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. The MICROPAC computer is
shown against the backdrop of a
NIKE-HERCULES missile. Although
not a formal part of the NIKE sys-
tem, the MICROPAC opens important
possibilities for many types of mili-
tary field equipment, since it is a
portable general-purpose digital
computer built with micromodules
and designed for tactical military
applications in the field. Inset are
DEP Surface Communications Divi-
sion engineers who led in develop-
ment of the MICROPAC: (I. to r.)
E. L. Schlain; A. S. Rettig; H. K.
Saver; A. H. Coleman; R. D. Torrey;
and M. Gottlieb. (See MICROPAC
paper by Rettig, this issve.)

Skill . . . Productivity . .. Flexibility

In the complex technological world today, the engineer must be aware at all
times of three major factors:

First, he must realize that the age of automation poses new and serious
challenges to technical personnel, requiring a level of productivity much
higher than before. The current increased demand for sophisticated data
processing and other electronic systems is constantly stepping up the tech-
nological pace—creating a need for the technical man to keep in stride by
increasing his own rate of engineering innovation.

Second, the engineer who demonstrates ability to apply his skills toward
greater productive efforts will find rapid advancement within his own scien-
tific field—advancement opportunity matched by no other activity, including
that of management. To increase his own productive efforts and at the same
time stimulate greater effort from his associates is an invaluable combination.
Professional recognition and success lie ahead in engineering and research
for those who achieve such results.

Third, while the engineer must be an expert in his own field, he also must
remain versatile and flexible in operational ability; he must not only keep
fully abreast of developments in his own specialized area but also must be
familiar with what is transpiring in related areas.

The function of the engineer, the very reason for his existence, is to solve
the problems set before him—problems that are becoming technologically
more difficult as the Space Age progresses and more and more important as
national and international conditions continue as they are today. The meas-
ure of an engineer’s productivity is his ability to find these solutions and, in
the end, produce the highest quality products and systems. Machines may
help him do so. but the end product is his.

By combining these attributes—skill, productivity, and flexibility-—the

engineer remains ready at anv time to fit his skills to new programs that

come to RCA.

A. L. Malcarney

Group Executive Vice President
Radio Corporation of America
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RCA AID TO EDUCATION‘«/

Vlco Pl‘ttidlﬂ‘l‘ and#'l'echnlccl Dlrecfor

CA’s rrocraM for giving financial aid to education
was initiated shortly after World War 11. The Corpo-
ration recognized then. as it does now, that it has an
obligation to assist the expansion and betterment of our
institutions of higher learning and to provide help to stu-
dents who are unable to finance their education completely.
The reasons for this are not only those relating to good
corporate citizenship but include the important need of
assuring a continuing supply of men and women trained
in science. engineering, and the other disciplines necessary
to the growth and progress of RCA and its subsidiaries.
American business corporations' contributed over $130
million to colleges and universities in the academic year
1960-61. This represented about 16 percent of the total
voluntary contributions received by schools; the dollar
amount was 33 percent higher than in 1958-59 and 232
percent higher than in 1954-55 (totals were up 28 and
177 percent, respectively).
Money contributed for educational purposes comes out
of corporate profit; it is money which, after providing for
corporate income tax. would otherwise be disbursed as
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dividends to shareholders or reinvested in the business.
Although contributions of this sort might he considered
slightly peripheral to the business itself. Boards of Direc-
tors of U. S. corporations now generally recognize that
their corporations have real obligations to educational
institutions, and shareholders do not disagree.

As one would expect. there is wide variation in the
amount of educational giving among U. S. corporations.
One study of the donations of 30 major companies for the
years 1956, 1957, and 1958 showed a median contribution
of 0.7 percent of the individual net profit after taxes.
30 percent of these companies made donations of 1.0
percent or more of their after-tax profits.

THE RCA EDUCATION COMMITTEE

RCA’s program for support to education is operated by
the RCA Education Committee, whose first chairman was
James Rowland Angell, retired president of Yale
University. He was succeeded. in 1949, by Dr. C. B.
Jolliffe, then Executive Vice President, RCA Laboratories
and later Vice President and Technical Director of RCA.
Dr. Jolliffe guided the Committee for ten years and was
succeeded by Dr. Irving Wolff. who had retired as Vice
President. Research, but remained with RCA on a part-
time basis, at the request of the Board of Directors, in
order to work on educational matters. until June 1962.
It will be seen from the listing in Table I that the
Committee members include RCA and NBC officials con-
cerned with education and related matters. as well as two
distinguished members of the Boards of Directors of RCA
and NBC. Both Mrs. Case and Dr. Newsom have lifelong

interest and experience in educational matters.

The RCA Education Committee has the responsibility
of maintaining and modifving, as appropriate. RCA’s
program for support to education, subject to approval by
the President. the Contributions Committee and the Board
of Directors. RCA’s aim in providing aid to educational
institutions and to individuals is to assist in the training
of students for citizenship and careers in education and
industry, and to encourage research in electronics and
related fields.

It should be noted that all forms of corporate philan-
thropy come under the general authority of the RCA
Board of Directors” Committee on Contributions. A bro-
chure of this Committee, Corporate Contributions Policies
and Procedures, guides the RCA Education Committee in
carrving out its mission. One overriding principle set forth
in this policy ix that all contributions should advance the
interests of the Corporation. Two policy provisions are
particularly noteworthy at this point. They are in the
nature of prohibitions. It is the general policy of the
Corporation not to contribute to capital expenditures for
educational institutions, and not to make gifts of RCA
apparatus to an institution which is a customer or a
prospective customer for such apparatus. Also, as a mat-
ter of practice. not specifically covered by policy. the
RCA Education Committee has not contributed in any
way to secondary or preparatory schools, hut only to
colleges and universities.

DR. D. H. EWING has been Vice President and Technical Director of RCA
since January 1961, In this position he serves as the top technical liaison
officer of the Corporation, providing counseling and advisory services to
RCA licensees abroad and technical liaison between domestic and foreign
research and engineering staffs. Instrumental in the establishment of RCA's
basic research laboratory in Tokyo in June 1960, Dr. Ewing is a member of
its Board of Directers. Dr. Ewing was recently appointed Chairman of the
RCA Education Committee. Dr. Ewing graduated from Butler University,
Indianapolis, Ind., with an AB in Physics, magna cum laude, in 1935. He
received an MS degree in 1937 and a PhD in Physics in 1939 from the
University of Rochester. In June 1955, Dr, Ewing received the honorary
degree of Doctor of Science from Butler University. From 1939 to 1941, Dr.
Ewing was Assistant Professor of Physics at Smith College, Northampton,
Massachusetts. In 1941 he took a leave of absence from Smith College to
join the Radiation Laboratory of MIT where government-sponsored devel-
opment of radar systems was underway. He worked on radar research there
throughout World War I, being named Chairman of the Overseas Office
for the Radiation Laboratory. In 1945, Dr. Ewing joined the RCA Victor
Division, in Camden, New Jersey, as Manager of the Teleran Engineering
Section. (Teleran, was a pioneer electronic system for air navigation and
traffic contrel.) In 1947, he was appointed Manager of Advanced Develop-
ment at Camden. In 1949, Dr. Ewing was granted a leave of absence from
RCA, at the request of the Civil Aeronautics Administrator, to serve as
Director of Development of the Air Navigation Development Board in
Washington, D. C. In 195, Dr. Ewing returned to RCA as Director of
Research Services of the RCA Laboratories in Princeton. Two years later he
was appointed Director of the Physical and Chemical Research Laboratory,
remaining in that post until his ap-
pointment as Administrative Director,
RCA Laboratories, in June 1954. In No-
vember 1955, he was elected Vice Pres-
ident, RCA Laboratories. He was named
Vice President, Research and Engineer-
ing, in January 1957. In January 1961,
he was appointed to his present posi-
tion. In addition to his RCA responsibil-
ities, from 1956 to 1960 Dr. Ewing also
served as a member of the Board of
Directors of Industrial Reactor Labora-
tories, Inc., Plainsboro, New Jersey. He
is a member of the Board of Directors
and Vice President, Research and Devel-
opment Division, of the American Man-
agement Association. He is a Fellow of
the American Physical Society, a Fellow
of the linstitute of Radio Engineers,
and a member of Phi Kappa Phi and
Sigma Xi.
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In developing its program, the Education Committee is
mindful of the business interests of the Corporation and
attempts to use the money at its disposal in ways bene-
ficial to the Corporation as well as the recipient.

PROGRAM

The program of the RCA Education Committee for
achieving the aims outlined above has three separate but
interrelated parts: Scholarships, Fellowships, and Grants.

Scholarships

Two types of undergraduate scholarship grants are
financed®: First, thirty-four scholarships are established
at designated colleges and universities—thirty in Science
and allied disciplines, and one each in Industrial Rela-
tions, Music, Dramatic Arts. and Television Training.
Second, fifteen four-year scholarships are available each
year to children of RCA employees under the recently
announced Merit Scholarship Program.

Under the first program, candidates for the thirty-four
scholarships (usually upperclassmen) are selected annu-
ally by the institutions on the basis of academic standing,
character, and financial need, and are recommended to the
RCA Education Committee for approval. Each of the schol-
arships carries a stipend of $800 which is paid to the
college or university for the benefit of the scholarship
recipient. In addition, an unrestricted grant of $500 is
made to the institution itself, provided it is a private one
not supported by taxes.

The unrestricted grant made to a private institution at
which a scholarship (or fellowship) is placed is a rela-
tively new form of corporate educational support and
was originated by RCA. While a scholarship stipend is
intended to cover tuition payment, it does not reimburse
all institutional expenses connected with the scholar’s
education. The intent of the unrestricted grant is to cover
those expenses not reimbursed by tuition so that the
stipend and grant combined approximate an institution’s
total expenses in behalf of the scholar. Colleges and uni-
versities have been grateful for these grants, particularly
since there are no restrictions on their use. Following
RCA’s lead, other corporate donors have adopted similar
practices.

Table I—Current Members of the RCA Education Committee

Dr. George H. Brown
Vice President of Research and Engineering, RCA
Mrs. Everett N. Case
Member of RCA and NBC Boards of Directors
George H. Fuchs
Vice President, Personnel, NBC
Julius Haber
Director, Community Relations, RCA
George F. Maedel
President, RCA Institutes, Inc.
Frank L. McClure
Director, Organization Development, RCA
Harold Metz
Division Vice President, RCA
Carroll V. Newsom
Member of RCA and NBC Beards of Directors
Edward Stanley
Director, Public Affairs, NBC
Edward M. Tuft
Vice President, Personnel, RCA
John Q. Cannon, Secretary
Secretary of RCA
Dr. Douglas H. Ewing, Chairman
Vice President and Technical Director, RCA

In addition to the thirty-four scholarships at designated
institutions, an RCA scholarship is awarded each year to
an outstanding graduate of RCA Institutes, Inc. at an
approved college or university. The award of $800 is
made for one year but may be renewed for the period
required for the student to achieve the baccalaureate
degree. Thus., four RCA Institutes’ scholarships may be
in effect during each school year. Candidates apply for
the scholarship to a committee consisting of engineers
and educators selected by RCA Institutes. Final selection
is subject to the approval of the RCA Education Committee.

The second of the two types of undergraduate scholar-
ships, the Merit Scholarship Program for children of
RCA employees. was announced in April 1962. Each year.
a maximum of fifteen four-year college scholarships are
awarded to RCA Merit Scholars. Recipients may attend
the college of their choice. and may pursue any course of
study leading to the usual baccalaureate degree. In con-
trast with the institutionally placed scholarships, which
are on an annual basis, the RCA Merit Scholarships run
for four years. Thus, beginning with the fourth year,
as many as sixty scholars may be included.

All children (including those legally adopted) of regu-
lar employees of RCA and its divisions and subsidiaries
in the United States who have completed at least two
years' continuous company service by March 1 of the year
in which the scholarship is granted are eligible to com-
pete for these scholarships. Children of retired and
deceased employees are also eligible.

The RCA Merit Scholars are chosen by the National
Merit Scholarship Corporation (NMSC) from the chil-
dren of RCA employees who reach the Finalist level of
the annual NMSC competition. The selection is made on
the basis of scholastic aptitude, leadership and good citi-
zenship. The amount of each four-year scholarship is
based on need and ranges from a minimum of $100 annu-
ally to a maximum of $1.500 annually. Additionally,
grants are made to some of the colleges attended by the
RCA Merit Scholars, based on recommendations frem
the NMSC.?

Fellowships

Aid to graduate students is given through two types of
fellowships: the twelve RCA Fellowships, and the ten David
Sarnoff Fellowships.

The twelve RCA Fellowships are established at desig-
nated universities in specified fields: five in Electrieal
Engineering. three in Physics, one in Science Teaching,
two in Dramatic Arts, and one in Journalism. The Jour-
nalism fellowship, sponsored by RCA and the NBC Radio
Network. is open to qualified newsmen (or women) asso-
ciated with any of NBC’s affiliated radio stations. The
other fellowships are open to all qualified students.

The two awards in Dramatic Arts, known as RCA-NBC
Fellowships, are among the very few industrially sup-
ported fellowships in this field. Available for prospective
playwrights, actors, directors, producers, scenic artists,
etc.. these fellowships have furthered the careers of a
number of young men and women.

Candidates for RCA Fellowships are selected by the
university departments concerned, subject to approval by
the RCA Education Committee. Each fellowship provides
full tuition expenses and a stipend of $2,100. In addition,
RCA makes an unrestricted grant of $750 to each uni-
versity having an RCA Fellow.
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The second type of fellowship, carrying the name of
RCA’s Board Chairman, is available to outstanding
employees of RCA who are working toward graduate
degrees at approved universities. Ten David Sarnoff Fel-
lowships are awarded annually, six in Science, three in
Business Administration, and one in Dramatic Arts
or Journalism.

Employees are nominated for these fellowships by the
department heads of RCA divisions and subsidiaries and
final selection is made by the RCA Education Committee.
Employees are chosen on the basis of academic aptitude.
promise of achievement and character. They must be
qualified for graduate study and be accepted in an
approved school. Ph.D. candidates are given preference.

These fellowships are granted for one academic year.
Each appointee is granted a leave of absence from the
Corporation for the duration of the fellowship and is
eligible for reappointment. The stipend includes payment
of tuition, up to $50 for books, and $2,500 to $4,000 a
year to the individual, depending on marital status. An
unrestricted gift of $1,000 is made to the university
attended.

RCA Scholars and Fellows who are selected by colleges
and universities are completely free of obligation to RCA.
Some have chosen RCA as their place of employment, but
this has been a free choice.

Grants

RCA makes grants to educational institutions in a number
of different ways. Prominent among these are the grants
made to colleges and universities at which RCA employees
have studied under RCA’s Tuition Loan and Refund Plan.
Since this plan may not be known generally, a summary
follows.

This plan, administered by RCA’s several plant and
laboratory locations, not the RCA Education Committee,
assists full-time employees to improve their performance
in their present occupations and/or to equip themselves
to perform in related occupations through after-hours
study or training. Within specified limits and subject to
certain general conditions, the plan provides for loans of
tuition, budgeted repayment by the employees, and refund
of tuition payments on satisfactory completion of courses.
Details of this plan are available at local Personnel offices.
Of particular interest to engineers is recent modification
of the plan to provide additional assistance for employees
in approved graduate degree programs.

The role of the RCA Education Committee in connec-
tion with the Tuition Loan and Refund Plan is to make
grants to the institutions at which RCA employees have
taken after-hours courses, again in recognition of the
inadequacy of tuition to reimburse total costs. They are
completely unrestricted as to use; the amount of each
depends on (and is roughly proportional to) the number
of employees taking courses at the particular institution.
For the academic year 1961-62, grants in this category
were made to 125 institutions, varying in amount from
$100 to $2,500. Although many corporations have plans
for assisting employees in payment of tuition for supple-
mentary study, few have made contributions to the insti-
tutions at which the study is carried out. This type of
grant was originated by RCA and has received favorable
comment from many sources.

Grants are also made, to a limited extent, to certain
organizations in the field of education whose activities are
considered beneficial to the Corporation and to industry.
Examples of such beneficiaries are the United Negro Col-

lege Fund and the National Fund for Medical Education.

Special grants are made to educational institutions
where instruction or research is of particular interest and
value to RCA or where major use is made by RCA’s
employees of the institution’s facilities. Such grants may
be unrestricted or given for a particular project or pro-
gram. Grants in this category are closely coupled to
RCA’s business operations. and are made usually to
institutions in the vicinity of RCA plants or laboratories.

Although it is RCA’s policy not to contribute equipment
of RCA manufacture if the donee is a customer or pros-
pective customer for that equipment. it is possible to make
donations of surplus equipment. Apparatus. judged sur-
plus by the division owning it. is offered to other divisions
of RCA, and then is offered to the RCA Education Com-
mittee for possible use by colleges or universities. Fre-
quently, test and measuring equipment and the like, no
longer appropriate for use by RCA. fill a definite need
in a college instructional laboratory and are accepted
gratefully for that purpose.

OTHER CONTRIBUTIONS TO EDUCATION

In addition to the program outlined above which is car-
ried out by the RCA Education Committee, there are
many other direct or indirect contributions made by
operating segments of the Corporation and coordinated
by the Committee.

Network TV Classes

For three of the last four years, RCA was one of the
substantial contributors in support of “Continental Class-
room,” the pioneering network television program for col-
lege credit. This program was hroadcast five mornings
per week by more than 180 stations of the NBC Tele-
vision Network and was accredited by several hundred
colleges and universities. Average daily viewing audiences
were estimated to be in excess of 500,000. Tn 1958-59,
Continental Classroom offered a course in Contemporary
Physics; in 1959-60, a course in Modern Chemistry,
broadcast in color; in 1960-61, Contemporary Mathemat-
ics, also in color, and in 1961-62, American Government.

Associates Programs

A number of American universities have so-called Asso-
ciates Programs under which industrial concerns, in
return for a contribution, receive certain benefits such as
special seminars. consultation on general scientific prob-
lems, etc. In the normal course of business, RCA has
joined some of these Associates Programs, through the
operating divisions. In each case, the division concerned
is responsible for liaison with the university. takes care
of the contribution within its own budget, and reports its
activities to the RCA Education Committee.

Fellowships, Scholarships, and Grants in Japan

Because of the unusual educational needs in Japan and
because of RCA’s business operations there, the RCA
International Division initiated a program of educational
aids in Japan in 1959. Prior to that time, most Japanese
students chosen for Fulbright awards for study in the
United States had been unable to accept them since they
did not have the resources to cover tuition and living
expenses. (Fulbright awards cover only transportation
expense.) Through the United States Educational Com-
mission in Japan (The Fulbright Commission), RCA
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makes available five fellowships for Japanese university
graduate students to supplement their Fulbright awards.
Awards are made to a maximum of five graduate students
each year to provide assistance in meeting their tuition
and living costs in the United States. Selection is made
by the Fulbright Commission, and recipients have no
obligation to RCA.

RCA’s Educational Aid Program in Japan includes the
award of scholarships to Japanese undergraduates study-
ing in Japanese universities in natural sciences and elec-
tronics. Recipients of these scholarships are selected by
the deans or presidents of universities which have been
designated by the Japanese Ministry of Education.

RCA has also established a fund administered by the
Japanese Ministry of Education to assist in providing
Japanese secondary schools with laboratory apparatus
and books.

Through RCA’s Tokyo research laboratory, research
grants are made annually to research investigators in
Japanese universities to assist them in the prosecution of
their programs. Limited to four in number, the research
grants are made after review of detailed proposals and
may be used for purchase of apparatus or supplies, sal-
aries of supporting workers, etc. Although very modest
in amount, by U. S. standards, the Japanese research
grants have been well received and competition for them
is keen.

