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. . . illustrates the philosophy of 
programmed automatic checkout 
equipment, the theme of this issue. 
Pictured is the FATE (Factory Auto- 
matic Test Equipment), with (left) 
I. K. Kessler, Division Vice Presi- 
dent and General Manager, DEP 
Aerospace Communications and 
Controls Division, and E. C. Kalk- 
man, Manager, Systems Support 
Engineering, DEP -ACCD. 
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DEFENSE SYSTEMS SUPPORT 

Emphasis in this issue focuses, deservedly, on the vital role of DEP support 
equipment in the successful operation of modern major defense systems -and 
on sophisticated systems support and logistics problems which must be solved 
by the engineer. 

Recent technical advances in defense electronic systems and marked changes 
in our national defense and space programs have made the customer (the military) 
realize increasingly that no system can function without adequate support in 
both standard and specialized test, checkout, and maintenance systems; this 
checkout phase is essential to the final, successful utilization and operation of 
the prime defense system. 

Today, advance planning takes cognizance of important areas in which system 
operation must be verified. Characteristically, the support equipment itself has 
changed markedly; the novelty and complexity involve challenging new engineer- 
ing problems to be solved. Automation, the application of digital techniques, the 
trend toward system checkout of man himself, and other related developments 
present stimulating goals -paralleling those of the most sophisticated prime 
defense systems. 

It is interesting to note that in the Air Force budget alone for the fiscal year 
1963, more than a billion and a half dollars are earmarked for support of installa- 
tions and facilities. This somewhat surprising volume of dollars is indicative of 
the major stature today of logistics and support business. I believe that it is 
important that RCA be even more extensively involved in the future in this most 
important endeavor in defense electronics. 

Walter G. Bain 
Vice President 

Defense Electronic Products 
Radio Corporation of America 
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With literally hundreds of technical journals and mag- 
azines in print today, it is especially important for the 
engineer or scientist to select the most appropriate 
one for his technical paper. Answers to the question of 
how best to go about this are presented herein. Three 
major categories of publications related to electronics 
are described: I) the professional society journals; 
2) company publications of a professional caliber, and 
3) commercial technical magazines. Differences among 
the publications in these three categories are dis- 
cussed. Also covered are editorial review and technical 
evaluation procedures, manuscript submission require- 
ments, general publication practices, payment policies, 
and availability of reprints. 

EFFECTIVE PLACEMENT 
OF ENGINEERING PAPERS 

CHARLES A. MEYER, Mgr. 
Commercial Engineering Technical Services 

Electron Tube Division 
Harrison, N. J. 

HE ENGINEER who spends many hours writing a tech- 
nical paper wants to and deserves to reach a large 

group of readers. The readers, however, must be a "knowl- 
edgeable" group so that the information will not only be 
of benefit to them but will also bring credit to the author 
and his sponsoring company. 

With the hundreds of technical publications and dozens 
of professional society meetings each year, the engineer - 
author often has a problem in selecting the right publica- 
tion or platform for his material. For best results, the many 
factors leading to a suitable selection should be considered 
be /ore the paper is written. In this way, the special require- 
ments of a particular publication and its readership, or of 
a meeting and its audience, can influence the way the sub- 
ject matter is treated. An understanding of these require- 
ments will make the choice an easier and more profitable 
one. 

TYPES OF PUBLICATIONS 

On a broad basis, the technical publications that elec- 
tronics engineers read and write for can be divided into 
three categories: professional, company, and commercial. 

Professional publications are those issued by the pro- 
fessional societies and include the Proceedings of the IRE, 
the many Convention Records, the AIEE Electrical Engi- 
neering, the IRE Professional Group Transactions, and the 
like. The second group includes publications of a profes- 
sional nature issued by industrial companies. Examples 
in this group are the RCA Review, RCA ENGINEER, Bell 
System Technical Journal, and IBM Journal. The third 
group, publications issued by commercial publishing 
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organizations, is the largest and includes publications like 
Electronics, Electronic Design, Electronic Equipment 
Engineering, Electronics World, Audio, and many others. 

There are several major differences among these 
groups of magazines. They differ in readership, emphasis, 
editorial review procedure, submission requirements, and 
payment practices. In addition, there are substantial dif- 
ferences among the magazines within the groups. With a 
knowledge of these differences, the engineer- author will be 
better able to select the right publication for his writing 
efforts. 

PROFESSIONAL SOCIETY PUBLICATIONS 

Among the aristocrats of the technical publications field 
are the professional societies' major publications, such as 
the Proceedings of the IRE or the AIEE Electrical Engi- 
neering. These publications are considered by many to be 
essentially publications of record. Papers are accepted 
and published with the expectation that they will be of 
permanent value as reference material. 

Papers submitted to a publication in this group are usu- 
ally reviewed by volunteers from the society membership 
who are experts in the particular field of the paper under 
consideration. The review cycle may be fairly long (sev- 
eral months and occasionally much longer) and may 
include several reviewers. If changes or additions are sug- 
gested, the author is asked to provide them. To facilitate 
the review procedure, the author is asked to submit three 
to six copies of his paper. Upon its acceptance, he is also 
asked to submit reproducible copies (including inked 
master drawings) of his illustrations. The professional 
societies do not remunerate the author; in fact some of 
them, such as the Physics societies, make a publication 
charge of up to $40 a page. The publication of a manu- 
script by a professional society journal provides the author 
and his company or university with prestige, a readership 
of high technical level, and, of course, a substantial 
amount of professional satisfaction. 

A number of other professional societies besides the 
IRE and the AIEE publish papers related to the electronics 
field. Information about publications of some of these 
societies is shown in Table I. 

Apart from its Proceedings, the IRE is a very prolific 
publisher of a wide variety of technical material. It spon- 
sors the Transactions of 28 different professional groups, 
the Records of its major international meetings, and the 
publications resulting from a host of regional or special- 
ized meetings. In addition, it is responsible for the Pro- 

Table I -Some Professional Society Publications Covering the 

Electronics Field. 

Name Society Issued 
Circu- 
lation* 

Proceedings of the IRE IRE Monthly 76,000 
PG Transactions IRE Varies Varies 
Electrical Engineering AIEE Monthly 53,000 
AIEE Transactions AIEE Varies Varies 
Physics Today AIP Monthly 32,000 
Journal of Applied Physics AIP Monthly 9,000 
Review of Scientific 

Instruments AIP Monthly 9,000 
ISA Journal ISA Monthly 21,000 
Science AA AS Weekly 68,000 
Astronautics ARS Monthly 22,000 
Journal of the SMPTE SMPTE Monthly 
Journal of the AES AES Quarterly 3,000 
Aerospace Engineering IAS Monthly 20,000 

* Circulation figures are based on average circulation in first 
half of 1961 as obtained from Standard Rate & Data. 
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HOW TO SUBMIT 

The mechanics of submitting an article to a commercial 
publication are relatively simple. Required are one fully 
approved,' clean, double -spaced typewritten copy of the 
paper, a complete set of illustrations (not necessarily 
reproducible masters) and a letter of transmittal stating 
that the article has not been published before and has not 
been accepted by another publication.- If a security or 
proprietary clearance is involved, it is the author's respon- 
sibility to obtain it prior to submission.' 

Submission to a professional society for publication in 
its major periodical usually involves multiple copies and 
sets of illustrations. The IRE, for example, requires three 
sets of each to facilitate its review procedure. In addition, 
master copies of illustrations suitable for reproduction 
are also required. These master copies, which should be 
inked, drawn, and lettered professionally, may be sub- 
mitted after the paper has been reviewed and accepted. 

The receipt of the article or paper will be acknowledged 
by the publication, often with a form postal card, and 
then the wait begins. The professional societies may take 
several months. The commercial magazines will vary con- 

Table Ill- Commercial Technical Publications Listed by Major Field. 

Fame Issued 
Circu- 
lation* 

GENERAL 
Electronic Design 
Electronic Equipment Engineering 
Electronic Industries 
Electronic Products 
Electronics 
Western Electronic News 

MILITARY -SPACE 
Military Systems Design 
Missiles & Space 
Space /Aeronautics 

INDUSTRIAL 
Electronic Packaging & Production 
Electro- Technology 
Industrial Research 
Product Engineering 
Research/Development 

Biweekly 38,0000 
Monthly 41,000 
Monthly 58,000 
Monthly 57,0000 
Weekly 54,000' 
Monthly 19,000 

Bimonthly 
Monthly 
Monthly 

Bimonthly 
Monthly 
Monthly 
Biweekly 
Monthly 

CONTROLS, AUTOMATION, DATA PROCESSING 
Automatic Control 
Automation 
Computers & Automation 
Control Engineering 
Datamation 
Instruments & Control Systems 

SERVICE TECHNICIAN 
Electronic Technician 
Electronics World 
PF Reporter 
Radio- Electronics 

HOBBY, EXPERIMENTER, 
CQ 
Electronics Illustrated 
Electronics World 
Popular Electronics 
Popular Science 
QST 
Radio -Electronics 
Scientific American 
73 

OTHER 
Audio 
Broadcast Engineering 
Microwave Journal 
Nucleonics 
Semiconductor Products 
Solid State Design 

Monthly 
Monthly 
Monthly 
Monthly 
Monthly 
Monthly 

Monthly 
Monthly 
Monthly 
Monthly 

POPULAR 
Monthly 
Bimonthly 
Monthly 
Monthly 
Monthly 
Monthly 
Monthly 
Monthly 
Monthly 

38.000 
24,000' 
58,000 

15,000 
32,000 
41,000 
51,000' 
34,000 

37,000 
33,000 
4,000 

32,000' 
31,000' 
32.000 

82,000' 
240,000' 

74,000' 
156,000' 

92,000' 
187,000' 
240,000' 
388,000' 

1,260,000' 
105,000' 
156,000' 
300,000' 

34,000' 

Monthly 25,000' 
Monthly 8,000 
Monthly 22,000' 
Monthly 20,000' 
Monthly 13,000, 
Monthly 20,000 

e Circulation figures are based on average circulation in first 
half of 1961 as obtained from Standard Rate & Data. 
Paid circulation. 

h Paid circulation about 75 %. 
Controlled circulation. 

siderably. Among the prompt reviewers are Electronics, 
Electronic Design, and Electronics World. Such publica- 
tions will accept or reject a paper in a matter of a few 
weeks and, if the editors have changes or additions to 
suggest, they will communicate with the author promptly. 
After an article is accepted, publication may take several 
months or longer depending on the frequency of the publi- 
cation. Weeklies, of course, can publish much more rapidly 
than monthlies. 

Once the article is accepted, the author may not see it 
until it is in print. Usually, however, he will receive a 
galley proof and an opportunity to evaluate any editorial 
changes. He will probably not see page proofs or engraver's 
proofs of the illustrations. 

The professional society publications move more delib- 
erately. After the review, the interchange of comments, and 
eventual acceptance, the society will submit galley proofs, 
proofs of the illustrations, and often page proofs. The 
Transactions of the Professional Groups of the IRE, how- 
ever, do not all follow the same procedure as the Proceed- 
ings of the IRE. The Transactions are edited by volunteers, 
and their practices vary considerably. Some of the Pro- 
fessional Groups will, like the Convention Record and 
other meeting records, require the authors to submit their 
manuscripts typed on prepared master sheets which are 
then photographed and reproduced directly by a photo - 
offset process. In such cases, no further editing can be done 
and final results are entirely the author's responsibility. 

REPRINTS 

Once an article or paper is in print, the author may 
receive many requests for reprints. The professional 
societies may solicit a reprint order when they send the 
author proofs to review. The commercial publications usu- 
ally do not solicit reprints, but will arrange to supply them 
if requested. Reprints are not expensive, varying in price 
from about $5.00 a .hundred copies and up, depending 
upon the number of pages and the quality of the reprinting 
method. Reprints ordered from the printer of a profes- 
sional society journal prior to publication are usually the 
lowest priced. Reprints may also be obtained from RCA 
company publications at reasonable rates by arrangements 
with the editors (See Table II) . 

The average engineer -author is stimulated and encour- 
aged by requests for his article and will want reprints to 
fill these requests. In many cases, the marketing or engi- 
neering activities will arrange to pay for a quantity of 
reprints, supply a number of them to the author to take 
care of requests, and distribute the bulk of them where 
they can contribute to the company's prestige or com- 
mercial interests. 

CONCLUSION 

RCA's well -established policy of encouraging engineering 
papers is a recognition of the benefits, both to the corn - 
pany and to the authors, of getting good articles published 
in the technical periodicals. The appearance of a well - 
written article or paper in an appropriate publication is 
by far the most effective way of reaching a large group of 
readers eager for knowledge of technical advances in their 
special fields of interest. 

'For information on the required approval procedure for RCA -authored 
papers, contact the Technical Publications Administrator, or his repre- 
sentative, for your operating area. 
Because the RCA ENGINEER is available only to the RCA technical staff, 
it is practical (and often desirable) to submit a paper concurrently to a 
commercial or professional journal and to the RCA ENGINEER. The fact 
that the paper may appear in the RCA ENGINEER should not affect 
consideration by the commercial or professional journal. Again, contact 
your Editorial Representative or Technical Publications Administrator 
for details. 
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Fig. 1- Systems Support Engineering programs. 

AUTOMATIC CHECKOUT EQUIPMENT 
....Some Trends and Plans 

I. K. KESSLER, Division Vice President & General Mgr. 
Aerospace Communications & Control Dit ilion, DEP, Camden. .N. J. 

"Computer controlled test equipment capable 
of automatncally checking out and monitoring 
the electronics assemblies of several existing ur 
future missile systems will be supplied to the 
U.S. Army under terns of a contract awarded 
to the Radio Corporation of America on March 
C, 1962. The contract stems from a sir -year 
program of study, research development, and 
prototype construction. The equipment, which 
represents a new concept in Ordnance .Missile 
Test Equipment, will he supplied by RCA's 
Aerospace Communications and Controls Divi- 
sion, Defense Electronic Products, Camden. 
_v,- Jersey." 

INUI1:A IVE OF THE trend toward sophis- 
ticated automatic test checkout and 

monitoring equipment is the above quo- 
tation from a recent Department of 
Defense release. The multisystent test 
equipment 1 NITF: I contract is the result 
of years of planning and development 
by RCA specialists. The equipment is 

highly versatile and economical; it is 

full' automatic and computer con- 
trolled; and. it is the most advanced of 
our recently developed building-block 
family of interchangeable test -equipment 
modules. Originally developed as the 
DF.E family (Digital Evaluation Equip- 
ment 111TE is an outgrowth of RC.i test 

and checkout systems used for the elec- 
tronic assemblies of NIKE: AJAX, NIKE: 

HERCULES, LACROSSE.. SERGEANT. and 
IlAwK missile systems. 

MTE will be applicable to production 
testing. field checkout. depot mainte- 
nance, or R & D evaluation work. It will, 

initially. be used to test the MAULER mis- 
sile system at the field level. but ability 
to handle several other missile systems. 

present and future. is inherent. MTE will 
store test instructions and programs on 

magnetic tape, using hardware and tech- 
niques of high -speed, large -volume data 
processing. As prime contractor, RCA 
will develop NITF: in parallel with the 
\IAIILER missile system, for which Con - 
vair is the prime contractor. MTE is the 
first Army ground- support -equipment 
contract awarded separately-indicati'.z- 
of universal recognition of the impor- 
tance of modern concepts of logistics 
and support. 

Alti gh the U. S. Air Force and 
1.L S. Navy are not currently committed 
to the modular standardization of test 
equipment. both have contracted for 
studies on titis. and Systems Support 
Engineering has participated in or is 

monitoring the results thereof. The 
knowledge gained from these. together 
with performance on the Army contracts, 
has made Systems Support Engineering 
an industry leader in the field. 

ORIGIN OF MODULAR 
SUPPORT -EQUIPMENT 

About 195-t. ru-tinier demands for com- 
plex. high- performance test equipment. 
coupled with the need for engineering 
and management specialists in logistics 

o 
Lc) 

LC) 

LC) 
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and support, were instrumental in the 
formation of a separate group in DEP. 

Modularly constructed test equipment 
originated in the RCA Service Company, 
as the result of an Army Ordnance study 
contract. Upon completion of studies and 
following prototype hardware- design ini- 
tiation, responsibility was transferred to 
the DEP Aerospace Communications and 
Controls Division (then Airborne Sys- 
tems Division) in Camden, New Jersey. 
The program was phased into the exist- 
ing test -equipment design groups for the 
Dynamic Accuracy Test System (DATS), 
the ATLAS Launch and Countdown 
Equipment (under subcontract from the 
DEP West Coast Missile and Surface 
Radar Division) , and the Data Link 
Test Equipment. These engineering 
groups, prior to the transfer, had also 
been supporting the fire -control and 
communication systems built by DEP. 

In parallel with the Ordnance con- 
tract, the RCA Service Company com- 
pleted the preproduction HAWK Field 
Maintenance Test Equipment at its 
Alexandria, Virginia facility. Subsequent 
production orders were built in the 
Camden defense plant. 

SYSTEMS SUPPORT ENGINEERING TODAY 

The design group that originally con- 
sisted of four engineers has now grown 
into a team of over 150 engineers and 
scientists. The growth and spread of the 
product line (Fig. 1) is based on several 
major technical strengths: the estab- 
lished building -block family of test 
equipment, continuous research in ad- 
vanced test techniques, in -space main- 
tenance studies, an established life - 
sciences program, automatic teaching, 
and environmental stimulation. 

The Systems Support Engineering 
sections report to the Chief Engineer, 
Aerospace Communications and Con- 
trols Division, Burlington, Mass. Major 
programs (such as MTE, with a Program 
Manager) report to the Division Vice - 
President and General Manager. 

Systems Support has four engineering 
areas that contribute to the product line: 

Preliminary Design consists of senior 
engineers, responsible for the determina- 
tion of future trends in the field of sup- 
port, the development of new ideas and 
products, and public -relations activities. 

Project Management personnel are 
responsible for the successful comple- 
tion of specific contract projects. 

Systems personnel are responsible for 
outlining specific support parameters for 
any given system and for the parameters 
of a complete support system. They also 
integrate specific customer desires into 
systems requirements, and generate the 
systems specifications for design group 
guidance. 
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Design personnel are responsible for 
electrical and mechanical hardware de- 
sign, packaging, production follow, doc- 
umentation, and related tasks. 

PLANNING OF TEST EQUIPMENT 
PRODUCT LINE 

Systems Support supplies an integrated 
product line of equipment and logistics 
services in support of weapon or space 
system development, production, opera- 
tion, and /or maintenance. Prime system 
integration depends heavily on the suc- 
cess of such support equipment, which 
must be compatible with the prime sys- 
tem's original electrical and mechanical 
requirements -and its potential for 
future development and expansion as 
well. These factors necessitate close 
liaison with all facets of the prime sys- 
tem. We do not supply one particular 
item of automatic test equipment modi- 
fied for each customer, but rather an 
integrated line of equipment adaptable 
to specific applications. 

For example, the DEE system has pro- 
vided a library of designs for many types 
of test -equipment "building blocks." 
Blocks built from these designs have 
been used in various delivered equip- 
ments as well as for Camden defense 
plant ( for example, FATE, Factory Auto- 
matic Test Equipment, illustrated on the 
front -cover photo, is being used for pro- 
duction testing of electronic assemblies). 

THE FUTURE TRENDS 

There is now increasing emphasis on 
space systems, and the separation of 
support procurements and prime- equip- 
ment procurements. Automatic test 
equipment is no longer a novelty. Feasi- 
bility has been demonstrated and future 
sales will be based on performance inno- 
vations in the art of testing and on tech- 
nical competence. 

IRVING K. KESSLER. Division Vice President and 
General Manager, DEP Aerospace Communications 
and Controls Division, received his BS from Temple 
University and has done graduate work in Psychol- 
ogy at the University of Pennsylvania. From 1941 to 
1946, he was with the RCA Victor Division as Wage 
and Salary Administrator. From 1946 through 1957, 

he was with the John B. Stetson Co. as Vice Presi- 
dent. In 1959, he rejoined RCA as Manager, Man- 
agement Engineering, and in August 1960 was named 
to his present executive position. Mr. Kessler has 
taught, lectured, and written widely on various 

Strategy being followed for future 
product line expansions calls for the 
development of more building -block de- 
signs, as an outgrowth of the MTE pro- 
gram. The philosophy of complete end - 
to -end system testing, typified by DATS, 
is being expanded and extended. Auto- 
matic mechanical test and evaluation 
equipment (MEE) is being added to the 
MTE program to insure coverage of the 
hydraulic and pneumatic test require- 
ments areas. Electro- hydraulic test - 
equipment based on the concept of com- 
bined circuit and hydraulic or pneumatic 
checkout (e.g., a servo loop) is being 
developed. Investigations must continue 
into non -classic test techniques; for ex- 
ample, use of transfer- function analysis 
to indicate condition, rather than meas- 
urement of individual circuit values 
such as voltage. There are also exotic test 
concepts based on use of infrared, ultra- 
violet, or x -ray detection of out -of- 
ordinary conditions in equipment in 
equipment in order to foretell changes 
in operation. 

CONCLUSION 

In summary, the trends in systems sup- 
port are toward more automation to sim- 
plify personnel participation; exotic test 
methodology, especially in space simula- 
tion and in -flight space support; and 
standardization and modular solid -state 
circuitry in the test equipment itself. 

More centralized DOD procurement 
for support equipment coupled with the 
newer method of allocating budgeted 
funds for a given system not just to the 
prime system (with support equipment 
tacked on) but separately as individual 
system- support contracts, should in- 
crease the demand for the special capa- 
bilities that our Systems Support Engi- 
neering can provide. 

phases of scientific management and industrial rela- 
tions. His teaching activities, in addition to those 
within RCA, have included Temple University, Junto, 
and Princeton University -the latter in the graduate 
school Industrial Relations Conference Faculty. 
Among his many professional and civic organiza- 
tional activities, he has been President of the 
Industrial Relations Association of Philadelphia, on 
the National Panel of Arbitrators of the American 
Arbitration Assoc., and is a member of the Indus- 
trial Relations Committee of the NAM and the 
American Society of Naval Engineers. 
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Fig. 1 -In the photo, APATS equipment is 

shown as installed at Lockheed- Sunnyvale, 
with E. McDowell, RCA Service Company Instal- 
lation Engineering, (center¡ and two repre- 
sentatives from Lockheed. 

.. . . .........; 
. 

The increasing number of space 

missions and types of vehicles 

has led to a multitude of highly 
complex test instrumentations. 
To provide an accurate, reliable, 
and automatic evaluation equip- 
ment for prototype spacecraft, 
RCA designed and built the 

Automatic Programmer and Test 
System (APATS). It is used with 

the Lockheed High- Vacuum Or- 
bital Simulator (HIVOS) installed 

during the latter half of 1961 at 
Lockheed's Missile and Space 

Company plant at Sunnyvale, 

California. An outgrowth of the 
DEE family (see Dobson and 

Wolff, this issue), APATS pro- 
vides an easily maintained and 

expandable instrumentation sys- 

tem. Although requirements for 
the marriage of HIVOS and 

APATS were extremely complex, 
the test system was completed 
and installation started within 9 

months. 

AUTOMATIC EVALUATION OF SPACE VEHICLES 
DURING ENVIRONMENTAL TESTS 

J. SOS 
and R. R. SCHELLENBACH, Ldr. 

S3'stenls Integration 
Systems Support Engineering 

Aerospace Communications 
and Controls Division 

DEP, Burlington, Mass. 

TESTING SPACE -VEHICLE electronic 
equipment under simulated environ- 

mental conditions can be a complicated 
and time consuming procedure. In the 
conventional approach, each vehicle 
undergoing such evaluation requires 
specialized test apparatus in conjunction 
with a test chamber and its associated 
equipment. Several technicians are 
needed to perform a sample test and to 

calibrate the equipment. thus requiring 
an extra amount of time before the 
actual environmental testing can pro- 
ceed. Also, the use of several types of 
separate, specialized test equipment in- 
creases the problem of test -equipment 
malfunctions, and can thus further delay 
the environmental testing of complex 
electronic specimens. 

APATS -A SIMPLIFIED TEST PROCEDURE 

The APATS design has eliminated the 
need for such special -purpose test equip- 
ments, since it is an integrated, general - 
purpose. automatic system capable of 
performing a multitude of tests for all 
specimens to be evaluated in the simula- 
tor. Test -equipment calibration, mainte- 
nance, and operation are automated so 

that operating personnel can be kept to 
a minimum. 

The APATS system employs solid -state 
circuit design previously proven ex- 
tremely reliable and efficient in Army 
Signal Corps test systems. Circuits which 
make up the digital control logic ele- 
ments- gates, registers, counters, power 
amplifiers, relay drivers, comparators, 
program controllers. and tape controls - 
all have proven records of operational 
reliability. 

APATS automatically performs pre- 
programmed tests on vehicle and satel- 
lite specimens while they are contained 
in the simulator. Tests include: 1I gen- 
erating stimulus, 2 programming the 
exact destination to which the stimulus 

will be sent, and 3 evaluating the speci- 
men's response to each stimulus, using 
comparison techniques. Results of the 
tests are decoded, stored. displayed, 
and /or printed out on hard copy. 

In the case of the or data -link inter- 
face subsystem. stimuli are in the form 
of an RF interrogation of the specimen 
under test. Specimen return to APATS is 
stored on video tape and simultaneously 
translated by pulse -amplitude- modulated 
telemetry apparatus into analog voltages 
representing the data being transmitted. 

THE APATS EQUIPMENT 

APATS consists of five major subsystems: 
a system test control unit, an RF data - 
link interface system, a tape -recorder 
console, a power- distribution console. 
and a mobile unit containing the periph- 
eral equipment. The APATS equipment 
is mounted in 12 racks and uses stand- 
ardized modules (Figs. 1 and 2) . 

The system test control unit is com- 
prised of a main junction box, specimen 
power supplies, signal distribution con- 
sole, and a system programmer. The sys- 
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Fig. 2 -The APATS system. 
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Fig. 3 -APATS programmer. 

tern junction box receives voltage -moni- 
toring stimuli and sensor lines from the 
specimen. These lines are routed to the 
signal distribution console. Outputs 
from the lines are available at a patch 
panel on the distribution console where 
they can be monitored, recorded and, as 
necessary, controlled. Monitoring, re- 
cording, and evaluation of specimen - 
activation events and specimen malfunc- 
tions are performed by this console. 

PROGRAM CONSOLE 
INTERPRETS TEST ROUTINE 

The program console performs the func- 
tion of a central programmer- compara- 
tor. In addition to remote control of the 
other APATS consoles, the console auto- 
matically performs all of the comparison 
and evaluation measurements of the 
specimen function. The programmer 
controls the selections of stimuli, selects 
test points to be monitored, and deter- 
mines program continuation in accord- 
ance with the measurement and evalua- 
tion results. 

The RF data -link interface system con- 
sists of a UHF telemetry console and a 
pulse -amplitude -modulation (PAM) con- 
sole. The UHF telemetry console trans- 
mits self- contained, preprogrammed 
command messages to the specimen 
through coaxial cables. It is also capable 
of performing wide -band and narrow - 
band evaluation of power, frequency, and 
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TAPE CONSOLE 

frequency deviation of the PAM telemetry 
wave train received from the specimen. 
The PAM video is recovered and sent to 
the tape reader console for storage, and 
to a discriminator for demodulation. The 
resulting pulse amplitude signal is fed 
to the telemetry console, where it is 
processed for main frame and subframe 
separation. The peripheral equipment 
cart contains a VHF telemetry receiver 
and provisions for six discriminators. 
The output of the receiver can be fed 
into the UHF telemetry console discrimi- 
nator for VHF -PAM telemetry processing. 

The programmer (Fig. 3) automat- 
ically interprets programmed test rou- 
tines from the tape reader, and then 
carries out the orders as directed. In 
performing test routines, the program- 
mer: 1) provides stimuli and peripheral 
equipment control to the other consoles 
of the APATS system; 2) selects the de- 
sired measurement test point, function 
and range; 3) performs evaluations to 
determine if the measured parameter is 
within acceptable limits; and 4) based 
on the results of each test, makes deci- 
sions -such as deciding the test routine 
to perform next or when to stop testing. 

PROGRAMMER OPERATION 

The programmer unit is operated as a 
bit -serial, character -serial device, which 
minimizes the circuitry required, and 
increases over -all reliability. The bit - 
serial operation does not increase the 
over -all testing time of the system, since 
each character from the tape reader is 
processed in a fraction of the time that 
it takes for the tape reader to move from 
one character to the next. This is because 
the tape reader performs conversions at 
the rate of 200 characters or frames /sec. 
(Actual character read time is approxi- 
mately 1.7 msec, while the time required 
to process the character is less than 0.16 
msec.) Thus, a factor of greater than 10 

to 1 exists between programmer process- 
ing time and the tape- reader conversion 
rate. 

In the normal mode of operation. data 
pertaining to a particular test sequence 
are searched for and, when located, read 
into the programmer. Tests on the tape 
are preceded by tape address instructions 
and addresses, enabling the programmer 
to locate desired data and to sense when 
to read data into the programmer. After 
completing the tape search operation, 
the programmer performs the test se- 
quences stored on the tape. 

Over -all operation is controlled by 
instructions obtained for either the test 
sequences, manual commands, or remote 
inputs. During testing, the program con- 
trol elements obtains instructions from 
tape, interprets them, and issues ap- 
propriate commands to other units. In- 
structions may also contain display or 
print commands, or they may select a 
particular measurement range and meas- 
urement function. These instructions 
may be: 1) commands selecting particu- 
lar stimuli. 2) commands setting up 
other console functions, 3) measurement 
test -point selection commands, 4) a com- 
parison command, or 5) commands to 
branch to a new series of tests. 

At all times, the program control 
(along with the instructions ) controls 
the flow of data to and from the various 
units of the system. Provisions for re- 
mote control of the program control unit 
are included in the system for interrupt- 
ing programmer operation until a partic- 
ular subsystem operation is complete. 

A TYPICAL TEST SEQUENCE 

A typical test sequence might require 
data to be routed to the stimuli control 
unit, which would then select the desired 
stimuli for the specimen under test in the 
Hivos chamber. Next. the measurement 
test -point selector would be comnianded 
to route the proper monitoring point 
from the distribution console to the 
measurement section. The instructions 
would then select the range and type of 
measurement, followed by a setting of 
the upper and lower limits of the param- 
eter to be measured. 

After a comparison command, the pro- 
grammer would be instructed to either 
branch to a new test sequence or con- 
tinue on to the next test in the original 
sequence. This process of performing 
tests from tape would be continued until 
testing was completed or stopped, or a 
defective unit was detected. 

The system junction box provides ter- 
minal points for 990 incoming specimen 
lines. In addition, it accepts DC power 
from the specimen power supplies for 
routing to the unit under test. Incoming 
specimen lines are routed to the distribu- 
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tion console, where any information from 
the specimen can be monitored, re- 
corded, or controlled. Of the 990 lines. 
656 lines are routed from the distribu- 
tion consoles to other APATS consoles. 
Specimen power supplies are controlled 
both locally and remotely from the pro- 
grammer console. 

Signal Distribution 

The signal distribution console receives 
signals of the specimen function that are 
routed through its interface connectors. 
Signals from the specimen umbilical and 
test plugs are routed via a patch system 
to their respective connectors. These and 
other signals generated by the system 
programmer and the system test control 
unit may be monitored on the input -test- 
point panel with a digital voltmeter and 
an oscilloscope. In addition the distribu- 
tion console provides a means for auto- 
matically monitoring the squib lines of 
the Hivos Specimen. 

RF Data -Link Interface System 

Upon command of the programmer con- 
sole, a message generator converts and 
clocks the 39 -bit parallel message infor- 
mation from the punched -paper tape 
reader to 37 bits of message. These are 
fed serially to a voltage -controlled oscil- 
lator. The remaining 2 bits are used to 
recognize one of four different types of 
message formats. Message -type informa- 
tion is used to gate the 37 circuits that 
select the hit -time slots to be blocked 
for each message. 

Output of the voltage -controlled oscil- 
lator (vco) is one of three frequencies: 
43 kc for a logical 1, 37 kc for a logical 
0, and 40 kc for no information. The vco 
output is mixed with a 1 -kc sine wave 
generated by a 1 -kc clock in the message 
generator. The resultant signal is used 
to frequency -modulate a 1700 -to -1850- 
Mc signal generator. This FM command 
signal is transmitted to the specimen 
unit under test via a coaxial cable. 

The signal generator output also can 
be routed to a spectrum analyzer and a 

frequency counter. where its deviation 
and frequency are monitored during ini- 
tial adjustments of signal -generator 
characteristics. 

Upon receipt of a valid message, the 
specimen generates a 10 -msec message - 
acceptance pulse (MAP) which is sent 
back to the console on one of four lines. 
Two lines are RF telemetry and two lines 
are umbilical information. It is from 
these sources that continuation of mes- 
sages into the specimen are governed. If 
the MAP is present on the proper line at 
the time when the message generator gen- 
erates a MAP interrogation pulse, a tape 
reader advance pulse is generated. If a 
MAP is not generated or is not on the 

proper line, an error signal is generated 
and the tape is prevented from advanc- 
ing. 

The Telemetry Console 

The telemetry console also accepts a 
I'AM -FM -FM signal from the specimen. 
This signal, at a frequency between 2200 
and 2300 Mc, is coupled to a wideband 
preselector and a narrowband preselec- 
tor through a power divider. The wide - 
band preselector selects a 24 -kc spec- 
trum which is fed to the frequency coun- 
ter and spectrum analyzer for evaluation 
of frequency accuracy and deviation. The 
narrowband preselector, with a band- 
width of 800 kc, selects only the desired 
signal spectrum. The selected signal is 
then coupled to another crystal detector 
for power monitoring and to a super- 
heterodyne receiver where the video sig- 
nal is extracted. 

The video is then fed to a high -speed 
magnetic -tape recorder and stored for 
later and thorough evaluation. The video 
signal is coupled also to a heterodyne 
discriminator. where the PAM is ex- 
tracted. The PAM signal is routed to the 
PAM console, where channel separation 
and monitoring is performed. 

The PAM Console 

The PAM console accepts PAM pulse -train 
signals from the specimen through the 
telemetry console and demultiplexes 
them for measurement. Operation of this 
console is controlled by a programmer 
which is part of the console. The console 
has visual digital display and simultane- 
ously records the measurement results 
of the channel selected by the program- 
mer on punched paper tape and on a 

decimal printer. This operation is per - 
formed sequentially for each channel 
selected by the programmer. 

The PAM console also continuously 
monitors 11 manually preselected chan- 
nels simultaneously. Each output of 10 
of these channels is displayed on an indi- 
vidual Dc. voltmeter. The remaining chan- 
nel monitors the RF data -link PAM verify 
MAP signal which is routed to the telem- 
etry console. Eleven of the possible 2048 
channels are montored continuously. All 
preselceted channels are processed se- 
quentially and fed into a tape punch and 
to a digital printer for display. Outputs 
from the tape -punch are used to store 
telemetry data on punch cards for sub- 
sequent data analysis. 

The only external commands required 
by the PAM console are those for start 
and stop. These commands can originate 
either from the programmer console or 
from an associated remote -control unit. 
A portable unit containing a receiver is 
used to further enhance the reliability of 
data acquisition from the payload by 

providing an alternate channel for the 
reception of VHF telemetered data. 

Power Distribution Console 

The power distribution console accepts 
two feeders from commercial power 
lines: 208/120 volt Ac, 3- phase, 60- cycle, 
4 -wire, Y- connected. Each feeder is capa- 
ble of transmitting a maximum of 100 
amperes to the console. and each phase 
is monitored for voltage and current. 

Power is routed to a circuit breaker 
panel and then to the running -time meter 
panel. The accumulative running -time 
meters monitor on time of the twelve 
30- ampere. 3 -phase power lines. The 
power is then distributed to the test con- 
soles and to a low -speed data and plot- 
ting system. Metering and controls are 
provided to monitor and control power 
to the consoles and the 120 -volt -AC single - 
phase outlets. 

CONCLUSION 

APATS is designed to fulfill the need for 
automatically performing the complex 
testing routines necessary to assure the 
proper operation of aerospace electronic 
equipment. A significant feature is that 
it is comprised of proven, field- tested 
equipment. 
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TECHNIQUES FOR INFLIGHT SUPPORT 
OF FUTURE SPACE SYSTEMS 

T. TAYLOR and H. S. DORDICK, Ldr. 

Advanced Projects 
Systems Support Engineering, Aerospace Communications and Control Div. 

DEP, Camden, N. J. 

Because future space missions will be complex and the "payloads" will involve 
more -sophisticated equipment (and often be manned), considerable effort must 
now be directed to maintenance and support of the space vehicle while in flight. 
This article briefly describes some of the problems confronting the space systems 
support engineer and a few of the solutions proposed. 

IN EARLY SPACE VEHICLES, little or no 
thought was given to problems of 

maintaining or supporting the prime 
vehicle. The "support" problem was only 
a detailed checkout of the booster and 
whenever possible, a one -shot check of 
the simple payload prior to launch. 

Now, we are operating and planning 
spacecraft systems to perform extremely 
complex missions. Multi- function pay- 
loads have reached a level of complexity 
requiring a checkout procedures equal 
to those of the boosters ; additionally, 
space vehicle checkout may become 
necessary while in orbit. 

For manned payloads, for example 
lunar missions of extended duration, in- 
flight maintenance is highly significant 
because of heavy emphasis placed under- 
standably on crew survival. The longer 
the mission duration, the greater the 
difficulty in meeting reliability require- 
ments; consequently, the need arises for 
additional modes of achieving mission 
success -such as redundancy and main- 
tenance. 

SPACE MISSION ANALYSIS 

The vehicle mission and its reliability 
profile must be examined first in specify- 
ing a space maintenance system. The 
vehicle mission indicates payload weight 
limitations and flight duration. Reliabil- 
ity data provides an estimate of system 
survival probability for a given mission 
duration. These factors influence the 
degree of redundancy, the choice of 
in -space maintenance, the repair tech- 
niques and tools necessary to maintain 
vehicle subsystems at the desired relia- 
bility level. 

Four basic mission profiles for manned 
vehicles are presently being considered: 

Mission 1 is primarily for research 
and reconnaissance, with durations of 1 

to 17 orbits, and altitudes in the vicinity 
of 80 to 200 miles. The present MER- 
CURY capsule and DYNASOAR vehicles 
constitute space missions of this nature. 

Mission 2 would be a surveillance, 
reconnaissance, satellite inspection, 
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maintenance, rescue or ferry -type sys- 
tem. It would use heavier and more ad- 
vanced versions of the MERCURY -GEMINI 
and DYNASOAR vehicles, maneuverable 
and multi- manned. Orbital altitudes up 
to 1,000 miles and mission durations of 
3 weeks are being considered. 

Mission 3 represents a permanent orbi- 
tal station at altitudes up to 1,000 miles 
to serve as a platform for extensive astro- 
nautical and biological observations, as 
well as an assembly point for lunar and 
other planetary missions. Construction 
would be undertaken by docking tech- 
niques of substages ferried into space 
by the methods of Missions 1 and 2. 

Mission 4 represents lunar and other 
planetary missions, probably assembled 
in either earth or lunar orbit with the 
aid of techniques developed for Missions 
1, 2, and 3. It would contain various mis- 
sion modules such as booster, mission, 
command, lunar landing, and earth - 
return re -entry vehicles. 

The penalty of putting these vehicles 
into space in respect to launch weight 
(combined booster and payload at take- 
off) is shown in Fig. 1. Small unmanned 
scientific payloads and communication 
satellites of 100 pounds require launch 
weights of 36,000 pounds for low orbits 
and up to 100,000 pounds for lunar 
probes. Larger manned payloads for 
lunar or military surveillance missions 
of the 10,000- to 20,000 -pound class may 
require launch weight up to 1 million 
pounds. For lunar landings and return, 
launch weights may approach 8 million 
pounds, requiring 12 million pounds of 
thrust. 

When the cost of launch facilities, 
ground tracking, and the family of 
boosters are considered, the importance 
of a successful mission is evident. Fig. 2 
examines the survival probability of each 
of the four space missions mentioned. 
The exponential failure rate 
P, =exp (- t /MTRF) is assumed. 

The relative equipment simplicity of 
the unmanned communications satellite, 

for example, requires no post launch 
maintenance. The manned surveillance 
and lunar missions present a more seri- 
ous picture. Equipment complexity plus 
mission length lower the reliability con- 
siderably. Figs. 3a and 3b show improve- 
ments with equipment redundancy, 
spares, and maintenance added. Periodic 
checkout of the extended surveillance 
mission system will raise the confidence 
level to near 100 percent each time a 
successful test and needed repair is 
made. Test interval is chosen at 10 
hours; confidence level decays expo- 
nentially to 93.5% at the end of this 
period when the next test is performed, 
and so on. Failures occurring during the 
mission will be picked up at each test 
interval and repairs made from spares 
carried aboard. This cycle continues 
until all spares are exhausted (1,008 
hours, or six weeks) at which time the 
complete exponential decay begins. 

For a lunar mission, only a limited 
amount of spares may be carried, usually 
as built -in redundancy. Because of 
weight limitations, redundancy must be 
highly selective and applied only to those 
equipments that have relatively lower 
reliabilities. The improvement is made 
only to the degree necessary to give a 
90- percent probability of survival for 
336 hours, or 14 days. 

MAINTENANCE AND REPAIR TASKS 

As shown in the reliability profiles of the 
space missions, inflight maintenance can 
make up the difference between the 
actual and desired probabilities of suc- 
cess in complex, especially manned, mis- 
sions. Vehicle weight limitations impose 
restrictions on the amount of spares and 
test equipment that may be carried. 
Crew tasks and work loads affect the 
amount of testing that can be done 
manually and impose requirements for 
some automation when limitations in 
human reaction and mobility can jeop- 
ardize crew safety during emergencies. 
Fig. 4 illustrates a flow of possible main- 
tenance actions. The levels of mainte- 
nance action can be defined as follows: 

1) Overt fault recognition (monitor- 
ing). The operator can quickly and 
easily detect that his equipment 
is not functioning properly. The 
operator can be in a vehicle, in 
a ground station, in an orbiting 
repair vehicle or in an orbiting 
repair base. 

2) Straight- through dynamic testing 
which can localize faults to major 
subsystems and detect calibration 
requirements with minimum signal 
inputs. 

3) First -level fault diagnosis which 
can detect faults in major assem- 
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blies and subassemblies of the sub- 
systems. 

4) Second -level fault diagnosis which 
can detect faults to the module or 
major- component level. 

5) Third -level fault diagnosis which 
can detect faults to the part level. 

Specific repair techniques can be classi- 
fied as: 

1) Direct replacement using parts 
from the logistic store. 

2) Direct replacement using canni- 
balized standard part from non - 
priority equipments. 

3) Rebuilding by means of simple 
construction techniques. 

4) Self- repair or self -healing wherein 
the failed unit or part can adapt 
itself to a new condition or can 
cause inherent changes in its struc- 
ture that can be construed to be 
repair. 

5) Redundancy by automatic and 
manual switchover to new unit. 

In addition, the essentials for effective 
maintenance include adequate inventory 
of spares and materials for repairs, 
sufficient repair kits and tools, technical 
instruction and prepared diagnostic 
maintenance routines for malfunction 
analysis, and prime- system design spec- 
ifications that enhance maintainability. 

In general, the weight and cost for 
inflight maintenance of a composite 
mechanical -electronic vehicle system de- 
pends on the level of repair. Fig. 5 

shows parametrically the relationship 
between weights of onboard checkout 
equipment and level of replacement 
made. It is apparent that for repair at 
the lowest level (piece, part, or com- 
ponent) considerable numbers of test 
points, cabling, and instrumentation is 

required to isolate each failure, though 
the weight of spares is relatively low. 
Conversely, little instrumentation is 
required if failures are to be isolated to 
major subsystems or assemblies, but the 
weight of spares would be high. 
approaching that of the total system. 
Disregarding other considerations, the 
optimum selection in this case might be 
at the intersection of the two curves. 

CHECKOUT TECHNIQUES 

Checkout techniques may be initiated 
manually, automatically, or a combina- 
tion of both. On the more complicated 
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vehicle missions, the crew may not be 
able to perform all of the maintenance 
tasks manually, because of the work load 
from other duty assignments. As an 
example, the equipment complexity in 
an extended surveillance mission could 
require 300 separate tests for an ade- 
quate checkout - manually, requiring 
21/2 hours to perform. With some auto- 
mation, this same test requirement could 
be accomplished in 15 minutes. 

Preliminary space -vehicle analyses 
have emphasized the use of the central 
control and guidance computer on a 
time -share basis to provide the frame- 
work for automating the test functions. 
Since the computer load is cyclic (being 
most active during launch, orbital trans- 
fer and reentry), the other periods are 
available for use in fault diagnosis and 
control of checkout routines. 

