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Spectral lines: Convention progress

Because even a good thing can be made better, the IEEE has set up a new Conference
Board 1o formulate and direct improved policies for the International Concention. and
also 1o help other conferences achiece maximum benefits 'or the Institute

At the crossroads in air-traffic control
I—The view from the ground

Gordon D. Friedlander

The steady increase in flight operations in all categories is posing a serious ¢hallenge
10 air safety and air-traffic control; but. it is hoped that by means of sophisticaed ground-
based electronic equipment, the existing hazards will be sharply reduced

A modernized electric network for the future needs
of Hamburg

Jens Meinert, Klaus Peter Ewelt

A combination of circumstances has led 1o a retision of supply at all voltage lecels and to
the decelopment of a new scheme with a 380-kV system at its upper level for the Germun
city-state of Hamburg

Coding and its application in space communications
G. David Forney, Jr.

Shannon’s information theory has come a long way in the lust two decades—/from unusable
existence theorems to the basis of modern digital space conmunication sy siems

Experience curves as a planning tool
Patrick Conley

The fuct that manufacturing costs tend to follow “learning curves’ is useful for cost con-
trol and forecasting purposes and also has a profound implication for prices and profits

Desensitization of dc power supplies to momentary ac
power fluctuations

K.T.Huang

As the initial turn-on current 1o rated load current increases in a de power supply. the
rectifiers must be operated at increasingly derated conditions. This is one reason for using
an anxiliary energy resercoir as an alternatice {o increasing circnil capucitance
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Bench or System — the HP 3450A
gives you maximum performance in
a minimum space.

A quick look at the unfolding dode-
cahedron shows each of the 12 func-
tions the Incredible Dodecameter
performs. What it doesn’'t show is
just how well this 5-digit multifunc-
tion meter performs each function.

For instance, you not only get true
rms capability —you also get value-
plus features like true 4-terminal ac
ratio testing and 4-terminal ohms
measurements.

And, accurate, fast measurements
in each of these twelve categories is

The Incredible Dodecameter —

A 12-in-1 way

to better measurements!

dc limit test

dc ratio limit test

ohms ratio limit test

ac limit test
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only the start. You can add digital
output and directly control external
equipment like a printer. Or, add re-
mote control and get full program-
mability for system use.

No matter what the application,
you get more for your money with
the HP 3450A.

This Incredible Dodecameter lets
you start with the basic dc meter and
add the capability that best fits your
requirements. If your needs change,
any of the options (except the rear

Circle No. 1 on Reader Service Card

input terminals) can be easily in-
stalled in the field.

For more information on this out-
standing 12 in 1 bargain, just call
your local HP field engineer. Or, write
Hewlett-Packard, Palo Alto, Cali-
fornia 94304. Europe: 1217 Meyrin-
Geneva, Switzerland.

Price Basic HP 3450A, $3300: AC
Option 001, $1250; Ohms Option 002,
$425; Limit Test Option 003 $375:
Digital Output Option 004, $190: Re-
mote Control Option 005, $245: Rear
Input Terminal Option 006, $70.

true rms ac

ohms limit test

HEWLETT b“‘PACKARD

DIGITAL VOLTMETERS
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87 New product applications

A staff-written report on some carefully selected new products emphasizing one or more of their
potential applications as an aid 1o engineers who may wish to apply these products 10 solve their

own engineering problems

the cover

Looking like an wltramodern lighthouse. the control tower, or “eab” at LaGuardia Airport
(New York terminal areu) appropriately sets the introductory scene 1o Part I of a three-
installment series on air-traffic control, beginning on page 26
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The Model 8323A is a DC to 115 MHz frequency counter and frequency marker system,

WHILE SWEEPING!

It

B provides sweep rates from 100 sec/sweep to 100 Hz/sec, manual and start-stop sweep con-
price $1295-00

KA ' ELEMETRICS CORP, Maple Ave., Pine Brook, N. J. 07058  (201) 227-2000 TWX 710-734-4347

Three independent markers are generated to mark and count any point in the sweeper range

—and to sel the ends of the sweep with the same accuracy.
trols, zero blanking or variable reference lines during retrace, and a one-shot sweep.

A versatile sweep drive (VCO control) generator is part of the counter-marker system.

In addition to its system role, the frequency counter provides general

purpose performance over the full DC to 115 MHz range.

In this

The PULSE bypass

The frequency counter provides counter accuracy of better than

markers provide settability and readability to better than £0.25% of sweep width—no matter

unit, a counter and a variable PULSE marker are combined in a completely new way to
how narrow the width,

mark _and count the frequencies of a VCO sweeper, while it is sweeping.

+0.0002% and readout to the 7th significant digit.

MODEL 8323A
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Forum

Readers are invited to comment in this department on material previously pub-
lished in IEEE SPECTRUM; on the policies and operations of the IEEE; and on
technical, economic, or social matters of interest to the electrical and electronics

engineering profession.

Conversion and imports

Under the title ‘‘Conversion and the
Import Problem: A Confluence of Op-
portunities” (IEEE Spectrum, April
1970), J. E. Ullmann presented an
interesting article on the conversion
of the military electronics industry to
civilian products, and on the need to
consider competition from other na-
tions. The author’s thesis, although it
is applied to the United States, is a
more general one since competition
among nations must be faced no
matter where an industry is located.
Professor Ullmann suggests that gov-
ernment support of research on ma-
terials and processes for nonmilitary
products will help. it seems to me that
there are shortcomings to such a solu-
tion, which make other methods
worthy of consideration. One of the
major causes for foreign dominance is
a lower labor pay rate or, more cor-
rectly, higher productivity per labor
dollar. Fundamentally, production
costs ultimately depend on labor
costs; even completely automated pro-
duction requires labor to make and to
maintain the production machinery.

The obvious long-range result of
differences in labor costs between dif-
ferent areas of the world is a closer
approach to equilibrium; i.e., more is
done in the low-cost area and less is
done in the high-cost area until the
situation balances across whatever
barriers exist. Equilibrium, however,
does not imply equality, and it is un-
likely that equality of productivity per
dollar will exist among nations any
more than it does among individuals.
Among the factors or barriers that
may lead to an equilibrium that is not
equality are

1. Customs and protective tariffs.

2. Availability and costs of raw ma-
terial and power.

3. Skills and training of labor and
management.

4. Inequality of innovation and in-
vention.

6

5. Transportation costs of raw ma-
terials and finished products.

Customs and tariffs have a bad
name, just as do other forms of taxa-
tion. Nevertheless, they can be used
as a fast-acting and flexible adjust-
ment to achieve desirable goals. This
barrier can be used for *‘fine tuning”
international economics and trade,
but it has so many political overtones
that no general remarks can be made
about its specific value in electronics.
If (as in electronics) raw material and
power costs are not a large factor or
are not widely different, our attention
must be confined to factors 3, 4,
and 5.

The proposal by Professor Ullmann,
namely, a government subsidy in the
form of a National Technology Foun-
dation, is addressed to the United
States and proposes to increase fac-
tor 3 and, to a lesser extent, 4. In
any country, if such a sponsored work
is successful, improved skills in auto-
mation and manufacturing technology
can favor production in that country.
However, knowledge has a transpor-
tation cost very close to zero. Thus, if
some one country has the equivalent
of such a subsidy now, as implied by
Professor Ulimann for Japan, other
countries ought to be able to copy
without the subsidy. The one advan-
tage the originating country retains is
the time delay before the knowledge
is assimilated elsewhere.

Similar remarks apply to factor 4.
For example, it is generally recognized
that Japan has not made the major in-
ventions (radio, transistor, tape re-
corder, television) from which it now
profits so handsomely.! The time de-
jay was significant but, ultimately, the
ease with which knowledge is passed
on indicates that the United States
government subsidy for science and
engineering innovation between 1950
and 1960 was only a temporary ad-
vantage to indigenous manufacture.

In my opinion, much more atten-
tion should be given to barrier 5, the

cost of transporting materials and
products. Consumer electronics well
illustrates this effect. For example,
small radios and portable television
sets are items in which overseas man-
ufacture competes well with, or even
overwhelms, U.S. manufacture. Im-
ports of console television or console
phonographs, on the other hand, are
minor. Thus, new products of heavy
and bulky character are automatically
tavored for production in the country
that uses them. It seems to me that
this is the best approach for a country
to take to maintain its own productiv-
ity. In the case of the automobile,
foreign imports have not been sig-
nificantly competitive with standard-
size U.S. cars. There is much doubt
whether imports can retain a large
share of the very small car field if
U.S. manufacturers decide to con-
centrate there.

One may become concerned about
any foreign production of goods be-
cause of a possible effect on employ-
ment. It has been pointed out that
almost all the increase in employment
over the past few decades in the u.S.
has been in services.? It is predicted
that, by 1980, services will account
for two thirds of all jobs. Services are
not readily transported, and any ad-
vanced country may anticipate con-
tinued high employment so long as
the currency import/export balance is
maintained.

Professor Ullmann's article places
its emphasis on using one form of
government subsidy to retain as much
manufacture as possible in the coun-
try of use. A complete picture requires
consideration of other factors—for in-
stance, a company converting from
military to civilian products could well
have a transportation-cost barrier that
restricts imports. Such a company
would hardly need a National Tech-
nology Foundation.

E. W. Herold
RCA Corporation
Princeton, N.J.

1. See, for example, Boffey, P. M., “Ja-
pan |I: Industrial research struggles to
close the ‘gap’,’” Science, vol. 167, pp.
264-267, Jan. 16, 1970.

2. Burck, G., Fortune, p. 87, Mar. 1970.

Dr. Herold defines some very com-
plex problems but | fear | must dis-
agree with some of his answers. First,
production costs do not uitimately
depend only on labor costs, whether
direct or at one remove. in the Ameri-
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Grant makes
thousands of thingumayjigs
that siide

! Are you still unscrewing bolts to get inside?
Grant slides come in hundreds of sizes and shapes, to do all sorts of things for all

i kinds of equipment. They add operating convenience. They increase reliability. And, they
save time, money and effort in maintaining and repairing movable components.

|

' To find out how Grant slides can improve both your products and the efficiency of your
operation, write for a free copy of our slide catalog. Or, if you prefer, we'll be glad to have
one of our engineers drop by and talk over your slide requirements-with you. Grant makes
more slides than anybody else in the country. But if our large inventory doesn’t already

|

contain just the thingumaijig you need, we'll invent one
to meet your specifications. Get in touch with us today. R A ®
WE KEEP THINGS MOVING

GRANT PULLEY & HARDWARE CO., div. of Instrument Systems Corp., 195 High Street, West Nyack, N.Y. 10994 / Los Angeles, Cal.
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can experience, the precipitous rise in
administrative overhead, including
proliferating staff functions, heavy ad-
vertising, etc. has been a major cause
of the cost barriers that now face our
exports—to say nothing of war-caused
inflation.

If Dr. Herold thinks of the time !ag
as the main advantage of the NTF,
that was exactly my point. An on-
going program, geared to our cost
conditions, would, if done right, al-
ways be a jump ahead of the others.
Japan's achievement is in production
engineering rather than invention, a
point | made clear. Hopefully, the cur-
rent direction of our technica! effort
and the miseducation of our engineers
are not irreversible—but | must admit
to some doubts myself.

Dr. Herold’s suggestion that we
should literally concentrate on the
heavy stuff is surely inappropriate in
an industry that keeps on miniaturiz-
ing its products. When large, light
solid-state television screens are a
reality, who will want consoles?
Weren't those power turbines that
New York State has just bought from
Hitachi pretty heavy? Anyway, a mar-
ket redoubt based on weight is un-
stable. Labor costs in the U.S. have
been rising faster than transportation
costs so that the area in which a given
firm enjoys a market advantage rela-
tive to a more efficient competitor has
tended to shrink. (For details, see J.
E. Ullmann and S. E. Gluck, Manu-
facturing Management: An Overview.
New York: Holt, 1969, pp. 45-46.)

Finally, service employment is no
salvation. We are becoming less self-
sufficient all the time and we have
dissipated most cf our reserves in
overseas military expenditures. Hence
we must continue to export, i.e., pro-
duce what we can sell in foreign coun-
tries. Nor is this the only problem
with reliance on service employment.
(For a detailed discussion see my ar-
ticle, ‘‘Automation and the price of
progress,” Am. J. Orthopsychiatry,
vol. 36, pp. 70-76, Jan. 1966.)

John E. Ullmann
Hofstra University
Hempstead, N.Y.

Patents

Mr. Rines, in his article entitled ‘A
Plea for a Proper Balance of Propri-
etary Rights’' (April Spectrum), argues
that the United States should follow
Germany, Sweden, the Netherlands,

Forum

and Japan in declaring illegal employ-
ment contracts giving employers, in
return for salary alone, title to in-
ventions made by their employees.
Mr. Rines proposes that ownership of
the invention remain with the em-
ployee, the employer acquiring only
a royalty-free license. Should the em-
ployer want complete ownership of
the invention, he would have to buy
out the employee's rights.

There is no doubt that in the coun-
tries mentioned by Mr. Rines, the
employee—inventor has a greater
stake in his invention than he would
have in the United States. On the
other hand, these countries are not
as generous as the U.S. in granting
patents. The ‘‘standard of invention”
applied by their patent examiners is
higher than ours. An application, after
allowance but before final grant, is
published and may be opposed by in-
terested parties. When the patent is
finally granted, an interested party
may start a cancellation proceeding on
the basis of newly discovered prior
art. Taxes are imposed annually to
maintain patents in force. The law pro-
vides for compulsory licensing.

