin axis to obtain optimum perform-
ance of the infrared subsystem, the Tv
cameras, and the power supply.

The torquing coil controls attitude by
generating a magnetic dipole within the
satellite which interacts with the earth’s
magnetic field to develop a predictable
torque which causes a precession of
its spin axis. Tiros I, with its residual
dipole, provided some of the data used
in designing the attitude control, and
further extensive analysis and tests using
a magnetic test fixture (Fig. 2) provided
the remaining information. The resulting
design provided magnetic fields of vari-
able polarity and varying strengths to a
maximum of ahout 3 amp-turns/m® The
programming of the magnitude, direc-
tion, and duration of the current through
the coil was controlled from the ground
through attitude calculations made from
position reference data.

NASA Infrared Equipment

To provide data on the radiations re-
flected and emitted by the earth and
its atmosphere throughout the com-

plete orbit, the Tv equipment on the
satellite was complemented by an infra-
red subsystem added to Tiros II to pro-
vide heat maps. Heat data was computer-
processed and then either tabulated or
automatically plotted on isothermal
maps.

The NASA infrared experiment con-
sisted primarily of two radiometers, a
tape recorder, a transmitter, and the
associated electronics and controls (Fig.
3). Timing information and correlation
between the NASA package and the 1
subsystem was provided in the following
manner:

1) A revolution counter pulse from a
sensor mounted on the periphery
of the satellite was triggered by the
sun to provide spin-rate data.

2) A shutter pulse from each camera
provided a reference for infrared
and TV data correlation.

3) A real-time pulse sent from the
ground station just prior to infra-
red playback provided a correla-
tion of all data.

One of the two radiometers used in the
experiment was a five-channel scanning
radiometer with a 5° field of view at an
angle of 45° with the spin axis. The five
sensors (controlled by a chopper ar-
rangement ) alternatively looked through
the baseplate and then through the side
of the satellite, and therefore always had
a reference temperature of outer space
as a calibration. The ranges (in microns)
of the five channels were:

6.39+5% radiation from the earth's

water vapor

0.55-—0.75 visible spectrum for refer-

ence purposes

0.2— 5.0 earth’s albedo or reflected
sunshine
earth’s total emitted radia-
tion

8.0-—12.0 atmospheric window: emis-

sion from the surface or

The second radiometer was a nonscan-
ning infrared instrument that sees a wide
field (approximately 30°) through the
satellite base parallel to the spin axis.
It contained two detectors covering the
following ranges: black cone, 0.2—50
microns (the earth’s total reflected and
thermal radiation); white cone, 5—30
microns (the earth’s thermal radiation).
Using sum-and-difference techniques, the
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earth’s heat balance could thus be
studied.

The radiometer data then frequency-
modulated subcarrier oscillators whose
output was continuously recorded on
endless-loop magnetic tape during the
complete orbit, along with telemetry and
timing information (Fig. 3). During the
eround-station contact, the information
was played back at a 30:1 accelerated
rate and relayed to the ground by rm
transmitter. The information recovered
was from the previous 100 minutes of
orbit, The temperature resolution of the
subsystem was approximately 2° C.

Position Reference Improvements
Attitude information from Tiros I was
received in digital form. However. extra-
neous triggering of the subsystems was
occasionally caused by cloud transitions,
thereby blocking the signal from the
earth-sky or sky-earth transition. For
Tiros Il and III, this problem was re-
moved by changing the digital system to
an analog system. The analog output
allowed the ground station to select the
desirable pulses by gating techniques,
thereby providing a much more stable
and accurate attitude signal.

Telemetry Subsystem Improvements
Telemetered information received from
Tiros I contributed much data concern-
ing the operating conditions aboard the
satellite. However, a review of this data
indicated that more useful information
could be obtained by replacing some
data points of limited value with more
important information, by using a more
precise calibration technique and by pro-
viding for emergency restarting of the
telemetry.

Additional, more-accurate temperature
measurements were made possible by
using some of the limited value points
and by using selected 30°C range cap-
abilities in place of the 130°C ranges
used previously. Since temperatures
were quite stable on some portions of
the satellite while it was in orbit, the
limited-range sensors provided much
more accurate data.

A more precise calibration of telem-
etry parameters was provided by using
five calibrated voltages to replace the
single point previously used. This gave
a continuous linearity check of the entire
system. The provision for telemetry re-
start was included as a method to meas-
ure parameters in the satellite in case
of failure of the normal automatic read-
out. This telemetry method also allowed
more precise evaluation of the power
supply. Voltages were now measured at
the end of a pass without additional pro-
gramming, in addition to normal first-
contact voltage measurements,
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Fig. 2—Magnetic Tests of TIROS II.

TIROS I

The mission of Tikos IIT is to obtain
meteorological observations over much
of the EarTh. as in Tiros I1; but during
the period Angust to October 1961, when
hurricanes and tropical storms are most
prevalent, emphasis was placed on se-
curing maximum data from such storms.
The observations are used. operationally
that is. on a real-time hasis to locate and
track hurricanes, just as Tikos T and 11
data was used operationally for other
types of storm systems. As important as
the operational application of the data
is the research application of the data to
improve and extend the knowledge of the
atmosphere and to develop better meth-
ods of forecasting the formation. devel-
opment, and movement of hurricanes
and other types of storms.

Since long life was desired for Tiros
ITL. two complete. redundant Tv systems
were used. Two wide-angle cameras were
installed and used rather than the one
wide and one narrow angle camera used
in Tiros [ and II. Other refinements
were improved camera circuits, elec-
tronic clocks with complete isolation of
clock-set systems, plus an additional
infrared experiment developed by the
University of Wisconsin under a NASA
contract.
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Fig. 3—infrared equipment.

The desire for a long life justified
installation of two identical wide-angle
systems in Tiros III. Improved circuits
provided a much more stable and reli-
able operation, such as addition of a
dark-current regulator for the vidicon,
an improved shutter, and replacement of
some transistors with later models. New
calibration techniques for intensity levels
and spectral response also contributed
to the precision of the measurements
taken by the cameras.

Improved Clocks for Remote Sequencing

A major improvement in the clocks used
for remote sequencing of pictures was
made on Tiros III. Mechanical se-
quencers were replaced by all-electronic
sequencers, eliminating the possibility
of failure from mechanical wear. This
increased the reliability of the timer by
more than 100 times.

Additional flexibility and reliability
of the two satellite clock systems was
achieved by changes in bhoth the satellite
and ground stations that permitted set-
ting each clock only during the playback
of its previous remote pictures.

The Tiros III ground stations were
also changed to provide two sequential,
remote, 32-picture. 16-minute cycles—or
a total coverage of 32 minutes of remote
coverage by the satellite during a nom-
inal 100-minute orbit. This mode of
‘eround-station operation was not previ-
ously possible without special pro-
gramming.

Omnidirectional Infrared Subsystem

In addition to the two NASA infrared
sensors carried over from Tiros I1. the
University  of  Wisconsin  experiment
added four sensors to the Tiros 11T infra-
red equipment. The very-wideband black
and white sen<ors (two of each were
used) of this infrared equipment had a
hemispheric shape to provide omnidirec-
tional coverage. Fig. 1 shows the pairs of
sensor extended from the payload. Each
consists of a bolometer mounted at the
top of a 1-inch hemisphere of highly con-
ductive material. The hemisphere is then
mounted in the center of a highly pol-
ished. flat. 4-inch circular mirror. but
thermally isolated from it,

For omnidirectional coverage. a pair
of sensors, one black and one white, was
mounted at diametrically opposed points
on the periphery of the satellite. The ex-
tended mounting arms prevented the
sensors from seeing the satellite and reg-
istering incorrect temperatures. The in-
formation obtained from the four sensors
was recorded continuously on the NASA
tape recorder on a time-shared basis
(Fig. 3). Timing information used on
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the NASA experiment also was used for
this experiment. The black sensors meas-
ure the sun’s radiation, the earth’s re-
flected shortwave radiation. and the
earth’s longwave reradiation in the infra-
red (a very wide bhand). The white
gensors measure primarily only the long-
wave re-radiation from the earth. The
combined measurements from the hlack
and white sensors permit deduction of
the earth’s thermal-radiation character-
istics.

CONCLUSION

The success of the Tiros weather ohser-
vation system has created considerable
interest in this method for gathering
meteorological data. Because of Tiros
success. foreign countries are now par-
ticipating by gathering more standard
supporting types of data, and by making
limited operational use of cloud analyses
derived from the v pictures. The data
handling processes organized during the
Tiros L. IT and I1I will be continued and
refined by further Tiros launches during
1961 and 1962. in preparation for a
second generation of weather-observa-
tion satellites.
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SYSTEMS, PRODUCTS,

URSUE A NUMBER of parallel paths of
Pengineering simultaneously. tie them
together at appropriate points, and a
unified end result is achieved. This ap-
proach is characteristic of the design
plan frequently applied to Aerospace
Communications products.

The framework of such a plan does
not preclude engineering innovation and
originality — rather, it provides for in-
novation and originality. In fact. the
plan itself is the means by which new
concepts, new components, and even
flights of fancy are reconciled with ex-
isting engineering practices and, thus
can qualify for use in the end product.
Result: the state of the art is furthered.

The design plan serves as a stimulus
to creative engineering. The very term
suggests that one of the steps in the
creative process is to transform ex-
pressed ideas into practical engineering
terms and eventually, perhaps immedi-
ately, to relate them to the total body
of engineering knowledge.

When pursuing the parallel engineer-
ing paths and tie-points. both product
and system-design planning have much
in common. For example, the modern
black box is often a microsystem. and
the system subassemblies of today may
well become the micromodules of tomor-
row. These similarities stimulate a free
interchange of design planning and
project control techniques between the
two areas. Under the circumstances. it
is no mere coincidence that the plans of
the systems engineer bear such a strik-
ing resemblance to the product design
evolution of the fAight display described
in this article.

EXAMPLE OF A PLANNED PRODUCT:
THE BEARING-HEADING INDICATOR
To emphasize the structure of the plan,
technical detail and complexity are
omitted in this paper in favor of simple
sketches showing an engineering prod-
uct-design program of modest propor-
tions. The brief product description
below introduces the photos and charts
and shows that even in a modest pro-

gram there is room for innovation.

The bearing-heading indicator (Fig.
1) is an air-borne display developed
for use with the RCA time-division
data-link (Topr) digital-communica-
tions system. Prior to high-speed digital
communications, military intercept mis-
sions were directed by voice over the
ground-air command radio link. Today,
in an air-defense system such as SAGE,
or eventually in a civil air-traffic-control
communications system such as AGAcs,

CREATIVITY

by M. HOLBREICH
Aerospace Communications
& Controls Div.
DEP, Camden, N.J.

Fig. 1—The bearing-heading indicator.
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digital outputs of ground-based flight-
path computers are transmitted directly
to large numbers of flving aircraft via
Toor. and displayed on such devices as
the bearing-heading indicator.

Military versions of the indicator
accept outputs of the airborne digital
receivers and the magnetic compass and
display them as 1) aircraft heading, 2)
command heading, 3) target bearing
and, 4) range. By “flying” the com-

AND

mand-heading pointer on the indicator.
the pilot of an interceptor guides the
aircraft to the target area where the
fire-control system takes over to com-
plete the mission.

The bearing-heading indicator is
housed in a standard 3-inch aircraft
instrument case, hermetically sealed for
protection against extreme environ-
ments. It contains four electromechani-
cal servomechanisms which position
visual displays in response to analog
signals. Economy of manufacture and
ease of maintenance are provided by a
separable construction based on three
subassemblies (Fig. 2): one completely
electronic, the second with all electro-
mechanical components, and the third a
mechanical display head.

The electronic portion is represented
principally by the servo amplifiers and
associated circuit elements. An example
of innovation in this area is a new con-
cept related to servo operation wherein
a single resistor replaces an earlier cir-
cuit consisting of three transistors, four
capacitors, seven resistors, and a trans-
former.

In the electromechanical area, utiliza-
tion of a new servo motor is one note-
worthy innovation. With the application
of this small device (1 inch long by 34
inch in diameter), a stable servo loop
without rate-feedback was developed
and tachometers found in earlier instru-
ments were eliminated. Through similar
innovation, the whole electromechanical
complex of servo motors. gearing. re-
solvers. synchros, and multiturn potenti-
ometer was significantly simplified.

In the mechanical area, both wrought
and cast-metal parts are used; compo-
nents include ball bearings. internal and
external spur gears, bevel gears, inter-
niittent-motion mechanisms and a niin-
iature differential small enough to fit in
a thimble. Utilization of a new differen-
tial and development of an over-all her-
metically sealed instrument enclosure
are examples of innovation. In addition,

Fig. 2—Subassemblies: (I. to r.) electronic, electromechanical, and mechanical.
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the display presentation was made
something more than a carry-over from
the past by enlisting the services of a
human-engineering group and an indus-
trial designer in developing an easier-
to-read visual indicator for the pilot,
thus lessening chances of reading errors
and improving operating reliability.
The sum effect of many integrated
innovations such as these is an im-
proved, more reliable product — the
result of carefully planned work to
reconcile engineering originality with
established design discipline.

DESIGN EVOLUTION

Evolution of the bearing-heading dis-
play is shown in Fig. 3, illustrating the
progress from breadboard to engineer-
ing model. and thence to production
prototype.

Design progress is based on the paral-
lel flow of three types of study repre-
sentation: an electrical unit. a mechani-
cal unit. and a wiring and reliability
unit. To conclude the engineering model
stage, the three parallel paths were
drawn together in a single operating
unit. Refinement of the design was then
completed in the production prototype
to demonstrate the adequacy of the
manufacturing drawings and verify the
reproducibility of the design,

In addition to the three main paths
of activity, many subordinate paths were
followed in parallel and scheduled for
completion at appropriate times. Exam-
ples of these parallel pursuits are the
development of the hermetically sealed
instrument case and the human-engi-
neering evaluation of the display pres-
entation.

To achieve the design goals in the
specified time, the various areas of de-
sign were pursued simultaneously. The
electrical model was used by the elec-
tronic engineers to develop the servo
loop in conjunction with its mechanical
load; the mechanical model was used by
the mechanical engineers to develop the
display mechanism and verify details of
construction: the wiring and reliability
model was used cooperatively by both
electronic and mechanical engineers to
evolve the packaging configuration, ar-
range cabling. anticipate assembly prob-
lems, and with the addition of dummy
resistive heat loads, predict temperature
distribution within the assembly. Thus.
independent parallel activities, drawn
toward a common goal by realistic mod-
els, made it possible to concentrate all
the necessary engineering effort within
a short calendar period.

A DESIGN PLAN

The approach to a new product presents
an engineering problem; the design

plan is simply the program to solve that
problem. Thus, a design plan motivates
the evolution of a design. The resem-
blance between Fig. 4 and a logic dia-
gram is striking (one can hardly look
at a “tie point” without thinking of an
and gate). Computers will play ever
greater roles in hoth conception and
execution of design plans of the future.
(See Nupp article on PErT, this issue.)
A much abbreviated version of the
bearing-heading indicator design plan is
represented by Fig. 4. With time for a
reference, the plan is related to sched-
ules, financial controls. manpower load-
ings and system commitments. The
number of parallel paths and secondary
tie-points might bhe expanded indefi-
nitely to include such items as special
engineering test equipment, component
development. reliability and value anal-
ysis. Steps can be subdivided and events
added at either end. For example. the
breadboard might be preceded by pre-
liminary design and advanced develop-
ment. However, the lines drawn here
represent the typical case since from the
standpoint of progress and control, the
breadboard with its preliminary com-
ponents and schematics is the first con-
crete step in the direction of a product
design. The final prototype with its
accompanying documentation signifies
the conclusion of the product design.

INNOVATION
The design plan is precisely a program
of anticipated or planned events; the
most significant are in the nature of
experiments intended either to verify
analytical predictions or to reveal pre-
viously unexplored relationships. By
this definition it is a program for pur-
poseful, planned team activity and at
the same time a means to creative engi-

neering in product design.
The element of discipline in the plan
is obvious; the element of creativity re-
quires some explanation. An ideal prod-

MILTON HOLBREICH uattended Colum-
bia University, where he completed the six-
vear engineering program consisting of threce-
years pre-engineering in Columbia College and
three vears in Columbia Engineering School.
He received the degrees of BA in 1939, BS
in 1940, and MS in 1941 in Industrial Engi-
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entirely with RCA: Six months in the engineer-
ing training program, starting in June 1941, a
year and a half in manufacturing administra-
tion, then mechanical enginecring design and
development to the present, interrupted by a
leave of absence, 1943-46, for military duty in
the Signal Corps. Mr. Holbreich has worked on
commercial equipment as well as military com-
munications systems for both the Navy and the
Air Force. Recently, he was Project Engineer
for the equipment described in this article.
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uct. like an ideal formulation, consists
of known things combined in known
ways to obtain a predictahle result; the
more complete the knowing. the more
certain is the prediction of behavior.
Experiments that verify the character-
istics of new design elements, or reveal
the behavior of “dreamed-up” or ana-
lytically determined configurations, are
a means of making known—hence, an
avenue to creative engineering and
originality in product design.

The originality in a highly articulate
pinball machine is superficially appar-
ent. Like a circus sideshow, teeming
with motion. flashing lights, noise, color.
and promise of treasure, its very pur-
pose is to attract and enthrall. By con-
trast, the unpretentious engineering ac-
complishments in a highly refined elec-
tron microscope or solid-state device are
recognized only with painstaking study.
Even more subtle, perhaps hidden for-
ever. are the thought and the planned
experiments hehind the integrity of the
product, its simplicity, reliability, and
maintainability. its manufacturability,
and its value in terms of function versus
cost. Yet these very things are the sub-
stance of the design plan, the schedule.
and the engineering cost estimate.

CONCLUSION

It is frequently said that “science makes
it known; engineers make it work” (by
combining known things in known ways
to obtain predictable results). There-
fore. engineering creativity must con-
sist of participating in the husiness of
making known. A planned combination
of analytical and experimental engineer-
ing techniques overcomes obstacles. in-
troduces originality. and stimulates
innovation.
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Fig. 1—The USAFé Mark | Aerospace Environmental Test Focility.

The Mark | Aerospace Environment Simulator was conceived by
the U. S. Air Force' to test full-scale space vehicles at the USAF
Arnold Engineering and Development Center, Tullahoma, Tenn.
The RCA Service Co. was prime contractor for the design and
construction of the entire facility, which uses state-of-the-art
techniques to simulate space-flight conditions.

Fig. 2—Cutaway view of the vacuum chamber, which is 42 feet in
diameter ond 82 feet high. Some of its features ore {see text for
details): 1) air lock for future personnel access to the evocuated
chomber; 2) wolkways; 3) vibrotion system; 4) test.vehicle support
ring, which includes gear for simultoneous rolling and pitching of
the vehicle during tests; 5) screw-jocks for roising vehicle; 6) test
vehicle ottached to the vibrator (bottom position) for ascent simu-
lation, and shown in phantom raised into the orbital simulation
position; 7) 20-foof-diameter lid, removable for insertion of test
vehicle.
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by H. REESE Jr., Mgr.
Nuclear and Scientific Services
Government Services
RC A Service Co.
Cherry Hill, N J.

t#e Mark [ Aerospace Environment
T Simulator has been designed to simu-
late space-flight environments of vibra-
tion. temperature, pressure, solar radia-
tion tultraviolet. visible, and infrared).
earth radiance. and earth alhedo. While
these are not the only conditions en-
countered by space vehicles in ascent
and in orbit. they do represent conditions
of prime importance which can be simu-
lated at reasonable cost. The Mark T is
intended primarily for military satellites

THE USAF MARK 1

such as Minas, Sasios. Abvenrt, and
SATELLITE [NsPECTOR.

The simulation of space conditions of
high vacuum and temperature by the
Mark [ will allow study of these two
prominent causes of satellite failure.
High vacuum can cause adverse over-
heating from lack of convective cool-
ing. bearing failure due to the vapor-
ization of lubricant. and decomposition
of materials caused by outgassing. The
temperature of a satellite can vary over
extremely wide limits, since it both radi-
ates to space. which acts as a thermal
sink at about 4°K. and receives heat
from the sun. which represents a black
hody in the visible and infrared range at
6000°K. It is thus quite easy to have
equilibrium temperatures far out of the
more normal temperature range of mili-
tary standards for components, for ex-
ample 220 to 340°K.