Dynamic straight- through system test- 
ing lends itself readily to computer - 
controlled test routines. A considerable 
amount of test information may be 
gained from this technique with a min- 
imum of input stimuli. This is based 
on the premise that a dynamic exercise 
of the system under realistic operating 
conditions provides more -precise indica- 
tion of performance than does successive 
monitoring of static signals such as 
power -supply voltages and current. The 
insertion of simulated radar returns into 
the front end of a surveillance radar 
system is an example of this technique. 
The performance may be evaluated at 
the output of a data correllator end, 
along with discrete measurements at 
selective points of the system, provide a 
measure of receiver sensitivity, dynamic 
range, frequency stability, and resolu- 
tion, with a very limited number of input 
stimuli. The onboard computer can ini- 
tiate the test at selective intervals and 
perform readout comparisons with its 
memory and, additionally, perform fault 
isolation to the module level. 

Consideration has also been given to 
the use of telemetry testing whereby pro- 
gramming and data analysis for fault 
isolation is accomplished on the ground. 
Telemetry has become a standard sub- 
system for all space missions and has a 
high availability on a time -share basis. 

Fig. 6 illustrates an application of 
this technique. A periodically trans- 
mitted test message from a ground 
S -band system is received by the space 
vehicle, and by its proper address 
through the command and control initi- 
ates commands to guidance and surveil- 
lance subsystems. The response of this 
exercise will be subsequently retrans- 
mitted back by return telemetry on the 
control subcarriers. Comparison and 
analysis of the returned data with the 

Fig. 1- Launch weight, WL, and payload 
weight of various space missions. 
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Fig. 2- Survival probability, Ps, of four types 
of space missions, where Ps = exp( -Xt), with 
X =1 /MTBF 

initial instruction on the ground deter- 
mines loop performance. Appropriate 
signal pick -offs in the vehicle subsystem 
provides fault isolation to a replaceable 
module or black -box level. The space 
crew would perform necessary repair 
based on instruction from ground as to 
location of failure. 

AUTOMATIC TEST EQUIPMENT 

An automatic checkout system can be 
used to perform the calibration and dy- 
namic-testing function, first -level diag- 
nostic testing, and in several cases, the 
final diagnostic testing. Certain assem- 
blies may require this technique at the 
assembly level only. Further isolation 
would then be accomplished manually. 
A proper assignment or allocation of 
maintenance tasks between automatic 
and manual test equipment would be 
accomplished based on crew work loads 
and criticality of equipment to failure 
rate. 

An automatic test system that might 
be used on a permanent satellite or a 
lunar mission may contain: 

1) Programming equipment that pro- 
vides coordinated and precise con- 
trol of the test equipment and the 
unit under test by using pre - 
punched or magnetic tape. 

2) A switching unit that selects test 
points determined by the program- 
mer and routes signals to the test 
evaluator. 

3) A comparator that accepts the 
information from the test points as 
ordered by the programmer and 
determines if the selected test 
results are within permitted 
tolerance. 

4) An operator's console, including 
control and display devices to pre- 
sent the evaluation of the tests to 
the operation. 

5) An adaptor unit that is the link 
between the tester and the unit 
under test. 

6) A stimulation unit that provides 
signals to be injected into the unit 
under test. 

7) A measurement unit which pro- 
vides a standard for the compara- 
tor. 

The final design and program storage 
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Fig. 3a- Extended surveillance system reli- 
ability profile, MTBF -127 hours. 

capacity of the system is defined by the 
number of items to be tested and the 
number of replaceable or repairable 
items within each subsystem. 

Although an automatic tester reduces 
such problems as test time and person- 
nel skill requirements, it creates new 
problems of weight and space require- 
ments. This problem is partly alleviated 
by using the primary guidance computer 
in place of the programmer- comparator 
on a time share basis and, wherever pos- 
sible, functions "borrowed" from the 
prime equipment. 

Manual test equipment might well be 
used by the maintenance man to perform 
diagnostic testing and fault location in 
areas not covered by the automatic test 
system. 

UNMANNED SATELLITE SYSTEMS 

For relatively simple, unmanned satel- 
lites, inflight maintenance only becomes 
a factor if a system of several satellites 
must be in orbit for a desired mission 
and if such a system is worth maintain- 
ing. Thus, in the case of a single -func- 
tion vehicle, one of perhaps twenty in 
the system, if the controlling agency is 
satisfied with less than perfect opera- 
tion, either no maintenance or "mainte- 
nance" by direct replacement is ade- 
quate. However, if the satellite is 
multi- function and of considerable 
weight and cost, and if its proper 
operation is of great strategic or tactical 
importance, then destruction and direct 
replacement may well be too expensive 
and perhaps impossible for a variety of 
reasons -not the least of which is the 
possibility of no readily available launch 
capability. In this case, there may be 
an economic and technical necessity to 
send a manned or unmanned vehicle to 
rendezvous with the malfunctioning 
satellite in order to make repairs. 

For the unmanned vehicle transmit- 
ting data to monitored ground stations, 
a common form of fault recognition is 
by overt means, i.e., the ground station 
detects system failure through data 
analysis. If the ground station is un- 
manned for extended periods of time, 
the use of programmed and periodic 
checks of the parity of the data received 
will uncover the overt failures. 

During reduced periods of operation 
where time is not at a premium, a cer- 
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Fig. 3b -Lunar mission reliability profile. 

tain amount of first- and even second - 
level fault diagnosis can be performed 
utilizing a fairly wideband data -link sys- 
tem as previously shown in Fig. 6. 
Greater depth of isolation than this, 
though, is unlikely, since the bandwidth 
requirements and the normal noise aris- 
ing in space communications systems 
reduces the accuracy of this method. 

MAINTENANCE SUPPORT VEHICLES 

The discussion up to this point has con- 
centrated on those space vehicle mis- 
sions where maintenance can be accom- 
plished from resources within the vehicle 
or in combination with resources avail- 
able on the ground. For extensive orbi- 
tal operations dealing with large pay- 
loads and indefinite mission durations, it 
appears that a shuttle or a support 
space vehicle must be created to satisfy 
logistic demands in the way of periodic 
exchange and replacement of personnel 
and supplies. Vehicles weighing in the 
vicinity of 10,000 pounds or higher fall 
into this category. With current launch 
costs running $2500 per payload pound, 
it becomes more economical to service 
large vehicles in space as opposed to 
returning them to the ground and re- 
launching each time maintenance and 
supply is required. 

The separate support vehicle also 
satisfies the rescue requirement. Docking 
and rendezvous must become a routine 
function if rescue is to be accomplished. 
Maintenance and logistics will merely 
exploit it. A typical conceptual design 
of a space rescue and logistics vehicle 
using the DYNASOAR, or glide, re -entry 
configuration is shown in Fig. 7. This 
vehicle might weigh in the vicinity of 
40,000 pounds and have fuel capacity 
for servicing seven or eight satellite sys- 
tems in 150 -mile -high orbits. The com- 
bined payload weight of the system it 
would be servicing could be as high as 
200,000 pounds. 

ALLOCATION OF MAINTENANCE 
AND REPAIR FUNCTIONS 

There are numerous ways in which the 
test and repair functions can be allo- 
cated with a support vehicle. Table I 
illustrates seven of these, called config- 
urations A through G. 

In a self- contained support vehicle 
like configuration A, using present -day 

miniaturization, the entire test and re- 
pair unit may weigh over 2000 pounds 
and occupy a space of more than 300 
cubic inches. By 1965 -68, using presently 
conceived miniaturization techniques, 
this could reduce to about a quarter of 
that size and weight. By 1975, thin - 
film- circuits with (by then) demon- 
strated reliability may allow a weight of 
about 200 pounds and a size of about 
30 cubic inches. 

Configuration B is a manned support 
vehicle which contains only the man and 
his tools. The vehicle under test contains 
its entire self -test equipment, and houses 
its own spares. This is not a too -far- 
fetched approach if one considers the 
possibility that this manned support 
vehicle may be on an extended mainte- 
nance tour of many vehicles in a large 
system. Conceivable is a system design 
wherein the visiting maintenance man 
can make use of the prime equipment so 
that, in effect, it tests itself. Spares are 
obtained either from the vehicle storage 
or by cannibalizing other less important 
parts of the prime system. 

Configuration C is a middle -ground 
system which makes use of the fact that 
much of the stimuli requirements can be 
found among the functions of the prime 
vehicle. 

Configuration D is another approach 
that makes use of either a ground station 
or an orbiting station. This system de- 
pends upon the communication link be- 
tween the repair vehicle and home base. 
Since this link will always be available 
but may not always be in use, it can be 
adapted to this purpose. 

Summarizing, then, from the point of 
view of size and weight of the test and 
repair portions of the manned support 
vehicle, one can rank from the highest 

Fig. 4- Maintenance action flow analysis. 

DETECTION 
OF FAULTY 

DETECT AND REPLACE FAULTY 
MODULE,THUS RESTORING ON 
OPERABLE SPA,. ASSEMBLY 

REPLACE FAULTY 
ASSEMBLY RESTORING - 
SUBSYSTEM OPERATION -F. 

REMOVE ASSEMBLY 

MARE NO FURTNER REPAIRS, 

EE. 
OPERATION 

NO FURTHER REPARS 

,., 
WHICH 

Fig. 5 -Level of replacement. 

www.americanradiohistory.com

www.americanradiohistory.com


weight to the lowest as follows: Config- 
uration A, largest; C, next largest; D, 
third largest; and B, least size and 
weight. It might be expected that in the 
1965 -68 period, the size and weight of 
configuration C would be 300 pounds 
and 50 cubic inches; and of configura- 
tion D, 180 pounds and 30 cubic inches. 
Additional reductions for the 1968 -75 
period can only be guessed. 

TABLE I- Allocation of Maintenance 
and Repair Functions 

Function Allocation 

Basic Support Ground or 
Equipment Orbiting Support 

Base Station Vehicle 

Prime 
Space 

System 

MANNED SUPPORT VEHICLE 
Configuration A: 

Programmer - 
Comparator 

Switching 
Display 
Adapter and 

Manipulators 
Stimuli 
Measurement 
Spares 
Tools 

Configuration B: 
Programmer - 

Comparator 
Switching 
Display 
Adapter and 

Manipulators 
Stimuli 
Measurement 
Spares 
Tools X 

Configuration C: 
Programmer - 

Comparator X 
Switching X 
Display X 
Adapter and 

Manipulators in part 
Stimuli 
Measurement X 
Spares in part 
Tools X 

Configuration D: 
Programmer - 

Comparator X 
Switching X 
Display X 
Adapter and 

Manipulators in part 
Stimuli 
Measurement X 
Spares in part in part 
Tools X 

X 
X 
X 

X 
x 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 

in part 
X 

in part 

in part 
X 

UNMANNED SUPPORT VEHICLE 
Configuration E: 

Programmer - 
Comparator Programmer Comparator 

Switching X 
Display X 
Adapter and 

Manipulators X 
Stimuli X 
Measurement X 
Spares X 
Tools X 

Configuration F: 
Programmer - 

Comparator X 
Switching X 
Display X 
Adapter and 

Manipulators in part in part 
Stimuli X 
Measurement X 
Spares X 
Tools (redundancy) 

Configuration G: 
Programmer - 

Comparator Comparator Programmer 
Switching X 
Display X 
Adapter and 

Manipulators in part in part 
Stimuli X 
Measurement X 
Spares X 
Tools X 

The unmanned support vehicle (con- 
figurations E, F, and G) makes more 
use of the ground or orbiting base 
facility. 

In configuration E, the vehicle under 
under test and repair is entirely passive. 
This system depends upon a very broad 
communication capability. Indeed, while 
for the manned vehicles size and weight 
were the controlling factors, in this case, 
communication capability is more im- 
portant. For this extreme case, all of the 
testing is essentially controlled from the 
base station. 

Configuration F clearly requires an 
extensive communication system and 
keeps test and repair load weight to a 
very minimum. If the manipulative de- 
vices are large, complex and heavy, this 
may well be a required procedure. 

Configuration G reduces the informa- 
tion- transfer requirements by placing 
the programmer in the support vehicle. 
Thus, a fixed program can be used. A 
reduction in flexibility results but this 
loss must be weighed against the need 
for more communication facilities. 

SUMMARY 

Much progress in space technology is 
needed before the details of support 
problems are identified. It must be 
remembered that where the mission has 
limited alternatives, the requirement for 
checkout and repair is reduced. Simi- 
larly, if the crew is limited in its modes 
of action, as for example, having only to 
decide whether to continue to the next 
phase of the mission or abort, the degree 
to which checkout is performed is 
limited to that necessary only for mak- 
ing this decision. 

ACKNOWLEDGEMENTS 

Credit is due W. A. Rose, of ACCD 
Camden, for data shown in Fig. 1. 

BIBLIOGRAPHY 

1. H. S. Dordick, "Allocation of Mainte- 
nance Functions in Systems of Space- 
craft," 19th National Meeting of Opera- 
tions Research Society of America. 

2. W. Sommer and W. A. Rose, "Remote 
and In- Mission Maintenance," 1961 Na- 
tional Aerospace Support and Operations 
Meeting, Institute of Aeronautical Sci- 
ence. 

3. T. Taylor, H. Matty and W. Sommer, 
"In- Flight Support of Manned Space- 
craft," Space -Aeronautics R &D Techni- 
cal Handbook, Vol. 4, 1961.62. 

4. H. H. Koelle, "Long -Range Planning 
for Space Transportation Systems," TND- 
597. Marshall Space Flight Center, 
NASA. 

5. H. S. Dordick, "The Operational Sup- 
port of Space Vehicle Missions," Ad- 
vances in the Aeronautical Science, Vol. 
6, American Astronautical Society, Mac- 
Millan 1961. 

THEODORE TAYLOR, JR. received a BSME with a 

sub -major in Electronics from MIT in 1953 and is 

currently doing graduate work at the University of 
Pennsylvania. Upon joining RCA, he worked on man- 
ufacturing problems connected with fire- control sys- 

tems. Later, as a systems engineer, he developed 
checkout techniques for advanced airborne and 
army electronic systems. In 1959, Mr. Taylor became 
a Project Engineer in the Advanced System Support 
Projects of ACCD. He has directed and performed 
operations research and system analysis on numer- 
ous space system studies, such as DYNA SOAR, 
Satellite Inpector, communications satellite, lunar 
base and logistics, orbital rendezvous, and APOLLO. 
He is also contributing to the hardware develop- 
ment of SATELLITE INSPECTOR, RELAY, and DYNA 
SOAR as a consultant. Mr. Taylor holds member- 
ship in the American Astronautical Association and 
the IRE Military Electronics, and Space Electronics 
and Telemetry Professional Groups. 

H. S. DORDICK received his BS from Swarthmore 
College and MSEE from the University of Pennsyl- 
vania, and will receive a Ph.D upon completion ot 
his thesis. He has also completed the course work 
for an MS in Operations Research and Systems 
Engineering at the University of Pennsylvania. 
Before joining RCA, he was employed by Leeds 
and Northrup as a development and applications 
engineer. With RCA since 1954, he is Leader 
of a group performing operations research studies 
on system- support for advanced space vehicles. In 

addition, his group is also responsible for Life 
Sciences and Bio- Satellite work within DEP. He is 

on the staffs of the Graduate Hospital of the Grad- 
uate School of Medicine of the University of Penn- 
sylvania, and the Pennsylvania Hospital, where he 

is engaged in research on the determination ot 
Ovarian Function by means of electronic sensing 
devices. The work is being done on a National 
Institute of Health grant. Mr. Dordick is an author 
& co- author of numerous papers on Life Science, 
Systems Support, and Automation. 

Fig. 6- Checkout of space vehicle using tele- 
metry, with programming -and fault -analysis 

PRIME 

..o,,, F- 

© rE,r e cNr.+mr S,.rf. 

Fig. 7- Logistics and rescue support vehicle. 
subsystem on ground. 

--__, 
ZI7s" Ts 

www.americanradiohistory.com

www.americanradiohistory.com


Co- author, L. Wolff, at 
the SigCorps DEE. 

THE SIGNAL CORPS DEE 
... Advanced Digital Evaluation Equipment 

D. B. DOBSON and L. L. WOLFF 
Systems Support Engineering 

Aerospace Communication and Controls Division 
DEP, Burlington, Mass. 

THE Signal Corps DEE is an advanced, 
general -purpose, self- checking, read- 

ily expandable test system installed at 
the Tobyhanna Signal Depot, Toby - 
hanna, Pennsylvania. It incorporates all - 
transistor logic and continues the 
modular construction developed on the 
Ordnance DEE Programs to attain the 

highest performance level with the low- 
est possible equipment and maintenance 
costs. 

GENERAL DESCRIPTION 

The new Signal Corps DEE is a complete 
test system, capable of handling alpha- 
numeric data, that uses magnetic -tape 

PROLOGUE: A PROGRESSION OF CHECKOUT EQUIPMENT DESIGN 

The advanced Signal Corps DEE equip- 
ment evolved from digital evaluation 
equipment' designed by DEP - ACCD 
Systems Support engineers, which proved 
to be the forerunner of the several related 
and modern equipments. In 1961, RCA 
received a contract to completely refur- 
bish and update the "Grandfather DEE.'' 
This modernized equipment, the "Letter- 
kenny DEE," was installed during 1961 at 
the Letterkenny Ordnance Depot, Letter- 
kenny, Pennsylvania; it is being used to 
test and evaluate ordnance missile com- 
ponent assemblies at the depot level. 

Next was the successful development of 
a family of integrated, automatic, all - 
purpose test systems.' The DEE concept 
at this stage included these versions: pro- 
grammed semi - automatic; programmed 
automatic, high -speed automatic, and 
computer -controlled DEE. 

An offshoot of the programmed auto- 
matic version of DEE during the same 
period is the Factory Automatic Test 
Equipment (FATE), featured on the front 
cover of this issue. FATE uses a disk mem- 
ory rather than an aperature plate 
memory, as test requirements dictated 
repetitive test of a relatively low number 

of units on a production -line basis. Stimuli 
generators were selected to fulfill test 
requirements as specified by manufactur- 
ing personnel. Operation is essentially 
identical to the Letterkenny DEE and the 
Signal Corps DEE described in this article. 
Another related test equipment based on 
building blocks similar to those used in 
the Signal Corps DEE is the Automatic 
Preflight Avionics Test Set, described 
elsewhere this issue. 

The Signal Corps DEE described in this 
article is a still more advanced DEE equip- 
ment. This latest version, and in fact the 
whole DEE family, has resulted from Sys- 
tems Support Engineering's success in 
tackling the U.S. Army Ordnance study 
programs launched in early 1960. That 
program had called for long -range plan- 
ning of advanced building -block test 
equipment design. Each system has con- 
clusively proved that the building block 
concept can be most efficiently reduced 
to specific hardware, economical to obtain 
and use. The outstanding advantage of 
this equipment is that the family of test 
equipment designs, on a modular basis, 
reduces the need for new design of the 
building blocks themselves for each new 
test system required. 
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storage and punched -paper -tape input - 
output, and provides a printed tape out- 
put. In addition, an internal high -speed 
core memory provides bulk storage for 
fast random access to data and programs. 

The computer is a general -purpose, 
digital, sequentially controlled, random - 
access, transistorized machine. It con- 
sists of a number of integrated units 
(and attendant power supplies) : a high- 
speed memory, program control, tape 
selecting and buffer unit, and control 
rack with an associated paper -tape 
punch and reader, automatic typewriter, 
and electronic printer. 

The high -speed memory is a random - 
access regenerative aperture -plate de- 
vice which provides storage and work 
area for programs and data. The size was 
chosen after careful analysis of the max- 
imum test requirements. The memory 
has a capacity of 1000 characters (8000 
bits). Each location is individually ad- 
dressable and can store any one FIELDATA 
character. (FIELDATA was chosen as the 
machine language, since it is now the 
military standard.) The FIELDATA char- 
acters include all the letters of the alpha- 
bet, the ten decimal digits, control 
symbols, and special marks. 

One character can be brought into the 
memory register and then regenerated 
in its original location in one 50 -µsec 
cycle. 

The program control is the arithmetic 
and logical control element. It interprets 
and executes the instructions of the pro- 
gram stored in the high -speed memory. 
The computer and the on -line peripheral 
devices operate in accordance with a 
stored program of single- address instruc- 
tions. The instructions that can be exe- 
cuted by the program control include all 
the categories necessary for processing 
of data: input- output, data handling, 
arithmetic, and decision and control. 
Each instruction is made up of either 
six characters or one character. The 
instruction consists of three parts for the 
six -character instruction : 1) an opera- 
tion code (read, multiply, transfer, 
etc.) ; 2 ) an index that determines the 
number of characters in the operand; 
and 3) an address, a four -character 
address of the addend, subtrahend, des- 
tination location of an item, etc. The 
single- character instruction consists of 
one part, an operation code stsiting that 
a particular operation must be performed. 

The central -control equipment pro- 
vides for complete monitoring of the 
operation of the DEE and the on -line de- 
vices, with panel display of test results 
and status -level action. Automatic or 
manual operation, maintenance, pro- 
gram insertion, and program testing can 
be accomplished from the central control. 

The paper -tape reader accepts 8 holes 
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(bits) /frame on punched paper tape and 
operates at the rate of 10 frames /sec. It 
is used for initial program insertion, pro- 
gram testing, "one- shot" test programs, 
and insertion of periodically changing 
constants. 

The electronic printer accepts data 
directly from the high -speed memory or 
the comparator -evaluator and operates 
at the direction of the stored program. 
The printer has a recording and indi- 
cating capacity of 12 digits, and prints 
out at a rate of 4 lines /sec. Higher -speed 
printers can be utilized, but capacity 
would be unused because of unit- under- 
test limitations. 

The typewriter and tape punch are 
used for the original preparation and 
verification of punched -paper -tape pro- 
grams and for subsequent input to the 
DEE storage media via the paper -tape 
reader. These devices are keyboard - 
operated and simultaneously print on 
paper stock the same information that is 
being punched on tape. The typewriter 
operates at a speed of 10 characters /sec. 
in the read or print mode. The print 
mode is used to give the operator neces- 
sary instructions. 

The random -access file is an aperture - 
plate memory which provides fast ran- 
dom access, storage for data and 
programs. It operates under automatic 
program control. The memory has a 
capacity of 1000 eight -bit characters. 
The memory is capable of transferring 
from read to write, or write to read, and 
from store to withdraw of a character in 
10 µsec. 

The tape station contains the tape 
transport, used by the DEE for bulk stor- 
age of program information. The tape 
mechanism operates at 150 inches /sec 
forward and backward. Because of the 
great variety and number of units that 
can be tested by the DEE, together with 
the number of tests required by each 
unit, only magnetic tape affords the stor- 
age density required together with ease 
of access, cost, and space required. 

TEST ROUTINES 

The Signal Corps DLL automatically 
interprets test routines derived from a 
high- density storage device and performs 
the functions dictated by the instructions 
within the routines. In performing the 
test routines, the DEE: 1) provides stim- 
uli to the unit under test; 2) selects the 
desired measurement test point, function, 
and range; 3) performs evaluations to 
determine if the measured parameter is 
within acceptable limits; and 4) makes 
decisions such as which test routine to 
perform next or when to stop testing, 
based on the result of each test. 

By utilizing an internal random -access 
high -speed core memory and the cir- 

cuitry of the DEE instructions, the DEE 

system has the following capabilities: 
1) Measurement of circuit parameters 

may be stored and later recalled 
for additional computation. 

2) Decision making and revision, or 
creation of new limits for subse- 
quent tests. 

3) Iterative test routines can be 
executed, such as simulating fre- 
quency sweep generation, search- 
ing for an unknown incoming 
frequency or voltage, or perform- 
ing a series of continuity tests. 

4) Common subroutines may be used 
repeatedly, thus reducing pro- 
gramming time and conserving 
storage space. 

Random access capability is incorpo- 
rated in the computer control logic, 
which makes it possible to gain rapid 
access to any portion of a test within a 
program on the magnetic tape, thereby 
extending the use of common subroutines. 
Bi- directional tape search capability is 
incorporated in the tape control cir- 
cuitry. Search is possible in both the for- 
ward and the reverse directions, thereby 
reducing the average tape search time. 
This capability permits tape "jump" 
operations in either direction. 

A typical test sequence, as determined 
by the instructions, might require data 
to be routed to the stimuli control unit, 
which would select the desired stimuli 
for the unit under test. The instructions 
would then select the type of measure- 
ment and the proper range. The monitor 
switch is then instructed to move to a 
particular position so that the desired 
function is routed into the measuring sec- 
tion. The digital output of the measure- 
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ment section, representing the value of 
the measured parameter, is then com- 
pared against predetermined limit. Af- 
ter the results of the comparison are 
obtained, the DEE is instructed to con- 
tinue into the next test or in the case of a 
faulty result it is instructed to branch 
to a new test routine in order to isolate 
the cause of the faulty reading. When- 
ever additional test routines are required, 
the magnetic tape unit is commanded 
to start a search for the desired block 
of data. When the desired data is located, 
it is transferred into the high -speed 
memory and the operations resulting 
from the new data are automatically 
performed by the DEE. 

The procedure outlined above con- 
tinues until the test program has been 
completed or a fault has been located 
which must be corrected before testing 
on that UUT can be resumed. 
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tract performance. He is a member of the IRE, 

the AIEE, and the Society of American Military 
Engineers, and has presented and published 
papers on many aspects of systems support. 

LARRY L. WOLFF received his BSME degree in 

1939 from Prague University, and spent the follow- 
ing three years as a junior engineer designing heavy 
machinery. He served :n World War Il as an Engi- 
neer and Intelligence Officer in Europe and the 
Pacific theatres of war. After the war, he was a 

technical advisor and interrogator at the Nurem- 
berg Trials. After serving again in the Korean War, 
he joined the Burroughs Corporation Research 
Center in 1955 and became supervisor of technical 
publications. With RCA since 1959, he has been 
assigned as publications engineer to the Systems 
Support Area of the Aerospace Communications 
and Controls Division in Camden, New Jersey. 
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An ATLAS D- series launch- control room. 

1 
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-,,,,.., I- 
System diagram, ATLAS launch -control, and APCHE 
checkout equipment. 

An ATLAS E- series unitary launch -control console. 

The Missile and Space Projects organization, which is managed by W. M. 
McCord, (photo, below) consists of the following activities: Product Sup- 
port, managed by E. B. Levinson; Programming and Program Control, 
managed by W. M. McCord (Acting); Saturn Projects, managed by W. 
Adam's; Advanced Projects, managed by J. T. Underhill; Design Projects, 
managed by E. Green, and Display Projects, managed by B. G. Lewis. This 
organization had its origin at the DEP Missile and Surface Radar Division 
in Moorestown, N. J., where one of its major functions was management of 
the ATLAS Program initiated in mid -1957 with award of e study contract 
from General Dynamics- Astronautics. In March 1959, the organization and 
the ATLAS Program (initiated in mid -1957 with award of a study contract) 
formed DEP West Coast Missile and Surface Radar Division (now called 
the DEP Data Systems Division, Van Nuys, Calif.). In early 1961, this project 
activity assumed responsibility of a contract awarded to RCA by NASA 
to produce e prototype 110 computer system for the SATURN automatic 

checkout and launch control. The initial 
order for the SATURN prototype 110 
computer system was followed in Feb- 
ruary 1962 with an order for three fol- 
low-on systems plus associated equip- 
ment. In addition to the NASA work, 
the Missile and Space Projects Activity 
is actively engaged in displays, solid 
propellant booster checkout, and the 
redesign and production of the 110 
industrial -control computer. 

AUTOMATIC 
PROGRAMMED CHECKOUT 

AND LAUNCH CONTROL 
FOR THE ATLAS MISSILE 

Missile and Space Projects Group 
I)nlr, Ss tr'n,s Division* 

1)1.l'. I all .Auys, California 

*Formerly the West Coast Missile & Surface Radar 
T>ivtsion during the course of the APCHE and 
Launch Control engineering work. 
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APCHE checkout system diagram. 

\ 

APCHE equipment installatio 

MAPCHE, mobile version of the APCHE system. 
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PROLOGUE 
An Engineering Success Story 

APCHE, Automatic Programmed Checkout 
Equipment for the ATLAS missile, and the 
ATLAS Launch Control Equipment are 
excellent examples of major RCA defense - 
engineering successes. From the early studies 
conducted in 1957 to the delivery of the 
advanced design Mobile APCHE in 1961, 
RCA combined its wide -spread defense tal- 

' ents and production skills efficiently. The 
result: a significant engineering accomplish- 
ment in the field of sophisticated automatic 
test and checkout equipment. 

The DEP Divisions involved in the ATLAS 
engineering program included the Missile 
and Surface Radar Division at Moorestown, 
the Missile Electronics and Controls Division 
at Burlington. Mass. (now part of the Aero- 
space Communications and Controls Division) 
and the West Coast Missile and Surface 
Radar Division, Van Nuys, California (now 
the Data System Division). 

Moorestown M &SR was the lead division 
for the ATLAS launch control project and 
handled the project management and system - 
concept work on APCHE. Detailed APCHE 
design and manufacturing was handled by 
the ME &C Division on a subcontract from 
M &SR. After the establishment of a separate 
West Coast Division, project management 
was transferred from Moorestown M &SR to 
West Coast M &SR. In addition, West Coast 
M &SR handled the final assembly, installa- 
tion. and support. 

What APCHE and Mobile APCHE have 
achieved for the operational ATLAS weapon 
system is best indicated by the following 
quotation from an Air Force Memorandum 
by Major Simms M. Spears: 

. a comparison of an APCHE 
check to one accomplished by manual 
means, (personnel using standard test 
equipment) shows that APCHE can 
run a complete missile system test, 
including time to set up for tests and 
time to run decks. in an estimated 
8 hours down -time for the missile. The 
some test performed manually would 
take at least 40 hours down -time -a 
factor of 5 to I. An even more impres- 
sive comparison is that the APCHE 
test of the missile takes approximately 
48 man -hours using six men, whereas 
the manual test has by actual experi- 
ence, taken 600 man -hours with 15 men 
being required during the test -with 
most of the personnel required being 
highly skilled." 

Credit for the successful fruition of the 
ATLAS program belongs to RCA design and 
development engineers too numerous to men- 
tion. Initially, the engineering program was 
under G. F. Breitwieser, then Chief Engi- 
neer of M &SR and now Chief Engineer of 
Data Systems Division. S. L. Simon, Chief 
Engineer of ACC in Burlington and W. M. 
McCord, Mgr. of the Missile and Space 
Projects activity in DSD Van Nuys headed 
up other contributing engineering groups. 

Editor's Note: This prologue and article 
were made available through the co- 
operation of RCA ENGINEER Editorial Rep- 
resentatives, D. B. Dobson, ACC Systems 
Support Group, Burlington, Mass., and D. J. 
Oda, Data Systems Division. Van Nuys, Calif. 
The accompanying article is based largely 
on a paper written by G. L. Seelig, formerly 
with the Data Systems Division, Van Nuys, 
Calif. The Editors sincerely acknowledge his 
work in preparing this material. 

HE ATLAS weapons system is this 
1 nation's first operational interconti- 

nental ballistic missile. Its development 
covers more than a decade of intensive 
research, engineering. and test evalua- 
tion by numerous industrial contractors. 
The diverse efforts of this industrial 
team have been integrated by the Gen- 
eral Dynamics -Astronautics Corporation 
under the direction of the Air Force 
Ballistic Systems Division. 

PROGRAM HISTORY 

For ATLAS. studies of flit prrational 
requirements for ground support equip- 
ment (GSEI were initiated in mid -1957. 
During July 1957. the RCA Missile and 
Surface Radar Division at Moorestown 
was awarded a six -month study contract 
by General Dynamics -Astronautics to 
establish the operational requirements 
and design criteria for a tactical launch 
control and automatic checkout system 
for the ATLAS. 

Toward the end of 1957, the IICA 
study team had completed the major 
study program objectives for the Initial 
Operational Capability (tocI weapon. 

In December 1957, RCA was awarded 
a contract for the design. fabrication, 
and field installation at Vandenberg Air 
Force Base, California. of the first opera- 
tional ATt.As Launch Control Equipment 
and the AK:Hr: I Automatic Pro- 
grammed Checkout Equipment I. The 
program required equipment to be deliv- 
ered to the field site during the fourth 
quarter of 1958 (9 to 12 months after 
contract authorization 1. This stringent 
schedule was met. The first hardware 
itents left RCA Moorestown. New Jersey. 
in September 1958, and the last major 
electronic assembly was shipped to 
Vandenberg early in January 1959. 

The equipment comprising this first 
operational installation I designated 
65 -1 I included close to 200 major elec- 
tronic units (cabinets. consoles, Ty 

cameras, etc. I and 2500 interconnecting 
cable assemblies. The crash nature of 
the program is evident in that all equip- 
ment was air-lilted from RCA in New 
Jersey to Vandenberg by Military Air 
Transport aircraft. 

During the first four months of 1959. 
the RCA equipments were intercon- 
nected and integrated as a complete sys- 
tem (more than 30.000 electrical inter- 
connections I and formally delivered to 
General Dynamics for over-all site inte- 
gration with the missile and other GSE. 
The weapon system was transferred to 
the Strategic Air Command and declared 
operational in August 1959. On 9 Sep- 
tember 1959, approximately twenty 
months after the award of the develop- 
ment contract to RCA. the first ATLAS 
operational firing was successfully made 

by Strategic Air Command personnel at 
Vandenberg employing the RCA launch - 
control equipment. 

During the latter part of 1958 and 
early 1959. RCA was awarded additional 
engineering. production, field installa- 
tion, and site activation contracts for a 
total of 10 ATLAS -Htc complexes (com- 
prising 30 launch installations I plus 
equipment for two R &D pads employing 
the ATLAS as a boost vehicle. 

Overlapping the production and acti- 
vation of the toc squadrons. a second 
generation of operational ATLAS weap- 
ons was being developed. This advanced 
configuration, intended to provide greater 
security against nuclear bombardment. 
is designated the Unitary System. It is 
characterized by widely dispersed and 
hardened missile launching pads, each 
pad being separately controlled by its 
own autonomous launch control center. 
The Unitary System employs a later 
ATI.AS missile series. with more power- 
ful engines. an all -inertial guidance sys- 
tem. and considerably simplified air- 
borne subsystems. 

In May 1959. the West Coast Missile 
and Surface Radar Division negotiated 
contracts with General Dynamics to pro- 
vide prototype launch control and check - 
out systems for this advanced ATLAS 
weapon. The first Unitary Launch Con- 
trol equipment, consisting of one console 
and four assemblies I totaling the equiv- 
alent of 16 standard electronic cabinets 
was delivered in December 1959 and 
early 1960. Because launching sites were 
dispersed. it was necessary that new 
missile checkout equipment be mobile. 
As such. a irailerized configuration of 
the checkout system known as the 
1ArcHt: I Mobile Aecur:I was designed. 
This equipment was designed, fabri- 
cated. and extensively tested fouler 
stringent environmental conditions prior 
to its delivery in early August 1960. Both 
systems were phased into production at 
an accelerated rate. By the end of Janu- 
ary 1962. a total of ,19 1MAeciti: systems 
and 30 Unitary Launch Control systems 
had been delivered to General Dynamics. 

OPERATIONAL LAUNCH CONTROL SYSTEM 

To launch an R &D ATLAS missile, liter- 
ally dozens of highly trained engineers 
and technicians labored ten. twenty. or 
more hours to complete the necessary 
manual countdown sequences. The im- 
perative military requirement for a rapid 
retaliatory capability renders this man- 
ual approach totally inadequate. 

Based on a review of R &D launching 
techniques and analysis of military doc- 
trine. the following fundamental opera- 
tional requirements were established for 
the tactical launch -control system: 

1 I The .system must provide continu- 
ous, round -the -clock monitoring of 
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the state -of- readiness of the mis- 
sile and GSE. 

2) The system must permit rapid re- 
sponse to a Strategic Alert. Specif- 
ically, operating personnel must 
be able to transfer the weapon 
immediately from the standby con- 
dition to one of ready -for- launch. 

3) The countdown sequencing must 
be automated, yet must provide for 
manual intervention to hold or 
abort the mission until the last 
possible moment prior to launch. 

4) The system must feature maximum 
simplicity in data display and con- 
trols to assure error -proof opera- 
tion by a minimum military crew. 

5) The system must provide automa- 
tically for all necessary interlocks 
to assure maximum safety. 

6) The system must provide for maxi- 
mum reliability. 

The tactical launch control system is 
based on the principle of permissive 
sequencing. In this system, an operator 
must initiate the countdown for the 
main missile and GSE subsystems. The 
sequence then proceeds automatically 
until a major check point is reached. 
The operator then must determine 
whether to "hold" or continue the se- 
quence. If the countdown is to continue, 
he must manually initiate (depress an 
illuminated pushbutton ) the next cycle. 
This allows for flexible control of a large 
system, but does not require the operator 
to have a detailed understanding of the 
complex system relationships. The 
knowledge that a check point has been 
reached in the countdown will usually 
provide sufficient information for the 
operator to proceed. Successful applica- 
tion of this method has reduced the 
launch crew requirements for the me 
system to two operators and one super- 
visor. 

Launch operators man a dual -panel 
console called the operator /analyst con- 
sole. From the launch display and con- 
trol panel, the launch operator initiates, 
monitors, and controls the countdown of 
the missile and GSE through the permis- 
sive sequence cycle until the "final - 
commit" point is reached. A total of 12 

manual pushbutton actions are required. 
The second operator, seated to the right 
of the first and in front of launch analyst 
panel, monitors in greater detail the vari- 
ous missile and GSE subsystems, deter- 
mines causes of malfunctions, and rec- 
ommends a course of action when faults 
arise. Information on the launch analyst 
panel is displayed by an illuminated, 
animated flow diagram of the propellant 
loading system, as well as by indicators 
depicting missile status. The displays 
are in sufficient detail to enable the 
launch analyst operator to recommend 
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a decision whether to continue the count- 
down in spite of a malfunction, hold and 
repair, attempt manual override, or 
abort the launch. 

The third crew member, the launch 
supervisor, commands and directs the 
overall countdown. He performs this 
vital function from a launch officer con- 
sole which contains summary displays of 
all missile and GSE subsystems, plus an 
automatic digital countdown clock. Im- 
mediately prior to launch, the direct con- 
trol of the countdown is transferred from 
the launch operator to the launch officer. 
It is his responsibility to activate the 
"final- commit" sequence leading to the 
ignition of the ATLAS engines and lift- 
off. Also located on the launch officer 
console is the "abort" button enabling 
the launch supervisor to prevent missile 
launch for functional or tactical reasons 
at any time unil the retraction of the 
missile umbilical cables. 

In addition to the two operational 
countdown consoles described above, 
various other status, fault location, and 
facility panels are located in the block- 
house control center to provide specific 
types of detailed data. These are used 
during the 24 -hour- per -day standby con- 
dition. 

Extensive human engineering studies 
preceded the development of all consoles 
and display panels. The result of these 
efforts determined not only the panel lay- 
out and location of indicators and con- 
trols but influenced the launch philoso- 
phy and system concept. In describing 
the launch -control system, emphasis has 
been placed on the control consoles, be- 
cause it is from these locations that the 
initial commands are generated and the 
system responses displayed. The ATLAS 

launch -control system, however, addi- 
tionally includes dozens of electronic 
equipment cabinets for selectively ena- 
bling and /or inhibiting countdown se- 
quencing commands, and for processing 
hundreds of response signals from the 
missile and its launch equipment. These 
responses, both analog and discrete 
types, are displayed in summarized form 
on the operating consoles and auxiliary 
status display panels. The heart of the 
countdown control logic is contained in 
the master sequencer. This unit, consist- 
ing of five cabinets, includes over a 
thousand relays, and processes all con- 
trol and response signals between the 
operational consoles, the missile, and 
GSE. Hard -wire conductors connect the 
output of the master sequencer to the 
launch pad, located approximately 700 
to 1000 feet from the blockhouse. All 
electronic equipments (cabinets, con- 
soles, power distribution and display 
panels) are interconnected through ter- 
minal distribution vaults. An indication 
of the size and complexity of the tactical 

system, may be obtained from the fact 
that over 36,000 interconnections are re- 
quired for three launch pads. 

AUTOMATIC CHECKOUT SYSTEM 
-THE APCHE 

Part of RCA's responsibility for the 
ATLAS ground- support equipment was 
the requirement to develop an integrated 
Weapon Checkout System for tactical 
installations. The fundamental system 
objectives were defined as follows: 

1) to test the airborne subsystems and 
critical components to determine 
missile flight readiness; 

2) to test GSE to determine its opera- 
tional readiness for achieving a 
successful countdown; 

3) to localize faults to replaceable 
units; 

4) to perform these tests automati- 
cally in accordance with predeter- 
mined test procedures, thereby re- 
ducing human variability. 

From these basic system requirements, 
the RCA study program established cer- 
tain specific design criteria. These de- 
fined a machine which could be pro- 
grammed to: 

1) generate a family of precise stimuli 
for interrogating the system under 
test (suT) ; 

2) automatically switch these stimuli 
to input test points of the system 
under test and connect the output 
response terminals to the checkout 
equipment for evaluation; 

3) quantitatively compare the SUT re- 
sponses with the predetermined 
upper and lower limits and display 
the resultant evaluation on a sim- 
ple go and no -go indicator; 

4) incorporate means for self -check 
of the checkout machine to assure 
its proper performance. 

Based on these criteria, RCA developed 
the Automatic Programmed Checkout 
Equipment ( APCHE), a versatile auto- 
matic general -purpose tester. 

APCHE is designed to perform two 
basic types of tests: 1) generation and 
evaluation of analog functions, and 2) 
generation and evaluation of discrete 
signals. Analog functions are those which 
convey intelligence by their amplitude, 
polarity, frequency and /or phase. Stim- 
uli representing the precise quantitive 
values of these analogs are programmed 
to the system under test, and the sys- 
tems' responses (also in analog form) 
are detected and converted to their digi- 
tal equivalent and compared by APCHE 
to preprogrammed limit values. By these 
techniques, APCHE checks amplifier re- 
sponses, gyro outputs (amplitude and 
phase), power supplies, resistance net- 
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works, etc. Discrete signals, on the other 
hand, can be defined as those signals 
which convey intelligence by their pres- 
ence or absence. Precise voltages are not 
necessary when used to make discrete 
measurements. Examples of discrete 
tests made by APCHE are to; 1) com- 
mand and confirm the opening and clos- 
ing of valves, 2) check continuity of 
cables and wiring, and 3) test relay logic 
networks. As many as 100 discrete stim- 
uli /response combinations can be pro- 
grammed simultaneously. 

By the addition of a synchronized time 
base and counters, APCHE also is able to 
evaluate system reaction time, make fre- 
quency measurements, and determine re- 
sponse characteristics as a function of 
time. For example, APCHE can and does 
check settling times of amplifiers, engine 
response lags to pitch and yaw com- 
mands, valve operating time, and the per- 
formance of flight control timers. 

Additionally, APCHE incorporates a 
servo analyzer known as the transfer 
/unction analyzer. This circuit enables 
APCHE to measure the steady -state re- 
sponse of a 400 -cps servo, used by the 
ATLAS for controlling engine gimbal 
movement. 

Through the incorporation of these 
testing capabilities, APCHE is able to 
check out the following missile -borne 
and ground stationed -subsystems: 1) 
propellant loading (fuel and liquid oxy- 
gen) , 2) autopilot, 3) hydraulic system, 
4) hold -down and release mechanism, 
5) gaseous transfer systems (liquid nit- 
rogen and helium), 6) ground power 
system, 7) emergency pressurization sys- 

tem, 8) pneumatic system, 9) propellant 
utilization system, 10) guidance test set, 
and 11) over -all guidance loop. 

The APCHE may be defined broadly as 
a program /comparator type of machine 
using punched cards for external pro- 
gramming and storage. These cards, con- 
taining 540 hole positions, are pre - 
punched in accordance with a detailed 
step by step test sequence. Depending 
on the length and complexity of the test 
operation, as few as 12 and as many as 
400 cards are required to complete the 
checkout of a given ATLAS subsystem. 
Information punched onto the cards in- 
cludes the card deck number (identify- 
ing a specific subsystem test) , the card 
number (serialized for each card deck), 
the stimuli characteristics (Ac or DC and 
magnitude), the switching commands to 
select the proper test point (both for 
stimuli and response) , the upper and 
lower limit values, and other miscella- 
neous data such as delay time before 
measuring response, indication to per- 
form a manual adjustment, selection of 
internal or external references, etc. 