Opposition and cancellation proce-
dures go a long way toward filtering
out the trash. Such procedures, in-
cidentally, were proposed by the
Presidential Commission on Patents
and vociferously opposed by the Bar.

The cost of proving the invalidity
of a worthless patent, although in-
volving only a few thousand dollars
in a cancellation proceeding before
the Patent Office, runs easily to
$100 000 in our Federal Courts where
complicated technical questions have
to be decided by technically untrained
judges. The individual holder of an
invalid patent and his determined at-
torney (often on a contingency fee)
can thus extract undeserved settle-
ments out of industry. Unless our sys-
tem is thoroughly overhauled in this
respect and approaches the German
system, spreading the ownership of
patents into the hands of individual
inventors (an unavoidable conse-
quence of Mr. Rines’ proposal) would
be a disaster. By making patents
harder to get and giving the em-
ployee—inventor a greater interest in
his invention, Germany, Sweden,
Japan, and the Netherlands may have
achieved what Mr. Rines’ title calls
‘‘a proper balance of proprietary
rights.”” We have also achieved some
sort of balance in the U.S. But merely
grafting a single feature of the Ger-
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SOLID STATE NOISE GENERATORS

Model 602A 5 Hz to 5 mHz, 3 Ranges $ 36C
Model 603A 5 Hz to 5 mHz, 3 Ranges $ 54¢
Model 610A 5 Hz to 5 mHz, 8 Ranges $1,275
Model 632A Two outputs DC to

400 Hz and 10 Hz to 35 kHz. . . ... $2,59¢

Series 624 (Fixed frequency) 5 Hz to 500 kH:z
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man system, without other offsetting
features, would only succeed in up-
setting it.
J. C. Chognard
Palo Alto, Calif.

The article by Robert H. Rines, “*A
Plea for a Proper Balance of Proprie-
tary Rights” in the April issue of
IEEE Spectrum, requires comments.
His basic thesis is that it is unfair
for companies to require applicants
for positions to sign over to the com-
pany their rights to future inventions,
especially for employees who are not
paid specifically to invent.

The reason for the U.S. patent sys-
tem was to benefit society by encour-
aging inventors to disclose their in-
ventions, by giving them a temporary
monopoly. The original intent was not
primarily to benefit inventors.

Some engineers are hired spe-
cifically to invent but, for most of
them, inventions are fallouts of their
norma! engineering activities and of
the effort to improve constantly on a
product. Very few products reach the
market without predictable obsoles-
cence; if this were not so, the en-
gineer would have learned little in the
course of developing the product.

It is unrealistic to compare the
present time with the nostalgic past
when *‘attic’’ inventors gave us such
basic and spontaneously inspired in-
ventions as the phonograph, tele-
phone, and the amplifying vacuum
tube. The need for these was im-
mediately apparent and the inventor
did not tack the means of exploiting
them. Today the reduction of an idea
to practicable and salable form is
beyond the means of independent in-
ventors. Even the recognition that an
idea is new and useful is confused by
the rapid proliferation of the prior art
and the simultaneous effort of com-
peting companies. However, the in-
dependent inventor is not prevented,
except by lack of means, from pro-
tecting his invention.

Large research organizations make
many discoveries and inventions that
never see commercial exploitation be-
cause they are not timely, necessary,
or profitable. Such large organizations
exist because they can afford ten fail-
ures for each success whereas the
private inventor cannot afford this.

In industry, research and invention
are often team efforts with much
cross-fertilization of ideas among fel-
fow employees. Each team requires

theoreticians, experimenters, and di-
rection, so that the credit for inven-
tion is often blurred. Even the clerk
who makes an invention is probably
triggered-off by contact with more
knowledgeable fellow employees. If
the clerk retained the rights to his in-
vention he could, as Mr. Rines points
out, ‘‘peddle his invention to a com-
petitor.”

| believe that the prospective em-
ployee loses little by assigning future
unmade inventions to his prospective
employer. He gains the company of
others with whom he can share com-
mon problems. |f he makes an inven-
tion, the patent is in his name. He
gains recognition in his profession
and company. His rise in both is pro-
moted. Some companies give mone-
tary rewards for inventions. In some
countries, the invention is in the name
of the employer’s company and he re-
mains anonymous.

Contrary to what Mr. Rines claims,
there is little evidence that the United
States has suffered in creativity in
comparison with other countries. The
important inventions of our times
have been largely made in the U.S.
The writer is mostly familiar with the
fields of color television (in which at
least ten companies pooled their re-
sources to achieve a desirable set of
standards), avionics, computers, and
solid-state devices. The basic inven-
tions in all of them were largely made
in the United States. 1 attribute this
creativity largely to the vast means
made available for invention by pri-
vate companies. The funds available
for invention, research, and product
improvement per engineer are far su-
perior to those available in Europe.

The writer is an independent con-
sulting engineer who, until retirement
from a private company, had been as-
sociated with companies which pro-
moted and encouraged invention. My
own modest contribution of 30 U.S.
patents was made while so employed.
Since leaving these companies, | have
made inventions in their fields of in-
terest, but the cost of preparing a
patent application is large enough to
make the investment have a question-
able return. However, my previous in-
ventions, publications, and profes-
sional recognition have facilitated the
acquisition of clients.

It does seem to me that the inde-
pendent inventor would be helped if
the U.S. Patent Office were to adopt
the ‘‘provisional application’’ practice
used in Great Britain. This allows an

inventor to submit an invention in
relatively informal form and protect
the date of conception for one year.
This should be adopted because it is
often difficult for an independent con-
sultant to have his ideas ‘‘witnessed
and understood’’ by one skilled in the
art who is not also an employee of an
interested firm.

Finally, | do agree that an inventor
who makes an invention which is com-
pletely outside the field of interest of
his employer should retain rights to
that invention. Thus, the engineer who
works for a company that makes color
television sets and who invents a
portable parking space should retain
full rights to his invention.

Charles J. Hirsch
Consulting Engineer
Princeton, N.J.

Industry and the universities

In the April issue of Spectrum, Pro-
fessor Van Valkenburg makes an elo-
quent case for help by industry in
supplying much-needed equipment to
universities, and suggests that the
IEEE could serve a function as the
clearinghouse or information bank for
lists of equipment available and equip-
ment desired.

An even bigger role for the IEEE
is to provide leadership for full-
fledged cooperation between uni-
versities and industry in all areas of
common interest. Thus the same rapid
advances in technology that necessi-
tate new equipment in the universities
also make it imperative for industry
to ask for continuing educational fa-
cilities for its members. The need for
such continuing education is generally
recognized, but industry has not made
a serious effort to interest the uni-
versities in it, nor have the universi-
ties gone out of their way to provide
it. The IEEE, through its Educational
Activities Board, could encourage
both parties to formulate a program
of mutual assistance, in which each
party supplies its ‘‘products’ to the
other. Such a program has a greater
chance of success than one-sided
help by one party to the other.

| hope that Professor Van Valken-
burg's letter serves as a catalyst for
action by all three groups involved—
universities, industry, and the IEEE.
But it is up to the IEEE to bring us
(the other two) together.

S. H. Durrani
Olney, Md.
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Social engineering

Political issues would be inappro-
priate for the IEEE, an international
organization, but engineers should be-
come more involved in social and eco-
nomic problems. They have a clear
duty to expose fraudulent claims
made in the name of science. The
most notorious group of alchemists
are the ‘‘social scientists,”” who by
and large have labeled themselves
““social engineers,” and throughout
the last 20 years have controlied gov-
ernment agencies naively set up to
curb social problems. The present
difficulties in education, welfare, ard
crime are largely of their creation. The
premises they espcuse must be ex-
posed logically and the liturgy of their
religion exposed scientifically. If we
wish to remain civilized, the cults of
tribalism and communalism will have
to be shown as being tribal and com-
raunal.

If the present levels of population
are to be supported, many engineer-
ing problems will have to be solved.
Having witch doctors from the vari-
ous departments of social science pre-
side over these problems will only in-
troduce unacceptable delays. For en-
gineers who wish to do something
about it, | believe two novels by Ayn
Rand will do muchk to clear the fog.
They are Atlas Shrugged and The
Fountainhead.

We must use science and logic to
save the world for ourselves and our
children.

J. M. Green, P.E.
Edmonton, Alta., Canzda

Corrections

In my letter published in Forum,
April 1970, page 6, | made an error.
The sentence under the diagram
should read:

With pegs | and V set equidistant
from C, and O set to give OC =
(1/r) Cl, where r satisfies . . .

A. G. Benedict
Minnetonka, Minn.

It has been disclosed that Figure
9 (p. 28) of Don Kesner's April arti-
cle, ‘“*Monolithic voltage regulators,”
contains an error. The transistor
should be corrected to read 2N2221.
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Convention progress. Most readers of this column
probably did not attend the March IEEE International
Convention in New York. However, if they looked at the
technical program in any detail, they noticed that it was
the best one in many years. Those who attended found the
performance even better than the promise; the caliber of
the presented papers and the new subject matter dis-
closed was outstanding. The exhibits at the Coliscum, al-
though down in quantity, were up in quality. The same
remark could be made about the registration; attendance
was affected adversely by deterioration of economic con-
ditions and by the airline siowdown that began the same
week, but those who did come were more serious and in-
volved than their counterparts in years of prosperity and
rapid growth.

Even the “Talk of the Town” columnist of the New
Yorker magazine was impressed and devoted a page and
a half of his delightful whimsy to our Convention (April
11 issuc). The speakers at the technical meetings were
characterized as “‘speaking a language all their own that
was rather restful to listen to.” (Have we invented some-
thing here —clectronic sleep?) One of the Film Theater
presentations, prepared by the Atomic Energy Commis-
sion, was described as: “Great color. Great camerawork.
Great plot . . .. no phony baloney like ‘Midnight Cow-
boy.” Best movie we've seen since *Wild Strawberries.”
Now aren’t you sorry you weren’t there?

Superficially, the 1970 Convention showed many simi-
larities to those of prior years. It was still in New York at
the Coliscum and the Hilton, prices were even more
exorbitant, crowds continued to be frustrating, and the
week was so packed with organized activity that forced
choices had to be made every hour. Perhaps there is no
remedy for these conditions, but there are always lingering
suspicions that maybe things could be better, that maybe
the Convention isn’t providing all that is most important
to Institute members.

As a result of such suspicions, the IEEE Board of Di-
rectors has appointed a new Conference Board, whose
responsibility is to formulate and direct improved policies
for the International Convention, and also to help other
conferences achieve maximum benetfits for the IEEE. The
Conference Board consists of six members, each to serve
three years, and appointed in two parallel ladders. One of
the two new members each year will be exhibits-oriented,
and the other will be technical-activities-oriented. The
entire Board decides on policy but, each year, there is a
three-man Executive Committee that directs the Conven-
tion for that year. The succession, from newly appointed
member through the steps of Executive Committee mem-
bership to Chairman of the Board and Chairman of the
Executive Committee, is automatic and provides both
continuity and expericnce. One of the questions often
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asked is why the name “*Conference Board” was chosen
instead of “Convention Board.” This choice was dictated
by the long-range view, which is that the Board should be
open to help IEEE with more than the International Con-
vention. For the next year or two, primary attention will
be given to the Convention, since this is the most impor-
tant single conference we hold. Beyond this, however, it
should be possible to do a better job in coordinating and
planning all conferences, and the Conference Board will
assist any group that wants or needs help in this arca.

To work with the Conference Board there is a new
Hcadquarters staff organization, headed by an experi-
enced Director of Convention and Exhibits Services.
Since he can also call on other Headquarters people who
have had experience with past Conventions, the IEEE
should have everything to gain. Both the Conference Board
and the Headquarters staff are planning innovations in
every Convention activity for which they come up with an
idea for improvement. If members want to contribute sug-
gestions, they will probably get more personal attention
and consideration than ever before.

If the writer can be forgiven for a suggestion of
his own, he fecls that there is both the need and
the possibility to improve conditions for person-to-
person contact. The November 1966 special issue of
American Psychologist devoted itself entirely to reviews
and surveys of how scientists and engineers com-
municate. Several papers, and the references cited, gave a
clear-cut indication that personal and informal contacts
are far more important than is generally believed by en-
thusiasts for formal publication. This situation is particu-
larly true among engineers. In one quoted study (T. J.
Allen in the [Industrial Management Review, vol. 8, pp.
8798, Fall 1966), engineers and research scientists were
comparcd as to how they derived their ideas during some
typical projects. The study indicated that 51 percent of
the ideas in the science rescarch projects came from the
published literature. For the engincering programs, only
8 percent camie about in this way, whereas 48 percent were
the result of contacts, of which many were personal
(customers, vendors, collecague engincers, and outside
sources). During the 1EEE International Convention,
the exhibit area provides opportunities for personal con-
tact but places where one can sit down for a quict chat are
Jacking. At the Hilton, the environment is better, but the
formally organized technical sessions provide little op-
portunity for man-to-man contact. It ought to be possible
to improve matters at both ends.

All in all, IEEE has a great opportunity to make future
Conventions even better than the one just past. It will be
exciting to see if we can impress the sophisticated New
Yorker magazine another time.