In addition. conditiuns for which there
is now little quantitative information will
be simulated: real-time variation in at-
mospheric pressure due to ascent from
sea level to an altitude equivalent to a
pressure of 30 mm-Hg; vibration from
the booster coupled through adapters;
buffeting at Mach I; vibration from last-
stage ignition (little air damping be-
cause of altitude); and degradation of
surfaces due to solar radiation (primar-
tty ultraviolet).

THE HIGH-VACUUM SPACE CHAMBER

The building to house the Mark I facility
will be 170 feet high, including 48 feet
below ground (Fig. 1). Of its total
volume of 1.5 million cubic feet, about
half is open space to accommodate the
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large vacuum chamber (Fig. 2), 42 feet
in diameter and 82 feet high. Construc-
tion is fairly standard, except that the
basement concrete slab is 7 feet thick.
This unusually thick floor must with-
stand buckling forces caused hy edge
loading from the building walls. and
hydrostatic uplift in the center with vir-
tually no center counterbalancing loads
hecause of the open space required for
the vacuum chamber.

Nine floor levels with rooms at the
side accommodate mechanical equip-
ment, instrumentation. offices. prepara-
tion rooms. calibration facilities. and the
control room. A large “clean room.” lo-
cated above the vacuum chamber, will
be used to clean vehicles before putting

AEROSPACE SIMULATOR

them inside the chamber so that out-
gassing of foreign materials is kept to a
minimum.

The vacuum chamber will be con-
structed of 304L stainless steel, 7 inch
thick. This stainless steel was chosen
for low outgassing characteristics, oxida-
tion resistance, and good weldability.
T-shaped ribs of ordinary steel were
placed on the outside of the tank for
reinfurcement, permitting economies by
reducing the wall thickness by more
than half.

Although at present there is no plan
for access by humans to the evacuated
chamber. an 8-foot-diameter air lock.
shown in the lower right-hand corner of
Fig. 2, has heen provided for future use,
The air lock will have its own Righ-
vacuum pumping .system so that the
chamber can he entered when it is oper-
ating at 10" mm-Hg. Test vehicles will
be inserted through a 20-foot-diameter
lid at the top.

Forty-eight  32-inch-diameter high-
vacuum oil-diffusion pumps will be hung
on the side of the chamber; mechani-
cal roughing and booster pumps will
be mounted on the lowest basement
floor. Also shown in Fig. 2 are the six
walkways around the tank for mainte-
nance and operating access. Viewing
ports are provided for direct visual ex-
amination of the vehicle under test. Re-
motely operated television cameras will
also be used to monitor the test vehicle
and the inside of the tank. The total
weight of the chamber is approximately
350 tons, half of which is stainless steel.

The vibration system is located at the
bottom of the chamber, and consists of

four 50.000-pound hydraulic shakers and
one 5.000-pound electrodynamic shaker
mounted on a 200.000-pound reaction
block isolated from the building by a
spring mount.

Provisions have been made on the side
of the chamber opposite the air lock for
77 carbon-arc lamps to simulate the radi-
ation of the sun. These lamps will beam
light through sapphire windows to a cas-
segrainian optical system. transmitting
a collimated beam to the test vehicle.

Proper test-vehicle orientation with re-
spect to the “sun™ can be obtained by the
vehicle handling equipment (Fig. 2).
The center support ring has a 12-foot-
diameter bearing for rolling the vehicle.
Trunnions at the sides permit simultane-
ous pitch so that most orbital conditions
can be simulated. In Fig. 2. a test vehicle
is attached to the vibrator. \fter ascent
simulation, the vehicle is raised to the
orbital position (shown in phantom) by
four stainless steel screwjacks. Attached
to this ring, but not shown in Fig. 2. is a
bird-cage-like arrangement which con-
tains tungsten filaments and extends the
full length of the vehicle. These ilaments
and their associated reflectors simulate
the lower-intensity alhedo radiation. as
well as the earth’s radiance.

The chamber walls will be maintained
at approximately 72°K by a pumped-
liquid-nitrogen system. Adjacent to the
cold wall is a condensing system, or
cryogenic pump. consisting of a closed-
cycle gaseous-helium system operating
at 17°K. The crvogenic pump will con-
sist of 29 arrays (Fig. 6).

Master controls are in the control
room at the fifth-loor level, near the
top of the vacuum chamber and over-
looking the chamber room. local con-
trols are located throughout the building.
but the master control panel can override
all local controls. A three-dimensional
model in the control room will indicate
vehicle attitude at all times. Input tapes
to control vehicle attitude and solar
lamps will be fed into a tape reader
located in the control room, so that a
particular predetermined orbit can be
simulated.

Monitors for all important paraneters.,
including television for the vehicle, will
he included in the control room.
Automatic controls are used wherever
possible,

VIBRATION

The vibration transmitted to the payload
from the rocket engines during ascent is
usually greatest at first-stage ignition,
primarily from nonuniform burning of
the fuel. Most of the ignition vibration
at frequencies above 100 cps is acousti-
cally coupled through the atmosphere to
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the payload, rather than mechanically
coupled through the rocket structure. A
typical resonant frequency for an
adapter (transition structure) between
a booster and second stage might he of
the order of 50 or 60 cps or less. so that
the mechanical transmission of vibration
above this frequency would be extremely
small. Yet. experiments show that vibra-
tion over 1000 cps is present in payloads
during first-stage ignition. therefore from
acoustical coupling. In simulating such
vibration. it is easier and equally effec-
tive to mechanically couple the payload
to the vibrator, rather than to reproduce
extremely high sound levels.

Another period of intense vibration oc-
curs just prior to the time the vehicle
passes through Mach 1.0. usually at an
altitude of 20,000 to 40.000 feet and
caused by atmospheric buffeting. This is
very difficult to simulate exactly, but
again. eflective simulation is achieved by
mounting the payload directly on the
vibrator. At last-stage burnout, some vi-
bration is usually imparted to the pay-
load which although generally small
could be important. since the vehicle is
out of the atmosphere and there is no
air-damping of the vibration.

To simulate the very large vibration of
forces first-stage ignition. the Mark |
utilizes four 50.000-pound hydraulically
actuated shakers operating over a fre-
quency range of 10 to 700 cps with a
total load of 10.000 pounds. Hydraulic
vibrators were chosen primarily because
of their compactness and economy, since
comparable-capacity electrodynamic
shakers could occupy inordinate spaee
and would be extremely expensive. The
hydraulic vibrator, however, is not useful
at high frequencies. since its output
drops very rapidly (Fig. 3).

Since last-stage ignition tends to trans-
mit higher frequencies to the payloads
hecause of the tighter coupling between
the rocket and payload. an electrody-
namic vibrator will provide a force of
5000 pounds over a frequency range of
10 to 2000 cps (Fig. 4). The mechanical
coupling between this vibrator and the
test vehicle must he kept as tight as pos-
sible. with the transition piece hetween
vibrator and test vehicle having as high
a resonant frequency as possible. The
transition piece will be made of beryl-
lium, to obtain a high modulus of elas-
ticity with a minimum weight.

SPACE TEMPERATURE

It is generally accepted that outer space
appears as a heat sink at a temperature
of about 4°K. Since most vehicles in
orbit operate near room temperature,
they will be radiating energy to this heat
sink.
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One way to simulate this sink would
he to have the entire inside of the space
chamber appear as a black body and
operate it at a temperature of about 4°K.
It would then only be necessary to place
a test vehicle in the chamber and ohserve
the effect on thermal balance. However.
the cost of such a system would he ex-
tremely high» Fig. 5 shows a plot of the
approximate cost per kilowatt of a re-
frigeration plant operating al various
temperatures. It can be seen that there
is a sharp increase in cost between 50
and 100°K. so that it would be economi-
cally advisable to use a chamber wall
temperature of approximately 100°K if
proper simulation can be obtained. If
one calculates the energy radiated from a
300°K body to a 100° surface and com-
pares this to the radiation between 300°K
and 4°K. it is found that the difference in
radiation is only slightly more than 1 per
cent, since the radiation varies as the
fourth power of temperature.

The above calculations assume that
the cold wall has a uniform temperature
and an emissivity of 1.0. If this is not
true, the error could be greater. To main-
tain conditions as nearly as possible to
the above. the cold wall will be con-
structed out of Revere copper tube-in-
strip (Fig. 6), blackened on one side so
that the emissivity is as high as possible.
It is expected than an emissivity of at
least 0.9 can be obtained. This would not
change the validity of the above con-
siderations. The tubes through which
liquid nitrogen flows in the tube-in-strip
are only 2 inches apart. The high flow
rate of approximately 170 gpm will

maintain a uniform temperature through-
out the wall with little possibility of hot
spots,

The actual chamber-wall temperature
in the Mark | design is 72°K. since this
temperature was easily obtained utilizing
a pumped-liquid-nitrogen system. The
lower temperature is also very helpful
in maintaining low pressures in the
chamber.

Fig. 6 shows the cold-wall construction
in relationship to the chamber wall. The
purpose of the radiation baffle is to lower
the thermal loading of the cold wall by
reducing the thermal radiation from the
chamber wall to the cold wall. By use of
the baffle. the radiation heat load is re-
duced by a factor of three. A cryo pump
shield operating at the same temperature
as the main cold wall can also he seen in
Fig. 6. The purpose of this shield is to
prevent direct radiation from the test
vehicle and other warm objects in the
chamber to the cryogenic pump. which
is operating at 17°K. The heat-removing
capacity of the system at 17°K is 7.5 kw.
and at 72°K is 90 kw. The liquid-
nitrogen system will be the recirculating
type and will remove heat directly from
the chamber, as well as cooling the
gaseous helium before expansion for the
17°K system. The low temperatures en-
countered in the chamber will be meas-
ured by a diode temperature-sensing
element®.

SPACE PRESSURE

At pressures encountered by orhital ve-
hicles (107" mm-Hg and lower), convec-
tive cooling disappears, and equipment
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which operates normally at atmospheric
pressure may overheat. In addition. after
a prolonged period in orbit, lubricants
tend to boil away. leaving surfaces very
clean and causing them to cold-weld to-
gether. In the case of a bearing. failure
would occur.

To simulate these low pressures in the
Mark L. the 304L stainless-steel tank will
be evacuated by forty-eight 32-inch-
diameter oil-diffusion pumps and 8000
square feel of cryogenic pumping sur-
face. The net pumping speed of the dif-
fusion pumps is approximately 1.000.000
liters/sec for hydrogen at 107" mm-Hg.
The pumping speed of the cryogenic sys-
tem for nitrogen with a chamber wall
temperature of 72°K is approximately
25,000.000 liters/sec. The pumping
speed will vary depending on molecular
weight and temperature of the molecules
being pumped. In spite of this high speed
for condensibles, the large number of
diffusion pumps are required for non-
condensibles at 17°K. such as hydrogen
and helium. 1t is expected that the hy-
drogen outgassing rate of a typical mis-
sile may be as high as 700.000 liters/sec
at 1077 mm-Hg.

Under normal conditions. the vacuum
chamber contains almost four tons of air
and will be pumped down from 760 to
30 mm-Hg pressure in approximately 80
seconds to simulate the real-time pres-
sure curve that a satellite would experi-
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ence in accelerating through the earth's
lower atmosphere. The plenum evacua-
tion system at the Arnold Engineering
and Development Center will be utilized
as a pump for this purpose. The Mark I
chamber will be approximately 800 feet
from the plenum evacuation system and
will be connected to it through a 7-foot-
diameter duct. This duct iz then con-
nected to the main roughing lines of the

CAYO PUMP

//cn;)zg::'.
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chamber and separated from the cham-
ber by vacuum valves.

Pressure vs. time will be controlled by
a large butterfly valve to follow the curve
shown in Fig. 7. When the pressure
reaches 30 mm-Hg. conventional booster
pumps of the Roots type are used,
hacked up by conventional oil-sealed me-
chanical roughing pumps. When the sys-
tem pressure is down to 10™ mm-Hg, the
32-inch oil-diffusion pumps will be ener-
gized. When the pressure reaches 107
mm-Hg, the cryogenic pumping system
can then be energized to reduce the pres-
sure to 10™ mm-Hg. It is expected that
this entire procedure will take about fif-
teen to twenty hours.

DIRECT SOLAR RADIATION

The direct solar-radiation power level
just above the earth’s atmosphere is
approximately 1400 w/m*. Most of the
power is included in a spectrum from
0.4 to 3.5 microns. The spectral distri-
bution is represented by Johnson's curve’
(Fig. 8), which represents the radiation
from a black body at approximately
6000°K in the visible and infrared range.
The decollimation of the radiation is
approximately %° because of the finite
size of the sun.

In a space simulator. it is necessary
to simulate the solar spectrum as well
as the intensity. The reason for this
is that the absorbtivity-to-emissivity ratio
is a function of spectrum and. since one
of the more important tests is to measure
the thermal balance of a satellite. the
correct power density should be used at
each frequency. The collimation should
also be simulated as nearly as possible
so that many solar power devices which
are dependent on imaging the sum will
be capable of operation. The ultraviolet
portion of the spectrum between 0.2 and
0.4 microns has a very small percentage
of the total power included in it. but the
radiation damage effects in this fre-
quency range are sometimes severe and
frequently cause changes in the absarp-
tivity-to-emissivity ratio at other fre-
quencies. For these reasons it is neces-
sary to include a source of ultraviolet.
although it need not he collimated as
well as the spectrum from 0.4 to 3.5
microns. This is fortunate. since the
index of refraction of quartz. one of the
few known optical materials capable of
passing ultraviolet, has an index of re-
fractton which inereases rapidly below
0.4 microns and would defocus the ultra-
violet portion of a single source for the
complete spectrum.

There are two light sources capable
of producing the very intense light for
solar simulation: the carbon arc and the
xenon lamp.
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The carbon arc produces the highest
intensity of any source (a radiance of
2800 w/cm®) and consumes about %
inch of carbon rod per minute. Thus,
operating costs for long-term tests are
fairly high. However, it closely simulates
the Johnson curve (Fig. 8) with the ex-
ception of the ultraviolet range, where
the output is somewhat lower than that
of the sun. The carbon arc has a slight
flicker. which is usually not objection-
able. The image of the carbon arc is
approximately circular and fairly con-
stant in all regions of the image. This
makes the optics less complicated for
imaging the arc in the shape of a hexa-
gon. which will permit packing many
arcs together to make a uniformly irra-
diated surface. It is also necessary to
provide fairly elaborate cooling ducts to
cool the arc mechanism and remove the
carbon dust from the arc.

The xenon lamp appears to be fairly
simple in that it is contained in a closed
envelope and needs only the necessary
electrical connections. However. in pres-
ently available lamps. the light source is
not as large as the carbon arc nor as
intense. This would require several times
as many individual lamps and optical
modules to illuminate the same area as
a carbon arc systeni. The xenon lamp
image is rectangular and requires un-
symmetrical optics, or a more-compli-
cated double-imaging set of optics, or
the loss of part of the image to form a
nearly circular or hexagonal beam. Also,
the spectrum of the xenon lamp is con-
siderably different than the solar spec-
trum so that considerable filtering would
be necessary. This would reduce the in-
tensity to about half the unfiltered level.
thus requiring still more lamps. Also,
the xenon lamp envelope begins to
darken soon after it is put into operation.
causing a reduction in output; e.g.. after
500 to a 1000 hours of operation, the
output is reduced to 50 percent. With
the lower intensity of the xenon lamp.
the smaller size of the image. and the
darkening of the lamp envelope, approxi-
mately five times as many light sources
would be required. using 2.5-kw xenon
lamps as compared to 12-kw carbon-arc
sources.

Because of these considerations. it
was decided to use carbon arcs in the
Mark 1 simulator. To irradiate an area
5 feet wide and 32 feet high, 77 light-
source modules are required. each irradi-
ating an hexagonal area of approxi-
mately two square feet (Fig. 9).

INDIRECT THERMAL RADIATION

In addition to the direct solar radiation.
there are two indirect sources from the
earth that are significant in determining
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satellite temperatures: 11 albedo, the
radiation from the sun reflected by the
earth without absorption. and 2) radi-
ance, simply the thermal radiation from
the earth due to its own temperature,

The direct radiation is fairly constant
from day to day, but the albedo and
radiance vary considerably becaunse of
the large changes in absorption and
emissivity brought about by changes in
cloud cover and surface variations.
Johnson® has indicated a power density
range of albedo for different times of
the vear and at various latitudes of 17 to
224 w,/m* and for radiance of 156 to
216 w, ' m". The spectrum of the albedo
would be similar to the direct solar
spectrum, while the radiance spectrum
will be similar to that from a black body
between the temperatures of 218°K and
288°K depending on surface and atmos-
pheric conditions.”

Because of the low temperature of the

earth, it would be very cumbersome to
simulate the spectrum of the earth’s
radiance, It is much more practical to
use a higher temperature source for
simulation of the radiance. Also, since
the albedo is only a small percentage
of the direct solar radiation. it is not
practical to go to considerable expense
to simulate the spectrum of the alhedo,
However. they must he considered in
the thermal balance. For these reasons,
both the albedo and radiance are simu-
lated by a bird-cage arrangement of
tungsten filaments operating at 1900°K
that encompasses a test vehicle inside
the vacuum chamber. The filaments can
be turned on or off and modulated indi-
vidually to simulate the radiation re-
ceived during any orbit. The total radi-
ant power available with all filaments on
is approximately 35 kw, which repre-
sents 400 w/m* of albedo radiation and
250 w/m® of earth radiance on the
vehicle.

CONCLUSIONS

Facilities such as the Mark I will con-
tribute very much to our knowledge of
equipment performance in space. Al
though the ultimate test must always he
actual performance in space. the flexi-
bility and low cost of a simulator
relative to actual space flight—make it
particularly attractive for both develop-
ment work and quality-control pre-flight
testing.
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John Mark was Project Engineer in
charge of the Tube Division effort, and
Carl Osgood was Project Engineer in
charge of the AED effort.
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A NEW UHF CERAMIC PENCIL TRIODE
FOR AEROSPACE APPLICATIONS

This new uhf triode was developed to cope with the operating environments
of aerospace vehicles. It required irvestigation of basic structures and param-
eters of existing ceramic-metal pencil tubes, extensive test programs, and
special attention to materials and production methods. This work is an example
of the considerable engineering effort involved to revamp an existing compo-
nent type into one that will meet the severe premiums of aerospace perform-
ance and reliability in quantity production.

S. BOGAENKO and O. JOHNK
Microwave Tube Operations
Electron Tube Division
Harrison, N.J.

HE INCREASINGLY adverse environ-
T ments to which aireraft. missiles, and
satellites are subjected place severe re-
quirements on the reliability of their
hasic electronic components, Under AREC
sponsorship. the Electron Tube Division
has developed a new quick-heating. rug-
ged uhf ceramiic pencil trinde particu-
larly suited to such demands.

This development involved an exten-
sive investigation into the grid and cath-
ode structures of existing ceramic-metal
pencil tubes because their concentric
cvlindrical structure is readily adaptable
to coaxial line circuits. This type of con-
struction (Figs. 1 and 2) has the addi-
tional advantages of low power drain
and inherent freedom from fluctuations
resulting from supply-voltage charges.

The parameters which control warm-
up time and vibration-noise output in
pencil tubes were experimentally deter-
mined and evaluated. An extremely rapid
warm-up time resulted from a more efh-
cient thermal design of the heater and
cathode mass: the new tube hecomes op-
erational in less than 10 seconds after
application of all voliages.

This paper includes graphs which
show the effect of the heater-ceating
mass and cathode mass on warm-up time
and the effect of the various grid param-
eters on the mechanical resonant fre-
quency. The grid design evolved couples
optimum electrical characteristies with
excellent mechanical ruggedness: no
resonant frequencies exist helow 6000
cveles,

Extensive test and life-test programs
were conducted to insure satisfactory
amplifier and oscillator operation. In
addition. special characteristics such as
grid blackout. frequency drift with
heater voltage and temperature, and
mixer and oscillator life tests were also
evaluated. Finally, changes were made in
tube fabrication and parts processing to

achieve the high degree of quality con-
trol needed for tube production.
QUICK-HEATING CONSIDERATION

A curve of typical warm-up time—the
time required for plate current to reach
90 percent of its stable value—is shown
in Fig. 3. The factors which affect warm-
up time have been well defined by Har-
din' and Schrader®; the empirical formu-
las developed by Schrader were used to
determine the approach for the develop-
ment program.