To test a subsystem, a deck of punched 
cards, programmed to perform an auto- 

matically sequenced test, is inserted in 
the card magazine of the programmer. 
The test operation begins when a start 
button on a control panel is depressed. 
The programmed card is interpreted by 
electromechanical card -hole- sensing con- 
tacts which select digital -to- analog con- 
verters (DACONS), analog -to- digital con- 
verters (ADCONS) counter registers, 
digital comparators, switching matrices, 
etc. In an analog test, such as measuring 
amplifier gain, the desired input stimuli 
is developed by the DACON which con- 
verts the digital card -hole data to a pre- 
cisely scaled analog voltage, supplied 
from an internal reference source. This 
analog voltage is fed to the proper test 
point through a switching unit also con- 
trolled by card -hole locations. The re- 
sulting analog response voltage appear- 
ing at the output test point of the system 
under test is routed through relay trees 
to scaling network detectors, and an 
ADCON. The ADCON, which operates in a 

manner similar to a digital voltmeter, 
converts the analog voltage into its digi- 
tal equivalent. The ADCON output is trans- 
ferred to a digital comparator where the 
response signal is compared with pre- 
established upper and lower limits pro- 
grammed onto the punched card. The 
result of this evaluation is displayed on 
a go and no -go indicator on the APCHE 

control panel and also permanently re- 
corded on a paper tape upon which is 
printed both the test value and the upper 
and lower limits. Discrete testing is ac- 
complished in a similar manner. The 
system under test is commanded by the 
card programmer to operate a device 
such as a relay or valve. The response 
indicating the state of the device is fed 
to a discrete comparator where it is com- 
pared with the expected response. The 
resulting go or no -go data is sent to the 
printer and control panel indicators. 

The fixed -installation APCHE em- 
ployed at the tactical sites is operated 
from a console which contains the card 
programmer, printer, and a control and 
display panel. An operator may select 
either an automatic or a manual mode 
of operation. In the automatic mode, the 
cards of the deck are continuously proc- 
essed through the programmer at a maxi- 
mum rate of two cards per second until 
a no -go condition occurs. The machine 
then stops and the operator must replace 
or repair the malfunctioning unit. He is 
assisted in isolating the specific fault and 
in the repair procedure by a detailed 
no -go instruction book provided for each 
card deck. In the manual mode, each 
card is advanced singly at the command 
of the operator, which permits perform- 
ance of detail test analysis and /or man- 
ual adjustments. 

One significant feature incorporated 
in APCHE is the ability to perform a com- 

plete self- check. A special card deck 
(self -test deck) is inserted into the ma- 
chine, and through preprogrammed in- 
structions APCHE stimuli -generating cir- 
cuits (DAcoN) are routed through the 
switching matrix back to the response 
lines, the ADCON, and digital comparator. 
In this mode, all APCHE circuits are 
checked since the programmed limits 
allow only for the calculated tolerances 
of the components in the closed -loop 
network. 

APCHE is employed both for checking 
the flight readiness of the ATLAS missile 
at the launch pad and for periodic main- 
tenance checks of missiles returned to 
the Squadron Maintenance Area for re- 
pair and overhaul. A total of about 6000 
cards arranged into approximately 25 
card decks are employed to test the 
ATLAS -IOC and its associated GSE. 

With the development of dispersed 
Unitary Launch sites, a new checkout 
and maintenance doctrine was estab- 
lished. Instead of fixed checkout facili- 
ties at each of the nine blockhouse 
control centers of a Unitary ATLAS 

squadron, a mobile checkout system was 
desired which could be periodically ro- 
tated to each launch pad. 

In accordance with this new opera- 
tional requirement, RCA developed a 
trailerized checkout station called Mo- 
bile APCHE or MAPCHE. This latter sys- 
tem is functionally similar to its fixed - 
site predecessor. It is housed in a 

specially designed semitrailer for trans- 
port over rugged terrain and for opera- 
tion under extreme environmental condi- 
tions. MAPCHE is a self- contained and 
completely self -validating mobile check- 
out station capable of functioning with- 
out support (other than site power) for 
extended periods. It consists of 36 elec- 
tronic chassis contained in 9 equipment 
racks. In addition to a major mechanical 
repackaging necessitated by the strin- 
gent transport and environmental oper- 
ating conditions, MAPCHE incorporates 
some new circuits for testing the more 
powerful ATLAS engines and to check out 
an electropneumatic missile propellant 
utilization system. Owing to simplifica- 
tion of the missile subsystems and a mod- 
ification of checkout philosophy, only 
about 2000 cards are required to test the 
latest ATLAS missile. 

SUMMARY 

The ATLAS intercontinental ballistic mis- 
sile and its associated GSE is one of the 
most advanced strategic weapons in the 
hands of the United States military 
forces. The effectiveness of this weapon 
to respond quickly and reliably to a 
strike order is in no small way due to 
the RCA -designed checkout and launch 
control equipment. 
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Fig. 1- Prototype model of the 
Preflight Test Set, which would 
be vehicle -mounted in opera- 
tional use. Facing here is the 
digital rack, with the Remote 
Control Unit (Fig. 2) at lower 
right. Back -to -back behind the 
digital rack is the stimulus rack. 

Fig. 2- Remote 
Control Unit. 
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AUTOMATIC PREFLIGHT TEST SET FOR 
ARMY AIRCRAFT 

The multipurpose automatic checkout equipment described herein is designed 
to replace the need for the many small, separate test equipments that have 
been used in the field for U.S. Army aircraft. It is of modular design and self - 
checking, and provides flexibility to handle future changes in test requirements 
or entirely new equipment. 

W. MERGNER 

Systems Support Engineering 
Aerospace Communications & Controls Division 

DEP, Camden, N.J. 

HE RAPIDLY GROWING Army Aviation I program is generating more and 
more aircraft requiring a wide variety of 
Signal Corps electronic equipment. This 
communication, navigation, and identifi- 
cation (OFF) equipment must undergo 
a rapid and accurate preflight test and 
checkout. Nearly 100 different types of 
such electronic gear are now in use. In 
addition, equipment use is dictated by 
geographical area assignment and /or 
mission. Thus, the complexity and range 
of equipment places stringent demands 
on the skills of mechanics who must per- 
form the preflight tests. 

These demands, plus the present test 
problems described below, have created 
an urgent need for a simple, reliable, 
and accurate preflight test set -a need 
that is met by the RCA prototype equip- 
ment described herein. 

OPERATIONAL TEST PROBLEMS 

Tests must presently be performed by 
checking with a nearby control tower; 
this uses air time and adds to the over- 
worked air traffic centers. Also, such 
checks do not evaluate the power output, 
timing accuracy and stability, percent of 
modulation, receiver sensitivity, receiver 
tuning accuracy, or distortion. Although 
a rough indication of speech intelligibil- 
ity is provided, no critical operational 
characteristics are checked. Sufficient 
tests must be made over a representative 
band to make sure that dead spots will 
not suddenly appear when the pilot 
shifts channels. 

Separate test sets are currently used 
for each electronic equipment. These 
test sets are dissimilar in function, oper- 
ation and appearance. Although each 
set is small, the total number required 
for one aircraft often exceeds the size, 
weight, and cost of a single multipurpose 
tester. Furthermore, operators must be- 
come familiar with the individual cir- 
cuits of many test sets. 

THE RCA AUTOMATIC TEST SET 

To meet the requirements of modern 
flight -line testing, RCA has built for U.S. 

Army Signal Corps a prototype of a 
multi -use Preflight Test Set (Fig. 1). It 
performs a closed loop, dynamic check- 
out of aircraft electronic equipment on 
an operational system basis. Validity of 
the operational approach, as opposed to 
lengthy box -by -box system tests is based 
upon failure -phenomena characteris- 
tics of airborne electronic equipment. 
Experience indicates that after opera- 
tional status has been satisfactorily veri- 
fied. in -flight failures that occur are 
generally due to a complete loss of oper- 
ability and not equipment deterioration. 
Thus, preflight checks may be qualita- 
tive in character ; such qualitative func- 
tional tests assure that calibration is 
correct and that the system is indeed 
operational. Threshold measurement 
techniques are used; results of each test 
are compared against two limits: one, to 
detect marginal operation, the other, to 
detect go, no -go operation. 

DESCRIPTION OF FUNCTIONS 

The vehicle- mounted Preflight Test Set 
is driven to the proximity of the aircraft. 
The operator, after checking that test 
equipment is on and the self -test switch 
is oft, takes the cable- connected remote - 
control- and -display unit (Fig. 2) into the 
cockpit. A cable is then connected from 
the audio jack on the control box to the 
audio -output jack of the aircraft. 

To perform any test, the operator first 
applies primary power to the Test Set. 
Then, a series of reset pulses are gener- 
ated to de- energize all logic relays within 
1 second. Reset circuitry is then returned 
to the normal operating conditions, and 
power on and start buttons are illumi- 
nated on the control box. 

The operator next "dials" the nomen- 
clature of the unit to be tested (example, 
ARC -44). With the transmitter- receiver 
switch in the applicable position, the 
desired frequency of operation is dialed 
(available in 100 -kc steps from 000.1 to 
399.9 Mc). When APX -44 IFF equip- 
ment) is dialed, the frequency synth& 
sizer automatically receives tuning infor- 
mation for the proper frequency 
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regardless of the frequency selectors. 
When the start button is pushed, start 

lights are extinguished and the auto- 
matic tests are initiated. This includes 
a time delay, a setup of internal cir- 
cuitry, and readying the comparator 
measurement section for operation. A 
ready to measure signal is then gener- 
ated and actual testing begins. The com- 
plete testing of IFF and navigational 
units- under -test (uuT) involves more 
than one step and up to three steps max- 
imum. 

When the UUT is a communications set 
or an automatic direction finder, testing 
is accomplished by the audio measure- 
ment portion of the comparator- measure- 
ment unit. Two quantities are measured: 
the amplitude of the audio, and the 
noise content of the audio. A go, no -go, 
or marginal light is energized, depend- 
ing on the results of these measurements. 

In testing identification equipment, the 
IFF- comparator portion of the measure- 
ment- comparator unit is used. Only go 
or no -go results will be given, since mar- 
ginal operation of IFF gear is not allow- 
able. Three steps are required to test 
the three IFF modes. 

If the UUT is an ARN -30A VOR or an 
R746 /ARN Glide Scope Indicator, testing 
is accomplished by comparing the move- 
ment of a cockpit instrument with infor- 
mation obtained by energized lights on 
the remote -control -and -display unit. For 
instance, in testing the R746 /ARN Glide 
Scope Indicator, the up indicator illum- 
inates 5 seconds after pushing the start 
button; at the same time, the Glide 
Scope Indicator needle in the cockpit 
should move up. 

The operator, after noting the go test 
result (correlation between the display 
unit light and the cockpit indicator) 
will notice that the proceed button is 
lighted. Pushing the proceed button will 
not cause the start light to come on, indi- 
cating that there is a step 2 to the test, 
which was initiated when the proceed 
button was pushed. After 5 seconds, a 
down button will light and the cockpit 
indicator needle should also move down. 
At this point, the proceed button again 
energizes; when it is pushed, the start 
button lights, indicating "end of test." 
A general reset function is also gener- 
ated, readying the Test Set for the next 
test. 

LOGIC 

Seven timing pulses, with an amplitude 
of 28 volts and a duration of 23 msec are 
generated in the timing- and -switching 
unit; these pulses are parallel -fed to the 
seven selector switches on the remote - 
control- and -display unit. Each of the 
switches has four wafers. The wafers are 
wired in a 1 -2 -4 -8 binary- coded -decimal 

system with one separate input line to 
each of the seven switches and four out- 
put lines from each switch (one line 
from each wafer). The four outputs are 
connected through diode or gates and 
routed back to the timing -and -switching 
unit through the control cable. 

The four lines that bring the informa- 
tion back from the remote- control -and- 
display unit connect to seven storage 
relay drivers. The input to each relay 
driver is gated with an original timing 
pulse. Coincidence between these two 
signals at the input to a relay driver 
causes the relay to energize. A holding 
bias is then applied to the relay driver 
input to keep the relay energized until 
the end of the test when a general reset 
function is generated. 

The outputs of these relays now con- 
tain decimal information as to what UUT 
is being tested, what frequency is to be 
generated, and (when applicable) 
whether the UUT is a transmitter or a 
receiver. 

RF ATTENUATOR SETTING 

The UUT nomenclature and frequency 
data are supplied to a diode matrix 
board within the programmer; the out- 
put of the matrix board appears in digi- 
tal decimal form on 33 parallel lines, 20 
of which carry db attenuation due to 
UUT and 13 of which carry db attenua- 
tion due to frequency. 

The two numerical outputs of the 
matrix board are applied to a logical net 
consisting of diodes and gates which 
automatically adds the two quantities 
and converts the sum to the code needed 
for controlling the attenuators located 
in the synthesizer. 

CONTROL FUNCTIONS 

The programmer also selects the appro- 
priate modulating frequency, the total 
number of steps in the test, and, in the 
case of an IFF test, the proper mode. 
These relays are activated by UUT infor- 
mation. The modulating frequency and 
the IFF mode change with each step for 
tests of more than one step and this infor- 
mation is supplied to the relay network 
by means of a modified four -stage ring 
counter. 

At the beginning of a test sequence, a 

storage completed signal advances the 
ring counter to step one. When the UUT 
stabilizes in operation, a ready signal 
from the synthesizer unit sets a flip -flop 
which causes a measurement enable sig- 
nal to be generated in synchronism with 
the next timing pulse from the timing - 
and- switching unit. At completion of the 
measurement, a measurement complete 
signal arrives, setting a flip -flop. This 
flip -flop illuminates the proceed light on 

the remote -control- and -display unit and 
enables an and gate. When the proceed 
button on the RC &D unit is depressed, 
this and gate will pass the resulting pro- 
ceed signal to the input of a flip -flop, 
which extinguishes the proceed light and 
advances the ring counter by one posi- 
tion. If this is the last step, the general 
reset function will be generated at this 
time readying the programmer for the 
next test. Otherwise, the programmer 
will continue with the second step using 
the same sequence as before. 

Each step will be performed in suc- 
cession until the last step is completed. 
At this time, operation of the proceed 
button will cause the general reset func- 
tion to be generated. At the beginning of 
each new step, a pulse is generated 
which ends the measurement enable sig- 
nal until a new ready signal is supplied 
by the timing- and -switching unit. When 
an IFF test is performed, the measure- 
ment enable signal is also used to com- 
mand the synthesizer to generate an IFF 
interrogating signal. 

CONCLUSION 

The RCA prototype Preflight Test Set 
fulfills the need for test equipment to 
quickly and automatically evaluate air- 
craft electronic equipment. Additional 
features of the test set include complete 
self -testing capability and modular con- 
struction. This provides greater flexibil- 
ity during major changes in testing 
requirements or when additional equip- 
ment of a new design are introduced. 

RCA is currently negotiating a follow - 
on production contract for this equip- 
ment, which is currently undergoing 
field testing by the Army. 

WALTER MERGNER served as an Electronics 
Technician in the US Navy between 1951 -1954. He 

was graduated from the University of South Car- 
olina in 1958, receiving a BSEE. Upon graduation 
he joined RCA where he engaged in the design of 
the Time Division Data Link series of test sets. He 
then became the engineer responsible for the elec- 
trical design of the Data Link Module Board 
Analyzer. Following this he engaged in the elec- 
trical design of the Signal Corps Preflight Test Set. 
He is a member of Tau Beta Pi. 
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INTEGRATED TEST EQUIPMENT 
FOR THE HAWK 

W. J. PERREAULT 

Systems Support Engineering 
Aerospace Communications and Controls Division 

DEP, Burlington, Mass. 

The HAWK missile support equipment described here is a reliable and simple 
test- system that can be reprogrammed or changed as needed to handle future 
revisions to test requirements or to the design of the prime system. Now in 

operational use, it fulfills the field- maintenance requirements for the missile 
electronics and its launch and control system. 

M ISSILE SYSTEMS require complicated 
and sophisticated support equip- 

ments during all phases of their opera- 
tions and maintenance. The mission of 
these equipments is to assure the suc- 
cessful operation of the systems in the 
field and, thus, maximize the probable 
success of every launching. 

To accomplish this mission for the 
HAWK Missile System, RCA designed, 
developed, and produced the electronic 
repair and maintenance equipments of 
the HAWK electronic repair shops for use 
by the U. S. Army Ordnance Corps. 
These equipments are completely inte- 
grated, semiautomatically controlled, 
and modularized - providing 3rd- and 
4th- echelon field maintenance and test- 
ing for both the missile and its associ- 
ated launching and control system. 

Fig. 1 illustrates the HAWK equip- 
ment, large numbers of which are now 
operational in both the U. S. Army and 
U. S. Marine Corps. 
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CONSOLES 

Two types of test consoles utilizing only 
26 different modularized units provide 
for all the necessary electronic tests for 
the HAWK system. One console is used 
primarily to test microwave units, and 
the other on cw and pulse units. Both 
consoles provide for tests and checks of 
common parameters such as voltage, cur- 
rent, and impedance. In addition, each 
console provides all the necessary power 
supplies for the units to be tested. 

MODULES 

Multiple application is the keynote in 
module design. Of the twenty -six differ- 
ent modules referred to above, eleven 
have multiple applications in both con- 
soles. Eight of the eleven are used twice. 
one is used four times, one is used seven 
times and one is used eight times. This 
reduces the over -all cost per module and 
maximizes the advantages of standardiz- 
ation in the system. 

Programming of functions and ranges 
of all controlled modules is accom- 
plished automatically for each particular 
test setup selected by the console opera- 
tor provided that the console program- 
mer has been set to automatic. The 
switching is then done by solenoid -oper- 
ated rotary switches located in the con- 
trolled modules. 

Deviations from any specific preset 
programming sequences may be intro- 
duced by the operator at his discretion by 
setting the programmer to manual and 
simple manipulations of the respective 
module manual controls. After such 
"deviation testing" is completed, a sim- 
ple switch operation returns the pro- 
grammer to automatic and the modules 
are all automatically reset to the pro- 
gram previously selected by the operator. 

All modules are removable for service 
or replacement from the front of the 
console and are supported, aligned, and 
positioned by guide rails to preclude 
connector misalignment problems. Mod- 
ule retention and extraction are accom- 
plished by locking cam type handles on 
the front of the modules. 

INDICATORS 

All indicators, except for the electronic 
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SOME KEY DESIGN FEATURES 

Modularized console construction. 
Semiautomatic or manual programming 

of multiple -range instruments. 
Direct -reading, analog -type indicators. 
A modularized, direct -reading counter. 

Programmable stimulus generators. 
Programmable power supplies. 
Maximized test capabilities with respect 

to limited space. 

Expandable test capabilities. 
Complete self -checking capability. 
Standardization of parts, components, 

etc. 

Human- engineering factors. 

Fig. l -A HAWK test console, a typical con- 
sole module, a unit -under -test flow chart, and 
some key design features. 

counter, are direct -reading, multiple - 
range, automatically -programmed ana- 
log -type units. Analog units are used, 
primarily because nearly all of the mis- 
sile components to be tested are analog. 
Other reasons include: 1) versatility of 
equipment without extensive and costly 
programming changes; 2) minimization 
of the number of instruments required 
for system testing; 3) minimization of 
training program time for technical field 
personnel; and 4) reduction of equip- 
ment complexity by elimination of re- 
quirements for ADCONS, DACONS, com- 
puter modules, peripheral read -in and 
read -out devices, etc. 

The sole exception to the analog ap- 
proach is the electronic counter. Digital 
means, in this case, were employed as 
the simplest method of satisfying the 
wide range of counting and timing func- 
tions required by the HAWK units. 

STIMULUS GENERATORS 

All the stimulus requirements of the 
HAWK units under test are provided by 

the test consoles. Power supplies are pro- 
grammable over wide ranges of values 
as also are most of the other stimulus 
generators. 

The unmodulated cw generators cover 
wide bands of frequencies ranging from 
1 cycle to 500 kc, and a large portion of 

the radar intermediate frequency band. 
Included in these ranges are several 
fixed -frequency outputs for special pur- 
poses. 

Modulated cw generators provide for 
Am, FM, and noise modulations, either 
separately or together. In addition, mod- 
ulating signals are provided by the con- 
sole for the external . x -band microwave 
generator. 

Two pulse generators provide outputs 
which are variable in repetition rate (40 
to 1000 pulses /sec), pulse width (1 to 
2500 Irsec), and amplitude (0 to 100 
volts) . In addition, one of the pulse gen- 
erators may be slaved to the other to 
provide for two pulse presentations and 
other pulse delays. 

EXPANDABILITY 

The original equipment provided for 
economical expansion and extension of 
testing capabilities. The soundness of 
this important feature has been demon- 
strated on several occasions. For in- 
stance, four different modules had addi- 
tional capabilities added to them and 
two entirely new modules were added to 
the console configurations over a year 
after the original design was sold. 

Only relatively minor changes were 
required in the console wiring and the 
modular construction of the console per- 
mitted field modification of the older 
configuration of the consoles with only 
a minimum of down -time. The new mod- 
ules were then simply inserted and the 
equipment was operable again with 
greatly expanded capabilities and im- 
proved performance. 

SELF -CHECK 

All consoles have had self- checking 
capabilities incorporated into them in 
order to check out their own circuitry 
using only appropriate self -check pro- 
grams. Of course, provisions have also 
been made to make periodic calibration 
against known standards as well. How- 
ever, the self -check capability of each 
console provides for calibrations of its 
equipments in relation to its own in- 
ternal standards at any time in the field. 
Thus, the shop equipment is completely 
self -sufficient. 

STANDARDIZATION 

In line with the general concepts of 
standardization programs for equip- 
ments built by DEP at RCA, the various 
aspects of the Hawk project were thor- 
oughly scrutinized and a suitable pro- 
gram of standardization was established. 
The rule was that standardization was to 
be carried as far as practical without 
limiting the capability of the end prod- 
uct, the console. Some of the areas to 
which standardization concepts were 
applied are: 

1) Module sizes 
2) Common hardware 
3) Connectors, modules, two types; 

printed- circuit cards, one type 
4 ) Basic common mechanical parts, 

side -frames, rear panels, etc. 
5) Electronic hardware, shield termi- 

nations, taper pins, terminals, etc. 
6) Militarized components 

7) Mil -Spec materials 
8) Common special parts, transform- 

ers, etc. 

HUMAN ENGINEERING FACTORS 

Location and arrangement of modules 
and controls have been assigned to pro- 
vide for maximum utility and conven- 
ience of the operator. All indicating de- 
vices are located above the work table; 
power supplies are located in the pedes- 
tals below the work table, and modules 
with frequently used controls are located 
in the center and toward the right side 
of the upper console. 

Five front panels in the recessed inter- 
mediate section of the console contain 
all the circuit breakers and fuses for the 
various AC and DC power supplies. In ad- 
dition, convenience outlets, an elapsed 
time meter, and most of the connector 
receptacles for the test cables are pro- 
vided on these panels. 

IN SUMMARY 
The field maintenance equipment built 
by RCA for the HAWK Missile System 
electronic repair shops has been success- 
fully meeting its objectives in field usage 
since the early part of 1960. It has been 
proven to be a reliable, simple, and effi- 

cient test equipment system which can 
be readily changed and /or repro- 
grammed as necessary, to account for 
changes and new capabilities of the 
prime equipment as they arise. Thus, the 
degree of obsolescence attributable to 
the equipment has been minimized, and 
the utility of the equipment has been 
maximized. 

Large numbers of the HAWK consoles 
have already been produced by RCA; 
additional consoles having the latest con- 
figuration are presently in production - 
thus, continuing to contribute to the 
operational success of the HAWK system. 

WILLIAM J. PERREAULT received his BSEE from 
the University of Minnesota in 1958, and joined 
RCA as a specialized trainee the same year. Sub- 
sequently, he was assigned to the DEP Airborne 
Systems Division in Camden, where he worked on 
the design of transistorized circuits and with the 
Systems Integration Group for the ASTRA Project. 
He was then assigned to a production release and 
follow -up group on the MG -10 -FME program. He 
then joined the Systems Support Equipment Engi- 
neering, where he was responsible for the electrical 
design, development, and system integration for 
the HAWK -FME program. Recently he was trans- 
ferred to the Burlington, Mass. facility of ACCD, 
where he is currently responsible for the design of 
several stimulus units of the MTE program. He has 
been pursuing graduate work towards an MSEE and 
is a member of the IRE and the AIEE. 
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Fig. lb- Illustration of functions of Fig. la. 

Fig. la - Special- purpose data processor for 
target simulation. 

INTEGRATED, ADAPTABLE, 
AUTOMATIC CHECKOUT AND 

SIMULATION CONCEPTS 

This paper discusses the methodology of checkout and simulation when devel- 
oped for a particular system application, as opposed to universal test equipment. 
Covered are techniques of information processing, signal generation, automatic 
measurement, and data display. 

E. L. DANHEISER, Ldr. M. KORSEN, Mgr. 
Radar Performance Monitor Checkout & Monitoring Unit 

Radar Data Take -off Skill Center 
Missile and Surface Radar Division 

DEP, Moorestown, N. J. 

CHANGES IN modern day electronic 
have brought forth the 

great need to incorporate confidence - 
giving devices to determine, continu- 
ously or on command, the operability of 
the system. Key to the operating success 
of these new systems is competent de- 
sign meeting extremely high reliability 
goals. To assure that these high- reliabil- 
ity system goals are met, efficient and 
reliable checkout and simulation tech- 
niques are invaluable. The use of check- 
out and simulation concepts provides 
these advantages: 1) a means for reli- 
ability analysis, 2) a training tool for 
personnel, 3) integration and accept- 
ance facilities, and 4) an over -all con- 
fidence factor in the tactical electronic 
system. 
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Additionally, a well- conceived check- 
out and simulation system provides dol- 
lar savings by reducing the quantity and 
quality of maintenance personnel, avoid- 
ing redundant equipment, and reducing 
the need for high -quantity spares. 

PHILOSOPHY 

Factors influencing the sophistication or 
automaticity of checkout and simulation 
systems include: 1) the mission of the 
tactical equipment, 2) intermittent or 
continuous operation of the tactical 
equipment, 3) manned or unmanned op- 
eration, 4) mean time between failures 
of the system, 5) spare parts consider- 
ation, and 6) the over -all size of the 
system. 

Checkout and simulation systems de- 

scribed here are designed for a partic- 
ular application as opposed to universal 
test equipment. For large systems where 
similar multi -element blocks are used, 
as in electronically steerable arrays, low - 
cost common transducers should be used 
in the checkout and simulation system. 
Logic elements or other analog or digital 
circuits should be of the same design 
and configuration as similar elements 
in the tactical system. This simplifies 
logistics and increases cross -usage. 

Most importantly, checkout and simu- 
lation equipment should be even more 
reliable than the tactical system under 
test so that final test results are beyond 
question. Along with the high reliabil- 
ity, the measuring elements of checkout 
and simulation subsystems should have 
accuracies greater than those being 
measured. Generally, a five -to -one factor 
in accuracy is a good compromise be- 
tween cost and proper operation. In rare 
cases, it is sufficient for the accuracy of 
the measuring element to be equal to the 
accuracy of the equipment being meas- 
ured- providing at least a 50- percent 
chance of alerting to a failure in the tac- 
tical subsystem. 

The control and observation of check- 
out and simulation subsystem results 
are generally accomplished from a con- 
sole. Layout of the console controls and 
displays are of great importance to 
assure rapid, proper operator reaction 
to tactical situations; as a training 
device, the console uses simulation tech- 
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niques to generate a tactical environ- 
ment. 

Information processors available in 
the tactical system are utilized whenever 
possible for economy. When existing 
processors are utilized to maximum 
capacity or when the checkout and 
simulation routines are specialized, sep- 
arate machines are warranted. 

METHODS FOR CHECKOUT 
SYSTEM DESIGN 

Several primary methods have been used 
successfully in system checkout applica- 
tions. Some of the methods to be dis- 
cussed have been mixed; others have 
taken the form of separate equipments: 

1) Dynamic Simulation and Perform- 
ance Evaluation. Dynamic realis- 
tic inputs are inserted into the sys- 
tem; the resultant answer data 
extracted from the system output 
terminals is analyzed automati- 
cally. This method establishes over- 
all performance and accuracy of 
the system. Additionally, it indi- 
cates where faults may be in small 
systems; in large systems, very 
little fault -area information is 
obtained. 

2) Automatic Monitoring. Usually 
passive sensors that threshold or 
measure relatively static quanti- 
ties from many test points within 
the system. Fault locations are 
pinpointed but system accuracy 
may not be indicated. 

3) Automatic Signal Tracing. Signal 
generators insert static and dy- 
namic signals at intermediate 
points in the system. This approach 
is effective where intermediate 
monitoring levels are low, render- 
ing it impractical to monitor at 
these points but possible to insert 
signals. Measurement is subse- 
quently performed at a single 
higher level output point. 

Combinations of the above methods 
have been implemented successfully. 
APCHE (ATLAS Programmed Checkout 
system) uses a combination of tech- 
niques 2 and 3. The BMEWS CAM (Con- 
tinuous Automatic Monitoring) system 
uses methods 1 and 2 as two separate 
systems. Method 1 can be used effec- 
tively when the equipment has a well 
defined set of input and output termi- 
nals (as in a radar or communication 
system). Where there are many inputs 
and outputs, as in a missile launch 
checkout system, Method 3 is useful. 
Method 2 is used for rapid fault isola- 
tion in large defense systems operating 
continuously. 

CHECKOUT SYSTEM MAKEUP 

The basic functions of a checkout system 
can be described in four general cate- 
gories: 1) information processing and 
control, 2) signal -generation devices, 
3) automatic measurement techniques, 
and 4) displays. 

Information Processing and Control 

Usually, the heart of any checkout sys- 
tem is the central control and data - 
processing equipment. The central con- 
trol and information processing equip- 
ment generally functions in one or 
more of the following ways: 

1) Controls remote signal -generating 
devices for signal insertion and 
processes answer data. 

2) Sequences sensing and measuring 
devices for automatic monitoring 
and processes answer data for 
fault determination. 

Signal -generation control may take 
the form of simply closing a switch to 
connect a signal generator to an ap- 
propriate point in the system. A more 
complicated function would be to vary 
amplitude, frequency, pulse width, etc. 
of the generating device after connec- 
tion has been made. Variation is pre- 
programmed and not usually dependent 
on system response. A more complex 
simulation technique would be to pre- 
program the signal generator, measure 
the response of the system, and alter 
the signal generator according to sys- 
tem response. This technique may be 
found in the realistic simulation of 
dynamically varying targets for inser- 
tion into a radar system. 

Target information is usually prere- 
corded in digital form on a mass stor- 
age media such as magnetic tape. Data 
stored on tape represents varying spa- 
tial positions of a simulated target. 
Since a radar beam normally moves to 
track a target or scan an area, its posi- 
tion changes. The amplitude of the gen- 
erated signal will then be made to vary 
according to the radial displacement of 
the simulated target with respect to the 
radar beam axis, i.e., the output of the 
generating device will depend on the re- 
sponse (position) of the radar beam as 
well as the preprogrammed information. 

Thus, to accurately and realistically 
control the generator, the radar beam 
equation is solved each time a simu- 
lated return is generated. Because of 
the complexity of solving the beam 
equation and the necessity for repeated 
solutions at a high rate, a program- 
mable data processor is utilized; it may 
be a general purpose computer or a 
special purpose machine developed for 

the particular application. Fig. 1 illus- 
trates a special purpose data processor 
used for target simulation for the 
BMEWS system. An additional function 
of the data processor is to format an- 
swer data for display. The display de- 
vice most commonly used is a printer. 

Sequencing and controlling remote 
measuring and sensing devices, and 
processing of answer data can be ac- 
complished by special -purpose data - 
processing equipment or by a general - 
purpose computer. Since sequencing 
requires a large number of instructions 
(usually one for each monitored point) 
and the time required for each point is 
relatively long, media such as punched 
cards or punched tape are frequently 
utilized. Data - processing equipment 
simply interprets stored instructions 
and connects the proper sensing device 
to a particular point in the system (Fig. 
lb ) . The sensing device is usually an 
analog -to- digital converter, located re- 
motely; answer data is transmitted 
back to the central data -processing 
equipment where comparison and anal- 
ysis take place automatically. Typical 
equipment utilizing a special -purpose 
data processor with instructions stored 
on punched cards and answer data re- 
ceived from remote analog to digital 
converters can be found in BMEWS -CAM. 

Signal Generation Devices 

Signal- generation devices can have pro- 
visions for control by digital means 
from central information processing 
equipment. The output level of these 
devices is dependent on the point of 
signal insertion and the type of signal 
required. 

In radar checkout applications, the 
output is usually a pulsed RF signal 
with controllable amplitude and range. 
If the radar system is coherent, precise 
variation of the carrier frequency to 
produce simulated doppler shift is re- 
quired. The frequency must be varied 
according to a prescribed simulated tar- 
get range rate. The range rate is sup- 
plied in digital form and controls the 
frequency of a voltage controlled oscil- 
lator (vco) by utilizing a counter and 
digital -to- analog converter in a closed - 
loop configuration. The vco may then 
be multiplied to the appropriate fre- 
quency for insertion into the system. 
Range is generated by inserting the 
complement of a digital range number, 
each pulse- repetition frequency, into a 
counter and counting to zero. A pulse 
with range equal to the digital number 
is then produced and is shaped into a 
simulated video return. In general, the 
type of generation technique must be 
tailored to the system requirements. 
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Automatic Measurement Techniques 

The most common automatic measuring 
technique is to convert the quantity to 
be monitored to a Dc voltage such that 
an analog -to- digital converter can read- 
ily handle it. With the advent of higher - 
speed converter. the pulse signals in 
certain cases can be handled without 
conversion to DC. Where pulses of very 
short duration are present, sample and 
hold circuits are used to stretch the 
pulse to a duration compatible with the 
converter. An alternate method of mon- 
itoring is to utilize an analog compara- 
tor supplied with a reference voltage. 
The reference voltage may be derived 
from a centrally generated digital num- 
ber applied to the comparator via a 
digital -to- analog converter. The disad- 
vantage of the comparator is that no 
numericál answer is available for proc- 
essing. 

In BmEWS -CAM, a combination of the 
two methods are implemented. The 
majority of points are handled sequen- 
tially by analog -to- digital converters 
with relatively few, but key points 
being handled in a continuous manner 
by preset analog comparators. 

Displays 

Displays for automatic checkout and 
simulation systems should be relatively 
simple in nature. Where over -all dy- 
namic simulation is performed, the 
main display device is usually a me- 
dium -speed printer. A printer is neces- 
sary because of the large amount of 
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Fig. 2b - Illustration 
of functions of Fig. 
2a. 

data points required to display. Auto- 
matic monitoring for a large -point sys- 
tem usually requires a printer for the 
sequential monitoring portion (where 
many points are switched into the 
system and lamp displays for certain 
key- points which are continuously mon- 
itored. A typical console for an auto- 
matic monitoring system is illustrated 
in Fig. 2: the console contains a printer. 
card -reader for sequentially monitored 
points, and a lamp display for contin- 
uously monitored points. Note that the 
lamp display is arranged as a block 
diagram of the system. 

SUMMARY 

Fundamental considerations in conceiv- 
ing checkout and simulation systems 
dictate that for most efficient operation 
and design, the checkout hardware 
should be designed as an integral part 
of the tactical system. This, however. 
does not negate the possibility of in- 
cluding simulation and checkout equip- 
ment as ancillary gear to a previously 
designed system, since this has occurred 
many times in the past due to limita- 
tions on the original contract costs. In 
addition, the checkout technique util- 
ized should be tailored to the particular 
system it services. These principles ap- 
ply only where the tactical system is of 
such complexity to warrant an auto- 
matic checkout system. Adherence to 
the above principles result in the most 
efficient and economical system. 
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SELF -VERIFICATION OF 
SYSTEM STATUS 
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Self- verification (SV) is a method of continuously providing positive information 
as to the operational status of a complex system. This paper introduces the SV 

concepts, which are being successfully applied by DEP -SurfCom to Minuteman. 

xE TREND in modern -day communi- 
1 cations systems is toward maximum 

availability -i.e., constant operational 
readiness. The desired availability can 
be sought through meticulous design 
and the use of highly reliable compo- 
nents, while periodic system testing 
offers some additional assurance. How- 
ever, both methods leave much to be 
desired. For example, despite the use 
of highly reliable components, the large 
number of parts in a complex system 
reduces over -all reliability, thus lessen- 
ing the availability assurance. More- 
over, periodic testing is valid only for 
an indeterminate period immediately 
following the test. And, in systems 
requiring 100- percent availability, peri- 
odic tests and /or rigid maintenance 
routines are time -consuming and costly. 

A more -effective approach is the 
self-verification (sv) technique, which 
satisfies reliability criteria and sup- 
plants many of the maintenance require- 
ments. Ideally, sv achieves continuous 
system surveillance, immediately detects 
any malfunction, and then reports the 
fault by a go or no -go signal. The sv 
techniques are applicable to both ana- 
log and digital systems; however, dis- 
crete go -no -go displays suggest digital 
equipment, to which sv is particularly 
amenable. 

RCA developed the sv techniques 
described here and applied them to an 
existing missile communication system. 
However, sv is applicable to any large 
complex system comprising a number 
of "independent" links or nodes. Fig. 
1 shows a typical segment of such a 
multi -link system. Each link comprises 
essentially similar receive, transmit, and 
data processing nodes. The intercon- 
nection between the receive and trans- 
mit nodes can be as complex as re- 
quired. Additionally, some nodes can 
be manned or remotely controlled and 
unmanned. 

SYSTEM FIGURE OF MERIT 

To evaluate the impact of sv in terms 
of system reliability improvement, the 
degree of assurance must be determined. 
Such a measuring stick should: 1) 

weigh all modes of operation and deter- 
mine contributions to the over -all system 
merit rating, and 2) respond propor- 
tionately to the failure rates of critical 
components so that it reflects the impact 
of these failures on the system capa- 
bility. Unfortunately, the usual meas- 
uring sticks, availability and reliability, 
are not applicable to complex multi -link 
systems generally. 

The availability A of a system is 

equal to the portion of time that the 
system will perform satisfactorily: 

A - MTBF 

MTBF + MDT 
(1) 

Where: MTBF = mean time between 
failures, and MDT = mean down time 

Before Eq. 1 can have any signifi- 
cance, either of the following conditions 
must exist: 

Condition 1. If a specific mode of 
operation could be defined as minimum 
acceptable (with any further degrada- 
tion being unacceptable), then the per- 
centage "up" time could be determined. 
Although this condition is not usually 
present in most large complex systems, 
it may exist in some particular por- 
tions of the system; percentage up time 
in these portions can be evaluated. But, 
these parts cannot be combined in the 
usual manner to yield an over -all sys- 
tem availability. 

Condition 2. If each part of a system 
were separate and independent, and no 
component or group of component fail- 
ures would affect any other part, then 
the system availability could be deter- 
mined by combining the availabilities 
of single parts. If all availabilities were 
equal, then each would also be the 
availability of the system ; the avail- 
ability of a single part would then be- 
come the percentage of the part avail- 
able at any time (long -term average) . 

But, generally, systems are considerably 
more complicated. Some component 
failures affect one part only; others 
have a considerably broader effect on 
system performance. Similarly, the re- 
liability concept is not applicable to the 
system in its entirety. Thus, a new 

Fig. 1 -A typical segment of a multi -link system. 

figure of merit, termed relative system 
capability (Bsc) was devised. 

RELATIVE SYSTEM CAPABILITY 

This new figure of merit, RSC, has the 
following properties: 

1) It is derived from statistical 
data on component failure rates, and 
accurate reliability models of the 
system. 

2) It gives a measure of the long- 
term average number of system links 
that will be functional. 

3 ) It incorporates suitable weight- 
ing factors, equivalent to the effects 
of failures on the system capability, 
for all critical elements. 

4) It weighs proportionately all 
possible modes of system operation 
caused by the varying degrees of de- 
gradation. 

5) It can be calculated by avail- 
able mathematical techniques. 

The RSC is calculated as follows: 
Step 1) Using Eq. 1, determine the 

availabilities of the system step -wise 
by removing each independent link 
in a discrete manner. 

Step 2) Multiply each of the avail - 
abilities of step 1 by the total num- 
ber of system links remaining oper- 
able and sum the products. 

Step 3) Divide the sum of step 2 by 
the total number of links. 

Step 3 gives a measure of the number 
of operable links and is the RSC. All 
critical components are suitably weighed 
since impact on the system is immedi- 
ately reflected in the suitable availabil- 
ity term and gauged by the number of 
units which remain operable. All other 
modes of operation due to varying de- 
grees of degradation are included so 
that a true long -term average is obtained 
without defining the "acceptable" modes. 
The methods of calculation are based 
on a simple averaging and weighing 
technique, readily derived and per- 
formed. However, because of cost and 
other critical functions, very few sys- 
tems can or will be 100 -percent "self - 
verified." Thus, each system must be 
considered as consisting of a verified 
portion and unverified portion. 

The verified portion is the system 
complex whose RSC is determined (as 
indicated above) by reference to the 
system reliability model. This yields 
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MAINTENANCE 

MTBF OF UNVERIFIED EQUIPMENT 

Fig. 2 -Cost trade -off optimization. 

the percentage of individual system 
links that will be operable (verified). 

The unverified portion's impact on 
RSC is determined by the particular por- 
tions of the system left unverified. The 
availability A of an unverified portion, 
for high availabilities, is given by: 

MTBF 

A MTBE T/2 
T/2 

= RSC = 1 - (2) 
MTBF 

Where: T = time over which availabil- 
ity is determined, RSC. = relative sys- 
tem capability (unverified), and MTBF 
= mean time between failures of the 
unverified portion of a single link, de- 
fined by: 

2 
MTBF - 

2 + L T (3) 

Where: L = failure rate of unverified 
portion of a single link. 

Therefore, availability of the unveri- 
fied equipment in a single link is de- 
pendent only upon the failure rate of 
the unverified portion and the time 
between routine maintenance checks. 
This availability of the single link is 
numerically equal to the RSC of the 
unverified portion of the system. Over- 
all RSC is equal to the product of the 
capabilities of the verified and unveri- 
fied portions of the system. Thus, even 
with restrictions of routine maintenance 
operations, the unverified portion be- 
comes the controlling factor in the 
over -all Rsc. 

COST TRADE -OFF RELATIONSHIPS 

To minimize costs, determine the opti- 
mum combination of frequency of main- 
tenance and degree of sv; to do this, 
the exact costs of verification equipment 
and routine maintenance must be known. 

With such information available, a 
suitable plot of the cost trade -off could 
be made (Fig. 2). The abscissa 
(MTBF of unverified equipment) is a 
measure of the degree of sv. As the 
degree of sv becomes greater, the 
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MTBF for the unverified equipment be- 
comes greater. 

The over-all cost of routine mainte- 
nance is determined by the individual 
costs of manpower, materials, equip- 
ment, and facilities required for each 
link to maintain the equipment at the 
required availability level. Actual fre- 
quency of maintenance per year, F, is 

F= 2T MTBI-(1 -A) 
Where: A = availability requirement 
for unverified equipment, T = period 
of time considered (usually one year) 
in hours, and MTBF = mean time be- 
tween failures of the unverified equip- 
ment of a single link in hours. 

When repairs are necessary in the 
unverified equipment, the amount saved 
by having each repair crew perform 
the checkout on the unverified equip- 
ment at each link is Pr (the failure 
probability) : 

Pr = 1 - P, (5) 

Where: P. = exp ( -T /MTBF) = prob- 
ability of survival of a link. 

Since Pr determines the average num- 
ber of times a link must be maintained 
in the period T, the curve of annual 
cost of routine maintenance (Fig. 2) 
approaches a minimum. 

The second curve, sv cost, is deter- 
mined by both the design and production 
costs of the extra equipment annually 
allocated at each site, plus the cost of 
maintaining this equipment; cost in- 
creases rapidly for each additional in- 
crement of verification. Thus, in at- 
tempting to achieve complete sv, the 
100 -percent point is approached. The 
third, or total cost, curve is simply the 
arithmetic total of the first two curves. 

The complete cost trade -off, then, is 
composed of three steps: 

1) To achieve any particular availa- 
bility, the various combinations of 
degree of verification (MTBF of 
unverified equipment) versus the 
associated maintenance program 
( time between maintenance checks 
must be determined. 

2) The cost of the verification and 
associated maintenance program 
(knowing that Pr percent of sites 
are visited annually for repairs 
must be determined. 

Table 1- Limiting Conditions for SV 

SV Scheme 

1 

2 

3 

4 

Frequency 
of SV 

-> 00 

-> Qo 

--> 0 

-> 0 

Percentage of 
Equipment 
Self-Verified 

100 

0 

100 
0 

3) The minimum point on the sum- 
mation curve of the two costs in- 
volved must be located. 

Since exact figures for these calcula- 
tions are generally unavailable, the ex- 
tent of sv providing the greatest return 
in equipment verified (without compro- 
mising system MTBF) is based on an 
engineering design approach. The over- 
all design of a system may be consid- 
ered from two aspects: 1) the level of 
reliability achieved, and 2) the simplest 
functional requirements. 