E. W. Herold, Editorial Board
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GENERAL VIEW of New York's Common IFR Room at Kennedy International Airport. in the foreground is one
of the control consoles; on the far wall may be seen the two large-scale screen display projections of the
New York terminal area airspace. The personnel in the picture are controllers and supervisors.

At the crossroads in
air-traffic control

I. The view from the ground—the
congested airports; the Common IFR
Room; present and future automated
systems; plans of the FAA; problems
of the air-traffic controllers

Flight operations (takeoffs and landings) at the major airports

in the U.S. have increased from 30 to 50 percent since 1965, and the
trend in operations is upward. In Chicago, Cleveland, Los Angeles,
Oakland, Washington, and in the New York City area, the common
situation of overcrowded airspace is particularly acute

Gordon D. Friedlander staff Writer
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FIGURE 1. Bar graph showing approximate total num-

bers of aircraft handled under IFR (instrument flight
rules) at FAA ARTCCs, by user category.

The ever-increasing volume of aircraft operations of
all types (commercial, private, and military) is taxing
present terminal and en route control systems and
equipment—and air-traffic controllers—to the outer
limits of their respective handling capacities and en-
durance. Thus the Federal Aviation Administration
(FAA) has been obliged to formulate detailed plans
to meet the challenge of phenomenal aviation growth
forecast for the decade of the '70s, and beyond.

For the initial ten-year time slot, the FAA has pro-
posed many system improvements that could be pro-
vided by annual appropriations of $250 million for fa-
cilities and equipment, and $60 million for R&D. For
example, en route and air-terminal automation ex-
panded radar service and coverage, increased federal
assistance to airports, and improved navigation and
landing aids are some elements now in the planning
stage to ensure greater airborne safety, to increase
traffic-handling capabilities, and to promote more
efficient service for the air passenger. This first in-
stallment deals with the ground-control systems that
will eventually form an integrated and automated net-
work in the 48 contiguous states of the U.S.

Almost any air traveler who booked a flight from
Kennedy International Airport in New York during 1969,
particularly in the peak travel months of July and August,
may have bitter memories of long-delayed departures
caused by the simultaneous queuing of a dozen or more
Jjetliners waiting for takeoff clearance. This situation, in
itself, indicated the critical problem of one phase of total
airport operations.

The public press, of course, devoted much copy to this

Friedlander—At the crossroads in air-traffic control

airport jam-up; many passengers studiously avoided
JFK whenever possible, and the air-traflic controllers
captured numerous headlines in giving vent to their
tensions, frustrations, and anxieties. Their spokesmen
alleged that there were serious inadequacies in existing
control systems and in the hardware required to handle
the operations in the overcrowded skyways and air
terminals. The situation was dramatically—and tragically
--emphasized in August 1969, when an Allegheny Air-
lines DC-Y, bound for St. Louis, collided with a small
private planc and both aircraft subsequently crashed
near Indianapolis. Eighty-three lives were lost in this
mid-air collision, the fourth since 1960 in which a com-
mercial airliner was involved. And, on January 17, 1970,
four passengers were killed when two single-engine private
planes collided in the air near Brainard Field on the out-
skirts of Hartford, Conn.

From 1964 through 1968, 133 mid-air collisions were
recorded, 73 of which caused 193 fatalitics. ! In the major-
ity of these incidents, general aviation aircrafi* were in-
volved. We will never know the total number of near
misses that have occurred in recent years (since many of
these incidents went unrecorded) in which last-second
evasive action took closing aircraft out of potential colli-
sion courses.

The available statistics for 1968 indicate a 46 percent
increase over 1967 in the number of mid-air accidents.!
And the 1968 study of the National Transportation
Safety Board presented the ominous specter of even
grimmer future statistics unless preventive measures and
remedial solutions are soon put in effect.

IFR aircraft operations: a decade of rapid escalation

In the 1959-1969 decade, the number of aircraft op-
erations of all categories handled at FAA air route traffic-
control centers (ARTCC), under instrument flight rules
(IFR), doubled during that period, reaching a peak of
20.6 million in 1969.2 This figure represented a 14 percent
increase over the 18.1 million reported for the previous
year. Air-carrier operations in 1969 accounted for 12.6
million of the total number of aircraft handled, an in-
crease of 17 percent over 1968. General aviation’s share
was 3.2 million, also a 17 percent gain over the previous
year. Military aircraft totaled more than 4.7 million
operations, and represented an increase of 4 percent
over 1968. IFR departures and overs showed increases in
the same slot of 13 and 16 percent, respectively. Figure |
gives a general indication that reflects the steadily in-
creasing volume of total aircraft handled between 1963
and 1969 at FAA ARTC centers, by uscr category.

The breakdown by regions, for the years 1968 and
1969 are shown in Table I. From the table, it can be seen
that three regions-—Eastern, Central, and Southern-
handled 66 percent of the 1969 IFR operational work-
load.

Of the 23 ARTCGCs in continental North America
(Table 1), there were ten centers that handled more than
one mitlion aircraft in 1969. The four leaders -Chicago,
Cleveland, New York, and Washington-—are the cities
cited in the same order during 1968.

* Many of the terms, acronyms, and abbreviations used by the
FAA may be unfamiliar to the reader. Thus a glossary is provided
at the end of this installment for the reader’s assistance. The term,
when initially used in this article, will be italicized to indicate its
inclusion in the glossary.
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I. IFR aircraft handled, departures, and overs at FAA ARTCCs by region: fiscal years 1968 and 1969

1969 1968
Number, hundreds Percent of Number, hundreds Percent of Annual Change,
Region of thousands Total of thousands Total percent
Aircraft Handled

Total *20 562 100 *18 093 100 +14
Eastern 5280 26 4776 26 +11
Southern 3882 19 3306 18 +17
Central 4328 21 3850 21 +12
Southwest 27713 13 2388 13 +16
Western 3482 17 2988 17 +17
Alaskan 301 1 267 2 +13
Pacific 514 3 520 3 -1

Departures

Total *7 937 100 * 7035 100 +13
Eastern *2 057 26 1887 27 +9
Southern 1401 18 1216 17 +15
Central 1674 21 1508 21 +11
Southwest 1160 15 1018 15 +14
Western 1364 17 1159 17 +18
Alaskan 113 1 88 1 +28
Pacific 167 2 159 2 +5

Overs

Total 4688 100 4025 100 +16
Eastern 1166 25 1002 25 +16
Southern 1080 23 874 22 +24
Central 980 21 834 21 +18
Southwest 543 10 352 9 +29
Western 754 16 670 16 +13
Alaskan 75 1 81 2 —18
Pacific 180 4 202 5 —11

* Detail may not add to totals because of rounding of figures.

.. .But the total volume of operations is
overwhelming

Now. hold on to your hat, because if the jet- and prop-
wash from 20.6 million annual operations under IFR
seems like a staggering quantity, consider that aircraft
operations at individual FAA airport traffic-control
towers, in which IFR* and VFR (visual flight rules)
movements are combined attained a grand total-—nation-
wide—of more than 55.9 million in all user categories
in 196Y. Recent studies and forecasts indicate the need
for 900 additional airports in the U.S. during the 1969-
1979 decade. From the Fig. 2 graph, one can see that air-
terminal traffic will increase almost 300 percent in the
same period. Thus the immense scope of the air-traffic
control problem can be appreciated without subjecting the
reader to tedium by a continued recital of details.

Transition to automated systems

The steady annual growth of aviation operations dic-
tates the urgent need for greatly improved air-trafiic
control capabilities in terms of handling capacity, the

* It should be explained at this point that flight operations under
IFR do not necessarily mean that weather, or other operational
conditions, preclude visual control and identification of aircraft
movements. What it does mean is that such aircraft will adhere
at all times to the instrument flight rules with respect to minimum
aircraft separation, speed, and other standard aircraft procedures
when in terminal arcas and approach patterns.

maintenance of safety criterions, and optimum efliciency
in the utilization of available airspace. A giant step
forward in FAA planning was the introduction of auto-
matic data-processing techniques at both ARTCC and
approach-control facilities that provide direct machine
aid to the air-traffic controller.?

Today, by means of radar monitoring, pilots’ reports,
and filed flight plans, the controller can follow those
aircraft operating on IFR in his area of responsibility.
He can maintain the safe-distance separation of aircraft
by voice radio instructions to the pilots. And as a flight
proceeds through the various discrete sectors of the air-
space, control jurisdiction is transferred from one con-
troller to another.

The FAA hopes that, by 1972, en route automation
capability will be incorporated at the 21 ARTCC:s in the
48 contiguous states of the U.S. The implementation of
the program will be in two steps: first, automated flight
data-processing capability will be provided; and, by 1974,
under Stage A of the National Aviation System Plan.
additional computer data-acquisition and on-line com-
munications potential—plus computer-generated  dis-
plays—will be available.

Thus, for example, the flight characteristics (speed.
course, altitude, etc.) of an aircraft en route from Los
Angeles to New York would be under continuous on-line
automatic surveillance and monitoring from coast to
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Il. Rank order of FAA ARTCCs by IFR aircraft handled and by IFR departure
Aircraft Handled

Center
Total

Chicago, lll.
Cleveland, Ohio
New York, N.Y.
Washington, D.C.
Fort Worth, Tex.
Atlanta, Ga.
Indianapolis, Ind.

Houston, Tex.

Los Angeles, Calif.
Boston, Mass.
Oakland, Calif.
Jacksonville, Fla.
Kansas City, Mo.
Miami, Fla.

Memphis, Tenn.
Albuquergue, N.Mex.
Denver, Colo.
Seattle, Wash.
Minneapolis, Minn.
Honolulu, Hawaii
Salt Lake City, Utah

San Juan, P.R.
Anchorage, Alaska
Great Falls, Mont.
Guam, M. 1.
Fairbanks, Alaska
Balboa, C.Z.

Number, hun-

Departures

Number, hun-

s and overs: Fiscal year 1969
Overs

Number, hun-

Rank dreds of thou- Rank dreds of thou- Rank dreds of thou-
Order sands Order sands Order sands

20 562 7936 4688

1 1648 1 706 6 234
2 1561 3 547 1 466
3 1536 2 673 11 190
4 1177 7 447 4 283
5 1103 5 466 14 170
6 1094 8 438 9 218
7 1057 11 353 2 350
8 1042 6 465 19 110
9 1028 4 472 21 84
i0 1004 9 389 8 226
11 954 10 384 12 185
12 890 14 279 3 331
13 889 13 338 10 212
14 869 12 349 16 169
15 707 16 239 7 228
16 626 17 227 13 17
17 591 19 162 5 266
18 558 15 255 25 47
19 555 18 216 18 123
20 407 20 140 17 126
21 349 22 89 15 170
22 268 23 81 20 105
23 248 21 89 22 68
24 177 24 59 23 59
25 106 25 26 24 53
26 52 26 23 27 6
27 27 13 26 26

52

FIGURE 2. FAA graph of historical data showing in-

crease in aircraft operations from 1963 to

1969. It in-

smoother and more eflicient handling of the flight opera-

tion during the approach and landing procedures.

cludes forecasts of a sharp increase in total operations
during the 1969-1979 decade.
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coast. Based on data received from satellite computers at
the en route ARTCCs, the air-traftic controllers at the
aircraft’s terminal destination area will have an advance
taped program of its estimated time of arrival (ETA),
and sufficient identity and other flight data to permit a

Friedlander-——At the crossroads in air-tratfic control

The airspace surveillance required by an ARTCC is
provided generally at present by radar and beacon sensor
systems that furnish aircraft position (azimuth and slant
range) data from the antenna orientation and the time de-
lay between the transmitted and reflected radar pulses.
While the radar transceiver visually records reflected
energy, the beacon equipment triggers and receives sig-
nals from a transponder aboard the aircraft (provided it is
so equipped). The transponder reply signals can be en-
coded to convey both the identity of the aircraft and its
altitude. These sensor data, however, must be presented
to the controller in such form that he can readily accept
and understand them.

But the conventional radar plan-position indicator
(PPI), which has been in use for many years, has some
significant disadvantages in use—with or without trans-
ponder and beacon assistance. Among these are

1. The controller must determine which blips on the
radarscope correspond to aircraft of concern to him.

2. Once these blips are correlated, he must then hold
the discrete identification of each aircraft, even in con-
gested trathc patterns or “clutter” areas in which many
video returns are in immediate proximity.

3. With the radar PPI, the controller has but a two-
dimensional display; altitude, the critical third dimension
of the air-traffic control (ATC) facility picture, is missing.
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FIGURE 3. Basic ARTS functions, with the proposed
add-on functions to achieve ARTS Il capabilities. Level
4 is reserved for future components as developed.

In its attempt to compensate for these deficiencies in
complete surveillance information, the FAA several years
ago, established a program for the automation of ATC
facilitics. The primary objective was to provide a funda-
mental computational base! to which supplementary
modules could be incorporated to improve safety and in-
crease handling capacity. The initial design of the modular
air-terminal system was therefore predicated upon identi-
fied functions that could be added to the basic radar
equipment (Fig. 3) and modified to suit individual ter-
minal requirements. Thisled to . ..

ARTS and Atlanta. Armed with a backlog of ex-
perimental laboratory data, the FAA next initiated a
field trial of terminal automation at its facility in Atlanta,
Ga. At this installation, the agency subsequently de-
veloped a computer-assisted video system that provides
an on-line dynamic display of flight data, in alpha-
numeric form, directly on the radarscope (Fig. 4).