Fig. 1 shows the eflect on warm-up
time when heater-cathode structure ma-
terials are varied individually. These
curves show that the greatest reduction
in warm-up time is achieved by reducing
the mass of both the cathode and the
heater coating, A 33-percent reduction
in cathode mass was obtained hy reduc-
ing both the length and the wall thick-
ness of the cathode sleeve. Although the
mass of the heater coating hax been re-
duced by 40 percent. the coating thick-
ness is still sufficient to meet the heater-
to-cathode insulation requirements,

The desired warm-up time was ob-
tained without an increase in cathode
temperature. Throughout the develop-
ment program a conservative cathode
design temperature of 780°C was main-
tained to ensure good life performance.

VIBRATION CONSIDERATIONS
The design objective of the program was
the development of a tube able to with-
stand 6 hours of continuous vibration at
10-g aceceleration from 50 to 500 cycles
and at 5-g from 500 to 2000 cveles. The
maximum allowable noise at any point
within this range was 150 mv measured
across a 10,000-ohm load resistor,

The =ource of vibration noize was
traced to mechanical movement of the
grid structure. Al other elements are
very stable and do not contribute to the
noise output. The amplitude of the vibra-
tion noise is determined by the displace-
ment of the grid structure during vibra-
tion. Under a constant acceleration, this
displacement is inversely proportional
to the square of the mechanical resonant
frequency. Therefore. one of the first de-
sign tasks was the development of a grid
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Fig. 1—A typical RCA ceramic-metal
pencil tube, about actual size.
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Fig. 2—Basic pencil-tube construction.

structure (Fig. 5) having a resonant fre-
quency in excess of 5000 cycles (Fig. 5).
The resonant frequency f. is inversely
related to the grid-structure’s mass m
and compliance c:
X )
oo ——
\mc

Compliance is the amount of deflection
of a member per unit of applied force.

Resonance studies on numerous grid-
structure variations are graphed in Fig.
6. Fig. 6a shows that the resonant fre-
quency is inversely proportional to the
square of the grid length. Fig. 6h shows
that the resonant frequency is only
slightly affected by a change in the wind-
ing rate of the helix. A change in
winding rate from 200 to 530 turns/inch
increases the resonant frequency only
200 cyeles hecause the strengthening ef-
fect of a higher helix pitch is almost
completely counter-balanced by the in-
creased helix mass, Fig. 6¢ shows that
the resonant frequency varies directly
with the diameter of the helix wire. The

i
|
ﬂ

PLATE MILLIAMPERES

0 o ac 0 60
TIME--SECONDS.

Fig. 3—Typical curve of plate current as
a function of time.
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Fig. 4—Warm-up time for various heater
cathode materials.

compliance of an individual helix-wire
span s inversely proportional to the
fourth power of its diameter. whereas the
mass varies direct]y as the square of the
diameter. Fig. 6d shows the almost lin-
ear relationship between the resonant
frequency and the number of side rods.
The compliance of an individual helix-
wire span is inversely proportional to
the cube of the span length (or to the
cube of the number of side rods). If the
change in the mass of the individual
spans is neglected. the mass of the en-
tire grid structure is then directly pro-
portional to the number of side rods.

Thus. the three factors having the nrost
effect on resonant f{requency are grid
length, helix wire diameter. and number
of side rods. The final grid structure was
designed with a grid length of 4.75 mm.
a helix-wire diameter of 0.8 mil. and 18
side rods. The helix pitch. which has a
relatively minor effect on the resonant
frequency. was set at 315 turns/inch for
electrical - performance
With these parameters. the resonant fre-
quency of the grid structure was raised
to well above 6000 cycles.

Fig. 7 shows a comparison between
the vibration characteristics of the newly
designed grid structure and those of a
conventional ceramic-metal pencil tube.
The grid structures of both tubes were
shocked into resonance by a single im-
pact applied at their grid disks. A Tek-
tronix 531 oscilloscope. adjusted so that
its trace started at the time of the shock
impulse, was used to display the vibra-
tion-noise output. A slow trace was used
to compare the damping characteristics
as shown in Fig. 7a, and a fast trace was
used to indicate the resonant frequencies
of the two grid structures as shown in
Fig. 7b.

The final design was subjected to ex-
tensive vibration studies. [t has heen con-
firmed that the mechanical resonant fre-
quency of the tube is above 6000 cycles.
Noise voltage caused by mechanical ex-
citation of the tubes is well below the
objective limit and below 10 millivolts
in almost all tubes. Many tubes show no
increase in noise voltage above the back-
ground level as excitation is applied.

considerations.

This design was also subjected to
shock tests at 500 ¢ for 1 msec and at
150 g for 11 msec. During shock and vi-
bration the tubes were continuously
monitored for intermittent shorts of less
than 50,000 ohms. Although major elec-
trical characteristics were checked be-
fore and after these tests. no significant
changes were noted. Performance has
been so good that it has hecome practice
to perform shock and vibration tests in
sequence on the same tube samples.

Extensive testing was performed dur-
ing and after the design phase to assure
compliance with the objective test speci-
fication. Special tests had to be per-
formed in addition to the standard triode
tests. One of these tests, for grid black-
out.” is essentially a method used to de-
termine tube recovery time after a posi-
tive pulse has heen applied to the grid.
Two signals are applied to the grid. one
a low-level r-f signal and the other a 5-
volt positive pulse of 0.25-usec duration.
The r-f signal voltage across the load
resistance is compared just prior to the

Fig. 5—Newly developed grid structure.
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leading edge of the pulse £, and 0.8 psee
after the leading edge of the pulse F..
Fig. 8 shows the signal aeross the load
resistance. The db loss in signal 1., can
be evaluated from:
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Additional tests involved a complete
evaluation of the tube in an L-band os-
cillator cavity. Tests were performed at
—62 and at +125°C ambient tempera-
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Fig. 6—Resonance curves for various
grid structures.

ture. No deterioration in performance
due to the tube was observed. Thermal
stability to changes in heater voltage was
very good. Fig. 9 shows the change in
power output and frequency over a range
of heater voltages. The change in fre-
quency during the first 60 seconds after
heater voltage is applied is less than
0.2 Me.

A pulse life test was performed in
which the tube was operated at zero bias
with continuous plate current flowing. A
positive 25-volt pulse at a duty cycle of
0.6 percent was then applied to the grid;
tubes consistently met this severe re-
(uirement.

Because of widely varying voltages en-
countered in airborne equipment. heater-
cveling life tests were also performed.
During these tests the heater was oper-
ated at 8.0 volts: no failures were al-
lowed at 10 cycles. As a result of these
tests the heater demonstrated that it is
capable of withstanding prolonged high
voltage.

QUALITY ASSURANCE CONSIDERATIONS
Because of the high degree of quality
necessary for the production of this tube.
an improvement program for the areas
of materials, methods, and controls has

Fig. 7—Comparison of the vibration characteristics of the newly developed grid structure {left),

and conventional pencil-tube grid (right).
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(b) resonant frequency
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Fig. 8—The r-f signal voltage across the
lood resistance.

been instituted. Cathodes are fabricated
from an RCA vacuum-melted alloy to
ensure control of activators and impuri-
ties. Oxygen-free high-conductivity cop-
per is used for the plate insert hecause
of its high thermal conductivity and ease
of outgassing. and gold plating of the
grid helix wire is used to eliminate grid
emission.

Throughout the parts-fabrication and
assembly areas, the latest cleaning and
processing techniques are used. Internal
parts are vacuum-fired, and all parts are
washed ultrasonically before final assem-
bly. Emission coating is applied to cath-
odes mounted on a rotating fixture to
ensure uniform coating. The entire cath-
ode-spray operation is performed in a
mechanized spray hooth having a closely
controlled atmosphere. The spray booth
is equipped with a rotating fixture, mech-
anized traverse rods, drying lamps, and
hooded enclosures. Final assembly is
made in special controlled-atmosphere
mounting rooms.

The tube parts are assembled on dust-
and lint-free hooded mounting tables to
further reduce the possibility of conta-
mination (Fig. 10). These tables are
interconnected so that parts never leave
the hoods until final assembly has heen
completed. Exhaust of the final assem-
blies is performed on a stationary ultra-
high-vacuum system with a high-temper-
ature bakeout of the entire tube for
thorough outgassing.

Statistical quality controls are used
throughout manufacture, and process
averages are established for every stage
of fahrication and assembly. Continuous
lot identification is maintained. begin-
ning with the inspection of incoming raw
materials and vendor parts and culmi-
nating with the testing of tubes for all
electrical characteristics.

The improvement program for quality
assurance. which has been highly suec-
cessful in producing uniform tubes at a
good yield, is being continued so that
tubes of even higher quality and greater
uniformity of characteristics will be pro-
duced.

CONCLUSIONS
This comprehensive development pro-
gram has produced a tube which meets
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Fig. 9—Changes in power output and
frequency with heater voltage.

the design-objective environmental. elec-
trical. and performance characteristics,
as shown in Table 1. In addition. the
complete evaluation of each design modi-
fication has evolved a high-volume design
which fulfills all objective specifications.

TABLE I—Tube Characteristics

Heater Voltage. 6.3 +199. —89% volts
Heater Current, 225 ma
Direct Interelectrode Capacitances:
Grid to plate, 2.4 pf
Grid to cathode, 4.3 pf
Plate to cathode, 0.03 max. pf

Maximum Ratings:
D-C Plate Voltage. 250 volts
D-C Cathode Current, 25 ma
Peak Cathode Current, 1.5 amperes
D-C Grid Current, 6 ma
Plate Dissipation. 2.5 watts
Seal Temperature. 225°C
Altitude. 100.000 feet

Typical Operation Characteristics:
D-C Plate Voltage. 125 volis
Cathode-Bias Resistor. 50 ohms
D-C Plate Current, 13.5 ma
Transconductance, 13.000 umhos
Amplification Factor, 80
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Fig. 10—Hooded mounting tables used
in final tube assembly.
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IMPROVED SOLAR CELLS FROM GALLIUM ARSENIDE

Silicon solar cells have been used exclusively in space vehicles, but have been
developed to almost their full potential. Further solar-cell improvements must
come from other materials. Now, new gallium arsenide cells with high conver-
sion efficiences {over || percent) provide advantages over silicon in improving
temperature characteristics and radiation resistance. Presented here are gallium
arsenide cell design considerations and typical cell characteristics compared

with silicon.

by Dr. A. R. GOBAT, M. F. LAMORTE, and G. W. McIVER

Semiconductor and Materials Division

Somerville, N. [I.

HE ACCELERATED space-exploration
Tprogram has also accelerated devel-
opment of an improved solar cell to pro-
vide increased power, improved temper-
ature characteristics, and greater resist-
ance to bombardment by high-energy
particles.

Silicon solar cells have been used al-
most to their full potential. A theoretical
analysis of other semiconductors as pos-
sible improved photovoltaic materials'
showed that gallium arsenide (GaAs)
has one of the highest conversion-effi-
ciency values at both room temperature
and elevated temperatures. This analysis
was based on only two physical facts
besides the p-n junction: 1) the highest
voltage that can be generated by the
solar cell is limited to the bandgap volt-
age; 2) only a certain portion of the
sun’s spectrum is potentially useful for
energy conversion. Other crystalline
properties make GaAs even more attrac-
tive as a solar-cell material and superior
to silicon, cadmium telluride. cadmium
sulfide. or the graded-bandgap gallium-
phosphide-gallium-arsenide materials.””

This paper describes the characteris-
tics of GaAs solar cells having conver-
sion efficiencies greater than 11 percent.
The cells are fabricated from monocrys-
talline n-type material with an impurity
concentration of 10" /cm® Zinc diffusion
is used in the construction of the junc-
tion to provide a penetration of 1 to 3
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microns. 4 surface concentration of 10*/
cm®. and a sheet resistance ranging from
20 to 60 ohms per square. The 10-ohm
total resistance of the cell results in a
small internal power dissipation. If
either the contact resistance or the dif-
fused-laver sheet resistance is high. in-
ternal power dissipation appreciably re-
duces conversion efficiency; the grid
structure minimizes dissipation in the
diffused layer. An antireflection coating
on the top surface of the cell reduces
reflectance from 31 to 9 percent,

CELL CHARACTERISTICS

Although GaAs solar cells are similar to
silicon cells in general construction de-
tails. their characteristics are quite dif-
ferent. as shown in Table I. The GaAs
cells have a larger open-circuit voltage
because of the larger bandgap. Because
a correspondingly smaller portion of the
solar spectrum is used, however, the
short-circuit current density is smaller.
the matched load resistance is higher,
and the number of cells required in a
series-parallel circuit design is different
than for silicon cells. Typical voltage-
current characteristics of high-efficiency
GaAs cells are shown in Fig. 1.
Conversion efficiency for these cells is
calculated on the basis of active area;
i.e., total area minus grid-contact area.
The area of the stripes, however, is not
more than 15 percent. Efficiency values
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for the GaAs cells were greater than 11
percent in all cases and reached as high
as 13 percent in normal sunlight.

The open-circuit voltage for GaAs
cells is usually greater than 0.85 volt,
although values as high as 0.96 volt have
been ohserved with an incident energy of
100 mw/cm® The open-circuit voltage
of high-efliciency cells is within 0.05 volt
of the p-n junction built-in voltage, which
is typically greater than 0.92 volt.

Values of short-circuit current density
for GaAs cells are more than half the
theoretical values. The useful portion of
the solar spectrum at sea level for GaAs
provides a current density of 32 ma/cm?,
provided the reflectance at the surface
is zero. However. the reflectance at the
GaAs surface of approximately 31 per-
cent reduces the current density to 22
ma/em®. A properly deposited anti-
reflection coating reduces the reflectance
over the useful portion of the solar spec-
trum to an average value of 9 percent
and restores the short-circuit current
density to 29 ma/cm®. If a collection effi-
ciency of 100 percent is assumed, the
coating must have an index of refraction
of 1.8 = 0.2 and a zero-order thickness
equal to a one-quarter-wavelength match
to minimize reflectance in the wavelength
range from 0.6 to 0.7 micron. The coating
used is silicon oxide. whicli has an index
of refraction of approximately 1.8 when
properly applied; the calculated thick-
ness is 925 =+ 175 angstroms. Experi-
mental data show an improvement attrib-
utable to the coating as high as 22
percent. Multiple coatings might be used
to recuce the reflectance below 9 percent,
but it is questionable whether the in-
creased cost is economically feasible.

The rectangular shape of the voltage-
current curves in Fig. 1 indicates that
the internal power dissipation attributed
to the series resistance of GaAs cells is
small. or even negligible. This dissipa-
tion. which reduces conversion efficiency,
may also determine to a large extent the
steps which must be taken to maintain
the temperature of the space vehicle to
a manageahle level. The method used
to determine internal power dissipation
is described briefly below.

The voltage-current relationship for a
solar cell is given by":

J=J.—J.exp[B(V —IR,)]
(1)

Where: J is the current density for a
given voltage V, J,, is the short-circuit
current density, and J,, is the space-
charge recombination current density
(all in ma/cm?*)." The Term V in the ex-
ponent is load voltage (volts), I is the
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load current (ma). and R, is the cell
series resistance {ohms). The value of 8
is given by 8 = g/AkT (volt™). The con-
stant 4 is included to describe the non-
ideal diode behavior of the cell. The term
J., accounts for the deviation from the
saturation-current value. The value of 4
may be determined as follows:

dv..

__9q
4= KT d(InJ,.)

(2)

Where: V,. is the open-circuit voltage
(volts). If the value of A4 calculated from
Equation 2 is substituted in Equation 1
and R, is set to zero. all the constants are
known and the curve for zero internal
power dissipation can be plotted.

Fig. 2 shows both theoretical and ex-
perimental curves for a typical GaAs
solar cell for incident energies of 100
and 880 mw/cmi®. These curves show that
the power dissipation is negligible for
an incident energy of 100 mw/cm®. The
grid-structure contact of the cell is
designed to provide maximum power out-
put for incident solar energies ranging
from 100 to 140 mw/cm’, the latter value
being equal to that encountered just
beyond the earth’'s atmosphere.

The optimum stripe separation for the
grid-structure contact is given by:

stripe length (cm). When the short-
circuit current density J,. increases with
increasing incident energy, the optimum
stripe separation must be decreased to
minimize power dissipation in the dif-
fused layer. As shown in the second set
of curves in Fig. 2. the power dissipation
increases for incident energies greater
than those for which the grid structure
ix designed. and the power output shows
a corresponding decrease. Efficiency at
one value of incident energy is not nec-
essarily a measure of efficiency at any
other value. Solar cells designed for
space applications should be designed
specifically for the range of energy
values the vehicle is to encounter.

Fig. 3 shows curves of efficiency as a
function of incident energy for GaAs
solar cells using different grid structures.
For cells A and B, which have stripe
separations of 0.67 cm. the efficiency de-
creases as the incident energy increases.
For cells C and D, which have a stripe
separation of 0.05 cm, the efficiency is
highest between 0.7 and 0.8 w/cm®.

If the short-circuit current density J,.
becomes sufficiently high, the open-cir-
cuit voltage V. attains a saturation value
called the junction built-in voltage ¢..
In high-efficiency cells this voltage ap-
proaches one volt. as shown in Table II.
Values of ¢. lower than 0.9 usually indi-
cate that both the open-circuit voltage
and the short-circuit current density are
poor, and usually result in poor efficiency
values. It can be shown that for V,. to
approach ¢, the excess-minority-carrier
concentration must be equal to the
majority-carrier concentration in both
the p and n regions. Materials with high
absorption coefficients, such as GaAs,
generate a higher excess-carrier concen-
tration and more nearly approach the
junction built-in voltage under normal
values of illumination.

Y2
— 2t

= 2[’ E. T 2RI (J.. = T..lep AV.1 11— BEot])] 3)

Where: 2w is the stripe separation
(cm), 2t is the stripe thickness (cm), V,
is a constant voltage midway between
stripes (volts). E, is the electric field on
the cell surface (volts/cm). R. is the
contact resistance (ohms), and L is the
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The calculated values of J,, for these
cells are orders of magnitude greater
than the saturation current density.
which is of the order of 107 ma/cm’.
The typical values shown in Table II
indicate that a recombination component
in the space-charge region contributes to
the forward current. The values of 4
deviate sufficiently from unity to suggest
that the large J,, values are caused by
a recombination phenomenon in the
space-charge region.

TEMPERATURE CHARACTERISTICS

As stated previously, the temperature
coefficient of GaAs cells is approximately
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Table I1=—~Typical Characteristics for GaAs
and Silicon High-Efficiency Solar Cells.

Si Gads
Open-Circuit Voltage V.,
volts 06 0.9
Short-Circuit Current
Density J,., ma/cm® 27 17
Matched Load Resistance,
R..., ohms 10 30

Incident solar energy 100 mw/cm2; cell
area 2 cm®.

one-half that of silicon cells hecause of
the larger bandgap. This feature permits
greater flexibility in the design of space-
vehicle equipment and also eliminates
the need for special precautions required
with silicon cells. Under certain condi-
tions, it may be advantageous to use
reflectors to increase the incident energy
on the GaAs cells; because of the im-
proved temperature coefficient, the power
output may increase appreciably.

The degradation of conversion effi-
ciency with increasing temperature re-
sults primarily from a decrease in open-
circuit voltage. Fig. 4 shows the open-
circuit voltage of typical GaAs cells
as a function of temperature; the volt-
age-temperature coefficient for these four
cells ranges from 1.94 to 2.21 mv/°C.
Open-circuit voltage of the GaAs cell at
200 °C is equal to that of the silicon cell
at 25 °C. The drop in open-circuit volt-
age of the GaAs cells from 0 to 200 °C
is approximately 50 percent.

Approximately the same variation ex-
ists for conversion efficiency of GaAs cells
(Fig. 5). The temperature coefficient of
conversion efficiency for the four cells
ranges from 0.021 to 0.034 percent/°C.
The measured temperature coefficient of
0.025 percent/°C is approximately half
the measured value for commercially
available silicon cells, which ranges be-
tween 0.04 and 0.06 percent/°C.