Further, in any system, optimum de- 
sign is achieved by a perturbation and 
iteration process of these two factors. 
To appraise the effects of sv, this proc- 
ess is evaluated on the basis of 1) max- 
imization of the time between routine 
maintenance checks; 2) maximization 
of Rsc; and 3) assurance of compliance 
with the system MTBF requirements. 

The over -all system MTBF and the 
MTBF of the unverified portions are then 
used to calculate the RSC. The availabil- 
ities curves of T (time between mainte- 
nance) vs MTBF, and of T vs A can then 
be plotted to determine a first approxi- 
mation to the degree of sv required. 

Finally, using the design criteria for 
the types of sv possible, the final 
amount of sv incorporated into a sys- 
tem can be determined. The problem 
then reduces to selecting a given type 
of sv and designing equipment for it. 

SYSTEM REQUIREMENTS 

Considering any link of a system as a 
two -port, traditional "black box, the 
link will give a known output when 
stimulated by a known input. This form 
of test is ideally suited to give a go or 
no -go indication of operational capabil- 
ities. Such a system is basically a gross - 
fault locating method, useful for deter- 
mining the over -all operation of the 
equipments. If additional nodes are 
available, it is possible to treat each 
module of the system as a smaller two - 
port black box and, thus, localize a 
fault to a module or circuit. 

The time and frequency of testing 
must also be considered in any sv 
scheme. Ideally, verification of vital 
functions should occur 100 percent of 
the time, for 100 percent of the equip- 
ment. Although in practice these goals 
are seldom realized, close approxima- 
tions can be accomplished (Table I) I. 
The figures indicated in Table I are 
limiting conditions only; e.g., Fre- 
quency of SV approaches 0 in Scheme 
3, but does not actually reach it. 
Schemes 2 and 4 are obviously imprac- 
tical. Scheme 3 is feasible, but not as 
desirable as Scheme 1. Thus, if sv is to 
be achieved, the closest possible ap- 
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Table II - SV Implementation Criteria 

1) sv should be a dynamic test in preference to 
static type. 

2) sv circuits should monitor the functions of 
the operational circuits. but. never participate 
in their action. 

3) sv circuits should he able to "report" their 
own failure. 

4) sv circuits should not cause operation of a 
system in any critical mode. 

5) sv circuits should monitor the system during 
normal system up time for catastrophic fail- 
ure and out -of- tolerance drifts. 

6) sv should indicate the effect of the failure 
upon system performance as a go or so -go 
status signal. 

7) sv should make as much use as possible of 
the inherent system verification concepts. 

8) sv should not be achieved by the use of func- 
tional or spare redundancy. (Functional re- 
dundancy is equipment duplication which 

contributes the system capacity as well as 
reliability. spare redundancy is duplication 
that does not increase system capacity, but 
is intended only to improve reliability.) 

9) sv should be considered an integral system 
design parameter. 

10) sv test should exercise circuits through modes 
the circuits must actually perform. 

11) se should be continuous so that the frequency 
of testing is eompatiblft with the statistical 
aspects of reliability. 

12) se should monitor the system logic switching 
rules and check all logic paradoxes. 

13) sv operation should be completely automatic 
or sv should he so designed that required 
operating manpower is minimized. 

14) sv must cease immediately, and the system 
revert to the normal state, upon the initiation 
of operational use of the system. 

proximation to Scheme 1 should be 
adopted. Failing this, Scheme 3 or the 
best engineering compromise will have 
to be used. 

TYPES OF SV 

On the basis of the above requirements, 
the implementation of sv can be div- 
ided into four groups: 1) automatic 
(Asv), 2) nonautomatic (Msv), 3) dy- 
namic (Dsv), 4) static (ssv). Each of 
these categories can exist in two forms, 
marginal and nonmarginal. 

A marginal test program is a fault - 
detection scheme in which different par- 
ameters are varied within prescribed 
tolerance limits to determine the operat- 
ing capabilities of the system. The 
method is useful primarily to detect im- 
minent failures and is intended to check 
a class of malfunctions not considered 
in the sv criteria. 

A nonmarginal test program is essen- 
tially a fault- detection scheme wherein 
the system parameters are considered 
as operating at their nominal values. All 
types of sv are basically of this form, 
the important fact is that all existing 
failures, catastrophic or out -of- tolerance, 
are detected by this scheme. 

Automatic self -verification is a diag- 
nostic approach that periodically tests, 
on a program basis, the entire system by 
exercising every function through its 
normal states. Generally, sv to this ex- 
tent is not possible. In lieu of this and 
satisfying the concept of Asv, a process 
can be adopted to check all critical 
functions; however, this may introduce 
too many extra components. So, while 
ASV appears in general to fulfill the 
needs of verification, its disadvantage is 
that implementation is extremely com- 
plex and may lower the system MTBF 

and the Availablity; also, the testing 
process may tie up the system. 

Nonautomatic self- verification, Msv, is 
similar to ASV, with one major differ- 
ence: the test program is operator ini- 
ated. The Msv has all of the disadvan- 
tages of ASV and one more -it requires 
complex manual technical procedures 
and coordination. 

Dynamic self -verification uses pseudo - 
valid operational procedures to exercise 
the links of the system. Procedures are 
used to check the operation of most 
functions (certain critical functions can 
he left quiesent as required 1. This DSV 

method eliminates many problems of 
ASV and Msv, but falls short of achiev- 
ing a 100- percent functional checkout. 

Special operational procedures initi- 
ated to excite the system into a dynamic 
operating condition are monitored to 

ascertain the correct response of the 
various functions. Despite the fact that 
Dsv does not check 100 percent of the 
system, it has sufficient merit to be the 
most usable sv method. 

Static sel 1-verification is a test proce- 
dure normally used when the system is 
quiescent. In contrast to the DSV, this 
test performs verification without using 
the system operationally. Instead, the 
principles of logical deduction and the 
monitoring of logical paradoxes form 
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the underlying basis of this form of sv. 
The ssv is never a complete test, but is 
a worthy adjunct (in combination with 
DSV, for example) to enhance the over- 
all degree of system verification. 

Table II lists implementation criteria 
for sv methods. 

CONCLUSIONS 

For the MINUTEMAN complex, the ap- 
plication of this technique has resulted 
in an optimum sv design that has in- 
creased the over -all amount of equip- 
ment by a modest percent, to achieve 
performance verification of approxi- 
mately 99 percent of the system. 

The sv technique can be applied to 
any system, but particularly digital sys- 
tems. Many methods of implementation 
are possible; however, given the relia- 
bility requirements for a system, and 
the constraints predicated by its opera- 
tional use, an optimum method of sv 
can be selected. Using the techniques 
herein presented, the selected method 
of sv can be designed to minimize addi- 
tional equipment and cost, and to maxi- 
mize system availability. 

Thus, sv provides an ideal solution to 
an ever present problem, What is the 
status of this system now? 
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The determination of trace impurities is important in understanding the behavior 
of materials in solid -state devices. Spark- source mass spectrometry provides a 

versatile analytic tool of great sensitivity that is playing a valuable role in basic 
research on new materials at the RCA Laboratories. 

Dr. J. KURSHAN, Mgr. 
Research Services Laboratory, RCA Laboratories, Princeton, N. J. 

O 
N FEBRUARY 23, 1961, J. R. Wool - 
ston, a Member of the Technical 

Staff at RCA Laboratories, along with a 
senior engineer from Associated Electri- 
cal Industries in Manchester, England, 
waited anxiously at New York Interna- 
tional Airport. As they searched the 
early morning sky, they were rewarded 
by the appearance of a large cargo -car- 
rying plane which landed smoothly and 
taxied up to the unloading area where 
they were standing. The plane was car- 
rying an MS7 spark- source mass spec- 
trometer destined for the David Sarnoff 
Research Center. This was only the sixth 
instrument of its type to be produced 
and the first one shipped to the Western 
Hemisphere. Over four years had elap- 
sed since action was initiated to acquire 
such an instrument, and 20 months had 
passed since a firm order had been 
placed. The two men were there to see 
that nothing went wrong at this stage 
of the operation. As Figs. la -b show, the 
MS7 is a large, integrated instrument 
with complex electronic controls. The 
anxiety shown at the airport is readily 
understood and, happily, it was rewarded 
by a successful installation. 

Trace impurity analysis by mass spec- 
trometry is now available as one of the 
activities of the Research Services Lab- 
oratory and illustrates well many facets 
of the role played by this Laboratory in 
research and engineering. As work pro- 
gresses in the preparation of materials 
for electronic applications, more infor- 
mation is needed about the basic consti- 
tution of these materials. Often, this 
analysis is conducted as an integral part 
of the materials- research program, espe- 
cially when new analytical methods are 
required. Occasionally, the analytical 
needs become large enough and suffici- 
ently well- defined that it is advantageous 
to provide the analyses as a centralized 
service which can be requested or requi- 
sitioned by the scientist or engineer 
whose primary interest is improvement 
of the material rather than analysis. The 
advantages gained by providing mass 
spectrometry in the organizational 
framework of a research service include 
the following: ready availability to other 
groups of the expertness and skill devel- 
oped by the operator; experience ac- 
quired from a variety of different sources 
and problems; capability for developing 
special methods to handle novel situa- 
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tions; a sustaining program to improve 
techniques, to understand the existing 
limitations, and to provide for new 
needs; a service available to other divi- 
sions of the company; and, therefore, 
justification of the cost of expensive in- 
strumentation on the basis of its broad 
utilization. 

ROLE OF TRACE IMPURITIES 
Technological advances in materials 
often outstrip our understanding and 
control of the phenomena involved. The 
semiconductor field provides a good ex- 
ample of the significance of trace impur- 
ities and furnishes an outstanding area 
of application for spark- source mass 
spectrometry. Progress in the semi-con- 
ductors utilized for transistors has been 
a see -saw between the control of chem- 
ical impurities and of other crystal im- 
perfections. The first point- contact trans- 
istors were made with polycrystalline 
germanium intentionally doped with an 
impurity such as phosphorus to establish 
the desired conductivity type according 
to existing crystal- rectifier art. The 
reproducibility and reliability of transist- 
ors were improved substantially when 
large single crystals could be grown 
from starting material that had less than 
one part per million (ppm) of impurity 
before the desired doping material was 
added. Today's transistors, and related 
semiconductor devices, have several im- 
portant parameters at least partially de- 
termined by trace impurities present in 
concentrations which are completely in- 
significant in non -electronic products. 

One phenomenon, the Hall effect, pro- 
duces a voltage that varies inversely with 
electronic carrier concentration; the 
Hall effect is thus an indirect measure of 
the impurity concentration which pro- 
duces the carriers.[ Because of the rela- 
tively high Hall voltages obtainable from 
semiconductors, the Hall effect itself is 
now being utilized in a variety of prac- 
tical devices (e. g. magnetic field meas- 
urement). Electrical conductivity (or 
resistivity) is determined by both car- 
rier concentration and mobility and, 
thus, combined with information ob- 
tained by Hall measurements, provides 
another indirect measure of impurity 
concentration. Resistivity in turn is used 
as a design criterion for various device 
parameters such as junction capaci- 
tance, breakdown voltage, emitter effi- 
ciency, etc. Impurities may also deter- 

Fig. la -The MS7 mass spectrograpt 
modified source. The author is obst 
while J. R. Woolston adjusts the ion 
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Fig. lb -Front panel of the MS7 Mass Spectrometer showing on source chamber in the 
center. All operating controls are within easy reach. 

TUNABLE 
RF 

OSCI + -LATOR 

POWER 

AMPLIFIER 4 
"4 SPARK 

e SAMPLE 
ELECTRODES 

RESONANT 
-Simplified schematic of spark source. TRANS'7 ORMER 

RCE MASS SPECTROMETRY FOR THE 
IMPURITY ANALYSIS OF SOLIDS 

BEAM SUPPRESSOR 
E_ECTRODE 

Ov OR + I50C v. 

4ONs + 1000 VOLTS 

1 '1044 

*** . N 

-1000 VOLTS 1 

Fig. 4 -180° direction 
focussing analyzer. 

MONITOR COLLECTOR 

PHOTOGRAPHIC PLATE-,., 

ON 

M-AGNEI 

ION SOURCE 

ANALYZER 

DETECTOR 

Fig. 2 -Block diagram of 
typical mass spectrometer. 

DR. JEROME KURSHAN received his AB (with 
honors) in Mathematics and Physics from Columbia 
University in 1939 and his PhD in Physics from 
Cornell University in 1943. He was an Assistant in 
Physics at Columbia University in 1939 and held the 
same position at Cornell University from 1939 to 
1943. He received a government citation for war- 
time contributions to the Office of Scientific 
Research and Development. Dr. Kurshan joined the 
RCA Laboratories as a Member of the Technical 
Staff in 1943. During World War II, he also taught 
evening courses for Rutgers University under spon- 
sorship of the Emergency Science and Management 
War Training Program. At RCA Laboratories, he 
conducted research in the fields of electron tubes 
and semiconductor devices and helped to admin- 
ister the latter research program. Dr. Kurshan was 
named Mgr., Graduate Recruiting in January 1956; 
Mgr., Technical Recruiting and Training in June 
1956; and Mgr., Employment and Training in Jan- 
uary 1958. He was appointed to his present posi- 
tion, Mgr., Research Services Laboratory, in March 
1959. This activity provides RCA Laboratories with 
technological skills in nuclear radiation, physical 
and chemical analysis, applied mathematics and 
computation, materials synthesis, electronic devices, 
and information services. Dr. Kurshan is a Senior 
Member of the IRE, of which he is a Member of 
the Professional Group on Engineering Manage- 
ment, a past member of the Education Committee, 
and of the Subcommittee on Solid State Devices, 
and a past Chairman of the Princeton Section. He 
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Fig. 5- Schematic diagram of spark- source, 
double- focussing mass spectrograph. 

mine the trapping of minority carriers 
and hence affect the carrier lifetime. 
Intrinsic germanium at room tempera- 
ture has a free electron concentration of 
2.3 X 101 :3 per cubic centimeter or 5 X 

10-10 free electrons per atom of germa- 
nium. One ohm -centimeter n -type ger- 
manium has a free electron concentra- 
tion of 1.7 X 1015 per cubic centimeter 
or 4 X 10 -5 carriers per atom. Such re- 
sistivities are of practical interest, al- 
though some devices (such as tunnel 
diodes) involve much higher carrier 
levels. Since these carrier concentrations 
can be produced by comparable concen- 
trations of impurities, it is seen that im- 
purity analysis at the level of ten parts 
per billion (ppb) atomic or better is sig- 
nificant in the study and production of 
semiconductor devices. Spark - source 
mass spectrometry can provide this in- 
formation with significant advantages 
over most other analytical methods. 

A REVIEW OF MASS SPECTROMETRY 

Any mass spectrometer has three basic 
parts: ion source, analyzer, and detec- 
tor (Fig. 2). A number of choices are 
possible for each of these building 
blocks, and the designer tries to opti- 
mize the combination of choices for the 
particular application. A review of 
some of the major schemes utilized will 
contribute to an understanding of the 
principles involved. 

In principle, we wish to measure the 
presence of certain atoms or molecules 
in a sample. In practice, the analyzer is 
designed to utilize the properties of 
charged particles which have been 
freed from the original matrix, and so 
the front end of the instrument is in- 
variably an ion source. We find our- 
selves actually determining mass -to- 
charge ratio rather than mass itself. 
Ambiguities, however, can usually be 
resolved, and the extra variable (num- 
ber of electronic charges) can some- 
times be usefully employed in confirm- 
ing an identification. 

The characteristics desired in an ion 
source for the trace analysis of solids 
are: high efficiency of ion production, 

uniform ionization efficiency, and free- 
dom from contaminating ions. There 
are a number of other requirements 
that are less general and whose impor- 
tance depend on the design of the rest 
of the system. For example, if sensitive 
electrical detection is to be used at the 
output, the ion source should not intro- 
duce electrical noise. A mono- energetic 
source of ions eases the requirements 
on the analyzer section. Duckworth;= in 
his review of mass spectrometry, lists 
the following major sources of positive 
ions: gas discharge, surface ionization. 
electron impact. vacuum spark, low 
voltage arc, Philips ionization gage. 
field emission, ion bombardment, and 
electron bombardment. Negative ions 
may also be generated, but in general 
they are harder to produce and are 
used primarily for more specialized or 
restricted investigations. 

The ionization methods most useful 
in the trace analysis of solids are sur- 
face (or thermal I, electron impact, and 
vacuum spark. In addition, ion bom- 
bardment (sputtering ) has been very 
valuable in the analysis of adsorbed 
surface layers on solids. Surface ioni- 
zation sources are invaluable in certain 
applications, for example in working 
with microgram samples using the tech- 
nique of isotopic dilution. They are, 
however, unsuited for a broad -spectrum 
analysis because both the evaporation 
rate and the ion -to- neutral ratio vary 
widely among the elements. Electron 
impact is the most commonly used ioni- 
zation mechanism in mass spectrometry. 
Honig; has used this method for solids 
analysis. Here a heated crucible is used 
to vaporize the sample whose vapor is 
then ionized by an electron beam. This 
source can provide ions with a very 
small energy spread and has merit 
where an analyzer employing only sim- 
ple direction focussing is to be used. 
It also produces stable. low noise ion 
current, permitting the use of sensitive 
electrical detection. While the ioniza- 
tion efficiency varies for different ele- 
ments, relative values can be calculated 
adequately for semi- quantitative accu- 
racy from ionization cross -section data. 
An important limitation arises in the 
analysis of refractory materials which 
require very high temperatures for 
vaporizing the sample. 

The ion source used in the MS7 mass 
spectrometer utilizes a pulsed vacuum 

spark to perform the dual role of re- 
leasing and ionizing atoms and mole- 
cules from the sample. As developed by 
A. J. Dempster in 1936, this source took 
the form of a high- frequency, high - 
voltage discharge between two elec- 
trodes in vacuum. The present instru- 
ment uses the arrangement shown 
schematically in Fig. 3. The oscillator 
frequency is about 0.5 Mc and the 
spark voltage can be adjusted up to 
values of the order of 100 kv. The ae 

pulse length and repetition rate are ad- 
justable, but are typically of the order 
of 100 µsec and 1 kc. respectively. The 
self- resonant output transformer is a 
variation of the well -known Tesla coil. 
Since the discharge occurs between 
electrodes formed of the sample itself, 
ions are produced which are chemically 
representative of the sample being ana- 
lyzed. The major advantages of this ion 
source are: All elements present in the 
sample are ionized with comparable effi- 

ciency. the variation being within'a fac- 
tor of three; contamination is mini- 
mized by avoidance of a crucible and 
by keeping the sample holders away 
from the active spark region; surface 
impurities can be detected by careful 
control of the sparking conditions and 
by observation of the ions as a function 
of time. The chief disadvantages of the 
vacuum spark ion source are: The 
energy -spread among the ions formed 
is relatively large (several thousand 
volts) ; the spark is unsteady and elec- 
trically noisy; the ion patterns at the 
output are complicated by an abun- 
dance of multiply- charged and poly - 
atomic ions. While these disadvantages 
are formidable. they were overcome 
successfully by N. B. Hannay4 in a 
double -focussing mass spectrometer em- 
ploying photographic plate detection. 
This work paved the way for the sev- 
eral successful commercial instruments 
which have recently appeared. 

The analyzer portion of a mass spec- 
trometer (second block in Fig. 2) can 
follow one of several basic principles, 
although once the ion source is deter- 
mined, there may be less freedom in 
the choice of analyzer design. Histori- 
cally. some of the earliest applications 
of mass spectrometry used a single - 
focussing or deflection type analyzer. A 
charged particle moving with constant 
energy at right angles to a uniform 
magnetic field describes a circular path 

Fig. 6 -Mass spectrum of GaAs sample recorded photogrophicolly. 
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given by: m/e = k H2 r2/V (1) 
Where: m mass in atomic mass units, 
e = number of electronic charges, H = 
magnetic field strength in gauss, r = 
radius of the path in centimeters, V 

= energy in electron volts, and k = 
4.826 X 10-5. As employed by Demp- 
ster in 1918, ions enter the magnetic 
field region through a narrow slit at the 
boundary as shown in Fig. 5. After 
180° deflection, they emerge at dis- 
tances determined by Eq. 1. Ions of the 
same energy, but entering the magnetic 
field with slightly different directions, 
are brought to a focus at the same 
point. Often single- focussing mass spec- 
trometers are made with deflection an- 
gles of 60° and 90 °. These utilize 
smaller magnets which comprise a cir- 
cular sector of the same angle and pro- 
vide convenient field -free regions for the 
source and detector since the slits are 
then located at a distance from the 
boundaries of the magnetic field. 

Single- focussing analyzers require 
either a source of mono- energetic ions 
or else an energy filter ahead of the 
analyzer. Double- focussing analyzers 
have been devised which simultaneously 
focus ions having a significant spread 
in both initial energy and direction, the 
position of focus being dependent only 
on m/e for given operating conditions. 
Most of these arrangements require the 
ions to traverse successively radial elec- 
trostatic and homogeneous magneto - 
static fields. The MS7 mass spectrom- 
eter uses a double- focussing analyzer 
and thus is enabled to take advantage 
of the spark source which produces 
ions with uniform sensitivity for differ- 
ent elements but with a large range of 
initial ion energies. 

Fig. 4 illustrates how the MS7 gets 
simultaneous focus for both velocity 
(energy) and direction. The electro- 
static analyzer forms the arc of a circle 

subtending an angle of 7/4 f radians 
(31 °50') at a radius of 15 inches. The 
deflection in the magnetic field is /2 
radians (90 °) regardless of the ian 
mass, the path radii varying from L3 
to 8.0 inches. Ions of different m/e are 
brought to individual foci in a plane 
near the boundary of the magnetic field 
despite a spread of several hundred 
volts in energy. 

The third function diagrammed in 
Fig. 2, ion detection, can also be per- 
formed in a variety of ways. It is seen 
in Fig. 5 that the MS7 utilizes a photo- 
graphic plate which has the advantage 
of recording simultaneously a spectrum 
of masses, thus preserving relative 
abundance information, despite a fluc- 
tuating source such as the vacuum 
spark. The photographic plate is an in- 

tegrating device which requires about 
104 ions for a barely detectable trace 
in the MS7. The photographic plate 
also has a number of drawbacks. It is 
a source of adsorbed gas; the latent 
image must be developed chemically; 
its sensitivity varies somewhat for dif- 
ferent ions and is also dependent on ion 
energy; it is sensitive to light. 

Electrical detection using an elec- 
trometer tube and a DC amplifier can 
be employed with a suitable exit slit to 
limit the mass range being detected. 
The mass observed can be varied by 
changing the magnetic field strength. 
It is practical to measure currents as 
small as 10 -1s amperes. Vibrating reed 
electrometers are favored over nC -feed- 
back amplifiers for the most sensitive 
detectors. In the MS7, an electrometer 
tube is used, but only as a nonselective 
detector in conjunction with the moni- 
tor collector (Fig. 4). By integrating 
the monitored current, an electrical 
measure is obtained of the total number 
of ions transmitted. 

Individual ions can be detected by 
means of an electron multiplier, whose 
first stage is exposed to the ion beam. 
The conversion yield ( ratio of second- 
ary electrons to incident ions, varies 
with the ion energy and the ion mass. 
Gain instability occurs due to the varia- 
tion of the secondary emission ratio 
with time. The high sensitivity and fast 
response are especially valuable in 
shortening the time to determine a par- 
ticular mass or where the amount of 
sample is limited. Where a more com- 
plete spectrum is to be determined, the 
total time for successive determinations 
of different masses becomes comparable 
to the exposure times required by pho- 
tographic plates which, however, record 
the spectrum simultaneously. 

TECHNIQUE OF SPARK- SOURCE 
MASS SPECTROMETRY 

An appreciation of the problems in 
trace analysis as well as the results 
achievable can be obtained by consider- 
ing the MS7 instrument specifically, 
whose essential electrical features are 
diagrammed in Fig. 4. The source. ana- 
lyzer, and detector regions are physi- 
cally distinct and are pumped differen- 
tially by separate diffusion pumps. In 
addition, these regions can be isolated 
by vacuum valves so that either the 
source or the photo -plate chamber can 
be opened to air without deteriorating 
vacuum conditions in the analyzer. 

Samples should be in the form of 
pairs of bars about 1/is inch square and 
ti's inch long. They are held in spring - 
loaded tantalum clips to minimize 
breakage of brittle material and to re- 
duce interference of the holder material 

with the analysis. Tantalum has a sin- 
gle major isotope (mass 1811, and its 
multiply- charged ions fall on noncriti- 
cal points in typical mass spectra. The 
sample bars comprise the spark elec- 
trodes. Metals and semiconductors usu- 
ally perform very well, whereas higher 
resistivity materials make it difficult to 
provide sufficient spark current. Sam- 
ples are normally etched to remove sur- 
face contamination and then handled 
with plastic- tipped tweezers since metal 
tweezers will leave "fingerprints" that 
can be readily detected by the mass 
spectrometer. The source region is nor- 
mally baked at 250 °C by means of 
external heaters after the sample has 
been inserted and a vacuum obtained. 
The extent of baking is determined 
somewhat by the sensitivity of analysis 
desired, but several hours are often 
needed. Pressures of the order of 10 -8 

torr are typical for the ion source and 
analyzer parts of the system. The photo- 
graphic plates cannot be baked, but 
the magazine holds eight plates so that 
they can be thoroughly outgassed by 
prolonged stay in vacuum. 

The voltage, repetition rate and kW 

frequency of the spark are adjusted to 
give maximum beam current without 
excessive heating of the sample elec- 
trodes. The photographic plate can be 
remotely manipulated to expose 15 

separate strips and successive expo- 
sures are normally increased by a fac- 

tor of approximately '/10 in total 
charge transmitted. This is measured 
by the monitor collector which inter- 
cepts a fixed fraction of the beam. Ex- 
posures can be timed by switching the 
spark voltage itself, or by permitting 
continuous sparking and deflecting the 
beam by a voltage on the suppressor 
electrode. The instrument can cover a 
mass ratio of 35:1. the mie range nor- 
mally employed running from 7 to 240. 

TYPICAL ANALYSIS 
The method of obtaining information 
from the photographic plate can best 
be understood by a discussion of a spe- 
cific analysis. Fig. 6 is a reproduction 
of a typical 2 -by -10 -inch glass negative 
plate exposed in the analysis of a gal- 
lium arsenide sample. The numbers on 
the right indicate the relative exposures 
(in units of 10 -0 coulombs), each num- 
ber corresponding to the horizontal ex- 
posed strip to its left. For accurate 
interpolation between exposures a mi- 
crodensitometer recording is taken on 
the individual lines. For a semiquanti- 
tative analysis or a quick survey, a 
simpler visual procedure is utilized. 
The graded series of exposures enables 
the analyst to pick the one at which a 
particular line just appears. The 
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shorter the exposure for this appear- 
ance, the more abundant the corre- 
sponding constituent. While a number 
of corrections need to be made for a 

quantitative determination, to a first 
approximation the concentration C of 
an atom in the sample in parts per mil- 
lion is given by: 

C =BIEA 
Where E = "exposure," or charge col- 
lected, on the monitor electrode in 
nanocoulombs, A = fractional abun- 
dance of the isotope observed, and B 

= a factor determined by the efficiency 
of ion production, the plate sensitivity, 
the ratio of multiply- charged and poly - 
atomic ions, and the fraction of the 
beam intercepted by the monitor. The 
factor B can be taken as 3 for the nor- 
mal operating conditions currently em- 
ployed with our instrument. 

The shortest exposures are made to 
establish a reference point in terms of 
the major constituents and serves as a 

calibration check on the plate sensitiv- 
ity. The strongest lines in any exposure 
in Fig. 6 are due to 6 Ga +, 71Ga+ and 
75Ás +. The scale at the bottom of the 
plate gives mie values. Since all impur- 
ities are present in very low concentra- 
tion and since the abundance ratio of 
the two gallium isotopes is approxi- 
mately 3:2, these lines nominally repre- 
sent 30, 20, and 50 percent, respec- 
tively, of the sample atoms. The triad 
of gallium and arsenic lines reappear 
at 1 /a, Y3, 1/4 ... of the actual mass num- 
bers due to mono -atomic ions charged 
2+, 3 +, 4 +.... In addition, lines ap- 
pear between mass numbers 138 and 
150 due to various combinations of the 
three isotopes taken two at a time. 
Lines due to three -atom clusters are 
also visible. There is a line at mass 
number 112% attributed to 75As3 + +, al- 
though such polyatomic ions do not usu- 
ally appear with more than one elec- 
tronic charge. 

Silicon appears as an impurity in this 
sample at mass number 28, 29 and 30 
with respective isotope abundances of 
92, 5 and 3 percent. While in principle, 
any of the lines could serve for identifi- 
cation, CO could also be present at 
mass 28 and C2H5 at mass 29. Mass 30 
is thus the clincher in the identification, 
and although silicon is present in a con- 
centration of about 1.5 ppm, the 30Si+ 
line does not appear until the last few 
exposures because of its low abundance. 

Aluminum (present at about 0.3 
ppm) has a single isotope at mass 27 
and can be masked by a hydrocarbon 
fragment of the same mass number. On 
the present plate the two lines can actu- 
ally be resolved, since the mass defect 
of the hydrocarbon exceeds the resolv- 

36 

ing power of the instrument (about 
1:1500). Identification is verifiable (on 
the original plate) by a faint line at 
mass 131/ due to 27A1 ++ only. 

The carbon and oxygen background 
in a mass spectrometer is normally high 
due to pump oil vapors, adsorbed gases 
and water vapor. Effective outgassing 
procedures have been recently devel- 
oped for reducing the background gas 
concentration to less than 100 ppb and 
the 12C+ and 1f0+ lines seen on this 
plate represent bulk impurities in the 
sample. 

It may be noted that the lines due to 
55Mn, 58Ni, 63Cu and 65Cu show a non - 
linearity as a function of exposure. That 
is, they are stronger on the "100" expo- 
sure than on the "300." This is attrib- 
uted to segregation of these impurities 
in the sample. As the sample is con- 
sumed in the spark, an impurity -rich 
region is exposed and there is an in- 
crease in ions of this impurity. Similar 
nonlinearities can occur due to ad- 
sorbed atoms on the sample surface. 
The interpretation is dependent on the 
sample preparation, outgassing treat- 
ment and the exposures at which the 
lines are observed. 

The 75As+ line begins to appear at 
the shortest exposure (requiring only 
milliseconds) although this may not be 
apparent in the reproduction. Because 
the beam current is limited by the char- 
acteristics of the instrument to less than 
a nanoampere, the longest exposures 
used may take several hours. The gen- 
eral blackening at the longest expo- 
sures of the matrix elements is believed 
due to secondary and tertiary ions from 
the photoplate and the magnet pole 
faces. It is a function of adsorbed gas 
and vacuum conditions and limits the 
detection of very weak lines adjacent to 
the major constituent lines. This black- 
ening can be reduced by prolonged 
baking and pumping and the plate 
shown is a very good example of mini- 
mum interference. In the region be- 
tween mass 40 and 60, a number of 
unsharp lines appear which are actu- 
ally the heads of bands rather than 
individually distinct traces. These are 
due to a charge exchange effect where 
collisions between ions and residual gas 
atoms in the analyzers result in one los- 
ing and the other gaining a charge. 
Relatively sharp lines are formed, since 
there is discrimination against ions 
which exchange charge at locations 
other than the region between the two 
analyzers. FUTURE 

Spark- source mass spectrometry for the 
trace analysis of solids is still in its 
infancy. It has already established it- 
self, however, as one of the important 

analytical techniques in furthering ma- 
terials research because of its combina- 
tion of sensitivity, broad coverage and 
speed. Work by J. R. Woolston at RCA 
Laboratories has already greatly re- 
duced one of the serious limitations, 
poor detection limits for H, C, N, and 
O. These elements can now be detected 
at levels down to 0.1 ppm before they 
are masked by background gases. This 
has been very valuable in a better un- 
derstanding of compound semiconduc- 
tors where oxygen, for example, ap- 
pears to play a more significant role 
than in germanium. Further progress 
will undoubtedly be made in pushing 
back detection limits of all elements. 

The MS7 is basically a mass analyzer 
and such an instrument in a research 
laboratory is bound to be used uncon- 
ventionally in solving problems. Fig. la 
shows an adaptation made so that the 
spark source could be replaced by a 

source of ions in the form of a phos- 
phor subjected to electron bombard- 
ment simulating normal operating con- 
ditions. 

Many refinements are still needed in 
the basic utilization of spark -source 
mass spectrometry for accurate quanti- 
tative determinations. Plate sensitivity 
needs better control and more study as 
a function of operating parameters. 
Better methods are needed for reading 
the plates. The ionization mechanism 
and the variations in ionization effi- 

ciency require a better understanding. 
Methods are needed for increasing the 
beam current without reducing mass 
resolution. Techniques must be devel- 
oped for using small samples, for ana- 
lyzing small regions of samples and for 
sparking "difficult" samples such as 
powders, insulators, or even liquids. 
Progress is actually being made on all 
these problems, yet their existence 
makes this branch of materials analysis 
a very stimulating field of activity. 
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Initial RCA work with fiber optics concentrated on optical systems -for example, 

in high -resolution TV systems. Now, as described herein, fiber optics is being 

applied to transducers, distance and angle measuring devices, automatic position - 
control systems, card and tape readers, light- operated relays, function genera- 
tors, and other similar devices. 

PPLIED RESEARCH in fiber -optic tech- 
niques has been in progress at RCA 

for a number of years.'-° Initial efforts 
were primarily concerned with the ap- 
plication of fiber optics to improve opti- 
cal- system performance. Included in 
these have been high -resolution Tv sys- 

tems with fiber -optic line -to- raster con- 
verters, fiber -optic bundles for flexible 
links in optical systems, and other appli- 
cations of coherent fiber -optic arrays. 

Another area of investigation has been 
that of scanners using fiber -optic co- 
herent lines and bundles to transform 
lines to arcs so that linear arrays can be 
scanned by a rotating sensor. This tech- 
nique is obviously not limited to the con- 
version of linear -input to arc -output ar- 
rangements, but can convert from any 
input array to any other convenient out- 
put array so that coherent scanning may 
be accomplished. 

NEW FIBER -OPTIC APPLICATIONS 

In this paper, RCA applications of fiber 
optics to transducers, distance and angle 

E. D. GRIM received his BEEF in 1951 from the 

Johns Hopkins University and the MSEE in 1959 from 
the University of Pennsylvania. Prior to joining RCA, 

Mr. Grim was employed at Sperry Gyroscope Com- 
pany, Great Neck, N.Y., where he was engaged in 

the design and development of an inertial naviga- 
tion system, and later with the U.S. Army at Pica - 

tinny Arsenal, Dover, N.J., where he was responsi- 
ble for a large caliber atomic artillery shell 
telemetry program. He joined RCA in 1955, and is 

presently a Leader in the Advanced Systems and 
Techniques Group of the Aerospace Division in 

Camden. His work has included linear and non- 
linear servomechanism and feedback amplifier anal- 
ysis and design, airborne fire control system error 
analysis, analog and digital computer simulation 
studies, DDA system studies, IFF system studies, 
orbital reconnaissance system studies, and space 
weapon system vulnerability and defense studies. 
His most recent work has been in research and 
development of new techniques in fiber optics and 
electro- optical systems. Mr. Grim has one U.S. 
patent in the field of fiber optics. He is a member 
of Tau Beta Pi, Omicron Delta Kappa, and the 
IRE. 

The author, E. D. Grim, Jr. The insets show 
fiber -optic shaft encoder ( ADCON) with case 
(top) and without (bottom). See Fig. 4 for 
ADCON details. 

measuring devices, automatic position - 
control systems, card and tape readers, 
light operated relays, function genera- 
tors, and other similar devices are de- 
scribed. Applications in this area have 
stressed the use of single or multiple 
noncoherent bundles, since in many cases 
this arrangement leads to the simplest 
and most inexpensive fabrication. The 
following attributes of fiber optics ad- 
mirably suit them for application in 
these fields: 

1) The ability to transmit light from 
one point to another through flex- 
ible glass filaments that permit 
bending and twisting the fibers to 
any conceivable configuration. 

2) The capability to arrange any 
aperture shape at one end of a 
bundle, and change it to any other 
aperture arrangement at the other 
end. This is particularly useful 
when a narrow coding pattern for 
high -resolution position sensing is 
illuminated by a source whose di- 
mensions are not compatible with 
the pattern width. This capability 
is also advantageous for optimally 
coupling to a photosensitive ele- 
ment whose dimensions are not 
matched to the pattern. Maximum 
utilization is made of available 
light with a minimum of com- 
plexity of the optical components. 

3) The ease of fabricating devices 
made from the fiber -optic elements. 
Ordinary epoxy resins form a suit- 
able matrix for embedding the 
fiber elements, and simple glass - 
grinding techniques suffice for fin- 
ishing the faces of the elements. 

4) The high light -utilization efficiency 
and small size of fiber -optic con- 
figurations complement each other. 
That is, a comparable reduction 
in wattage dissipation accompanies 
a reduction in size over ordinary, 
or conventional optical systems; 
cooling requirements in small units 
can be met effectively. 

The basis for the new developments 
is the fiber -optic element, a fine filament 
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of glass of circular cross -section and 
high index of refraction surrounded by 
a thin jacket of lower -index glass. The 
net result of this configuration is that a 

light ray entering one end of the bundle 
is reflected internally from wall to wall 
with low loss, and finally emerges from 
the opposite end of the bundle. Thus, the 
fiber acts as a "waveguide" for the inci- 
dent light. Since the fibers can be fabri- 
cated with diameters of less than 0.001 
inch, a high degree of resolution and 
accuracy can be obtained with the appli- 
cations described in this article. 

FIBER -OPTIC VERNIER PICKOFF 

The fiber -optic vernier pickoff has appli- 
cation to a class of servomechanisms 
used to position a load in accordance 
with a sequentially switched prerecorded 
input command. The preprogrammed 
star tracker with a clock -driven input 
tape as a navigation system reference 
is a military application of this type of 

servomechanism; a machine tool with a 

programmed tape input for an automatic 
work cycle is a commercial application. 
The component determining the resolu- 
tion and accuracy of this system is the 
pickoff, or the sensor. The pickoff yields 
the voltage or current analog of the out- 
put load position ; examples are: syn- 
chros, microsyns, resolvers, linear poten- 
tiometers, and resistive potentiometers. 

The configuration of a new vernier 
fiber -optic pickoff system is shown in Fig. 
1; its operation and its advantages over 
the conventional pickoffs are described 
below: 

The A converter consists of circular 
bundles arranged in a matrix array at 
the input, or light- source end of the con- 
verter. Each round bundle consists of 
many fibers which are reconfigured at 
the opposite end of the converter into a 

column one -fiber wide. All fibers in the 
bundle labeled 1 are arrayed in the 
column labeled 1, and the same is true 
of bundles 2, 3 and so on. When the in- 
put end of bundle 1 is illuminated, a 
column of light appears in column 1 at 
the opposite end of the converter, and so 

on for the remaining columns. 
The B converter, or rotor, consists of 

a number of adjacent columns of fibers 
similar to those at the output end of con- 
verter A, but less in number. Fibers in 
each column form a circular bundle on 
the top or side of converter B. A photo - 
diode is then placed with its sensitive 
area against the circular array formed 
by each fiber bundle. The light or dark 
input to each column on the B converter 
will be sensed by the photodiode in this 
configuration. 

The system operation is explained be- 
low. Fibers of 0.003 inch diameter are 
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used in the A stator converter and fibers 
of 0.002 -inch diameter are used in the 
rotor B. To obtain each discrete position 
of rotor B, an opaque tape with cutouts 
is positioned over the matrix array of 
fibers in converter A at the input end. 
The cutouts allow light from the source 
to illuminate portions of the matrix, and 
thus produce a precise light -to -dark tran- 
sition in the column array of fibers at the 
B converter end of converter A. 

For example, if the light -to -dark tran- 
sition is desired between columns 3 and 
4, then the cutout area on the tape in- 
cludes 1, 2, and 3 positions at the matrix 
end of the converter, and the rest of the 
matrix is not illuminated. Thus, columns 
1, 2, and 3 will be lighted and 4 to N will 
be dark. 

This precise light -to -dark transition 
may be established in general between 
the q'th and q + 1 element by a tape 
cutout from 1 to q position. This is the 
first part of the positioning scheme. The 
servo is set up so that a phase- sensitive 
error signal is developed which will 
drive the load shaft and the B converter 
pickoff to the light -to -dark transition at 
the circular arc end of the A converter. 
The photodiode associated with one col- 
umn in the B rotor converter, labeled a 
or b or c or ..., is selected by the logic 
circuit to produce the error signal to po- 
sition the output -shaft reference point 
precisely to the light -to -dark edge in the 
A stator converter. This selection is done 
automatically with each new position of 
the input tape by providing holes in the 
tape so that the holes labeled a, ß, y, 

..., will be illuminated in some pattern. 
There will be enough of these holes to 
provide selection of the K different out- 
puts of the B converter. The illumination 
through these tape holes could directly 
illuminate photodiodes or could be 
guided by fiber -optic bundles to photo - 
diodes, which will operate relays or 
other logic circuits to connect the proper 
input to the servo. The use of the mul- 
tiple columns in the B converter for 
the vernier operation is explained below. 
Consider the situations portrayed in Fig. 
2a, which is a top view of the rotor and 
stator interface shown in Fig. 1. The 
numbered lines represent the edges of 
the columns in the converters. The O 

position on each converter is taken as the 
reference mark, and the converter rotor 
B is rotated with respect to converter 
stator A. 

Now, it is desired to position converter 
B with respect to A such that 0.001 -inch 
tangential displacement between the 
reference marks is accomplished. Note 
that this is 1A of a division of the elements 
on converter A, and 1/2 of a division on 
converter B. Note first that the 0 posi- 
tions on A and B are lined up by the 
servo when the light -to -dark transition 
occurs at the 0 position on the A con- 
verter, and when column 1 is selected in 
the B converter. 

Now, to obtain the relation depicted in 
Fig. 2b, the cutouts in the tape are 
changed so that the light -to -dark transi- 
tion occurs at position 1 on the A con- 
verter, and the logic selection illumina- 
tion is arranged so that column 2 on the 

Fig. 1- Configuration of the fiber -optic vernier pickoff system. 
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B converter is selected. This aligns the 1 

markers on each converter, and it may 
be seen that this vernier action positions 
the reference markers 0.001 inch apart 
as was desired. 

The position of the references, 0.002 
inch apart, is accomplished by changing 
the mask so that the light -to -dark tran- 
sition occurs at position 2 on the A con- 
verter and by selecting column 3 on the 
B converter. The resultant alignment of 
the marks labeled 2 on Fig. 2c produces 
the desired result of an 0.002 -inch sepa- 
ration of the reference marks. Position- 
ing the 0 reference on the B converter 
0.003 inch to the right of the 0 reference 
on the A converter is accomplished by 
moving the light -to -dark transition on 
the A converter back to position 1 and 
selecting the 1 column on the B con- 
verter by suitable changes in the light 
mask. Thus, all the possible unique posi- 
tions of the system between two refer- 
ence points on the A converter have been 
covered. Since these may be general po- 
sitions, it may be seen that the position- 
ing capability is possible over the com- 
plete converter range. Note also that, 
with different ratios between the relative 
sizes of the fibers, greatly increased 
resolution may be obtained ; for example, 
a ratio of fiber diameters of 9:10 may be 
used, which would allow positioning to 

1 /io of the larger fiber diameter. Also, it 
is possible to use smaller diameter fibers 
with this higher order vernier system to 

obtain doubly enhanced resolution. 
A summary of the advantages of the 

new vernier fiber optic pickoff are: 
1) There are no wiping contacts to 

wear out. Once the fiber converters 
have been formed and potted, they 
are practically indestructible. 

SELECT 
REF 

TRANSMISSION TECHNIQUE 

TRANPARENT 
CODE 
DISC 

LIGHT SENSORS f ONE PER TRACK 

FIBER OPTIC BUNDLE 
TO LINE CONVERTERS 

LIGHT SOURCE 

0 1 2 3 4 5 6 7 

Fig. 3- Positioning systems using 

2I There is no hunting between wires 
as occurs in high -gain servos using 
wire -wound pots. 

3) There is no quadrature null volt- 
age as occurs in synchros, re- 
solvers, differentials, and other 
pickoffs of a similar nature. 

41 The resolution and accuracy may 
be increased by decreasing the fi- 

ber element size or increasing the 
radius of the circular arc on which 
the fibers are arrayed, since the 
pickoff scheme is incremental in 
nature. 