The basic ARTS (Automated Radar Terminal System)
technique affords the controller both aircraft identity and
altitude information, from transducer-equipped aircraft
transponders, that is continuously coordinated with the
proper radar video returns. Significant data from the
Atlanta prototype—including modified tracking logic,
faster methods of machine address, and alternative dis-
plays of control data—are still being evaluated as the
facility's personnel debug and smooth the system for
optimum performance. These “add-on” functions to the
ARTS system’s basic capabilitics, as indicated in the Fig.
3 block diagram, form the nucleus of the more sophisti-
cated ARTS 11 and ARTS 11l programs (which will be
discussed later in this article).

Based on the encouraging experience with the Atlanta
ARTS, and to meet the urgent need for air-traftic control
assistance, the FAA decided in late 1965, to proceed
with a second installation in what is now called the . ..

Common IFR Room at the New York terminal area
The New York terminal area is one of the busiest in the
world in air-traflic operations®; it consists of three major
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FIGURE 4. Computer-generated and -controlled alpha-
numeric flight data, in the form of ‘‘tags,” are superim-
posed on each video scan sweep on the controller’s ra-
darscope. The three tags shown are automatically fol-
lowing the radar and beacon video returns from the
targets. Data tables in first quadrant display pending
flights and aircraft in holding patterns. The location of
these tables on the screen can be shifted at will by the
controller. The concentric 10-mile- (16-km-) radius cir-
cles, normally shown on the display, have been omitted
for clarity in this iflustration.

airports (Kennedy International, LaGuardia, and New-
ark), plus 16 secondary airports such as Teterboro.
Wayne, Bethpage, Farmingdale, Floyd Bennett, etc..
each of which handles IFR operations. Until July 1968,
the control of terminal operations was divided among
three separate control facilities (IFR rooms) located at
Kennedy, LaGuardia, and Newark. These separate in-
stallations were combined into one centralized facility.
called the Common IFR Room, which is now in the
North Terminal Building at Kennedy International.
This consolidated center permits improved flight co-
ordination and more efficient surveillance and utilization
of the terminal airspace. It was ideally anticipated that
the Common IFR Room (CIFRR) would minimize de-
lays in arrivals and departures by providing more flexi-
bility in flight monitoring and routing through unitied
control on a fully integrated basis.

With the CIFRR, it was no longer necessary to waste
valuable airspace by inserting “buffer zones™ between the
operations that were formerly controlled at the separate
facilities. And since controllers assigned to the various
airports now worked side by side, it was reasonable to
expect that the coordination of their efforts would be
simplified. Also, ATC personnel controlling aircraft in
close juxtaposition (but under discrete jurisdiction)
share the same radar consoles, including the large-scale
screen display projections shown in the introductory illus-
tration (p. 26), which afford a common quick-reference
source for all control teams.

Both the controllers’ radar consoles and the large-
scale wall displays have supplementary alphanumeric
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FIGURE 5. Block diagram f
showing the two primary infor-
mation paths to the display
equipment in the CIFRR: a di-
rect video (radio and beacon)
path that provides analog data
in the normal manner; and a
digital path, via the computer,
for the generation of alphanu-
meric data.

e

LL-
Data-acquisition
equipment

capability. When used in conjunction with ground-based
computer control and transponder-equipped aircraft,
vital flight information such as aircraft identity, altitude,
ground speed, heading, and airport destination is elec-
tronically superimposed (Fig. 4) as alphanumeric data
block *‘tags” adjacent to the appropriate radar target
blips. These tags automatically follow the aircraft on the
visual display as the plane proceeds through the terminal
area,

Alphanumeric advantages. In comparison with the
conventional PPl display, the significant advantages in
having plane identity and altitude continuously present
on the radar screen are threefold :

1. The controller no longer needs to make a time-con-
suming effort just to identify the radar blips of aircraft
under his surveillance.

2. He can obtain the necessary altitude information
without relying only on pilots’ reports (with the attendant
hazards of garbled voice communications and possible
human error in transmitting data).

3. Since the degree of the controller’s attention and
amount of communications required in conventional
monitoring increases in direct proportion to the number
of radar targets, the alphanumeric system permits him
to focus his attention more efficiently on the control of a
larger number of aircraft.

A parallel benefit for the CIFRR is the manner in which
the tag technique facilitates aircraft **handoffs”* from
one controller to another. When such responsibility is
transferred, the releasing controller pushes a sequence of
buttons, which causes the tag for the particular aircraft
to appear on the accepting controller’s display console.
The second controller then pushes a sequence of buttons
to indicate that he has accepted the control of that plane.
Thus positive transfer of both control and alphanumeric
data is achieved by the computer with little or no verbal
exchange of aircraft target data.

System hardware and arrangement
Figure 5 is an overall schematic diagram of the hard-
ware, and the primary communications channels, of the

* The CIFRR is cquipped with 70 air/ground communications
frequencies that are utilized by the facility’s various sectors. As
an aircraft traverses from one control sector to another, the pilot
is advised to switch to the appropriate frequency. This process,
when used in conjunction with radar surveillance of the planc's
position, is called a “radar handoff,” and it keeps the aircraft
in uninterrupted radar and radio contact with the appropriate
controller,
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CIFRR.?® It includes data-acquisition and data-display
equipments, and a computer complex.

Data-acquisition equipment. The complex job of
surveillance and monitoring of the New York terminal
area airspace is accomplished by radar and beacon sensors
(Fig. 6) situated at Kennedy and Newark Airports. As
indicated in the flow diagram, each site is equipped with
an airport surveillance radar and a beacon interrogator
that provide a 97-km (60-mile) scanning radius in a full-
circle sweep. (Actually, three radar systems are utilized by
CIFRR controllers: two short-range airport surveillance
radars, designated Kennedy ASR-4 and Newark ASR-4,
which operate in the range of 2700-2900 MHz, plus the
Kennedy long-range air-route surveillance L-band radar,
ARSR-2, operating at 1300 MHz, which can monitor a
circle-sweep radius of about 130 km, or 80 miles.)

To ensure a fail-safe capability, built-in system re-
dundancy provides a two-channel radar backup. As an ad-
ditional factor of safety, flight progress strips, containing
aircraft identity and altitude data, and the estimated
time of a flight over a particular airway fix, are automat-
ically printed out on line in the computer complex.
These strips are relayed to the controllers as a simultane-
ous check on the primary visual control, and they can
serve as a fail-soft backup in the unlikely event of complete
radar failure.

Wide-band communications channels are used for the
radar and beacon video signals, and for signal triggering,
from the two sensor sites to the CIFRR. The Kennedy
radar uses a private land line, but a microwave link is
employed for the remote Newark site.

The beacon system (transmitting at 1090 MHz, and
receiving at 1030 MHz) accumulates data from trans-
ponder-equipped aircraft that can automatically report
their identity and altitude. Although many commercial

planes carry this equipment, only about 20 percent of

these are fitted with the latest type of beacon transponder
(capable of transmitting any of 4096 discrete identity
codes, thereby permitting the pilot of the aircraft to
select a unique identity code for his ship). Most trans-
ponders, however, have a 64-code limitation and thus
the same identity tag is often assigned to more than one
aircraft.

Altitude data are encoded directly from a pressure-
sensing on-board transducer, which measures this value
in increments of 30.5 meters (100 fect) with respect to a

standard atmospheric pressure of 76 cm (29.92 in) of

mercury,

From N.Y Flight plans l
ARTCC
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either keyboard or cursor entry devices. These messages
typically contain the controller’s instructions and supple-
mentary alphanumeric data pertaining to the flight, If
an entry affects the tracking function, it is relayed by
the display processor to the tracking processor.

Tracking procedures...

Aircraft under the surveillance of the CIFRR are
automatically monitored by the tracking processor so
that the alphanumeric tags follow the sensor video on
the controllers’ consoles (transponder-transmitted re-
turn blips appear as large triangular “blooms,” as
shown in Fig. 4, on the radarscope). By the continuous
scan-sweep correlation of radar and beacon target re-
ports, the tracking processor computes a dynamic posi-
tion and velocity for each plane in real time. And flight
data, by tag, are associated with the correct aircraft.

Controllers handling Kennedy and LaGuardia air
traftic utilize only the radar and beacon reports from
the Kennedy sensor. Similarly, Newark Airport con-
trollers rely on the same reports from their own sensor
site. These discrete data channels prevent possible radar
interference that could be produced by incorrect antenna
alignments, signal propagation anomalies, or slant-range
corrections.

Target tracking is achieved by relating updated radar
and beacon reports with previously received track data,
by fixing the present position and speed of the plane,
and by predicting where the radar blip will be located
on the next scan sweep. Three basic sequences—correla-
tion, correction, and prediction—are performed for
every aircraft track once each radar scan sweep (sce
Fig. 9). If a track fails to correlate during the current
scan, however, no corrected data aie calculated, and
the track is extrapolated [Fig. 9(C)] on the basis of the
previous position and speed information. This process
is called “‘coasting” the track. Tracks are automatically
terminated by the computer when they are transferred
to the destination airport’s control tower. Following
every prediction sequence, the position of cach track
is checked to determine whether it fulfills the geographic
airspace criterions for automatic termination.

... And display data
Flight data are presented to the controller in one
of several formats (Fig. 10) depending on whether the

B c

FIGURE 9. A—Step 1 in tracking. For correlation, the
track is associated with the new sensor target report
either by beacon-identity matching or by position report.
In the illustration, the target report “R' is found by
positional correlation within ‘‘bin,” whose center is *‘P"’
(the predicted track position). B—For target correction,
the present position *'C’” is calculated, together with
velocity vector ‘V,” by using corrective data that are
dynamically related to the track-data reliability. C—In
track prediction, flight path is extrapolated along veloc-
ity vector to ‘‘P,,”” a subsequent scan sweep. P, becomes
new position of bin when the track is reprocessed on the
next scan of the target.

aircraft is being actively tracked in the surveillance
airspace or is displayed in a tabular store pending
an imminent arrival or departure. Each tag, tabular
item, or individual symbol to be displayed requires a
digital message from the computer specifying the location,
format, and content of the display data.

In an active track [Fig. 11(A)], the accompanying
alphanumeric tag is positioned according to coordinates
predicted by the tracking processor. A line “leader”
connects the tag to a single alpha symbol (*“K,” in this
instance,) which denotes the assigned controller at the
CIFRR who will be responsible for that aircraft’s sur-
veillance while in the airspace. In addition, a velocity
vector arrow, with its length proportional to the cal-
culated track speed, may be displayed at the controller’s
discretion. The tag can contain up to 21 alphanumeric
characters arranged in three or four rows—the first,
second, and third rows having provision for a maxi-
mum of seven characters. As may be seen in the tags
and callouts illustrated in Fig. 10, the top line displays
the aircraft’s identification. If it is a commercial carrier,
the identity tag generally consists of the airline’s initials
plus the flight number. In the next row, the ground
speed in knots (18 = 180 knots, in the Figs. 10 and
11 examples) and the reported beacon (Mode “C”)
altitude are shown. In the illustrations, 063" indicates
an altitude of 6300 feet (1920 meters).

The third row of alphanumerics (Fig. 10) contains
the assigned altitude in hundreds of feet (050), and
the beacon code. The bottom row displays the aircrafi’s
track number (1A) and its destination airport.

Note that the difference, in Fig. 10, between the air-
craft’s assigned altitude and that reported by the airborne
beacon is 1300 feet, or 384 meters. Whenever this
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differential is 200 fect (61 meters), or more, a flashing
square symbol on the console warns the controller
of the discrepancy. But the altitude reported by the
beacon transponder must be corrected by the display
processor before it is visually displayed.*

The bottom row of the Fig. 10 alphanumerics is re-
served for the display of alternating supplementary in-
formation. Since this line is time-shared to permit the
entry of four data items (including tracker-derived air-
craft speed, track number, destination airport, and
“scratch pad” data inserted by the controller), they
are displayed alternately at 8 to 16 seconds’ duration
for each.

Note in Fig. 11(A) that there is a space directly
above the alphanumeric tag for two (of three possible)
horizontal bar displays. The continuous-line upper bar
is used to mark a track that requires special attention;
it is automatically flashed when a monitored aircraft
is transmitting an emergency beacon code signal. The
dashed-line lower bar indicates a handoff between con-
troller jurisdictions. A broken-line lower bar denotes
that the track is being coasted on the basis of extrap-
olated speed data in the absence of updated scan in-
formation. As indicated in Fig. 4, the alphanumeric
tag and leader line can be offset in different directions
from the track symbol to minimize the overlapping
of tags in congested areas of the visual display.

Figure 11(B) shows a typical tabular store listing
of imminent flights, which contains only the aircraft’s
identification, and is alphabetically queued according
to the ETA or ETD of the inbound or departing flights.

Another tabular display listing [Fig. 11(C)] is reserved
for flights assigned to a “holding” pattern during peak
terminal operations periods or bad weather condition.
The tag data format, in this case, is identical to the first
two rows of the active track [Fig. 11(A)], except that an
additional alpha symbol is used to indicate the holding
fix. Holding items are listed by their chronological
order of entry. The controller can readily switch the
location of hold and store listings to any convenient
portion of the display screen.

Summary of the New York ATC system...and...
How well is it functioning?