Science Teaching Aid for Secondary Schools

Beginning this fall, RCA is initiating a pilot program of
aid to science teaching in the secondary schools. Two
junior and two senior high schools in Brooklyn. New York
are involved. The program will include classroom lecture
demonstrations in one junior and one senior high school
and a series of seminar or after-school demonstration lec-
tures in the other two. Twelve scientists and engineers
from seven divisions and subsidiaries of RCA will partici-
pate as lecturers. Their contributions, in their fields of
specialization, will be timed and paced to the curricula
with which they will be associated. It is hoped that this
participation by industrial scientists and engineers will
supplement and enrich high school science courses to a
considerable extent.

A LOOK AT THE FUTURE

The previous paragraphs have outlined RCA’s present
program in financial support of education and some of its
history and philosophy. The program has reached its
present form and proportion through an evolutionary
process; it is to be expected that further modifications
will be made as needs and interests are found to change.
In the remainder of this paper I shall mention a few of
the movements in education and its financial support
which may have a bearing on the development of
RCA’s program.

The increasing costs of education, primary and second-
ary as well as collegiate, are of great concern to many
thinking people. If educational methods and processes
continue in their present form, many observers foresee
that education will require a disproportionate share of
our national resources a decade or a generation hence.
Consequently much thought and discussion are being
given to modifications in present practices and experi-
mentation is underway. Examples abound: new curricula
are being devised and new textbooks written; experiments
are being performed on separating the expository and

consultative phases of teaching with the view of accom-
plishing exposition more efficiently, e.g., through tele-
vision. Audio aids are being used, especially in the
teaching of foreign languages; teaching machines are
being developed and, more importantly, programs are
being written for them.

Likewise, there are many ideas on financial support. One
suggestion is that colleges and universities should raise
their tuition charges to equal total costs, providing loans
for worthy, needy students, the loans to be paid off in
later life. Radical though this suggestion may seem, it is
certainly worth consideration and debate.

In this same vein, many colleges are already insisting
that needy students, in order to obtain outright schelar-
ship grants must take loans for a portion (typically, one-
third) of their total needs. Such loans are long-term and
bear low interest rates. In most cases repayment need not
begin until several years after graduation. The theory
behind these practices is, of course, that, through them,
students have heightened incentive.

Personal giving, by non-alumni as well as alumni, is
growing, possibly due to the increasing number of annual
fund-raising campaigns. Historically, private universities
used return on endowment to supplement tuition income
and found this total sufficient to meet total expenses.
Rising costs and shrinking investment income have pro-
duced serious deficits, and there is little hope for sufficient
additional endowment to restore equilibrium. Thus insti-
tutions have resorted to solicitation of funds to meet
current expenses. There seems to be no reason to believe
this trend will do other than increase.

Corporate donors are constantly exploring novel means
of educational support. One of these, initiated a few years
ago by the General Electric Company, provides corpeorate
grants to educational institutions, matching grants made
to those institutions by corporate employees. Over 140
U. S. corporations now have matching grant programs.
Among these there are wide variations in matching condi-
tions, e.g., type of institution, amount contributed to a
single institution per employee, total annual contribution
per employee. One advantage of matching grant schemes
frequently mentioned by their proponents is that they add
incentive to regular personal giving through their multi-
plicative effect. Additionally, they stimulate colleges to
more active and regular alumni solicitation. RCA has
chosen not to adopt a matching grant program.

Other methods of corporate contribution include a
scheme in which a corporation makes a donation, on
behalf of each college graduate employed, to the appro-
priate college, after the employee has completed several
years of service.

Certain it is that educational methods and processes
and means of supporting them will be the subject of
much discussion in the next few years. The RCA Educa-
tion Committee will follow these discussions with great
interest as it seeks to maximize the effectiveness of its
educational assistance program.

BIBLIOGRAPHY

1. 1960-61 Voluntary Support of America’s Colleges and Uni-
versities, Council for Financial Aid to Education, Inc.

2. Full details of the RCA Scholarship and Fellowship Program
are contained in the pamphlet entitled RCA Aid to Education.

3. Full details of the RCA Merit Scholarship Program for chil-
dren of RCA employees are found in the pamphlet enritled
Merit  Scholarship Program — For Children of RCA
Employees.
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SPACE TECHNOLOGY—Gary D, Gordon and T.
Todd Reboul, Astro-Electronics Division, Princeton.

ELECTRON TUBES—
Markus Nowogrodzki,
Electron Tube Division,
Harrison, N. J.

TELEVISION PRINCIPLES
— Jarrett L. Hathaway,
National Broadcasting
Company, New York.

COMPUTERS AND DATA
PROCESSING — Harriet
Bein, Surface Communi-

ACOUSTICS — Donald §.

McCoy, RCA Laborataries,
Princeton.

RCA PIONEERS SCIENCE

TEACHING PROGRAM
FOR PUBLIC SCHOOLS

R. K. KILBON, Editor
Research and Engineering Information
Dept. of Public Affairs
Radio Corporation of America
New York City, N. Y.
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RADAR AND MICRO-
WAVES — Richard M.
Kurzrok, Surface Com-
munications Systems
Labaratory, New York.

SOLID STATE PHYSICS—
F. L. Vogel, Semiconduc-
tor and Materials Divi-

CRYOGENICS—Benjamin
Rabinovici, Surface Com-
munications Systems
Laboratory, New York.

COMMUNICATIO
R. K. Andres ond James C. Hepburn, RCA Com-
, New York.

munications, Inc.

cations Systems Llabora-
tory, New York.

THE MOST COMPREHENSIVE APPROACH
yet attempted to the enrichment of
public school science teaching with the
help of industry talent is now under way
in a pilot program undertaken by RCA
and the New York City Board of Educa-
tion, proprietor of the nation’s largest
school system. Fourteen members of
RCA’s technical staff. four science
teachers, and some 275 students in four
schools are participating in the project.
named the David Sarnoff Industry-
Science Teaching Program in honor of
its originator. During the 1962-63 school
year. the RCA participants are present-
ing a series of more than fifty demonstra-
tion lectures in classrooms and after-
school seminars.

Geared in both substance and timing
to the regular science curricula of the
participating schools, the presentations
are designed to highlight current prog-
ress along the frontiers of science in the
most challenging present fields of elec-

sion,

Somerville, N. J.

Listed above are the technical fields and the
fourteen RCA engineers and 'scientists who
will teach them in the initial phase of the
David Sarnoff Industry-Science Teaching Pro-
gram—now underway for 275 students in four
New York City high schools.

tronics. The subject matter, prepared
and presented by specialists from seven
of RCA’s centers of techunical activity.
ranges from space technology and prac-
tical problem-solving to communications
theory and nuclear physics. The theater
of operations embraces two junior and
two senior high schools in the Borough
of Brooklyn, selected by New York
school authorities as best representing
the standard throughout the extensive
system.

The objective of the pilot program,
stemming f{rom proposals made during
the past six years by RCA Board Chair-
man Brig. General David Sarnoff, is to
stimulate student interest in science as
a career and to broaden the scientific un-
derstanding of those who will seek their
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NUCLEAR PHYSICS —
George J. Goldsmith,
RCA Laboratories,
Princeton.

ENERGY CONVERSION
— William J, Helwig,
Electron Tube Division,
Harrison, N, J.

[ o)
%

PRACTICAL PROBLEM
SOLVING — Lawrence
Siegel, Surface Com-
munications Systems
Laboratory, New York.

NS THEORY AND SYSTEMS —

careers in other fields. At the same time.
the 1962-63 test in the New York City
school system is conceived as a first run
for a procedure which can be extended
into communities throughout the nation
by joint action of private industries and
educational authorities.

FFor RCA, the experience represents a
radical extension of a time-honored prac-
tice of cooperation with the communities
in which it lives and works. In past years,
there have been many examples of co-
operation between RCA facilities and
local school systems. as in Moorestown
and Princeton. To a great extent, how-
ever, these—and most cooperative indus-
try-education projects—have been local
in concept and operation. The David
Sarnoff Industry-Science Teaching Pro-
gram has now gone beyond all of these
by seeking to establish a procedure that
can be widely adopted.

The program took shape early in 1962
following publication of an article by
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General Sarnoff in a national magazine
in which he urged specific steps to tap
the technical talents of industry in order
to help overcome the national shortage
of qualified science teachers in public
schools. The proposal, amplifying sug-
gestions first made by General Sarnoff
in 1956, struck members of the New York

City Board of Education as a potentially

useful approach to stimulation of stu-

dent interest in science, even in a school
system unaffected by a teacher shortage.

Following discussions between Gen-
eral Sarnoff and members of the Board
of Education, the details of the pilot pro-
gram were worked out by RCA repre-
sentatives and the Office of Science Edu-
cation of the New York City Schools.
On September 27, 1962, shortly after the
beginning of the new school term. the
project was launched with opening cere-
monies at the Board of Education head-
quarters in Brooklyn. On October 15.
the program commenced with lectures on
space technology in a physics class at
Midwood High School and an after-
school seminar at Erasmus Hall High
School.

In its scope and concept, the David
Sarnoff Industry-Science Teaching Pro-
gram represents something new in the
burgeoning field of industry-school co-
operation. Among its most significant
features are these:

1) A high degree of integration be-
tween the RCA presentations and
the regular curricula, and between
the RCA specialists and the public
school science teachers in prepar-
ing and presenting the subjects;

2) The combination of classroom
presentations and after-school
demonstration lectures in a coor-
dinated program running through
the full school year;

3) The conception of the after-school
seminar series {or selected students
as a supplementary course with
credits. and as a source of further
training for the science teachers of
the participating schools;

4) The simultaneous operation of the

program at both junior and senior
high school levels;
The establishment by school au-
thorities of techniques for evaluat-
ing the program at the end of the
school year, including special test
procedures and observation of any
student tendencies to elect further
science courses in following vears;
and,

6 The conception of the pilot pro-
gram as a model for possible ex-
tension not only in New York but
throughout school systems across
the country.

The role of the RCA scientists and en-

o

gineers in the program is basically one
of sparking the imaginations of the stu-
dents with first-hand accounts of recent
and continuing advances in the labora-
tory. Picking up where the school cur-
riculum stops, their presentations are de-
signed to show how basic principles are
heing applied to the solution of major
scientific and technological problems.
and in what direction future progress is
likely. In the course of the program,
most of the RCA participants will intro-
duce new or specially-designed visual
aids, including simple demwonstrations
and actual laboratory models or proto-
types.

The classroom phase of the project
comprises one series of eight lectures in
a twelfth-year physics class at Midwood
High School, and another of seven lec-
tures in a general science class at
Andries Hudde Junior High School—
one of the sources for the Midwood High
School. All of these lectures are coor-
dinated with the regular curriculum,
coming at the conclusion of studies in the
related subject. By close cooperation be-
tween the teachers and the RCA partici-
pants, the special presentations thus fol-
low and enrich the regular program of
instruction in the two classes.

The seminar phase of the program
comprises a more extensive series of one-
hour demonstration lectures to a group
of about fifty selected “good average™
students and the science teachers in each
of the two other schools. Through the
school year, the RCA specialists will
give eighteen of these lectures to an
audience comprised basically of eleventh-
year chemistry students at Erasmus Hall
High School, and another eighteen to a
group of seventh- to ninth-grade students
at Ditmas Junior High School—one of
the sources for Erasmus Hall,

One of the more promising features of
the pilot program from the standpoint
of possible extension to other schools is
the fact that no cost is involved for the
educational systems, The RCA partici-
pants have volunteered their services.
and their time and demonstrations are
being paid for by their divisions and by
the corporation. Seven different RCA fa-
cilities were approached in the prepara-
tory stages of the program, and all
extended willing cooperation in working
out the list of subjects and selecting out-
standing staff members from among
those who expressed interest in the
project. The result is the group of RCA
“faculty members” (see list and photos)
who will present demonstration lectures.
As coordinator of the arrangements for
the program through the year, RCA has
named Jacob Brody. Superintendent of
the Evening School. RCA Institutes, New
York.
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As it continues through the school
year. the program is receiving close
scrutiny from both educational and in-
dustrial organizations. And it appears at
the same time to be arousing a lively in-
terest among the students themselves
because of the unusual opportunity to
learn of the most advanced present-day
activities in important fields of science
and engineering from the people who
are directly involved in the laboratories
and the advanced development groups.

As General Sarnoff observed in the
opening ceremonies on September 27.
1962:

“Out of a lifetime of collaboration
with scientists, 1 have developed the
deep conviction that if our young people
in high schools could share my experi-
ence—and the similar experiences of
many others—they also might be in-
fluenced in the selection of their life’s
work. | became convinced that student
contact with scientists would stimulate
intellectual curiosity and encourage the
pursuit of further scientific knowledge.

“It does not require the rare mentality
of a genius to produce a scientist. It re-
quires only an alert and eager mind—a
mind such as you youngsters possess—
to absorb the technical knowledge that
is the springboard to scientific innova-
tion. 1f vou are exposed to that knowl-
edge when you are young, it can become
your deposit on a lifetime of exciting
and useful service to your country and
the world.”

RALPH KENYON KILBON graduated in 1938 from
Wesleyan University, Middletown, Conn., with a B.A.
degree with distinction in English. Joinirg the New
York Herald Tribune after graduation, Mr. Kilbon
was assigned to the foreign news desk and later to
general reporting, Successively, he became makeup
and picture editor, United Nations correspondent,
financial writer, and, in 1949-1950, economic editor
of the New York Herald Tribune European edition
in Pa*is and Paris correspondert for the New York
paper. From 1950 to (952, he was [nformation
Officer, Marshall Plan mission to the Netherlands,
in The Hague, Holland. Returning to the United
States in December, 1952, he entered the European
office of the U.S. Information Service in Washing-
ton, D.C. Six months later he joined the RCA De-
partment of Infcrmation in New York, and in Sep-
tember, 1954, was assigned as staff writer to the
RCA Laboratories in Princeton. In January, 1958, he
was named Coordinator, RCA Editorial and Press
Services, Princeton and Camden. In October 1961,
he was named Administrator, Public Affairs, for
the RCA Laboratories. In February of 1962, he was
named to his present post in the RCA Department
of Public Affairs in New York as Editor, Research
and Engineering Information.



www.americanradiohistory.com

et

—

SURFACE COMMUNICATIONS DIVISION
ORGANIZATION AND FACILITIES

S. W. COCHRAN
Division Vice President and General Manager

Surface Communications Division

DEP, Camden, N.J.

HE SurrackE CoMMUNICATIONS Divi-
Tsion of RCA Defense Electronics
Products is dedicated to the applied
research. development, design. and pro-
duction of modern communication sys-
tems and equipment for the military.
From modest beginnings in 1956 in Cam-
den, the Division has expanded to loca-
tions in four states, employing nearly
5000 people. of whom over 800 are en-
gineers and scientists. The Division is
now engaged on projects which will
yield a 1962 sales total of approximately
$85,000,000.

Much of the modern military com-
munications problem is associated with
command and control. The major ele-
ments of a command and control system
are collection of information. processing
of the collected data, distribution or
communication of the processed data,
decision making, and the implementa-
tion of the decisions. As a result of the
tremendous developments which have
taken place in the military equipment
field over the past decade, it is now pos-
sible to collect vastly greater amounts of
data, of a wide variety of types, from
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Fig. 2—SuriCom personnel growth.

nany more sources, bearing on a spe-
cific military situation. than ever before.
The time. however. for performing the
major command and control functions
on the data has been drastically short-
ened. These conditions, then. lead to the
hasic requirement for modern, complex
nilitary communications systems.

SurfCom is organized for versatility
in attacking a wide range of defense
communications projects (Fig. 3). As
IYig. 4 shows. these are now six basic
product lines, and several major pro-
grams.

It was in 1957 that SurfCom success-
fully initiated its first major systems de-
sign and development effort—the North
Atlantic Tropospheric Scatter System. a
long-range high-frequency communica-
tions system. SurfCom has since partici-
pated in some of the most formidable
military communications systems proj-
ects. Examples of this team effort are the
Army’s Uxicov System with Bell Tele-
phone Laboratories. the 480-1, Commu-
nications System with IT&T, the 466-1.
Intelligence Study with IBM, and the
MiNUTEMAN ground complex with Boe-
ing.

The awarding of additional major
systems contracts, including a quick-
reaction design program for electronie
warfare equipment, Dara LiNk, and the
MINUTEMAN aerospace ground equip-
ment programs to SurfCom in the 1960-
61 period, accelerated division growth
to a sales level of $75 million in 1961.

SURFCOM SUBDIVISIONS

SurfCom headquarters are. of course.
located in the Camden RCA complex.
The following are major outlying Surf-
Com activities.
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Fig. 1—Program review in SurfCom Control
Room. At tables (left to right): R. W. Greenwood,
Manager, Operations Control; D. C. Koenitzer,
Manager, Program Administration, M&SR; J. H.
Sidebottom, Division Vice President and Gen-
eral Manager, M&SR; 5. W. Cochran, Division
Vice President and General Manager SurfCom;
A. L. Malcarney, Group Executive Vice Presi-
dent; C. B. Jolliffe, Vice President and Technical
Consultant; W. G, Bain, Yice President, Defense
Electronic Products; T. J. Tsevdos, Manager,
Programs Management. Facing them is P. C.
Lindoerfer, Manager, Administration and Finan-
ciatl Control reporting on Minuteman Program.
Seated against wall are {left to right): G. B. Di
Girolamo, Administrator, Control Room; A. M.
Burke, leader, Engineering Systems Projects;
C. A. Stevernagel, Plant Manager, Cambridge,
Ohio Plant; and C. M. Ledig, Manager, Manu-
facturing Projects and Product Assurance.
Standing are H. M. Groce, Jr., (left) Programs
Coordinator, Control Room, and C. W. Fields,
Engineering Editor.

New York Systems Laboratory: In
1956, Dr. Richard Guenther was assigned
to creating a systems and techniques
engineering laboratory in New York
City. Today the group comprises over
300 engineers and support personnel oc-
cupying two floors at 75 Varick Street.
Dr. Guenther directs the engineering
and scientific talent in the development
of new concepts and techniques in mili-
tary coinmunications and the integration
of these concepts into improved military
communication systems. This laboratory
is the backbone of the division. In addi-
tion to supporting all of the major sys-
tems operations with systems and tech-
niques talent. a substantial portion of
the laboratory stafl are concentrating on
forward-looking developments associ-
ated with masers. parametric amplifiers.
high-speed switching, etc.

Tucson, Arizona, Systems Laboratory:
The Tucson branch of the SurfCom N.Y.
Systems Laboratory was established in
1955 with three engineers and a small
contract with the Army’s Electronic
Proving Ground at Fort Huachuca. Ariz-
ona. Until 1960 the major effort of this
activity was devoted to a single svstem
study of Army Communications systems.
In that year the scope of the lahoratory
was diversified. In January 1960. the
laboratory was moved from Tucson, 23
miles south to Vail, where a new 13.000-
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Fig. 3—SurfCom Organization. (Mr. Cochran
reports to W. G. Bain, Vice President, Defense

Electronic Products.)

SURFACE COMMUNICATIONS
DIVISION

S. W. Cochran
Division Vice President
and General Mgr.

Marketing .
Chief Engineer Department | Operations Control
0. B. Cunningham M. R. Amsler, R. W. Greenwood,
Mgr. Mmgr.

Fig. 4—Basic SurfCom product lines.