51 The fiber -optics converter may be 
designed for special codings from 
the input to output end to accom- 
plish special functions. Initially, 
complete flexibility in matrix in- 
put to circular arc output is pos- 
sible. 

Fig. 2- Vernier relationships between A and 8 converters. 
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fiber optics and binary patterns. 

6) Many types of input systems can 
be used, such as tape or card 
masks, or the basic fiber -optic con- 
verter may be designed to convert 
from more conventional coded ar- 
rays such as the punch card to the 
required matrix array for the pro- 
posed converter input. 

7 I The fiber elements may be arrayed 
in a circular arc, in a linear array 
to control linear motion. or in any 
conceivable array of curves or lines 
where motion and accurate posi- 
tioning are desired. This is one of 
the most remarkable advantages of 
this technique. 

FIBER OPTIC POSITIONING SYSTEMS 

USING REFLECTED OR 

TRANSMITTED LIGHT 

FROM THE WORKPIECE OR PATTERN 

The heart of this positioning system con- 
cept is again a fiber -optic sensor which 
accurately determines the worktable 
position for automatic control. In con- 
cept, it is quite similar to the vernier 
pickoff described above, except that the 
stator reference consists of a binary pat- 
tern array of opaque and clear areas to 
establish the precise reference. A single 
line of fibers senses the pattern and may 
be programmed to a desired position by 
balancing a binary input command 
against the pattern output as sensed by 
the fiber -optic line. 

The binary pattern will consist of sepa- 
rate tracks which represent the bits of a 
binary code. If there are N tracks, in 
general 2'' discrete positions may be 
represented in a given length with a 

single fiber -optic line used as a sensor. 
If further resolution is desired, more than 
one fiber -optic sensing line may be used. 
These may be spaced so as to obtain in- 
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BEARING HOUSING FIBER OPTIC CONVERTERS 

INPUT SHAFT' 

l?< 

PHOTODIODE 
PLATE 

CODE DISC 

Fig. 4- Layout diagram for 

terpolation on the finest bit, or fibers of 
a different diameter than the binary pat- 
tern width may be used to obtain a ver- 
nier effect, similar to that described 
above in the vernier pickoff. 

Two principles may be used for pat- 
tern sensing. The first is the use of back 
lighting on a transparent pattern and 
sensing the transmitted light. The second 
method uses an opaque pattern, where 
the binary pattern consists of reflecting 
surfaces. The fiber -optic sensor then 
consists of two fiber -optic lines, adjacent 
to each other and above the pattern. A 
light source illuminates one bundle and 
the light from the line output of this 
bundle reflects from the pattern surface 
and enters the line entrance face of the 
pickup bundle. In this fashion, the bi- 
nary pattern may be illuminated and 
sensed from the same side of the pattern. 
The possibility also exists for provision 
of an analog pattern in the final bit 
place of the positioner. This would cor- 
respond to the slidewire techniques used 
in precision bridge measuring devices. 
This would provide interpolated posi- 
tioning capability between the discrete 
positions in the least significant bit and 
increase the resolution and precision of 
the overall device. A diagram of the fiber - 
optic positioners is shown in Fig. 3. 

THE FIBER -OPTIC SHAFT ENCODER 

The concept for the ADCON developed 
from techniques conceived during the ap- 
plied research studies in the fiber -optic 
transducer area, coupled with the knowl- 
edge of the shortcomings of the present 
state -of- the -art in ADCON design. The 
fiber -optic ADCON will be superior to 
both the mechanical and optical units 
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CONNECTOR 

N.. ELECTRONIC 
LOGIC BOARDS 

LIGHT HOLDER PLATE 

the fiber optic ADCON 

which are now available for the follow- 
ing reasons: 

1) Elimination of sliding contacts, 
providing noise -free output signals 
coupled with greatly increased 
mean time before failure. 

2) Elimination of stiction and viscous 
friction due to brush pressures on 
the code disk. 

3) Equal or better resolution than the 
mechanical AncoN in the same di- 
ameter. 

4) Minimum wattage requirement for 
the light source in the ADCON, be- 
cause of the greatly enhanced light 
utilization with the fiber -optic de- 
sign. 

5) The accomplishment of a natural 
binary output with an optical 
ADCON design. 

6) A reduction in weight and com- 
plexity over the conventional op- 
tical ADCON because of the elimi- 
nation of the requirement for 
conventional optics and special 
light source power supplies. 

7) A competitive sales price per unit 
when compared to the present op- 
tical and mechanical units. 

A feasibility model of the fiber -optic 
ADCON is now operating successfully in 
the laboratory ; this unit has the follow- 
ing specifications: 

1) Diameter: 2.5 inches 
2) Length: 3.25 inches 
3) Weight: 9 ounces 
4) Resolution : 7, 8, or 9 bits in one 

revolution 
5) Output: Natural binary, bit and 

complement 
6) Logic Levels, bit: + 6V ->1; -f- 

0.5V ->O 

7) Maximum rotational rates: 20 rpm 
8) Power dissipation of logic circuits 

and light sources: 0.5 watt 
Parameters were chosen to fulfill the 

needs of a specific application in a tac- 
tical aircraft, and may be modified for 
other applications. Specifically, higher 
resolution in a single or multiturn design 
could be accomplished in the same diam- 
eter as the present feasibility models; 
and, it would also be possible to fabri- 
cate a grey -code design if that type were 
desirable. 

The fiber -optic ADCON design includes 
a light assembly coupled to a fiber -optic 
converter. This converter optimally 

Fig. 5- Fiber -optic card reading system. 
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couples to the light filament at one end, 
and converts to a shape optimally 
matched to the code disk pattern at the 
other end. The light passes through the 
transparent code disk and then through 
another similar fiber -optic converter, 
which is coupled to a photodiode assem- 
bly that senses the binary pattern on the 
code disk. The physical arrangement of 
the bundles and sensors is such that the 
V -scan logic may be accomplished for a 
non -ambiguous natural binary output. A 
layout diagram of the fiber -optic ADCON 

is shown in Fig. 4. 

THE FIBER OPTIC TAPE 

OR CARD READER 

Photoelectric sensing systems for read- 
ing punched cards and tapes have been 
used for many years. They have the fol- 
lowing distinct advantages over mechani- 
cal readers: 

1) Higher reading speed 
2) No contact wear or bounce 
3) No card or tape damage 
4) Longer system life 
5) Lower system maintenance 

However, there are two problems aris- 
ing in the design of conventional optical 
systems : 

First, a heat problem arises in the 
reading head, because of the high watt- 
age requirements for the light sources. 
This is due to the inefficient utilization 
of the light in the conventional optical 
system. 

Second, washout, or the inability of 
the system to discriminate two adjacent 
holes in the tape or card due to lack 
of response in the photosensing element. 
Both of these problems can be solved by 
the use of the techniques of fiber optics 
(consider the system shown in Fig. 5) . 

This system consists of a light source 
with a reflector which illuminates a cir- 
cular bundle of fiber optics. This bundle 
is split into many separate smaller bun- 
dles positioned so as to illuminate the 
tape or card holes individually as they 
pass under the fiber-optic array. In con- 
sidering the details of this optical sys- 
tem several points become evident. 

With the use of the reflector, a high 
percentage of the light energy may be 
focused on the input end of the fiber - 
optic converter. This light energy 
emerges from the multiple output ends 
of the bundle with essentially the same 
intensity as the input. Thus, each tape 
hole location will be illuminated as if the 
light source were located at the output 
end of the bundle. This may be compared 
with the usual optical system where light 
is located some distance from the tape or 
card to obtain the coverage area desired ; 
a higher wattage requirement and a poor 
area utilization of light result. 

The fiber -optic array solves this prob- 
lem by producing essentially cold light 
of high intensity at the tape or card -hole 
location. This bundle may also be shaped 
to the precise size and configuration of 
the tape or card hole. After the illumina- 
tion passes thru the card hole it must be 
directed to the photosensor. Since, in 
general, the dimensions of the photosen- 
sors are not compatible with the spac- 
ing of the tape or card holes, a fiber -optic 
converter may be used on this side of the 
card or tape. The fiber -optic bundles are 
laid out from the tape or card -hole array 
to the photosensor array, and potted to 
form a permanent converter. The ends 
of the bundles may be shaped to match 
the tape or card hole at the input end 
and reformed at the opposite end to 
match optimally to the surface of the 
photosensor. 

Since the light intensity of the source 
is utilized in a much more efficient fash- 
ion, very- high - illumination intensities 
with small wattage sources may be ob- 
tained. This leads to the solution of the 
two problems which were outlined 
above. Since the light source is removed 
from the photosensing elements, the 
heat dissipation problem is minimized 
by using a low- wattage source. The in- 
crease in light intensity means that more 
drive will be accomplished on the photo - 
sensors, and thus a higher threshold level 
established for the presence of light. In 
this fashion a greater difference in out- 
put signal will exist between light and 
no -light conditions, and at high data 
rates a greater difference will exist 
between pulses from adjacent tape holes. 
In this fashion, the problem of washout 
may be minimized. 

OTHER APPLICATION AREAS 

Continual improvement in light sources 
and photosensitive elements coupled with 
the advanced techniques of fiber optics 
allow replacement of many mechanical 
devices with superior optical ones. 

Switching 

For example, mechanical devices with 
switch contacts such as relays, choppers, 
stepping switches, etc., have a limited 
life due to the deterioration of these con- 
tacts. Contacts may be replaced by 
photosensitive elements coupled to light 
sources thru fiber -optic converters to 
form efficient, compact, and reliable 
long -lasting units. At the present time 
these contacts are limited to low- powered 
switching applications because of the 
voltage and current limitations of the 
photosensing elements. However, with 
the continued improvement of photosen- 
sitive materials and devices in the future, 
light- operated, single- stage, high -power 
switching will be possible. At present, 

power handling capabilities of photo - 
sensors are in the 10 -to- 1000 -mw range, 
and a perfect switch may only be ap- 
proximated by these devices. 

Light Gradations 

Fiber -optic converters can also be used 
to advantage in applications where gra- 
dations in light are to be measured 
rather than the simple presence or ab- 
sence of light. Such things as function 
generators and rotation indicators where 
a pattern on a rotating wheel is sensed 
can be built efficiently with the new 
fiber -optic techniques. In these applica- 
tions the fiber optics may be used to 
convert the source illumination from a 
point to a narrow radial line illuminat- 
ing the pattern on the rotating disk. A 
similar pickup line is arrayed on the 
opposite side of the pattern disk and 
senses the light which passes thru the 
pattern. This light is piped down the 
fiber -optic elements which are arrayed 
at the opposite end of the pickup con- 
verter in a shape that matches optimally 
the sensitive area of a photoelement. 
The photo -element output is proportional 
to the amount of light passed by the 
pattern and thus produces a voltage or 
current representation of the pattern. 

CONCLUSION 

In conclusion, the basic techniques of 
fiber optics assure the greatest efficiency 
possible in light utilization. Fiber optics 
will also have application in areas other 
than scanning and coherent picture 
transmission ; for example, possible ap- 
plications are in the process control field 
and in data -position sensing elements. 
Fiber optics allow improvements in light 
utilization and the accomplishment of 
light distributions difficult or impossible 
with conventional optical methods. For 
these reasons, technological advances 
using the techniques of fiber optics seem 
assured during the next five years. 
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The new automatic test equipment described here is now in use for the produc- 
tion -line testing of picture tubes at the Marion, Indiana plant of the Electron 
Tube Division. The equipment, developed and designed by ETD engineers of 
that plant, can handle 650 picture tubes per hour, and has provided an important 
solution to the testing problems inherent in increasing production rates and 
number of picture -tube types. 

M. I. JEFFERSON L. M. WHITCOMB, Mgr. 
Manufacturing Engineering Electrical Design 

Electron Tube Division 
Marion, Indiana 

BEFORE. THE installation of automatic 
test;. equipment, all picture tubes 

produced in RCA's Marion plant were 
tested on manual test sets little different 
from those designed more than two 
decades earlier for testing cathode -ray 
tubes. Then, as production increased 
and the number of tube types mounted. 
it became apparent that automatic test- 
ing was badly needed. 

Fifteen months of intensive research 
were required for the development of an 
automatic device which was compatible 
with the existing standards of produc- 
tion rate, test parameters, and tube qual- 
ity. Within six months after the comple- 
tion of the design, the equipment had 
been installed and was in operation. 
The new equipment, which exceeded all 

expectations, proved capable of com- 
pletely testing more than 650 tubes per 
hour and required only seven operators. 
Some fifteen test sets and operators 
would be required for a comparable rate 
with manual testing. 

NEW AUTOMATIC TEST SET 

The new equipment, designated the 
M2707J Automatic Test Set (Figs. 1, 2), 
consists of an oval -shaped nonindexing 
table conveyor having 22 carriers which 
convey the tubes to various test consoles 
and cabinets. Each carrier (Fig. 3) has 
a deflecting yoke, a dual socket (cap- 
able of connecting operating voltages to 
either the standard -based or wafer -based 
tubes), an anode contactor, an encoder 
system for test selection, a reject flag 

6 

system, and a spring contactor to supply 
the various test voltages from a station- 
ary bus bar. 

The first operator loads each tube 
face up on the carrier by placing the 
neck through the universal deflecting 
yoke ( Fig. 4 ) . The second operator at- 
taches the socket, inserts the anode con- 
tact, and programs the test sequence by 
depressing a pattern of buttons on the 
encoder system. As the carrier advances, 
contact is made with the bus bar which 
supplies heater voltage for preheating 
the tube. The tube then proceeds 
through a series of six test sections (each 
having a time interval of 6 seconds in 
which the following automatic tests are 
performed (Figs. 5 and 6 ) : 1 a cathode 
quality test, 2) a gas test, 3) a cutoff 
test, 4) a screen -check test, 5) a focus - 
condition test, and 6 ) a leakage test. 
A third operator, located at the cutoff 
test section, makes a visual test for stray 
emission on certain types and positions 
and adjusts a beam -bender magnet on 
ion -trap types. The fourth and fifth op- 
erators check screen condition and focus 
condition, respectively. Immediately 
after the leakage -test position, there is a 
"ground out" position to remove high - 
voltage charges from the conductive ex- 

www.americanradiohistory.com

www.americanradiohistory.com


Fig. 1- Automatic picture -tube tester, Marion 
Indiana plant, capable of testing over 650 
tubes per hour. At the right, operator loads 
tube on tester. Tubes at left have completed 
test and are ready to be removed from auto- 
matic test set. The room that houses this auto- 
matic test equipments is environment (tempera- 
ture and humidity) controlled for maximum 
efficiency of test equipment. All test sections 
are located in the background. 

Fig. 2- Automatic picture -tube tester flow chart. 

Fig. 3- Close -up view of test set carrier heads 
showing detail: (a) encoder box for operator 
test code selection; (b) encoder check lights to 
check operator test code selection; (c) tube 
carrier buss contacts for test voltages; (d) uni- 
versal yoke and tube support; (e) anode voltage 
contact and lead; (f) base socket for pin con- 
nection; (g) automatic reject flag indicator. 

Fig. 4- Operator at left loads tube through 
universal yoke on carrier test head and 
removes pin protector. Operator at right posi- 
tions socket, P2 lead and depresses the proper 
buttons on the encoder box to establish the 
test sequence at each test position for that 
particular tube type. 

Fig. 5 -Test consoles for the automatic cathode 
quality test and the automatic gas test. Each 
console, connected to the test conveyor through 
bus bars, performs a series of automatic tests 
in less than 6 seconds. 

Fig. 6--Four of the six -second test positions. 
From left to right: the automatic high -voltage 
cutoff test, the screen -check test, the focus - 
condition test, and the automatic- leakage test. 

ternal paint and the anode contact but- 
ton. The sixth operator verifies that the 
type under test was properly coded for 
its required test sequence, checks out 
the reject flag on the carrier head 
against the reject tape on tube, places a 
test stamp identification on good tubes. 
and disconnects the socket and the 
anode contact. The seventh operator un- 
loads all tubes. Good tubes are placed 
on a conveyor for painting and packing; 
rejected tubes are conveyed to the sal- 
vage- analysis department. 

ENCODER- DECODER TEST SEQUENCE 
SELECTION SYSTEM 

Originally, it was felt that all standard - 
product reject limits for all types, could 
be consolidated into one set of specifica- 
tions including cathode quality factor. 
cutoff, gas, and high -voltage leakage. 
However, with the advent of custom - 
made types tested to individual specifi- 
cations, it became evident that more 
flexibility was necessary in the equip- 
ment. As a result, a new sequence selec- 
tion system was developed which permits 
the loading operator to code each tube 
carrier with the information necessary 
for automatic adjustment of the testing 
parameters throughout the test se- 

quence. Complete flexibility of testing 

and loading is obtained because each 
carrier is electrically independent in 
each test position. Tests on all tube types 
were standardized to fall within one of 
fifteen classes of testing specifications. 
The carrier coding system selected con- 
sists of four constant -contact push- 
button switches mounted on the face of 
the tube carrier. The four buttons with 
their sixteen operating combinations 
allow the operator to select the correct 
test class for the tube to be tested. For 
example, the operator takes a tube to be 
tested from the factory conveyor, deter- 
mines its type number, and assigns the 
test class by referring to a type -class 
chart. After determining the correct 
test class, the operator loads the tube on 
a carrier and programs the test sequency 
by pushing buttons corresponding to 
the test -class numbers. The button main- 
tain their setting throughout the suc- 
ceeding test ; wipers on the carrier and 
stationary bus bar at each test position 
operate the test circuits to adjust the 
test conditions. After the tube has been 
tested, the push- buttons are released 
automatically before another tube is 
loaded. A manual code release is pro- 
vided on the face of the push- button 
panel, and light boxes placed on the test 
conveyor permit visual checking of the 
carrier code information. 

AUTOMATIC CATHODE- QUALITY TEST 

The cathode -quality tester makes the 
following series of six tests automati- 
cally in a period of less than 6 seconds: 
tests for opens, shorts, emission warmup, 
internal continuity, cutoff, and quality 
factor O (emission compared to cutoff). 
The initial test coding selects one of two 
G2 voltages (Grid No. 2) and one of 
two limits of the cathode -quality factor, 
depending on whether the tube is a grid - 
driven or cathode -driven type. If a tube 
is rejected, automatic circuit or lock -in 
limit meters energize the reject system. 

AUTOMATIC GAS TEST 

After the tube leaves the cathode -quality 
test, it enters a gas -test section. The gas - 
test equipment contains a difference am- 
plifier which is automatically adjusted 
to balance out the leakage of the tube 
under test. Operating voltages are ap- 
plied, and the tube is then automati- 
cally adjusted to a cathode current of 
500 µamp. A small negative potential 
applied at the ultor collects any ionized 
gas present and results in a very small 
current which is fed to the difference 
amplifier. The amount of imbalance is in 
direct relationship to the amount of gas 
in the tube. A limit meter measures the 
imbalance and, if necessary, energizes 
the reject systems. 

By selecting one 
control -test coding 
bent -gun (ion -trap ) 

specification and 
against another. 

of two limits, the 
system can check 
types against one 

straight -gun types 

AUTOMATIC CUTOFF TEST 

At the next 6- second test position, an 
operator positions and adjusts a beam - 
bender magnet, the test for one- micro- 
ampere cathode -current cutoff at 16 -kv 
anode voltage is performed, and visual 
stray emission is checked on tri- potential 
focus -lens types. This test section was 
initially planned only as an operator po- 
sition at which a beam -bender magnet 
is positioned on the neck of bent -gun 
(ion -trap) types prior to screen check. 
(A beam bender is used to center the 
beam through the top aperture for maxi- 
mum screen illumination during the 
screen -condition check.) 

However, soon after the automatic 
testing equipment was placed into op- 
eration, a problem in checking cutoff on 
straight -gun types at the cathode- quality 
tester developed as a result of the variety 
of designs of straight -gun -mount types. 
It was found that the drop in cutoff volt- 
age from the 16 -kv anode voltage to the 
lower 300 -volt anode voltage used at the 
cathode- quality test was not uniform 
among the various straight -gun -mount 
types. Because the drop in emission was 
found to be proportional to the drop in 
cutoff voltage on individual -mount types, 
the test for cutoff compared to emission 
in the cathode -quality factor test was 
satisfactory. However, an additional test 
for cutoff limits at a 16 -kv anode voltage 
was necessary. 

Because no test was made on straight - 
gun -mount types at the beam -bender ad- 
just position, and high voltage was avail- 
able for screen illumination, automatic 
equipment was designed and installed at 
that position to perform a 16 -kv anode 
voltage cutoff test. 

Each straight- gun -mount type coming 
into this position is checked for cutoff. 
Segregating straight -gun from bent -gun 
mounts is predetermined by the initial 
test -coding selection. As the tube comes 
into position, a 16 -kv anode voltage is 
applied. The G2 voltage is applied as 
required for the mount type, i.e., 50, 300, 
or 500 volts, as predetermined by initial 
test coding. The cathode current is lim- 
ited to 100 µamp. The GI voltage is ad- 
justed negative until bridge balancing at 
1 -µamp cathode current is maintained. 
(Cathode voltage is adjusted positive in 
the case of cathode -drive types.) At the 
point of bridge balancing, the cutoff 
voltage necessary to achieve 1 -µamp 
cathode current can be read directly on 
a panel meter. At the point of balance, 
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preset limit contacts for both the high 
and low limits are energized. If the free - 
moving pointer rests against either the 
high- or the low -limit contacts. it is elec- 
tromagnetically locked to that contact. 
The respective reject is automatically 
counted on the low- or high -cutoff reject 
counter. For reject identification, two 
differently colored lights mounted at the 
following screen -check position are used 
to indicate the high or low reject; the 
screen -check operator marks the reject 
information on the faceplate of rejected 
tube. The selection of one of the four sets 
of cutoff limits used at this position de- 
pends on the requirements of the partic- 
ular mount being tested; the limit is 
predetermined by the initial test -code 
selection. 

Immediately after the cutoff test, tri- 
potential focus lens tubes are biased past 
cutoff and the anode voltage for the tube 
type under test is applied. The operator 
visually checks for stray emission in the 
same overhead mirror used for observ- 
ing maximum light output during ad- 
justment of the beam -bender magnet on 
ion -trap -mount types. Any rejects ob- 
served at this position are counted, and 
reject is noted on the faceplate by the 
screen -check operator. 

SCREEN -CHECK TEST 

The tube then moves into the next six - 
second section. which is the screen -con- 
dition test position. At this test position, 
an operator visually checks screen con- 
dition, open- focus -grid element. and dis- 
continuity of aluminum. Three anode 
voltages are available for checking the 
variously rated tubes. The lower voltage 
rating of the tube is used for the test 
because screen check is more critical at 
the lower anode voltage. The correct 
anode voltage is predetermined by the 
initial test -coding selection. The light 
output of each tube is controlled by a 
phototube in a circuit which automati- 
cally adjusts the grid bias to control the 
light output to 30 foot- lamberts. The 
operator at this position checks over all 
screen condition for color, color uni- 
formity, spots, holes, and stains; rejects 
are counted and marked on the faceplate. 

As the tubes come into the screen - 
check position, the focus grid is at 
ground potential which, in effect, pro- 
vides visual focused raster lines across 
the screen. Halfway through this test 
position the focus -grid potential is 
switched to -1200 volts (+1500 volts is 
used for the tri- potential focus -lens 
types). The tube is then defocused, and 
the focused raster lines are washed out; 
the operator rejects the tube for open - 
focus grid if the change does not occur. 

The last test made at this test position, 
for continuity of aluminum, is made dur- 
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ing the last three quarters of a second of 
the test position. The raster size is auto- 
matically reduced (under -scanned) to 
approximately one -third size. The oper- 
ator checks the raster for keystoning. 
flutter. or black lines through the raster. 
If any of these effects is noted. the tube 
is rejected for discontinuity of alumi- 
num. 

FOCUS- CONDITION TEST 

At the focus -condition test position an 
operator checks for overall focus condi- 
tion as follows. As the tube enters the 
test position, the operator throws a selec- 
tor switch to establish the proper raster 
size for 90° to 92 °. or 110° to 114 °. The 
operator also utilizes a second selector 
switch while the tube is under test to 
move through three voltage positions: 
low focus -voltage limit, bogie focus - 
voltage, and high focus -voltage limit. 
The four focus -voltage ranges available 
for the various tube or mount types are 
predetermined by the initial test -coding 
selection. These four sets of voltages are 
supplied by a unique switching system 
coupled to a voltage divider. If the oper- 
ator cannot obtain good overall focus at 
one of the three focus -voltages, the tube 
is rejected for poor focus. 

AUTOMATIC LEAKAGE TEST 

The automatic leakage -test section is 
divided into two equal periods: the low - 
voltage leakage tests and the higher - 
voltage leakage test. As the tube moves 
into the first half of the test position, it 
is automatically checked for leakage on 
GI, G2, and G4, and for positive and 
negative heater -to- cathode leakage. A 
meter for each of these tests uses a 
lock -in limit contact to energize the coun- 
ters and reject systems. 

The tube then moves into the second 
half of the test position where, as pre- 
determined by the initial test coding, one 
of four high voltages is applied to the 
anode while one of two reject meters is 
energized, depending on the tube rating 
and leakage limit. 

In previous manual testing, visual 
stray emission tests and measured G4 
leakage tests were made. In automatic 
testing. it was found that the visual stray - 
emission test could be dropped; a com- 
bined anode leakage was measured 
through G4 and G2 to ground at lower 
limits than had been used previously for 
the G4 leakage test (except on the tri- 
potential focus -lens types). At this test 
position, the lock -in limit meter operates 
another counter and reject system. 

AUTOMATIC REJECT MARKERS 

Automatic reject markers are located at 
the cathode quality, gas, and leakage 
test positions; six such markers are used 

L. M. Whitcomb M. I. Jefferson 

LEO M. WHITCOMB joined RCA in Marion in 

1949. His experience includes 5 years on instrumen- 
tation with the Victor Chemical Works and 7 years 

as an Equipment Test Designer with Farnsworth 
Radio. He is presently Manager of Electrical 
Design, Equipment Development and Engineering 
Section, and is responsible for the electrical design 
of kinescope manufacturing equipment, kinescope 
testing equipment, and the design of specialized 
laboratory equipment. He is Vice President of the 
Marion Industrial Management Club and a member 
of the Marion Engineers' Club. 

MILLARD I. JEFFERSON received his BSEE degree 
in 1952 from West Virginia University. He was 

employed in 1952 by the Electron Tube Division, 
Marion, Indiana as a Manufacturing Engineer and 
has since worked in the finishing area of kinescope 
manufacture. He was instrumental in setting up and 
placing the automatic kinescope tester into produc- 
tion use at the Marion plant. 

on the automatic tester. The markers 
place colored identification tape on the 
cone of a rejected tube. The marker arm 
rides against the cone of each tube as it 
passes by the test position. If the tube is 
a reject. a piece of colored pressure - 
sensitive tape is fed out at the end of the 
arm, and brushed on the cone of the tube. 
Differently colored tapes are used at 
each of the markers to identify specific 
types of rejects. 

Three of the markers are used at the 
cathode quality test: one to identify 
opens. shorts, emission warmup, and 
cathode -quality factor; one to identify 
poor internal continuity; and one to 
identify poor cutoff. A fourth marker is 
used at the gas test position to identify 
gas rejects. The fifth and sixth markers 
are used at the leakage test to identify 
rejects for low- voltage leakage and high - 

voltage leakage. 
Although the automatic reject tape - 

marker system worked well, if the 
marker ran out of tape or the feed sys- 
tem malfunctioned, the rejects would not 
be detected. Therefore. a second auto- 
matic reject system was incorporated as 
a double check on the automatic reject 
tape markers. This system was an auto- 
matic reject flag indicator on each of the 
carrier heads. As the reject system of 
the test position is energized, a white 
flag is dropped on that particular head. 
Because the operator checks the white 
reject flag against the reject tape on the 
bulb, reject tape- marker malfunctions 
are caught immediately and corrected. 
The reject flag is then reset automati- 
cally before the carrier head reaches the 
load position again. 
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SPECIAL TEST EQUIPMENT 
FOR A HIGH -CAPACITY 

MICROWAVE RELAY SYSTEM 

The need for special communications test equipment of a quality not commer- 
cially available was apparent during the design of the high -performance MM -600 
microwave relay system. Thus, to perform the precise measurements required for 
such high -channel- capacity systems meeting CCIR recommendations, a wide 
range of test instruments was designed: first as laboratory development tools, 

and later packaged as compact and portable units intended for field installation 
and maintenance work. 

D. F. RUSSELL, Supervisor, 
Communications Equipment Design 

RCA Victor Co., Ltd. 
Montreal, Canada 

HE SPECIAL test equipment for the I MM -600 microwave relay system' is 
designed for three required measurement 
ranges: 1) baseband. 2 ) intermediate, 
and 31 radio -frequency (Fig. la). Al- 
though developed for the MM -600 -2 sys- 
tem, which is capable of carrying 600 
channels of telephony or one color video 
channel, the special test equipment 
described in this paper may be of con- 
siderable interest for use on other 
communication systems or in similar 
applications. 

GROUP DELAY AND LINEARITY 

Intermodulation distortion is one of the 
main limitations of telephony signal -to- 
noise ratios (S:N) in high -capacity 
radio -relay systems. A major portion of 
this distortion is caused by group delay 
variations of the IF and RF circuits and 
nonlinearity of the modulation- demodu- 
lation transfer characteristic. Video sys- 
tem performance factors such as differ- 
ential phase and gain are also a function 
of these two parameters. A Delay and 
Linearity Test Set, comprised of a trans- 
mitter and a receiver unit, was designed 
for the simultaneous measurement of 
delay distortion and linearity (Fig. lb) . 

Fig. la- Combined measurement setup for RF, 

IF, and baseband measurements, illustrating the 
special test equipment for the MM -600. As can 
be seen, the various test sets are contained in 
"pull -out" packages. 

Group delay variations, caused by 
changes in the slope of the phase- versus- 
frequency characteristic, must be meas- 
ured on individual units. Delay varia- 
tions must also be measured on complete 
operating systems and equalized with 
considerable accuracy to minimize dis- 
tortion. The linearity of the modulators 
and demodulators must be measured to 
permit correct alignment for optimum 
performance. One of the main features 

of the delay and linearity test set is that 
group delay measurements do not re- 
quire an external reference path and 
can be made from station to station in a 
microwave relay system installation. 

The measurement technique (Fig. lb) 
is to apply a swept FM- modulated IF 

carrier to the input of the circuit under 
test and analyze the phase and ampli- 
tude variations of the FM signal after 
demodulation. The transmitter unit pro- 
vides a 70 -Mc output signal swept over 
the band 70 ±8 Mc at a 500 -cycle rate. 
This signal is also frequency modulated 
with 200 kc at a low deviation. 

In applications where the circuit 
under test includes a modulator unit, a 
baseband output is available which con- 
tains the 500 -cycle sweep signal and the 
200 -kc information signal. At the de- 
modulated output of the system being 
measured, the receiver unit analyzes the 
changes that have occurred to the trans- 
mitted 200 -kc signal. These changes are 
translated into voltages for oscilloscope 
display which can be calibrated in terms 
of group delay and linearity variation. 
The receiver divides the demodulated 
signal into what may be considered as 
being three separate channels. The 
sweep channel amplifies the recovered 
500 -cycle signal: this is used to drive 

Fig. 1b -Delay and linearity test set. 
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Fig. 2a- Demodulator linearity measurement 
using Delay and Linearity Test Set. Automatic 
calibration is by a switch that separates traces 
by 2 %. Horizontal sweep, 2 Mc /division. 

Fig. 2b -Group delay measurement using Delay 
and Linearity Test Set. Automatic Calibration is 

by switch that separates traces by 10 nsec. 
Lower trace is resultant system delay after 

the horizontal deflection axis of the os- 
cilloscope. The linearity channel detects 
the amplitude of the 200 -kc signal and 
displays a pattern on the vertical axis 
of an oscilloscope. The scope can be 
directly calibrated in percentage change 
by internally inserting an attenuator 
switched in and out of the channel at 
a 60 -cycle rate. This gives a very con- 
venient calibration (Fig. 2a). 

The group delay channel detects the 
phase changes of the 200 -kc signal by 
means of a phase comparison bridge. A 
reference signal for this phase detector 
is obtained by passing some of the 200 -kc 
signal through a 100- cycle bandpass, 
crystal filter. The filter removes the 
phase modulation sidebands on the 
200 -kc signal at ±-500 cycles and mul- 
tiples thereof; such sidebands were 
created while sweeping across the non- 
linear phase- frequency characteristic of 
the system under test. A built -in cali- 
brated phase shift may be switched in 
and out of the reference path at a 
60 -cycle rate to give a 10 -nsec calibra- 
tion on the oscilloscope display (Fig. 
2b). The resolution of the instrument 
is 0.5 µsec of delay change and 0.25 - 
percent linearity over the 62- to -78 -Mc 
bandwidth. As a delay of 0.5 trsec is 
equivalent to only 0.036° at 200 kc, the 
design of the 200 -kc crystal oscillator 
in the transmitter unit and the 200 -kc 
narrowband crystal filter in the receiver 
unit had to be extremely stable. A spe- 
cial crystal cut is used for temperature 
stability; the crystal is placed in a large 
shock- mounted heat sink for good short - 
term stability to prevent oscilloscope 
trace jitter. 

The lower trace of Fig. 2b illustrates 
how delay of the system has been cor- 
rected by delay equalization networks 
to reduce the intermodulation distortion. 
The ripples of the initial measurement 
shown in the upper curves are a result 
of mismatch in the feeder system con- 
necting the system radio equipment 
under test to the antennas. The ampli- 
tude and period of the reflections may 
be analyzed to locate the source of re- 
flection; e.g., poor joints, damaged 
feeders or high antenna VSWR. 
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equalization and correction of poor feeder 
reflection. Horizontal Sweep, 2 Mc /division. 

Fig. 2c- Residual group delay of equalized 
system shown in Fig. 2b has been expanded 
to show resolution of the instrument. Each 
vertical division, 1 nsec. 

Fig. 4a -Input impedance of an IF amplifier 
measured with the IF Reflectometer. Upper 

TELEPHONY PERFORMANCE 
EVALUATION 

A method of evaluating over -all sys- 
tem telephony performance has been 
defined by CCIR recommendations. The 
technique is to employ white noise to 
simulate voice traffic upon a fully loaded 
system. Narrowband -stop filters are in- 
serted in the input noise spectrum load- 
ing a system ; the noise falling into un- 
loaded channels at the system output is 
then analyzed to determine the extent of 
the thermal and intermodulation noise 
components created in the circuit under 
test. The figure of merit of performance 
is the noise power ratio -the ratio of 
the noise power in a loaded channel 
(slot out) to the noise power in an un- 
loaded channel (slot in). 

An Intermodulation Test Set was de- 
veloped to evaluate performance of any 
system having 24 to 960 voice- channel 
capacity. The transmitter noise gener- 
ator uses very flat video amplifiers to 
amplify resistor thermal noise up to a 
-10 -dbm level; the desired system input 
level is set by an accurate attenuator. 

A switch on the test set transmitter 
and receiver selects the desired slot fre- 
quency to be inserted in the noise -load- 
ing spectrum. The test set receiver 
employs straight -through tuning -using 
wideband amplifiers between two highly - 
selective band -pass filters. Thus, prob- 
lems of self -generated intermodulation 
are reduced, and spurious responses en- 
countered in superheterodyne -receiver 
measuring techniques are eliminated. 
Self- generated intermodulation is very 
low, and thermal noise is limited only 
by the extremely low thermal -noise 
power level in the 3 -kc bandwidth of the 

Fig. 3 -Lower curves show gain frequency 
response of an IF amplifier measured with the 
IF Sweep Generator. Vertical calibration is 

achieved as shown in upper traces by a 1 -db 
step generator built into the IF detector. Marker 
pips have been inserted on one trace at 62, 
70, and 78 Mc by the Frequency Marker. Hori- 
zontal deflection, about 4 Mc /division. 
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trace is the automatic calibration facility here 
set to a return loss of 26 db. The Frequency 
Marker has been included in the circuit to illus- 
trate marking at 62, 70, and 78 Mc. 
Fig. 4b -Lower trace is measurement of VSWR 
of a standard termination. Upper trace is 40 -db 
return loss calibration curve indicating that the 
termination is of the order of 46 db or 1.01 
VSWR. Horizontal sweep, 4 Mc /division. 

special low -noise amplifiers. The noise 
power ratio of the test set measured 
back -to -back is better than 75 db. 

A measurement of noise power ratio 
at various levels of noise loading can be 
plotted for different baseband channel 
frequencies to evaluate system perform- 
ance; such curves can be analyzed to de- 
termine optimum channel deviation, the 
contributions of intermodulation, and 
the thermal noise at different frequen- 
cies in the baseband. This type of anal- 
ysis allows comparison of the unit or 
system performance with that predicted 
by calculations. 

IF CIRCUIT MEASUREMENTS 

Several test sets were developed to aid 
in the design, production alignment, and 
field maintenance of IF circuits; typical 
measurements required are frequency 
response, gain, input and output vswR, 
and AGC action. 

IF Sweep Generator 

An extremely level IF Sweep Generator 
was designed to sweep a frequency range 
up to 70 -±14 Mc with output levels of 
0.3 to 1.5 volts and an amplitude flatness 
of ±-0.05 db. The generator uses a satur- 
able reactor to sweep the resonant fre- 
quency of a Colpitts oscillator. A unique 
levelling circuit contains a starvation 
amplifier with 90 -db gain in a single - 
stage feedback loop ; this system pre- 
vents the generator from becoming un- 
stable at any error -signal frequency. 
Particular attention was paid to the har- 
monic content of the output which is 
more than 46 db below carrier and which 
otherwise would prevent accurate am- 
plitude flatness measurements through 
IF band pass circuits. Fig. 3 shows a 
typical IF' amplifier sweep display with 
the upper trace showing the flatness of 
the sweep generator alone. 

IF Detector 

An IF Detector was developed for use 
with the sweep generator, the detector 
has a frequency- response variation of 
less than 0.05 db and a 75 -ohm input 
VSWR of 1.02 or less over the frequency 
band 70 ±15 Mc. A 0.1 -db pushbutton 
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attenuator facilitates calibration of the 
oscilloscope display shown in the upper 
traces of Fig. 3. A full -wave detector 
minimizes the possibility of a nonsym- 
metrical input waveform giving er- 
roneous results. 

Frequency Marker 

Frequency indications on the detected 
IF sweep display may be inserted by use 
of a Frequency Marker unit. High -Q 

absorption filters are coupled in at 62, 
70, and 78 Mc to produce 0.1 -db notches 
in the displayed response. These markers 
are illustrated in Figs. 3 and 4. The 
high -Q notches are produced by a series 
resonant circuit consisting of a series 
capacitor -and a parallel resonant cir- 
cuit tuned slightly above the marker fre- 
quency. At series resonance, the induc- 
tive reactance of the parallel resonant 
circuit is varying rapidly, thus giving a 

Q- multiplication effect. At the same 
time, the series shunt resistance is lim- 
ited to that of the parallel resonant cir- 
cuit which is adjusted to give a 0.1 -db 
drop in level across a 75 -ohm line. 

IF Reflectometer 

An IF Reflectometer to give a swept dis- 
play of the reflection coefficient versus 
frequency of an IF impedance match was 
designed and developed. The reflectom- 
eter assists in alignment of IF- amplifier 
input and output circuits, delay equal- 
izer tuning, and in checks of impedance 
termination on any 75 -ohm impedance 
circuit operating with a center frequency 
in the 70 -Mc region. The IF Reflectom- 
eter gives a direct -reading measurement 
of reflection coefficient in the range 20 
to 40 db (L2 to L02 vswR) over the 
55- to -85 -Mc range. 

The Reflectometer consists essentially 
of a precision high- directivity directional 
coupler with two bidirectional pick -up 
probes. One is oriented to receive the 
forward wave from an external IF sweep 
test signal, and the other to receive the 
wave reflected from the circuit under 
test (Fig. 5 ) . Outputs from the 
pick -up probes are fed through a co- 

axial switch, an internal IF amplifier, 
and a detector which is connected to an 
oscilloscope. The relative amplitude of 
the incident and reflected signals may 
be compared on the oscilloscope when 
the coaxial switch is actuated. The am- 
plitude of the forward wave is adjusted 
by a built -in calibrated step attenuator, 
until the forward and reflected signals 
appear at the same amplitude on the 
oscilloscope. The value of attenuation 
inserted in the forward -wave path pro- 
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Fig. 5 -IF Reflectometer. 

vides a direct reading in decibels, of the 
reflection coefficient of the terminating 
circuit. Fig. 4a shows a typical IF am- 
plifier input impedance with a cali- 
bration trace at 26 db (L1 vswRI. A 
frequency marker has been inserted be- 
tween the reflectometer and the IF am- 
plifier load during calibration to indi- 
cate how the markers may be used to 
calibrate the frequency sweep of the 
VSWR display. 

RF MEASUREMENTS 

Precise measurements in the RF band 
are made by employing an RF Sweep 
Generator capable of sweeping 1 Gc in 
the 1.6- to- 2.6 -Gc range. Output levels 
up to 200 mw and an amplitude flat- 
ness of better than ±0.1 db in any 50 -Mc 
band, or ±1 db in the full 1 -Gc sweep 
range, are provided. The high output 
level and wide sweep range are obtained 
by employing a Carcinotron backward - 
wave oscillator with a closed -loop 
levelling action derived from a special 
combination of a flat directional- coupler 
and RF output detector. High -gain nc 

amplifiers give the required operational 
control and allow a 1 -kc internal, or 
0- to -25 -kc external, amplitude modula- 
tion. 

A wide band coaxial isolator is in- 
chided on the backward -wave oscillator 
output to prevent high load reflections 
from damaging the tube or upsetting the 
levelling action. A high -pass, low -pass 
strip -line filter absorbs the second and 
third harmonic power output of the tube 
in a dummy load and allows the funda- 
mental signal to pass unattenuated. 
Experience with precise measurements 
showed that unless the sweep- signal har- 
monics are absorbed, rather than re- 
flected back to the backward wave os- 

cillator as with normal lowpass filters, 
the generator levelling action can be 
upset and cause erroneous RF frequency 
response and VSWR measurements. 

To perform precise VSWR measure- 
ments upon RF cavities, branching net- 
works, and transmission lines, a wave - 
guide Directional Coupler, with an ex- 
tremely high directivity of 50 db over 
the band of 1.7 to 2.3 Gc was developed 
for use with the RF Sweep Generator. 
This coupler measures reflections to 
1.005 VswR; a precision waveguide ter- 
mination with a VSWR of 1.005 was de- 
signed for use in conjunction with the 
coupler. 

SUMMARY 

The availability of these special test and 
measurement instruments has greatly 
simplified the design, production and 
field maintenance of the MM -600 radio 
relay equipment. Some of the success in 
the high performance achieved by exist- 
ing MM -600 systems is in no doubt due 
to the advantage of having suitable test 
equipment for the precise analysis of all 
factors affecting performance. With this 
in mind, other instruments of advanced 
design are being made available. One 
employs an FM swept -frequency tech- 
nique for measuring waveguide reflec- 
tions or multipath echoes in the 1.7 -to- 

2.3-Gc microwave band. 
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BHF -100A SHORTWAVE TRANSMITTER 
... 100 kw for International Broadcasting 
The growth of international broadcasting in the past 15 years reflects both the 
rapid emergence of new nations and the technical advances made in receiving 
and transmitting equipment. During this period, RCA has supplied more than 
twenty -five 50 -kw shortwave broadcast transmitters to eight different countries. 
Now, RCA is installing seven 100 -kw shortwave complexes in three more coun- 
tries for 3.6- to 26.1 -Mc operation. This 100 -kw BHF -100A equipment utilizes 

"ampliphase" modulation and a number of design innovations. 
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N ADDITION TO THE normal require- 
]. ments for a good broadcast transmit- 
ter such as high fidelity, low operating 
cost, and easy maintenance, the good 
shortwave transmitter must possess cer- 
tain other requisites. Most important 
among these is that frequency of opera- 
tion be changed as many as six times a 

day with a minimum of off air time. The 
transmitter must also operate into'an an- 
tenna, or antenna system, having stand- 
ing -wave ratios as high as 1.5:1 and im- 
pedances from 300 to 600 ohms. 

Other requirements, such as high,over- 
all efficiency, simple and reliable cooling 
methods, a minimum of different types 
of electronic components, lightweight 
materials, and easy -to- service mechani- 
cal components are all dictated by the 
remote areas where most of these trans- 
mitters will be located. 

The BHF -100A shortwave transmitter 
(Fig. 1) utilizes the RCA -developed out - 
phasing system of modulation, ampli- 
phase,1 to achieve excellent performance 
and meet the stringent requirements 
imposed on shortwave transmitters. The 
basic ampliphase system is well- accepted 
in medium -wave standard broadcast 
transmitters -over 40 of these, from 10- 

to 250 -kw, are now operating in the field. 
As Fig. 2 illustrates, the 100 -kw 

BHF -100A occupies significantly less 
floor space than older 50 -kw shortwave 
transmitters -a compactness achieved 
by the ampliphase system. 