In Fig. 5, two slopes are distinguish-
able for the curve of cell C, i.e., the
temperature coefficient is lower below 107
°C than above this point. This change
in slope has been observed on several
cells. although usually only one slope is
present. Where the change occurs, it is
attributed to the temperature variation
of the short-circuit current of the cell.

T
L
- CELL B,
\\§ «|meoo3zI I f
8 [ .
%\ CELL G _‘
RN
L ~

s b BES
me0274%,/"C

~

CONVERSION EFFICENCY (yj—PER CENT

e

20 40 60 BG 100 120 140 160 180 200
TEMPERATURE—TC

Fig. 5—Conversion efficiency of four GaAs cells vs.

temperature.

45


www.americanradiohistory.com

Table II—Typical Cell Parameters for High-Efficiency GaAs Solar Cells.

Cell n V. J.. Riw A J.. R
(%) (Volts) (ma/em*)(ohms) (ma/cm?) (volts)
A 11.1 0.86 16.9 23 2.1 9.05 X 107 0,935
B 11.6 0.84 18.4 21 2.0 1.30 x 107" 0.93
C 11.5 0.90 17.2 24 2.1 8.6 x 10 091
D 11.2 0.90 17.2 23 1.6 312 x 10 091
E 11.3 0.91 17.4

Although the short-circuit current of
both GaAs and silicon cells usually in-
creases with inereasing temperature. the
increment is small compared to the
decrease in open-circuit voltage. The
break in the curve may be caused by a
nonlinearity in the current-temperature
relationship. An increase in minority-
carrier diffusion length due to the filling
of traps and/or recombination centers
and the decrease in the bandgap at ele-
vated temperatures could cause such
nonlinearity.

The rate of change of short-circuit cur-
rent with reciprocal temperature is nor-
mally linear. as shown in Fig. 6. and
ranges from 29 to 391 x 107
ma-°K/em®. The increase in current from
0 to 200 °C is approximately 15 percent.
considerably smaller than the decrease
of open-circuit voltage. If the short-cir-
cuit current could be made to increase
even more rapidly with increasing tem-
perature, the efficiency-temperature co-
efficient could be reduced by an amount
related to the current increment.

SPECTRAL RESPONSE

Evaluation of cells in artificial light is
not satisfactory. because its spectral dis-
tribution differs significantly from that
of the sun. Discrepancies often result
when cells are evaluated both indoors
beneath an artificial light and outdoors
in natural sunlight. because the conver-
sion efficiency is an integrated function
of the spectral response characteristic,
which may differ from cell to cell in both
shape and magnitude. Although evalua-
tion of solar cells beneath a tungsten
lamp or solar simulator is standard prac-
tice. such evaluation can serve only as a

Fig. 6—Shor-circuit current density of four Gahs
cells vi, reciprocal af lemperature.

23

guide. In many respects, the collection
efficiency determined from the spectral
distribution of short-circuit current is a
hetter measure of the cell efticiency.

The collection efficiency is the ratio
of the number of minority carriers sepa-
rated by the p-n junction per unit time
per unit wavelength” to the photon flux
per unit wavelength, This ratio is influ-
enced by the photon absorption in the
semiconductor material, the ratio of
minority-carrier diffusion length to june-
tion penetration, the surface recombina.
tion velocity. and the built-in drift field
in the diffused laver. Some of these pa-
rameters ean be controlled by appropri-
ate control of the fabrication process.

Because the drift field is negligible in
the GaAs cells diseussed in this paper.
efforts were concentrated on optimizing
the other parameters for optimum
design. Investigations are now under way
to obtain a sufficiently high drift field to
provide negligible recombination in the
diffused layer. For the lifetime values
encountered in the diffused layer. the
junction penetration should bhe about 0.5
micron. with a surface concentration of
107 em®,

The use of the collection-efhiciency
ratio permits the calculation of the short-
circuit current density under any condi-
tions of solar illumination. As a result,
this ratio may also serve as a relative
measure of conversion efficiency. In addi-
tion. it can be used to determine surface
losses." It has been suggested. therefore,
that the collection-efficiency characteris-
tic be specified for the evaluation of
solar cells, Unfortunately, this charac-
teristic is not easily measured because of
the difficulty of calibrating the spectral

Fig. F—>S5peciral-response choraclerisfics
of Gohs cells.
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light source. For the measurements given
in this paper. a model No. 112 Perkin-
Elmer spectrometer was used. and an
Eppley thermopile in conjunction with a
Liston Becker d-c amplifier was used to
calibrate the spectral distribution of the
photon density of the spectrometer over
the useful portion of the spectrum.

Typieal collection-efficiency character-
istics for four GaAs cells are shown in
Fig. 7. The drift field in these cells is
not sufhiciently high to minimize both
recombination in the diffused laver and
surface recombination losses, As a result,
collection  efficiency  deereases  fairly
rapidly at short wavelengths, New fabri-
cation techniques under investigation
should increase the drift field substan-
tially and provide a slower decrease in
collection efficiency.,

The maximum collection efficiency
ocecurs close to the edge of the band-
width. where the absorption coefficient is
approximately 10'/em. For this value, an
appreciable fraction of the hole-electron
pairs are generated in the junction
region, where most are collected and
separated by the junction built-in field.
At shorter wavelengths, the absorption
coefficient approaches 10° cm: at this
value, most of the hole-electron pairs are
generated in the surface region.” Some
of the electrons recombine in the sur-
face region and in the diffused layer. and
a smaller fraction of these carriers are
collected by the junction, As a result. the
collection efficiency is lower.

Although some experiments have indi-
cated that these losses in GaAs may he
reduced appreciably.' more recent work
shows relatively high values." If the usual
light sources were employed in the latter
work, the rate of decrease of collection
eficiency at short wavelengths is even
greater than that shown in Fig. 7. These
results indicate that the fabrication tech-
nique determines the losses in the sur-
face region and the diffused laver. In
particular. the built-in drift field is
important, as are the surface recombina-
tion velocity and the electron diffusion
length.

Fig. 7 shows a maximum possible in-
crease in collection efliciency of approx-
tmately 60 percent in the wavelength
range from 0.4 to 0.8 micron. When this
figure is combined with the solar pho-
ton spectrum, the short-cirenit current
density of a cell will show a maximum
increment of approximately 50 percent.
This calculation will result in the theo-
retical value of short-circuit current
density.

RADIATION-DAMAGE EFFECTS
Table TII illustrates the results of
electron and proton bombardment on
gallium arsenide cells. Although these
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Table lll—Results of Ilrradiating GaAs Cells with 0.8-Mev Electrons and 19-Mev Protons.

Initial Conversion
Efficiency ni (%)

Total Flux

Degradation After Total
Flux ()

Artificial

Cell Out- Ay - Electron Proton Ay Al.. AV.. AR,
U Mounting (10%/em®) (10% em*) 4, T Vel R,
E = 0.6 6.9 . 58 50 13 7}
F = 1.8 4.3 — 54 42 10 58
G 2.3 1.8 7.2 54 16 11 65
H 3.8 8.7 — 63 54 8 100
I 6.5 4.0 8.0 — 63 6] 14 123
X 7.5 5.7 — 1.2 48 43 25 30
Y 74 6.0 == 1.2 50 25 31 St

results are preliminary, they suggest that
GaAs cells have superior resistance to
both electron and proton irradiation than
silicon cells.

Both the current and voltage charac-
teristics of the cells decrease after bom-
bardment with electrons of the order of
0.8 Mev. However. the change in short-
circuit current is greater than the change
in open-circuit voltage, These results
suggest that a decrease in minority-
carrier diffusion length and/or an
increase in surface losses occurred. A
decrease in diffusion length is probably
caused by a reduction in the lifetime
value; an increase in surface losses is
prohably caused by an increment of sur-
face recombination veloeity.

Unfortunately. the parameters J,,. A.
and ¢, were not measured prior to hom-
bardment in these tests; therefore, no
reason can he given for the decrease in
open-circuit voltage V,. However, past
experience indicates that J,, and 4 may
have changed to produce the lower gen-
erated voltage.

The average degradation in efficiency
was 56 percent after the cells were sub-
jected to an average total flux of 7 X
10"*/em®. For silicon cells having com-
parable conversion efhcieney (9, of
about 7 percent). a 44-percent decrease
from the initial value resulted with a
flux of 3 X 10/em’ on n-on-p cells and
with an order-of-magnitude less flux on
p-on-n cclls. These data show that the
radiation resistance of GaAs cells is
approximately twice that of n-on-p cells
and twenty times that of p-on-n cells.

The GaAs cells were degraded slightly
in the mounting procedure; this fact is
part of the reason for the discrepancy
between the measurements outdoors and
those in artificial light. In general, high-
efficiency gallium arsenide and silicon
cells degrade more easily than low-effi-
ciency cells.

In the case of the results of bombard-
ment with protons of the order of 19
Mev (Table III). the degradation in
open-circuit voltage is comparable to the
degradation in short-circuit current.

These data suggest that a decrease in
diffusion length occurred, but that there
was also a substantial increase in space-
charge recombination current. In addi-
tion. a change in carrier concentration
may have reduced the value of ¢, and
contributed to the decrease in open-cir-
cuit voltage.

The average cell degradation after
proton bombardment was 49 percent for
a total flux of 1.2 X 10" /em’. The resist-
ance of GaAs cells to proton irradiation
is from ten to twenty times that of silicon
cells having comparable efficiencies. As
in the case of electron hombardment.
higher-efficiency cells degrade more
rapidly. Again. some of the degradation
resulted from mounting the cells prior to
bombardment; the actual degradation
due to hombardment is probably less
than the values reported in the tables.

CONCLUSIONS

Results on high-conversion-efficiency
cells fabricated from GaAs crystal sub-

stantiate carlier predictions that this
material is highly suitable for solar cells.
Space-charge recombination current in
(;aAs cells is much larger than the cal-
culated saturation current. as it is for a
silicon junction. The grid-structure con-
tact should be designed for a given solar-
energy range to reduce internal power
dissipation. The GaAs cells have im-
proved temperature characteristics as
compared with silicon cells. and are more
resistant to electron and proton hom-
bardment. Temperature degradation al-
ways occurs in the open-circuit voltage;
radiation degradation occurs in the
short-circuit current, and to a smaller
degree in the open-circuit voltage.
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LOW-COST PHOTOVOLTAIC
CONVERSION OF SOLAR ENERGY

The photovoltaic effect, through solar cells, has potential as a terrestrial energy
source. Economics will rule in any practical application, ard present-day devices
are far too expensive for all but specialized cases — e.q., in satellites, where sil-
icon solar-cell power at some $1000 per watt is the only long-term source and has
been eminently successful. To overcome the high costs, present research is uncov-
ering methods of fabricating cells that may allow for their terrestrial use at prac-
tical costs. Such cells may be of significant use to under-developed countries.

P. RAPPAPORT and Dr. H. I. MOSS
RCA Laboratories
Princeton, N. J.

ERHAPS THE ULTIMATE in terrestrial
Puse of solar energy is the produe-
tion of power for ordinary home use.
Consider a 1000-ft* home in an area
where 100 w/{t* of solar energy is avail-
able for an appreciable part of the
vear. If the sunlight striking such a
roof were converted with 10-percent efh-
ciency. 10 kw of electrical energy
would he available. If suitably stored.
this would provide sufficient electricity
for typical home use. including air-
conditioning when most needed. At
present prices, the cost of the silicon
solar cells alone for such an installa-
tion would be over $1 million. The high
cost is due to the requirement to form
silicon into single erystals hefore mak-
ing the cells.

On the other hand. if solar cells
could be made by evaporation. sputter-
ing. settling. or some other deposition
technique not requiring the single-crys-
tal phase, there is no reason why the
cell cost could not he reduced appre-
ciably. Such techniques are inexpen-
sive and have already yielded promising
results for solar cells."”

If a large-area deposited cell were
made at the cost of $1 to $10 per
square foot, the cost of the roof de-
scribed might be as low as $1.000. Thix
would still be expensive for under-devel-
oped countries; hut. from the viewpoint
of the house cost and the cost of elec-
tricity, it would be quite reasonable
even in parts of the U.S. At the rate of
2¢/kw-hr and assuming a continuous
average daily sunshine of 33 watts/ft",
this unit would pay for itself in two

years with an 85-percent duty factor,
and in ten vears with a 15-percent duty
factor. The duty factor involves the
number of sun-less days and other
losses that vary according to geographi-
cal location. Certainly. in arcas where
sunshine is plentiful such a device
would be economically attractive. Other
costs such as electrical power storage
and installation are not included. Much
work is going on in storage systems.
and it is assumed here that advances
will produce an economical device.”

STATE OF THE THIN-FILM ART

There have been a number of good re-
view papers"™" on the subject of solar
cells since the first paper in 1954 by
Chapin. Fuller, and Pearson.” and no
attempt will be made here to further
review the subject except as applicable
to the present discussion. Table 1
shows a comparison of experimentally
achieved solar-energy conversion eflici-
encies of single-crystal cells versus
nonsingle-crystal cells. Obviously, at
the present time, single crystals are far
superior. This is due to the fact that the
great hulk of the past work has been
applied to single crystals because of the
past emphasis on high efficiency. Al-
though only a small effort has been
applied to polyerystalline films, some of
the results have been quite promising.
Such film devices. besides being lower
in cost, should also be lighter in weight
{important for space applications) and
more reliable because of the reduced
number of connections inherent in
large-area panels. compared to present
1-by-2-cm cells.

The work on single-crystal cells gives
an upper limit to the efliciency ex-
pected from a polyverystalline film.
Thus, it is reasonable to expect 10-per-
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cent efficiency from a silicon deposition.
The item in Table I corresponding to
the silicon nonsingle-crystal cells was
for a polycrystalline cell made by
Elliot. et al.” In these cells, the grain
size was about ¥4 mm. larger than in a
truly inexpensive deposition process
like vacuum deposition or sputtering.

TABLE |—SOLAR CONVERSION EFFICIENCY

Efficiency. Percent

Material Single Nonsingle
Crystal Crustal

Silicon 14 5) 10 (%)
Gallium Arsenide >11 (17} =
Cadmium Sulfide 8 ()] 3 (18)
Cadmimn Tellaride 4 (10) <1 (13)
Indium Phosphate 2 (4 =
CGalliuny Phosphide 1 (11) —
Selenium — 1 (12)

Note: Parenthetieal mnmbers indicate Ronree, <ee
Bibliography.

The essential properties that a thin
film of a polyerystalline semiconductor
must possess to he applicable to photo-
voltaic-cell fabrication are as follows:
In the case of a p-n junction cell, the
thickness of the film must be great
enough to absorb an appreciable
amount of the photons having an en-
ergy greater than the band gap of the
film material.™"’* Also. the carrier dif-
fusion lengths must equal or exceed the
film thickness. In the case of a poly-
crystalline laver, the minimum grain
size must be at least equivalent to the
film thickness. This insures that a car-
rier diffusing towards the junction will
not he intercepted by a grain houndary
and thus given an opportunity to re-
combine. In the case of a metal-semi-
conductor-junction  photovoltaic  cell,
the above requirements for a thin layer
may not have to be as stringent as for a
p-n junction device.

There have been a few reports in the
literature hefore 1960 concerning the
application of sintered or vacuum-evap-
orated polycrystalline  semiconductor
films to photovoltaic-cell fabrication.
Some of the materials that have been
investigated include cadmium sulfide,”
cadmium telluride,” silicon,” seleni-
um.” and certain organic semiconduc-
tors.” The conversion efficiencies of
these cells amounted to 1 percent or
less. Cast silicon cells have heen made
which are polycrystalline with grain
sizes of 5 X 10 ¢m and show efficien-
cies of about 10 percent.* An evapo-
rated cadmium-sulfide-film photovoltaic
cell with efficiency of 3.5 percent has
Lheen reported.”

EXPERIMENTAL WORK ON CADMIUM
SULFIDE FILM CELLS

Cadmium sulfide layers were vacuum
deposited onto heated conducting pyrex
substrates. The pressure during the
evaporation was about 10° mm-Hg.
These layers were about 5 to 10
microns thick and were hard and adher-
ent. Microscopic and x-ray diffraction
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studies revealed the layers to be micro-
crystalline and free from pin holes,
Their optical properties appeared to he
very similar to cadmium-sulfide single
crystals. The evaporated layers without
additional treatment are relatively con-
ducting because of the presence of ex-
cess cadmium. Resistivity of these films
could be as low as 1 to 10 ohm-cm.

Fabrication of the photovoltaic cell
was completed by applying an opaque
layer of copper to the exposed surface
of the cadmium sulfide layer. followed
by a suitable heat treatment. The
geometry of the finished cell is illus-
trated in Fig. 1. Electrical contacts to
the cell were made on the copper layer
and on the conducting substrate.

Back-wall illumination of these cells
with an artificial light source equiva-
lent to a sunlight radiation density of
92 mw/cm® can produce open-circuit
voltages up to 0.5 volt and short-circuit
current densities up to 5 ma/cem®. Con-
version efficiencies of over 1 percent are
readily obtained. Cells with active
areas up to 10 cm® have been fabri-
cated; however, the highest efficiencies
were obtained from cells with areas of
about 1 cm®

Fig. 2 shows two typical experimen-
tal cadmium sulfide cells deposited on a
glass substrate. Note that the glass is
the top surface of the cell for protection
and ease of cleaning.

Fig. 3 shows the spectral response of
a typical cell when illuminated with a
Bausch and Lomb grating monochroma-
tor. The cell response has been nor-
malized to take into consideration dif-
ferences in the spectral intensity trans-
mitted by the monochromator. This
curve is similar to curves obtained from
single-crystal  cadmium-sulfide—copper
photovoltaic cells. The dashed curve in
Fig. 3 is the spectral response of such
a single-crystal cell, normalized so its
maximum coincides with the maximum
of the evaporated-layer cell.

SUMMARY
Present-day solar cells are much too ex-
pensive to provide electrical power for
everyday terrestrial applications, but
solar cells made by a deposition tech-
nique from a suitable raw material
would be inherently inexpensive. A cost
of $1 to $10 per square foot of a 10-per-
cent-efficient solar cell would probably
bring the cost into the range of eco-
nomic feasibility for home use. A prac-
tical and inexpensive cadmium-sulfide
solar cell that is 3.5-percent efficient
has been achieved. Such cells may be
perfected to yield 6 percent; however,
with further research other materials,
such as silicon, may yield an inexpen-
sive film-type cell with efficiencies
approaching 10 percent.
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ROTARY PLASMA GUN
Applied Research on Plasma Acceleration

In recent RCA ENGINEER articles'*, the field of plasma physics has been
reviewed and some specific applications discussed. DEP Applied Research is

now carrying out work on plasma acceleration, electron-beam-plasma inter-

actions, Cerenkov generators, high-temperature gas dynamics, and magneto-

hydrodynamics. Described here is the work on plasma acceleration, some
potential applications — which includes spacecraft propulsion — and the makeup
of the plasma acceleration laboratory in Camden.

by R. E. SKINNER
Plasma Physics Group

Applied Research
DEP, Camden, N. J.

PLASMA ACCELERATION devices offer
solution of a critical space propul-
sion problem-—how to obtain high pay-
load-to-total-vehicle weight ratios for
spacecraft. This criterion implies low
fuel consumption by the propulsion sys-
tem, as well as low specific weight of the
propulsion system. Plasma acceleration
devices achieve this goal by giving di-
rected energy to the propellant at high
exhaust velocities. They, in turn. derive
the energy required from an auxiliary
power system instead of from the pro-
pellant. as in the case of a conventional
rocket engine. The high-velocity directed
energy is imparted to the propellant by
ionizing it and. in turn. making use of
one of a number of basic physical
mechanisms for accelerating the ionized
propellant (plasma) to high velocities
(5 X 10° cm/sec and up).

The initial goals of the Plasma Accel-
eration Program in DEP Applied Re-
search are to produce high-velocity plas-
mas, and to study the physics of devices
for such production and of the plasma it-
self. Concurrent studies are being made
of possible applications of plasma accel-
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erators and high-velocity plasmas, which
include space propulsion and injection
into the entropy-trapping type of ther-
monuclear fusion machines.