Now that we have analyzed, in some detail, the
functions of the various component elements of hardware
and software that comprise the CIFRR, we can assemble
all of the modules and describe and assess the total
system performance in the New York terminal area.
And it should be emphasized that the CIFRR is unique:
there is no similar installation anywhere else at the
present time. Common IFR Rooms are being considered,
however, for the Chicago terminal area, Oakland-San
Francisco, and Dallas-Fort Worth.

Essentially, the CIFRR is responsible for maintaining a
safe distance interval between all aircraft flying under
IFR procedures, and for providing radar vectors within
the New York terminal area airspace (approximately
4200 mi?, or 11000 km?) under its jurisdiction. In addi-

* For aircraft flying below 18000 feet (5500 meters), compen-
sation must be made for the difference between local barometric
pressure and the standard reference pressure (76.0 ¢cm, or 29.92
inches, Hg) used by the altitude sensor on board the transponder-
cquipped aircraft., This error-correction routine is part of the
ground-based computer program,

Friedlander—At the crossroads in air-traffic control

tion, service is provided to those aircraft that are
operating in visual flight (VFR) conditions within the
framework of the National Terminal Radar Service pro-
gram as well,

When flying under IFR, a pilot files a flight plan
with the ARTCC nearest to his point of departure. This
is one of the centers concerned with the en route control
of aircraft between terminal areas. When the destination
airport is one of those in the New York terminal area,
the New York Center (being the nearest ARTCC)
hands off the aircraft, at a predetermined point, to
the CIFRR, which then assumes control responsibility

EA12345 ¢=== Aircraft identification

<
N 18 4 063 ¢==Mode "C" altitude
i 050 0401
1A EWR
Ground Assigned Track Destination Beacon
speed altitude number airport code

(scratch pad)

Note: "EWR"' is the
standard code designation
for Newark Airport

FIGURE 10. One format of an alphanumeric display.
Each tag, tabular item, or individual symbol displayed
requires a digital message from the computer to specify
the location, format, and content of the display data.

FIGURE 11. A—In an active track, the alphanumeric
display format contains up to 21 characters. The tag is
attached to the track position symbol “K’’ by a leader.
Indicator bars, as shown, can be displayed above the
tag to denote a special flight status (emergency situa-
tion, handoff, or coast). B—Items in the ‘‘tabular store
list"’ consist only of the identity of a pending flight, and
the list is queued according to the time of flight arrival
or departure. C—Each entry in the “tabular hold list”
refers to an aircraft assigned to a holding pattern. This
listing is queued by chronological order of entry.

Tags Legend

(Attention indicated)

_— — — e — == (Handoff and/or
coast bar)

K—EA123 030 Assigned altitude-3000 ft (915 m)

184063 t  Cleared to descend
030 0401 063 Reported beacon altitude-6300 ft (1920 m)
EA123  Eastern Airlines flight 123
18  Aircraft speed—-180 knots (333 km/h)
0401 Reported beacon code (Mode ““C'")

K Responsible controller (JFK final approach
controller). Also indicates tracked position
of aircraft

A
EA123 Eastern Airlines flight 123 B
C
06010688 060 Assigned aititude-6000 ft (1830 m)
{ Cleared to descend
068 Reported beacon altitude-6800 (2075 m)
B Holding fix (Bohemia holding pattern)
EA123  Eastern Airlines flight 123

Notes: JFK is code for Kennedy Interpational,
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for the flight until the subject plane is about 5 miles
(9 km) from its destination. At this point, the local
airport control tower takes over to effect the touchdown
that concludes the flight.

At the present time, there are about 900 air-trattic
controllers in the New York terminal area, of which
about 170 are assigned to the CIFRR. The three major
airports, plus Teterboro, are among the most heavily
trafficked airfields in the U.S. In fiscal year 1969, there
were, for example, 1.54 million aircraft handled in the
terminal area. And with a steady annual increase of 9
to 13 percent in aircraft operations, the situation of
the air-tratlic controllers has passed within the margin
of tolerable safety—for a number ol reasons.

First of all, what we have been discussing in the pre-
ceding description of computer-controlled automation
in the CIFRR dealt ideally with radar and beacon
ground sensors operated in conjunction with transponder-
equipped (secondary radar) aircraft that are compatible
with the generation of alphanumeric tag displays and
target-tracking procedures. But unfortunately, only about
20 percent of the total number of aircraft handled carry
the type of on-board electronic equipment capable of
transmitting positive readout of all necessary flight data.
In most airspace surveillance, the controllers detect
targets by “skin paint” video returns (ordinary blips
produced by the signal echo) on the primary radar.
Certain adverse weather conditions (including tempera-
ture inversions) can distort or preclude the primary radar
signal. Since vectoring, to be effective, must start at
40 to 50 miles (65-80 km) from the airport, onc can
appreciate the initial problems that may be caused by
radar signal degradation. The data acquisition can be
further complicated by the necessary reliance on voice
radio communications between the controller and the
pilot, with the attendant possibilities of human error
in instrument readout, and misinterpreted information
and instructions in transmission or reception.

The heterogencous mix of the types of aircraft handled
in the airspace—from helicopter “sky taxis,” and rela-
tively slow single-engine private planes, to subsonic
jet airliners and military aircraft—creates many variable
and unpredictable factors in aircraft maneuverability
and reaction time required to comply with ground
instructions. Further, many of the aircraft tracked arc
“IFR overs” (see Table 1)—flights that originate outside
the ARTC area and pass through the terminal airspace
without landing. These transients must also be handled
by the controllers.

The writer visited the CIFRR on a cold weekday
morning last January, half’ expecting to witness a scene
of crackling tension and crisis comparable to that of
the War Room at NORAD after the “red alert” was
sounded in Dr. Strangelove. But instead, the atmosphere
was one of quiet order in which all of the controllers’
actions were executed with an impressive degree of
calm efliciency. In short, the mood at the time of the
visit was in striking contrast to that pictured in The
New York Times Magazine’s article of September 30,
1969, on the air-traffic controllers of the CIFRR (i.e.,
consoles awash with half-empty paper coffee  cups,
mounds of cigaret butts in ash trays, and bleary-eyed,
open-collared controllers responding to & myriad of
emergency situations).

Probably, neither the appearance of tranquillity nor

that of frenetic urgency is truly representative of the
average datum condition in the room. Bad situations
can literally arise “out of the blue™ quickly enough
to give the most seasoned controller a bad case of the
jumping jitters. And a midweek morning call in mid-
winter is not usually a time to observe peak-traffic
operations. There are two seasonal traffic peaks: summer
(July-August), and winter (December-January). The
primary peak is the summer one, when both overseas
and domestic commercial flights are in greatest demand
by vacationers. During the secondary winter peak, flights
to Florida, the Caribbean, and South America cause a
noticeable increase in operational activities. Historically,
the high point during the week has been on Friday and
Sunday evenings.

Another factor in the overall picture is that of air
cargo flights, which have increased very significantly
in recent years, especially since the advent of the giant
turboprop and pure jet commerical and military cargo
planes. Although the percentage of such flights at Ken-
nedy International is small, a larger number of these
operations are handled at both LaGuardia and Newark
Airports, Further, air cargo arrivals and departures
are less predictable than those of scheduled commercial
airliners. Thus a peak time in cargo operations could
be after midnight on any weckday, or during a heavy
trattic period on a summer weekend.

Plans are under consideration for the decentralization
of the air cargo carriers to satellite airports such as
the former Republic Aviation field at Farmingdale, L.1.
(now operated by the Metropolitan Transportation Au-
thority), Suffolk County Airport, and Stewart Air Force
Base ncar Newburgh, N.Y. The last-mentioned field
has been deactivated by the USAF and, being adjacent
to the New York State Thruway, it would make a good
site for an air freight depot.

An air-traffic controller speaks out. James H. Loos,
a controller in the CIFRR, is an articulate spokesman
for many of his colleagues in the New York terminal
area. He is no stranger to the public press, since he was
the subject of a feature profile last year in The New York
Times Magazine article mentioned earlier in this piece.
Mr. Loos, unlike most of his fellow controllers, is a
college graduate, and is a skilled air-traftic controller
whose initial training and experience was acquired while
serving in the USAF. As is the case with all air-traftic
controller candidates, he was put through an intensive
special training period before being assigned to the
CIFRR.

Writing about some of the controllers’ gripes and
problems in the January 1970 issue of The Journal of
Air Traffic Control,? Loos says, in part:

“A little over a year ago I was involved with drawing
up and presenting a list of recommendations on how
to improve the air traffic service in the New York area.
The people involved in the task with me were prepared
to offer responsible arguments supporting any proposal
that received a ‘no’ answer from the FAA. The amazing
thing is that we received few if any ‘no’ answers. What
happened was that our proposals slowly sunk in the
quagmire of official FAA channels, never to be scen
again...This is especially frustrating to a controller,
since his daily environment is one of extreme immediacy.
When a situation develops, a controller must take steps
right away, reactions must come quickly. When his
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hierarchy does not react in the same way it is most
frustrating; he becomes alienated from his own particular
society.

“The result was a manufactured crisis. Controllers
stopped working hard [during the summer of 1969],
trathic backed up, the communications media discovered
us, and we suddenly became famous.

“The question is, did it solve anything? Not much,
and for every problem it resolved it probably created
another one.

“We are no closer to another jetport in New York
today than we were a year ago. Restrictions on [private]
flying have been discussed and implemented, but our
mission is to facilitate the movement of people, not
hamper it. More [air-traftic-control] personnel were
authorized, but much of the money was used to provide
overtime pay and many positions were left vacant . . .

“The authority of the management of the FAA has
been questioned and the leadership has been far from
dynamic. To be fair to them, they are probably caught
in the same quagmire of bureaucratic channels and con-
flicting, powerful interests that hamper much of our
governmental apparatus.”

The FAA reply—and plans

The writer interviewed a number of FAA officials
in both New York and Washington. They admitted
that the ATC personnel indeed constitute an under-
staffed group. Normally, the controllers in the CIFRR
work on three eight-hour shifts around the clock. And,
often, during peak operation periods, considerable over-
time work is required. The agency hopes initially to
augment the staff of 900 controllers in the New York

terminal area by about 250 men, and to make the nec-
essary proportional increases at other major airports
throughout the U.S. where understafling is a problem.
And hope is still expressed for a fourth jetport that will
be constructed far enough away from the New York
terminal system to be independently controlled.

Further, the FAA contends that 70 to 80 percent
of the controllers’ proposals for system improvements
have been implemented, and there is disagreement with
Jim Loos concerning the reasons for the controllers’
brief “slowdown’ in 1969.

Parenthetically, it may be well to interpolate one
moot question at this point: What will be the effect
on a large terminal area of the 747 “jumbo” jets that
are being placed in service in increasing numbers for
both overseas and domestic flights? As of now, not
enough experience has been gained in actually handling
these outsized aircraft to evoke much more than cautious
comment. The FAA administrators and the controllers
seem to agree that the big birds will just be another
blip on the radar screen and another piece of traffic
handled. They feel that the 747s will pose more of a
ground problem (in loading and unloading time and
space required) than an airborne one. It is conceded,
however, that their takeoff time is longer and their
rate of climb is slower. Right now, Kennedy Inter-
national is the only New York airport capable of han-
dling these planes.

The FAA is presently implementing some plans to
ease the traffic congestion in terminal areas. One of
these schemes involves the “Metroplex™ system, which
will provide for more equal flight separations along
new departure routes (see Fig. 12) and will also change

Area of minimum

flight separation

FIGURE 12. Under present
departure patterns (in
black), flights taking off
from the three major air- \
ports in the New York ter-
minal area, and bound for
southern or western desti-
nations, tend to veer to
their departure courses in
an area of possible mini-
mum flight separations.
Under the ‘‘Metroplex’’ plan
(in color), more equidistant
flight separations, along
new departure routes, will
be provided. Also, the ar-
rival  “fixes’’ will be
changed by inserting a new
‘‘arrival hold"’ program.
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the arrival fixes by inserting a new “arrival hold™ pro-
gram. Westchester County Airport (White Plains) is
participating in the Metroplex plan; radar handolfs
are in cffect between White Plains and other airports
in the New York terminal region.

In another interim action, the FAA, under a quota
system, is moving general aviation (non-air carrier)
traftic out of the three major New York airports to the
satellite fields, notably to Teterboro, where significant
runway improvements are being made.

Terminal automation (ARTS III). A contract for 64
units of the more sophisticated Advanced Radar Ter-
minal System (ARTS III), which incorporates the add-on
functions of the basic ARTS system (refer to the Fig. 3
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FIGURE 13. Block diagram of the basic ARTS Il sys-
tem. Note that a data-acquisition subsystem (DAS) is
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FIGURE 14. Block diagram indicating the allocation of
ARTS Il system tasks within the capabilities of the three
principal computer subsystems.
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block diagram), was awarded to equipment manu-
facturers by the FAA early in 1969. These systems are
initially planned for 62 large- and medium-sized hub
terminal facilitics. And second-stage plans call for an
additional 52 ARTS III systems, for a total of 114
operational installations in all. Two extra systems will
be used for training and R & D purposes. A scaled-down
version of automated terminal radar (ARTS II)* is
scheduled for installation and operation at sccondary
terminals before the end of fiscal year 1974,

In addition to the basic ARTS functions shown in
the Fig. 3 block diagram, ARTS III* features include
on-line transfer of data from satellite ARTCC com-
puters to terminal computers, and automatic track data
acquisition on discrete-coded beacon-cquipped  air-
craft. Nondiscrete-coded signals from aircraft can be
acquired manually by the controller by what is called a
“track slue” and entry. By means of intrafacility
handoffs, controllers can spot-check data from another
display console within the control room.