The heart of the BHF -100A is the ex- 
citer - modulator, drive - regulator unit 
(Fig. 2). On each side of this central 
area, the two RF power- amplifier chains 
extend toward the rear of the transmit- 
ter and are fixed to the "combining - 
point" balun where the AM, balanced 
output is produced. The over -all arrange- 
ment forms an approximately square 
transmitter area with complete accessi- 
bility to all components in a minimum 
amount of space. 

Fig. 1 -(Top photo): The BHF -100A 100 -KW 
Shortwave Transmitter, front view. 

Fig. 2- Typical floor plan for the BHF -100A. 
The "old" 50 -kw shortwave transmitter had a 

Floor area, shown by heavy lines, approximately 
25 %, greater than the "new" BHF -100A. 
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Fig. 3- Simplified PA output circuit. 

AMPLIPHASE MODULATION 

Ampliphase, or outphasing, modulation 
(originally proposed by H. Chiriex2) 
produces an AM signal by synthesis of 
two RF signals, each containing linear 
phase modulation of the intelligence to 
be transmitted. 

Basically, AM is obtained in the trans- 
mitter as follows: A single low -level RF 

source is split into two separate chan- 
nels having a fixed angle of separation 
less than 180 °. These two sources are 
then phase -modulated by antiphase 
audio signals containing the information 
to be transmitted, amplified in separate 
channels to the output power level re- 
quired of the transmitter, and then com- 
bined in a common impedance to pro- 
duce the AM signal. 

With two constant and equal current 
generators of phase difference a feeding 
a common resistive load R, the real 
power PR will be: 

z 

PR = 21 cos 
2 / 

R 

The load impedances, ZI and Z2, that 
the two generators see are: 

Z, = 2R cos2 

Z,= 2R cos2 

B 2 + jR sin B 

e 2 - jR sin 8 

This, in effect, means that unless com- 
pensation of the circuit is made, the gen- 
erators will be feeding complex loads. 
Since the generators in question are 
high -power vacuum tubes in the BHF - 
100A transmitter, there must be com- 
pensation of the circuitry in order to 
procure maximum efficiency of tube op- 
eration. 

The practical circuit to get AM from 
two differentially phase -modulated, 
high -power sources is shown in Fig. 3. 
The plate tank circuit of tube V, con- 
sists of a 90° network C L,, and 1/2 C3. 
The plate tank circuit of tube V2 con- 
sists of a 90° network C2, LE, and 1/2 C. 
The 90° networks provide: 

1) correct impedance transformation 
between load and each tube; 

2) a high -Q tank circuit for proper 
operation of a Class C high -effi- 

ciency amplifier; and 
3) a constant -current output source 

when a constant voltage is supplied 
to the input. 

Capacitors C, and C2 are also used to 
compensate for the reactive component 
of the load seen by each tube. An in- 
crease in capacitance on one side and a 
decrease on the other allows each tube 
to look at a unity power- factor load and 
achieve maximum efficiency at one par- 
ticular phase angle between the two 
signals. In this particular transmitter, 
the compensation offset is done at a 
phase angle e of 135 °, the angle at which 
carrier level is achieved. Deviations from 
135° to produce modulation detunes 
each tank circuit slightly; however, the 
power factor does not vary too widely 
even at 100 -percent modulation, as evi- 
denced by a minor loss in power- ampli- 
fier efficiency (80- percent at carrier and 
77- percent at 100 -percent modulation). 

AMPLIPHASE FEATURES 

Ampliphase modulation is particularly 
suitable for high -power transmitters. 
Lower fabrication cost and economy in 
operation and in utilization of tubes and 
components are the principal advan- 
tages. In the BHF -100A power -amplifier 
stage, two air -cooled tubes are used in 
each channel to supply an equal amount 
of power to the load. Each tube has the 
same dissipation requirement and the 
same RF plate swing, never exceeding 
the swing at carrier level. 

In addition to balanced tube opera- 
tion, there is a balance in plate- circuit 
configuration. All like elements of the 
final tank circuit are of equal value, ex- 
cept for the input capacitor to the net- 
work. The same equality of the two RF 

amplifiers is carried through the trans- 
mitter to the input stage where the orig- 
inal unmodulated signal is divided. 

From the users' standpoint, identical 
channels mean fewer different spare 
parts and tubes to be carried in inven- 
tory, and the convenient checking of 
suspect components by side -to -side inter- 
change between channels. Other features 
are the compact size (no large modula- 
tion transformers and reactors are re- 
quired), the ease with which a complete 
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Associates. In August, 1959, he was promoted to 

new modulator can be installed or 
switched in, and high over -all transmit- 
ter efficiency. 

The power output and performance of 
the ampliphase transmitter is dependent 
upon having: 1) a known load resist- 
ance, 2) a fixed carrier angle, 3) a 
method of tuning for unity power factor 
instead of resonance, and 4 ) capability 
of quick frequency changes in the short- 
wave band. Therefore, amplitude modu- 
lation demands a new set of tuning 
rules. 

By the judicious use of a built -in 
reflectometer to indicate proper load, an 
oscilloscope to indicate unity power fac- 
tor of the final amplifiers, and oscillo- 
scope and delay lines to indicate the 
proper carrier angle, the system can be 
adjusted to a new frequency in a rapid 
and logical manner. 

CIRCUIT DESCRIPTION 

Fig. 4 indicates that a circuit descrip- 
tion of one phase -modulated channel 
readily applies to the other. This should 
be so visualized in discussing the cir- 
cuitry. The RF excitation of approxi- 
mately 5 watts at any frequency between 
1.0 and 9.0 Mc is supplied to a broad- 
band transformer at the input to the 
transmitter. Output of this transformer 
is push -pull, with a grounded center pro- 
viding two RF voltages of 180° phase 
relationship for the two transmitter 
channels. These 180° voltages are then 
fed to two 600 -ohm variable delay lines 
ganged to one control; rotation of this 
control delays one signal and advances 
the other until 135° phase separation is 
achieved. 

Output of the delay line is fed to a 
modified Belaskis Phase Modulator hav- 
ing the triode section of a 6EA8 as the 
modulator and the pentode section as a 
tripler to achieve sufficient linear phase 
modulation in one tube. The Belaskis 
phase modulator does not require tun- 
ing and is most compatible with short- 
wave requirements in that respect. It is 
however, difficult to cascade this type of 
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Fig. 4- BHF -100A block diagram. 

modulator -thus, the 6EA8 tripier re- 
quirement. 

The output of the tripler, a phase - 
modulated signal at the transmitter 
operating frequency, is fed to a high - 
gain RF amplifier. A 12BV7 tube is used 
as a limiter to remove incidental Am and 

1A- 
carrier -frequency modulation from 

the signal. The output of the 12BV7 is 
then fed to the final amplifier of the ex- 
citer modulator, a Class C power ampli- 
fier having approximately a 7 -watt out- 
put at 75 -ohm impedance. 

It is interesting that the full range of 
3 to 27 Mc is covered in four bands. A 
frequency change can be made by mov- 
ing one band selector switch to the 
proper position and adjusting only one 
control, which drives six inductor tun- 
ing slugs to a calibrated point. This 
rapid phase -modulator tuning is of suffi- 
cient accuracy to permit the transmitter 
to be set up and operated without utiliz- 
ing the fine trimmers of each circuit. 
The fine -tuning controls provided can, 
however, be adjusted while program- 
ming to optimize performance. 

The exciter -modulator output is fed 
through a 75 -ohm cable to a broadband 
transformer driving the intermediate 
power amplifier - a straightforward 
Class C amplifier utilizing a parallel 
pair of 7094 tetrodes to provide approxi- 
mately 100 watts to the driver stage. 
Although the input circuitry to this 
stage is very broad, it is necessary to 
compensate the circuit by switching 
four shunt indicators to cover the band. 

The intermediate power amplifier out- 
put is tuned by a variable coil in parallel 
with a capacity divider formed by block- 

50 

ing condensers and the input capaci- 
tance of the driver tubes. The two driver 
tubes are grid -modulated amplifiers, 
providing proper drive for the final 
stage under all modulation conditions. 
Because of the widely varying drive re- 
quirements and load impedances, the 
two tubes of this stage are biased at 
different levels. Thus, at carrier and 
below, one tube is supplying power; 
above carrier level, both tubes are sup- 
plying power to drive the final stage. To 
match the low input impedance of the 
grounded -grid power amplifier to the 
relatively high impedance of the driver 
stage, a 180° network plate -tank circuit 
is used. This network meets the special 
requirements of feeding a load of a vary- 
ing nature. Load impedance at the peak 
of modulation is low and at the trough 
of modulation is high. The network 
accomplishes the correct transformation 
ratios and precludes incidental phase 
modulation (usually resulting from vari- 
able loads). There are other satisfactory 
methods, such as transformer coupling; 
however, in the BHF -100A the 180° net- 
work provides greater tuning simplicity. 

Each final power amplifier utilizes 
two ML -6697 air -cooled triodes in a 
grounded -grid configuration to produce 
50 kw of carrier power and 200 kw of 
peak modulation power. The input of 
this stage consists of the output portion 
of the special 180° network with its out- 
put capacitance located directly be- 
tween the two tubes. In addition to this 
capacitance, a shunt inductance is re- 
quired at the high- frequency end of the 
spectrum to compensate for the high 
input capacitance of the tubes. This 

shunt inductance is also one arm of a 
neutralizing bridge which prevents inci- 
dental phase modulation. 

A 90° network transforms the final 
output circuit from a constant -voltage 
source to a constant- current source, it 
is then combined in the common load 
with current from the other channel am- 
plifier to produce Am. The combined 
output is fed through a section of the 
line containing a reflectometer to the 
balun for transformation from a single - 
ended 15 -ohm output to a balanced out- 
put of 300 ohms. Electrically, the balun 
consists of a series- tuned, resonant - 
primary circuit inductively coupled to 
a balanced parallel- resonant secondary 
circuit. In addition to serving as an im- 
pedance matching device, the balun also 
provides RF harmonic attenuation. 

The remaining components of the 
transmitter such as power supplies, con- 
trol circuits, protective devices and 
metering circuits are conventional and 
compatible with the high design criteria 
used throughout. 

SPECIAL ELECTRICAL- MECHANICAL 
COMPONENT DESIGN 

Because of the wide frequency range of 
the transmitter and the high power level 
involved, many of the electrical compo- 
nents had to be designed and fabricated 
rather than purchased. Close coopera- 
tion between electrical and mechanical 
design engineers resulted in the use of 
new materials and ideas that have given 
good electrical performance and mini- 
mum product cost. 

A major problem area in high -power 
transmitter design is to provide an eco- 
nomical trouble -free variable inductor. 
The approach used in the power ampli- 
fier and the balun of the BHF -100A has 
proven highly successful under actual 
operation. Basically, the line inductor 
consists of two sets of parallel 11/2 -inch- 
diameter hard copper tubing (Fig. 5), 
ranging in separation from 10 to 12 
inches; the adjustable (sliding) shorting 
bar is made from 11/2- inch -square hard - 
brass tubing of 0.060 -inch wall thick- 
ness. By notching and slotting the con- 
tact area of the square tubing, fingers 
are shaped to provide good line contact 
along the entire path of travel. These 
fingers tend to have a leaf- spring action, 
creating a direct positive pressure on 
the copper line and reducing the possi- 
bility of joint- heating and resultant 
failure. With this configuration, five 
mechanical joints of the rotary -type in- 
ductor are reduced to two. Contacts are 
mounted in pairs on a melamine cross- 
bar which is driven by a pair of chain - 
connected lead screws. 

In addition to these contacts, a series - 
parallel switching arrangement in the 
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Table 1- Transmitter Harmonic Distortion at 3.6 Mc 
Hum & noise, 56 db; modulation capability, 100 %. 

% of 
Full 

Modulation 50 cps 100 cps 400 cps 

% Harmonic Distortion at Test Frequencies Carrier 
Shift, 7r, 

1 kc 5 kc 7.5 kc 400 cps 

25 1.4 1.2 1.2 1.3 1.5 1.7 0 
50 1.4 1.1 1.2 1.4 1.8 1.9 0 
85 3.0 2.2 2.3 2.4 3.2 3.4 0 
95 2.0 2.0 2.0 2.0 2.5 3.1 0 

lines allows a greater range of induc- 
tance. With this, the operator may 
change the set of four 11/2-inch lines 
arranged on the corners of a 10- by -12- 
inch rectangle from series to parallel 
configuration. The mechanism is oper- 
ated by a motor drive interlocked by 
limit switches and an overriding slip 
clutch. 

The balun is situated between the two 
RF cabinets in an area 22 by 40 inches 
( Fig. 21. This system consists of three 
lines. The center one serves as a primary 
coil, and the two outer lines, either in 
series or parallel, serve as the second- 
ary coil. Since the primary coil is com- 
pletely surrounded by an electrostatic 
shield and shunt capacitance to ground 
is high, it is necessary to "trombone" 
this line (Fig. 5) . By linking drives of 
the three movable shorts to a pair of 
lead screws inside the primary lines, the 
bottom of the primary line is allowed to 
slide over its upper portion. Thus, at the 
high- frequency end of the band, the vol- 
ume of the coil is half that of the low 
end. 

Since the only way to drive this col- 
lapsing line and derive maximum capa- 
citance reduction is by having lead 
screws operating directly on the line, an 
insulating material with the correct 

Fig. 5- Partial side view of balun with electro- 
static shield removed showing sliding contacts 
and "trombone" section. 

properties had to be found. The lead - 
screw material chosen was polypropy- 
lene, which has electrical properties 
very similar to teflon, mechanical prop- 
erties similar to nylon, and a cost about 
a third that of teflon. 

Several other mechanical features 
were incorporated into the RF units. In 
mounting the power -amplifier tubes 
(ML -6697) in each channel. a Rexolite 
shelf was used as the tube support. The 
mechanical strength of Rexolite (a 
crossed -linked styrene co- polymer) is 
sufficient to support the 82 -pound 
weight of the tubes. Rexolite has many 
other advantages in this application in- 
cluding its low dielectric- constant, low 
loss- factor and relatively high imperve- 
ance to tracking. 

As is usual in most transmitters, the 
cooling problem in the BHF -100A 
proved to be the power -amplifier tube 
anode glass -metal seal. The solution was 
to notch the plenum portion of the 
ML -6697 air distributor at its point of 
contact with the cooling fins of the tube. 
Thus, sufficient cooling air is channeled 
over the seal surface. The area between 
the two RF channels and the front of the 
combining network forms an air exhaust 
duct for the driver and power- amplifier 
tubes and houses the various tuning 
drives which terminate at the central 
control panel. 

CENTRAL CONTROL PANEL 

From the standpoint of the transmitter 
operator, the most important area of the 
transmitter is the central control panel 
(Fig. 6). The upper portion of the panel 
is devoted to the final -tube current 
meters and the read out indicators of the 
motor -driven inductors. Directly above 
the indicators is a roll chart containing 
tuning data for six precalibrated fre- 
quencies. Directly below the indicators 
are the motor operating switches for the 
inductor driving motors. Along either 
side of this panel are all the variable - 
capacitor tuning controls with their roll 
chart located directly in the center. 

On either side of the vertical roll 
chart is a plate -to- cathode monitoring 
oscilloscope which indicates unity 
power factor or maximum efficiency of 
the final -amplifier tubes. and also the 
phase and loading status of the double -7r 

network driving the final amplifiers. 

Fig. 6- Central control panel. 

These oscilloscopes are direct -reading 
and so designed and constructed that 
from 3.0 to 26M Mc there is less than 3° 
differential between the vertical and 
horizontal deflection circuits. The deflec- 
tion circuits also contain low -pass filter 
networks so that the straight -line funda- 
mental indication on the scope will not 
be misread because of harmonic distor- 
tion. 

TRANSMITTER PERFORMANCE 

Seven of the type BHF -100A transmit- 
ters have been shipped to the interna- 
tional market and an eighth is presently 
set up in Camden for further testing and 
demonstration. A typical set of data 
taken at 3.6 Mc is given in Table I, indi- 
cating the excellence of performance. 

As with any new development - 
whether a 100 -kw transmitter or a 1 -watt 
resistor -public acceptance is the true 
criteria of an outstanding design; how- 
ever, since everyone does not buy a 100 - 
kw transmitter every day, it will be years 
before a complete evaluation can be 
made. However, problem areas in previ- 
ous shortwave transmitters have re- 
ceived special attention, and the over -all 
performance of the BHF -100A can be 
expected to exceed that of its prede- 
cessors. 
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NEW TECHNIQUES FOR 
FERRITE NANOSECOND MEMORIES 

Dr. H. LEMAIRE, Mgr. 
Advanced Development 

Memory Products Operation, Semiconductor and Materials Division 
Needham, Massachusetts 

A major trend in development of future computers is toward extremely high 

speed -in fact, operating cycles on the order of a nanosecond ( I0 -D second). The 

attainment of such speeds necessitates development of new and faster memory 
devices, and a fabrication technique for them that is both technically and eco- 
nomically feasible. This paper describes the important development of a new 

ferrite high -speed memory core and the establishment of a practical assembly 
technique for it. Both goals were attained through a program of integrated RCA 
research and development. 

FOR SEVERAL YEARS ferrite cores''- 
have constituted the mainstay of com- 

puter storage memories. The typical 
computer today' has a transistor -driven 
core memory which operates in a coin- 
cident- current mode`'' with a 5 -to -10 -µsec 
cycle time. Although a coincident -cur- 
rent storage unit with a cycle time ap- 
proaching 2 µsec has been built, higher 
speeds have been attained by exploiting 
so- called partial- switching modes of 
operation. Word -address memory sys- 
tems` with cycle times less than 1 sec 

and as low as 0.7 µsec have been re- 
ported.°" To attain these speeds with 
conventional 50/30 cores (that is, cores 
of 0.050 -inch outer diameter, 0.030 -inch 
inner diameter) drive requirements are 
necessarily high (approximately 1 am- 
pere- turn), and particular attention 
must be given to the physical arrange- 
ments of conductors, sense windings, 
and storage elements. 

Actually, short cycle times have been 
realized by the development of fast - 
switching storage elements which oper- 
ate in impulse switching modes using 

Fig. 1- Word -strip assemblies. 
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high drives, and by minimizing such 
factors as propagation time, field tran- 
sients, and mutual -coupling effects to 
reduce the duration of the unproductive 
phases of the memory cycle. The reduc- 
tion of these phases has assumed increas- 
ing importance as the operating speeds 
of memories have increased. Array 
geometry, timing operation, and the 
relative positioning of components have 
become prime factors in the determina- 
tion of the minimum access time of a 
memory. 

The use of permalloy thin films as 
high -speed storage elements has recently 
received a great deal of attention.''' "' 

A small memory with a cycle time of less 
than 0.5 µsec has been operated," and 
speeds of better than 1 Mc appear 
feasible.' In addition to their high -speed 
potentialities, thin -film memories can be 
fabricated in large sheet arrays at rela- 
tively low cost. (This fabrication tech- 
nique has not been fully developed at the 
present time.) Disadvantages of thin - 
film memories include high drive -current 
requirements (0.5 to 1 ampere) and low 

bit outputs (less than 5 mv) B Large 
arrays operating at high speeds may, in 
fact, be impracticable, because the dis- 
crimination between the low output sig- 
nal and the stack noise becomes increas- 
ingly difficult as memory capacity is 
increased. 

Early in 1959, the RCA Laboratories, 
Princeton, N. J., undertook a research 
program to establish the feasibility of 
ferrites for high -speed memories. The 
approach adapted differs fundamentally 
from that of the magnetic films in that it 
uses closed magnetic paths of miniature 
dimensions. Although this method offers 
fundamental system advantages (low 
drive -current requirements, high output 
voltages ) , it requires advances in fabri- 
cation technology before application. 

Under applied- research support from 
the RCA Laboratories, the project was 
then undertaken at the SC &M Memory 
Products Operation, Needham, Mass., to 
develop ferrite memories operating at 2 
Mc. Ferrite cores inherently provide high 
output (about 50 mv) . In addition, by 
reducing the size of the core aperture, 
drive currents may be decreased and fast 
switching maintained. The program was 
set up with the primary goal being a 
memory of several thousand bits and a 
cycle time of 0.3 sec or less. In addition, 
this memory was to offer bit costs com- 
petitive with those of slower, more con- 
ventional arrays. These goals require the 
solution of two associated problems: 
first, the development of low- drive, fast 
switching memory cells; and second, 
the development of methods for the as- 
sembly of these cells into arrays. This 
paper describes approaches taken at 
Needham to solve these problems. 

FERRITE -PIECE FABRICATION 

For several months, Needham has been 
using conventional dry -pressing tech- 
niques to prepare ferrite pieces with 5- 

Fig. 2- Completed assembly plane of 16 words, 12 bits per word. 
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to 10 -mil apertures. These pieces serve 
as building blocks for the strip assem- 
blies that will be described later. Al- 
though a certain element of care and 
craftsmanship must be exercised in 
making pressed pieces with such small 
holes, fabrication on a production level 
is quite feasible. 

The possibility of using one continu- 
ous ferrite strip instead of isolated 
pieces is appealing because it obviates 
the need for joining the platelets me- 
chanically and electrically. As men- 
tioned before, this method could also 
result in high bit densities, because such 
strips laminated with insulation spacers 
would comprise a very compact design. 

ASSEMBLY METHOD 

The method of assembling the memory 
stack is based upon a two -core- per -bit 
word -address system. A new printed - 
winding technique was developed that 
permits the assembly of ferrite cores 
with 5- to 10 -mil apertures into complete 
word strips. With this technique, the 
read -write is printed, while conventional 

hand -threading techniques are used for 
the digit -sense wire. Fig. 1 shows two 
ways of assembling the ferrite pieces 
into strips. 

Strip Assembly 

The assembly of platelets into word - 
strips is essentially a three -step opera- 
tion: 

1) Metallization of individual ferrite 
pieces by vacuum deposition. 

2) Mechanical assembly of ferrite 
pieces into strips; at the same time 
the conductive path between pieces 
is completed. 

3) Electroplating of the strip as a unit 
to improve contact between plate- 
lets and to lower the over -all resis- 
tivity of the conductive path. 

The first step is a relatively simple oper- 
ation and involves the vacuum metalliza- 
tion of the appropriate pattern on the 
individual ferrite pieces. The aperture 
wall is also metallized at the same time. 
Toroids (0.050 -inch outer diameter, 
0.010 -inch inner diameter, 0.010 -inch 
thick ), have been generally used but in 
a few cases the pieces have been recti- 
linear. 

Metallized cores, or platelets, have 
been assembled into strips in a variety 
of ways, but assembly is generally sim- 
ilar to the methods shown in Fig. 1. In 
Fig. la, the cores are held in a plastic 
member in which a photo- etched con- 
ductor connects the far side of one core 
to the near side of the adjoining core. 
These core connections complete the 
electrical path along the length of the 
strip. The plastic member rests in an 
aluminum support to facilitate handling 
and assembly. 

Fig. lb shows another mode of "wir- 
ing" the platelets and supporting them. 
Fig. 2 shows a plane of 16 words, 12 

Fig. 3- Typical plane and stack assembled from individual strips. 

bits each, which was assembled by this 
technique. The electrical connection be- 
tween platelets is simpler, and the plas- 
tic piece is self- supporting. The copper 
connector between platelets may be an 
integral part of the plastic- support mem- 
ber. The return conductor is printed on 
the underside of the structural support 
and can be brought close to the actual 
core winding. This arrangement is of 
particular importance because it mini- 
mizes mutual inductances and coupling 
effects between word lines. 

Stack Assembly 
As indicated previously, each strip 

constitutes one word of the memory 
stack, and the printed conductor is a 
common read -write winding. The strips, 
stacked side by side and wired as shown 
in Fig. 2, constitute a plane. The planes 
may then be stacked vertically as shown 
schematically in Fig 3. Although the 
sense -digit wire is hand -threaded with 
comparative ease, one of the obvious 
advantages of the strip concept is that 
it is easily adaptable to a mechanized 
threading. 

The finished stack is a compact unit 
(packing density may vary between 1000 
and 2000 bits/in.3) and is particulary 
well suited to high -speed operation. De- 
pending on the thickness of the plastic 
strip support, the sense -digit wire can be 
made very short and thereby reduce 
sense delays and stray noise pick -up. 

ELECTRICAL EVALUATION 

Material evaluation and optimum drive - 
pulse characteristics were determined 
by the use of two general methods which 
both involve two -core -per -bit operation. 
One mode of testing was aimed at ampli- 
tude sensing, the other at bipolar sens- 
ing. The core wiring and pulse pro- 
gramming for each method of operation 
are shown in Fig. 4. 

Fig. 4 -Core wiring and pulse programming 
for amplitude- sensing and bipolar- sensing 
methods. 
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Fig. 5- Output signals for amplitude- sensing 
method. 

The essential difference between the 
two methods is that in bipolar sensing, 
either core of the bit may receive a digit 
pulse; in amplitude sensing, only one 
core receives the digit pulse. In either 
case, digit pulses and partial -write 
pulses are always in the same direction. 
Unipolar bit drives were used when it 
became evident that bidirectional digit - 
ing led to an increase in digit- disturb 
sensitivity. This effect was particulary 
evident when individual cores were 
wired on a two -core -per -bit scheme. Test 
results showed that a core which re- 
ceived a digit pulse opposite in direction 
to the partial -write pulse had a lower 
digit- disturb threshold than a core for 
which write and digit pulses were in the 
same direction. This effect and similar 
phenomena have been reported else- 
where." 

Amplitude Sensing 

Cores which were tested with the ampli- 
tude- sensing mode were subjected to the 
series of input pulses as shown in Fig. 
4a. The four read outputs obtained dur- 
ing the pulse sequences are shown in the 
bottom part of the figure. This sequence 
was chosen to produce the worst signal - 
to -noise ratio; in this case, this ratio is 
the ratio of the amplitude of the undis- 
turbed 1 to the amplitude of the dis- 
turbed 0 (uV,:dV,). The particular 
order of the sequence -undisturbed 0 
voltage (uV.), undisturbed 1 voltage 
(uV,), disturbed 1 voltage (dV,), dis- 
turbed 0 voltage (dV.) , was intended to 
bring out instability in the remanent 
state on readout, if instability existed. 
If readout were incomplete the dV. 
which follows a dV, would have its 
highest value, and a uV, following a uV, 
would have its lowest value. 

The four read outputs were superim- 
posed to obtain a simultaneous oscillo- 
scope display of the type shown in Fig. 
5. The switching time, taken at the 
10- percent points, is about 70 nsec. The 
relatively small difference between dis- 
turbed and undisturbed signals is an 
indication that the digit- disturb pulse 
has minimum disturbing effect on the 
core. 

Fig. 6a shows the effects of variations 
in the digit and partial -write current 
amplitudes for fixed read -current condi- 
tions. The 1 and 0 outputs are actually 
undisturbed l's (uV,) and disturbed O's 

(dV=), respectively. Fig. 6b shows the 
signal -to -noise ratios which serve as a 
guide in the determination of optimum 
drive -pulse characteristics. For the par- 
ticular durations and rise times used in 
this case, a range of workable digit and 
partial -write current levels is available. 
In Fig. 6a, for example, it is apparent 
that a digit current in the 60- to 70 -ma 
range and a partial -write current of 200 
to 220 ma would give a 1 output of 40 
to 65 mv. at signal -to -noise ratios of 9 

or 10 to 1. Switching times in this case 
are in the order of 80 nsec. 

Bipolar Sensing 

In the bipolar- sensing method (Fig. 4b), 
core A is digited to write a 1, core B to 
write a O. Thus, in the test program 
shown, the first series of read outputs 
are undisturbed l's. The last readout on 
the right is a disturbed 0 which is 
termed the "lowest O." In this case, 
although core B is raised to the higher 
flux state by superimposing digit and 
partial -write pulses, the disturb pulses 
are applied to core A. (If the pulse pat- 
terns in the two cores were reversed, the 
initial series of readouts would be un- 
disturbed O's and the last readout a 
disturbed /.) 

Actually, the pulse sequence is a vari- 
ation of that used for amplitude sensing 
and was chosen to give the worst -case 

Fig. 6a -Bit output vs. digit current with varia- 
tions in digit and partial -write current. 
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conditions (i.e., by promoting the low- 
est O or the lowest 1) . As before, the 
reasoning was that if the read -pulse 
amplitude or duration was insufficient to 
bring the core back to a stable remanent 
state, a 0 would have its lowest value if it 
followed a series of l's. A disturbed O 

obtained under these conditions, then, 
should be the lowest O. 

This particular pulse sequence also 
aggravates the worst -case condition by 
the increase in core temperature caused 
by the high pulse repetition rate (2 Mc). 
In one of the materials examined, both 
cores become heated to about 20 °C 
above room temperature. Core A, how- 
ever, undergoes more flux reversals per 
cycle than core B, and becomes slightly 
warmer than core B. The temperature 
difference between the two cores was 
found to be in the order of 5 to 7 °C. 
This temperature difference tends to 
increase the 1 output and decrease the 
0 output. Because core A is warmer, it 
not only has an increased output, but 
also a reduced coercivity which tends to 
lower the digit- disturb threshold. 

The temperature effect was easily ob- 
served by switching from the program 
shown to one producing a series of un- 
disturbed O's followed by a disturbed 1. 

For about 3 seconds after the program 
change, the output amplitudes are un- 
stable. Immediately after the program 
change, the undisturbed 0 is low and 
gradually increases to a higher stable 
value. Initially, the disturbed 1 is rela- 
tively high and stabilizes at a lower 
value. If the pulse program is again 
reversed, the undisturbed 1 is low initi- 
ally, and gradually increases; the dis- 
turbed 0 is high initially and gradually 
decreases. 

Fig. 7 shows the effect of digit- current 
amplitude on output for a given material 
and for a given set of partial -write and 
read conditions. The upper curve is a 
plot of undisturbed 1 (or undisturbed 0) 
outputs as a function of digit- current 

Fig. 6b- Signal -to -noise ratio vs. digit current 
with variations in digit and partial -write 
current. 
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amplitudes. The lower curve shows the 
effect of digit amplitude on a disturbed 
0 or disturbed 1. As expected, the undis- 
turbed output gradually increases as the 
digit current level is increased. The 
disturbed output, on the other hand, 
goes through a maximum ( in this case 
at about 90 ma). The decrease in 0 out- 
put beyond this point occurs because 
the disturb threshold of the core has 
been grossly exceeded at this digit -cur- 
rent level. This decrease is also caused 
by the fact that the disturbed curve is 
now "split ", depending upon whether 
8 or 62 disturb pulses were in the pulse 
program. Point E in Fig. 7 is the current 
level at which a difference is first detect- 
able between the effects of 8 and 64 dis- 
turb pulses. In practice, an operating 
digit level would have to be below 80 ma 
to be "safe ". At current levels below 
point E, the disturbed outputs are gen- 
erally significantly lower than the undis- 
turbed outputs because of the heating 
effect described earlier. Evidently, the 
core is quite usable at these frequencies 
(2 Mc) in spite of this effect. 

Core Uniformity 

One of the more important considera- 
tions in this program has been core and 
bit uniformity. Core uniformity, or lack 
of uniformity, ultimately determines the 
time and cost of testing quantities of 
cores. Several small sample batches of 
cores were examined using a test jig and 
a straightforward read -write program 
without digits. Output distribution in a 
batch of 200 cores is shown in Fig. 8. 
The distribution is normal and falls 
within a fairly narrow range. The test 
was repeated for two other core firings 
and similar results were obtained. In 
each case, the extremes were within 
about 8 percent of the mean. These same 
cores, when tested in a two -core -per -bit 
method that also used a simple read - 
write pulse pattern, showed a 0- output 
spread essentially the same as in the 
one -core -per -bit test. 

A plane of 16 words, 12 bits per word, 
was assembled from this batch of cores. 
Outputs from each of the 192 bits were 
measured by the use of the bipolar pro- 
gram shown in Fig. 4h. The average dis- 
turbed output was 35 mv with an average 
deviation of 4 mv. Bit outputs in two of 
the 16 words were also measured at 4 
kc and 2 Mc by use of the amplitude - 
sensing method described in Fig. 4a. 
Average signal -to -noise ratio (uV,:dV,.) 
at 2 kc was 6:1; at 2 Mc it was 5:1. The 
worst -case signal -to -noise ratio (lowest 
uV,: highest dV,) in the 24 bits exam- 
ined was 3.3:1 at 2 kc and 2.5:1 at 2 
Mc. Here again, the effect of pulse 
repetition rate is apparent, but at worst 

Fig. 7 -Digit current vs. bit output for bipolar - 
sensing method. 

it is only slightly detrimental to dis- 
crimination. 

Because the 16 -by -12 plane is assem- 
bled essentially from unselected cores, 
the results described present an optimis- 
tic picture. It appears possible that core 
selection before stack assembly might 
not be necessary. Although "bad" bits 
will evidently show up in a finished 
plane, this type of detection should pre- 
sent a simpler problem than a 100 -per- 
cent core testing. In any case, there is 
always a certain amount of core break- 
age in assembly, so that plane repair 
is necessary. 

SUMMARY 

The fabrication of microferrite mem- 
ories having one printed winding and 
one wound winding, and having cycle 
times of 250 nsec and drive current 
levels of 350 ma has been found to be 
both feasible and practical. Such mem- 
ory cells have been successfully oper- 
ated at pulse repetition rates of 2 Mc. 
The future shows promise of attaining 
even faster speeds with the development 
of cores having smaller apertures and by 
further refinement of assembly methods. 
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Engineering 
and Research NOTE S 
BRIEF TECHNICAL PAPERS OF CURRENT INTEREST 

fitr 

Resolution of Electrostatic Patterns 

by I. M. KRITTMAN, Physical Research, 
Astro- Electronics Division, DEP, Princeton, 
N. J. 

The scope and progress of eloctrostatic recording efforts at AED 
were reported in the RCA ENGINEER by Hutter, et all Further 
studies of the detailed operation of electron beam devices have 
revealed an effect which may significantly limit their performance. 
The effect apppears to apply to the photo -dielectric tape camera, 
the (electrostatic) analog signal recorder, and also the image 
orthicon. 

In each of these storage devices, a reading electron beam senses 
the potential distribution rather than the written charge distribu- 
tion on a target. The potential distribution differs from the charge 
distribution because of "fringing" of the electrostatic field at the 
target surface. The transformation of a charge pattern into a poten- 
tial pattern on the surface of a dielectric can be considered an 
imaging process.2 The theoretical sinewave response of an aperture 
defined by this process was derived by the author. The deleterious 
effects of field- fringing are more pronounced with thicker dielectric 
targets. While it can be made small in a photo -dielectric tape cam- 
era, the fringe -field seriously limits electrostatic signal recorder 
performance. Improved performance can result, however, from bet- 
ter electron guns (i.e., higher beam -current densities). 

If one uses standard estimates of recorder signal -to -noise ratio 
and packing density are greatly reduced from earlier calculations. 
Thus, a recorder comprising a standard image orthicon gun and a 

2- micron -thick insulating target (calculations indicate that recorder 
performance may be near -optimum for this thickness of polystyrene) 
is expected to exhibit a 20 -db signal -to -noise ratio at a bandwidth 
frequency of 10 Mc and a packing density of 150,000 bits /cm2. 
Earlier calculations yielded corresponding values of 30 db, 20 Mc 

and 1,000,000 bits /cm2. 
In cycled or transient modes of operation, image orthicons are 

also subject to fringe -field effects. Normally, these tubes are oper- 
ated as steady -state devices; i.e., a charge flow equilibrium is estab- 
lished across the target. This equilibrium process may partially 
compensate for the field- fringing. 

Experiments to demonstrate the existence of electrostatic field - 

fringing were conducted at AED by A. D. Cope and E. Luedicke. 
A 5820 image orthicon was operated at low illumination and high 
mesh potential to reduce secondary redistribution effects. Sine - 
wave responses were obtained for the first, third and fifth readout 
scans. 

Only preliminary conclusions can be made at this time. First 
field response coincided almost exactly with the predicted response 
due to field- fringing alone. This may indicate that the low- velocity 
beam in the 5820 image orthicon is not a limiting element. Multiple - 

field camera response as definitely improved over first -scan re- 

sponse. However, there is evidence of a fringe -field even after many 
scans. Continuing experiments are aimed towards obtaining data 
for other mesh -to- target spacings and different target materials. The 
lateral resistivity of the target probably affects the charge flow 

equilibrium process. These results may lead to a better understand- 
ing of this process in image orthicon targets. 

References: 1) E. C. HUTTER, I. M. KRITTMAN and T. H. MOORE, 

"Electrostatic Image and Signal Recording," RCA ENGINEER 

April -May 1961. 2) O. H. SCHADE, "Image Gradation, Graininess 
and Sharpness in Television and Motion -Picture Systems; Part IV: 
Image Analysis in Photographic and Television Systems," Journal 
of the SMPTE, Vol. 64. (Nov. 1955). 
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Neutron Spectrometer to be Available 
for Studies of Crystal Structure 

by D. A. Ross AND J. 
G. WHITE, RCA Lab- 
oratories, Princeton, 
N. J. 

A neutron spectrometer has been constructed in RCA Laboratories 
for use at the Industrial Reactor Laboratories. As soon as operating 
experience has been obtained, the spectrometer will be made avail- 
able for the solution of crystal- structure problems arising in the 
product divisions. This instrument will permit studies of crystal 
structure by neutron diffraction and will provide information that 
we have not been able to obtain by use of x -rays. The results should 
aid in the preparation of improved materials. 

Neutrons are superior to x -rays in two respects. First, x -rays, 
which are diffracted only by the orbital electrons of an atom, cannot 
accurrately locate the positions of light elements in a crystal or 
differentiate between atoms with nearly equal numbers of electrons. 
Neutrons are scattered by the nuclei and can therefore identify 
almost all atoms for which x -rays fail, and show their positions in 
the crystal. Second, x -rays have no magnetic properties and there- 
fore cannot differentiate between magnetic and nonmagnetic atoms. 
Neutrons, on the other hand, have magnetic moments and can inter- 
act with magnetic atoms to show not only their positions but the 
changes in their magnetic orientation for various positions in the 
crystal lattice, a property which controls the magnetic characteris- 
tics of the material. 

In the neutron spectrometer, a narrow tube through the nuclear 
reactor shield permits a beam of neutrons to enter an external drum 
that contains 5000 pounds of shielding to protect the operators, and 
yet can be rotated on bearings. Within this drum the neutrons strike 
a crystal of known structure that acts like a prism to spread the 
neutrons into a spectrum. This known crystal and the drum are 
rotated to choose a beam of neutrons of the desired wavelength 
(between 0.5 and 5 angstroms) which is then made to strike the 
crystal to be studied. This unknown crystal, in turn, diffracts the 
neutrons into a pattern that is detected by electronic counters to 
provide the data from which the crystal structure can be calculated. 

Magnetic materials will be the first to be studied; the results 
should permit us to determine the magnetic structure of complex 
magnetic crystals in the hope that their magnetic properties can be 
better understood. The first nonmagnetic material to be studied with 
the neutron spectrometer will probably be a superconductor with a 

structure that is still unknown because the positions of the all - 
important hydrogen atoms cannot be determined with x -rays. 

How Shared Loading in Decode Matrices 
Reduces Driver Requirements 

by P. J. ANZALONE 
AND E. L. SCHLAIN, 
Surface Communica- 
tions Division, DEP, 
Camden, N. J. 

The principle of shared loading, when properly applied to decode 
matrices, can result in a considerable reduction in driver require- 
ments. This saving reduces the cost of the device, and also can 
result in higher operating speed because of the reduced loading. 

Logic: In Fig. 1, each of the decode -matrix and gates contain N 
inputs, or one per input bit. In such a decode -matrix, each input is 
connected to 2''/2 gates. If it were not for shared loading, each of 
these inputs would be loaded to the extent of 2'''/2 gates; with 
shared loading, the loading on the driving gates can be considered 
as being considerably less. Each gate is considered one load on a 
driver if only that input is logical 1 (0 for p -n -p logic circuits). 
If one other input to the gate is I, then each of the 1 inputs can be 
considered as "sharing" the load, so that the load on each of the 
high inputs is only 1 /z. Similarly, if three inputs to a gate are 1, the 
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load on the driver is 1/3 unit, and so on. Since decode matrices are 
widely used, the exact loading on the driving gates will be calcu- 
lated for a full matrix. 

When the output of the driver under consideration is 0, the load 
on it is defined as being zero. When the output of the driver is 1, it 
will be loaded by the individual gate in accordance with how many 
other inputs to this gate are 1. The total maximum load on the 
driver, Lc, is the summation of the loading of all the individual 
gates to which it is connected. Since there are 2N,N -input decoding 
gates and 2N input wires (the N bits and their complements), then 
each input wire is connected to 2N -1 gates. To obtain all of the possi- 
ble decode combinations, the other inputs to the gates must, there- 
fore, be represented by the binary numbers from 0 to (2 '-1 - 1) 

inclusively. Thus, the maximum loading on a given driver is: 

2N -1 - 1 
1 (1) La = 

1 + M of 1 inputs in X2 
X2 =0 

Where: X2 is the code pattern of l's and 0's into any gate, and the 
1 in the denominator represents the load on the driver due to its 
connection to each gate. 

Eq. 1 can be expressed in terms of combinations: 

LD = 1 + 
2 
-C (N-1, 1) + 

3 
C(N-1, 2)-{- . . . - ÑC(N-1, N-1) 

This can be rewritten as: 

LD = 
Ñ 

[ C (N, 1) C (N, 2) C I N, N)1 

The bracketed quantities are the coefficients of the binomial expan- 
sion of (1 + 1)N, except for the first term of the expansion, 
C(N, 0), which equals 1. Therefore, LD = 1/N [2v - 11. 

Circuitry. The above analysis is valid, in general, only where each 
driver is capable, with respect to power dissipation only (not fan - 
out), of supplying all of the current required by all of the gates to 
which the driver is connected. This is so because the current 
required by the decoding gates is not likely to divide equally 
between each of the drivers connected to it, and in the worst case, 
all current will flow to one driver. This is not as restricting as it 
may first appear to be, because when the driver is called upon to 
deliver this current, its transistor is in saturation and the power 
dissipation in the transistor will, therefore, be low because of the 
low VcE existing at this time. Additional care must be used when 
the frequency of operation is so high that the switching time 
becomes comparable to the cycle period, because the power dissipa- 
tion of the driving transistor goes up accordingly. 

Another potential type of failure (other than excessive power 
dissipation) which may occur when drivers are connected effectively 
in parallel, is that the ß of the transistor driver receiving all of the 
load current may not be high enough to supply all of this current. 
In this case, the transistor will come out of saturation and the VcE 

will rise slightly. The VCE cannot rise above the point at which the 
circuit will fail, because the other drivers connected to the load will 
assume that part of the current that the former transistor could not 
supply, and the parallel driving circuit will function properly 
(assuming the circuits were properly designed for normal non- 
parallel operation). 

Packaging. When this method is used, there may be one restric- 
tion on the packaging: namely, that all of the drivers should be 
mounted on the same plug -in board, so that it is impossible to dis- 
connect some of the drivers while the others are still operating. 
This condition must be imposed because the presence of all the 
drivers is required to stay within the rated load specifications when 
the shared loading principle is used to the fullest extent. When the 
shared -loading principle is used to a lesser than fullest extent, it 
may be possible to separate some of the drivers. If a rule of opera- 
tion is established that power to the equipment is turned off before 

disconnecting one or more of the drivers, then there are no restric- 
tions on their location. 

Example For a Six -bit Decode Matrix: The inputs to the matrix 
are the six bits and their complements ( twelve wires) . Since there 
are 26 possible combinations, there will be 26 six -input decoding 
gates to be driven. Each input wire is, therefore, connected to 
(26 X 6) - 12 = 32 gates. The loading on each input is (2' - 1/N 
= (26 - 1) _ 6 = 10.5. Thus, each input need be capable of driv- 
ing only 10.5 instead of 32 loads -a saving of 67 percent. 

Locked -Train Gears Reduce Backlash 
in Instrument Applications 

t: I 

by H. K. Wets, Surface Communications Di- 
vision, DEP, Camden, N. J. tl- 

Locked -train gearing (often found in heavy -duty gearing) can be 
very useful in reducing backlash in instrument gearing, which 
usually has small power loads, yet needs precision to maintain 
smooth velocity relationships. Low backlash is often required to 
keep phase shift between shafts to an acceptable low value. 