COMMUNICATIONS SYSTEMS
Program Management
Systems Studies
Design and Development
Manufacture and Installation
ADVANCED TECHNIQUES
Micromodules and Integrated Circuits
Tunnel-Diode and Parametron Circuitry
TDM, FDM, PCM

DIGITAL COMMUNICATIONS

Data Transmission Systems

Hign-Speed Switching Devices

Input-Output Equipment

Data Modems

Tactical Data Processing Equipment
ELECTRONIC WARFARE

System Studies

Quick-Reaction-Projects
MAGNETIC RECORDING

Recorder-Reproducers

Radarlog Equipment

Tape Storage Devices

Magnetic Drum, Thin Film Memory,

and Random Access Devices

GROUND COMMUNICATIONS

Tropospheric Scatter Communications

Microwave Communications

Parametric Amplifiers

Military Television

Combat Radio

S. W. COCHRAN, Division Vice President and Gen-
eral Manager, DEP Surface Communications Divi-
sion, received his BSEE from the University of
Washington in 1927. After graduation, Mr. Cochran
spent three years with the General Electric Com-
pany at Schenectady. In 1930, he joined RCA, Cam-
den, as a design engineer. In Special Davices
Engineering, under his guidance, sound-powered
telephones, battle announce equipment, and ship-
board sound motion picture equipment were devel-
oped. In 1940, Mr. Cochran became a product man-
ager of government sound equipment at the Indian-
apolis plant. He returned to Camden in 1945 as
Manager of Special Devices Engineering. In 1949,
Mr. Cochran was appointed Manager of Advanced
Development Engineering, specializing in system
development work. During 1950, under RCA spon-
sorship, Mr. Cachran took the Advanced Manage-
ment Program at Harvard Graduate School of Busi-
ness Administration. During the years 1953-1956, Mr.
Cochran was Manager of Engineering Administra-
tion, Standards and Services for the Engineering
Department, Engineering Products Division. In 1956,
Mr. Cochran became Manager, Surface Communi-
cations Department. Later, when that department
grew to Division status, Mr. Cochran was appointed
Division Vice President and General Manager.

(())glrrlnbl';:dlgﬁi M’inutegnan Programming Programs Manuf. Projects
oA Steisnagel aeram T. J. Tsevdos, Management and
. A. Steuernagel, J. M. Oshorne, Acting M T. J. Tsevdos, Product Assur
Plant Mgr. Mgr. iGN Mgr. C. M. Ledig, Mgr.

Fig. 5—Some major SurfCom programs.

MINUTEMAN—The system synthesis, equipment design and hardware production of the MINUTEMAN
Sensitive Command and Support Information Networks has been a major effort in SurfCom since 1959.
These networks process and transmit command and status signals between 50 launch sites and five launch
control certers using advanced solid state switching and alternate routing to achieve ultrareliability and
survivability under nuclear attack. Digital data transmission is employed and is based upon the RCA-
developed ''Modified Diphase' technique of modulation-demodulation: that is, converting digital data
signals to 3 form suitable for handling by telephone lines. Unique and stringent reliability and security
measures are incorporated.

DYNASOAR Ground-to-Air Transmitter—This project, begun in early 196 under subcontract to the DEP
Aerospace Communications and Controls Division, covers the development and design of a high power
transmitter operating in the high x-band frequency range to supply ground.to-air command and voice
communications. The amplifier and RF circuitry delivering 2 kw cf x-band power was a major development.
This is, to our knowledge, the first transmitter generating 2 kw of continuous-wave power in the SHF range.

MAVAR Pump—Development of an RF amplifier to provide '"pumping'’ power to a series of parametric
amplifiers for the NIKE ZEUS missile tracking system.

COMLOGNET Global Message and Data Switching Network—Providing the 75- to 4800-band service, a new
tape-search unit and a unique broadband circuit switchboard utilizing dry-reed relays were developed,
under subcontract to RCA Electronic Data Processing.

MICROMODULE Program—This was one of the earliest microminiaturization programs in the industry,
now in the fourth year of development and application. Major SurfCom applications are the MICROPAC
military digital computer, the PRC-25 pack radio set and the newest application, the '"MICRORAC."
The MICRORAC (MICROmodule Random Access Computer) will be a !arge-scale, high-speed, general
purpose, militarized digital data processor and computer for the U.S. Army. |t will operate at an
equivalent speed of 160,000 instructions per second when equipped with a memory overlap feature and
will provide an instruction repertoire of 55 orders automatically decoded and executed. All logic and
memory circuitry will be packaged in micromodules. The high-population logic circuits may employ
integrated semiconductor circuitry packaged within micromodules. The maximum computer system will
be mounted within a standard 24-inch rack containing approximately 10,000 micromodules and four 16,384-
core memory stacks.

AN/GRC-50 Microwave Radio Relay System—SurfCom developed, designed, and is now producing a large
quantity of this UHF radio set used in multihop systems as the 'backbone'’ of the U.S. Army’s midrange
communication networks. The AN/GRC-50 provides line-of-sight communication at 601.5 to 999.5 Mc, and
at 1350.5 fo 19495 Mc. A total of 899 discrete operating channels are available, using I-Mc channel
separations. The equipment can provide either terminal or patch repeater operation in intermediate or
forward area military communications systems of up to 8 hops in tandem. It can be operated by relatively
unskilled personnel in 24-hour-per-day continuous communication. It prevides voice transmissions for a
maximum of 24 channels of frequency division multiplexing, or 24 channels of time division multiplexing,
utilizing tke oulse-code-modulation method. The basic equipment can be handled by two men and can
be stacked to form a compact operating group in & truck or adapted for installation in fixed plants.

AN/PRC-25 ""Backpack' FM Combat Radio—SurfCom has a production contract to supply a large quantity
of these ""GI' radios. Included in the program are design ard production of a number of units using
micromodule circuitry. The PRC-25 is a |7.5-pound man-pack or vehicular-mounted (tank or jeep) tactical
two-way radio transmitter-receiver operating at 30 to 75.95 Mc, Both transmitter and receiver can be
instantly tuned by digital means in increments of 50 kc to any one of 920 channels within this frequency
range, in twe bands. Each channel provides crystal-controlled frequency accuracy and stability under all
environmental conditions, The equipment is completely transistorized with the exception of a tube in the
transmitter power output stage. Under man-pack conditions, the radio equipment is powered by a self-
contained battery which provides up to 24 hours of life under a 9-to-! transmit-to-receive ratio. Communi-
cation range is 3 to 5 miles, using a short 3-foot whip antenna or 8 to 10 miles using a 10-foot whip antenna.

AN/WIC Submarine Intercom System—This system, now in production at the Cambridge Plant, is a prime
example of an RCA engineering-study-through-production project. SurfCom engineers were asked to
modernize and expand submarine intercommunications systems in 1954. The study task group traveled
aboard fleet submarines observing submarine intercom problems, and then designed and installed a
pilot system. In turn, this led to a large-scale design-development-production contract to equip the new
POLARIS missile submarines as well as the standard fleet attack types with all-new intercom and paging
systems. The AN/WIC is a completely integrated system providing the equivalent of eight independent
intercom and public address sets. Alarm signals for general alarm, collision, diving, missile malfunction,
missile jettison and nuclear power plant failure are electronically generated. All amplifiers and alarm
signal generators are completely transistorized and semiconductor rectifiers are used in the power supplies.
The power supply is backed up by a nickel-cadmium battery which will supply several hours of full-scale
system operation in case of AC power failure.

WwWWW americanradiohistorv com


www.americanradiohistory.com

10

square-foot facility was dedicated. Lo-
cated conveniently to the great western
military bases, including Fort Huachuca,
this facility employs approximately 150
engineers and support personnel who
work on a variety of military projects in-
cluding the support information network
for MiNutEMAN, a Marine Corps com-
munications receiver development and
design project, and a communications
study for the U. S. Navy.

Cambridge, Ohio: In 1961 the RCA
Victor Home Instruments Division plant
in Cambridge, Ohio, was rapidly trans-
formed into a defense production plant.
A “white room” was constructed inside
that plant. This new controlled-atmos-
phere, contamination-free facility is the
largest of its kind in the world. It enables
RCA to make equipment meeting the
MinuTEMAN reliability requirements
which are undoubtedly the highest. cur-
rently, in the military equipment field.
Cambridge employs 2500 personnel
working in a 350,000-square-foot facility.
Present manufacturing projects include
MinuTeMAN, Data Link, PoLaris sub-
marine intercoms, GRC-50 and PRC-25
combat radios, and COMLOGNET switch-
boards.

THE BUSINESS PICTURE

During the last five years, the Surface
Communications Division has grown at
an average rate of over 30 percent per
year (Fig. 2). Deliveries during 1963 are
expected to be 709 higher than in 1962.
This growth has enabled the division to
satisfy the major communications re-
quirements of the defense establishment.
In the years ahead, SurfCom plans to
maintain a position of leadership
through continued growth and expanded
capability.

During the coming years the defense
communications market is expected to
change rapidly. New techniques are
being developed which will make present
communications equipment obsolete.
new requirements and applications will
arise, cost competition will increase as
the percentage of fixed price contracts
increases, and increased emphasis on
integrated military communications net-
works will vest greater responsibility in
a smaller number of centralized defense
procurement agencies. The Division is
making every effort to visualize and pro-
ject the military communications re-
quirements of the future and is taking
steps now in the areas of engineering,
manufacturing, and management which
will assure its competency to compete
for and obtain a substantial portion of
the market.

ENGINEERING
To assure that SurfCom retains its tech-
nological leadership in the future, the

division is presently carrying on over
twenty applied research and develop-
ment programs designed to advance the
state of the art in many technological
areas. Each of these programs has am-
bitious goals which, when achieved, will
make a substantial contribution not only
to SurfCom but to all of RCA and to the
electronics industry in general.

In the area of digital switching, devel-
opment is under way to increase switch-
ing speed while decreasing the error
rate by an order of magnitude. Smaller,
lighter weight equipment with higher
reliability will be developed. In lasers,
which have many potential uses in both
communications and weapons systems,
SurfCom plans to explore new applica-
tions which show exceptional promise;
and in magnetic recording, where, with
the assistance of DEP Applied Research,
significant advances have been made,
major effort will be exerted to advance
the state of the art still further.

These and many other applied re-
search and development programs will
make a substantial contribution to tech-
nological growth in the coming years. Of
great importance are customer-spon-
sored programs which enable the further
development of techniques which show
unusual promise. An example of this is
the micromodule program, which is
being carried out under the sponsorship
of the Signal Corps. This program has
proven so successful that, according to
a recent statement by Major General
Earle F. Cook, Chief Signal Officer, the
production of modules will increase to
an annual rate of 250,000 by March of
1963, to a million a year by June of 1964,
and to three to five million a year by
1965.

MANUFACTURING

Shifts in manufacturing techniques and
methods will be evident in the years
ahead. With the increasing use of micro-
modules, more and more equipment will
be manufactured by linking together
standard module circuits on standard
module boards rather than by assem-
bling individual components. This will
require new high-precision, high-speed
connection techniques presently under
development by SurfCom.

The modern defense electronics facil-
ity of the future will be considerably
more mechanized than at present. The
streamlining of the defense electronics
industry has been retarded in the past by
the large number of small-volume pro-
duction runs and by rapidly fluctuating
manufacturing requirements as old con-
tracts reached completion and new con-
tracts began. These factors will be much
less of a limitation as new developments
in production techniques provide equip-
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ment which can be used on a large
number of contracts with varying re-
quirements. SurfCom is continuously
exploring these developments. such as
automatic wire-wrap, in order to contin-
uously improve the Division’s production
capability.

MANAGEMENT

Advances in management must keep
pace with advances in other technical
areas. As technology becomes more ad-
vanced and weapons systems become
more complex, the need to develop and
utilize new management techniques be-
comes increasingly more important.

Extensive design-review, product-as-
surance, and value-engineering pro-
grams are under way. Personnel are
being retrained and new cost estimating
techniques are being developed to han-
dle an increasing number of cost esti-
mate requests with speed and precision.
These are necessary to support new cost
incentive type contracts.

In planning, SurfCom has developed
and is presently implementing a Busi-
ness Planning and Reporting System,
nicknamed “BupaAr”, which will utilize
data processing equipment to sort, col-
late, and present the increasing volume
of planning information used as the basis
for management decisions. When imple-
mented, this SurfCom development will
be made available to all DEP divisions.

The advantages of PerT/CosT, a new
program scheduling and control tech-
nique, have been recognized. The system
has been implemented on several large
programs in the division. An RCA 501
computer program is being written to
develop within RCA an in-house capabil-
ity to utilize this important tool.

A labor utilization program has been
implemented to assure effective man-
power utilization in all areas of manu-
facturing. In the near future the division
plans to implement a similar technique
for indirect and supporting personnel.

An increasing portion of our business
consists of large projects. In order to
manage these programs effectively, Pro-
gram Management Offices have been es-
tablished which utilize all of the ahove
management techniques. Top manage-
ment periodically reviews progress on
each program (Fig. 1).

CONCLUSION

The management tools described above
result from constant efforts to develop
better management methods and tech-
niques. Through the application of con-
stantly-improving management methods
in all parts of the operation, the person-
nel of the division propose to foster its
rapid growth and obtain its full share
of the military communications business.
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DEFINITIONS OF SOME
DIGITAL-COMMUNICATIONS TERMS

baud—A unit of telegraph signalling
speed. The speed in bauds is the number
of equivalent code elements (pulses and
spaces of standard width) per second.

baudot code—A teleprinter code em-
ploying a start space of one baud inter-
val followed by data marks and spaces,
each mark or space being of one bhaud
interval duration followed by a stop in-
terval equal to or greater than one baud.

buffer—A device used to hald tempo-
rarily information being transmitted
between external and internal storage
units or input-output devices and inter-
nal storage.

compandor { compressor-expander)
—A system for improving the signal-to-
noise ratio by compressing the volume
range of the signal at the transmitter or
recorder by means of a compressor, and
restoring the normal range at the receiv-
ing or reproducing apparatus with an
expandor.

delta pulse code modulation—A
modulation system that converts audie
signals into corresponding trains of digi-
tal pulses to give greater freedom from
interference during transmission over
wire or radio channels.

dipulse—An information hit interval
in which a pulse of one polarity follows
an equal pulse of the opposite polarity.

edit—To arrange or rearrange digital
computer output information before
printing it out. Editing may involve
deletion or selection of data, insertion
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of invariant symbols such as page num-
bers and the application of standard
processes such as zero suppression.

Fieldata code—Standard code used
in U. S. Army and Marine Corps digital
equipment. It is an alphanumeric code
providing 64 data and 64 control charac-
ters in binary form,

frequency division multiplex
(FDM )—A multiplex system for trans-
mitting two or more signals over a com-
mon path by using a different frequency
band for each signal.

frequency shift-keying (FSK)—A
form of frequency modulation in which
the modulating wave shifts the output
frequency between predetermined
values corresponding to the frequencies
of correlated sources.

matrix—A computer logical network
consisting of a rectargular array of in-
tersections of input-output leads. with
diodes, magnetic cores or other circuit
elements connected at some of these
intersections.

modem (modulator-demodulator)—
A carrier terminal panel containing a
modulator and a demodulater. some cir-
cuits of which may be in common.

off-line operation—Operations car-
ried on independently of the main com-
puter, such as transcribing card informa-
tion to magnetic tape or magnetic tape
to printed form.

on-line operation—Operations car-
ried on within the main computer system
such as computing and writing results
onto a magnetic tape. printed report, or
paper tape.

pulse-amplitude modulation (PAM )
—Amplitude modulation of a pulse car-
rier.

pulse code—A code consisting of vari-
ous combinations of pulses, such as the
Morse Code. baudot Code and the
binary Code used in computers.

pulse code modulation (PCM)—A
method of converting a continuous mes-
sage into a signal of caded on-off pulses
by: 1) sampling the amplitude of the
message at discrete intervals; 2) meas-
uring the amplitude of each sample to
the nearest one of a finite number of
amplitudes into which the message
range has heen divided; 3) expressing
each measured value as a train of on-off
pulses, the pattern of which is in accord-
ance with binary number notations.
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pulse duration modulation (PDM)
—A form of pulse-time modulation in
which the duration of a pulse is varied.

pulse position modulation (PPM)-—
A form of pulsetime modulation in
which the position in time of a pulse is
varied.

pulse-time modulation (PTM) —
Modulation in which the time of occur-
rence of some characteristic of a pulse
carrier is varied from the unmodulated
value.

quantization—Division of the range
of value of a wave into a finite number
of smaller subranges, each of which is
represented by an assigned or quantized
value within the subrange.

quantization distortion — Inherent
distortion introduced in process of quan-
tization. Also called quantization noise.

random access—Access o computer
storage under conditions wherein the
next store location from which the infor-
mation is to he obtained is chosen at
random.

real time—The performance of a com-
putation during the time of a related
physical process so the results are avail-
able for guiding the physical process.
(An example is computer guidance of a
missile. )

time division multiplex (TDM)—A
device or process for transmitting two
or more signals over a common path by
using successive time intervals for differ-
ent signals.

vocoder—A handwidth compression
device which analyzes and synthesizes
speech.
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SURFCOM ENGINEERING PHILOSOPHY AND STRUCTURE

roN viEwine Surface Communica-
[J cations Engineering in total. with
its large population and extensive facil-
ities. I am reminded of this organization
as it existed in 1953 (then known as
Radiation Engineering) when I joined
the group. Then. there was a dedicated
staff of about 70 engineers. leaders. and
managers. with a handful of draftsmen
and technicians and a minimum of office
support. Occupying one floor in Build-
ing 13. Camden. Radiation Engineering
was engaged principally in the Navy re-
ceiver. sonar. and combat radio busi-
ness, with a small group working on
mine firing devices.

The organization principles used to
build this small nucleus were. simply
stated: put people with similar skills.
interests and, most importantly. mutual
technical respect, together in product-
line groups and give them the job of
building that product line into a going
business. Potential growth items in the
form of new projects and techniques
have always been put into each group.
so that the group might broaden its
skill base not only by attracting com-
petent technical people but also by di-
versifving the skills of all its members.
(Remember that new techniques and
new systems, or a major project. are
just as much separate product lines as
are. say. magnetic recording or digital

communications.)

Engineering Department
Surface Communications
Division

0. B. CUNNINGHAM, Chief Engineer
Surface Communications Division

DEP, Camden, N. J.

Continuity of skills in a product line
is of particular importance. Many of
the design teams in our division have
been together for 4 number of years.
and have an intense devotion to their
product lines. They have developed a
long succession of products and services
that have earned the respect of our cns-
tomers. By thus establiching a history
of successful designs. such teams never
seem to lack a new and challenging as-
signment in their particular field of
deavor—indeed. many times the cus-
tomer comes to them first for help.

Most of

Radiation Engineering are «till on the

the original members of
SurfCom staff and constitute much of
the backhone of the product-line teams.
Charged with broadening their product
and skill base. they have changed the
entire complexion of our division, uti-
lizing the skills of sister divisions an-
subcontracts from them wherever pos-
sible to increase the volume of business.
As a contrast, at one time early in the
life of the division, 45 percent of the
and technician

engineering, drafting

load was in essence “‘subcontracted™ to
other divisions (including the commer-
cial operations) to keep pace with our
rapid business growth. Converselv. we
have sent our personnel into other divi-

sions many times to work with and
learn from them and to bring new skills
vital to our growth back to the parent
product We are
grateful to DEP Applied Research and

other Divisions in the Camden-Moores-

group. particularly

town complex for making it possible for
us to enter areas which would have heen
impossible to  develop without their
understanding. assistance, and training.