Referring back to Fig. 3, the first level (1) added to
the basic ARTS concept, to achicve ARTS III capa-
bilities, is the radar tracking level. Digitizing the primary
radar data permits an alphanumeric tag to be assigned
to aircraft that are not equipped with transponders.
This action is not automatic, however, and requires
data entries by the controllers. If these targets, for ex-
ample, are low-speed private aircraft that may remain
in the terminal control airspace for periods of 10 to 15
minutes, the extra tracking effort can pay off as an added
safety factor.

The next hierarchy (2) is the transition to the digital
level, which permits the combination of several radar
inputs into a mosaic display. Level 3 allows the intro
duction of automated telemetering, sequencing, ana
final-approach spacing techniques.

Figure 13 is a block diagram of the fundamental
ARTS III system. Note that a data-acquisition subsystem
(DAS) is added to the radar video converter (from the
present primary and secondary radars). Figure 14 indi-
cates the allocation of ARTS III system tasks within
the three main computer subsystems.

Figure 15 is a diagram representing the ARTS III,
level 3 capabilities. It shows time-sequence plots of a
flight through a terminal area (in this case, Atlanta
Airport) in which machine assistance provides the capa-
bility of ‘“‘close-order” traflic control for minimum air-
craft spacing and maximum handling capacity. The
alphanumeric code used for FASA (final approach
spacing of aircraft) targets is explained in this figure.

Tower automation. The FAA also has plans to auto-
mate the present highly manual functions in airport con-
trol towers. Figure 16 is a flow diagram showing how
data, in tabular form, will come directly to a tabular
display at the ground-control position. From here, with
a single-button action, the data can be quickly trans-
ferred to other positions. Oif-line data can be relayed
to the control center for either historical records, legal

* ARTS II refers to a type of system presently being considered
for the balance of the existing radar facilitics, and for some new
radar facilities. At the present time, there are two candidate sys-
tems: a programmable alphanumeric ARTS Il system with ARTS
[T components, and the FAA-Department of Defense numeric
Direct Altitude and Identity System (DAIR). For additional in-
formation on the latter configuration, the reader is referred to the
May 1969 issuc of The Journal of Air Traffic Control.
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FIGURE 15. Diagram of
ARTS Ill, level 3 capabili-
ties. Time-sequence plots
of a flight through the At-
lanta terminal area are
shown. Machine assistance
provides the capability of
“close-order’ traffic control
for minimum aircraft spac-
ing and maximum handling
capacity. The alphanumeric
code, used for FASA (final
approach spacing of air-
craft) targets, is explained
below the sketch.

FIGURE 16. Flow diagram
indicating how data, in
tabular form, will come di-
rectly to a tabular display
at the various ground-con-
trol positions when control
tower functions are inte-
grated into a common con-
trol system.
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evidence, or subsequent analysis for program debugging
or updating. In view of the trend toward integrated
common control facilities, the automation of tower
functions is becoming more urgent in the general scheme.
The tower can provide a key interface with many of
the airport ground-control systems presently under de-
velopment by the FAA.

Preview of instaliment two

In the next issue we shall continue the discussion of
the FAA’s plans for the future by presenting in detail
several schemes cither now being implemented or in
the R&D stages. These include plans for automated
ground control, en route automation, collision-avoidance
systems, improved communications and long-distance
navigational aids, etc.

By way of postscript

On March 25, the Professional Air Trattic Controllers
Organization (PATCO) initiated a job action, or *sick-
out,” at ARTCCs and air terminal centers throughout
the U.S. This situation, in which 25 to 50 percent of
the ATC personnel called in sick, was particularly
effective in crippling air-carrier operations in the New
York terminal arca. Most flights during the Easter
weekend were delayed up to four hours in departure,
and many other scheduled flights were cancelled. A
court order directing the leadership of PATCO to
direct the controllers to report back to work failed to
achieve that objective. According to PATCO spokesmen,
the controllers were following the regulations of IFR
procedures to the letter in observing aircraft separation
and other safety procedures. But it was apparent that
the controllers were emphasizing their grievances in
what they alleged to be insufficient personnel and ma-
chines available for executing their jobs without excessive
nervous tension, overtime, and safety hazards.

Despite court orders and injunctions issued to restrain
PATCO, the sick-out lasted for 20 days. On April 13,
the job action ofticially ended when all of the absented
controllers returned.

Appendix. Glossary

Air-carrier operations. Aircraft operating under cer-
tificates of public convenience and necessity, issued by
the Civil Aviation Board (CAB), authorizing the per-
formance of scheduled air transportation over specified
routes and a limited amount of nonscheduled operations.

Aircraft operation. An aircraft arrival at or departure
from an airport with FAA airport trafiic-control ser-
vice. There are two types of operations: local and itin-
erant. Local operations are performed by aircraft that

1. Operate in the local traffic pattern or within sight
of the airport tower.

2. Are known to be departing for, or arriving from,
flight in local practice areas located within a 20-mile
(32-km) radius of the control tower.

3. Exccute simulated instrument approaches or low
passes at the airport.

Itinerant operations include all aircraft arrivals and
departures other than local operations.

Airport traffic-control tower. A central operations
facility in the terminal air-traffic control system, con-
sisting of a tower cab structure, including an associated
IFR room if radar equipped, and using air/ground

communications and/or radar, visual signaling and other
devices, to provide safe and expeditious movement of
terminal air traffic.

Air route traffic-control center (ARTCC). A central
operations facility in the air route traffic-control systems
using air/ground communications and/or radar, and
primarily providing en route separation and safe, ex-
peditious movement of aircraft operating under in-
strument flight rules within the airspace of that center.

Air-traffic control (ATC) facility. A facility in the U.S.,
its possessions and territories, and in foreign countries,
especially established by international agreement, that
has the capability of providing air-traffic control ser-
vices to the flying public.

Airway. A portion of the navigable airspace of the
U.S. designated by the FAA as a federal airway.

Approach-control facility. A terminal-area traffic-
control facility that provides service to arriving and/or
departing IFR flights and, on occasion, VFR flights.

General aviation aircraft. All civil aircraft except
those classified as air carriers.

IFR departures. These include IFR flights that

1. Originateinan ARTCC’s areca.

2. Areextended by an ARTCC.

3. Are accepted by an ARTCC under sole en route

clearance procedures.

IFR overs. An IFR flight that originates outside
the air route traffic-control arca and passes through the
area without landing.

Instrument flight rules (IFR). FAA rules that govern
the procedures for conducting instrument flight.
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A modernized electric network
for the future needs of Hamburg

To benefit fully from

the distribution system in the Federal Republic of Germany,
Hamburg has matched its main distribution lines
to the country’s 380-kV transmission network

Jens Meinert, Klaus Peter Ewelt
Hamburgische Electricitats-Werke AG

Among the ‘‘city-states'’ in the Federal Republic of
Germany, the plight of Hamburg—with respect to its
electrical needs—is, if not typical, then representative
of conditions that exist in other cities in the repub-
lic. To meet the growing electric needs of the popu-
lace, a Hamburg electric utility has devised a system
that will take full advantage of existing services in-
corporated info a new ‘‘broader backbone.'' Plans call
for sufficient redundancy to permit operation at all
levels with a minimum of downtime. At no time will in-
terruption last more than one hour; most often it will
amount to only minutes or seconds. As the need
arises, the system will grow and grow—hopefully not
outstripping its potential until the turn of the century.

The demand for electricity in the Federal Republic
of Germany (F.R.G.), as expected, consistently has
increased over the years. By far the greatest increase
in electric demand is attributable to greater household
consumption,

Overall, the use of electricity in Germany increased
9 percent in 1968, yet the comparable augmentation
for home use was 13 percent. In fact, household demand
for electricity now accounts for nearly one fourth of
the total; ten years ago it accounted for only about 15
percent (see Fig. 1). This trend doubtlessly will con-
tinue as the increasing affluence of the home dweller
whets his desire for additional conveniences and com-
forts. At present, the homeowner is switching to elec-
tricity to supply his heating needs (see Fig. 2, relevant
to increased winter load). Later, he should be in a
position to buy air-conditioning.
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Many cities, consequently, are outgrowing their elec-
tric-power distribution service. Often, lines are over-
loaded—a condition that is conducive to failure. How-
ever, services are being updated.

Hamburg may not be a typical German city. It has,
however, many of the same electrical-supply problems
that afflict other German citics. What is planned for
Hamburg by way of modernization, therefore, will pro-
vide some insight into the primary features of a remodeled
electric network for a city in the F.R.G.

Hamburg is a federal state with 1.8 million inhabitants
and the largest “town” of the F.R.G., covering an
area of about 750 km? (290 mi?). Roughly half of it
is urbanized; the remaining portion consists of agri-
cultural, forest, or park area. The region supplied with
electricity by the Hamburgische Electricitiits-Werke
(HEW) is identical with the area of the State of Hamburg.

For the last five years or so, HEW has been faced
with the fact that the present supply arrangement, es-
tablished in the late forties, is approaching its limit.

This arrangement consists of four voltage levels (110
kV, 25 kV, 10 or 6 kV, and 0.38 kV). Limitations on
transmission capacity and fault level will not allow
the 110-kV system to be tied into the large power stations
that are planned or under construction. Moreover, the
intermediate 25-kV level is becoming more and more
uneconomical.

These circumstances have led to a revision of supply
at all voltage levels and to the development of a new
scheme with a 380-kV system at its upper level. The
new concept permits the continued effective usage of
the present facilities.
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FIGURE 1. This is how the consumption of electricity was
apportioned in 1968. Since then, in the F.R.G., the domes-
tic-consumer share has grown to nearly 25 percent.

Design criterions

The future supply system will have four voltage
levels (380 kv, 110 kv, 10 kv, and 0.38 kV) and will
have to meet the requirements of long-term design,
design simplicity, and design reliability.

Long-term design. The systems arc to be extendable
to about eight times present maximum demand, in steps.
(Because  unforesceable technical  developments may
change presently established concepts, it is not sound to
plan to exceed this growth figure.)

Simplicity of design. The new system will have only a
few voltage levels and standardized equipment. It thus
will be casy to enlarge without sacrificing the simplicity
of its modular design.

There will be one standard-size 380/110-kV transformer
and two standard sizes of 110/10-kV transformers. Only
the 10/0.38-kV transformers will be available in five
sizes—to better match the different load structures in
the 0.38-kV systems.

Buried cables, overhead lines, switchgear, and appa-
ratus are also to be limited to a few standard sizes.

Reliability of supply. The method of supply will per-
mit outage of an entire power station without any sys-
tem component being permanently overloaded during a
switchover period to backup or alternate facilities (from
within the system or from a neighboring utility). Basically,
the reserve capacity of the system provides for a single
contingency only—because of the expenses that would
accumulate with such redundancy.

In the 380-kV system no service interruption is allowed
when there is an outage of any one component. In
the 110-kV system, a single fault causes either no service
interruption at all, or restoration of an interruption
within a few seconds by automatic switchover to the
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FIGURE 2. Part of the difference between winter and sum-
mer electric consumption in the households of the
F.R.G. is created, of course, by the need for longer periods
of artificial light. However, a growing share of the
difference is attributable to an expanding use of electric
heat.

spare component. Single faults in those 10-kV systems
in which subordinate 0.38-kV systems are¢ operated as
meshed networks will normally cause no service inter-
ruptions. Where the 0.38-kV system is not meshed, a
10-kV fault will cause a service interruption of up to
one hour.!

Coincident outage of two parallel circuits (second
contingency) may lead to longer service interruptions.
These interruptions, however, will be limited to a specific
area because of the radial supply arrangement. Avalanch-
ing, causing the outage of arcas that have not been
involved initially, is therefore not expected to occur.

Basic supply principle

The basic principle of supply is shown in Fig. 3. A
main feature is that all large power stations will feed
into the 380-kV system. Power, therefore, will flow
mainly from the superposed 380-kV system (the back-
bone) via the 110-kV system into the 10-kV distribution
system. The 110-kV system will be relegated to that of a
high-capacity, high-voltage distribution system. The pres-
ent subordinate 10- or 6-kV distribution system will
have been completely converted to 10 kV within the
next ten years.

The 380/110-kV stations, calied 380/110-kV main-
transformer stations, must be located on the fringe
of the supply area because of property and right-of-way
difficulties. Since only a portion of their power is needed
in their vicinity, strong 110-kV overhead lines are nec-
essary to carry the power to a second category of stations,
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FIGURE 3. One of the main features of the basic principle of electricity supply for the
city of Hamburg now being implemented is that all large power stations will feed into
the system, thus helping to assure sufficient contingent supplies.

called 110-kV main-distribution stations, which are sit-
uated nearer to demand sites. An outline of the 380/
110-kV main system as it will exist to meet an eightfold
increase over the present maximum demand is shown
in Fig. 4.

The 110/10-kV transformers, a third category of sta-
tions, called 110/10-kV distribution substations, are con-
nected directly to the 110-kV bus bars of the main-trans-
former and main-distribution stations, mostly via under-
ground cables, but sometimes via overhead lines.