A locked train is a group of gears with two or more power "cir- 
cuits" between input and output. The number of meshes must allow 
each successive gear to drive its mating gear in the proper direction. 
Referring to Fig. 1, each path has its own share of the total load 
depending on the elastic constants of the several paths. By displac- 
ing the two gears on shaft 2, for example, with respect to each other 
while they are still in mesh, a torque will be generated for all the 
gears, while either stationary or in motion. When in motion, this 
torque will cause a circulating power that will be equal to the input 
power when the gear set has no output load. In practice, the circu- 
lating power will be approximately the same over the operating load 
range of the gear set. Variation in gear loading due to external load 
variations and tooth error appear as a variation on a constant load; 
the total load is always positive, never passing through zero. 

Low angular backlash can be achieved by several methods: 1) 
more precise construction; 2) larger- diameter gears, so that a given 
dimensional backlash between teeth will cause a smaller angular 
backlash; 3) loading gears so that they always run against one 
face of each tooth. Locked train gearing and the so- called "split 
gears" or scissors gears are of this third type; however, the locked 
train, while of higher initial cost, is more efficient, longer wearing, 
and easier to lubricate than the scissors gear. 

Typical Instrument Application: Assume an instrument servo 
found to have too much backlash. Other important considerations 
are: 1) redesigned assembly should be driven by the same motor and 
amplifier, and it should fit into the same space previously used; 2) 
moment of inertia reflected to the motor shaft should be about the 
same as the original condition: 3) phase relationships are critical 
between eight output shafts running at four different speeds; five of 
the eight shafts have the same relative speed ; two additional out- 
puts, not so precise, are also required; and 4) the gearing runs 
continuously in two modes: constantly in one direction, and period- 
ically reversing. 

Preliminary investigation would indicate use of an antibacklash 
device; however, with eight synchro outputs running at several 
speeds, the usual spring -loaded gears would generate too much 
friction load and do not wear well. Therefore, a locked train gear 
drive is chosen with the gears selected to give the proper relative 
shaft velocity at each synchro (Fig. 2). The constant load on the 
gears can be adjusted while the gears are running by a spring -loaded 
shaft to a bevel gear differential. This shaft, although mounted in 

bearings, rotates only enough to take up backlash in the gear train 
plus a slight elastic deflection. This construction allows adjustment 
of the preload while the gears are operating (Other methods of set- 
ting up this preload could be used.) 

This mechanism meets all the requirements listed above and is 

Fig. 1- Principle of locked -train 
gearing. 

Fig. 2 -An instrument servo ap- 
plication. Solid circles are rotat- 
ing component shafts. 
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easy to manufacture with stock gears (Fig. 3). Efficiency is about 
95%. The circulating load is adjusted to keep the gears in constant 
contact during the dynamic load cycle. The frequency response of 
the gear train and amplifier together is -3 db (71%) at 30 -cycle 
sinusoidal input. 

Fig. 3- Equipment dia- 
grammed in Fig. 2. 

The Flexode -An Adaptive 
Semiconductor Device 

by DR. J. O. KESSLER, RCA Laboratories, 
Princeton, N. J. 

Applied electric fields may cause drift of semiconductor dopants 
exhibiting high diffusivity at relatively low temperatures. Such 
drifts are employed in the construction of a new family of semi- 
conductor devices called flexodes. 

Consider a two- contact flexode, which is normally a resistor. 
Application of Dc sufficient to heat the device (200 to 400 ma are 
typical) converts it to a rectifier whose forward direction corre- 
sponds to easy flow of the applied current. Continued application of 
the current improves the rectification characteristic until a steady 
state is reached. If at any time thereafter, a reverse DC of sufficient 
magnitude is applied, the device reverts to a resistive state and sub- 
sequently becomes a rectifier in the opposite direction. The cycle 
is repeatable. Signals normally processed, i.e. signals well below 
the breakdown region, do not effect such switching. The back resist- 
ance of flexode rectifiers generally exhibits a spontaneous decrease 
which may be halted either by the intermittent application of cur- 
rent in the appropriate direction or by cooling the device. Flexode 
rectifiers with widely varying back -resistance decay rates have been 
made (from no change during one month at room temperature to 
a decrease of 50% in a few minutes). 

Germanium base material with lithium as the mobile dopant is 
being used in making these devices at present. Flexode formation 
is different from the production of p -i -n junctions. The latter process 
starts with a p -n junction in which the lithium is drifted in the 
back direction by the electric field, thus widening the depletion 
layer. In the floods, previously nonexistant or latent junctions are 
formed by forward drift, while reverse -drift first degrades and then 
destroys the action of junctions initially present. Furthermore, the 
process is reversible. 

The flexode holds promise either as a circuit element whose char- 
acteristics may be tailored to a particular job by electrical proces- 
sing, or as an adaptive device whose function may be changed by 
externally applied signals long after installation in a circuit. It is 
also a device whose characteristic depends on appropriate elements 
of operational history, and whose rate of adaption to operating con- 
dition depends on externally adjustable gross variables, such as 
the temperature. 

Thus, one may visualize information handling machines contain- 
ing flexode sections which "learn" at elevated temperatures, and 
which may be made to maintain their organization at low temper. 

Fig. 1 -The change with time of 
a typical flexode diode I -V char- 
acteristic due to passage of direct 
current. The ¡unction with char- 
acteristic 1 -1 disappears, and a 
new ¡unction, with characteristic 
5 -7 is formed. Numbers indicate 
corresponding arms of the I -V 
characteristics, taken successively 
after equal time increments. The 
figure is schematic only. 

Fig. 2 -Back resistance of flex- 
ode ¡unctions as a function of 
time, at constant temperature and 
D. C. The current is in the for- 
ward direction of the new ¡unc- 
tion." The time and resistance 
scales are typical; in some cases 
they may differ, independently, 
by as much as a factor of 10. 

atures. Since flexode characteristics arise from bulk conditions near 
the contacts, the device is likely to be suitable for the construction 
of multicontact monolithic circuit elements. 

New GaAs Power Varactor Diodes, VD310 

¡rte 
by H. KRESSEL AND 

L. H. GIBBONS, JR., 
Semiconductor and 
Materials Division, 
Somerville, N. J. 

For some time, GaAs varactor diodes (VD110, VD210 series) have 
have been available on a sampling basis for use as parametric ampli- 
fiers. These devices are useful when very high cutoff frequencies and 
low noise are required, but reverse breakdown voltage requirements 
are modest (up to 6 volts). However, because of increasing interest 
in solid -state microwave power sources, need has arisen for varactors 
with both higher breakdown voltages and high cutoff frequencies - 
for efficient harmonic generation at frequencies in excess of 2 Ge. 
These requirements have been met by a new series of GaAs varactor 
diodes, VD310, with minimum breakdown voltage of 30 volts and 
cutoff frequencies up to 220 Gc at breakdown. 

Because of the inherent high electron mobility of GaAs, these 
diodes have a lower series resistance than silicon diodes with com- 
parable breakdown voltages. The package used (Fig. 1) can be 
easily mounted in waveguides, and offers low capacitance (about 
0.35 pf) and low inductance (0.35 nh). 

The efficiency of a nonlinear- capacitance device as a harmonic 
generator is determined by: 1) The value of n in C - Kl (0 -V)r`, 
where C = junction capacitance, - built -in potential, and V = 
applied bias; 2) series resistance R of the diode, and hence the cutoff 
frequency given by fr - 1/27rRC; and 3) the order of the harmonic. 

For example, if the cutoff frequency for a diode which operates 
as a frequency doubler is ten times the fundamental frequency, the 
theoretical conversion efficiency is about 20 percent. If the cutoff 
frequency is increased by a factor of five, the conversion efficiency 
rises to about 70 percent for the same fundamental frequency. The 
higher cutoff -frequency characteristics of the new VD310 series per- 
mit high -efficiency harmonic generation at fundamental frequencies 
which were previously limited by the diodes. 

The series resistance of a diode with a given area and thickness 
is proportional to the resistivity of the lightly doped side of the junc- 
tion. The resistivity required (Fig. 2) to achieve a given breakdown 
voltage is much lower for GaAs than for silicon devices. As a result, 
devices with higher cutoff frequencies can be fabricated. 

The maximum power input which a varactor harmonic generator 
can handle is given by P,Ra27fCm,a VBt, where VB - diode break- 
down voltage, C, - capacitance at breakdown, and f - input fre- 
quency. Thus, higher breakdown voltages are required for harmonic 
generation at lower frequencies. 

The power dissipation of the new VD310 series is 300 to 500 mw, 
depending upon the size of the junction capacitance. When a suit- 
able heat sink is used with the new VD310 case, output power levels 
in excess of 1 watt can be achieved with efficient conversion. 

At the present time, high -cutoff GaAs diodes which have break- 
down voltages up to 50 volts can be fabricated. Higher -breakdown 
epitaxial diodes with voltages comparable to those achieved with 
silicon are under development. It should be noted, however, that 
RCA silicon varactor diodes (with lower cut -off limits) are available 
with breakdown voltages up to 200 volts. 

Reference 1) L. H. GIBBONS, A. E. WIDMER, AND M. F. LAMORTE, 
"GaAs Varactor Diodes," RCA ENGINEER, April -May, 1962. 

Fig. 1- Package for GaAs power var - 
actors, VD310 series. 
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As REPORTED BY YOUR 
TECHNICAL PUBLICATIONS ADMINISTRATOR 

ELECTRON TUBE DIVISION 

Program Evaluation Review Techniques -E. J. 
Homer: Northern New Jersey Chapter, 
American Production & Inventory Control 
Society, Cedar Grove, N. J., May 10, 1962 
and IRE Student Chapter, Stevens Institute 
of Technology, N. J., April 4, 1962 

Thermoelectric Conversion -N. S. Freedman: 
IRE Meeting. Northern New Jersey Section, 
April 11, 1962 
Nuvistors and Their Uses -R. M. Mendelson: 
VHF Society of Central Jersey, April 13, 
1962 

Materials in the Electronics Industry -C. W. 
Horsting: New Jersey Chapter, American 
Society of Metals, Newark, N. J., April 16, 
1962 

A New Approach to Testing High -Voltage De- 
flection Tubas -H. A. Wittlinger and J. A. 
Dean, IRE Transactions on Broadcast and 
Television Receivers, April 62 

The Traveling -Wave Tube for the Project Relay 
Communications Satellite -G. Novak and W. 
Caton: IRE Telemetering Conference, Wash- 
ington, D. C., May 23 -25, 1%2 

Communication: A Responsibility and a Chal- 
lenge-E. M. McElwee: Proceedings of the 
IRE (Golden Anniversary Issue) May 1962 
Characteristics and Mode of Operation of 

Image Orthicons -R. G. Neuhauser: NAB 
Convention, Chicago, Ill., April 3 -4, 1962 
and the Proceedings of Conference, April 
1962 

The Design and Performance of a High- Resolu- 
tion Vidicon -R. G. Neuhauser, B. H. Vine, 
J. E. Kuehne and G. A. Robinson: SMPTE 
Convention, Los Angeles, Calif., April 29. 
1962 and the International TV Conference, 
London, England, May 31, 1962 

An Electrostatically F d Vidicon -J. E. 
Kuehne and R. G. Neuhauser: SMPTE Con- 
vention, Los Angeles, Calif., April 29, 1962 
and at the International TV Conference, 
London, May 31, 1962 

Problems of Transferring a New Product from 
the Laboratory to the Factory-C. P. Smith: 
Business Administration Seniors, Franklin 
and Marshall College, Lancaster, Pa., May 3, 
1962 

Thermionic Energy Conversion -F. G. Block: 
North Carolina- Virginia Section Meeting of 
American Nuclear Society, May 4, 1962 

Tunnel -Diode Circuits at Microwave Frequen- 
cies-C. L. Cuccia: IRE Section Meeting, 
PGMTT, Los Angeles, Calif., April 6. 1962 
and IRE Section Meeting, San Diego, Calif., 
May 6, 1962 

Stability of Tunnel -Diode Oscillators -F. 
Sterner: 16th Annual Frequency -Control 
Symposium, Atlantic City, N. J., April 25- 
27. 1962 

A UHF Television Transmitter -M. L. Kaiser: 
CQ, April 1962 

Infrared Imaging Tubes with Electron -Beam 
Readout -S. V. Forgue: Infrared Informa - 
lion Symposium (lelA), San Diego, Calif., 
(Secret Session), May 3, 1962 

Machines with Imagination -G. A. Morton: 
Proceedings of the IRE (50th Anniversary 
Issue), May 1962 

Nuclear Radiation Detectors -G. A. Morton: 
IRE Section Meeting, Lancaster, Pa., Febru- 
ary 27, 1962 and Proceedings of the IRE 
150th Anniversary Issue), May 1962 

SEMICONDUCTOR AND 
MATERIALS DIVISION 

Crystal Microelement Production Engineering 
Measure -G. G. Hauser: Integration Meet- 
ing at Frequency. Control Symposium, At- 
lantic City, N. J., April 24, 1962 and Meet- 
ing Reprints, May 1962 

Present Technological Limits in Microwave - 
Range Transistor Design - H. Kressel, H. 
Veloric and A. Blicher: Electrochemical 
Society Meeting, Los Angeles, Calif., May 
1, 1962 

Micromodule Reliability -D. T. Levy: Elec- 
tronic Components Conference, Washington, 
D. C., May 8 -10, 1962 and Conference 
Record, May 1962 

Evolution of Electrical Insulating Materials - 
W. P. Lowden: Newark Section PAC, 
Society of Plastic Engineers Workshop, 
May 10 -11, 1962 and Workshop Preprint 
Book, May 1962 

New Rechargeable Systems -E. F. Uhler and 
G. S. Lozier: Power- Sources Conference, 
Atlantic City, N. J., May 20 -23, 1962 

Magnesium Primary Cells -G. Lozier and R. 
Ryan: 15th Annual Power -Sources Confer- 
ence, Atlantic City, N. J., May 20 -23, 1962 

High -Efficiency Gallium Arsenide Solar Cells - 
M. F. Lamorte: 15th Annual Power- Sources 
Conference, Atlantic City, N. J., May 20 -23, 
1962 

Reliability Considerations in the Application 
of Power Transistors to TV Receivers -C. F. 
Wheatley and J. W. Englund: International 
TV Conference, London, England, May 31, 
1962 

The Tunnel Diode: Can It Compete ? -E. O. 
Johnson: Electronic Design; May 24, 1962 
Investigation of the Electrochemical Character- 
istics of Organic Compounds -IX. Pyrimidine 
Compounds -R. Glicksman: Journal of the 
Electrochemical Society. May 1962 

RCA LABORATORIES 

Ohmic Contact Photovoltage in CdS -W. Run- 
nel, He/retica Physica Acta, Dec. 1961 

Syllable Analyzer, Coder and Synthesizer for 
the Transmission of Speech -H. F. Olson, H. 
Belar: IRE Transactions, Jan. -Feb., 1962 

Nonlinear Optical Effects - R. Braunstein: 
Physical Review, Jan. 1962 

Meetings 
Aug. 29 -Sept. 1, 1962: 2ND INTL. CONF. ON 
INFORMATION PROCESSING, IFIPS, IRE, ACM, 
AIEE, AFIPS; Munich, Germany. Exhibits. 
Prog. Info.: Dr. E. L. Harder, Westinghouse 
Electric Corp., E. Pittsburgh, Pa. 

Aug. 29 -Sept. 5, 1962: 5TH INTL. CONG. 
FOR ELECTRON MICROSCOPY, Electron Micro. 
scope Soc. of America, Nad. Inst. of Health, 
RSF, ONR, AEC, 00R, AFOSR; Sheraton 
Hotel, Phila., Pa. Prog. Info.: Electron Mi- 
croscope Soc. of America. 7701 Burholme 
Ave., Phila. 11, Pa. 

Sept. 3 -7, 1962: NATL. Any. TECHNOLOGY 
NIANAC.EMENT CONF., IRE -PGEM, AIEE, 
ASCE, AIChE, et al.: Opera House Worlds 
Fair Grounds, Seattle, Wash. Exhibits. Prog. 
Info.: Georges Brigham, 805 Logan Bldg., 
Seattle 1, Wash. 

Sept. 3 -7, 1962: INTL. SYMP. ON INFORMA- 
TION THEORY, IRE -PGIT, Benelux Sect., 
Belgian Soc. of Telecommunication and 
Electronics Engineers S.I.T.E.L., Universite 
Libre de Bruxelles, Brussels, Belgium. Prog. 
Info.: Dr. F. L. Stumpers, Philips Research 
Laboratories, Eindhoven, Netherlands. 

Sept. 4 -7, 1962: ASSN. FOR COMPUTING 
MACHINERY (ACM) NATL. CONF. & INTER. 
DATA PROCESSING EXHIBIT, Hotel Syracuse 
and War Memorial Aud.. Syracuse, N.Y. 
Prog. Info.: R. W. Beckwith, 7614 Hunt 
Lane, Fayetteville, N.Y. 

Sept. 13 -14, 1962: 10TH ANN. ENGINEER- 
ING MANAGEMENT CONF., IRE -PGEM, AIEE, 
et al; Roosevelt Hotel, New Orleans, La. 
Prog. Info.: J. S. Cave, American Tel. & Tel. 
Co., 195 Broadway, New York 7, N.Y 

Sept. 13 -14, 1962: NATL. SYMP. ON ENGI- 
NEERING WRITING E SPEECH, IRE -PGEWS, 
Mayflower Hotel. Washington, D.C. Prog. 
rra /o: J. E. Durkovic, % ARINC, 1700 K St., 
N.W., Washington 6, D.C. 

Sept. 16 -20, 1962: 1962 FALL MTG. ELEC- 

TROCHEMICAL Soc., Statler -Hilton Hotel, 
Boston, Mass. Prog Info.: Electrochemical 
Soc., 1860 Broadway, New York 23, N.Y. 

Sept. 19 -20, 1962: 11TH ANN. INDUSTRI.AI. 

ELECTRONICS SYMP., IRE -PGIE, AIEE, ISA; 
Hotel Sheraton, Chicago, Ill. Prog. Info.: 
J. A. Granath. Armour Res. Found., 10 W. 
35 St., Chicago 16. 111. 

Sept. 28 -29, 1962: 12TH ANN. BROADCAST 

SYMP., IRE -PGB; Willard Hotel, Washing- 
ton, D.C. Prog. Info.: Dr. Wm. Hughes, E.E. 
Dept. Okla. Slate Univ., Stillwater, Okla. 

Oct. 1 -2, 1962: 3RD NATL. VALUE ENGINEER- 
ING CONF., EIA; St. Louis, Mo. Prog. Info.: 
J. S. Weber, Mail Station V -107, Hughes Air- 
craft Co., Florence Ave. & Teale St., Culver 
City, Calif. 

DATES and DEADLINES 
PROFESSIONAL MEETINGS AND CALLS FOR PAPERS 

Oct. 1 -3, 1962: 8TH NATL. COMMUNICA- 
TIONS SYMP., IRE -PGCS, Rome -Utica Sect.; 
Hotel Utica & Municipal Aud., Utica, N.Y. 
Exhibits. Prog. Info.: G. Baldwin, Paris Rd., 
R.D. 2, Clinton, N.Y. 

Oct. 2 -4, 1962: NATL. SYMP. ON SPACE 

ELEC. A TELEMETRY, IRE -PGSET; Fontaine- 
bleau Hotel, Miami Beach, Fla. Exhibits. 
Prog. Info.: O. A. Hoberg, Marshall Space 
Flt. Center, M- ASTR -I, Bldg. 4487 -B, Hunts- 
ville, Ala. 

Oct. 8 -10, 1962: NATL. ELECTRONICS CONF., 
IRE, AIEE, et al; McCormick Pl., Chicago. 
Ill. Exhibits. Prog. Info.: Dr. T. W. Butler, 
Jr., E.E. Dept., Univ. of Michigan, Ann 
Arbor. Mich. 

Oct. 12 -13, 1962: 7TH ANN. ELECTRONICS 
SYMP, IRE; Greensboro Coliseum, Greens- 
boro, N.C. Exhibits. Prog. In /o.: H. W. Au- 
gustadt, 2818 Regency Dr., Winston -Salem, 
N.C. 

Oct. 15 -17, 1962: URSI -IRE FALL MTG., 
URSI, PGAP, CT, I, IT, & MTT, PGGE; 
Ottawa, Canada. Prog. Info.: Dr. J. H. Chap- 
man, Def Res Telecom Est -Shirley Bay, Ot- 
tawa, Canada. 

Oct. 15 -18, 1962: SPACE PHENOMENA E 

MEASUREMENTS SYMP., IRE -PENS, AEC, 
NASA ; Statler- Hilton Hotel, Detroit, Mich. 
Exhibits. Prog. Info.: M. Ihnat, AVCO 
Corp., 201 Lowell St., Wilmington, Mass. 

Oct. 21 -26, 1962: Soc. or MOTION PICTURE 
& TELEVISION ENGINEERS (SMPTE) CoNV., 
Drake Hotel, Chicago, Ill. Prog. Info.: Jack 
Behrend, Behrend Cine Corp., 161 E. Grand 
Ave., Chicago 11, Ill. 

Oct. 22 -24, 1962: ECCANE (EAST COAST 
CONF. ON AEROSPACE & NAVIGATIONAL 
ELEC.) IRE -PGANE: Baltimore Sect.; Em- 
erson Hotel, Baltimore, Md. Prog. Info.: 
Wm. C. Vergara, Dept. 466 -2, Bendix Radio, 
Towson. Md. 

Oct. 25 -27, 1962: 1962 ELECTRON DEVICES 
MTG., IRE -PGED; Sheraton Park Hotel, 
Washington, D.C. Prog. Info.: J. E. Thomas, 
Jr., IBM Corp., Components Lab., Dept. 677, 
P.O. Box 110, Poughkeepsie, N.Y. 

Oct. 30 -31, 1963: SP.ACEBORNE COMPUTER 
ENGINEERING CONF., IRE -PGEC; Disney- 

land Hotel, Anaheim. Calif. Prog. Info.: Dr. 
R. A. Kudlich, AC Spark Plug Div., General 
Motors Corp., 950 N. Sepulveda Blvd., El 
Segundo, Calif. 

Nov. 1 -2, 1962: 6TH NATL. Cont.. ON PROD- 
UCT ENGR. & PRODUCTION, IRE- PGPEP; 
Jack Tar Hotel, San Francisco, Calif. Ex- 
hibits. Prog. Info.: G. F. Reyling, Varian 
Associates, 611 Hansen Way, Palo Alto, 
Calif. 

Nov. 4 -7, 1962: 15TH ANN. Cotr. ON EN- 
GINEERING IN BIOLOGY AND MEDICINE, IRE, 
AIEE, ISA ; Conrad Hilton Hotel, Chicago, 
Ill. Exhibits. Prog. Info.: D. A. Holaday, 
P.O. Box 1475, Evanston, Ill. 

Nov. 5-7, 1962: NERENI I NORTHEAST 
ELECTRONICS RESEARCH E ENGINEERING 
MTG.). IRE; Commonwealth Armory & 

Somerset Hotel, Boston, Mass. Prog. In /o.: 
I. Goldstein. Raytheon Co., Box 555, Hart- 
well Rd., Bedford, Mass. 

Nov. 7 -9, 1962: 22ND NATL. MTG. OI'ER.A- 
TIONS RESEARCH SOC. OF AMERICA I ORSA I. 
Sheraton Hotel, Phila., Pa. Prog. Info.: J. 
D. Kettelle, Jr.. Kettelle & Wagner, 1770 
Lancaster Ave., Paoli, Penna. 

Calls for Papers 
Jan. 24 -28, 1963: 69TH \'V. NITG. AMER- 
ICAN MATHEMATICAL SOC. AEI( THE MATHE- 
MATICAL ASSN. of AMERICA. Berkeley, Calif. 
DEADLINE: Abstracts, 11/23/62, to Am- 
erican Mathematical Soc., 190 Elope St., 
Providence 6, R.I. 

Feb. 11 -15, 1963: 3RD INTL. QUANTUM 
ELECTRONICS SYMP., IRE, SFER, ONR; 
Unesco Bldg. & Parc de Exposition. Paris, 
France. I Exhibition of working experiments 
& advanced devices Feb. 8 -151. DEADLINE: 
Resume, 10/1/62 to Madame Cauchy, 3eme 
Congres d'Electronique Quantique, 7, rue de 
Madrid. Paris Berne. France. 

Feb. 20 -22, 1963: INTL. SOLID STATE CIR- 
CUITS CONF., IRE -PGCT. AIEE, Univ. of 
Penn., Sheraton Hotel & Univ. of Penn.. 
Phila., Pa. DEADLINE: 300 -500 wd sum- 
story and 35 -wd abstract, 11 /1 /62, to A. K. 
Rapp, Philco Scientific Lab, Blue Bell, Pa. 

Be sure DEADLINES are met - consult your 
Technical Publications Administrator for lead 

time needed to obtain required RCA approvals. 

11.11 III 

March 25 -28, 1963: IRE INTL. CONY., Col- 
iseum and Waldorf- Astoria Hotel, New 
York. Exhibits. DEADLINE: 10/19/62, to 
Dr. D. B. Sinclair, IRE Headquarters, 1 E. 
79 St., New York 21, N.Y. 

April 17 -19, 1963: INTL. SI'ECIAL TECH. 
Co P. ON NON -LINEAR MAGNETICS (INTER- 
\( \t: ; IRE -PGEC, PGIE, AIEE; Shore- 
ham Hotel, Washington, D.C. DEADLINE: 
200 -wd abstracts, 11/5/62, to J. J. Suozzi, 
BTL Labs, Whippany, N.J. 

April 17 -19, 1963: SWIRECO (SoaTH- 
WESTERN IRE CONF. & ELEC. SHOW), Dallas 
Memorial Aud., Dallas, Tex. Exhibits. 
DEADLINE: Approx. 10/1/62. For info.: 
Prof. A. E. Salis, E.E. Dept., Arlington 
State College, Arlington, Tex. 

May 13 -15, 1963: NAECON (NATL. AERO- 
SPACE ELECTRONICS Cone.), IRE -PGANE, 
Dayton Sect.; Dayton, O. Exhibits. DEAD- 
LINE: Approx. 12 /15/62. For info.: IRE 
Dayton Office, 1414 E. 3 St., Dayton, O. 

May 20 -22, 1963: NATL. SYMP. ON MICRO - 
WAVE THEORY & TECHNtQI'ES, IRE- PGMTT; 
Miramar Hotel, Santa Monica, Calif. DEAD- 
LINE: 100 wd abstract, 1000 -wd summary. 
in duplicate, with title, 1/5/63, to Dr. Irv- 
ing Kaufman, Space Tech. Labs, Inc., 1 

Space Pk., Redondo Beach, Calif. 

May 21 -23, 1963: SPRING JOINT COMPUTER 
Cose., AFIPS (PGEC, AIEE, AIM) ; Cobo 
Hall, Detroit, Mich. Exhibits. DEADLINE: 
.Approx. 11/10/62. For info.: E. C. John- 
son, Bendix Corp., Res. Labs Div., South- 
field, Mich. 

June 11 -13, 1963: NATL. SYMI'. ON SPACE 
ELECTao'iIcs & TELEMETRY, IRE -PGSET; 
Los Angeles, Calif. Exhibits. DEADLINE: 
Approx. 14/15/62. For info.: J. R. Kauke, 
Kauke & Co.. 1632 Euclid St., Santa Mon- 
ica, Calif. 

June 19 -21, 1963: JOINT AUTOMATIC CON - 
TROI. CONF., IRE -PGAC, AIEE, ISA, ASME, 
AICHE; Univ. of Texas, Austin. Tex. 
DEADLINE: Abstracts. 9/30/62, manu- 
scripts, 11 /1 /62, to O. I.. Updike, T'niv. 
of Va., Charlottesville. Va. 

Aug. 20 -23, 1963: WESCON (WESTERN 
ELEC. SHOW E Cone.), IRE. WEMA; Cow 
Palace, San Francisco, Calif. DEADLINE: 
Approx. 4/15/63. For info.: WESCON, 
1435 La Cienega Blvd., Los Angeles, Calif. 

Oct. 15 -18, 1963: INTL. SYMP. ON SPACE 

PHENOMENA & MEASUREMENT, IRE; Statler - 
Hilton, Detroit, Mich. DEADLINE: 300 -500 
wd. summary, 35 wd. abstract, 11 /1 /62, to 
A. K Rapp. Philco Scientific Laboratory, 
Blue Bell, Pa. 

Jan. 8 -10, 1963: MILLIMETER AND SUBMIL- 
LIMETER CONF., IRE; Orlando, Fla. DEAD- 
LINE: 3 cps. 500 -wd abstracts, 9/15/62, 
to J. J. Gallagher, Tech. Prog.. Millimeter 
& Submillimeter Conf., MP -172 -Box 5837, 
Martin Company, Orlando, Fla. 
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Symmetry of Transition Metal Impurity Sites in 
Crystals as Inferred from Optical Spectra -W. 
A. Weakliem and D. S. McClure: Journal of 
Applied Physics, Jan. 1962 

Theory of Cyclotron Resonance Absorption by 
Negative -Mass Holes in Germanium -R. C. 
Duncan and B. Rosenblum: Physical Re- 
view, Jan. 1962 

New Ferroelectrics of Telramethylammonium- 
Trihalo- Mercurete Family -E. Fatuzzo, R. 
Nitsche, H. Roetschi and S. Zingg: Physical 
Review, Jan. 1962 

M ing the Value of Information Services 
-J. Hillier: Journal of Chemical Documen- 
tation, Jan. 1962 

Thermal Conductivity of Ge -Si Alloys at High 
Temperatures --B. Abeles, D. S. Beers, G. D. 
Cody and J. P. Dismukes: Physical Review, 
Jan. 1962 

Double Injection in Insulators -M. A. Lam- 
pert Physical Review, Jan. 1962 

Recent Developments in Maser Devices and 
Materials - -H. J. Gerritsen: Applied Optics, 
Jan. 1962 

Injection Luminescence from Gallium Arsenide 
-J. I. Pankove and Mr. M. J. Massonlie: 

American Physical Society, N.Y.C., Jan. 26, 
1962 

Photoémission and Band Structure of the Semi- 
conducting Compound CsAu -W. E. Spicer: 
Physical Review, Feb. 15, 1962 

Reflectivity of Gray Tin Single Crystals in the 
Fundamental Absorption Region -M. Cardona 
and D. L. Greenaway: Physical Review, 
Feb. 15, 1962 

A Print -Out System for the Automatic Record- 
ing of the Spectral Recording of the Spoken 
Syllables -H. F. Olson and H. Belar: Jour- 
nal of the Acoustical Society of America, 
Feb. 1962 

Excitions at the L Absorption Edge in Zinc 
Blonde -Type Semiconductors -- M. Cardona 
and G. Harbeke: Physical Review Letter, 
Feb. 1962 

Dielectric Breakdown in Cadmium Sulfide -R. 
Williams: Physical Review, Feb. 1962 

The Stabilization of Germanium Surfaces by 
Ethylation. I. Chemical Treatment, II. Chemical 
Analysis, Ill. Electrical Measurements--J. A. 
Amick, G. W. Cullen and D. Gerlich: lour. 
nal of Electrochemical Society, Feb. 1962 

Tunnel Diode Balanced Pair Switching Char- 
acteristics- J. J. Gibson, G. R. Herzog, H. S. 
Muller, R. A. Powlus: International Solid - 

State Circuits Conference, Feb. 13, 1962 

Hot Electrons in Thin Films -J. J. Quinn, Syn- 
posium, Philco Research Labs., Bluebell, 
Pa., Feb. 28, 1962 

Medical Electronics - -V. K. Zworykin: Amer- 
ican Technion Society, Feb. 1962 

High Temperature Susceptibility of Garnets: 
Exchange Interactions in YIG and LuIG -P. J. 
Wojtowi,z: Journal of Applied Physics, 
March, 1962 

The Nature of One -ion Models of the Ferri - 
magnetic Anisotropy - -P. J. Wojtowicz: Jour- 
nal of Applied Physics, March, 1962 

Flux Reversal in Ferrite Cores Under the Effect 
of a Transverse Field Kam Li: Journal of 
Applied Physics. March, 1962 

Permalloy -Sheet Transfluxor -Array Memory. - 
G. R. Briggs and J. W. Tuska: Journal of 
Applied Physics, March, 1962 

Minimum Size and Maximum Packing Density 
of Nonredundant Semiconductor Devises -J. 
T. Wallmark and S. \I. Marcus: Proceed. 
ings of the IRE, March, 1962 

The Sputtering of Silicon Carbide by Positive 
Ion Bombardment --B. E. Honig: Proceed- 
ings Fifth Inter. Conference on Ionization 
Phenomena in Gases, Munich, Germany, 
1961 

Crystal Growth by Chemical Transport Reac- 
tions-1 Binary, Ternary, and Mixed -Crystal 
Chalcogen ides R. Nitche, H. U. Bolsterli 
and M. Lichtensteiger: Journal Physics 
and Chemistry So /id, Pergamon Press, 1961 

The Unit Cell Dimensions and Crystal Structure 
of KBaPO4 C. W. Struck and J. G. White: 
.9cta Crystullographica, March, 1962 

Distribution of Electron Bombardment Induced 
Radiation Defects with Depth in Silicon--H. 
Flicker: American Physical Society, March 
26, 1962 

The Effect of Ag on Impact Ionization in Cs3Bi 
-W. Spicer: American Physical Society, 
Baltimore, Md., March 24, 1962 
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Electron Paramagnetic Resonance of Mangan- 
ese in Gallium Arsenide -N. Almeleh, B. 
Goldstein: American Physical Society, Bal- 
timore, Md., March 26, 1962 

Radiation Damage in Silicon I: Photovoltaic 
Response -B. W. Faughnan and J. A. 
Baicker: American Physical Society, Balti- 
more, Md., March 26, 1962 

Radiation Damage in Silicon II: Lifetimes -J. 
A. Baicker and B.. W. Faughnan: American 
Physical Society, Baltimore, Md., March 
26, 1962 

Theory Formation by Machine -S. Amarel: 
Seminar at Computation Labs., MIT, March 
20, 1962 

Computer Memories -Remarks on Possible Fu- 

ture Developments -J. A. Rajchman: Symp. 
on Application of Switching Theory in 
Space Technology, Sunnyvale, Calif., Feb. 
27 to March 1, 1962 

New Research Developments in Television That 
will contribute to Medical Education -V. K. 
Zworykin: CIT -MIFED Conf. Present 
Status & Future Prospects of T.V., Milan, 
Italy, April 23, 1962 

Small Particles Measurement Techniques -M. 
D. Coutts: Coulter Counter User's Meet- 
ing, Phila., Pa., April 26, 1962 

Review of Semiconductor Analysis in U.S.A. - 
S. J. Adler: Semiconductor Analytical 
Group, 1962 Spring Meeting, New York 
City, April 20, 1962 

Behavior of Chromium in the System MsAlsOc - 
AItO3 -R. H. Arleta American Ceramic 
Society Annual Meeting, New York City, 
April 29, May 3, 1962 and ACS Journal 

Energy Levels of Divalent Thulium in CaFt -Z. 
J. Kiss: American Physical Society, Wash- 
ington, D. C., April 23 -26, 1962 

Uranium -Doped Calcium Fluoride as a Laser 
Material --Z. J. Kiss and J. P. Wittke: 
SADTC.NATO Symp. on Technical & Mil- 
itary Application of Laser Techniques, April 
3 -5, 1962, Hague, Netherland 

Derivation of the Electron Affinity from Slow 
Electron Reflection. -H. Heil: American Phys- 
ical Society, Washington, D.C., April 23, 
1962 

Dielectric Constant of a Degenerate Electron 
Gas in a Magnetic Field -J. J. Quinn: Amer- 
ican Physical Society, Washington, D.C., 
April 24.27, 1962 and Bulletin of APS 

On the Control of Electroluminescent Cells by 
Unipolar Transistors -T. N: Chin: Journal of 
Electronics and Control, April, 1962 

Sources of Contamination in GaAs Crystal 
Growth -L. Ekstrom and L. R. Weisberg: 
Journal of the Electrochemival Society, 
.April, 1962 

Recombination Radiation in a Gallium Arsen- 
ide P -N Junction -J. I. Pankove: Electro- 
chemical Society Meeting, Symposium on 
Luminescence, Los Angeles, Calif., May 6- 
10, 1962 

On the Automatic Formation of o Program 
which Represents ents a Theory -S. Amarel: Sym- 
posium on Self- Organizing Systems Spon- 
sored by ONR, Chicago, Ill., May 22, 1962 
Electronics Fifty Years Later -J. Hillier: IRE 
Student Quarterly, May, 1962 

Luminescence and Phase Relationships in the 
ZnS, ZnSe, ZnTe Ternary Systems -P. N. Yo- 
cum: Electrochemical Society Meeting, Los 
Angeles, Calif., May 1962 

Correlations Between Electrical Character- 
istics & Light- Emission for Powder-Electrolum- 
inescence --R. E. Shrader: Electrochemical 
Society Meeting, Los Angeles, Calif., May, 
1962 

The Preparation, Single Crystal Growth Emis- 
sion and Excitation Spectra of Alkaline Earth 
Halides and Halofluorides Doped with Divalent 
Rare Earths -G. J. Goldsmith, M. Kestigian 
and P. N. Yocom, Electrochemical Society 
Meeting, Los Angeles, Calif., May, 1962 

BROADCAST AND COMMUNICATIONS 
PRODUCTS DIVISION 

The Technology of Television Program Produc- 
tion and Recording -- J. W. Wentworth: Pro- 
ceedings of the IRE I Anniversary Issue) 
May 1962 

Two Speed Operation of Television Tape Re- 
corders for Tape Economy -A. H. Lind: 91st 
SMPTE Convention, California, May 1, 1962 

Patents Granted 
TO RCA ENGINEERS 

As REPORTED By RCA DOMESTIC 
PATENTS, PRINCETON 

DEFENSE ELECTRONIC PRODUCTS 

3,032,284 -Web Reeling System, May I, 
1962; J. M. Uritis 

3,033,923 -Locating Objects Viewed by Re- 
mote Television Camera, May 8, 1962; A. C. 
Stocker 

3,033,995 -Circuit for Producing an Output 
Voltage Indicative of the Absolute Value of the 
Difference Between Two Input Voltages, May 
8, 1962; F. L. Putzratte 

3,034,712- Record Member, May 15, 1962; 
T. H. Mead 

3,035,179- Condenser Optical Systems for 
Flying Spot Scanners, May 15, 1962; D. J. 
Parker 

3,036,272 -Pulse Width Discriminator, May 
22, 1962; C. G. LeVezu 

3,037,089 -Angled Transducer Heads to Min- 
imize Magnetic Coupling, May 29, 1962; H. 
R. Warren 

3,037,093 -Magnetic Recording and Repro- 
ducing Apparatus, May 29, 1962; M. J. 
Nowlan 

3,037,151 -Voltage Monitoring Apparatus, 
May 29, 1962; I. Cimerman and W. Saeger 
3,037,190 -Information Transmission System, 
May 29, 1962; P. J. Herbst 

3,037,203 -Electrical Information Conversion 
System, May 29, 1962; W. E. Woods 

RCA LABORATORIES 

3,032,009- Electrophotographic Developing 
Apparatus, May 1, 1962; K. J. Magnusson 

3,032,674 -Electron Gun Structura for Cath- 
ode Ray Tube, May 1, 1962; J. W. Schwartz 

3,033,989- Radiant Energy Sensitive Device, 
May 8, 1962; B. Kazan 

3,034,987 -Magnetic Cores, May 15, 1962; 
P. K. Baltzer 

3,037,064 -Method and Materials for Ob- 
taining Low Resistance Bonds to Thermoelec- 
tric Bodies, May 29, 1962; F. D. Rosi and R. 
A. Bernoff 

3,037,065- Method and Materials for Thr- 
moelectric Bodies, May 29, 1962; E. F. Hock - 
ings 

3,037,071 -Automatic Chroma Control of 
Viedo Amplifier with Effect Limited to Chroma 
Components, May 29, 1962; L. F. Schaefer 
and A. Mocovski 

BROADCAST AND COMMUNICATIONS 
PRODUCTS DIVISION 

3,032,749 -Memory Systems, May 1, 1962. 
V. L. Newhouse 

3,037,090 -System for Duplicating Magnetic 
Tape Records, May 29, 1962; A. Bouzenburg 

HOME' INSTRUMENTS DIVISION 

3,032,615 -Acoustic Devices, May 1, 1962; 
R. E. Hamson 

3,034,477 -Wire Coating Apparatus, May 
15, 1962; H. D. Williams 

ELECTRON TUBE DIVISION 

3,036,674 -Compression Seal and Sealing 
Material Therefor, May 29, 1962; T. G. 
Branin 

The Quadruplex Video Tape Recorder and Its 
Three Sampled Data Feed -Back Control Sys- 
tems with Special Emphasis on the Vacuum - 
Guide Servo -G. V. Rao: Moore School, 
University of Pennsylvania, May 8, 1962 

An All- Transistor Switchable Standards Tele- 
vision Tape Recorder -R. N. Hurst and R. G. 
Thomas: Second International Television 
Symposium, Switzerland 

The Transfer Function Slide Rule as an Aid to 
the Approximation Problem in Network Syn- 
thesis-F. M. Brock: Moore School, Univer- 
sity of Pennsylvania and Moore School Li- 
brary 

DEFENSE ELECTRONIC PRODUCTS 

An Error Detection and Correction Technique 
for the RCA Modified Diphasé Modem -C. At- 
zenbeck: MSEE Thesis, Brooklyn Polytech- 
nic Institute 

Broadband Parametric Amplifiers by Simple 
Experimental Techniques -Bossard and Pet- 
tai: IRE PGMT Symposium, Boulder, Col- 
orado, May 24, 1962 

Some Characteristics of Tunnel Diode UHF 
Mixars -J. Klapper, A. Newton and B. 
Rabinovici: IRE Proceedings, April, 1962 

Self -Biased Low -Noise Tunnel Diode Down- 
converters-J. Klapper, A. Newton and B. 
Rabinovici: SwtRECO, Houston, Texas, April, 
1962 

Microminiature Crystal Oscillator Using Wafer 
Modules-M. Lysobey: Electronics, April 
31, 1962 

Missile Launch locator -R. M. Carrell and R. 
Richter: Ground Support Equipment, Feb- 
ruary /March 1962 

Tunnel Diode Shift Register -B. Rabinovici: 
IRE Proceedings, April, 1962 

Tunnel Diode Full Binary Adder -B. Rabino. 
vici and C. A. Renton: IRE PGEC Trans- 
actions, April, 1962 

Instantaneous Measurement of Tape Flutter - 
A. Schulbach: Electronics, May 11, 1962 
Generating a Worst -Case Noise Pattern in 
Coincident Current Memories -Ying Luh Yao: 
Electronic Design, May 10, 1962 

Analog -to- Digital Converter Uses Transfiuxors 
-N. Aron and C. Granger: Electronics, 
May 18, 1962 

Micromodules in Avionics and Space -B. J. 
O'Kane: Symposium of the Society of Amer. 
ican Military Engineers, Wash.. D.C., May 
21, 22, 1962 

Dynamic Analysis and Simulation of Manage- 
ment Control Functions -R. B. Wilcox: AJEE 
Transactions, and AJEE North Eastern Dis- 
trict Meeting, Northeastern University, Bos- 
ton, May 9, 1962 

Satellite and Missile Instrumentation -Dr. R. 
C. Gunter, Jr.: Student AIEE /IRE Section, 
University of Conn., Storrs, Conn., April 10, 
1962 

Extreme Value Theory Applied to False Alarm 
Probabilities -T. L. Fine and M. J. Levin: 
IRE Professional Group on Information 
Theory, April, 1962 

Three Types of Satellite Communications Sys - 
tems-H. R. Mathwich: Joint AIEE District 
7 & District 15 Mtg., St. Louis, Mo., May 1, 
1962 

Satellite -Star Osculations for Geodetic De- 
terminations-G. D. Gordon: Cospaa & IAG 
Symposim, Washington, D.C., April 26, 
1962 

RCA- AED -P. C. Murray: Peddie Schol 
Cum Laude Society, Hightstown, N.J., May 
4, 1962 

Astro Projects -S. Sternberg: ARS, Prince- 
ton Section, Hightstown, NJ., May 15, 1962 
Space Communications -S. Sternberg: Ben - 
dix Symposium, Detroit, Michigan, May 25, 
1962 

Satellite Communications -R. B. Marsten: 
IRE /AIEE Joint Meeting, Stevens Institute, 
Hoboken, N.J., May 9, 1962 

STAFF RESEARCH AND ENGINEERING 

Writing: Open Channel to Professionalism - 
W. O. Hadlock: Electronic Design, May 24, 
1962. 

Better Writing for Engineers: W. O. Hadlock: 
Standards Engineering, Feb. 1962 

IMEWS-G. W. K. King: Rotary Club, Hav- 
ertown, Pa., June 18, 1962; Civil Defense, 
Springfield, Pa., May 14, 1962; Tom Carlisle 
Club, Springfield, Pa. 
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Engineering 

ARE YOU REGISTERED ? 