By design. the SurfCom Fngineering
organization has been kept very flexible
and does not follow any standardized.
orthodox, textbook pattern. We helieve
in tailoring the organization and the
people to the exact job to he done. and
we attempt to give the manager of that
job freedom to organize to that end.
Note that the same basic prineiples of
organization still apply in SurfCom, al-
though we have grown over ten-fold,
and have spread our technical staff
from Camden to Tueson, Cambridge. and
New York. We have concentrated many
of our systems-and-techniques special-
ists in the Systems Labs in New York
and Tucson. but surprisingly enough
we have also a produet design group in
New York which reports to Camden.
Similarly, we have a Systems group in
Camden. for on-the-spot support of the
product groups. which reports to New
York. Our Programs Management oper-
ation has branch offices in New York.

Cambridge. and Tucson to give manage-
tal = tad

0. B. Cunningham,
Chief Engineer

Fig. 1—Organization of Engineering, Surface Cammunications Division.

A. H. Kettler
Staff Engineer
G. L. Dimmick
Staff Engineer
W. A. Harris
Staff Engineer
I Ground Communications Equipment Engineering—Cambridge Plant
Engneering H. J. Laiming
N. E. Edwards, Mgr. Chief Product Engineer

M. Feyerherm
Admin., Reliability
A. D. Zappacosta

K. D. Aldrich
Admin., Value i

Admin.
J. ). Ayres

Admin., R&D Projects

S. H. Wri

ght
Mgr., AN/GRC-50 Eng.

W. J. Connor

Mgr., Missile Systems

V. Ziemelis
Mgr., Dyna-Soar
R. S. Lawton

Equipment Eng.
G. Hoffman

Mgr., Transmission

W. A. Castner

Prog. Admin.
C. E. Miller

Mgr., Audio

Comm. & Support
P. J. Riley

Mgr., Reliability & Value Eng.
D. €. Maxwell

Mgr., High Reliability Eng.
Dr. H. N. Crooks

Mgr., Dev. Eng.
H. ). Laiming

Acting Mgr.

Preduct Eng.

Mgr., Ground Comm,
Equipment -integration

J. Castleberry
Ldr., Graphic Comm.

C. L. Nickerson
Project Admin.
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ment support. strength, and guidance 10 O. B. CUNNINGHAM, Chief Engineer, Surface
Communications Engineering, received his BSME at
the University of Kentucky in 1935, Mr. Cunning-
three Camden df’;ign sroups, we have ham begyan his radio career as an operator in the
U S. Navy in 1929. He joined RCA the summer of
1935, and served as a special tester on receivers,
transmitters and television equipment for two years
bridge to utilize the gkills in those areas and then transferred to the Engineering Depart
ment. As ar engineer, he handled a wide variety of
mobiie, shipbcard and airborne communication and

these operations. In addition to the

established product design activities in
Tueson and. more recently, in Cam-

to further increase our capacity o

engineer products and systems for our navigation equipment design, both Government
clistomers., and commercial. He entered supervision in (941,

- S . = . and served as Leader, Unit Supervisor, and Man-
We believe an engineering department Sger of Aviarion Communications unt'| May 1953,
should be able to service its customers when ne assumed duties as Chief Engincer of Sur-
‘ace Communications Engineering. He is a Senior
Memper of IRE, a civil member o° ASNE, and a
rmember ¢ Tau Beta Pi, S'gma Pi Sigrma, and the

all the way from the conceptual period
through  the  system-and-design  plan

phases. into production. and finally fol- American Management Assoc’ation.
low the product out into the field. On

our MintTEMAN program, we were for-

tunate enough to have thiz complete Fig. 2—Chief Engineer's Staff Meeting (clockwise from left foreground): M. P. Feyerherm, Admin-
istrator, Reliability; A. D. Zappacosta, Administrator, Value Engineering; M. C. Meyers, Manager,
QRC Programs; J. L. Grever, Monager, Magnetic Recording; C. M. ledig, Manager, Manwfacturing
to following its sucecessful implementa- Projects and Product Assurance; J. E. Eiselein, Manager, Engineering Support and Administration;
0. B. Cunningham, Chief Engineer, SurfCom; J. M. Osborne, Minuteman Program Manager; R. L.
Rocamora, Manager, Digital Communications; A. H. Kettler, Staff Engineer; M. L. Graham, Manager,
we could not have handled a Misure: Projects Administration, Digital Communications; J. D. Sellers, Manager, Systems Projects, Program
MAN  svstem when  this division was Management Section; K. R. Thompson, Manager, Facilities Engineering; C. A, Rammer, Monager,
Micromodule Engineering; B. F. Wheeler, Leader, Systems Engineering; J. R. Dziel, Monager,
. X Mechanical Coordination and Drafting; G. L. Dimmick, Staff Engineer; E. F. Bailey, Manager,
doing on the part of every member of Communication Equipment Programs.

our division. plus contributions from

responsibility—from devising the system

tion and operation in the field. Frankly.

first formed: and it has taken a lot of

peaple throughout RCAL to make it
po=sible today.

While there are many factors that
have influenced the progress of Surf-
Conm. I helieve that when yon put com-
petent peaple together who like, respeet.
and trust cach other. keep them to-
gether as a team and give them a
charter to grow with, then growth is
inevitable. Our  job in  management
has heen to keep these groups in con-
~tant. eflective communication with one
another. But that's easy: after all. Com-

munications is our business.

SurfCom Systems Labs.,
NYC an¢ Tucsan
Dr. R. Guenther, Wgr,

Eng. Support & Admin, Magnetic Recording Digita! Comm. Equipment Eng.
). E. Eiselein, Mgr. Equipment Eng. R. L. Rocamora, Mgr.
J. L. Grever, Mgr

J. Kaurloto R. D. Torrey
Mgr., SurfCom Eng. Servs. H.MRérWaDr;;n& Dev. Eng Staff Consultant E'MMg'r_-BraA%‘:,:med Comm. Technigues
J. Diiel A. Lichowsky o B AP érugle
Mgr., Mech. Coord. & Draft. “Mar.. Des. & Dev. Eng D. 1. Caplan "Mgr., Comm. Intelligence &
H. Fesq L Erwer' . . Admin., Tech. Proj, Coord. Inter‘cept Eng.
Acting Mgr., Configuration "Act. Mgr., Product Line Controls Digital Comm. System Projects M. L. Ribe
Records Control L C N M. L. Graham ) Mgr., Systems Projects
R. E. Patterson i Tacilities and Services Mer., Proj. Administration A. M. Creighton
L fgi;‘,m:lllbhwtmns G'I\Iérnoisutomatic Mgr., Tucson Systems Lab.
. X fream A. Mack .
Admin., Tech. Manpower Coord. Switching & Checkout Mgr.. Systems Integratidn
E. E. Moore R. L. Rocamora
Mgr., Des. Support Coord. Acting Mgr., Data
Comm. Eng.
A. H. Coleman

Mgr., Tactica! Data
Processing Eng.

M. L. Touger
Mgr., Speech & Military
Data Link Eng.
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Fig. 1—Bosic elements of o loeng havl communi-
catlons network,

14
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OMMUNICATIONS, always crucial to
military operations, have recently
become complicated by several new
factors:
1) Dispersion of forces due to the
threat of atomic weapons
2) Increased mobility of military units
3) Vulnerability of many communica-
tions links to nuclear effects
4) Growth of computer-to-computer
data communication
5) Increase in crypto-secure traffic

Despite these problems, the military user
must be provided with adequate and re-
liable communications, even during peri-
ods of extreme stress brought on by war-
time conditions.

The problems noted above have posed
a requirement for vast new military com-
munications capabilities. Providing these
new capabilities has been a vital and
important challenge to the engineering
skills of the Surface Communications
Division' as well as in many other divi-
sions of RCA.

There exists. of course, a wide variety
of military communications systems,
each with its own unique applications
and problems. It is convenient to con-
sider these systems in the following cate-
gories: long-haul networks, tactical-com-
munication network systems, command
and control communications, and telem-
etry systems.

LONG HAUL NETWORKS

The backbone of military communica-
tions is the long-haul network. Covering
continents and serving thousands of sub-
scribers, the long haul network is essen-
tial for coordination and control of mil-
itary operations throughout the world.
The size and scope of military long haul
networks are indicated by the following
statistics:

Telephone Teletype

Service Channels Channels
Army 1600 1900
Navy 300 1000
Air Force 4350 5500
6250 8400

SOME TRENDS
IN MILITARY
COMMUNICATIONS
SYSTEMS

This paper outlines briefly some of the
urgent and unique problems that our
modern globe-spanning military capa-
bility poses for military communica-
tion systems and indicates some of the
major approaches used in solving these

problems.

Dr. L. E. MERTENS and D. I. CAPLAN

Surface Communications Division

DEP, Camden, N. [.

The military communications mission
requires rapid reaction to enemy inter-
ference, acts of nature, traffic overload.
or equipment failure. Possible remedial
actions include use of spare channels.
transfer of traffic to alternate routes. and
preemption of channels by high priority
users. For optimum effectiveness. a cen-
tral control facility must direct these
actions from an over-all network view-
point. Otherwise, remedial action at net-
work stations may alleviate local prob-
lems at the cost of global eflectiveness.
Computers can be used for central
control of a long haul network.’

The basic elements of a long-haul
communications network are shown in
Fig. 1. The users, or subscribers, are
connected to nearby switching centers by
subscriber loops. Switching centers are
interconnected by trunks. The trunks are
made up of channels. where each channel
may carry a single voice communication
or a single teletype communication. Com-
munication between subscribers served

/_.-'- _— ‘>l
=} MILITERY SITUATION,, e,
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Fig. 3—Command and control communications

system.
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by different switching centers can take
place over any of several paths through
the network. This network redundancy
is essential for network operation when
some switching centers or trunks are
inoperative.

The switching center is shown in Fig.
2. Trunks and subseriber loops are ter-
minated in a switchboard. The circuit
switching function consists of making a
connection between two loops (local
call), between a loop and a trunk chan-
nel (toll call), or between two trunk
channels (tandem connection). Switch-
boards may be manual, with operators.
or may be automatic for use with dial
telephones.®

To provide immediate service to im-
portant subscribers, two special circuit-
switching procedures are used. First,
some of the connections can remain in
effect full time. These connections,
called allocated circuits, are used to pro-
vide continuous service between sub-
scribers. The Air Force SAC “hot lines”
are examples of allocated circuits. Sec-
ond, certain subscribers can interrupt
calls of other subscribers to preempt the
circuits being used. This feature must
be based on a series of preassigned
subscriber priorities.

Teletype messages and digital data,
unlike voice, can be stored at a switching
center for later retransmission. This
operation is called message switching;
the descriptive term store and forward
is also used.*

Message switching provides several
network advantages. First, messages can
be transferred part of the way to the des-
tination, even when no straight-through
connection is available because one or
more trunks are busy. Second, multiple-
address messages can be sent as single
messages to the destination switching
center and broken down there into mul-
tiple copies for subscribers served by
that center. This feature saves trunk
transmission capacity. For these reasons,
message switching is preferable for all
traffic which can tolerate the inherent
delay involved.

—_—
| TRUNK
SWITCHBOARD TERMINAL
EQUIPMENT
L=
|

THInIE

[Tt
Tarme

Fig. 2—Switching center block diagram,
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The trunks use many communications
media to transfer information. The com-
monly used media are HF radio, micro-
wave, land line, submarine cable, and
tropospheric scatter. In each case, ter-
minal equipment is required to modulate
the transmitter. The growth of data com-
munications has resulted in development
of specialized digital terminals.

Security may be provided in several
ways for teletype traffic in the network.
Some of the traffic is link-encrypted;
that is, the messages are encrypted as
they are transmitted from the switching
center and decrypted as they are re-
ceived at the next center. They pass
through the switching center in the
clear. Critical messages are end-to-end
encrypted, and cannot be read in any
switching center along the way.

COMMAND AND CONTROL
COMMUNICATIONS

Modern military weapons systems use a
command and control concept which
involves a closed loop. The military situ-
ation is observed by sensors and data
gathering equipment, and data from
these sources is transferred back to con-
trol center. Here, digital computers
filter the incoming data. Either auto-
matically, or in conjunction with man-
machine subsystems, the operations de-
cisions are made and translated into
commands. These commands are then
transmitted through the system to oper-
ational weapon units such as missiles,
aircraft or ships. The weapons exert an
effect on the military situation, thereby
closing the loop. A flow diagram illus-
trating this concept is contained in Fig. 3.

DR. L. E. MERTENS received his BS and MS and
Doctor-of-Engineering Science all in Electrical Engi-
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Special problems faced by the com-
mand and control communications sys-
tem include minimizing the reaction
time, insuring high accuracy data, pro-
viding security, and meeting certain
environmental requirements. These are
considered in the following paragraphs.

The advent of supersonic aircraft and.
more recently, ballistic missiles placed
stringent requirements on minimizing
reaction time in both offensive and de-
fensive weapon systems. High speed dig-
ital data transmission employing auto-
matic handling and processing is an
important method in reducing the sys-
tem’s reaction time. An attempt is made
to permit as far as possible the various
computers and data processors in the
system to communicate directly with
each other. Only highly condensed and
processed data is generally presented.
either visually or aurally, to human oper-
ators. Special techniques for providing
priority interrupts, nonblocking switch-
ing, and hot lines are often provided in
the system.

Important defense functions depend
on the accuracy of the data transmitted
and processed in the command and con-
trol systems, and there can be severe
penalties for system errors. Small data
errors in timing or position can com-
pletely destroy the effectiveness of an
air-to-air interception, for example. Per-
haps even more serious might be the
inadvertent launching of nuclear war-
heads because of incorrect system signal-
ling. In order to achieve the high
accuracy required, various techniques of
error control are employed. The degree
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on magnetic core memory and transfluxor develop-
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on the design of communcations systems such as
Unicom, 480L, and the Minuteman Launch Control
System. He is presently Leader of a group in the
Systems Integration and Advanced Programs Activ-

ity of Digital Communications Engineering.

of error protection employed is deter-
mined by the type of transmission chan-
nel employed as well as the system
requirements for error free transmission.

Many of the command and control
systems will be prime targets for the
enemy, and hence must survive attack
by nuclear and conventional weapons
This means that the communications sys-
tem must be able to operate under con-
ditions of shock, heat, radiation, and
fallout from nuclear weapons. In addi-
tion to the brute-force approach to
equipment “‘hardening” by improved
structures and approved underground
locations, ete., there are a number of
other approaches for the system de-
signer. These approaches include the use
of redundant networks, and provisions
for alternate routing and restoration of
the communication channels.

The security of important command
and control messages is essential in
many applications. Security in the broad
sense can have many meanings and
interpretations. The objective may be to
keep the enemy from becoming aware
of any information transfer, or it may
be simply to prevent him from under-
standing or interpreting the information
that is being transmitted. In other cases
the objective may be merely to prevent
the enemy from “spoofing”—putting
false messages into the command-and-
control system to confuse it. Data proc-
essing can, of course, play a major part
in achieving objectives automatically
and at high speed. As with other systems.
the degree of performance required gen-
erally has had a great influence on the
required equipment and complexity.
Hence. detailed analysis must be made
to determine the degree of protection
required and the allowable system com-
plexity. An important factor in these
studies is often, of course, the time delay
to the enemy in breaking the protective
system. Details of methods of achieving
these objectives are generally carefully
protected to make it as difficult as pos-
sible for the enemy to break the system.

Many of the command-and-control
systems have special requirements for
message compatibility and message for-
mat standardization. This is necessary to
permit communications to controlled
vehicles from any operational commands
and to interchange information between
the various systems and various echelons
in the command area. (Message stand-
ardization is further discussed at the end
of this paper.)

TACTICAL COMMUNICATIONS NETWORKS

Tactical communications networks are
required by all the services and may have
communicating ranges varying from a
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few miles to over 1000 miles. depending
on the specific applications. In general,
there is a common problem of mobility
and transportability of equipment as well
as the ability to operate under adverse
physical environments. The equipment
mobility requirement stems from the
basically high mobility of the modern
military services and the dispersion re-
quirements dictated by atomic warfare.
The mobility requirements may vary
from requirements for small pack-size
equipments to jeep-mounted and small
aircraft-mounted equipments—and to
even larger systems that are equivalent
to fixed-plant systems but are readily
transportable by airlift or van.

Communication switching. control.
and connectivity are important problems
in providing communications to many
highly mobile subscribers. Methods of
establishing suitable channels, keeping
track of the subscriber locations, secur-
ity clearance and priority. and providing
rapid, automatic switching are complex
problems. Data processing plays an
important part in achieving many of
these capabilities.

Security and anti-jam requirements of
tactical communications equipment are
particularly challenging. The particular
problem faced in many tactical situa-
tions is that the operating equipments
are often located in much closer prox-
imity to enemy jammers than to the
equipment with which they must com-
municate.

It should be pointed out that the eco-
nomics of providing sophisticated com-
munications capahilities to the large
number of subscribers necessitates that
equipment not only have high perform-
ance but also be extremely simple to use
and relatively inexpensive. Tactical
equipments often are procured in units
of 1000 to 10.000. and even a few-dollars-
per-unit differential can lead to impor-
tant economic problems—or advantages.

TELEMETRY

The rapidly growing developments in
aerospace vehicles and systems have
greatly increased the requirements for
telemetering of data. At present. most of
the telemetry systems transmit data us-
ing ¥M-FM. In this system (Fig. 4). each
analog signal is modulated onto an indi-
vidual FM subcarrier. All the subcarriers
are mixed and the sum is modulated onto
an rM carrier for transmission to the
ground station.

When many signals must be tele-
metered down. the FM-FM system de-
scribed above becomes inefficient and
expensive because of the large number of
subcarrier modulators required. For that
reason, the digital telemetry system (Fig.
5) has come into use. The analog signals
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Fig. 4—Analog telemetry system.

are commutated, one at a time. to the
analog-to-digital converter where they
are transformed to pulse-code-modula-
tion (pcM} format.” The rcm data is
transmitted to the ground stations, where
it can be recorded or entered directly
into digital data processing equipment.

The major problems involved in mod-
ern high-performance telemetry systems
are associated with long-range operation.
the large amounts of precision data to he
transmitted, and extreme limitations on
size and weight. Special digital coding
techniques have already bheen demon-
strated for telemetry applications on
long-range space probes. These coding
approaches provide a powerful tool to
improve performance under low signal-
to-noise ratios.

STANDARDIZATION OF RATES, CODES,
AND MESSAGE FORMATS
In any system involving a large number
of users the problem of standardization
usually appears. To optimize the per-
formance of their subsystems, individual
users or groups of users will often tailor
equipments to their specific require-
ments. While this procedure may result
in the highest performance or cheapest
system for a given user. it generally runs
into problem areas when the users must
communicate with each other. As a re-

Fig. 5—Digital telemetry system.
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sult of these interface and compatibility
problems, the military have attempted
to standardize on various message char-
acteristics.

It is convenient to consider the stand-
ardization problem in three areas: rates,
codes, and formats. Data rate has been
very largely standardized at 75 X 2" bits
per second {(where n can be any in-
teger). The standardization on these
rates principally affects the data trans-
mission channels and associated equip-
ments. In recent years, most services
have tended to standardize new systems
on the FieLpara code, although there
still remain considerable military com-
munications employing the Baudot code.
The selection and standardization of
codes principally affects the buffering
and translation portions of the commu-
nications system. Message formats have
been much less standardized than rates
and codes. The format standardization
principally affects the end user in such
items as tab functions. paragraphing.
line shifting. and related synchroniza-
tion between input-output equipments
and communications systems.