THE ROTARY PLASMA GUN

DEP Applied Research effort has been
concentrated on one particular device
for producing high-velocity plasmas.
the rotary plasma gun (Figs. 1-4).
This concept was chosen because of its
possible high efficiency, lack of obvious
instabilities, and basic simplicity. Its
essential elements are seen to be a pair
of coaxial cylinders, an applied axial
magnetic field. a toroid of plasma lo-
cated between the electrodes, and a
capacitor (bank) which is discharged
across the electrodes.

The principle of operation is as fol-
lows: The discharge current from the
capacitor flows up one cylinder, radi-
ally through the plasma. and back on
the other cylinder. It is assumed that
the temperature and density of the plas-
ma are such that the plasma has a high
conductivity, of the order of, or greater
than, copper. The current flow does two
things. First, the current flow on the
coaxial cylinders produces the usual azi-
muthal magnetic field associated with a
coaxial transmission line. This field. in
combination with the externally applied

Hz Fig. 1—Coaxial
plasma gun and
equivalent circuit,

Fig. 2—First labora-

tory model of gun,
without magnet.
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field, leads to a resultant helical field
geometry. Second, the radial current
flow through the plasma toroid (or
ring) produces a body force on the tor-
oid analogous to the force on a current-
carrying wire in a magnetic field. The
force vector arising from the interaction
of the radial current with the self-pro-
duced azimuthal field is directed away
from the end of the gun connected to
the capacitor bank and produces an
axial acceleration @, and hence gives
an axial velocity v; to the plasma tor-
oid. The interaction of the current with
the externally applied axial field pro-
duces an azimuthal force and therefore,
acceleration a, and velocity v,. The re-
sultant motion of the plasma is analo-
gous to that of a screw, and at any
point, its motion is normal to the result-
ant magnetic field. Finally, the rota-
tional motion is converted to linear mo-
tion in the divergent axial magnetic
field at the nozzle and beyond.

The conversion from rotational to
linear energy in the divergent magnetic
field is similar to the conversion of ran-
dom thermal energy to directed energy
that takes place in an ordinary rocket
engine nozzle. Here, however, the diver-
gent field forms a magnetic nozzle.

There are important differences be-
tween the magnetic and the mechanical
nozzles, and it still remains to establish
the conditions under which this conver-
sion can take place as well as to experi-
mentally demonstrate the mechanism.

The device described can be regarded
as a cross between the homopolar motor
(or hydromagnetic capacitor) under
study at the University of California
Radiation Laboratory' as a possible fu-
sion machine and the linear coaxial rail
gun being investigated at Los Alamos®
as an injection device for entropy-trap-
ping fusion machines. Which mode of
operation dominates is determined by
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Fig. 3—Esparimenial syslem.

it

FeTLm

1

F
I
¥ | [
o i S MERTATHIN
L SEETIM
) 17
1
ﬂ;x J E
2 | i 1
A L T i o 14
g o SPATIN o
i -
" I 121
G-tHITAL
= S5TEM
141



www.americanradiohistory.com

the relationship hetween the azimuthal
and applied fields and the toroid mass.

A complete mathematical analysis
shows that the rotary gun may be repre-
sented in terms of the equivalent circuit
shown in Fig. 1. Here. the energy
stored in the capacitor C, represents
the energy of rotational motion. and the
energy dissipated in the variable resis-
tor R represents the energy of transla.
tion of the plasma. It is clear from the
equivalent circuit that the current flow
is oscillatory and damped in nature. It
can be shown that the damping term in-
creases with time. Further, if the con-
ditions of operation are chosen such
that the rotary mode of operation is
dominant. then the equivalent circuit re-
duces to that of the capacitor C, charg-
ing capacitor C, thru an inductor L.,.
Under such conditions, it is possible to
get all the energy initially stored in the
capacitor C,, into the capacitor C, and,
therefore. into rotational energy of the
plasma. This condition occurs when

I
Fig. 4—The avuthor shown | with |
present plosma lab setup. [

C, = C, and at a time equal to the half
period of the oscillatory frequency. This
feature brings out a major advantage of
this scheme for plasma acceleration
over others that have leen proposed;
namely, it is theoretically possible to
convert all the initial stored energy into
kinetic energy of the plasma. This
neglects dissipation in circuit resistances
and the plasma. Furthermore, the match-
ing conditions are well defined and
known. The first laboratory model of the
gun, without magnet. is shown in Fig. 2.

ACCELERATION LABORATORY

Experiments in plasma physics, no mat-
ter how simple in concept, are ex-
tremely difficult to perform. As is evident
from the description of the C-Stellarator
facility given in recent articles’, a labora-

tory for investigating the properties of
the device described can easily become
quite complex.

In Fig. 3 is shown a block diagram of
the experimental system. In Fig. 4 is
shown a picture of the laboratory as it
exists at this time.

From Fig. 3 it is seen that the experi-
mental system is composed of eight
subsystems: 1) rotary gun, 2) plasma
source, 3) main vacuum, 4) magnet,
5) mechanical system. 6) high-voltage
system, 7) control panel, and 8) instru-
mentation system.

Rotary Gun

The rotary gun system consists of the
main capacitor bank. a transmission
line. and the rotary plasma gun. The
main capacitor bank is a 15-uf, 20-kv.
low-inductance energy-storage capaci-
tor. The inductance of the capacitor is
55 nh(10™" henries). The transmission
line is a specially constructed parallel
plate assembly with a self-inductance of

¥

Society.

approximately 3 nh. The total esti-
mated inductance of the system is 80
nh. the remaining 22 nh arising from
the inductance of the coaxial electrodes
up to the point of plasma injection. The
ringing frequency of this system is 205
ke, giving an acceleration time of 2.4
usec.

Plasma Source

The plasma source system generates
the plasma and injects it into the region
between the coaxial electrodes of the
gun in as close an approximation of a
toroid as possible. The initial plasma
source for these experiments is a plas.
ma button’, i.e., two electrodes (cur-
rently copper) spaced a few thou-
sandths of an inch apart across which
a capacitor bank is discharged. The re-
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sultant arc vaporizes and ionizes some
of the electrode material to form the
plasma. The reasons for this particular
choice of source are 1) long lifetime,
2) possibility of an injection time short
as compared to main acceleration time,
and 3) within limits, the amount of in-
jected plasma can be varied in a con-
trolled fashion. The second of these
reasons is the most important; it allows
a regime of hehavior not investigated by
others to bhe explored.

The plasma source system consists of
1) a source assembly which is located
inside the center electrode. 2) a special
flexible. low-inductance coaxial trans-
mission line, 3) the capacitor bank,
shunt. spark gap switch, and trigger
assembly. 4) the spark-gap switch and
vacuum system. and 5) the trigger (fir-
ing) circuitry. Special techniques had
to be developed for the fabrication of
each of these subassemblies. Of partic-
ular interest is the button and the
graded-vacuum spark-gap switch. The
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particular button source used is made
from two 40-mil copper wires spaced on
45-mil centers and potted in a low-tem-
perature ceramic.

The requirements imposed upon the
design of the switch are quite typical
for pulsed circuitry involved in plasma
physics, and are as follows: 1) ability
to lold off high voltages (here 20 kv).
2) ability to handle currents ranging up
to at least 0.5 megampere, 3) very low
inductance (5 to 10 nh), 4) preferably
low jitter. 5) quiet operation. and
6) compatibility with the geometry of
the rest of the system (here coaxial).
An examination of the literature showed
that the graded-vacuum spark gap
switch is still the best technique for sat-
isfying the above requirements. A
cross-sectional view of the final switch
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design is shown in Fig. 5. The switch
operates in the following fashion: The
voltage from the source capacitor bank
is divided between the plasma source
and the switch. A high potential exists
between the cathode and the anode of
the switch. The center electrode floats
at a potential roughly equal to one-half
that between anode and cathode. Dis-
charge initiation across the electrodes
of the plasma button trigger located in
the cathode causes a plasma to be gen-
erated and propelled downward across
the e¢vacuated gap. Injection of the
plasma causes the gap to break down
with a time delay of up to 10 pgsec and
with extremely low jitter. The value of
the time delay is determined by the
pressure in the evacuated region (0.1 to
20 microns of mercury). Properties of
the switch such as time delay, jitter,
and hold-off voltage are important. Ex-
periments related to determining these
properties and the effects of parame-
ters. such as pressure on delay time,
have been performed and further ex-
periments are planned. The switch trig-
ger hutton is triggered by a thyratron-
type pulse generator which provides 30
kv peak pulses of the order of 20 nsec
(10" seconds) wide. The circuit is typ-
ical of those used in plasma physics ex-
periments. The particular circuit used
is shown in Fig. 6. The 30-kv pulse is
derived from the voltage doubling ac-
tion at the effectively open end of the
pulse-forming cable.

The source capacitor bank is com-
posed of two special 0.05 pf, 20-kv,
energy-storage capacitors. The over-all
inductance of the source system is esti-
mated to be 29 nh. and the measured
ringing frequency is 2.24 Mec. giving an
injection time of the order of 4 X 107
usec. Measured velocities of the plasma
produced by the source alone are 3 X
10" cm/sec for 4 kv on the source capac-
itor bank. and 6 X 10" cm/see for 8 kv
on the source capacitor bank.

Main Vacuum

The main vacuum system consists of
two 3-foot lengths of 13-inch-outside-di-
ameter Pyrex tubing and a Pyrex tee
with a 1.5-foot cross length. This ar-
rangement gives an over-all length of
7.5 feet to the system and a volume of
187 liters, All vacuum-tight glass-to-
glass joints are ground-glass-to-ground-
glass using Dow Corning silicone high-
vacuum grease. All glass-to-metal joints
are neoprene O-rings or gaskets and sil-
icone high-vacuum grease. The end op-
posite the gun is sealed by a metal plate
which contains provisions for bringing
out coaxial transmission lines, a con-
trolled leak, and other instrumentation
leads. The system is pumped down by
a 4-inch oil diffusion pump. Vacuums of
3 X 107" mm-Hg are readily obtained
with no nitrogen in the cold trap. and
vacunms as high as 5 X 1077 mm-Hg
have heen obtained on occasion without
nitrogen in the cold trap. The gun is
sealed to a flat 1.5-inch-thick Pyrex disk
by O-ring seals, This disk, in turn. is
sealed to the vacuum system by the
usual ground-glass-to-ground-glass seal.

Magnet

The present magnet system consists
of an air-core solenoid magnet capable
of producing 800 gauss at its edge to-
gether with a special three-phase. 20-kw.
300-volt silicon-diode-rectifier power sup-
ply. Air-core magnets capable of produc-
ing fields up to 10 kilogauss have heen
designed and will be incorporated into
the systemn after the completion of the
initial experiments.

Mechanical System

The mechanical system consists of 1)
a gun cart moving on precision tracks
on which are mounted the gun. plasma
source system. and capacitor banks;
and 2) the adjustable V-blocks for
aligning the pieces of the main vacuum
system. The cart contains provisions for

Fig. 5—Graded vacvum spark gap switch.
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tilt and rotational adjustments to per-
mit alignment of the gun with respect to
the rest of the main vacuum system.
The tracks allow the gun and attached
hardware to be moved up to and away
from the end of the main vacuum sys-
tem. thereby facilitating access to the
vacuum system and those portions of
the gun located inside the vacuum sys-
tem. The adjustments built into the
cart allow adjustment of the parallel-
ness of the Pyrex end-plate with respect
to the main vacuum system to better
than 0.0001 inch with good reproduci-
hility.

High Voltage and Controls

The high-voltage system consists of a
0-t0-20-kv. 5-kw power supply and high-
voltage switching and protection circui-
try for charging the capacitor hanks. A
sequence-timing circuit has been de-
signed and is being installed to allow
completely automated charging of the
capacitor banks and firing of the sys-
tem. Automation of the firing cycle was
necessitated by charge-leakage prob-
lems. photographic problems. and the
desire to reduce the number of individ-
uals required to perform an experi-
ment. The control panel contains
switches for remotely controlling all
high-voltage switching, the magnet, and
circuitry for generating the firing pulse.
Safety interlocks are also included.

EXPERIMENTS AND INSTRUMENTATION

In discussing the instrumentation sys-
tem. it is necessary to consider simul-
taneously the types of experiments to
be carried out and the techniques avail-
able for the performance of these ex-
periments. The measurements being
made can be divided into two sub-class-
es: first. those measurements such as
charging voltage. magnetic field, etc.
which are common to all experiments;
and second. those measurements peculiar
to specific experiments.

For the first type it was necessary to
provide a means of measuring the volt-
age to which the capacitor banks are
charged, the magnet current, the main-
vacuum-system  pressure. switch-vac-
uum-system pressure, and capacitor-
bank discharge current as a function of
time for each of the two banks. The
only nonstandard measurement is that
of capacitor-bank discharge current as
a function of time. The problem is to
measure currents ranging from one kilo-
ampere to one megampere over time
scales ranging from 2 to 0.2 psec. Such
measurements have necessitated develop-
ment and incorporation of special shunts
into each of the capacitor bank systems.
Further, the shunts must be designed in
a fashion . consistent with the system
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Fig. 6—Trigger pulse generator circuit.

geometry and in a manner to minimize
ground-loop problems. The shunt for the
source system is merely a segment of
the outer wall of the graded-vacuum
spark gap switch. The leads are brought
in through the outer switch wall by
means of special feed-throughs and are
attached to the inside of this wall.

The shunt for the main-bank trans-
mission line consists of a piece of resis-
tive element (stainless steel) inserted
into the ground-return lead of the paral-
lel-plate transmission line at a point
just ahove the top of the gun cart. The
top of the gun cart serves as a ground
reference point for the entire system.
To calibrate the shunts, the d-c resis-
tance is measured by passing a known
current through the shunt and measur-
ing the voltage developed across the
shunt terminals. The d-¢ resistance is
then given by Ohm'’s Law. To deter-
mine the resistance of the shunts under
operating conditions. i.e.. at the ringing
frequency of their respective capacitor
banks. it is necessary to apply skin-ef-
fect corrections to the d-¢ resistance.
The resistance of the switch-current
shunt is 35 wohms and the main-bank
shunt d-c resistance is 168 pohms. The
discharge current vs time is displayed
on a Tektronix 555 dual beam oscillo-
scope and recorded using an oscillo-
scope camera.

The ultimate information to be gained
from the experiments includes the ef-
fects of plasma mass, applied-axial-
magnetic field strength and geometry.
electrode geometry, and plasma density
on the efficiency of the gun; plasma
velocity: and conversion of rotational to
translational motion in the magnetic
nozzle. To obtain this information it is
necessary to measure plasma velocity.
plasma mass or equivalently kinetic en-
ergy or momentum, plasma density, and
translational acceleration as a function
of position in the magnetic nozzle.

Plasma Velocity

The determination of plasma velocity
is perhaps the simplest measurement to
carry out. There are at least five tech-
niques available for measuring the plas-
ma velocity:

1) The use of electrostatic probes at

two points to determine the time
of arrival of the plasma at the suc-

cessive points and thus velocity by
time of flight.

Application of magnetic probes
in a fashion similar to that for
electrostatic probes,

Application  of  photomultiplier
tubes as in 1) and 2).
Measurement of Doppler shift of
a microwave signal reflected by
the plasma.

51 High-speed photography.

Of these, the use of electrostatic probes
is the simplest. although not necessarily
the hest. approach. All these techniques
are capable of providing data on accel-
eration as a function of position. The
most expensive of these techniques is
that of high-speed photography. The best
is probably the Doppler shift technique.
The probe, photomultiplier. and photo-
graphic techniques suffer from the fact
that the boundaries of the plasma are not
well defined.

Experiments with the plasma source
have shown that the plasma can have an
extent suflicient to encompass simulta-
neously two prohes spaced 2 feet apart.
This problem results from the difficulties
of generating a plasma in a time sufh-
ciently small to allow the application of
impulse time approximation to the tyvpe
of geometry dictated by experimental
considerations and probe geometry. A
typical oscilloscope trace produced by a
plasma from the plasma source as de-
tected by two electrostatic probes. con-
nected in parallel. positioned 2 feet
apart. along the axis of the system is
shown in Fig. 7. The large-amplitude
high-frequency oscillations at the begin-
ning of the trace show the ringing of the

2

wo

4

source capacitor bank through the source
as picked np on the electrostatic probes
acting as antenna. The basic information
available from this trace iz the time of
firing of the source, the ringing fre-
quency of the source, the time of cessa-
tion of firing of the source. the time of
arrival of the plasma at the first probe.
and the time of departure of the plasma
from the last probe. From the latter in-
formation. the velocity of the plasma
front, the approximate extent of the
plasma. and the velocity of the tail of the
plasma may bhe ascertained. It is clear
that no information is obtainable about
acceleration of the plasma as a function
of distance. This dearth presents a di-
lemma. since information about accelera-

www americanradiohistorvy com

tion is highly desirable. Diflerentiation
of the signal from each probe with the
resultant outputs connected in parallel
and fed to a high-speed oscilloscope
offers a possible solution,

Plasma Mass

The measurement of plasma mass is
the most dificult of the measurements to
be made in this type of experiment. No
completely satisfactory technique has
heen developed by any of the researchers
in this field. The problem is compounded
in the present experiments by the fact
that the plasma toroid must achieve di-
mensions on the order of 1 foot in diam-
eter to achieve 95-percent conversion of
rotational energy to translational energy
in the magnetic nozzle. The resultant
large extent of the plasma complicates
nmeasurements. Techniques applied in
the past to mass {or. equivalently, ki-
netic energy ) measurements include bal-
listic pendulums and calorimetric tech-
niques. In either of these approaches the
major problem is to ensure that all the
plasma ix captured by the detector. Most
often. some unknown fraction of the
plasma is back-scattered out of the de-
tector, resulting in an unknown experi-
mental error. Another possible approach
is the use of a dynamic-pressure detec-
tion apparatus such as a quartz (‘rysta].
The problem of mass measurement is
therefore one for which no satisfactory
solution has yet been found.

Plasma Density

There are several techniques available
for measuring plasma density. including
Langmuir (electrostatic) probes and mi-
crowave techniques. It appears that the
best techniques available for this type of
experiment is to use a microwave bridge
to detect phase shift due to the presence
of the plasma in one leg of the hridge.
This technique assumes that the extent
of the plasma is known. The bridge gen-
erally operates in the millimeter-wave
region. A tvpical microwave bridge cir-
cuit is illustrated schematically in Fig.
8. This technique poses problems for this
type of experiment because of the wide
handwidth imposed on the video detee-
tion svstem by the short time scales
involved.

Translational Acceleration
The verification of the magnetic nozzle
effect requires the <imultaneous meas-

Fig. 7—Plasma oscilloscope trace.
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urement of plasma velocity, acceleration,
and plasma extent as a function of axial
distance from the electrodes. The only
measurement involved here not discussed
yet is that of determination of plasma
extent. The simplest. but by far the
most expensive. technique is high-speed
photography. This approach is treacher-
ous, since there are experimental indica-
tions that the extent of the plasma is
much greater than that indicated by the
fuminosity. Other approaches to this
measurement problem include the use of
an array of probes. either electrostatic or
magnetic. spaced radially from the axis
and connected to an array of oscillo-
scopes; an array of photomultipliers
similarly connected; or, possibly. micro-
wave techniques. The complexity of the
instrumentation for this measurement
depends a great deal on how closely the
actual behavior of the magnetic nozzle
approximates that indicated by theory.
If the magnetic nozzle works as ex-
pected. then the experiment will be rela-
tively simple. Any departure from pre-
dicted behavior immediately will result
in a rapid increase in complexity of in-
strumentation. The expected behavior is
that the outer edge of the plasma ring
will follow the magnetic field line on
which it leaves the electrode. If this is
the case, the application of two arrays of
equally spaced velocity measurement
probes. whose radial position is con-
toured to the appropriate field lines.
would provide verification of the theory
in one simple experiment.