The 10-kV bus bars of distribution substations feed
open 10-kV loops, which connect with 10/0.38-kV trans-
formers. The 0.38-kV systems are operated as meshed
networks or as isles.

380-kV lines

The 380-kV system is planned as a semiring, sur-
rounding the eastern half of Hamburg. The supple-
mentary section completing the full ring will be formed
by a neighboring utility. The eastern semiring will consist
of a double-circuit line, equipped with quadruple-bundle
conductors, 4 X 240/40 mm? AlSt (4 X 473/79 MCM
ACSR), connecting the three 380/110-kV main-trans-
former stations.

Meinert, Ewelt—A modernized clectric network for Hamburg

The 380-kV bus bars in these main-transformer stations
will pick up double-circuit lines coming from large
power stations. These lines will have sufficient capacity
to carry the whole power station output over one of
the two circuits in case of emergency. The short length
of these lines (less than 100 km) permits use to their
ultimate—i.e., to the extent of their thermal-loading—
capability.

380-kV plant

Each 380-kV main-transformer station will consist
of so-called building blocks with a rated throughput
of 1200 MVA per building block. The plant will be
equipped with two bus bars for normal service (operating
bus bars), one reserve bus bar, and one bypass bus
bar.

The two operating bus bars will be permanently
coupled. For each pair of circuits—arriving or out-
going—one circuit will be connected to the first bus
bar, the other to the second one. Called ‘‘operation
with coupled double bus bars,” this special mode has
the advantage of avoiding a service interruption in case
of a bus-bar outage (Fig. 5): Thereserve bus bar permits
this special mode of operation to be sustained during
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FIGURE 4. The 380/110-kV system is outlined in its ultimate
future configuration. At that time it will have eight times
its present capacity.

L

maintenance of an ‘‘operating” bus bar; the bypass
bus bar permits maintenance of a circuit breaker without
need for disconnecting the circuit.

In order to carry out all of the switching operations
just described, two bus couplers will be provided: one
for permanently coupling the two operating bus bars,
the second for functioning as combined couple and
bypass breaker to effect switchover in case of faults
or need for maintenance.

The rated fault level chosen for the 380-kV switchgear
is 40 000 MVA,

380/110-kV transformers

The 380/110-kV transformers will be three-phase
with a rated capability of 300 MV A and a cooling system
that can be overloaded (up to 400 MVA) for several
hours. Because of the dilferences in neutral grounding
of the 380- and 110-kV levels, the 380/110-kV transformer
have to be of the two-winding type. They will be star
star connected with a 3-kV tertiary winding rated at
100 MVA. The transformation ratio will be 400 = 16
percent/120 kV; the on-load tap changers will have
27 steps.

In order to keep the fault level in the 110-kV system
within the permissible limit, the 380/110-kV transformer
impedance is to be 18 percent of that for the main
transformer.

Four transformers form one building block, and each
building block normally feeds two 110-kV sections. In
the case of a transformer outage, the two 110-kV sections
are coupled and each of the remaining three transformers
are loaded up to 400 MV A, This means that 1200 MVA
per building block is available during an emergency.

110-kV plant. The 110-kV plant of a building block
consists of two sections, each having two bus bars. Each
feeder is attached to one of the two sections and can be
connected to either bus bar. Only the input lines will be
provided with a bypass bus bar.

Four bus couplers are needed—two longitudinal and
two transversal. The former couples the two sections
in case of a transformer outage, the latter permanently
couples the two bus bars of a section.

Contrary to methods practiced for the 380-kV plants.
in the 110-kV plants the special mode of operation
(with coupled double bus bars) cannot eliminate in-
terruptions should a bus bar fail. This condition results
because each 110-kV bus bar feeds 110/10-KV transformers
via single lines. The number of the 110/10-kV trans-
formers affected by a bus-bar interruption, however.
roughly will be half that without use of the double bus.

The rated fault level of the 110-kV switchgear in
380/110-kV main-transformer stations will be 5000 MVA.

Up to 20 operating 110/10-kV transformers, rated
at 64 MVA each, as well as five to ten reserve trans-
formers may be connected to the 110-kV plant of each
building block. As long as the maximum load of the
first building block does not exceed 1200 MVA, the
lines running to the 110-kV main-distribution stations
have to be connected to the 110-kV bus bars of the 380
110-kV main-transformer stations. With erection of the
second building block, these lines may be connected
directly to the 380/110-kV transformers.

110-kV main-distribution stations

The 110-kV main-distribution centers are switching
stations situated closer to the areas of demand and
connected to the 380/110-kV main-transformer stations
via overhead lines of high load-carrying capability. A
main-distribution station may be regarded as the forward
110-kV member of a main-station building block. It
feeds the 110/10-kV distribution substations spread over
the supply area, but concentrated in its inner part.

Main-distribution stations have the same setup as
110-kV plants of main-transformer stations, with the
exception of a lower-rated fault level (4000 MVA).
Seven 110-kV main-distribution stations have been
planned.

The connections between main-transformer stationsand
main-distribution stations normally will be four-circuit
lines with double bundles 2 X 435/55-mm? AlSt (2 X
857/108-MCM ACSR). (The size of the line is deter-
mined by the sag ensuing during an emergency load
when temperatures may reach 120°C.)

These operating conditions imply that each circuit
is able to transmit 300 MVA normally and 400 MVA
in emergency—i.e., it has the same power ratings as a
380/110-kV transformer. Reserve for a circuit outage
is provided by coupling to scctions of a station, as in
the case of a 380/110-kV transformer outage.

110/10-kV distribution substations

A 110/10-kV distribution substation ultimately will
have three operating 64-MVA transformers and one
reserve transformer of the same size. This means a
maximum emergency throughput of 3 X 64 = 192
MVA (one transformer outage).

Each 110/10-kV transformer normally will be con-
nected to the main-distribution station via a single
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lower bus

120-mm? copper cable (237 MCM). In the outskirts,
distribution substations may be fed by double-circuit,
110-kV overhead lines. The reserve transformer can then
be connected to either of the circuits by mcans of load
switches if necessary, since there is ample overhead
line ampacity (see Fig. 3).

The operating 110/10-kV transformers of a distribution
substation will be connected to different 110-kV bus
bars of the main-transformer or main-distribution station.
This procedure limits the number of operating trans-
formers that can sutfer outage to one per distribution
substation, and this can be replaced by the spare unit.

The 110/10-kV transformer winding ratio is 115 =+
16 percent/10.5 kV, adjustable on load in 27 steps. The
10-kV voltage level will be controlled automatically,
dependent on load, eliminating voltage control for sub-
ordinate systems.

For better load matching, two transformer sizes will
be used (32 and 64 MVA). The 64-MVA transformers
will have two separate 10-kV windings, 32 MVA each,
for feeding two 10-kV sections. The reserve transformer
can be connected to each 10-kV section of the substation.
The substations will be equipped with insulating, com-
pound-clad 10-kV single bus bars, each separated into
two halves. The operating and reserve transformers
will be connected to different halves.

With a load of up to 2 MVA per 10-kV feeder, each
32-MVA section will have about 18 outgoing feeders
for the load diversity. This implies a total of some 100
outgoing 10-kV feeders per distribution substation fully
loaded at nearly 200 MVA. Special measures (such as
cooling) may be needed for accommodating all fecders
in the adjoining streets.

Investigations have shown that by making full use
of the available space, a load of nearly 200 MVA can
be transformed within the volume of the present 25/6-kV
substations having 40-MVA throughput. The two old
6-kV sections, 20 MVA cach, can be changed into four
10-kV sections, 32 MVA each. Two additional 32-MVA
sections can be housed in the former 25-kV plant. Only
the 110/10-kV transformer chambers have to be extended.

Since each 10-kV section is fed by a single transformer
connected to a single 110-kV cable, it suffers an outage
when a transformer or cable fails. By automatic switch-
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FIGURE 5. Operation with
coupled double bus bars.

over to the reserve transformer this outage will last a few
seconds only.

The 110/10-kV distribution substations will need no
local staff. If 10-kV feeder breakers trip, notification will
be transmitted to a central-system control room, and a
crew ordered to the respective station via VHF com-
munication to carry out switching and fault-clearing
operations.

10-kV system

The 10-kV systems mainly consist of buried cables—
standard size of 150-mm? Al (296 MCM). Only a few
10-kV overhead lines are still to be found in the outskirts.

As all 10-kV feeders coming from the same 10-kV bus
bar serve a distinct area, there are many separate 10-kV
sections. A 10-kV loop starts from one side of a 10-kV
bus bar and returns to the other side. A loop will serve
up to ten 10/0.38-kV transformer chambers connected
to it via load switches. Each loop is open in one of the
transformer chambers. Ideally, conditions should be such
that equal loading of the two semiloops is obtained. A
feeder is loaded up to 2 MV A, about half thermal rating.

In the case of a semiloop outage, the faulty section be-
tween two transformer chambers is manually isolated, the
previous disconnection point closed, and the semiloop
portion still out of service is switched in by the 10-kV
fecder breaker in the substation. Fault localization and
switching operations may last up to 60 minutes.

0.38-kV system

At the 0.38-kV level, there are three modes of operation,
depending mainly on load density.

Areas of high load densitics (above 5 MVA/km?, i.c.,
about 13 MVA/mi?) are supplied by meshed 0.38-kV
networks. Each meshed network is limited to the area fed
from one 10-kV bus bar of a distribution substation. This
practice prevents coupling of 10-kV bus bars via the 0.38-
KV network, thereby avoiding undesired balance currents.
Besides this advantage, restoration of a whole meshed
network after complete outage can be carried out easily.

In areas of medium load density (1-5 MVA/km?, i.e.,
2.5-13 MVA/mi?), the 0.38-kV system is meshed only
within the service area of a transformer chamber. Each
transformer chamber serves a section. The connections to
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neighboring sections are normally open. In the case of a
transformer-chamber outage, its service area will be fed
from the neighboring sections after insertion of fringe
fuses.

In the outskirts, the 0.38-kV feeders within the service
area of a transformer chamber are radial. There are some
coupling possibilities between the feeders of adjacent
transformer chambers.

In areas above 1 MVA/km? (2.5 MVA/mi?), nearly
all 0.38-kV feeders run underground. The cabling of over-
head lines also is proceeding in areas of low load densities.
All new customers are served with three-phase cables to
supply electricity for such high-power appliances as 21-kW
instantaneous water heaters.

The standard line for 0.38 kV is 3 X 150-mm? (296-
MCM) aluminum sheath cable—exclusively used for
the last ten years or so.

Any fault in the 0.38-kV cable system will normally
burn itself clear. In meshed networks the burnthrough will
not be noticed because cables are fed from both sides.
Service interruptions in the 0.38-kV-section systems are
reported by the affected customers; restoration is car-
ried out by a mobile crew.

Current status

The 380-kV semiring surrounding the eastern half of
Hamburg is in operation with 110 kV and will be con-
verted to 380 kV in 1970-71. The second half of the ring,
belonging to the neighboring utility, consists of a 220-kV
double-circuit line. The tie line to the West German in-
terconnected 380-kV system is to be commissioned in
1970.

Two 380/110-kV main-transformer stations are sched-
uled to be put into operation in 1970-71, the third in
1974. Each of the three stations initially will be equipped
with two transformers, giving an emergency loading of
400 MV A per station.

The first 380/110-kV main-transformer-station, 110-kV
plant is in operation; two othersare to be commissioned
in 1970 and 1973. Six of a total of seven 110-kV main-
distribution stations are in operation; the seventh is
under construction. At present all 110-kV plants consist
of a single section with two bus bars.

The four-circuit lines between main-transformer and
main-distribution stations are in operation or under
construction except for one line scheduled for operation
after 1980. Some of these lines initially will be operated
as double-circuit lines with the other two circuits added
later.

Several 110/10-kV distribution substations equipped
with 32-MVA transformers are already in operation, but
there is only one station with 64-MVA transformers in
existence.

The old 25-kV system continues its decline as a source
for 25/6-kV substations. For the near future it will be
utilized for feeding up to 32 MVA to the 110/10-kV dis-
tribution-substation reserve transformers. Later (post-
1980), the 25-kV system mainly will be used to feed in-
dustrial customers having loads of 5-20 MV A,

The 6-kV level, spread over large portions of the supply
area, is being uprated to 10 kV. The rated voltage of the
equipment is 10 kV and the cables have proved sufficient
for 10-kV operation. Before uprating to 10 kV is effected.
a dc voltage of 46 kV between phases and between phase
and ground is applied to each cable for ten minutes. Up-

rated portions of the 6-kV system have been proven
under operating conditions.

Orders for all new 6/0.38-kV transformers for trans-
former chambers and customer plants have specified, for
the past several years, that transformers be convertible
from 6 to 10kV.

Treatment of system neutrals

The 380-kV system will be solidly grounded; the earth
fault current is expected to reach 15 kA in the initial stage
and 40 kA once the system is fully developed.

The 110-kV system over heavily built-up areas is reso-
nant grounded via Petersen coils. A changeover to neutral
grounding via impedances is under investigation. This
would require expensive measures, however, as earth
fault-voltage gradients near overhead-line poles and in-
terference voltages on communication lines have to be
reduced to a level permitted by conservative German
regulations.

The 10-kV system neutrals are isolated, with the ex-
ception of large systems where neutrals may be grounded
via a Petersen coil.