At first glance, it may appear rela-
tively simple to standardize on given
rates. codes. and formats, but the prac-
tical problems usually turn out to be
rather difficult. This is particularly true
when the technical problems of operat-
ing with existing systems and the eco-
nomic constraints are considered. The
problem of standardization on data rates
can be appreciated by considering a
transmission system which employs
standard input data rates, but which
employs for transmission additional
framing and order wire pulses. In this
case. the transmitted data will be slightly
higher in rate than the information data
rate, and hence the modems and chan-
nel characteristics will be somewhat dif-
ferent from those of the systems trans-
mitting at the standardized bit rate. The
further one investigates the detailed com-
patibility between equipments and chan-
nels, the more difficult the standardiza-
tion becomes.

Many modern systems have solved
the compatibility problem by using
stored program code. and format con-
verters. While this is an expensive ap-
proach as far as hardware is concerned,
it does permit intercommunication be-
tween a wide variety of users and the
use of existing tributary equipments. In
many cases, this may be the most eco-
nomical immediate over-all solution to
the standardization problem.

FUTURE TRENDS

The communications systems described
above are closely interwoven with mili-
tary operations. Therefore, as the nature
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of warfare and military operations
changes, the communications systems
must also change. Some of the expected
future trends are covered in this section.

In the area of long-haul communica-
tions, one of the most dramatic changes
will occur in chanel capacity. Typical
present HF radio links provide 3 voice
and 16 teletype channels. They are being
replaced with wideband tropospheric
scatter trunks providing 36 to 72 voice
channels over a suitable wideband sys-
tem. Satellite communications will also
provide wideband capabilities. These
newer systems will eliminate the present
dependence on ionospheric conditions
and the resultant communication black-
outs caused by nuclear weapons.

In the long-haul central office, new
switching is beginning to become avail-
able with solid state techniques and
major improvements in speed and accu-
racy. Reed relays and electronic control
circuits are used to make circuit connec-
tions in a few milliseconds, to provide
compatibility with high-speed data trans-
mission. The newest message switching
centers, such as the RCA ComLocNer,'
actually are built around a digital-com-
puter complex. High-speed electronic
circuits, core memories,. and magnetic
drums perform the necessary data trans-
fer and processing operations. Special
off-line digital processors are required
at these message switching centers. An
example of such a processor is the
ComLocNET tape search unit.’

In command and control systems, the
future emphasis will be on automation
of functions now performed manually.
Certain command decisions are always
the prerogative of the human comman-
der, but the implementation of command
decisions will be performed by sophisti-
cated computers. The detailed com-
mands to subordinate units will be de-
veloped by the computer, which will
perform many of the communications
functions in addition to its other tasks.
The computer will provide data buffer-
ing, message switching, and communica-
tions error control.

Command and control communica-
tions systems must in most cases meet
normal military requirements for en-
vironment, r¥ interference, and reliabil-
ity. In the reliability area, special ultra-
reliable components and techniques have
been employed in such programs as the
Minuteman Launch Control System.™*

In the tactical-communication area.
the newest differences are based on re-
ductions in size and weight provided by
microelectronic packaging. The general
trend during the past decade has been to
put more and more data processing in
the forward echelons. To this end, small
computers and tactical processing equip-

ments have been developed, such as the
Fapac and Microrac. Communicating
with these processors requires high-per-
formance data communications equip-
ments at the forward echelon. Advanced
digital techniques are being applied to
data communications to achieve secur-
ity, anti-jam. and other features. The
recent advances in microelectronics have
made feasible the packaging of complex
digital processing systems in extremely
small volumes, thus meeting tactical re-
quirements.”

Improvements in speed and accuracy
will mark the telemetry field. Accuracies
of 0.1 percent will be exceeded and
sampling rates in the megacycle range
will be accepted in operational equip-
ment. Telemetry systems of this type
will be required for the new generations
of complex missiles and space vehicles
presently being developed. (A rcm
telemetry instrumentation unit having
an accuracy of 0.2 percent has been de-
veloped by Surface Communications Di-
vision engineers.)

In the past, brute force techniques
have been largely employed for commu-
nication error control. The brute force
approach might include the use of
higher power transmitters, lower noise
or equalized channels, etc. More re-
cently, however, more sophisticated ap-
proaches have been employed. including
redundancy, ARQ (automatic error cor-
rection) and adaptaive and variable-rate
systems. Redundancy may be applied as
simple parity bits, more-complex error-
detection coding, or error-correcting
coding. The amount and type of re-
dundancy is a function of the noise sta-
tistics and the error-rate requirements.
The more efficient and effective error-
protection systems at present require
rather complex mechanization and are
resorted to only when such performance
is essential. This complexity comes about
because code efficiency generally in-
creases as the block of data to be pro-
tected is increased in size. There has
been a general trend recently toward the
use of systems™'" which employ feed-
back and request retransmission of er-
roneous data, ie., ARQ. These systems
are particularly advantageous when the
channel characteristics include brief
periods of almost complete “outages.”
Noise strikes on telephone lines are good
examples of this situation.

It should be pointed out that the need
for high accuracy data is generally re-
quired under all operation conditions,
and hence must be insured in spite of
enemy countermeasures and jamming.
Sophisticated modulation and coding
techniques have been considered for
these applications in addition to the
brute force approaches of higher gain
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and higher power. The so-called
“spread” spectrum techniques provide a
good example of data processing ap-
proach to providing high performance
in the face of countermeasures and
jamming.

Security can be provided for teletype
transmission using digital encryption
devices. These devices can be applied to
any digital data, but not to analog sig-
nals. Therefore, analog voice communi-
cation cannot easily be made secure. To
overcome this limitation, many recent de-
velopments have been directed toward
digital voice communications.™

SUMMARY

The breakdown of military communica-
tions into long haul, command and con-
trol, tactical. and telemetry is only one
way of analyzing the technical problems,
which include security, redundancy and
survivability, reliability and mainte-
nance, noise, jamming and counter-
measure, accuracy and error control,
mobility, size, weight, power, and cost.
All these problems are present in any
communications system. This paper has
reviewed those problems that are most
significant for each type of application.
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MICROPAC

... A Micromodule

Digital Computer
for
Tactical
Military Use
A.S. RETTIG, Leader
Systems and Projects

Surface Commaunications Division

DEP, Camden, N. J.

MICROPAC is a general-purpose digital computer in a rugged 90-pound pack-
age, designed for many mobile tactical applications—battery fire control, missile

guidance control, weather or surveillance data reduction, etc. Micromodules
(over 1600 are used) make possible this miniaturization of circuitry. MICROPAC
uses FIELDATA 38-bit word formats, and has a complement of 21 mechanized
instructions. It is a binary synchronous computer operating in serial mode at

l.6-Mc clock frequency, with random-access ferrite-core memory of basic 2048-

word capacity, expandable fo 8192 words.

Ml(:novAc is a general-purpose. mili-
tarized digital computer designed
for tactical applications where high re-
liability, small size and weight. and low
power requirements are of major import-
ance. [t employs the micromodule. which
provides high packaging density with
high reliability (a predicted failure rate
of 0.04 percent per 1000 hours per two-
circuit micromodule). The Microrac, as
a whole. has a mean-time-before-failure
of over 1000 hours (at a 60-percent con-
fidence level ).

Much of the equipment in the machine
is used for more than one function (i.e..
time shared) to further reduce the
anwunt of circuitry needed. Developed
under the Signal Corps micromodule
program, Mickorac (Mieromodule Data
Processor And Computer) was designed
for compatibility with the U.S. Army’s
Frepata family of automatic data-
processing equipment.

Microrac was selected as the vehicle
to demonstrate the capability of micro-
modular digital equipment. The high
packaging density gained with micro-

modules {approximately 150.000 com-
ponents per cubic foot in the ecircuitry
section) permits the effective employ-
ment of a single-case design (Fig. 1) of
2.7 cubic feet that weighs 90 pounds.
Microrac requires 250-watt DG power
and 270-volt-ampere generator power.
The diode-transistor logic circuitry
was designed for use within encapsu-
lated micromodules of variable pack-
aging density and for reliable oper-
ation over an ambient temperature
range of —30°C to +90°C within the
computer. The equipnent is packaged
for extreme environmental conditions,
SYSTEM ORGANIZATION AND
LOGIC DESIGN
The Microrac computer accommodates
a wide variety of problems with its versa-
tile complement of 21 mechanized in-
structions. listed in Table 1. and index
register provisions. It is a binary syn-
chronous computer operating in a com-
pletely serial mode at a clock frequency
of 1.6 Mc. which permits a reasonably
slort execution time per instruction.
The clock pulses drive a timing-level
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Fig. T—MICROPAC case and controls.

generator which produces a sequence of
gate levels of varying lengths within a
63-clock pulse period. This 63-clock
pulse period of approximately 10 usec is
called a minor ¢ycle. The minor cyele
i= abbreviated during certain instruc-
tions in order to decrease operation time.
An instruction is executed in one or more
minor cycles plus a minor evele for in-
struction access,

The various FieLpata 38-hit word {or-
mats are provided. Fig. 2 illustrates the
format of a hinary word, an alphanu-
meric word, a computer instruction word.

Table |—MICROPAC Instruction Catalog
and Timing

Approrimate Time
usee

Instruction (including TAC)

Arithmetic:

1. Add

2. Subtract

3. Multiply Fast (18 bits)
1. Multiply

3. Divide

Transfer:

6, Transfer Unconditional 40

7. Transfer and Load Pes. 120

8. Transfer an Negatice 40

9. Transfer on Zero 40

10. Transfer on Index 200
Logical

11. Shift Right 280, max.
12, Shaft Left 280, max.
13. Store 80

[4. Logical Multiply 80

15. Load 120

16. Halt 40
Sense

17. Sense 40

18. Sense and Set 40

19. Sense and Reset 40

Input-Output

20. Read Alphanumeric
21. Write Alphanumeric

variable
variable
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or an input-output instruction word, The
basic random-access ferrite-core memory
of 2048-word capacity is expandable in
muliiples of 2048 to a maximum of 8192
words.

Microrac is divided into five major
subsystems (Fig. 3), as follows: high-
speed memory, central processor, pro-
gram control unit, input-output, and
major transfer bus.

High Speed Memory

The high-speed memory contains the core
memory and associated registers for data
storage, and controls for reading, writ-
ing, and word selection. The memory
operates with coincident-current selec-
tion (destructive read-out with regenera-
tion) having a duty cycle of 40 usec be-
tween read interrogations.

The memory array of 20
double planes, each containing two 64 x
32 core matrices: also included in the
stack are a diode board. a heater assem-
bly. and a header hoard containing con-
nectors for external connections (Fig.
4). The 20 double planes are used
(rather than 19) to provide two spare
bits per word. These spare bits can be
utilized by connecting the sense winding
output to any input circuit. and connect-
ing the digit winding to the digit drive
of the corresponding regenerative loop.
The memory module (bank) is a com-
pletely self-contained plug-in unit. Up to
four memory banks may be used with
the computer.

A 13-bit address generated by the

consists

Fig. 2—FIELDATA word format.
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Fig. 3—MICROPAC System.

central processor determines which one
of four memory banks and which one
of 8192 words will be selected and
sent to the two memory output registers.
Two memory output registers are asso-
ciated with the memory: register [ is
a temporary buffer for parallel data
flow to and from the memory; register
2 iz both a buffer effecting parallel-to-
serial conversion of data, and an addi-
tional register  for several
instructions.

operand

Central Processor

The central processor performs the
internal data-processing functions. It
contains a one-bit adder: various shift
registers which. among other functions.
with the adder to form the
arithmetic unit; gates to transfer data
between registers and adder: and con-
trol and timing logic.

All arithmetic operations are  per-
formed in binary-serial form using a
one-bit adder. is accom-

are used

Subtraction s
plished by two's-complement addition;
multiplication is performed by succes-
sive addition of partial products; divi-

sion is executed via a nonrestoring
algorithm.  Computer operands are
fixed-point. signed magnitude.

The accumulator, instruction. and

program-counter registers are contained
within this section. The accumulator
contains first the operand and then the
result of the arithmetic
In divide, the remainder is stored in
the accumulator and the quotient in the
(Q-register (a register simulated in
high-speed memory). In multiply, the
high-order result is stored in the accu-
mulator and the low-order result in the
(-register.  The instruction register
holds the instruction as it is being exe-
cuted in the computer. The program
counter stores the address of the next
mstruction to be executed in the pro-
gram sequence. Other registers re-
quired for the central processing func-
tions are simulated in the memory.

instructions.
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Program Control Unit

The Program Control Unit generates
the various controls required by the
high-speed memory. central processor,
and the input-output sections. It com-
prises the various decoders (e.g., oper-
ation., address, dervice select), signal gen-
erators (e.g., status level. function, gat-
ing, clock pulse, timing level).
control flip-flops.

and

Input-Output Devices and Functians

The input-output section controls the
exchange of data between the central
processor and the control panel, a
paper-tape reader and printer-punch.
and a real-time channel. The standard
FikLpaTA intercommunication conven-
tions (8-bit characters. ready-busy line.
and strobe line) are used for all input-
output operations. On-line insertion of
information may he accomplished via a
paper-tape reader at 300 characters/
sec or a programmed instruction re-

Fig. 4—Memory stack.
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The computer may concurrently per-
form real-time input. real-time output.
and data-processing functions. When
a character has been received {rom the
real-time input unit or when the real-
time output unit signifies that it is
ready to accept a character. the com-
puter temporarily interrupts its data
processing function, services the char-
acter, and then resumes data process-
ing from the point of interruption. One-
to seven-character storage or retrieval
operations are implemented by com-
puter interrupts until a complete data
word or a single control character has
been stored or retrieved. A program
interrupt will then transfer the com-
pleted word to the message storage

Fig. 5—Standard gate circuit.

questing operator input at the console.
In the latter, the computer waits until
a specified quantity of information has
been inserted and then automatically
continues program execution.

Similarly, on-line output of informa-
tion may also be accomplished via a
paper-tape punch-printer at 30 char-
acters/sec. or via the control panel.
In the latter case, the computer waits
until the operator has requested the
display of the instruction-specified num-
ber of words. and then automatically
continues program execution.

Microrac can communicate with
other computers via real-time input and
output channels on a computer-inter-
rupt basis at a maximum rate of 300
characters/sec.

section of the high speed-memory. or
retrieve a complete word from the mes-
sage-storage section for output.

Major Transfer Bus

Most transfers are accomplished via a
major transfer bus: some transfers fo
and from the adder, which occur con-
currently with transfers of data via the
major bus. are executed via minor
transfer buses.

MICROMODULE CIRCUITRY DESCRIPTION
The requirements of +90° C maximum
internal ambient temperature (to per-
mit reliable circuit performance within
the high-density micromodule packag-
ing). made silicon semiconductor com-
ponents mandatory. For the bulk of
the micromodule logic circuits. the type
2N914 switching transistor (in wafer
form. for incorporation into the micro-
module) was selected for its relatively

Fig. 6a—Disossembled MICROPAC.
Center: main frame, with rock for
micromodule booklets (see 6b—6d)
swung up from left. (Note one
booklet in ploce). In middle of top
of the main frome con be seen the
double chamber for memory stocks,
one of which appears removed to
the right {see also Fig. 7). The
right-hond section of the moin
frame is for the power supply,
shown removed to immediote right.
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high-speed switching and good record
of reliability. Also. it is reasonably
priced and available from several manu-
facturers.

The basic circuit is the standard
logic gate (Fig. 5} with the following
main characteristics:

fan-in: 20. maximum

fun-out: 4

power dissipation: 75-mw average

pair delay: 60 nsec (nominal)

rise time: 30 nsec (nominal)

This standard gate is the most fre-
quently used micromodule in the com-
puter. Low-power gates are provided
when the speed and power capabilities
of these standard gates are not re-
quired. Several micromodule configu-
rations of the standard and low-power
gates were designed. Gates are pack-
aged two to a micromodule. Several
gate micromodules were designed with
different input-dinde arrangements so
that the micromodule’s 12 pins (stand-
ard) would be adequate to handle the
input-terminal requirements of a num-
ber of different logical configurations.
Diode cluster micromodules are pro-
vided to take care of unusual cases.

Although the gates comprise the
bulk of the micromodules in the com-
puter. many other special-purpose cir-
cuits are required. All logic micromod-
ules are compatible and use common
supply voltages and signal-voltage char-
acteristics. Line receivers and drivers
are provided for the transition from
computer signal voltage to FreLpata
operation requirements.

Fig. 6b—Micromodule booklet,
test points ot right end.

shawing

Fig. 6¢c—-Opposite end of Fig. 6b booklet,
showing connector.
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All electronic components are oper-
ated well below rating to insure maxi-
mum reliability. Resistors are operated
at a maximum of 20 percent of rating.
The silicon transistors are junction-
temperature limited to 100°C maximum
in operation. although circuits were de-
signed and tested for 125°C operating
temperatures.

POWER SUPPLY

The Microrac power supply is opera-
tionally typical of digital computers in
that it furnishes a fairly large number
of well-regulated output voltages with
low source impedance. However, it
differs from the usual computer power
supply in two major respects which
complicated the design: the requirement
for small over-all size. and poor regu-
lation of the primary power source.
The primary power source for the
computer may range from a poorly
regulated field-tvpe power supply to a
well-regulated commercial power line.
The pe power supply has been designed
for the following input power condi-
tions:
Voltage :
phase
Frequeney: 50-60 cps =109
Transient voltage range (5 sec): 75.6
to 138.6 volts
Transient frequency range {5 sec):
31 to 86 cps
The required pc output of the power
supply for Microrac with two memory
packages (4096-word capacity) is a
total of 250 watts, consisting of 13 dif-

120 volts, =109 single

ferent voltages. The wide range of
input voltage and frequency, coupled
with the requirement of minimum size
and weight, made unsatisfactory the
conventional design approach using a
power transformer, with individual rec-
tifiers and regulators for each voltage.
Instead, a power supply incorporat-
ing the following features was designed:
1) Controlled bridge rectifiers oper-
ating directly from the ac line,
to achieve rough regulation in the
order of 159%.
Single section Lc filter to reduce
ripple to less than 10% after 60-
cycle line input rectification.
Morgan regulator circuit, using a
silicon-controlled rectifier and a
square loop core. to achieve reg-
ulation of the order of 29.
Single-section L¢ filter to reduce
ripple to less than 19 after high
frequency rectification.
Silicon-controlled rectifier paral-
lel inverter operating at 1000
cycles. using a power transformer
with separate output windings for
individual supplies.
Individual rectifiers and regulators
for each output voltage, where
required.
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MECHANICAL DESIGN

The Microrac mechanical design is
in accordance with the Signal Corps
specifications for tactical data process-
ing equipment to achieve a high func-
tional utility, high reliability, and sim-
plified maintainability while satisfying

requirements of human factors engi-
neering. Microrac is adaptable for rack
and panel mounting, bench-top opera-
tion, or vehicular mounting utilizing a
case specifically designed for this pur-
pose. It is a self-contained equipment
of four major sections: control panel,
micromodule circuitry, memory, and
power supply (Fig. 6a). It has the fol-
lowing dimensions:
Exterior: 17.75” wide x 12.625” high
x 21”7 deep
Usable [nterior: 16”7 wide x 11.25”
high x 20.25” deep
All sections are plug-in units, with the
exception of the circuitry section be-
cause of the large amount of connec-
tions required.