APPLICATIONS

As mentioned at the beginning of this
article, the first actual application of
plasma acceleration devices will prob-
ably be to space propulsion. These de-
vices provide high specific impulse /,,,
low thrust. power-limited engines for
space propulsion, satellite maneuvering.
and attitude control. Specific impulse
is the ratio of thrust to weight of fuel

expelled per unit time. and may be
expressed as [,, = v,./g. Thus. high spe-
cific impulse implies large exhaust ve-
locities v,. The specific impulse range
for magnetohydrodynamic plasma accel-
erators is 5 X 10” to 10° seconds. The ad-
vantage of this type of engine lies in low
propellent consumption and, therefore,
high payload-to-total-vehicle-weight ra-
tios—as high as 0.95. The exhaust power
for a rocket propulsion device for fixed
propellent consumption rate varies as
v%,, while the thrust varies as »,. For
plasma-acceleration devices. the exhaust
power is provided by separate energy
source and, hence, the engine is power-
limited. As a result. as the specific im-
pulse is increased. the thrust must be re-
duced. A Dbetter defining parameter than
thrust is the ratio of initial acceleration.
@;, to the acceleration due to gravity. g;
that is. a,/g. Typical ratios lie between
5 X 107 and 107",

In using high-specific-impulse, low-
thrust engines, mission time is traded
for reduced propellent consumption
and. hence. high payload-to-total-vehicle-
weight ratios. For any given mission, it
can be shown that for constant thrust
programming. there is an optimum spe-
cific impulse. The further away the des-
tination, the higher the optimum specific
impulse. In a space vehicle, the power
for powering such engines will come
from nuclear power plants now in the
early developmental stages and which
eventually will possess specific weights
of 10 Ibs/kw electrical or less.

The next application for plasma accel-
eration devices is as an injector for en-
tropy-trapping fusion machines’. Here.
the accelerator is used to give a tight
bunch of plasma a large amount of di-
rected energy. The tight hunch of
plasma is then capable of forcing its way
between the magnetic lines of force along
the axis of cusped field geometry or at
the midpoint between the pickets in a
picket-fence geometry (Fig. 9). Once
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PLASMA
ACCELERATOR

o) CUSPED GEOMETRY

PLASMA
ACCELERATOR

b) PICKET FENCE GEOMETRY

Fig. 9 — Entropy trapping machines. Top:
cusped geometry. Bottom: picket-fence.

inside the field-free region. the directed
energy becomes randomized and the
plasma can no longer escape unless the
highly improbable event of all the
plasma coming back together in a bunch
with the bunch having the appropriate
velocity vector occurs. The advantage of
this fusion machine over others is the
fact that the plasma is contained within
a field-free region, and hence, there are
no sychrotron (cyclotron) radiation
losses.

Other possible. but much less studied,
applications include use as a high-energy
accelerator. as a source of neutralized
electron beams, and perhaps eventually
as a source of r-f power. The application
as a high-energy particle accelerator is

- o
particularly enticing since j X B forces
with achievable fields and currents are
at least 10" times those producible by
electric fields.
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Ixte. Macxeric & Free-
ATIoN  COoNF,

July 2-7, 1962:
Thi Resovance & Rew
Netherlands  Physical  Soc.. Groupement
Anmpere: Eindhoven. Netherlands. DEAD-
LINE: Abstracts, 1/1/62 1o D. J. Kroon,
Plilips Res. Lab. Eindhoven, Netherlands.

IsT [NTL. CONF, ON PaRra-
MAGNETIC ResoNance, [UPAP: Hebrew
Univ., Jerusalem, Tsracl. DEADLINE: Ab-
stracts, 2/1/62 to Prof. W. Low. Dept. of
Physies, The [hbrew  Univ.. Jerusalem,
lsrael.

July 9-13, 1962:

1962: WEescoN (WESTERN
Frectronics Snow & Conel). IRE,
WEMA: Los Angeles. Cal. DE. 1DI INE:
Approx. May, 1962, I'r)r m/u WeEscoN,
1435 La Cienega Blvd., . Cal.

Aug. 21-24,

Aug. 29-Sept. 5, 1962: 5Ti INTL. CONCREN
Fok ELeeTrRON Microscory, Sheratan 1otel
Phila., Pa. DEADLINE: Papers must he
submitted by 5/15/62 on special forms ob-
tainable from Electron Microscope Soc. of
America, 7701 Burholme Ave.. Phila. 11,
Pa. Register intent to submit.

Sept. 3-7, 1962: INTL. SymMp. 0N INFORVA-
rioN Tueory, IRE-Benelux Sect.. Belgian
Soe. af Telecommunication and Electronics
Fngineers S.LT.EL., Université Libre de
Bruxelles: Brussels, Belgium. DEADLINE :
500-1000 wi. abstracts 1/15/62: papers
4/15/62 1o Dr. F. 1. Stumpers. Philips Re-
search Labs.. Findhoven. Netherlands.

Be sure DEADLIMES are met — consult your

Techaical

Publications Administrator for

lead

time nesded, o obdain eoaured Bich atprovals,

Sept. 30-Oct. 5, 1962: 41H PaciFic AREa
NaTL. MTe. oF AMERICA Soc. For TEsTING
MateriaLs: Statler-Hilton Hotel, Los
Angeles, Calif. DEADLINE: Summary,
1/1/62 to ASTM Hgrs.. 1916 Race St
Phila. 3. Pa.

Oct. 1-3, 1962: 814 Natr. CoMMuNICA-
TIoNs SyMmr.; IRE-PGCS, Rome-Utica
Sect.; Hotel Utica & Munieipal Aud.. Utica,
N.Y. DEADLINE: Approx. 6/1/62.

Oct. 2-4, 1962: NATL. SYMP. ON SPPACE
ELec. & TeLemeTrY, IRFE-PGSET: Fontaine-
bleau tlotel. Miami Beach, Fla. Exhibits.
DEADLINE: Titles, 1/19/62; abstracts.
3/1/62; papers 4/12/62 (limited to 30-45
min.) to O. A. Hoherg, George C. Marshall
Space Flt. Center, NASA, Redstone Ar-
5(’“2]]. ‘\Ia.

Oct. 8-10, 1962: NaTr.. ELECTRONICS CONF.,
1RE. AIEE. et al; Exposition Hall. Chicago.
L. DEADLINE: Approx. 5/1/62., Injo.:
Natl. Elec. Conf., 228 N. LaSalle, Chicago.
11

Oct. 22-24, 1962: ECCANE (East Coast
CoNF. ON  AEROSPACE & NAVIGATIONAL
Evec) . IRE-PGANE, Baltimore Sect.;
Baltimore, Md. DEADLINE: Approx.
7/5/62.

Oct. 25-27, 1962: 1962 ELECTRON DEVICES
Mre., IRE-PGED: Sheraton Park Hotel,
Wash.. D. C. DEADLINE: Approx. 8/1/62.

Nov. 12-14, 1962: Ranio FarrL V6., TRE-
PGBTR. RQC, ED. ElA: King Fdward
Haotel, Toronto, Canada. DEADLINE : Ab-
straet, approx. 7/15/62. For info.: V. M.
CGraham, EIA Eng. Dept., 11 W. 42 St., New
York 36. N. Y.

Nov. 13-15, 1962: NEREM (NoOrTHEAST
Res. & E~cre. M), IRE-Region 1: Bos-
1on. Mass. DEADLINE: Approx. 6/15/62.
For info.: NEREM-IRE Buston Off.. 313

Washington St.. Newton.

[JCC (Eastern Joint
Cowruter Conr.) . IRE-PGEC, AIEE,
ACM: Bellevue-Stratford Hotel. Phila.. Pa.
DEADLINE: Approx. 6/20/62.

Dec. 4-5, 1962:
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Pen and Podinm, Cont'd.

Temperature Dependence of the Peak Current
of Germanium Tunnel Diodes

A. Blicher, R. Glicksman, and R. M. Min-
ton: [Proceedings of the IRE, Sept. 1961

Temperature Effects on

GaAs Switching Transistors

E. D. Haidemenakis, J. A. Mydosh, N, Al-
meleh. R. Bharat, and E. L. Schork: Pro-
ceedings of the IRE, Sept. 1961

Nevutron Activation Study of

Gallium Arsenide Contamination by Quartz
W. Kern: Electrochiemical Society Meet-
ing, Detroit, Mich., Oct. 1-5, 1961

Open-Tube Diffusion of Phosphorus in Silicon

W. J. Greig and J. C. Sarace: Electro-
chemical Society Meeting, Detroit. Mich..
Oct. 1.5, 1961

DEFENSE ELECTRONIC PRODUCTS

Miniature Positioners for Modular Packaging
M. A. Brill: 2nd International Electronic
Cireuit Packaging Symposium, Ul of Colo-
rado, Aug. 18. 1961,

TV Image Enhancement Equipment
G. Beck: American Society of Photogram-
metry Meeting, N.Y.C., Oct. 5, 1961

A General Class of
Dls:refe Time Invariant Filters

Trench: Journal of Society for In-
dustrial & Applied Mathematics, Sept. 1961

Issue.

High Resolution Ground Station Recorder with
Direct Film Exposure by Electron Beam

J. Stumpf and W. Berthold: SMPTE Con-
vention, Lake Placid. N.Y.. Oct. 2, 1961

Transfl Design Consid
W. L. Morgan:
tron Devices, Mar.

IRE Transactions on Elec-
1961

Application of Circuit Switching to
Communications Systems

G. Abbott: IRE 7th National Communica-
tions Symposium, Utica, N.Y., Oct. 3, 196)
and /RE Symposium Record

Design and Application of

Message Switching to Communications Systems
W. B. Groth: IRE 7th National Communi-
cations Symposium, Utica, N.Y.. Oct. 3.
1961 and /RE Symposium Record.

Square Wave Filter Response
I. Bayer: Electronics, Sept. 1961

Chirp Coding Correlation,

Detection and Side Lobes

M. R. Winkler: Navy R & D Clinic.
New Mexico, Sept. 28, 1961

Raton.

Spectrum Use

M. R. Winkler: IRE 7th National Commu-
nication Symposium, Utica, N.Y.. Oct. 2.
1961 and /RE Symposium Record

Antenna Feeder Distribution on High Density
Multi-Channel Communication Signals

W. J. Connor & Elio DiRusso: IRE
7th National Conmmunications Symposium,
Utica. N.Y.. Oct. 3. 1961, and /RE Sympo-
sium Record

On Synchronization of Pulse Trains
Dutka & Meyerhofl: R4 Review,
1961

Oct.

Generation of Linear Binary Sequences
Mengani & Charney: RCA4 Revieu.
1961

Oct.

Statistical Properties of

M-ARY F5K & PSK Modulated Carriers
with Additive Noise Transmitted Through
Various Non-Lineor Devices

H. Zabronsky: RCA Review, Oct. 1961
Digital Circvits with o

Minimum Number of Tunnel Diodes
Rabinovicei & Klapper: WESCON.
Francisco, Aug. 1961

San

Dynoamic Coupling of Research and Develop-
ment Operations Project Management,
Organizational and Customer-Input Systems
W. . Phoenix: The Institute of Manage-
ment Sciences and Annual International
Meeling of the Institute of Management
Sciences, Brussels, Belgium. Aug. 26. 1961

Principle of Management Dynamics — The
Analysis and Synthesis R & D Operations by
Application of Feedback Control Techniques
R. B. Wilcox: Annual International Meet.
ing of the Institute of Management Sci-
ences, Brussels. Belgium, Aug. 26, 1961

Jamming Vulnerability of
Communication Systems
A. B. Glenn:
munication Systems. Sept. 1961 Issue and
6th Nutional Communications Symposium
and 1961 Winter Convention on Military
Elcctronics

Effect of Propagation Fading and

Antenna Fluctuations on

Communication System Performance

A. B. Glenn and G. Lieherman: 1960 Na-
tional Aeronautical Electronics Convention

RCA SERVICE COMPANY

Boolean Notations for Digital Circuits

J A. Bachman: Feed, Vol. 9. No. 2. 1961
Power Density Nomograph
J. L. Grissom: Feed, Vol. 9. No. 2. 196]

An Experiment in
Radar Receiver Improvement

J. E. DeLong: Feed. Vol Y, No. 2. 1961

Increasing the Flexibility of the FPS-16 Radar
A. F. Mack: Feed, Vol. 9. No. 2, 1961

Air lonization

H. Reese, Jr.: Feed. Vol. 9, Na, 3. 1961

Basic Principles of Single Sideband
Supressed Carrier Communication
J. May: Feed, Vol. 9. Na. 3, 1961

Systems Troubleshooting Aid

N. Rosenthal: Feed, Vol. 9, No. 3. 1961

Basic Space Flight Concepts

J. Letus: Feed, Vol. 9. No. 3, 1961

RCA LABORATORIES

An Oil-Free, All Metal
Ultra High Vacuum System
R. E. Honig:  American Vacuum Society,

Wash., D.C.. Oct. 1961

Photovoltage in CdS Single Crystals
with Non-Reactifying Contacts

W. Ruppel: German Physical
Vienna. Austria. Oct. 15. 1961

Society,

Approaches to Wide-Band,
High Resolution Magnetic Recording
J. . Woodward: Audio Engineering Soci-

ety, New York, N.Y.. Oct. 11 196l

Semiconductor Plasmas
M. Glicksman: IRE Canadian Electronics
Conference, Toronto, Canada, Oct. 2-1. 1961

Television Image Enhancement Techniques
W. S. Pike: Conference on Scanning Tech-
niques in Biology & Medicine, Oet. 15, 1961

Electronic Sound Absorber
C. Bleazey: Audio Engincering Society,
\(v. York, N.Y.. Oct. 9. 1961

Solar Cells — The Present State of the Art

P. Rappaport: American Rocket Sociely,
New York. N.Y.. Oct. 10, 1961

Generation of a Synthesized Plasma

J. R. Fendley, K. G. Hernqgvist: 14th An-
nual  Gaseous  Electronies  Conference,
Schenectady. N.Y., Oet. 12, 1961

IRE Transactions on Com-

IOR()

Patents Granted

TO RCA ENGINEERS

@

Kastn on 3t mmanite REGID0 2 4 r2100 OF apot 7 T80 WOATHL

DEFENSE ELECTRONIC PRODUCTS

Transmitter

3.002.161 Sept. 26, 1961; M. S. Feryszka

Avtomatic Gain Control Circuit
3.005.094 Oct. 17,1961 C. 1L Taylor

Transmitter Gate Circuits
2995661 Aug 8.1961; D. E. Deuitch

Spacer for Mounting Electronic Elements
on Supports
2.999.895

Sept. 12,1961 C. M. Smith

Beam Convergence Apparatus for
Tri-Color Kinescope

3.002.120- Sepr. 26, 1961 B, R. Clav

Methods and Means for Providing a
Three-Dimensional Signal Display

3.003.116  Oct. 3, 1961: F. D. Covely, 3rd

Gate Circuits
3004255 Oct. 10,
baum

1961; k. R. Wainshil-

ELECTRON TUBE DIVISION

tnformation Handling Devices

2.999.167  Sept. 5, 1961: F. Sterver

Method of Delaminating Lominated
Glass Structures
2999.781  Sept. 12, 1961; R. E. Davis

Shift Circuits
3.002,108—Sept. 26, 1961 : F. Sterzer
Electrical Heater Unit

3,002,076 —Sepl. 26. 1961 ; M. K. Massey

Electron Tube

3.004.185--Oct. 10. 1961; G. M. Rose. Jr.

Tube insertion Device
3.004.649 Oct. 17, 1961;
R. W Green

H. €. Waltke and

Cathode-Ray Tubes of the Focus-Mask Variety
3,005,921 -Oct. 24, 1961; R. . Godfrey

Cathode-Ray Tubes of the Focus-Mask Variety
3.005.927 -0ct. 24, 1961; R. L. Godfrey

RCA INTERNATIONAL DIVISION
Mechanism for Feeding Strip Material
2.999.621—Sept. 12, 1961: C. G. Mayer and
J. B Killow

RCA VICTOR RECORD DIVISION

Off-Center Indicator

3.000.005 Sept. 12, 1961 R. (.. Moyer

HOME INSTRUMENTS DiVISION

Signal Amplitude Discriminatory Circuit
3005.048- -Oct. 17,1961 I1. C. Goodrich

Battery Charger

3.005.141—-0ct. 17. 1961 ; C. 11. Fmmons

BROADCAST AND
COMMUNICATIONS DIVISION

Fiim Viewer and Reproducer

3,002,131 0ct. 3. 1961 : H. G. Reuter, Jr.

Frequency Modulation Multiplex Arrangement

3.005.167 —Oct. 17, 1961; A. H. Bott and
F.E. Talmage

Single Film Rerecording System
3.002.055 Sept. 26, 1961; 0. B. Gunhy

ELECTRONIC DATA PROCESSING

Escapement Mechanism

2998873 Sept. 5, 1961; A. Burstein

Fundamental Reflectivity of

Gray Tin Single Crystals

M. Cardona: German Physical
Meeting, Vienna, Oct. 15, 1961

Society

More About Threshold Logic
R. O. Winder: 1961 Fall General Meeting,
Detroit. Michigan, Oct. 15-20, 1961

Television in Biology and Medicine

V. K. Zworykin: Comite International de
Television Congress. Milan. Taly, Oct. 16,
1961

Pressure Effects in Germanium Tunnel Diodes

R. M. Williams: 1961 Electron Devices
Mecting,  Washington. D.C.. Oct, 26-28.
1961

After Treatments of Cd$S Single Crystals

Grown by the Chemical Transport Method

I. A, Beun. R. Nitschie and .\, Bolsterli:
Mtg. on Physies & Chemistry of Phosphors.
East Berlin, Germany., Oct. 27, 1961

Processing of information
I, F. Olson: Philosophical Society, Phila-
delphia. Pa.. Oct. 27, 1961

A Print Ovuf System for the

Avtomatic Recording of the

Spectral Analysis of Spoken Syilables

H. F. Olson and 1L Belar: Acoustical Sovi-
ety of America, Cincinnati, Ohio, Nov. 9,
1961
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The Nature of the One-lon Models of the
Ferrimagnetic Anisotropy

P. ). Wojtowicz: {nference on Magnet-
ism. Phoenix, Arizona, Nov. 12, 1961

High Temperature Susceptibility of Garnets:
Exchange Interactions in YIG and LuvlG

P. J. Wojtowiez: Conference on Magnet-
ism. Phoenix, Arizona, Nov. 12, 1961

Permalloy-Sheet Transftuxor — Array Memory
G. R. Briggs and J. W. Tuska: Caonference
on Magnetism, Phoenix. Arizona. Nov. 13,

1961

Fiux Reversal in Ferrite Cores
Under the Effect of a Transverse Field

Kam Li: 7th Conference on Magnetism &
Magnetic  Materials, Phoenix, Arizona,
Nov. 15, 1961

Hydromagnetic Instabilities in

Electron-Hole Piasmas: Theory and Experiment
M. Glicksman:  Plasma Physics Div. of
American  Physical  Society,  Colorado
Springs, Nov. 15-18. 1961

Medical Electronics
V. K. Zworvkin:
Bologna. haly, Oct.

University of Bologna,

1961

Compatible Monophonic Reproduction of
Sound from Stereophonic Disc Records

H. F. Olson: Audio Engineering Society,
New York, N.Y.. Oct. 13, 1961
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FORMER IEP ACTIVITIES REASSIGNED

The activities formerly grouped under “In-
dustrial Electronic Products” (IEP) have
been reassigned to other RCA operating
units and into separate operating units, as
follows:

Electronic Data Processing (formerly the
EDP Division of IEP) is now a separate
operating unit under T. A. Smith, Executive
Vice President, EDP. Headquarters are in
Cherry Hill.

The newly named Broadcast and Com-
munications Products Div. (formerly Broad-
cast and TV Equipment Div. of IEP) is
responsible for the operation of the Meadow
Lands Plant and for the following preduct
lines (in addition to its previous responsi-
bilities in high-power transmitters; video
cameras, recording, and broadcast equip-
ment, etc.): mobile communications and
audio-visual products manufacturing; RCA
Radiomarine engineering and manufactur-
ing; microwave equipment engineering and
manufacturing; and Detroit industrial ma-
chine tool equipment. €. H. Colledge is
Division Vice President and General Man-
ager, B&C.

The RCA Service Co. is now responsible
for: mobile communications engineering and
marketing; RCA Radiomarine marketing;
audio-visual products engineering and
marketing; and graphic products. These are
grouped under G. W. Pfister, Division Vice
President, Commercial Services.

DEP is now responsible for the Commer-
cial Aviation Equipment product line and
J. R. Shirley Mgr., Aviation Equipment, will
report to H. R. Wege, Vice President and
General Manager, Data Systems Div.. Van
Nuys. Calif.