NEWS and HIGHLIGHTS 

In the June -July 1962 RCA ENGINEER the editorial by J. C. Walter, "Registered Professional 
Engineers in Industry" included a list of some 230 RCA engineers who were known to possess 
state licenses. The Editors realized the list was incomplete, and asked that readers who were 
licensed (and not included in that list) send that information in. The following additions 
to the roster have been received in the past few weeks. If you are licensed and have not yet 
informed the RCA ENGINEER, send that information to: RCA ENGINEER, 2 -8, Camden, N.J. 

Dr. E. W. Engstrom, President, 
RCA, PE- 33755, N. Y. 

Dr. C. B. Jolliffe, Vice President 
& Technical Director, 
PE- 32455 -E, N. Y. 

H. W. Phillips, DEP, PE- 25336, I N. Y.; PE -8428, N. J. 
R. R. Hoefle, DEP, PE- 24639, 

Ohio 
I. W. Lovell, DEP, PE -5522, 

Mass. 
W. F. Lanterman, NBC, 

PE -62 -773, Ill. 
W. E. Theile, RCAC, PE -2756, 

Calif. 
W. I. Matthews, RCAC, 

PE -3455, Calif. 
S. H. Herman, DEP, 

PE- 1855 -E, Pa. 
W. A. Dailey, DEP, PE- 11319, 

N. J. 
S. M. Solomon, DEP, 

PE- 38863, N. Y. 
J. J. Logan, DEP, PE- 15458, 

Texas 
A. O. Bergholm, PE- 19717, 

N. Y.; PE -7033, Pa. 
J. E. Parker, DEP, PE -9272, 

N. J. 
G. A. Lucchi, DEP, PE -5690, 

Calif. 
M. Weiss, DEP, PE- 04796E, 

Pa. 
G. Hyde, DEP, PE, Ontario, 

Canada 
J. T. Coleman, DEP, EE -875, 

Ark. 
J. M. Fanale, ETD, PE- 7009E, 

Pa. 
J. W. Smith, ETD, PE- 15928, 

Ohio; PE- 31611, N. Y. 
E. G. Otto, DEP, PE -7778, 

N. J.; PE -409, N. H.; PE -542, 
VT.; PE -5801, Mass.; PE- 
1930, Md.; PE -220, Va.; PE- 

28, Dist. of Col.; PE-1481, 
N. C.; PE-2574, Ga. 

T. J. Boerner, DEP, PE-12164, 
N. J. 

H. L. Watts, DEP, EIT-125, 
Miss. 

W. G. Henderson, ETD, ME- 
5323, Pa. 

D. W. Palmquist, ETD, 
PE-7925-E, Pa. 

J. B. Buckley, DEP, PE-27938, 
Ohio 

N. Schwarz, DEP, PE-1278, Vt. 
T. E. Nash, ETD, PE-6951-E, 

Pa. 
R. S. Fow, BCP, PE-4391-E, 

Pa. 
E. de Haas, DEP, PE-10803, 

N. J.; PE, Ontario, Ca. 
H. N. Livingston, DEP, 

EE-1505-E, Pa. 
H. Natalis, ETD, PE-9669, N. J. 
J. R. Sarver, DEP, PE-2821, 

Ga. 
R. B. Resek, DEP, PE-18180, 

Ohio 
C. C. Osgood, DEP, PE-.09279, 

N. J. 
H. A. Taylor, RCAC, PE-26872, 

N. Y. 
J. S. Furnstahl, DEP, 

PE-11029, N. J. 
R. A. Alleman, ETD, 

PE-2750-E, Pa. 
S. L. Abbott, DEP, PE-10084, 

Pa. 
R. S. Shultz, DEP, PE-2060, 

Wash., D. C. 
S. V. Zinn, Jr., DEP, 

PE-7876-E, Pa. 
H. W. Abrams, DEP, 

PE-2538-E, Pa. 
J. Stumpf, DEP, PE-21677, 

Ohio 
R. B. Ayer, ETD, PE-11731, Pa. 

J. F. Bohn, DEP, PE-1599, 
Maine 

E. O. Deaver, DEP, PE-9870, 
Pa. 

Y. H. Dong, DEP, PE-24180, 
N. Y.; PE-7192, N. J. 

A. J. Eliopoulos, DEP, 
PE-23709, Ohio 

H. H. Franke, DEP, PE-2777, 
Conn.; PE-34559, N. Y. 

A. R. Freedman, DEP, 
PE-2814E, Pa. 

J. Gorman, DEP, PE-8825, 
N. J. 

S. I. Harris, DEP, PE-2611, 
Del.; PE-4691, Ala. 

M. B. Herscher, DEP, 
PE-1539E, Pa. 

M. M. Ruffman, DEP, 
PE-5904, Ind. 

J. C. Kohr, DEP, PE-2520E, 
Pa. 

R. D. Muncher, DEP, 
PE-35248, N. Y. 

M. McCord, DEP, PE-20813, 
Ohio 

R. J. McKnight, DEP, 
PE-5762E, Pa. 

J. J. O'Brien, DEP, PE-11739, 
N. J.; PE-36461, N. Y. 

F. A. O'Grady, DEP, PE-9799, 
N. J. 

J. F. Petri, DEP, PE-11793, 
N. J. 

W. W. Pleasants, DEP, 
PE-232-01-0205800, Wash. 

N. M. Rizzo, DEP, PE-4583E, 
Pa. 

S. Stimler, PE-04864E, Pa. 
C. C. Wright, DEP, PE-816, 

Tennessee 
R. A. Risse, DEP, PE-37050, 

N. Y. 

SLOAN FELLOWSHIP 

GRANTED TO MENDELSOHN, DEP -DSD 

A Sloan Fellowship award has been granted 
to R. Mendelsohn, Leader, Data Processing 
Projects, DEP -DSD, Van Nuys. He will 
attend the Stanford Graduate School of 
Business from September 1962 to June 1963. 
Mr. Mendelsohn received the BSEE from the 
University of Wisconsin, and has 12 years 
of engineering management experience. He 
is currently the project leader of ground 
recording and display equipment for the 
RANGER TV system. D. J. Oda 

SIGNAL CORPS PRESENTS HIGHEST 
QUALITY AWARD TO ETD PLANT AT 

WOODBRIDGE, N. J. 

The Army Signal Corps recently presented 
its highest quality award to the Woodbridge 
plant of ETD for "consistent production of 
high quality receiving tubes over a long 
term period." Designated RIQAP, the award 
identifies the Army Signal Corps' Reduced 
Inspection Quality Assurance Plan. The 
ETD plant at Harrison, N. J., received this 
same award in 1961. Participation in RIQAP 
is by mutual agreement between the con- 
tractor and the Signal Corps. Through 
RIQAP, both realize mutual benefits in 
reduced costs and improved relationships. 

THERMOELECTRIC COMPONENTS FOR 

OUTER SPACE NUCLEAR REACTOR 

TO BE SUPPLIED BY ETD 

The Atomics International Division of 
North American Aviation, Inc. award a $2 
million contract earlier this year to the 
Electron Tube Division, Harrison, to de- 
velop and produce thermoelectric modules 
for what is expected to be the world's first 
nuclear reactor sent into outer space. The 
six -month contract covers the development 
and fabrication of thermoelectric units uti- 
lizing a new RCA -developed material that 
will permit, at higher temperatures, more 
reliable electricity generation from the heat 
of nuclear fuel in space environments than 
would be possible with other thermoelectric 
materials. The thermoelectric module is one 
of the key components for the SNAP l0A 
project (Systems for Nuclear Auxiliary 
Power). SNAP l0A reactors are scheduled 
for flight testing in 1963. 

This thermoelectric work is one of the 
projects of the ETD New Business Develop- 
ment group headed by L. R. Day. P. P. 
Roudakoff is Project Manager of the ther- 
moelectric materials and devices activities. 
(See article by James and Chace, RCA 
ENGINEER, April -May, 1962). 

The thermoelectric engineering team in- 
cludes: R. L. Klem, Engineering Project 

BURLINGTON AUTHORS HONORED 

The paper "Navigation for Rendezvous in 
Space" by A. M. Schneider, E. B. Capen, 
E. P. Wainer, Jr., and C. M. King has been 
selected as the outstanding paper on the 
subject of navigation or space guidance pub- 
lished during 1961 in Navigation, the jour- 
nal of the Institute of Navigation. The 
authors have been given the Samuel M. 
Burka Award of the Institute, consisting of 
$200.00 and a certificate, presented at the 
1962 annual meeting of the Institute in San 
Diego, Calif. (A condensed version of this 
major paper appeared in the RCA 
ENGINEER, June -July 1962.) -R. E. Glendon 

G. W. CRAWFORD OF ETD HONORED 

G. Wallace Crawford, a veteran of 44 years 
in the electron tube industry (and RCA 
ENGINEER author of "Toughmindedness and 
Tomorrow," Vol. 4, No. 4) was honored 
recently by more than 500 business execu- 
tives and RCA employees at a testimonial 
dinner, held just before he left for Italy to 
be Tube Project Manager for ATES, an 
electronics company owned by the Italian 
government. RCA is providing management 
for this company. 

Believed to have had one of the longest 
careers in the electron tube manufacturing 
field, Mr. Crawford was Plant Manager of 
the Harrison facility from 1953 to 1959. He 
was also responsible for establishing tube 
manufacturing plants in several foreign 
countries. More recently, he served as Man- 
ager, Operations Planning for ETD. 

MTP ENGINEER HONORED FOR 

IMPROVING RADAR TRACKING 

A. E. Hoffmann -Heyden of Systems Anal- 
ysis, Missile Test Project, RCA Service Co., 
Florida, was honored recently for his im- 
portant contributions to improved radar 
tracking. The commendation was for his 
work in achieving a reduction in the time 
lost between target acquisition and radar 
"lock -on," which resulted in improved track- 
ing of MERCURY spacecraft. During the past 
eight years as an RCA engineer, he has been 
responsible for radar evaluation at the 
Atlantic Missile Range. 

C. E. BURNETT SELECTED FOR 

WHO'S WHO IN AMERICA 

C. E. Burnett, Division Vice President, 
Industrial Tube Products, ETD, Lancaster, 
has been named to Who's Who in America 
and will have his biographical sketch in- 
cluded in the next printing of that famous 
reference volume. The editorial board of 
Who's Who, in order to choose persons for 
inclusion, uses advisors and is guided by 
standards which have been tested by fifty 
years of use in selecting those persons whose 
achievements merit inclusion. 

Manager; N. S. Freedman, Manager, 
Research and Development ; L. J. Caprarola, 
Manager, Fabrication and Processing, and 
P. L. Farina, Manager, Equipment Design 
and Development. 

Special air -conditioned laboratories have 
been equipped with new processing and 
manufacturing facilities for this critical 
program. 
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STAFF ANNOUNCEMENTS 
ETD Industrial Tube Products Dept., Harri- 
son: D. W. Epstein, Mgr., Conversion Tube 
Operations, has announced his staff as fol- 
lows: R. W. Engstrom, Mgr., Advanced 
Development Engineering -Conversion Tube; 
W. G. Fahnestock, Mgr., Operations Plan- 
ning and Controls- Conversion Tube; L. W. 
Grove, Mgr., Display Tube Operation; J. K. 
Johnson, Mgr., Photo Cell Operation - 
Mountaintop; J. A. Molzahn, Mgr., Quality 
Control- Conversion Tube Operations; G. A. 
Morton, Director, Conversion Devices Lab- 
oratory- Princeton; M. Petrisek, Mgr., Cam- 
era Tube Operation; R. C. Pontz, Mgr., 
Photo and Image Tube Operation; and F. 

S. Veith, Staff Engineer. 

Electronic Data Processing: A. L. Malcar- 
ney, (Group Executive Vice President, DEP 
and EDP) Acting General Manager, Elec- 
tronic Data Processing, announces the EDP 
organization as: E. D. Foster, Division Vice 
President, Plans and Programs; J. W. Leas, 
Manager, Data Communications and Cus- 
tom Projects; E. S. McCollister, Division 
Vice President, Marketing; M. W. Poppet, 
Manager, Business Analysis; J. H. Walker, 
Controller, Finance; A. K. Weber, Division 
Vice President, Operations. 

Also in EDP, A. D. Beard is appointed 
Chief Engineer, Engineering, reporting to 
A. K. Weber, Division Vice President, 
Operations. Mr. Beard had previously been 
Mgr. Electronic Engineering, DEP -DSD, 
Van Nuys. J. W. Leas, Mgr., Data Com- 
munications and Custom Projects, EDP, has 
named his staff to include: J. K. Mulligan, 

Mgr., Communications Equipment Engi- 
neering; J. L. Owings, Mgr., Data Com- 
munications Engineering; and R. E. Wal- 
lace, Mgr., Custom Projects Marketing. 

DEP-ACCD, Camden and Burlington: I. 
K. Kessler, Division Vice President and 
General Manager, DEP -ACCD, announces 
the technical organization of the DEP Aero- 
space Communications and Controls Divi- 
sion as follows: D. C. Arnold, Mgr., 
Operations -Burlington; J. P. Barkow, Plant 
Mgr., Camden Defense Plant; R. B. Barn- 
hill, Mgr., MTE Program; R. E. Davis, 
Mgr., TSQ -47 Program; W. W. Kauffman, 
Mgr., Product Assurance; C. K. Law, Mgr., 
Programs Management; R. Trachtenberg, 
Chief Engineer, Engineering Department- 
Camden ; and J. D. Woodward, Technical 
Consultant. Mr. Arnold's staff includes: J. F. 

O'Connell, Mgr., Administration and Con- 
trols; S. L. Simon, Chief Engineer, Engi- 
neering Department- Burlington; and T. S. 
Weeks, Plant Mgr., Burlington Plant. 

DEP -ACCD, Camden: R. Trachtenberg, 
Chief Engineer, DEP -ACCD Engr. Depart- 
ment Camden, announces his staff as: A. H. 
Benner, Mgr., Advanced Systems and Tech- 
niques; J. S. F tah1, Mgr., Design Con- 
trols and Product Assurance Engineering; 
L. M. Grant, Mgr., Technical Services; J. T. 
Moller', Mgr., Operations Programming and 
Analysis; R. B. Moses, Mgr., Administra- 
tion and Controls; J. R. Rippere, Staff Engi- 
neer; H. Ruben, Mgr., Communications 
Engineering; and R. Trachtenberg, Acting 
Mgr., Preliminary Design. 

DEP Data Systems Division, Van Nuys, 
Calif.: G. F. Breitwieser, Chief Engineer 

34 ENGINEERS EARN MS IN 
RCA GRADUATE STUDY PROGRAM 

The engineers listed below have been awarded Masters Degrees through their participation 
in the RCA Graduate Study Program. In addition to their formal degree, all are honored at 
a special RCA dinner, and by presentation of a distinctive certificate. For a description of 
this program, which is sponsored by the operating Divisions and administered by the College 
Relations Activity, RCA Staff, Camden, see Vol. 5, No. 5, RCA ENGINEER The Engineer and 
the Corporation: RCA Graduate Study Program. 

W. Allen, DEP, Camden 
V. Andreone, EDP, Pensauken 
J. Assour, RCA Labs., Princeton 
T. Bullock, DEP, Moorestown 
R. Burack, DEP, Moorestown 
G. Chamberlin, EDP, Pennsauken 
R. Cohen, RCA Labs., Princeton 
J. Daniel, DEP, Camden 
J. Fort, DSD, Van Nuys, Calif. 
G. Frippel, DEP, Princeton 
H. Gnuse, DSD, Van, Nuys, Calif. 
S. Gotkis, DEP, Moorestown 
C. Greenman, DEP, Camden 
S. Gygi, DEP, Camden 
R. Hansen, DEP, Camden 
A. Haraburda, DEP, Moorestown 
C. Kurys, DEP, Moorestown 
W. Lile, EDP, Pennsauken 
J. McEvoy, DEP, Camden 
W. Mehuron, DEP- Moorestown 
L. Miamidian, DEP, Camden 
K. Morris, DEP, Camden 
D. Murray, EDP, Pennsauken 
J. O'Hara, DEP, Camden 
T. Olson, DEP, Camden 
P. Palosky, DEP, Moorestown 
A. Rauchwerk, DEP, Moorestown 
P. Riedinger, DEP, Moorestown 
S. Ruben, DEP, Camden 
D. Snider, DEP, Camden 
A. Smith, DEP, Moorestown 
W. Summers, DEP, Camden 
H. Weinstein, RCA Labs., Princeton 
D. Wing, DEP, Moorestown 

MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 

MSEE, Polytechnic Inst. of Brooklyn 
MSEE, University of Pennsylvania 
MSME, University of Pennsylvania 
MSEE, University of Pennsylvania 

MS /Physics, Rutgers, State University 
MSEE, University of Pennsylvania 

MS /Physics, Univ. California at Los Angeles 
MSEE, Rutgers, State University 

MSEE, Univ. California at Los Angeles 
MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSME, University of Pennsylvania 

MS /Physics, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 

MS /Physics, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 

MS /Physics, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSEE, University of Pennsylvania 
MSEE, Polytechnic Inst. Brooklyn 

MS /Physics, University of Pennsylvania 
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and Projects Manager, announces the organ- 
ization of the Engineering Department and 
Projects Management as follows: L. Voor- 
hees, Administrator, Eng. Administrative 
Planning; H. M. Watts, Mgr. Systems Engi- 
neering; W. M. McCord, Mgr., Missile and 
Space Projects; P. A. Scholz, Mgr., Defense 
Projects; R. H. Lesser, Mgr., Development 
and Design Engineering; A. P. Davies, 
Mgr., Engineering Support and Services; 
L. Jacobs, Mgr., Design Support Engineer- 
ing; and D. J. Pizzicara, Mgr., Systems 
Projects. 

Technical Programs, DEP, EDP: C. A. 
Gunther, Division Vice President, Technical 
Programs, has announced his staff as: N. I. 
Korman, Director, Advanced Military Sys- 
tems, and J. N. Marshall, Mgr., EDP 
Advanced Development Engineering. 

DEP Astro- Electronics Division, Prince- 
ton: S. Sternberg, Chief Engineer, Engi- 
neering Department, announces his staff as: 
N. M. Brooks, Mgr., Engineering Adminis- 
tration and Product Assurance; M. S. 
Cohen, Mgr., Advanced Systems and Opera- 
tions Analysis; E. A. Goldberg, Mgr., Space- 
craft Design and Test; E. C. Hutter, Mgr., 
Physical Research; V. D. Landon, Mgr., 
Technical Advisory Staff; J. Lehmann, 
Mgr., Space Observation Systems; W. P. 
Manger, Mgr., Spacecraft Systems; and R. 
B. Marsten, Mgr., Space Communication 
Systems. 

DEP Defense Engineering (Staff), Cam- 
den: H. M. Elliott has been named Staff 
Engineer to W. G. Bain, (Vice President, 
DEP) Acting Chief Defense Engineer, De- 
fense Engineering. In this capacity, Mr. 
Elliott is responsible for technical coordina- 
tion of military data processing techniques 
and memories. 

ETD, Harrison: L. R. Day, Mgr., New 
Business Development, announces his staff 
as: R. Avigdor, Administrator, New Busi- 
ness Development Project; L. P. Garner, 
Administrator, New Business Research; W. 
M. James, Administrator, Advanced Prod- 
uct Development; P. P. Roudakoff, Admin- 
istrator, New Business Development Proj- 
ect; and H. F. Scott, Administrator, New 
Business Development Project. (For general 
information on this activity, see article by 
James and Chace in RCA ENGINEER, April - 
May 1962) 

ETD Entertainment Tube Products Dep., 
Harrison: J. Cimorelli, Mgr., Engineering, 
announces the organization of Engineering 
as follows: K. G. Bucklin, Administrator, 
Tubes and Semiconductor Liaison; J. J. 
Carrona, Mgr., Chemical and Physical Lab- 
oratory; G. Wolf, Mgr., Engineering 
Methods and Standards; P. L. Farina, Mgr., 
Engineering Administration; N. S. Freed- 
man, Mgr., Superconductor Materials and 
Devices Laboratory; E. C. Hughes, Jr., 
Administrator, Technical Committee Liai- 
son; R. L. Klem, Mgr., New Products Engi- 
neering; W. H. Warren, Mgr., Receiving 
Tube Development, and R. A. Wissolik, 
Mgr., Commercial Engineering. 

RCA Victor Home Instruments Div., 
Indianapolis: E. I. Anderson, Chief Engi- 
neer, Engineering Department, announces 
his staff as follows: K. A. Chittick, Mgr., 
Engineering Administration; D. H. Cun- 
ningham, Mgr., Electro- Magnetic Product 
Engineering; C. W. Hoyt, Staff Engineer; 
L. R. Kirkwood, Mgr., Product Engineering 
-TV; L. M. Krugman, Mgr., Product 
Engineering -R /V, and W. Y. Pan, 
Mgr., Advanced Development Engineering, 
Princeton. 
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...PROMOTIONS... 
Jo Engineering Leader and Manager 
As reported by your Personnel Activity during the 
past two months. Location and new supervisor 
appear in parenthesis. 

Surface Communications Division, DEP 

J. B. Potts: from engr. to Ldr., Engineering 
Systems Projects (J. R. Holshouser; 
Camden) 

R. D. Houck: from engr. to Ldr., Engineer- 
ing Systems Projects (D. R. Marsh, 
Camden) 

J. D. Bradley: from member tech. staff to 
Ldr., D &D Engrs. (P. J. Riley; Reli- 
ability Design and Analysis) 

D. E. Jack: from engr. to Ldr., D &D Engrs. 
(M. Howell, Mgr., Military Data Link 
Engineering, Camden) 

Major Systems Division, DEP 

W. A. Schreiner: from engr. to Mgr., Relay 
System Integration and Test (R. M. Wil- 
motte, Princeton) 

J. M. Osborne: from Sloan Fellowship to 
Mgr., Minuteman Program U. H. Side - 
bottom, V.P. and Gen. Mgr., Moorestown) 

P. Gyllenhaal: from engr. to Ldr. Systems 
Engrg. (R. J. Renfrow, Moorestown) 

Astro- Electronics Division, DEP 

F. S. Sakate: from engr. to Ldr., Engrs. (R. 
B. Marsten, Princeton) 

J. Baumunk: from engr. to Ldr., Engrs. (R. 
B. Marsten, Princeton) 

C. T. Cole: from engr. to Mgr., Program 35 
(R. E. Hogan, Princeton) 

Defense Engineering, DEP (Staff) 
M. J. Kozak: from engr. to Ldr., D &D 

Engrg. (A. J. Schwartz, Camden) 

Aerospace Communications and Controls 
Division, DEP 

C. H. Hart: from engr. to Ldr., Tech. Staff 
(H. H. Knubbe, Burlington) 

E. E. Corey: from engr. to Ldr., Tech. Staff 
(E. B. Galton, Burlington) 

A. Lubin: from engr. to Ldr., Tech. Staff 
(E. B. Galton, Burlington) 

S. S. Kolodkin: from Ldr., Tech. Staff to 
Mgr., Guidance Equipment (W. M. Pease, 
Burlington) 

T. P. Speas: from Ldr., D &D Engrs. to Mgr., 
Engrg. Product Assurance Projects (J. S. 
Furnstahl, Mgr., Design Controls and 
Product Assurance Engrg., Camden) 

Data Systems Division, DEP 

D. Halpern: from Publ. Engr. to Mgr. Pub. 
Services (A. Davies, Van Nuys) 

M. Siskel: from Mgr. Electronic D &D Engi- 
neering to Mgr., Electronic Engineering 
(R. H. Lesser, Mgr. High Frequency 
D &D, Van Nuys) 

Broadcast and Communications Products 
Division 

J. J. Clarke: from engr. to Leader, D &D 
Engrs. (N. L. Hobson, Broadcast and TV 
Studio Equipment, Camden) 

D. M. Taylor: from engr. to Ldr., D &D 
Engrs. (N. L. Hobson, Broadcast and TV 
Studio Equipment, Camden) 

Semiconductor & Materials Division 

W. N. Lewis: from engr. to Ldr., Manufac- 
turing Engineering (H. Goshgarian, Som- 
erville) 

N. M. Goun: from engr. to Ldr., Manufactur- 
ing Engineering (H. Goshgarian, Somer- 
ville) 

RCA Service Company 

R. E. Shannon: from Ldr., Senior Engrs., to 
Mgr., System Integr. and Inf. Handling 
(R. G. Tracy, BMEws -Site III, England) 

J. M. Sotch: from Sr. Engr. to Ldr., Engrs. 
(J. T. Shields, BMEws -Home Office) 

J. M. Davis: from engr. to Ldr., Engrs. (W. 
M. Stobbe, BMEws -Site I Thule, Green- 
land) 

D. L. Lyndon: from Ldr., Engrs. to Mgr., 
Checkout and Monitoring (J. D. Callag- 
han, BMEws -Home Office) 

R. Y. MacQuade: from BMEWS Application 
Engr. to Ldr., Engrs. (H. Sanders, BMEWS 
-Home Office) 

R. H. Flamm: from Ldr., Range Station Elec- 
tronics to Engineering Coord. (J. P. 
Sharkey, Missile Test Project, Space In- 
stru. Systems, Florida) 

GUNTHER AND MILLER APPOINTED 
DIVISION VICE PRESIDENTS 

Appointment of Clarence A. Gunther as 
Division Vice President, Technical Pro- 
grams, and N. Richard Miller as Division 
Vice President, Business Planning, Radio 
Corporation of America, was announced 
today by Arthur L. Malcarney, Group Exec- 
utive Vice President. Both executives will 
report directly to Mr. Malcarney, who is 
responsible for defense and electronic data 
processing operations. 

Mr. Gunther (formerly Chief Defense 
Engineer, Defense Electronic Products) will 
coordinate the engineering and technical 
activities of DEP and EDP. Mr. Miller 
(who joined RCA in 1957 as a Director on 
the Corporation's Product Planning Staff) 
will assist Mr. Malcarney in business and 
product planning for the Corporation's data 
processing and related defense activities. 

SURFCOM- TUCSON EXPANDS 
The DEP Surface Communications Division 
Systems Lab in Tucson, Arizona is expand- 
ing its facilities by 6000 sq. ft. to take care 
of long -term firm work load. Construction 
is expected to take approximately 10 weeks. 

-J. F. Gibbings 

DEGREES GRANTED 
In addition to the Graduate Study Program degrees listed on the opposite page, the 
following RCA engineers and scientists received degrees in recent graduating ceremonies: 
D. M. Y. Chang, DEP -MSR, Moorestown MSEE, Villanova Univ. 
M. Bolton, DEP -MSR, Moorestown BSEE, Drexel Institute of Technology 
F. L. Walker, DEP -MSR, Moorestown BSEE, LaSalle Univ. 
L. R. Andros, DEP -MSR, Moorestown MSEE, Drexel Institute of Technology 
G. E. DeLong, DEP -MSR, Moorestown MSEE, Drexel Institute of Technology 
J. P. Dougherty, DEP -MSR, Moorestown MSEE, University of Pennsylvania 
J. F. Fleming, DEP -MSR, Moorestown BSEE, Drexel Institute of Technology 
B. Peskin, DEP -MSR, Moorestown BS, Physics, Temple University 
P. T. Scully, DEP -MSR, Moorestown BSEE, Drexel Institute of Technology 
J. Stepchew, DEP -MSR, Moorestown MSEE, Drexel Institute of Technology 
D. Loev, DEP -MSR, Moorestown MSEE, University of Pennsylvania 
R. W. Ottinger, DEP -MSR, Moorestown MSEE, Drexel Institute of Technology 
W. A. Dischert, DEP -MSR, Moorestown BSME, Drexel Institute of Technology 
E. H. Locklin, DEP -MSR, Moorestown MSEE, Drexel Institute of Technology 
G. Rullo, DEP -MSR, Moorestown MSME, Villanova University 
M. E. Sisle, DEP -MSR, Moorestown MSEE, Drexel Institute of Technology 
F. Weiner, DEP -MSR, Moorestown MBA, Drexel Institute of Technology 
J. J. Wonderlich, DEP -MSR, Moorestown MSEE, University of Pennsylvania 
E. R. Adams, DEP -MSR, Moorestown BSEE, Drexel Institute of Technology 
R. A. Bennett, DEP -MSR, Moorestown BSME, Drexel Institute of Technology 
G. J. Goldberg, DEP -MSR, Moorestown BSME, Drexel Institute of Technology 
A. J. Leone, DEP -MSR, Moorestown BSME, Drexel Institute of Technology 
R. E. Matchett, DEP -MSR, Moorestown BSEE, Drexel Institute of Technology 
L. L. Steele, DEP -MSR, Moorestown BS, Electronic Phys., LaSalle University 
V. A. Gerardi, DEP -MSR, Moorestown MSEE, Villanova University 
A. Golden, DEP -MSR, Moorestown MSEE, Drexel Institute of Technology 
B. H. Mosher, DEP -MSR, Moorestown MSEE, Drexel Institute of Technology 
R. A. Peterson, DEP -MSR, Moorestown MSEE, Drexel Institute of Technology 
J. J. Ratkevic, DEP -MSR, Moorestown MSEE, Drexel Institute of Technology 
R. D. Rippey, DEP -MSR, Moorestown MSEE, Drexel Institute of Technology 
M. C. Timken, DEP -MSR, Moorestown MSEE, Drexel Institute of Technology 
A. Marshall, DEP -MSR, Moorestown MA, Physics, Brown University 
G. H. Heilmeier, RCA Labs., Princeton Ph.D., Engrg. Phys., Princeton University 
J. C. Miller, RCA Labs., Princeton Ph.D., E. Engrg., Yale University 
R. O. Winder, RCA Labs., Princeton Ph.D., Math., Princeton University 
J. F. Allison, RCA Labs., Princeton MSE, Princeton University 
J. Burns, RCA Labs., Princeton MSE, Princeton University 
L. S. Cosentino, RCA Labs., Princeton MSE, Princeton University 
J. A. Goodman, RCA Labs., Princeton MSEE, Columbia University 
F. P. Heiman, RCA Labs., Princeton MSE, Princeton University 
J. P. Robinson, RCA Labs., Princeton MSE, Princeton University 
D. A. Walters, RCA Labs., Princeton MSE, Princeton University 
W. E. Arrowood, DEP -Appl. Res., Camden MSEE, University of Pennsylvania 
B. Sheipuk, DEP -Appl. Res., Camden MSEE, Drexel Institute of Technology 
J. Breckman, DEP -MSD, Moorestown MSEE, University of Pennsylvania 
J. C. Bry, DEP -MSD, Moorestown MSSE & OR, University of Pennsylvania 
A. D. Korbin, DEP -MSD, Moorestown MSEE, University of Pennsylvania 
S. Yates, DEP -MSD, Moorestown MS, University of Pennsylvania 
H. L. Saks, DEP -MSD, Moorestown MSEE, Polytechnic Institute of Brooklyn 
J. G. Ottos, ETD, Lancaster MS, Physics, Franklin & Marshall College 
A. M. Krause, DEP -Surf Com, N. Y. MEE, New York University 
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DEP GETS $35.5 MILLION CONTRACT 

FOR MINUTEMAN ELECTRONIC 

COMMAND EQUIPMENT 

The Boeing Company has awarded a $35.5 
million contract to DEP for the manufac- 
ture of the electronic command network 
equipment for the first wing of MINUTEMAN 
ICBM's. The equipment includes elec- 
tronic monitoring and launch -control sys- 
tems to be operated from remote control - 
centers. Messages to and from the missile 
are sent in code via buried cables; part of 
the coding and decoding equipment for the 
systems also will be constructed by RCA. 
The system is self -monitoring, and gives 
warning signals if any malfunction or tam- 
pering occurs. (See Kishi, Cohen and 
Rosenthal, this issue, for a discussion of 
"Self- Verification. ") Under a separate con- 
tract, RCA is manufacturing a voice com- 
munication network for the same system. 

DR. A. N. GOLDSMITH ELECTED 

HONORARY VICE PRESIDENT 

The RCA Board of Directors has elected 
noted scientist, engineer, and inventor, Dr. 
Alfred N. Goldsmith, an Honorary Vice 
President. Dr. Goldsmith is the second per- 
son in the history of RCA to be elevated to 
his position, the first being Dr. Vladimir K. 
Zworykin. 

Dr. Goldsmith, who has made many inven- 
tions in the fields of radio, motion pictures, 
and television, was Director of Research and 
later Vice President of RCA from 1919 to 
1933. He has since served as Senior Tech- 
nical Consultant to RCA. Dr. Goldsmith, at 
the age of 31, joined RCA as Director of 
Research in 1919. In 1920, his work made 
possible the first commercial radio with 
only two control knobs and a built -in 
speaker. He also made vital contributions to 
the development of the first color -television 
tube to find commercial use. Dr. Goldsmith, 
who is the author of several books, is a 
Co- founder, Fellow, and Life Member of the 
IRE. In addition Dr. Goldsmith, has held 
office and /or been active in every other 
major professional society concerned with 
electronics. He holds the high grade of 
Fellow in many of these, and is an Eminent 
Member of Eta Kappa Nu. 

NEW DETROIT FACILITIES FOR 

THE BCP INDUSTRIAL AND 

AUTOMATION DEPARTMENT 

Suburban Plymouth Township, near Detroit, 
Mich., is the location of a new structure of 
40,000 square feet to house the Industrial 
and Automation Products Department of 
the Broadcast and Communications Prod- 
ucts Division. This Department produces 
electronic systems used in automatic inspec- 
tion, gaging, and other industrial operations. 

Scheduled for completion by early fall 
1962, the expansion program was dictated 
by a higher level of RCA participation in 
the inspection and gaging systems market 
and by the future sales potential for such 
equipment, particularly in the automotive 
and metal- working industries. N. R. Amberg 
is Manager of the Detroit facility. 

ALPHONSE AND ASSOUR RECEIVE 

RCA LABS DOCTORAL STUDY AWARDS 

Gerard A. Alphonse, Member of the 
Technical Staff of the Computer Research 
Laboratory, has been granted an RCA Labo- 
ratories Doctoral Study Award for the 
academic year 1962 -1963. Mr. Alphonse will 
attend Brooklyn Polytechnic Institute full - 

time to complete his Ph.D. in E.E. 
Jacques M. Assour, Member of the Tech- 

nical Staff of the Electronic Research Labo- 
ratory, has received an RCA Laboratories 
Doctoral Study Award for the 1962 -63 
academic year to complete, full -time, re- 
quirements for his Ph.D. in Electro- Physics 
at the Brooklyn Polytechnic Institute. 

DATA PROCESSING SEMINAR 
AT BETHESDA 

The Data Systems Center hosted an RCA 
Seminar in EDP Concepts for four after- 
noons recently. Instructors from the RCA 
Education Section of Government Market- 
ing Services in Washington lectured to a 
large group of Center personnel on the 
philosophies of EDP and other aspects of the 
computer program at RCA. Also, nearly 
fifty personnel from the Data Systems Cen- 
ter and the Washington and Southern 
Regional Marketing Office attended the 
"A.R. &D. Road Show" recently. Attendees 
from DSC represented the AcsI -MATIc and 
466L Programs, marketing, and various 
study groups of the Center. J. Carter 

J. B. Coleman, Broadcast Pioneer 
The passing of John B. Coleman on July 12, 1962 brings closer the end of an era whose 
scientists fathered present -day radio broadcasting. Those of us who were part of this 
period in the early 1920's still marvel at each new development which has improved the art 
of transmission. It was men like Coleman, Dr. Frank Conrad, H. P. Davis and many others 
who pioneered the art of broadcast transmission. Originally, the equipment for transmitting 
was built in the engineering department of Westinghouse and installed in Dr. Conrad's 
garage. It was here that Coleman transmitted music from Victrola Records and later was 
sponsored by a department store in Pittsburgh. This installation was the forerunner of 
Station KDKA, whose call letters still symbolize today the early beginnings of a tremendous 
industry. J. C. Stangert 

Broadcast stations in the forma- 
tive years were crude by present 
standards. 

John B. Coleman inspecting a trans- 
mitter in Camden, ca. 1936. 

D. R. Crosby G. Lieberman 

THREE NEW ED -REPS: CROSBY IN EDP, 
LIEBERMAN AND MORSELL IN 

DEP -ACCD. 

David R. Crosby has been named RCA 
ENGINEER Editorial Representative for Ad- 
vanced Development Engineering, Elec- 
tronic Data Processing, Pennsauken, N. J., 
replacing John Sweer. 

In the DEP Aerospace Communications 
and Controls Division, Gil Liebermann has 
replaced Joe Connors as Editorial Repre- 
sentative for Systems Engineering, Camden, 
and W. M. Morsel) has replaced Dick Craw- 
ford as Ed Rep for D &D engineering, Cam- 
den. Both Lieberman and Morsell will serve 
on Frank Whitmore's DEP Editorial Board. 

David R. Crosby received his EE degree 
from Rensselaer Polytechnic Institute in 
1934 and his MS from Harvard University 
in 1935. From 1935 to 1941 he was employed 
by IT &T. He joined RCA in Camden in 
1941, and since has worked on high -power 
transmitters, RF transmission lines, anten- 
nas, microwave filters, and modulation 
theory. Since 1958 he has been associated 
with a group in EDP Advanced Develop- 
ment Engineering developing high speed 
computer technology, and is now a group 
Leader with responsibility for developing 
fabrication techniques for nanosecond com- 
puters. He is a Registered Professional 
Engineer, a Member of the AIEE, the IRE, 
and the Mathematical Association of Ameri- 
ca. He has been active in committee work, 
and was program chairman for one of the 
national conventions. For six years he was 
a member of the evening faculty of Rutgers 
University. In addition to authoring several 
conference papers and U. S. patents, he has 
published five papers in the Proc. IRE, and 
other papers in AIEE journals and the RCA 
Review. 

G. Lieberman received a BA in Mathe- 
matics at New York University in 1948, and 
an MA in Mathematical Statistics at Colum- 
bia University in 1949. Since then, he has 
done graduate work in Mathematics and 
Electrical Engineering at University of 
Maryland, American University, and the 
University of Pennsylvania. From 1950 to 
1955, he was with the U. S. Naval Research 
Laboratory, where he worked on sonar, 
acoustic signal analysis, and on aural and 
visual pattern recognition. From 1955 to 
1959, he was with the U. S. Naval Ordnance 
Laboratory, where he also worked on naviga- 
tion and guidance systems. During this 
period, he taught courses in Probability and 
Statistics at the University of Maryland. He 
joined RCA in March 1959 in the DEP 
Airborne Systems Division's Communica- 
tions Systems Group. In January, 1962, he 
was promoted to his present position of 
Staff Scientist for the DEP -ACCD Advanced 
Systems and Techniques Group. His work 
has involved analysis of digital communica- 
tion systems, performance evaluation of a 
spread spectrum system in a fading medium, 
effects of hard limiting on spread spectrum 
signals, and research on adaptive communi- 
cation techniques. Mr. Lieberman is a 
Member of the IRE, the Institute of Math- 
ematical Association of America. 

Because of the volume of degrees and other 
special news to include in this issue, the regular 
column Professional Activities was postponed 
to the next issue where we will "catch up" on 
all previously submitted items -The Editors. 
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Editorial Representatives 
The Editorial Representative in your group is the one you should contact in 

scheduling technical papers and announcements of your professional activities. 

DEFENSE ELECTRONIC PRODUCTS 

F. D. WHITMORE Chairman, Editorial Board, 
Camden, N. J. 

Editorial Representatives 

J. B. RIPPERE Aerospace Comm. & Contr. Div., 
Camden, N. J. 

W. M. MORSELL Design -Devel. Eng., Aerospace Comm. 
& Contr. Div., Camden, N. J. 

D. B. DossoN Systems Support Eng., Aerospace Comm. 
& Contr. Div., Burlington, Mass. and Camden, N. J. 

G. LIEBERMAN Systems Eng., Aerospace Comm. & Contr. 
Div., Camden, N. J. 

R. GLENDON Aerospace Comm. & Contr. Div., 
Burlington, Mass. 

I. N. BROWN Major Systems Div., Moorestown, N. J. 

T. G. GREENE Missile & Surf. Radar Div., 
Moorestown, N. J. 

D. J. ODA Data Systems Div., Van Nuys, Calif. 

H. J. CARTER Data Systems Center, Data Systems Div., 
Bethesda, Md. 

C. W. FIELDS Surf. Comm. Div., Camden, N. J. 

M. P. ROSENTHAL Surf. Comm. Div., New York, N. Y. 

J. F. GIBBINCS Surf. Comm. Div., Tucson, Ariz. 

P. J. RILEY Surf. Comm. Div., Cambridge, Ohio 

L. A. THOMAS Astro -Elec. Div., Princeton, N. J. 

M. G. PIETZ Applied Research, Def. Eng., Camden, N. J. 

R. P. DUNPHY Central Eng., Del. Eng., Camden, N. J. 

BROADCAST AND COMMUNICATIONS 
PRODUCTS DIVISION 

C. E. HITTLE Closed Circuit TV & Film Recording Dept., 
Hollywood, Calif. 

C. D. KENTNER Brdcst. Transmitter & Antenna Eng., 
Camden, N. J. 

R. N. HURST Brdcst. Studio Eng., Camden, N. J. 

ELECTRONIC DATA PROCESSING 

T. T. PATTERSON Technical Publ. Admin., EDP Eng., 
Pennsauken, N. J. 

R. R. HEMP Palm Beach Engineering, 
West Palm Beach, Fla. 

B. SINGER Data Communications Engineering, 
Pennsauken, N. J. 

D. R. CROSBY Advanced Development Engineering, 
Pennsauken, N. J. 

RCA COMMUNICATIONS, INC. 

W. C. JACKSON RCA Communications, Inc., 
New York, N. Y. 

RCA LABORATORIES 

C. W. SALL Research, Princeton, N. J. 

ELECTRON TUBE DIVISION and 
SEMICONDUCTOR & MATERIALS DIVISION 
J. F. HIRLINGER Chairman, Joint Editorial Board, 

Harrison, N. J. 

Editorial Representatives, Electron Tube Div. 

J. D. ASHWORTH Kinescope Operations, Lancaster, Pa. 

G. A. DELoNo Conversion Tube Oper., 
Lancaster, Pa. 

G. G. THOMAS Power Tube & Oper. Svcs., 
Lancaster, Pa. 

T. M. CUNNINGHAM Receiving Tube Operations, 
Harrison, N. J. 

H. J. WOLKSTEIN Microwave Tube Operations, 
Harrison, N. J. 

J. KOFF Receiving Tubes, Woodbridge, N. J. 

J. H. LIPSCOn-IBE Kinescopes, Marion, Ind. 

R. J. MASON Receiving Tubes, Cincinnati, Ohio 

M. N. SLATER Electron Tubes, Mountaintop, Pa. 

Editorial Representatives, 
Semiconductor & Materials Div. 

H. CARTER Semiconductor Devices, Somerville, N. J. 

R. SAMUEL Microelectronics, Somerville, N. J. 

J. D. YovNc Semiconductor Devices, Findlay, Ohio 

M. N. SLATER Semiconductor Devices, Mountaintop, Pa. 

G. R. KORNFELD Needham Matls. Oper., Needham, Mass. 

RCA VICTOR HOME INSTRUMENTS 

K. A. CHITTICK Chairman, Editorial Board, Indianapolis 

Editorial Representatives 

R. C. GRAHAM Radio "Victrola" Product Eng., 
Indianapolis, Ind. 

P. G. McCABE TV Product Eng., Indianapolis, Incl. 

J. OSMAN Electromech. Product Eng., Indianapolis, Ind. 
L. R. WOLTER TV Product Eng., Indianapolis, Ind. 
E. J. EVANS Resident Eng., Bloomington, Ind. 

D. J. CARLSON Advanced Devel., Princeton, N. J. 

RCA SERVICE COMPANY 

W. W. CooK Consumer Products Svc. Dept.. 
Cherry Hill, N. J. 

J. J. LAWLER EDP Svc. Dept., Cherry Hill, N. J. 

E. STANKO Tech. Products Svc. Dept., Cherry Hill, N. J. 

M. W. TILDEN Govt. Svc. Dept., Cherry Hill, N. J. 

N. C. Count Mobile Communications Engineering, 
Meadow Lands, Pa. 

RCA VICTOR RECORD DIVISION 

M. L. WHITEHURST Record Eng., Indianapolis, Ind. 

NATIONAL BROADCASTING COMPANY, INC. 

W. A. HOWARD Staff Eng., New York, N. Y. 

RCA INTERNATIONAL 

C. G. MAYER Product Planning & Devel., Clark, N. J. 

RCA VICTOR ' ",NY, LTD. 

H. J. RUSSELL Research & Eng., Montreal, Canada 
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