Control Panel
The control panel provides for manual
insertion of information into the com-
puter and for monitoring and selecting
the various operational modes (Fig. 1}.
Information may be entered manually
via the keyboard on the control panel.
Input or output data may be displayed
in digital and binary forms by 10 nixie
tubes and 38 neons, respectively. The
neon hulbs are arranged in octal code
groups for ease of interpretation. The
nixie tubes provide a binary-coded-
decimal indication (9 decimal digits)
of the contents of various computer
registers. This decimal indication is
primarily for use by the operator. The
neon-tube indication is provided for
use by the programmer or maintenance
personnel in debugging. Other lamp
indicators are provided to indicate
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Fig. 6d—Bookietf, “opened up ~ to show interlocking arrangement of
micromodules. Note removed micromodules, to show plug-in detail.
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computer status and to alert the oper-
ator to abnormal conditions.

Micromodule Circvitry

The micromodule section (Figs. 6b. ¢, d}
contains the logic and memory controls
and functions required for computer
operation. It consists of 39 “booklets”
(each booklet consists of two printed-
circuit cards) mounted within four
columns, ten booklets per column. Each
printed card provides for the mounting
and interconnection of a maximum of
32 micromodules mounted in 4 x 8 grid
to permit interleaving of two cards to
form a compact and densely packed
unit designated as a circuitry booklet.
A 63-pin connector is mounted on each
card providing connection with asso-
ciated panel-mounted connectors located
on a single, common backplane and
interconnected to form the backplane
wiring. Approximately 1650 micro-
modules are required for operation with
a 2048-word, high-speed memory, and
1785 modules with a 4096-word, high-
speed memory.
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Fig. 7—Memory chamber.

Memory Section

The memory section provides space for
two ferrite-core stacks as shown at the
top of Fig. 6a. The memory stacks
are packaged in a molded fiberglass
housing (Fig. 7) to provide maxi-
mum structural rigidity and minimum
heat loss without disturbing the weight-
to-volume ratio. Each memory stack
is individually temperature-stabilized
with a network of heaters and thermo-
electric units to maintain a tempera-
ture gradient of =2°C within a range
of 40°C to 60°C internally in an envi-
ronmental ambient range of —31°C to
+52°C. The temperature control of the
memory is accomplished in a closed-loop
system, thus maintaining a comparatively
dust- and moisture-free environment.
Power Supply

The power supply is designed as a
fully self-contained plug-in unit. Be-
cause of the unique electrical design
approach, the supply consumes only
730 cubic inches—approximately 15V5"
x 4%” x 12”. The gross weight-—
including casework—is 31 pounds. The
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choice of electrical connectors and
mechanical fasteners ensures compact
size and rapid, simple power supply
replacement. This rapid access is
achieved while still maintaining relia-
ble, low impedance continuity with the
computer power distribution system.

The supply is also mounted so that
it can be extended from the com-
puter proper and its casework removed
to perniit field maintenance and repair.

COOLING
To keep the air flow at a maximum, the
use of exhaust and intake ports on the
same plane was avoided. The intake
area includes filters, fans and plenums,
requiring space that makes it impos-
sible to place the intake on the front
panel. Therefore, the rear panel housed
the inlet area. With the requirement
of operation in rain. louvers, filters and
drip opening were provided in the
rear of the unit. Based on information
as to the power dissipation of the
micromodules and of the power supply,
coupled with a preliminary layout, the
use of two blowers was chosen, one for
each of the two major sources of heat.
namely the power supply and the cir-
cuitry section. The smallest blowers
with a capacity greater than the pre-
dicted load were Rotron Aliximax 2,
each capable of supplying air flow at
the rate of 30 cfm. The output of the
two blowers each feed a plenum cham-
her which then directs and allocates the
proper amount of air for the load. The
air, having cooled the power supply
and the circuitry area, then wash.cools
the front panel and exhausts through
screened openings in the lower part of
the front panel.
CONCLUSION

Because of Microrac's reduced size
and weight which permits ease of han-
dling and offers maximum mobility, this
versatile computer could be used for a
broad range of tactical applications in-
cluding battery control in a fire sup-
port, guidance control in other weapon
support systems and, data reduction in
weather and surveillance systems. Its
real-time duplex communication oper-
ational capability affords the means for
remote access and control.
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PULSE CODE MODULATION

Reviewed here are the basic processes of generation, transmission, and detection
of PCM—a communication technique in which the analog signal of speech,
television, or other information is converted to a sequence of coded constant-
amplitude on-off pulses for transmission. PCM is today finding important appli-
cations in military digital communications systems and in commerical telephony
—and is a promising technique for space communications systems.

H. M. STRAUBE

Systems Laboratory, Surface Communication Division
DEP, New York, N. Y.

ULSE CODE MODULATION (PCM) is a

method for converting speech, tele-
vision, or other messages to a signal of
coded on-off pulses. Conceived about
1939 and researched for more than two
decades, this type of analog-to-digital
conversion has finally become a practical
technique—rcM has “come of age.”

Because it is a simple sequence of
on-off constant-amplitude pulses, a PcM
signal:

1) has great immunity to noise, inter-
ference, crosstalk, and distortion
associated with the transmission
path;

2) lends itself to “regenerative repeat-
ing” which avoids multi-link ac-
cumulation of transmission impair-
ments; and

3) is amenable to error detection,
error correction, cryptography,
and numerous other data proces-
sing techniques of interest.

In addition, in multi-channel communi-
cation systems, time-multiplexed rcm
often:

4) provides lower-cost terminals than
do competing techniques (such as
frequency-division-multiplex).

In view of these advantages, pcm finds
rapid acceptance in military digital com-
munication systems wherein needs of ac-
curacy, reliability, and security are well
met by transmitting a succession of
simple “yes or no” decisions. Such an
application is currently being engineered
by RCA for U~icom (Universal Inte-
grated Communication System) through
joint efforts of the New York Systems

fig. 1—Generation of pulse code modulation.
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and Camden Digital Communications
Sections of SurfCom.

Not only military. but also civilian ap-
plications of rcm are emerging, as wit-
nessed by a recent Bell System announce-
ment that a rcm system for short-haul
exchange-area telephony is nearing the
production stage. Space communication
systems, military or civilian, also consti-
tute a fertile field for rcm application.

GENERATION AND DETECTION OF PCM

Ten fundamental processes are often in-
volved in the generation and detection
of pulse cede modulation. namely: band-
limiting, sampling, quantizing, coding.
decoding, framing, filtering. compand-
ing. multiplexing, and demultiplexing.
Although the first seven of these appear
in all pcm terminal equipments, the last
three may or may not be required. Com-
panding (or the equivalent) is employed
only when certain messages of large
volume range must be encoded with good
quality. Multiplexing and demultiplex-
ing are performed only when two or
more message channels must be encoded
for transmission over a single pair of
wires.

Let us first examine the seven most
basic processes that must be performed.
Thereafter we can consider the added
complications of companding. multiplex-
ing. and demultiplexing.

Band-Limiting

As shown in Fig. 1, the message channel
is first band-limited. This not only
eliminates noise that may occur at fre-

quencies outside the message band. but
also defines the highest significant fre-
quency that must be processed.

Sampling

The message wave is then converted to a
pulse amplitude modulated (ram) sig-
nal by taking narrow uniformly-spaced
samples of the message waveform, as
depicted in Fig. 1. If the samples are
taken at a rate slightly higher than twice
the highest message frequency, it may
be shown' that all the information in the
message waveform is still present in the
envelope of the amplitude samples. Note
that the information content is critically
dependent on the exact amplitude, as
well as the time of appearance, of these
pulses. Also significant is the fact that.
for typical nondiscrete messages. these
samples may take on an infinite number
of values within their given volume
range. Like the original message, the
raM signal is still very “amplitude
conscious.”

Quantizing

The amplitude of each sample is then
quantized, that is, measured in terms of
a discrete number of quanta into which
the PAM volume range is intentionally
divided (see Fig. 1). Each result is
“rounded off”" to the nearest calibration,
thus each quantized value may be in error
by as much as = 14 quantum. The inte-
grated effect of such errors is called
quantizing distortion or quantizing noise
and is the inevitable result of approxi-
mating an infinite number of possible
values by a finite number of discrete val-
ues. Although quantizing distortion is an
inherent weakness of rcM, it may be
made negligibly small by suitable choice
of the number and size distribution of the
quanta.

Coding

Each quantized value is next converted to
a group of on-off pulses, the pattern of
which is in accordance with binary no-
tation. As indicated in Fig. 1, and further
detailed in Fig. 2, this constitutes pulse
code modulation. Significant is the fact
that the information content of these

fig. 2—Meaning of binary-coded pulse groups.
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pulses is invested in their time of appear-
ance, not their exact amplitude. As a re-
sult, pcM (unlike pAM) has a high im-
munity to amplitude disturbances such
as are contributed by noise. interference.
crosstalk, and distortion during transmis-
sion.

Although the zero-center quantum
scale assumed in the example leads to
a sign first-digit in the code, other ar-
rangements are often practiced. For
example, if zero were placed at the bot-
tom end of the quantum scale in Fig. 1,
all quantized values would be of one
polarity and the resultant code would
necessarily contain an eights, rather than
sign, first-digit. The first sample in Fig.
1 would then have a quantized value of 9
and a code of 1001, meaning (1X8) +
(0X4) + (0X2) 4 (1X1). The latter
technique is attractive when there is no
need to vary the size of the quanta sym-
metrically about the message average
value. However, when such a need exists
(as in one “companding equivalent™ ap-
plied to speech) the zero-center quan-
tizer is a natural choice.

Decoding

After the generated pcMm has been trans-
mitted to another location. it will
normally be detected in a manner that
recovers the original message. As de-
picted in Fig. 3, the received rcm is first
decoded, that is, each binary-coded pulse
group is converted to an equivalent amp-
litude sample. In essence. the decoder
merely adds up the binary-weighted
values of pulses present to obtain the
equivalent quantized value (see Fig. 2).
To do this correctly, the decoder must
necessarily know when to look at the in-
coming data so that pulse groups, rather
than partial pulse groups or idle time
slots, will be decoded. To satisfy this
need, timing information is supplied to
the decoder by appropriate framing cir-
cuitry, as indicated in Fig. 3.

Framing

Although timing synchronous with the
incoming pulse rate can be derived by
simple filtering of the input signal (in
path a of Fig. 3, for example), more

Fig. 3—Detection of pulse code modulation.
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sophisticated techniques must usually be
applied to derive timing indicative of
the start of each pulse group (*“for fram-
ing”

One common framing technique re-
quires transmission at the beginning of
each frame of a unique signal which is
seldom, if ever, encountered elsewhere
in the pulse train. For example. addition
of a single digit that alternately takes on
binary values of I and 0, just previous to
each pulse group in Figs. 1 and 3, would
suffice. Rather simple framing circuitry
can detect such information (on path «
in Figure 3) and utilize it to “frame” the
decoder readout.

Other framing techniques exploit some
statistical characteristic of the message
(such as the high probability of “zero
rate of change” intervals in speech) to

give indication of correct decoder fram-
ing. One such scheme involves transla-
tion of the generated code to a special
code before transmission, such that lack
of correct framing may be detected on
path b in Figure 3. Techniques of this
sort are attractive in that they do not re-
quire addition of special framing digits
(or addition of bandwidth to transmit
such extra digits).

Filtering

The message is finally recovered by
merely detecting the envelope of the paMm
delivered by the decoder. This is ac-
complished by passing the amplitude
samples through a low-pass filter with
cut-off slightly above the highest message
frequency (but usually below half the
sampling frequency). This filter may
often be made identical to the band-
limiting filter utilized in generating rcm.

In principle (assuming ideal imple-
mentation and errorless transmission),
the recovered message should be a per-
fect copy of the original message except
for quantizing distortion. The latter can
never be eliminated but can be reduced
to an acceptable value by appropriate
design of the quantizer. Clearly, increas-
ing the number of quanta (and therefore
the number of digits per code group)
will increase the accuracy of quantiza-
tion and reduce the granularity of the
recovered signal. Although for many
messages this is the only good way to
reduce quantizing distortion. for some
messages (such as speech) improved re-
sults can be obtained through appro-
priate size distribution of a moderate
number of quanta. The latter technique.
one form of which is termed “compand-
ing,” is worthy of further consideration.

Companding (or the Equivalent)

As shown in Fig. 4a, when a linear
(equal-step) quantum scale is utilized.
the weak signals suffer the most serious
quantizing distortion. In the example
shown, for weak samples that traverse
only a single quantum step. a half-step
error amounts to approximately a 50 per-
cent error! Fortunately. strong samples
suffer only slight distortion, so the diffi-

. Fig. 4—Reduction of weak signal quantizing distortion: {a} no

reduction; (b) reduction via tapered signal {companding); (c)
reduction via tapered quantum scale.
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culty can be alleviated by, in effect, shift-
ing some of the strong-signal steps to the
weak-signal region.

This may be done by tapering the sig-
nal in the manner shown in Fig. 4b be-
fore linear quantization.” The tapering
device has a modified logarithmic com-
pression characteristic that yields quite
an equitable distribution of percent
quantizing error. Of course, once the sig-
nal has been compressed in transmis-
sion, it must be expanded in reception
if the overall transmission is to be linear.
Therefore, in the receiving terminal, a
linear decoder must be followed by an
expander having an inverse character-
istic to the compressor. The combination
of compressor and expander are called
a compandor and the function they per-
form is termed companding.

Although the compandor illustrated is
“instantaneous” in the sense that it must
respond to instantaneous values of nar-
row pulses, somewhat similar results
may be had with slow-acting syllabic
compandors placed in the message
(rather than pam) path. In either case
preferential amplification of weak sig-
nals prior to encoding and preferential
attenuation of weak signals after decod-
ing, achieves the desired end.

A more direct but equivalent approach
to the problem involves tapering the size
of the quantum steps in the manner de-
picted in Fig. 4c. Electronic switching
of resistors is usually employed to
achieve the required unequal steps.
(This method of reducing weak-signal
quantizing distortion is being applied in
a speech analog-to-digital converter now
under development in SurfCom.)

Companding (or the equivalent) is
particularly beneficial when applied to
messages (such as speech) in which the
major intelligence is conveyed by am-
plitudes near zero.® However, some
messages do not take kindly to com-
panding, whereupon the only solution is
to increase the total number of quantum
steps (which unfortunately increases the
required transmission bandwidth).

Multiplexing and Demultiplexing

When two or more message channels
must be encoded for transmission over a
single pcM transmission path, advantage
is taken of the time that is otherwise
wasted between samples of a single chan-
nel. Thus, in Figs. 1 and 3, the clear
time may be occupied by samples from
other message channels, thus permitting
multiplex operation with many channels.

Fig. 5 shows how the samples from
four message channels may be inter-
leaved to provide such a time-division
multiplex system. Although only those
elements needed for transmission in one
direction are indicated, it will be under-
stood that two-way transmission may be
provided by appropriate duplication of

the equipment shown. Multiplexing is
accomplished by sampling the channels
in a recurrent sequence and delivering
the samples to a common PaM path.
Each of the pam samples is then en-
coded, and the resulting succession of
pulse groups is transmitted to a receiv-
ing terminal. At the receiver, the incom-
ing pulse groups are decoded, the
resulting samples are demultiplexed
(distributed to their appropriate chan-
nels), and each channel is filtered to
yield its original message.

Synchronization and framing of the
demultiplexing commutator, as well as
the decoder, can be accomplished in the
manner previously described wherein a
special framing digit is transmitted once
every frame. In the multiplex system,
a frame comprises one complete commu-
tation cycle, not the interval between
successive coded pulse groups, so only a
small fraction of the total time slots need
be utilized for framing. Accordingly.
only very little additional bandwith is
required for transmitting framing infor-
mation.

Note that the system of Fig. 5 contains
a high percentage of common equipment,
that is, equipment that is shared by the
several message channels. Although all
multiplex systems show this tendency,
the per-channel needs in a pcm system
are particularly small. As a result, rcm
terminals serving a reasonable number
of channels (say 24) are often less costly
than competing terminals (frequency-
division-multiplex, for example).

TRANSMISSION OF PCM

Thus far we have casually skipped over
the problem of transmitting rcm from
one communication terminal to another.
Since the pcm signal contains an inter-
mittent succession of narrow pulses, one
might wonder whether inherent trans-
mission difficulties might overshadow the
“low cost per terminal” advantage
claimed above. On the contrary, the
transmission characteristics of pcm are
its “crowning glory.” It is true that the
quantity of bandwith necessary to trans-
mit pcM Is greater than that required
for more conventional analog and “car-
rier” signal forms. However, the qualiry
of bandwidth required for pcm transmis-
sion is significantly lower than that de-
manded by competing analog techniques.
This follows from the fact that pcm,
unlike analog signals, lends itself to so-
called regenerative repeating, whereby
noise, interference, crosstalk, and dis-
tortion effects on the transmission path
can be nearly eliminated. A brief dis-
cussion of these transmission features
follows.

Bandwidth

If the highest message frequency is f.
and the number of digits per sample is
N, it may be shown that pcm transmis-
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sion of a single channel requires at least
Nf, cycles per second of bandwidth.
Furthermore, if n channels are multi-
plexed, at least nNf, cycles per second
of total bandwidth is required. When
these figures are compared with band-
widths necessary to transmit either base-
band or single-sideband frequency-divi-
sion-multiplex signals, it becomes evident
that PcM requires at least N times as
much bandwidth. This represents the
price that must be paid for pcm im-
munity to noise, interference, crosstalk,
and distortion associated with the trans-
mission medium.

Actually the transmission medium
need not be perfectly flat over this band-
width. Reasonable deviations from flat-
ness (several decibels) can be compen-
sated by appropriate equalizer circuitry
within the regenerative repeaters typi-
cally employed at appropriate intervals
along the transmission path (see Fig. 5).

Regenerative Repeaters

Conventional analog repeaters attempt
to reproduce at their output an amplified
version of the signal and noise which ar-
rives at their input. As a result, in multi-
link analog -repeatered systems, noise
and distortion accumulate from link-to-
link.

Regenerative repeaters' attempt to re-
generate or reconstruct at their output a
replica of the original transmitted pulse
signal (not a replica of the noisy, dis-
torted signal which arrives at their
input). Hence multi-link regenerative-
repeatered systems substantially avoid
accumulation of transmission impair-
ments. Fresh new pulses are delivered
at the output of each repeater, including
the final repeater located at or near the
receiving terminal.

Binary pcM, in which a simple “‘yes or
no” decision occupies each time slot, is
particularly well-suited to regenerative
repeating. In essence, when handling
such a signal, a regenerative repeater
merely looks (in each time slot) for the
presence or absence of a pulse. If it con-
cludes a pulse is present, it generates an
output pulse of the shape, amplitude,
and duration known to have been trans-
mitted originally.

Some basic features of regenerative
repeating are illustrated in the idealized
example of Fig. 6. As the original trans-
mitted signal at a proceeds through the
transmission medium to the first re-
peater, it will typically undergo ampli-
tude and phase distortion. Though not
shown, the weak distorted signal that
arrives at the repeater may often appear
to be unrecognizable. However, after
passing through a simple equalizer and
amplifier within the repeater, the signal
(if noise-free) will take on the more
meaningful waveform shown at b. The
latter signal (peak value E) is then sub-
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mitted to an appropriate threshold-
triggered pulse regenerator (thireshold
E/2) which is enabled to “look™ for the
presence or absence of a pulse at only
times t,, t., t;, and ¢, near the center of
the assigned time slots. Timing informa-
tion for the latter purpose may be ex-
tracted from the signal of  in a number
of ways. During those “looks™ in which
the signal of b exceeds the threshold, a
pulse is regenerated, thereby yielding
the reconstructed signal of ¢ in which
shape, amplitude, duration, and spacing
are a near-replica of «.