The Electron Tube Division is now fully
responsible for the Special Products Line.
including Citizen’s Band Radio.

Refer to Engineers in New Posts, p. 59.
for staff announcements in ENDP, B&C. and
the RCA Service Co. relative to the above
changes. (Also see p, 60 for important pro-
cedure changes in getting comnpany approv-
als for technical papers in these areas.)

EXTENSIVE TRAINING PROGRAM
UNDERWAY FOR NEW HI ENGINEERS

A series of Engineering Training Program
lectures is now underway in Indianapolis
for new engineers in the Home Instruments
Division. The program combines formal lec-
tures and ample time for informal discus-
sion, and consists of ten sessions, as follows
(bold-face names are RCA men delivering
the lectures) :

1. Introduction to RCA, Zimmerman (com-
pleted).

2. Ecanomics, Delk, Rigsbee, and Anderson
(completed).

3. Return of Assets, Lincoln (completed),

4. Merchandising and Styling, early Jan., 1962,
2 hrs. Produet conception, customer requirements,
competition, relationship Engineering; Matenals,
Sales, changes, Huxtable and Hanselman. Styling
concepts, trends, sources, ete., Madawlck.

5. Production Control and Purchasing, late
Jan., 1962, 1Y% hrs, Requisitions, relationships with
engineering and purchasing, schedaling, ete., Gal-
tagher. Economical buying, payments, relations
with engineering, scheduling parts for the factory,
engineering contacts with vendors, ete., Allen,

6. Business Plans, Sales, Advertising, early Feb.,
1962, 2 hrs. Market research. business plans, ete.,
Atkinson. Markets, distributors, dealers, sales
meetings, feedback from the field, ete., Saxon.

DR. PAN HONORED WITH
MAJOR AWARD

Dr. Wen Yuan Pan has been awarded the
highest honor of the Chinese Institute of
Engineers, New York, N.Y.—their “Pro-
fessional Accomplishment Award.” in rec-
ognition of his distinguished contribution to

IRE AND AIEE CONSIDER MERGER

First steps to consider consolidation of the
two largest engineering societies in the
world, the American Institute of Electrical
Engineers (AIEE) and ihe Institute of
Radio Engineers (IRE), were taken re-
cently. A commilttee has been formed to
determine the feasibility and form of such
consolidation. The proposed new organiza-
tion would be international in scope and
involve 150.000 member engineers, scien-
tists, educators, and industrialists. AIEE
was organized in 1884 and has approxi-
mately 70,000 members from the United
States and Canada. IRE, organized in 1912,
has a total membership of 91,000 and is
international in scope. Approximately 6,000
members now belong to both societies.

RCA INTERNATIONAL TO BUILD 3,060-
MILE TELECOMMUNICATIONS NETWORK

The International Cooperation Administra-
tion {1CA) has awarded a $16.4 million con-
tract to the RCA International Div. for a
3,060-mile telecommunications network link-
ing Turkey. lran, and Pakistan.

Deseribed as an important part of the
U. S. Mutual Security Program. the network
will extend from Ankara (as the western-
most terminus) to Teheran and thence to
Karachi, thus connecting the three host-
country capitals. When completed it will
be turned over hy the 1CA to the host
countries.

The system will be known afficially as the
Cexto Telecommunications Network. taking
its name from the Central Treaty Organiza-
tion of which Turkey, lran, Pakistan and
the United Kingdom are members.

Charles A. Passavant, the Division's
Mgr., Communications Administration, will
he Project Manager. RCA Vietor Company.
Ltd., will provide design and build all mi-
crowave radio equipment. including the
MAL-600 radio relay svstem. Advisory serv-
ices will he rendered by the RCA Service
Companv and RCA Institutes, Inc.
(kditor’s Note: Watch for an RCA Ewci-
NEER article from RCA Vietor. Lid., on an
MM-600 microwave system in the next
issue.)

Advertising policies, media, analysis of effective
advertising, costs, timing, etc.. Williams.

7. Cost Factors in Production Designs, late
Feb,, 1962, 2 hrs, Standards, Standardization
Committee, policing, changes, etc., Obenland.
Cost factors in manufacturing, value analysis, ete.,
Weisel.

8. Financial, early March, 1962, 1% hrs, Engi-
neering budgets, capital expense, project budgets;
expense reports, overhead cost, ete., Terry and
Hendrix.

9. RCA Laboratories, late March, 1962, 1Y hrs.
Organization, responsibilities, advanced develop-
ment, etc., Dr. Pan.

10. Patents, early April, 1962, 1% hrs. Impor-
tance to RCA, what is patentable, keeping records.
patent disclosures, patent law, RCA practice
towards receiving and releasing information to
outsiders, etc., Whitaker, Harris.
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the field of uhf techniques and to the en-
hancement of the prestige of this Institute
in the advancement of world civilization.
The award was made at their 1961 Annual
Meeting.

Dr. Pan received the E.E. degree in 1939
and Ph.D. in 1940 from Stanford Univer-
sity. He was a research associate at the Radio
Research lLab. at Harvard University during
the last war. Since 1945, he has been with
RCA. He is now Mgr., Advanced Develop-
ment, of the Home Instruments Div. (His
group is now located at the RCA Labora-
tories, Princeton.)

STERNBERG HONORED TWICE BY ARS

Sidney Sternberg, Chief Engineer of the
DEP Astro-Electronics Div., Princeton, has
received double honors from the American
Astronautical Society (ARS), On Sept. 28,
1961, he was awarded a Certificate of
Achievement by the ARS Board of Direc-
tors. in recognition of his important contri-
butions to the success of the Tiros satellite
program; and, on Oct. 13, 1961, Mr. Stern-
berg was elected a Fellow of the ARS.

J. Cartwright

RECORR RECEIVES ACADEMIC AWARD

K. H. ReCorr, Measurement Standards Lab-
oratory, ETD Harrison, received an award
from the American Statistical Association
in recognition of his undergraduate work
in statistics. Mr. ReCorr recently received
his BA degree from Rutgers University.

T. V. Cunningham

McCORD HONORED FOR ARTICLE

H. W. McCord, Test Engineering, ETD Har-
rison, received an award from Electronic
Design for his article entitled “Reduction of
Cable Capacitance Loading,” which was
voted the “Most Valuable of the Issue” idea
for design in the April 1961 issue.

T. M. Cunningham

HOBLEY RECEIVES ARTICLE AWARD

The Society of Licensed Aircraft Engineers,
[.ondon, England, has honored P. Hobley,
Mgr., Instrument Services Dept., RCA
Victor L.td., Montreal, with its 1960 Gold
Badge — its highest award for a technical
article, and the first time it has gone to a
member outside of Great Britain. The
article, “An Introduction to the Reliability
Concept,” has been reprinted several times
and circulated widely.

PANEL DISCUSSION SLATED
ON AUTOMATED DESIGN

A Panel Discussion on “Automated Design”
will be held at the PUB Restaurant, Cam-
den, N. J., on Febh. 6. 1962, at 8:00 P.M.
preceded by Dinner at 6:30 P.M. The Panel
is sponsored by IRE-PGEC and the AIEE.
Moderator will be M. H. Wagner, DOD.
Washington. D.C. Panel members include:
J. Hurtzberg of Burroughs, B. Patterson of
RCA, P. Chinnitz of Sperry Rand. Kathe
Jacoby of Philco, and N. Prywes of the
University of Pennsylvania. Reservations
may he made with Helen Yonan, [RE office,
Philadelphia. (EVERGREEN 6-0100. Ext. 8106.

--S. F. Dierk
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PROFESSIONAL ACTIVITIES

DEP-DSD, Van Nuys, Calif.: Mr. Siskel,
Manager of the Analog Data Handling
Group, Design and Development Engineer-
ing, was awarded the Stanford-Sloan Fel-
lowship and is now attending Stanford
University in Palo Alto for one year.

During the period from Septemher 27,
1961 to October 6, 1961, the Engineering
Management of the Data Systems Division
attended a Management Planning Program
at the Biltmore Hotel in Santa Barbara. The
program, which was attended by the man-
agement staff in three shifts, was an inten-
sive two-day workshop designed to provide
an opportunity to study management prob-
lems of allocating funds to the various
functions of a business to assure a profit-
able operation.—D. J. Oda

B&C, Hollywood, Calif.: Kurt Singer of
the Film Recording and Television Systems
Operations group was named an SMPTE
Fellow.C. E. Hittle

DEP-ACC, Camden: D. B. Dobson is Pub-
licity Chairman of the 1963 Aerospace Sup-
port Conference to be held in Wash., D.C.,
in August, Sheraton Park Hotel.

Alan A. Paris, Manager Navy Data Link
Projects, former chairman of the Profes-
sional Group on Military Electronics, was
appointed Vice Chairman of the member-
ship commniittee of the Philadelphia Section
of the IRE, as well as to the administrative
committee member of PGMIL.—H. Huber

DEP-SurjCom, Cambridge, Ohio: P. J.
Riley, Mgr., Reliability & Value Engineer-
ing, Cambridge, Ohio, has heen appointed
to the Technical Planning Committee for
the 1962 IRE International Convention.

DEP-ACC, Burlington: G. Harmon at-
tended the UCLA Design Course on Auto-
matic Test Equipment.—D. Dobson

Herbert Engel and Gerald Mahoney al-
tended the UCLA Symposium on Guidance
and Control of Aerospace Vehicles in Au-
gust. Stanley Patrakis attended a sympo-
sium on Electronic Packaging, August 16-18,
sponsored jointly by U. of Colorado and
FElectronic Puackaging VMagazine. Robert
Wilcox is serving on the Administrative
Committee, IRE/PGAC, and the Technical
Committee on Automatic Controls, a C85.
Walter H. Phoenix is Sec./Treasurer of
Inst. of Management Sciences and Asst.
Coord. of Professional Groups, Boston Sec-
tion, IRE. The following are company-spon-
sored courses at Burlington: Rapid Reading,
Data Processing, Slide Rule Use, Effective
Speaking, and Blue Print Reading.

-R. E. Glendon

SCM, Mountaintop, Pa.: R. P. Duncan,
J. M. S. Neilson, R. H. Pollack, N. Smith
and H. Weisberg of Indusirial Rectifier
Engineering, presented a series of seminars
on design, applications and characteristics
of the new RCA high power and stack rec-
tifier lines to personnel of the Industrial
Operation Sales Department June 12, Au-
gust 17, and September 14 at Mountaintop,
Pa., and Somerville, N.J.— V. N. Slater

ETD, Harrison, N.J.: Several engineers
from the Electron Tube Division in Harri-
son are participating in the affairs of the
Northern New Jersey Section of the 1RE.
Edward J. Byrum, Manufacturing Engineer-
ing, has been appointed chairman of the
Publications Committee and Editor of the
IRE-NNJ Newsletter. Howard Cook, Com-
mercial Engineering, is now Associate Edi-
tor of the Newsletter. Campbell Gonzalez,
Applications Laboratory, has been ap-
pointed RCA membhership chairman for the
NNJ-IRE; and T. M. Cunningham, Engi-
neering Administration, is a member of the
Program Committee.

Harrison engineers participating in the
activities of the IRE Professional Group on
Engineering Writing and Speech are as fol-
lows: Charles A. Meyer and Eleanor Mc-
Elwee, hoth of Commercial Engineering,
and Edward J. Byrum, Manufacturing Engi-
neering, are on the National Administra-
tive Committce of PCGEWS; W. A. Smith,
Commercial Engineering, has been ap-
pointed Chairman of the NNJ-PCGEWS; and
Dr. I. Stacy, Chemical and Physical Lab-
oratory, has been appointed Membership
Chairman for the NNJ-PGEWS,

—T. M. Cunningham

B&C, Camden: R. J. Smith, Mgr., Audio
and Mechanical Devices Engineering, in
Broadcast Studio Engineering, has been
appointed Chairman of EIA Sub-Committee
TR4.4 on Studio Facilities. In this capacity
he is automatically a member of the parent
Commitiee TR4 on Broadcast Transmitting
Equipment.—J. H. Roe

Home Instruments, Indianapolis: E. Mon-
toya is Editor, and R. €. Graham is Ass’t
Editor of the Indianapolis IRE Section
monthly publication; both are group lead-
ers in Radio and Victrola. M. C. Mehta is
a member of the IRE Program Committee.

—R. C. Graham

Record Div., Indianapolis: Dr. A. M. Max,
Mgr., Chem. and Phys. Lab., is teaching
Modern Physics courses at Butler University
and Purdue University Extension.

—M. L. Whitehurst

MALCARNEY ELECTED TO RCA
BOARD OF DIRECTORS

Election of Arthur L. Malcarney to the RCA
Board of Directors of the Radio Corporation
of America was announced on Dec. 4, 1961
by RCA Chairman David Sarnoff. Mr. Mal-
carney, who since 1957 has been Executive
Vice President, Defense Electronic Prod-
ucts, will fill the vacancy on the RCA
Board created by the resignation of John L.
Burns.

O. B. HANSON, RCA-NBC RADIO AND
TV PIONEER, DIES

Oscar B. Hanson, pioneer radio and TV
broadcasting engincer, died on Sept. 26 after
suffering a heart attack. Mr. Hanson had
retired In March 1959 as Vice President,
Engineering Services, of RCA, but had con-
tinued to serve as a consultant. He had heen
associated with RCA, NBC, and predecessor
companies for 38 years.

RCA VERY ACTIVE IN QC SYMPOSIUM

The Eighth National Symposium on Relia-
bility and Quality Control to be held in
Washington, D.C., Jan. 9-11, 1962 has as its
theme “A Progress Report on Reliability.”
RCA management and engineering person-
nel are making significant contributions to
the success of this program. Harold M.
Gleason, Product Assurance Administrator
in ACCD, is Vice Chairman of Publicity
for the Eastern United States and Foreign
Countries. The Area Publicity Chairman for
Eastern Pennsylvania is Joseph F. Chalupa,
ACCD. Secretary of the management com-
mittee is M. M. Tall, Administrator, De-
fense Reliability and Maintainability. DEP
Staff. V. R. Monshaw, DEP Central Engi-
neering, is Vice Chairman of Finance for
the Symposium, and H. D. Voegtlen, RCA
Service Co., is the ASQC representative on
the Symposium Board of Directors. A paper
entitled, Maintainability Predictions and
Measurement is being given by Messrs.
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RCA LABS DEVELOP IMPORTANT NEW
HIGH-PERFORMANCE THERMOELECTRIC
MATERIAL

The RCA Laboratories have developed a
new thermoelectric material that produces
more electricity directly from high-temper-
ature heat on a practical basis than the best
previously known materials.

The new alloy has been tested in units
measuring % by %4 by % inch, but capable
of producting nearly 3 watts by conversion
from heat sources approaching 1000°C. It
was developed by Dr. B. Abeles, Dr. G. D.
Cody, Dr. J. P. Dismukes, and Dr. E. F.
Hockings, working under the general direc-
tion of Dr. Fred D. Rosi, Associate Labora-
tory Director, Materials Research Labora-
tory. The material resulted from basic stud-
ies with specially-developed techniques to
obtain the most precise measurements yet
made of heat flow in semiconductors. These
studies disclosed that germanium-silicon
alloys have far lower heat conductivity at
high temperatures than had been expected
on the basis of existing theory. Such lower
heat conductivity means greater operating
efficiency, since a higher percentage of the
heat is put to work within the material. The
alloy also was found to be extremely stable
up to 1000°C.

RCA LABS ANNOUNCES TINY
EXPERIMENTAL THIN-FILM TRANSISTOR

An ultraminiature experimental transistor,
so small that 20,000 can fit on a postage
stamp, has been tested at the RCA Labora-
tories in Princeton. The transistor is made
by depositing thin films by evaporation on
an insulating hase.

The new device may open the way to new
ultraminiature mass-production transistor
circuits for many applications, especially in
electronic computers and perhaps ultimately
in other equipment such as thin-screen wall-
type receivers.

Details of the unit were described at a
recent conference at Stanford University by
Dr. P. K. Weimer of the RCA Laboratories
technical staff, who was responsible for its
development. It is believed to be the first
time that transistors having useful perform-
ances have been produced entirely by the
thin-film technique of evaporating all mate-
rials upon an insulating base.

ETD PHOTOCELL GROUP
NOW AT MOUNTAINTOP, PA.

The Electron Tube Division Photocell Man-
ufacturing and Engineering Activity under
the direction of J. K. Johnson is now estab-
lished in the Mountaintop Plant, for which
SC&M is the landlord division. Dr. C. P.
Hadley, Manager, Photocell Engineering,
has moved to Mountaintop from Lancaster
and has with him the following members of
his staff: Dr. G. S. Briggs, R. W. Christen-
sen, K. S. Ling, and E. Fischer. A. M. Splin-
ter, formerly at Lancaster, is Manager of
Production Engineering and has brought
with him T. Howard, H. W, Kuzminski, and
J. Merges as members of his staff.

—M. N. Slater

Miles and Retterer of the RCA Service Co.,
Cherry 1lill, and another, Methodology for
Systems Reliability Analysis is being given
by B. Tiger, DEP Central Engineering.

Another highlight of the program will be
the presentation of the movie film Agree in
Action which describes in detail RCA’s
approach to reliability testing and verifica-
tion, a forty minute color and sound film
produced by the Motion Picture Production
Group in ACCD.—J. Chalupa
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ENGINEERS IN NEW POSTS

Dr. George H. Brown has been appointed
Vice President of the newly established Re-
search and Engineering organization, report-
ing to Dr Elmer W Engstrom, President,
RCA. Dr. Brown’s organization is as follows:
R. A. Correa, Vice President, Patents and
Licensing; Dr. J. Hillier, Vice President,
RCA Laboratories; €. J. Hirsch, Admin-
istrative Engineer; H. Kihn, Staff Engineer;
E. A. Laport, Director, Communications
Engineering; E. M. Leyton, Staff Engineer;
D. F. Schmit, Staff Vice President, Product
Engineering; and S. W. Seeley, Adminis-
trator, Microwave Communications Project.

In the Research and Engineering organi-
zation, D. F. Schmit, Staff Vice President,
Product Engineering, announces his staff
as follows: W. O. Hadlock, Editor, RCA
EncINEER; P. F. Siling, Director, RCA Fre-
quency Bureau; €. M. Sinnett, Director,
Product Engineering Professional Develop-
ment; and §. H. Watson, Manager, Stand-
ardizing.

Dr. J. Hillier, Vice President, RCA Lah-
oratories, announces his staff as follows:
H. W. Leverenz, Associate Director, RCA
Laboratories; A. A. Barco, Director, Systems
Research Laboratory; A. N. Curtiss, Man-
ager, Administration; Dr. J. S. Donal, Jr.,
Administrator, Special Programs; R. S.
Holmes, Director, Project PancLoss; R. K.
Kilbon, Administrator, Public Affairs; Dr.
L. S. Nergaard, Director, Microwave Re-
search Laboratory; Dr. H. F. Olson, Director,
Acoustical and Electromechanical Research
Laboratory; J, A. Rajchman, Director, Com-
puter Research Laboratory; D. F. Schmit,
Senior RCA Representative, C Stellarator
Assoctates (Part time; In his capacity of
Staff Vice President, Product Engineering,
Mr. Schmit reports to the Vice President.
Research and Engineering.) ; W. M. Web-
ster, Director, Electronic Research Labor-
atory; and €. E. Yates, Counsel.

Effective Dec. 1, 1961, the organization of
Electronic Data Processing is as follows:
Reporting to Y. A, Smith, Executive Vice
President, EDP, are: E. D. Foster, Division
Vice President, Plans and Programs; A. S.
Kranzley, Mgr., Business and Product Plan-
ning; J. W. Leas, Chief Engineer, Engineer-
ing Department; E, S. McCollister, Division
Vice President, Marketing; M. W. Poppei,
Mgr., Business Analysis; J. H. Walker,
Controller, Finance; and A. K. Weber,
Division Vice President, Production and
Project Management.