If the signal is not noise-free but con-
tains some such form of interference as
implied at " and b” of Fig. 6, the re-
generator may make errors. However,
inspection of &’, b”, and ¢” reveals that
the idealized repeater requires little
more than a 2-to-1 6-db peak-signal to
peak-noise amplitude ratio for error-free
transmission. Clearly such a regenerative
repeater is remarkably tolerant of noise.

It is also interesting to note what tol-
erance such a repeater will have to
“white” noise (i.e., noise with a uniform
power spectrum and Gaussian amplitude
distribution, such as thermal noisej. It
can be shown that if signal pulses are
present in about half the time slots, the
idealized repeater requires little more
than a 17-db average- signal-power to
average-noise-power ratio to yield a neg-
ligible (107"} error rate. For comparable
performance. conventional analog-re-
peatered speech transmission links re-
quire a signal-to-noise ratio on the order
of 65 db or more. Even taking account
of the N-foid increase in bandwidth
(hence N-fold increase in “white” noise
power) demanded by rcy, one still con-
cludes that rcm requires much less sig-
nal power (about 40 db less} than a
comparable analog-repeatered speech
link.

Obviously the bandwidth expenditure
demanded by rem is well worth the sig-
nal-to-noise advantage it buys via regen-
erative repeating. Although bhandwidth
may be traded for signal-to-noise ratio
in frequency modulation and certain
other pulse systems, the trade is less fav-
orable. In these systems. the information
capacity is proportional to the logarithm
of bandwidth, instead of directly propor-
tional to bandwidth as in rcm. Thus. for
a sufficiently wide band. rcw is certain
to be less susceptible 1o the ravages of
noise, interference, crosstalk, and dis-
tortion—in essence, PCM is a “rugged”
signal.

Processed PCM

Although the preceding examples have
concerned classical unipolar pcm, some
applications encourage special proces-
sing of such signals before transmission.
For one thing. most transmission systems
are ac-coupled and hence suppress pc.
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Fig. 5—Elements of multiplexed PCM system.
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When unipolar pcM  (the spectra of
which contains discrete lines at pc) is
transmitted over such systems. difficult
transient problems arise. Although a host
of techniques have been applied to mini-
mize low-frequency suppression effects,
in some cases it is preferable to prepare
the signal for the transmission path.
rather than to tailor the transmission
path to the signal.

One approach involves transmitting a
“dipulse” (positive pulse followed by an
equal negative pulse) every time a pulse
is present in the pcm format. Another
more attractive method® involves trans-
mitting the pcM in a manner that makes
successive pulses have opposite polarity.,
whenever they occur. Other techniques
utilize the pcM pulses to modulate the
frequency or phase of a sinusoidal car-
rier in a manner that yields a desirable
spectrum for transmission.

By and large, such conversions fall in
the broad category termed data proces-
sing. Their detailed description is far
beyond the scope of this paper, but their
merit is unquestionable. In general, they
treat each pcm “bit” of information the
same as any other “data bit.” and they
make every effort to utilize regenerative
repeating to the best advantage. Special
data processors are often introduced at
sending and receiving points in the rcm
system to accomplish message security
(through crypiography ). error detection.
error correction, etc. The simple on-off
constant-amplitude nature of the rcm
signal is especially favorable to such
techniques.

DIFFERENTIAL PCM

The previous discussion has dwelled on
what might be termed “absolute pcm.”
wherein the absolute amplitude of a
message is sampled, quantized, and
coded. Some messages (such as speech)
lend themselves to a variation of this
technique called “differential prcm,”
wherein the differential amplitude of the
message is sampled, quantized, and
coded. The latter is briefly discussed
below.

Example

The conceptual differences between ab-
solute vcm, differential vcm, and delta
modulation (a special case of differential
pcMm) may be grasped by inspection of
Fig. 7. A simple numerical example is
shown in which a specific message wave,
sampled at a specific rate, is to he ap-
proximated by coded pulses. The abso-
lute-pcm codes, utilizing a polarity digit
and five magnitude digits to approximate
absolute magnitudes, are shown at a for
several successive samples. The differen-
tial-rcm codes, utilizing a polarity digit
and three magnitude digits to approxi-
mate inter-sample amplitude changes,
are shown at b. The delta-modulation
codes shown at c utilize a single polarity

digit to describe whether a unit magni-
tude differential shall be added to or
subtracted from accumulated past dif-
ferentials to approximate the message
wave.

Although (in Fig. 7) both absolute
rcv and differential rcm  define the
message equally well during the interval
studied, differential rcM does so with
two less digits per sample. This is a
strong hint that differential rcM can be
used to transmit a given message with
less bandwidth than required for abso-
lute pcMm.

Delta modulation yields a very poor
representation of the message when con-
strained to the sampling rate assumed in
Fig. 7. However, if the sampling rate for
delta modulation were increased by a
factor appropriately greater than six, an
approximation comparable to the others
would obtain. This hints that delta
modulation (with one-sixth the number
of digits, but more than six times the
sampling rate) will require somewhat
more bandwidth than absolute rcm to
yield high quality. Of course, the sim-
plicity of the delta-modulation code
strongly suggests that its implementa-
tion will be simple and inexpensive.

General Comments

Although the example given is an over-
simplified. special case, the general
tendencies shown actually apply to
messages (such as speech) in which the
spectral amplitude falls off with increas-
ing frequency.’

In particular, when low-frequency pre-
emphasis and tapered-step quantizing
are applied to differential pcm,” approxi-
mately a 2-digit advantage may be
gained over absolute pcm, even though
the latter is similarly refined. This comes
about partly because in tapered-step dif-
ferential rcm  both large and small
quantum steps are utilized in all regions
of the message absolute amplitude,
rather than being restricted to particu-
lar regions as in tapered-step absolute
PCM.

Also, (as implied in Figure 7). delta
modulation actually requires higher
transmission bit rates than absolute pcm
when high quality performance is de-
sired. However, when medium quality
speech is acceptable, and low transmis-
sion bit rates (of the order of 20,000 bits
per second) are demanded, delta modu-
lation yields better signal-to-quantizing
noise performance than absolute pcm. In
fact, at such low bit rates. syllabic-
companded delta modulation competes
favorably with 3-digit tapered-step dif-
ferential rcm. When minimal terminal
equipment is of prime importance and
medium quality is acceptable (as in cer-
tain military tactical equipments), com-
panded delta modulation is a natural
choice.
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In multiplex systems, differential rcm
tends to require more “per-channel”
equipment than absolute rcm. However,
as long as its inherent bandwidth savings
outweigh its increased “per-channel”
equipment tendencies, multiplexed dif-
ferential pcm is still attractive. The out-
come of this conflict will vary, of course,
with specific applications.

Some messages may require very ac-
curate transmission of absolute values.
By definition, absolute pcm is inherently
fit for such applications. However, if
approximate absolute value transmission
is permissible, differential rcm or delta
modulation can sometimes satisfy the
need through application of certain
“clamping” or “limited integration”
techniques.

CONCLUSION

Conversion of an analog message to pulse
code modulation (a digital signal) re-
quires the performance of many basic
functions to create a signal with several
times the bandwidth of the original
message. Superficially, this seems like a
wasteful operation, but actually it re-
sults in a signal that is very “rugged”—
a signal that can stand large amounts
of noise. interference, crosstalk, and dis-
tortion in the transmission medium.
Realization of this advantage depends
on the use of regenerative repeaters at
appropriate intervals along the trans-
mission path. When so transmitted, rcm
takes full advantage of transmission
media that offer “‘large-quantity” but
“poor-quality” bandwidth. In addition.
multiplexed prcm  tends toward less-
expensive communication terminals than
are offered by competing techniques.
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USE OF A PHASE LOCKED OSCILLATOR
IN PSK DEMODULATORS

Phase locked oscillators (PLO) have proven to be valuable additions to digital
communication links. The PLO (a voltage control oscillator, a phase detector. and
a low pass filter) has the ability to automatically lock itself to any given input
frequency within a wide frequency range. The PLO can realize extremely narrow
noise bandwidths and automatically frack the spectrum of received signals, even
in the presence of large doppler shifts and extremely low signal-to-noise ratios—
attractive features for satellite communication systems and airborne data links.

J. SCHANNE and W. HANNAN
Applied Research
DEP, Camden, N. J.

Dl(;n'.\L COVMMUNICATIONS miay be

carried on with a phase-modulated

signal if the phase of the carrier wave is
set to one of two or more phase positions
to convey information. This is known as
phase shift keying (psk). Information
is retrieved from the signal by compari-
son of the carrier phase with a phase
reference.

The psk is defined as being either
coherent or differentially coherent. In
coherent pskK, the data is transmitted by
keving the phase of the carrier relative
to a stable phase reference; in differen-
tially coherent rsk, the data is trans-
mitted by keying the phase of the carrier
relative to the phase of the preceding
transmitted bit. If there is relative mo-
tion between the two terminals of the
communication link (the transmitter and
receiver), the use of coherent rsk re-
quires the transmission of a phase refer-
ence signal along with the digital in-
formation. Since this increases either
channel bandwidth or transmission time,
differentially coherent prsk (which is
not subject to this disadvantage), is gen-
erally preferable for aerospace commu-
nications.

The phase positions used are generally
separated by 360°/N, where N is the

number of phase positions. Therefore, a
local reference <ignal in the diflerentially
coherent rsk receiver may he generated
by multiplying the frequency of the re-
ceived signal by the factor N and divid-
ing the frequency of the resulting wave
by the same factor. The multiplication
and division process results in removal
ol the phase modulation from the re-
ceived signal, thus generating the re-
quired phase reference. Fig. 1 illustrates
this technique for a binary Psk system,
where the signal phases are separated

by 180°.

PLO ADVANTAGES IN PSK
It is in the hltering of the phase refer-
ence signal from noise that the rLo offers
a great advantage in a rsK system. A
passive filter, such as a cvystal filter or
LC resonant cireuit, introduces a phase
shift which is a function of the input-
signal frequency. lLarge frequency errors
due to doppler shift and oscillator insta-
bilities are inherent in acrospace com-
munication svstems. Therefore, the use
of a passive filter to obtain a phase refer-
ence from a signal which is subject to
significant frequency error is undesir-
able. since this would cause the reference
itself to be subject to significant phase
errors. As the bandwidth of a passive
filter is reduced to improve the signal-to-
noise ratio, the magnitude of this phase
shift for a given frequency error hecomes
greater. Since aerospace communications
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are frequently carried on with low signal-
to-noise ratios, the conflicting require-
ments of narrow filter bandwidth to im-
prove the reference signal-to-noise ratio
and wide filter bandwidth to accommo-
date frequency errors make it necessary
to find another means for fltering the
phase reference.

The rro offers a solution to this prob-
lem. A rLO consists of a phase detector,
a low-pass filter, an amplifier having re-
sponse down to pc. a 90° phase shifter,
and a voltage controlled oscillator con-
nected as shown in Fig. 2. The rLo has
the ability to track an input of varying
frequency and to generate a signal hav-
ing the same frequency with extremely
small phase error. Fig. 3 shows how
a rLo can be used in a binary psk
demodulator.

DESIGNING THE PLO

In order to optimize the performance of
a sk demodulator, careful design of the
pLO is essential. Trade-offs must be made
to establish the best compromise among
static phase error, frequency pull-in
range. lock-up time, and noise band-
width. Approximate relationships (see
references) among these parameters for
a rrLo employing the anti-hunt filter
(Fig. 4) are given by:

Af
Afar ~ G\ 2m (2)
(Af/mG)?
L~xT——T—
=7 1L (L) (3)
2m\ G
276
B ~1.25 —_—
= 1/ O+x7 W
Where: P = static phase error, Af =
initial frequency error. G = loop gain.
Afuwer = pull-in range, L = lock-up
time. m = ratio of AcC to DC gain (see

Fig.4), T = RC (see Fig. 4). x=m/1-m
(see Fig. 4). and B = noise bandwidth.

Critical damping. a design criterion
which is usually desirable in order to
optimize performance of rsk demodu-
lators, requires that:

4
T\ 27GT
I[f m < < 1 and the rLo is critically

damped, the noise bandwidth is approxi-
mately:

(5)

B = 2mG (6)
Therefore, the ratio of noise bandwidth

to pull-in range is:

B R
Ao =Vim (7)

If a value of m is chosen to provide criti-
cal damping. a ratio of B/A/fu.. on the
order of 0.1 may be obtained. Thus. a
very significant characteristic of a rrLo
is that it can be designed to have a noise
bandwidth which is much smaller than
its frequency tracking range. In effect. a
rLo acts like a narrow bandwidth filter
which automatically follows the input
signal through its frequency excursions.
The resulting capability of the rLo is il-
lustrated in Fig. 5, where the passhand
of the loop may move anywhere within
the pulkin range.

Using the above set of equations. the
design of the demodulator proceeds as
follows: First. maximum frequency error
Afmar is estimated and maximum lock-up
time L,.. and maximum static phase
error P,.. are specified. In order to en-
sure reliable performance, the static
phase error should not exceed 5°. Having
specified P... and A fue. the minimum
loop gain can be determined by using
Equation 1. Then, hy trial and error, the
values of G, T, and x can be traded to
establish the desired compromise be-
tween noise bandwidth and lock-up time.

TWO-MODE PLO—
THE QUADRICORRELATOR

If a satisfactory compromise among
pull-in range. lock-up time. noise band-
width, and static phase error cannot be
physically realized. the a two-mode pro,
known as a quadricorrelator, may bhe
used. The first mode is used to give a
large pull-in range and short lock-up
time. In this mode, the noise bandwidth
must be relatively large. Once lock-up is
achieved. the second maode. in which one
or more loop parameters have been au-
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tomatically changed. is used to narrow
the noise bandwidth.

Fig. 6 illustrates how a two-mode pLO
can he implemented. In this circuit, the
output of the ) detector controls the
local oscillator and the output of the /
detector controls the mode of operation.
When no signal is applied to the input,
the average output signal from both
phase detectors is zero; when the system
is phase-locked, the output voltage from
the Q phase detector is virtually zero,
and the output voltage from the / phase
detector is sufficient to drive the mode
switch transistor from cutoff into satura-
tion, thereby shunting resistor xR with
another resistor. The result is an effec-
tive reduction of m and, therefore, a de-
crease in the noise bandwidth.

The experimental result shown in
Fig. 7 indicates that performance within
1 db of that of the optimum rsk demodu-
lator can he realized by a rsk demodula-
tor employing a quadricorrelator.
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A CRYOTRON-CIRCUIT ENCODER

Use has been made of a superconducting phenomenon to develop a circuit that
is capable of encoding an analog signal, representing a physical quantity, to a
digital number. A useful application of this circuit would be as an input terminal
to a superconducting digital computer. This encoder features circuit simplicity,
low cost, negligible power drain, potential of high speed, and high reliability. Its
main disadvantage is the need for low ambient temperature.

B. RABINOVICI
Systems Laboratory
Surface Communications Division, DEP, New York City, N. Y.

IT 1s well known that when an external

current flowing in a superconductor
exceeds the critical value, resistance
reappears’. In soft superconducting rib-
bons, this critical value of current I,
has been observed to change when
brought into close proximity with
another hard superconducting plane
(Fig. 1).

This property is best explained with
the aid of Fig. 2. The current distribu-
tion on a superconducting surface is
analogous to the electrostatic charge
distribution on a charged conductor,
since both are represented by the same
differential equation. The current den-
sity will be the highest at the edges of
a superconducting film (Fig. 2a). If the
ribbon carries a current larger than the
critical current, the magnetic field
caused by this current will switch the
superconductor into the resistive state,
from the edges toward the center. If a
hard superconducting ground plane is
brought into close proximity with the
superconductor but insulated from it by
a very thin film (Fig. 2b), the critical
current of the superconducting ribbon
will be increased. This is expected
because the superconducting ground
plane is impermeamble to magnetic
flux, and therefore, circulating super-
currents are set up on its surface to
prevent magnetic flux from penetrating
it. These circulating supercurrents have
the effect of increasing the field in the
gap between the superconducting film
and the ground plane near the center of
the ribbon. Since the line integral of the
field around a closed path is equal to
the current enclosed, ie., [Hdl =1, it
can be seen by choosing a path enclos-
ing only the ribbon, that if the field near
the center of the gap is increased for a
given value of current then the field near
the edge must be decreased. As a result.
the field around the film is made more
uniform. Thus, with a ground plane, the
superconducting strip can carry more
current before its own field will switch
it resistive.

Threshold current is approximately

doubled. If, now, the geometry is
changed slightly to conform to that
shown in Fig. 2c, the same effect is
noticed; namely, that with the ground
shield present the critical current of the
superconducting strip increases. Fur-
thermore. when the superconducting
plane also carries current then the criti-
cal current of the superconducting strip
varies as a function of the current flow-
ing in the superconducting plane (Fig.
1). This has bheen verified experi-
mentally.

ENCODER DESIGN
The basic n'™ circuit element of the
encoder is shown in Fig. 3. It consists
of strip A, made of hard superconduct-
ing material (lead), in series with the
soft superconducting gate (tin) of cry-
otron H,. In parallel with it is the tin
gate of cryotron G,. A bit-subtraction
reference current. /,,, is applied to this
parallel combination and it is steered
cither through A4, or G,. In close prox-
imity to A, there is another strip, C,.
made of lead. Sandwiched between A,
and C, is gate [),, made of tin. A super-
conducting inductance, I,. and the small
threshold resistance, r,, (a copper wire),
are connected from point a to ground.
The subtracting current. /., is fed to
node a. Resistance r, establishes the
superconducting threshold and L, acts as
a current storage element. The analog
current amplitude, i,,,, remaining from
the higher bits encoding operation
m through n + 1 (where [m —a] > 1)
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Columbia Univarsity in 1955. From 1950 to 195] he
was an Engineer with Teleking TV Company. From
1951 to 1956 he was a Senior Engineer in the Ad-
vance Development Lab. of CBS engaged in the
development of TV circuitry. From 195 to 1960
he was a Research Engineer and Group Leader
with Underwood Corporation and I1BM Watson Re-
search Laboratories at Columbia University, work-
ing on acoustic delay lines, magnetic-core mem-
ories and cryogenic computer research. In 1960, he
joined RCA in the DEP Surface Communications
Systems Lab., New York, as Leader, Advanced
Communication Techniques. He was recently named
Senior Staff Scientist in Advanced Solid-State Tech-

wwWwW americanradiohistorv com

is flowing in strip C, through a control
winding that crosses the gates of cryo-
trons E, and F,, which are in parallel.

The critical current of strip D,.
namely i,, is thus proportional to the
magnetic field produced by the differ-
ence of the currents flowing through
strips A, and C,. ie., iya—1Im (i
is therefore proportional to the differ-
ence between the analog signal to be
encoded and the quantized current, /,,,
equal in amplitude to the 2'" order bit).
When gate E, is held resistive by the
bit reference current. [,, flowing
through a central winding that crosses
it, the gate current, /,,, is forced to flow
through the branch containing gate F,.
Current /,, holds gate H, resistive, and
gate G, is superconducting. The analog
reference current must be introduced
before 7,, to insure steering of gate cur-
rent /, through gate F,.

The resultant magnetic field produced
by i.., flowing through C,, and by /..
flowing through A, determines the criti-
cal current i, that will flow through strip
D,. With reference to Fig. 4. it is clear
that for values of i, < | lon |—| 1. |,
no change occurs. For values of ¢,,, >
| 1. | — | 1. |. gate F., becomes resistive.
gate E, changes to the superconducting
state (note I,, and i,,, are in opposite
direction), and current /,, switches from
the branch containing G, to the branch
containing A4,. Current output. i,, con-
tinues to flow to the next lower (n-1)"
bit. Readout is obtained across the gate
of cryotron V,, which is resistive only
when a one is encoded in that particular
stage.
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SPEECH CODING AND AUTOMATIC SPEECH RECOGNITION

PEECH HAS LONG BEEN KNOWN to he

highly redundant. A startling indica-
tion of its redundancy is found in the
statement that although present speech
channels employ a bandwidth of 3000 or
4000 cps. speech can theoretically be
transmitted with a bandwidth of only 5
cps. Such a figure is arrived at by con-
sidering speech to be composed of 40
phonemes.* spoken at the rate of 10
phonemes per second. Using information
theory developed by Shannon which re-
lates rate of flow of information to band-
width and channel capacity, it can be
shown that this rate of information trans-
mission requires a >-cps bandwidth with
a 30-db signal-to-noise ratio.'

[¥*Phoneme — the smallest unit of
speech that in any given language dis-
tinguishes one utterance from another.
as the p in pin and the f in fin. by which
these two English words are distin-
guished from each other.]

It is to be realized, of course. that ideal
coding and the transmission of the
phoneme identity only are assumed. Thus
other characteristics. such as natural-
ness, identity of the talker. inflection,
and emotional content, would be missing.
In addition. phoneme identification by
machine is still not possible except to a
very limited extent, as will be discussed
later. Thus there is at the present time
no way of implementing such a large
step in elimination of redundancy in
speech transmission; however, the very
large potential in bandwidth saving does
spur on efforts in this direction.

Actually, advantage was taken of the
redundancy of speech with its attendant
tolerance of distortion in many ways
long before it could be expressed in a
quantitative way. These have varied from
simple bandpass filtering to elaborate
bandwidth compression schemes which
analyze the speech at the transmitting
end. transmit a simplified description
and then synthesize the speech at the
receiver.

PURPOSE OF SPEECH CODING

Speech coding is generally done for one

]

- - v“\\
SR H “~ & ;
E g s ~
pel - ~
= 0 = “re
[7;) -
M - N .
@ . ~
aff 2 N
o - “Ne
z ~
2 .
. O
7 3 “y.
o | :
e - FREQUENCY !
i i
*
. ; t »
. . o .
b, P T TN

Speech coding is done for security or
for bandwidth economies: the ultimate
in coding efficiency would be expected
from automatic speech recognition if
phonemes (basic speech elements)
could be recognized. Other interest
in automatic speech recognition arises
from the potentials of phonetic typ-
ing, automatic translation from a
spoken language with printed or speech
output in a second language, and gen-
eral interest in human-pattern recog-
nition. This paper describes digital
spectrograms and their analysis with
an RCA 501 computer, the segmenta-
tion of speech elements, formant track-
ing, vowel identification programs,
and studies of consonant recognition.

W. F. MEEKER
Surface Communications Division

Camden, N. J.

of two reasons: bandwidth compression
or security. Because of security limita-
tions. we can say little about the latter.
except that the redundancy of speech
makes it very difficult to encode speech
for security by any simple technique.
Techniques which are effective generally
require an increase in bandwidth so that
speech coding for bandwidth compres-
sion is often required in order to transmit

F—NOSTRIL

o LIP
TEETH
TONGUE

N
YOCAL CORDS——J -

Fig. la—Above: The vocal tract.

Fig. 1b—Left: Sound spectrum pro-
duced by the vocal chords before
filtering by the vocal tract. Right:
Same sound spectrum after filtering
by the vocal tract.
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SOUND PRESSURE

secure speech over present channels.

Automatic recognition of speech has
occupied the attention of a number of
investigators in several fields in the past
decade.'”” There are several reasons:

1) Automatic speech recognition

could provide for transmission of
speech with the minimum possible
handwidth.
Automatic speech recognition
would make possible the phonetic
typewriter. a device into which one
dictates and receives immediately
a printed copy of the words spoken.
Automatic speech recognition
combined with machine transla-
tion would permit speaking into
the machine in one language and
having the output either speech or
printed text in another language.
There is much interest in pattern
recognition by machine, adaptive
logic, neuron model networks and
other approaches to human per-
formance and intelligence. Auto-
matic speech recognition is con-
sidered a good problem area for
studies of this nature.

2)

4)

A COMPLEX PROBLEM

Because of the redundancy of speech. a
limited degree of speech recognition
can be accomplished by very simple
means, if the vocabulary is restricted.
For example, a model railroad con-
troller can employ a loud sound such
as the spnken word go to actuate a
start mechanism and the puff of air
released from the p in stop to actuate
the stop mechanism. Obviously such a
mechanism  would respond to many
other words and could also be operated
without producing meaningful sounds.

The success of the linguist or pho-
netician in analyzing speech as a sue-
cession of phonemes led initial workers
in the field to believe that there were
clearly defined acoustical counterparts
to these phonemes which could be iso-
lated. measured, and then identified. The
situation turns out to be considerably
more complex than was initially as-
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Fig. 20— Sound spectrogram of the words ‘'‘RCA ENGI-
NEER"" with an analyzing-filter bandwidth of 40 cps.

sumed. Tape splicing experiments, in
which a given word is assembled from
phonemes taken from other
have shown that speech formed in this
wayv loses considerable intelligibility.

One such experiment® showed that
when f from foe was combined with the
o from so, the resulting sound was
identified as 6o, which is pronounced
tho with the th pronounced as in thin.
Such experiments suggest that the pho-
netic analysis which the phonetician
makes is more than simply the recog-
nition of individual phonemes, at least
for many sounds. It may be that some
larger unit is first recognized, and the
division into phonemes made as a sec-
ond process. either my memory or by
subsequent more detailed analysis.
Nevertheless. individual phoneme rec-
ognition can be accomplished to some
degree. as will be described.

words.

BASIC NATURE OF SPEECH

Before going further, it is necessary to
describe something of the speech pro-
ducing process. Normally. most speech
counds originate from vibrations of the
vocal cords. The vocal cord vibrations
produce a “buzz.” that is, a complex
spectrum which is periodic but rich in
harmonics. The fundamental rate of
vibration is termed the pitch and varies
during the course of speech to produce
inflection and other quality attributes
but has little, if any, bearing upon the
intelligibility of speech—that is. iden-
tification of individual words. The com-
plex sound spectrum produced hy the
vocal cords is modulated by the vocal
tract to produce meaningful sounds.
The movements of the lips, tongue,
teeth, palate, and other elements of the
vocal tract not only affect the intensity
of the sound but also shape its frequency
content. That is, the vocal tract has
certain resonances which shape the
complex spectrum produced by the
vocal cords. These resonances vary as

the vocal tract is manipulated to pro-
duce speech.

This process is indicated diagram-
matically in Fig. la which shows the
vocal tract and vocal cords. Fig. 1b
indicates the sound spectrum produced
by the wvocal cords before and after
filtering by the vocal tract, The spec-
trum is shown as a line spectrum be-
cause it is quasi-periodic. The dotted
line indicating the envelope of the
spectrum shows the resonances of the
vocal tract.

So far. we have been talking only
about rvoiced sounds. that is. sounds
produced by vibrations of the vocal
cords. Some speech sounds. s and sh,
for example. are produced without
vocal cord excitation and are termed
unvoiced sounds. They are produced
by turbulence generated somewhere in
the vocal tract and resulting in an
essentially random noise spectrum
which is shaped by the vocal tract. In
the case of s and sh, the noise is pro-
duced at the teeth and the spectrum
shaped primarily by the lips. In the
case of A, the noise is produced farther
back in the throat and is shaped by the
vocal tract in much the same way as
the voiced sounds. With sounds such
as = beth vocal cord vibration and
turbulent noise are present.

It was indicated earlier that the fun-
damental pitch of the voice contributed
tittle if anvthing to intelligibility. This
can be easily demonstrated by talking
in a monotone. We come then to the
big question—just what is it that car-
ries intelligibility? W hat are the in-
formation bearing elements of speech?

At the present time this question can
only bhe partially answered. Broadly.
it can be said that the information is
carried by the speech spectrum; that is,
wave-form or phase are not primarily
of importance. Beyond this, certain
information resides in the shape of the
spectrum and other information resides
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Fig. 2b—Same as Fig. 2a, except with an analyzing-
filter bandwidth of 300 cps.

in the time variation of portions of the
spectrum. The precise nature of this
information is not known. although
enough is known to permit a substan-
tial degree of automatic speech recog-
nition. as will be described below.

THE SOUND SPECTROGRAM

A representation of speech which is
very useful in studies of speech char-
acteristics is the sound spectrogram
<shown in Fig. 2. Here. the coordinate
axes are frequency and time; the den-
<ity in any frequency region is pro-
portional to the energy in that region.
In Fig. 2a, the bandwidth used in the
analyzing filter is 40 cps; with this nar-
row bandwidth the individual harmon-
ics are apparent. A somewhat clearer
picture of the distribution of energy
can be seen when the bandwidth of the
analyzing filter is 300 cps, as shown in
Fig. 2b. The dark bands are regions
of greater energy density and represent
resonances of the vocal tract, called
formants. The lowest-frequency reson-
ance 1s termed the first formant, the
next the second, ete. The frequencies
of the first and second formants are of
primary importance for the identifica-
tion of vowels and some vowel-like
sounds: the third formant is of lesser
importance except for certain sounds
such as / and r where the primary dis-
tinction appears to be based upon the
third formant.

An interesting consequence of the
filter bandwidth used for Fig. 2b and
the analysis instrumentation is that the
voiced portions of speech are identifi-
able by the prominent vertical striations.
and the distance between the striations
corresponds to the period of the pitch.
The distinction between voiced and un-
voiced sounds is rather easily made by
visual inspection of this display.

While this type of display has been
very useful in studies of speech, it has
two major disadvantages: 1) it re-

33


www.americanradiohistory.com

34

FREQUENCY —

LX1ooo5000e00gae500 CENT
e 11111213334443334544 11
11101112335444443455 1]
211M1122244434544445 1}
f 31313333334424¢5464445 10

21543323444333434555 09
41001123345433444455 11
s 61335444455433322222 08
71336645555322100000 06
71215734345210100000 086
7122674325640120000Q0 06
71226743356511201000 06
71225655557500201100 06
71335556546410200000 06
71334466646521311000 06
71344566546532321000 ©7
71344566546532311000 06
71344566546532311000 06
71344566545532311000 06
71335566645631211000 06
71344456646632200000 06
71335546546632310000 06
71336624435621210000 06
713377333245203104100 06
714%7733325510421200 06
« 417%53031010000000000 2
51713310002000000000 3
51733220000000000000 2
51743320000000000000 2
d 41732220000000000060 2
« 51623323223310111311 o7
616452232]13300220000 05
41776333214510221100 06

-— TIME

quires something over 100 times real-
time to make the analysis and display,
and 2) it is difficult to extract quanta-
tive information.

It became apparent that modern data
processing techniques offered the pos-
sibility of a fast quantative analysis of
speech and plans were made to employ
an RCA 501 computer for this purpose.

COMPUTER ANALYSIS OF SPEECH

The first problem to be faced was how
to get the speech data into the com-
puter. Some very basic questions had
to be faced: In what form should the
tnput be? (Speech signals are obtained
in analog form; the computer requires
digital input.) Should the input speech
waveform be converted to digital form
and then all further analysis be done
by computer or is some pre-processing
in order?

Initial Processing for Computer Input

Ideally, it seemed that a spectral anal-
ysis, with frequency and amplitude
resolution approximating that of a
human observer should be used. How-
ever, this approach would have resulted
in greater complexity and in the gen-
eration of more data than seemed eco-
nomically justifiable. A reasonable com-
promise appeared to be to make a
frequency analysis using 18 bandpass fil-
ters covering the speech range of 200
to 6000 cps. It was known from experi-
ence with vocoders* that little intelligi-
bility was lost when speech was recon-
structed from an 18-band spectrum
analysis. [*vocoder—a bandwidth com-
pression device which analyzes and
synthesizes speech.]

N ' » 2 ’ . . . ’
. . ] . . . . . H
. . . . . . . . 4
. . t , , . . . .
o 5 ’ . . ’ ’ . ]
. . . . . . . . 5
. . ] . . . . ) 5
. . v b . . . H .
. . s T . . . e 5,
. . . 14 . . . . &
. . ’ 7 . . . . L
. ' . 6 . . 0 . 7
. N . . N [ . . &
0 . 0 . . 6 . . &
) . . . . & . . &
. . . . . ] . . [
. . . . . 6 ’ . [
. D D . . 6 . . .
. ) ’ " . ] . . ’
. . ' . . ¢ b, . .
. . . s . . . . D
. . o« b . . . . .
L} L} . Te [] L . L .
. ] L] 7 . . . * .
RA . . 3 . . D .
7T « 3. [] ’ . . 2
7 e . . . . . . .
A . " 0 . . . '
7 . . . . . . N .
b . . " 3 . . 1
. 6 . [] . ] . 1] .
. k4 ' . . . . 0 .

Fig. 3—Digital spectrogram (left) and for-
mant plot (right) for the word ""fad.”

a} In the digital-spectrogram frequency-time data
at left, the calumn marked L is the over-all level.
{Column marked X may be ignared.) The calumns
marked 1 . . .5 ..., etc, correspond to the ana-
lyzer filter chunnels and cover the range from 200 to
6000 cps. Each row represents the spectrum samples
at 20-msec intervals. Digits 0-7 represent the level
in each channel, in 3.5.db steps.

b) The asterisks at left mark the phoneme boundaries
as determined by the computer.

c} In the formant plot, at right, the column marked
CENT is the computed centroid. Numbers 1-18 head-
ing the formant plot are analyzer-channel numbers.
The plot on the right is thus a frequency-vs.-time
plot of the formants and is derived from the digital
spectrogram.

Further, the level in each band needed
only to be specified to eight levels. pro-
vided the levels were in logarithmic
steps and a sampling rate of 50 times
per second were used. The basic spec-
tral data were thus reduced to the
form shown in the left-hand portion of
Fig. 3, a digital spectrogram for the
word fad. The numerical data 0 to 7
in the spectrogram represents the inten-
sity, in 3.5-db steps, in each frequency
band. The first column is the over-all
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speech band. The second column is a
spare and may be ignored. The next
18 columns show the level in each of
the 18 frequency bands. The corres-
ponding frequencies are shown in Fig.
4, which shows the filter character-
istics. The block of figures in the left
portion of Fig. 3 thus is a digital spec-
trogram of the word.

After deciding upon the frequency
resolution, amplitude resolution, and
sampling rate, the next problem involved
making the conversion to digital form
sultable for input to the 501 computer.

Assuming speech data in the form
indicated, the actual data rate necessary
to describe the input speech was 1000
characters per second (20 channels,
one character per channel to represent
levels 0 through 7, 50 samples per sec-
ond.) This rate is too great to permit
punching on cards or paper tape; these
accept data at a relatively slow rate,
something of the order of one char-
acter per second without a buffer or

level, that is, the level in the entire 100 characters per second with a buf-
Fig. 4—Responses of the analyzer filters.
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fer. On the other hand., the RCA 501
computer accepts data at 33.333 char-
acters per second. This disparity in data
rate was overcome by recording the
input speech data digitally on mag-
netic tape at 3 inches per second. then
physically transferring the magnetic tape
to the computer where it is played back
at 100 inches per second. Fig. 5 is a
photograph of the analyzing and encod-
ing equipment.

Problem: No Model of Human
Speech-Perception

The speech recognition problem differs
from most computer problems. Nor-
mally, the process whereby a problem
is solved is known and can be pro-
grammed directly. In the case of
speech recognition, the process employed
by a human listener in recognizing
speech is not known. Even the magni-
tude of the problem is not known but
there are indications that it may be
exceedingly complex. For example, the
number of hair cells in the organ of
Corti (where sound may first be sensed)
is about 20.000; there are about 27.000
cells in the spiral ganglion of Corti;
the auditory nerve is composed of about
30,000 fibers. There are about 10 bil-
lion cortex brain cells. If one guesses
that 10 per cent of these might be con-
cerned with speech recognition. there
would thus be one billion cells for this
purpose. Thus, even if the mental proc-
ess were accurately known, it might not
be feasible to reproduce it.

Lacking a model of the perception
process, one can only attempt to deter-
mine recognition criteria from informa-
tion available regarding the character-

WILLARD F. MEEKER received his BSEE from Ohio
State University in 1939 and his MSEE from the
University of Pennsylvania in 1958. He joined RCA
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electro-acoustic  devices, speech intelligibility,
speech communications systems for the military,
and speech bandwidth compression. He was proj-
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Transducers for Voice Communications in Aircraft,
a project on Active Ear Defender Systems, and a
Study of Communications in High Ambient Noise,
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of the SurfCom speech analysis and speech com-
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Fig. 5—The author, W, F. Meeker, shown
here with the speech-analysis and digital en-
coding equipment,

istics of speech and from inspection of
speech data. Thus the first applica-
tion of the computer is that of organiza-
tion of the data and print-out in a useful
display. Then processing for recogni-
tion can be explored.

Segmentation—The Detection of
Phonemes

One of the first problems in speech
recognition is that of segmentation.
Phoneticians consider that speech can
be represented by about 40 phonemes.
The problem is to determine where in
the acoustical signal (or in the digital
spectrogram) one phoneme ends and
another begins. Actually, we now know
that most speech is a continuous proc-
ess and is not, in general, composed of
discrete phonemes; nevertheless, fairly
accurate segmentation can be achieved.

Fig. 3 shows the digital spectrogram

for the word fad, with asterisks mark-
ing, at least approximately, the pho-
neme boundaries. This is automatically
done by the computer as follows:

1} The change (difference) in chan-
nel level from one sample to the
next is summed over all channels
(differences of one are discarded).

2) Maxima in these summed differ-
ences are located and compared
to a threshold which is 1.5 times
the average difference for the
whole word.

3) If the maximum in question ex-
ceeds the threshold, that sample
is marked with an asterisk and
presumably marks the border of
a phoneme.

Basically, this process marks gross

changes in the spectrum. Our experi-
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ence to date indicates that this method
is better than 90 percent effective, even
with vowel-like consonants such as r
and /.

After the segments are located. they
are identified as voiced or unvoiced on
the basis of the first moment. or cen-
troid. of the spectrum. If a segment is
voiced. the formants are located and
printed out. This is done by a program
which locates the frequency bands hav-
ing maximum levels, then computing
a weighted location to the nearest quar-
ter-band by using the levels in the two
adjacent bands. Certain amplitude com-
parisons are also made to eliminate
minor maxima. The level number oc-
curring in the channel having a local
maxinium is then transferred to a for-
mant plot (right-hand portion of Fig. 3).
All these operations are done by the
computer.

Vowel Recognition

A substantial amount of the identity of
speech sounds is determined by fre-
quencies of the first and second for-
mant. No simple relationship exists.
This relationship was explored by
Peterson-Barney for steady-state vowels
by plotting the second formant versus
the first and areas on such a plot cor-
responding to the vowels were found.
We have adapted the Peterson-Barney
data to our filter set, resulting in a
plot as shown in Fig. 6. This has been
used in an automatic vowel recognition
program which functioned as follows:

1) The word was segmented as
above.
2} The longest voiced segment was

assumed to be the vowel.

3) The center sample in the longest
voiced segment was located and
the frequencies of the first and
second formants located.

4) A point corresponding to the first

and second formant was located
on an F-F, table stored in mem-
ory.

5) The vowel corresponding to this

location was printed out.

The program also compared the
“recognized” vowel with the spoken
vowel (according to a prepared list of
spoken words). determined whether the
recognition was correct or not and then
tabulated the percentage of