Reporting to Mr. Leas, Chief Engineer,
Engineering Dept., EDP, are: H. H. Asmus-
sen, Stafl Engineer; €. M. Breder, Mgr.,
Engineering Services and Control; H, M.
Elliott, Mgr., Palm Beach Engineering; H.
Kleinberg, Mgr., Data Processing Engineer-
ing; J. N. Marshall, Mgr., Advanced Devel-
opment Engineering; R. E. Montijo, Mgr..
Systems Engineering; J. L. Owings, Mgr.,
Data Communications Engineering; and R.
E. Wallace, Mgr., Custom Projects Mar-
keting.

Reporting to Mr. Weber, Division Vice
President, Production and Project Manage-
ment, EDP are: K. U. Clary, Mgr., Person-
nel; A. G. Daubert, Mgr.,, CoMLocNET
Project; H. M. Emlein, Mgr., Palm Beach
Manufacturing Operations; B. H. Fisher,
Megr., Facilities Planning; B. K. Gesner,
Mgr., Management Engineering; F. G.
Wenger, Mgr., Production Planning and
Coordination; and J. J. Worthington,
Mgr., 601 Project.

Reporting to Mr. Kranzley, Mgr., Busi-
ness and Product Planning, EDP, are: R. N.
Baggs, Administrator, Special Projects;

M. K. Hawes, Mgr., Applications Research;
D. S. Himmelman, Administrator, Advanced
Product Planning; K. Kozxarsky, Megr.,
Product Planning; and L. H. Souder, Megr.,
Product Requirement Analysis and Control.

€. H. Colledge, Division Vice President
and General Manager of the newly named
Broadcast and Communications Division,
announces his organization as follows: N. R.
Amberg, Mgr., Detroit Industrial Machine
Tool Department; T. J. Barlow, Mgr., Pro-
duction Department; T. L. Dmochowski,
Administrator, International Liaison; W. R.
Fitzpatrick, Mgr., Personnel; J. F. Groark,
Controller, Finance; E. J. Hart, Mgr., Micro-
wave Department; A. F. Inglis, Mgr., CCTV,
Film Recording and Scientific Instruments
Department; J, P. Taylor, Mgr., Marketing
Administration; E. €. Yracy, Mgr., Broad-
cast Equipment Department; M. A. Trainer,
Mgr., Electronic Recording Products De-
partment; and V. E. Trovant, Chief Engi-
neer, Engineering.

In the RCA Service Co., G. W. Pfister,
Division Vice President, Commercial Serv-
ices, announces the following additions to
his staff: §. E. Arnett, Mgr., Graphic Prod-
ucts; F. P, Barnes, Mgr., Mobile Communi-
cations Projects; A, Fischer, Mgr., Mobile
Communications Marketing; D. F. Hahn,
Mgr., Radiomarine Marketing; E. M. Hins-
dale, Mgr., Mobile Communications and
Audio-Visual Engineering; and A. J. Platt,
Mgr., Audio-Visual Marketing.

A. L. Malcarney, Executive Vice Presi-
dent, Defense Electronic Products, has an-
nounced that J. H. Sidebottom has been
named Division Vice President and General
Manager, Major Systems Division, (form-
erly Major Defense Systems Division) in
Moorestown. Mr. Sidebottom reports to W.
G. Bain, Vice President and General Man-
ager, Communications and Aerospace. Mr.
Malcarney has assumed direct responsibility
for the Defense Marketing function.

In the DEP Astro-Electronics Div., Prince-
ton, W, J. Sneck has been appointed Mgr.,
Astro-Electronics  Manufacturing Opera-
tions, reporting to B. Kreuzer, Division Vice
President and General Manager.

In the RCA Service Co., €. O. Caulton
has been named Mgr., Planning, reporting
to A. L. Conrad, President, RCA Service Co.

In The DEP Aerospace Communications
and Controls Div.,, Camden, A.A. Paris has
been named Mgr., Navy Data Link Projects.
reporting to R. Trachtenberg, Mgr., Com-
munications Engineering.

In DEP Defense Engineering, €. A.
Gunther, Chief Defense Engineer, has
named J. A. Biggs as a Staff Engineer.

In the Broadcast and Communications
Division. Camden, R. J. Smith is Mgr.. Audio
and Mechanical Devices Engineering, Broad-
cast Studio Engineering.

In DEP, W. G. Bain, Vice President and
General Manager, Communication and
Aerospace, has announced that the responsi-
bility for the ELco Program and the Acsi-
Matic Project has been transferred from
Communications and Aerospace to the Data
Systems Division. In line with this. H. R.
Wege, Vice President and General Man-
ager. Data Systems Division (headquarters
in Van Nuys, Calif.) has announced D. C.
Beaumariage as Manager of the new Data
Systems Center, Bethesda, Maryland; Mr.
Beaumariage'’s staff is as follows: A. M.
Kreger, Mgr., Administration; H, W. Nor-
dyke, Mgr., Advanced Data Systems; R. A,
Schow, Mgr, Acsi-Matic Project; Mr.
Beaumariage is serving as Acting Megr.,
Erco Program.
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LEAS NAMED CHIEF ENGINEER, EDP

J. Wesley Leas has been named Chief Engi-
neer, Engineering Dept., of recently re-
organized RCA Electronic Data Processing.
(See Engineers in New Posts for stafl an-
nouncements.) He replaces D. L. Nettleton,
who had served as Chief Engineer on the
EDP Stafl. The reorganization creates an
over-all EDP Engineering Department under
Mr. Leas. (See RCA ENGINEER, Vol. 7, No.
3, p. 34, for the previous organizational
structure.)

Coming to RCA in 1951, he organized the
EDP engineering activity, developing it
from a small nucleus into an activity of sev-
eral hundred engineers. He served as its
Chief engineer until 1960, a period high-
lighted by the Bizmac and RCA 501. He
then became Mgr.,, Data Communications
and Custom Projects Dept., for EDP.

Mr. Leas has served as an Advisor to the
DOD on data processing, and on a four-man
advisory group to the Ass’t Secretary of
Defense, R & D. He is a Sr. Member, IRE.
active in IRE-PGEM, and a member of Eta
Kappa Nu, Kappa Kappa Psi, and Sphinx.
He was recently honored as the “outstand-
ing Ohio State Alumnus for 1960,” for his
outstanding achievements in the field of
engineering, as well as his general civic
activities.

ARNOLD NAMED CHIEF ENGINEER OF
DEP-ACC, CAMDEN

D. C. Arnold has heen appointed Chief Engi-
neer for the Camden engineering operations
of the DEP Aerospace Communications and
Controls Division, as recently announced by
I. K. Kessler, Division Vice President and
General Manager, ACC. His responsibilities
will include work on such projects as Dy~a-
Soar and time-division data-link programs.

Prior to joining RCA earlier this year,
Mr. Arnold served as Vice President of
Alpha Corporation, a subsidiary of Collins
Radio Company. In that post, he helped
manage large-scale communications sys-
tems for the Navy. He received his BSEE
from lowa State University. He joined Col-
lins Radio in 1948 and subsequently held
the posts of Director of Research and De-
velopment for the Cedar Rapids and Texas
Divisions. He is a Senior Member of the
TIRE.

HARRIS TO HEAD SURFCOM PROJECT
FOR COMBAT RADIOS

DEP-SurfCom has named W. B. Harris, as
Manager of a $9 million project to supply
the U. S. Army Signal Corps with 8,598
PRC-25 back-pack radios. The new radio
replaces three different types now in use.
Mr. Harris will report to T. J. Tsevdos,

Manager, Programs Management.
—C. W. Fields

HOGAN NAMED MANAGER
OF SPACE PROGRAMS

On Nov. 21, 1961, R. E. Hogan was ap-
pointed Manager, Space Programs. In this
capacity, Mr. Hogan will monitor the pro-
gram management and control of assigned
space projects. Initially, he is responsible
for the following programs at Astro-Elec-
tronics Division: NimBus, Tiros, RANGER,
Procram 35, ProcraM 621-A, and SErT. Mr.
Hogan will report to W. G. Bain, Vice Pres-
ident and General Manager, Communica-
tions and Aerospace, DEP.
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S. F. (Sig) Dierk, left, formerly Technical Pub-
lications Administrator and Editorial Boord
Chairman for IEP, receives well-earned thanks
for his outstanding work from W. O. Hadlock,
Editor, RCA ENGINEER, Sig's tireless activities
and extro efforts were significant in develop-
ing technical papers from IEP engineers of
high quality and timeliness. Our best wishes
to Sig in his new assignment on Project
PANGLOSS, RCA Loboratories.—the Edifors.

MANAGEMENT SCIENCE SECTION
ORGANIZED BY EDP

A Management Science Section has been
organized by EDP to expand and upgrade
computer usage. The objective of the new
group is to develep computer applications
which are basic job-oriented programs
known as “packages.” One of the first pack-
ages is the Sales Forecasting Package which
is enabling the Home Instruments Division
to forecast Tv sales with greater speed and
accuracy.

There are many potential Management
Science applications. Some of them cur-
rently under way include (1) PerT—the
technique for planning and control devel-
oped for the Navy, (2) Scheduling and Allo-
cating Techniques, or Manpower ILevelling,
(3) Management Decision-Making, and
(4) an aid to management called the
Human Resources Package.

SERVICE CO. ATOMIC-RADIATION BOOK
USED AS COLLEGE TEXT

Atomic Radiation, published and distributed
by the RCA Service Company Technical
Publications Group at Cherry Hill, is being
used as a student text by over 50 colleges
and universities in various radiological
courses. Discussing the theory, biological
havzards, safety measures, and treatment of
injury from nuclear radiation, the 110-page
book foriginally published in 1957) is now
in its 7th printing. Check your RCA library
for Report No. Z-316.

RCA ANNUAL REPORT GETS
PUBLICATION AWARD

In a “Publications Excellence” contest re-
cently sponsored by the New York Chapter
of the Society of Technical Writers and Pub-
lishers, the RCA Annual Report 1961 re-
ceived top honors in the category devoted
to reports to stockholders.—M. P. Rosenthal

. . . Special credits for this issve

Special credit is due Ed Enfiejian,
AED Publications, and Frank Zum-
bel, AED Staff Photographer, for
their efforts in producing the excel-
lent color-cover photograph for this
issue. Both work for Louw Thomas,
Mgr., Engineering Services, DEP
Astro-Electronics  Div., Princeton,
who was instrumental in planning
this issue and in arranging for the

AED articles.—the Editors.

E. T. Dickey

ED DICKEY RETIRES; VETERAN OF
42 YEARS WITH RCA RESEARCH
PIONEERED MANY RCA
PUBLICATIONS PROGRAMS

On Nov. 17, 1961, a group of over 50 from
RCA research, engineering, and manage-
ment, augmented by a long list of well-
wishers from throughout RCA, gathered for
a “Graduation Exercises” dinner for E. T.
(Ed) Dickey, whose career with RCA re-
search began when the Corporation was
formed in 1919. Dr. George H. Brown, Vice
President, Research and Engineering, was
emcee and Dr. A. N. Goldsmith served as
“Dean” of Ed’s RCA associates.

Ed Dickey joined the Marconi Wireless
Telegraph Co. in 1918, after graduating from
CCNY. When RCA was formed in 1919, he
joined the Research Dept. In 1929 he was
witlt the RCA Victor Division in Camden,
moving to the RCA Labs in 1941. During his
career, Ed was involved with the inception
of many of RCA’s publications programs. Ed
also was active on numerous committees on
standardization with the IRE, RMA, NEMA,
ASTM, and ASA. He is a Sr. Member of
the IRE, a Fellow of the Radio Club of
America, and a Member of Sigma XI.

Since 1941, Ed has been Technical Pub-
lications Administrator for the RCA Labs in
Princeton, and since the inception of the
RCA En~cINEER has been Editorial Repre-
sentative for the Labs. The Editors add their
appreciation and hest wishes to those of Ed’s
many other RCA associates.

SALL ASSUMES TPA AND ED REP DUTIES
FOR RCA LABS, REPLACING DICKEY

C. W. (Chet) Sall has assumed the duties
of Technical Publications Administrator and
RCA Encineer Editorial Representative for
the RCA Laboratories, replacing E. T.
Dickey. Chet is well versed in such work,
having held a similar post with IEP in
Camden, a couple of years ago. Chet had
most recently been with the RCA Labs on
Project PaNcLOSS.

REASSIGNMENT OF FORMER
IEP GROUPS CHANGES PAPERS
APPROVALS AND ED REP PROCEDURES

The recent reassignment of former 1EP ac-
tivities (see p. 57) has resulted in changes
in the responsibilities for technical-papers
approvals, and in a realignment of RCA
EncINEER Editorial Representatives. Since
S. F. Dierk’s IEP Editorial Board no longer
exists, their activities (including papers
approvals formerly handled by Mr. Dierk)
are now carried on as follows:

In Electronic Data Processing, T. T. Pat-
terson, 82-2, Pennsauken, is now acting as
Technical Publications Administrator; all
EDP papers for publication or presentation
should be routed through him. Mr. Patterson
who has been (and still is) an active RCA
Encineer Ed Rep, has also been named a
Engineering Editor for the RCA ENGINEER,

In the newly designated Broadcast and
Communications Div., D. Pratt, 5-5, Camden,
on the staff of V. E. Trovant, Chicf Engi-
neer, B&C, Camden, is serving as Technical
Publications Administrator. However, he
will not be handling RCA EnciNEER matters
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H. J. Carter

CARTER REPLACES TIPTON
AS AN SC&M ED REP

In the Semiconductor and Materials Div.,
Somerville, N. J. Hollis Carter has replaced
Hobart Tipton as RCA Encineer Editorial
Representative for Semiconductor Devices.
(Rhys Samuel continues there as Ed Rep
for Microelectronics.) During his tenure,
Hobhart was responsible for coordinating a
number of key RCA ENGINEER articles from
Somerville. The Editors extend their ap-
preciation for his efforts,

Hollis J. Carter received a B.S. in Educa-
tion with a major in Industrial Arts and a
minor in Science from New Jersey State
Teachers College, Newark, in 1948. From
1948 to 1952 he taught High School Auto-
Eiectric Shop. From 1952 to 1957 he was an
Electronics Instructor at the U. S. Army
Signal School, Fort Monmouth, N. J. In
1957, he joined Boland and Boyce Engineer-
ing Co. as an Electronics Technical Writer.
In this position, he was associated with IBM
and Bell Laboratories, writing manuals on
missile guidance systems. In 1959, he joined
the RCA Semiconductor and Materials Di-
vision as a Technical Writer. In this ca-
pacity. he has written and edited reports on
most areas of SC&M work, and is presently
engaged in editing and writing engineering
Application Notes.

. . . An Important Credit

The article on p. 27 of the Oct.-Nov.
1961 issue of the RCA ENGINEER de-
scribes in detail a 3-dimensional dis-
play. The authors of this article were
responsible for the development of
the working model and contributed
many ideas to the successful accom-
plishment of this technique. The au-
thors wish to point out that Joseph
A. Rush, an Engineer in Moorestown
Missile and Surface Radar Division
participated in generating the origi-
nal concept of the reciprocating re-
flecting screen and the stroboscopic
projection of the image on it, and he
has filed an original patent disclosure.
The original idea was turned over to
the Advanced Techniques Develop-
ment Group, who prepared the model
and added the unique hypocycloid
drive among other things to make a
working equipment feasible.
—T.G. Greene

for that Division (other than formal ap-
provals). The Ed Reps listed opposite for
B&C should be contacted on RCA ENGINEER
matters. Exception: R. N. Hurst has been
named to replace J. H. Roe (received too
Late to change back cover).

W. C. Jackson is both Technical Publi-
cations Administrator and RCA ENGINEER
Ed Rep for RCA Communications, Inc.,
New York.

Note: papers approvals for those former
IEP groups transferred to the RCA Service
Co. (see p. 57) should now be handled
through M. G. Gander, Technical Publica-
tions Administrator, RCA Service Co.,
Cherry Hill, N. J.
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The Editorial Representative in your group is the one you should contact in
scheduling technical papers and announcements of your professional activities.

F. D. WaitmoRE Chairman, Editorial Board

Editorial Representatives

J. B. RippeRE Aerospace Comm. & Contr. Div.,
Camden, N. ].

R. D. Crawrorp Design-Devel. Eng., Aerospace Comm.
& Contr. Div., Camden, N. ].

D. B. Dosson Systems Support Eng., Aerospace Comm.
& Contr. Div., Camden, N. J.

J. L. Connors Systems Eng., Aerospace Comm. & Contr.
Div., Camden, N. ].

H. C. HuBer Comm. Eng., Aerospace Comm. & Control
Div., Camden, N. ].

R. GLENDON Aerospace Comm. & Contr. Div.,
Burlington, Mass.

1. N. BRown Major Defense Systems Div.,
Moorestown, N. ].

R. W. Howery Missile & Surf. Radar Div.,
Moorestown, N. ].

D. J. Opa Data Systems Div.,
Van Nuys, Calif.

R. E. ParTERsoN Surf. Comm-Div., Camden, N. J.
C. W. FieLps Surf. Comm. Div., Camden, N. ].
L. A. Taomas Astro-Elec. Div., Princeton, N. ].

M. G. Pietz Applied Research, Def. Eng.,
Camden, N. |

R. P. Dunpuy Central Eng., Def. Eng., Camden, N. ].

C. E. HrrtLE Closed Circuit TV & Film Recording Dept.,
Hollywood, Calif.

C. D. KENTNER Brdcst. Transmitter & Antenna Eng.,
Camden, N. ].

J. H. RoE Brdcst. Studio Eng.,
Camden, N. ].

R. R. Hemp Commercial Systems Dept.,
Camden, N. ].

M. C. Kipp Industrial Computer Systems Dept.,
Natick, Mass.

T. T. PaTtERSON Data Comm. & Custom Projects Dept.,
Pennsauken, N. ].

J. H. Sweer Advanced Systems Devel.,
Pennsauken, N. .

W. C. JacksoN RCA Communications, Inc.,
New York, N. Y.

J. F. HRLiNGER Chairman, Joint Editorial Board

Editorial Representatives, Electron Tube Div.

W. G. Faungstock Conversion Tube Oper.,
Lancaster, Pa.

J. H. Lirscomse B. & W, Kinescopes, Marion, Ind.

J. D. AsuworTH Entertainment Tube Products,
Lancaster, Pa.

R. J. MasoN Receiving Tubes, Cincinnati, Ohio

T. M. CunNiNncaam Entertainment Tube Products,
Harrison, N. ].

J. KorF Receiving Tubes, Woodbridge, N. ].

H. S. LovarTt Power Tube Oper. & Oper. Svcs.,
Lancaster, Pa.

F. H. Ricks Receiving Tubes, Indianapolis, Ind.

H. J. WoLksTEIN Industrial Tube Products,
Harrison, N. ].

M. N. SLATER Electron Tubes, Mountaintop, Pa.
Editorial Representatives,

Semiconductor & Materials Div.

G. R. KorNrELD Needham Matls. Oper., Needham, Mass.
R. SAMUEL Microelectronics, Somerville, N. ].

H. CarTer Semiconductor Devices, Somerville, N. J.

J. D. Younc Semiconductor Devices, Findlay, Ohio

M. N. SLATER Semiconductor Devices, Mountaintop, Pa.

K. A. Crrrrick Chairman, Editorial Board

Editorial Representatives
D. J. CarLsoN Advanced Devel., Princeton, N. ].

R. C. Granam Radio “Victrola” Product Eng.,
Indianapolis, Ind.

J. Osman Electromech. Product Eng., Indianapolis, Ind.
L. R. WoLTer TV Product Eng., Indianapolis, Ind.

P. G. McCasE TV Product Eng., Indianapolis, Ind.

E. J. Evans Resident Eng., Bloomington, Ind.

W. W. Cook Consumer Products Svc. Dept.,
Cherry Hill, N. J.

M. W, TiLbEN Gout. Sve. Dept., Cherry Hill, N. J.
E. Stanko Tech. Products Svc. Dept., Cherry Hill, N. ].
J. J. LawLEr EDP Svc. Dept., Cherry Hill, N. ].

N. C. CoLBY Mobile Communications Engineering,
Meadow Lands, Pa.

C. W. SavLL Research, Princeton, N. |,

M. L. WurrerursT Record Eng., Indianapolis, Ind.

W. A. Howarb Staff Eng., New York, N. Y.

C. G. MaYER Product Planning & Devel., Clark, N. ].

H. J. RusseLL Research &r Eng., Montreal, Canada
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