The planned electricity supply system of Hamburg will
provide up to eightfold present demand, a provision that
may be expected to serve satisfactorily through to the
turn of this century. Such a framework should contribute
to a long-term economy and reliability of supply.

This article is based on a paper presented at the IEEE Winter
Power Meeting, New York, N.Y., Jan. 25-30, 1970,
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Coding and its application
in space communications

Once regarded as purely academic, coding theory
has turned out to be eminently practical for the modern
applications of space channels

G. David Forney, Jr.

Between 1948—when Shannon first proposed his
basic theorems on information theory—-and the start
of the space age, little practical application developed
from the lessons of coding theory. This article pre-
sents an overview of the Shannon theorem, interesting
practical codes, and their application to the space
channel. It turns out that a simple encoder in combi-
nation with a decoder of modest complexity placed
into an uncoded communications system can increase
the data rate by a factor of four or more depending on
the coding scheme and the allowable error rate. Use
of a convolutional code with sequential decoding has
proved to be the outstanding scheme for these appli-
cations. It appears that, in the future, coding will find
a place in most new digital space communication sys-
tems.

Coding theory has a history no doubt unique among
engineering disciplines: the ultimate theorems came first,
practical applications later. For many years after Shan-
non’s announcement of the basic theorems of information
theory in 1948, the absence of any actual realization of the
exciting improvements promised by the theory was a
source of some embarassment to workers in the field.
A standard feature of IEEE Conventions in this period
was a session entitled “Progress in Information Theory,”
or something similar, in which the talks purporting to
show that the theory was approaching practical applica-
tion tended instead to confirm the prejudices of practical
men that information theory wou!d do nothing for them.

ILLE spectrum June 1970

Codex Corporation

In retrospect, there were two principal reasons for
this lag. First, Shannon’s coding theorems were existence
theorems, which showed that within a large class of
coding schemes there existed some schemes—nearly all,
actually—that could give arbitrarily low error rates at
any information rate up to a critical rate called channel
capacity. The theorems gave no clue to the actual con-
struction of such schemes, however, and the search for
coding techniques capable of remotely approaching the
theoretical capacity proved so difticult that a folk theorem
was proposed: “All codes are good, except those we can
think of.”

Second, the channels of practical interest-—telephone
lines, cable, microwave, troposcatter, and HF radio-
proved not to have anything like the statistical regularity
assumed in the proof of the coding theorems. In fact,
most theorems are based on the assumption of statistical
independence in the noise affecting ecach transmitted
symbol, whereas on the channels just cited disturbances
tend to be manifested in bursts spanning many bits.
This is to say nothing of other anomalies that arise in
practice, such as a channel described at a recent infor-
mation theory symposium as “a very good channel,
with errors predominantly due to a noisy Coke machine
near the receiver.”

Over the past decade, the situation has improved
tremendously. The problem of finding workable coding
schemes has been recognized to be fundamentally a
problem of finding decoders of reasonable complexity.
The solution has been sought in considering classes of
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codes so structured that efficient decoding becomes
feasible (but not so much structured that the codes
themselves are no good). The most popular approach has
been to use the structures of abstract algebra to generate
classes of good, decodable block codes. A second ap-
proach uses lincar sequential circuits to generate a class
of codes that are called convolutional; at least for the
applications to be discussed here, convolutional codes
seem to have better balance between structure and ran-
domness than is capable with the perhaps too-structured
block codes.

A second major development of the last decade has
been the emergence of the space channel into practical
importance, both in the requirements of NASA for
efficient transmission from deep-space probes, and in the
proliferation of earth-orbiting communications satellites.
The remarkable characteristic of the space channel is that,
within the sensitivity of tests performed to date, it appears
to be accurately modeled as a white-Gaussian-noise
channel. Anyone who has ever taken a statistical subject
knows that white Gaussian noise is the archetype of
statistically regular, nonbursty noise, and as such is the
theorist’s dream. Consequently, in considering possible
schemes for the space channel, one may use the most
profound theorems, the most subtle analyses, and the
most accurate simulations. One is also able to propose
the most sophisticated and powerful decoding procedures,
and predict performance to the accuracy of a fraction
of a decibel. The initial successes of coding on the space
channel have led to its incorporation in all space-system
designs (of which the author is aware) in the last two

Correlator

x(t) = a(t) cos (wet =~ 0)

AN
\1 y(t) = a a(t) cos {wet + 0 + ()] +n(t)

FIGURE 1. Amplitude modulation on a satellite channel.

FIGURE 2. Discrete-time channel model.
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years or so. For this reason, as well as the pedagogical
neatness of the white-Gaussian-noise channel, this article
uses the space channel for both orientation and motiva-
tion. We shall say little about the literally more mundane
channels mentioned earlier, for although applications of
coding have also been increasing in those environments,
the schemes used are much more ad hoc, and more than
qualitative predictions about behavior on real channels
rarely can be made.

The space channel

The model of the space channel that we shall use reflects
all the significant characteristics of the channel, without
some details important only in practice; it is illustrated in
Fig. 1. An amplitude-modulated carrier

x(t) = a(t) cos (wct + 0)

is generated aboard a satellite and transmitted to an
earth antenna. (Frequency and phase modulation are
also used, but not as often as AM, and offer no advantage
in principle.) The model still applies when the signal
actually originates at another ground station and the
satellite is only a repeater, since the power available on
the ground is so much greater than that aboard the satel-
lite that the uplink may be considered perfect in most
cases. The received signal

y(1) = aa(t) cos [wet + 0 + Y(O)] + n(r)

is subject to several principal disturbances:
1. Simple attenuation a due to distance (assumed
perfectly linear). The received signal power is denoted P.

IEEE spectrum JUNE 1970
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FIGURE 3. System block diagram.

2. Additive white Gaussian noise n(r) arising in the
receiver front end, with single-sided spectral density N,.

3. Phase variations (/) due to imperfect tracking,
uncompensated Doppler shifts, an unstable carrier
oscillator, and so forth. In the applications with which the
author is familiar, with the carrier w, in S band, the phase
variations are the only important departure from the
ideal white-Gaussian-noise model, and make themsclves
felt at low data rates by frustrating perfectly coherent
demodulation. On a NASA mission with a terminal of the
Goldstone type, phase variations can be kept to a few
hertz or less, and are unimportant unless the bit rate is of
the order of 10 bits per second or less. However, in some
military applications where the receiver is aboard a plane,
ship, jeep, or other moving platform, *“low™ data rates
may be as high as 75 to 2400 b/s. We shall assume here-
after that we are at high enough rates that essentially
perfect phase tracking and coherent demodulation can
be maintained.

It will also be assumed that the information to be
transmitted is already in digital form, leaving totally
aside the kind of coding (source coding) that is concerned
with efficicnt representation of the information in bits.
(The gains from etficient source coding may be expected
to equal or exceed those claimed in the following for
efficient channel coding. The best techniques of the infant
field of data compression are, however, even more ad hoc
than those for channel coding on bursty channels.) The
information rate will be denoted as R b/s.

When a communications system can pass R informa-
tion bits per second over a white Gaussian channel on
which the received power is P and the noise density
N,, with some acceptable quality, we say that the system
is operating at a signal-to-noise ratio per information bit
E,JN, = P/N,R. This dimensionless parameter then
serves as a figure of merit for different coding and modula-
tion schemes. Note that it incorporates any effective
power loss due to coding redundancy. A system designer
who simply wants to select a communications scheme to
get the most data rate for a given power and receiver
noise temperature, or to use the least power for a fixed
data rate, will pick the scheme that can opcrate at the
lowest E,/N, with adequate quality (if he can possibly af-
ford it).

An appropriate modulation technique, and the only
one we shall consider, is pure time-discrete, N-level
amplitude modulation. By this we mean that the modu-
lating waveform a(1) can only change at discrete inter-
vals 7 seconds apart, and during any r-second period,
sometimes called a baud, it can take on one of N discrete
values, usually equally spaced. We let a; be the value in
the ith interval. If N is a power of two, say 2", then the
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signaling rare is 1/7 symbols (bauds) per second, and the
transmitted rate m/7 bits per second. Ideally, the band-
width occupied is W = Y7 hertz, but this is only an
approximation (and a lower bound) to the practical
bandwidth. By far the most common schemie of this class
is the binary (N = 2) case, with a(r) = =£1; this is com-
monly called PSK or phase-shift keying, the terminology
arising from a viewpoint in which a(s) has constant
magnitude 1 and the phase 6 is modulated to the two
values = /2.

With white Gaussian noise, and perfect phase tracking,
it is appropriate to use a correlation or matched filter
receiver. Mathematically, in the ith baud such a receiver
forms the inlcgral
It is casily shown that z; = a; + 14, where a; is the modu-
lation amplitude (scaled) in the ith baud and »x; is the
noise, a Gaussian random variable centered on 0 and
independent from baud to baud. (This assumes perfect
synchronization of the timing intervals, which can be
approached as closely as desired in practice.) Further-
more, no information is lost in the correlation operation,
in the sense that any decision on what was sent that is
based on the correlator outputs z; can be just as good as
the information based on the complete received wave-
form. Thus we have replaced our continuous-time model
with a discrete-time model, illustrated in Fig. 2 for PSK.
Every 7 seconds, a level ¢, (one of N) is sent, and a cor-
relator output z; is received.

In the absence of coding, a hard decision is made on
the correlator output as to which level was actually sent.
For example, with binary PSK, a positive z; leads to a
decision of +1, and negative to —1. With coding, it
is usually desirable to keep an indication of how reliable
the decision was; this can range from establishing a null
zone around 0, which is treated as no decision or an
erasure, 10 retaining essentially all the information in the
correlator output by sufficient finely quantized analog-to-
digital conversion (normally three bits), called a soft (or
quantized) decision. Schematically, any of these possi-
bilitics will be represented by a box following the cor-
relator output labeled A/D.

We can now lay out the complete block diagram of a
system that includes coding (Fig. 3). Information bits
arrive at a rate of R b/s. An encoder of code rate k/n in-
serts n — & redundant bits for every & information bits,
giving a transmitted bit rate of nR/k b/s. These bits are
taken m per baud into the modulator; at the receiver, a
noisy correlator output is developed for cach baud and
A/D converted. The resulting hard decisions, soft deci-

y(1) cos [wet + 6 + () dt
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sions, or whatever, enter the decoder, which uses the
redundancy in the data as well as (with soft decisions) the
reliability of the received information to estimate which
information bits were actually sent. When the signal-to-
noise ratio is specified, this is a well-defined mathematical
model, and it makes sense to ask the question: How much
information can we transmit through this channel, and
what do we put in the encoder and decoder boxes to doit?
The surprising fact upon which we commented at the
beginning of this article is that the answer to the first
question was announced long before anyone had the
remotest idea how to answer the second.

Channel-capacity statements
Shannon’s original work! showed that the capacity of
the communication system blocked out in Fig. 3 is
C = % log. (1 + P/N,WY) bits/baud

or Wlog. (1 + P/N,W) bits/sccond
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FIGURE 4. E.,/N, as a function of C/W in bandwidth-limited
and power-limited regions (note change of scale), with
operation at capacity contrasted with M-level amplitude
modulation [Pr (&) = 10-7).

FIGURE 5. Bit-error probability as a function of signal-to-
noise ratio per information bit for situations involving no
coding and coding at capacity.
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where P is the received signal power, N, the single-sided
noise spectral density, and W the nominal bandwidth
Y. Shannon showed that whenever the information
rate R is less than C, then there exists some coding and
modulation scheme with as low a decoded error proba-
bility as you like; whercas if R > C, then the error proba-
bility cannot approach zero and more coding generally
only makes things worse. Finally, it can be shown that
the same results apply when the special modulation
assumptions of Fig. 3 are removed, and any signaling
scheme whatsoever is allowed.

At one time, this classic formula fell into disrepute,
after it had been used loosely by all sorts of coarse fellows
who applied it promiscuously to channels not remotely
characterized by the white-Gaussian-noise model. With
the advent of the space channel, however, it is time to
rehabilitate it for the insight it provides.

Suppose we could actually transmit at capacity; the
signal-to-noise ratio per information bit would then be
E,/N, = P/N,C. The number of bits per cycle of
bandwidth under the same conditions would be C/W.
The capacity formula is usefully rewritten as a relation
between these two dimensionless parameters:

C/W = log: [1 + (P/N,CYC/W)]

This relation is plotted in Fig. 4. We see that, for a fixed
power-to-noise ratio P/N,, more and more efficient
communication is possible as the bandwidth is increased,
and that with no bandwidth limitations, £,/N, approaches
a limit of In 2 (x20.69, or — 1.6 dB), called the Shannon
limit. To date, space communication has been charac-
terized by severe power limitation and bandwidth to burn,
so that this so-called power-limited case has been the re-
gime of interest. We note that, although the E,/N, limit
is reached only for infinite bandwidth, at % bit per
cycle of bandwidth (or a code rate of about %4 with PSK)
we are practically there.

Let us now see what coding has to offer in the power-
limited case. Figure 5 is a more standard curve of error
probability versus E,/N, in decibels. The no-coding curve
is that for ideal PSK, which is representative of what was
in fact used in the years B.C. (before coding), as in the
Mariner ’64 system that returned the first pictures from
Mars. We see that an E,/N, of 6.8 dB is required to ob-
tain a bit error probability of 102 and 9.6 dB to obtain
10, On the other hand, the capacity theorem promises
essentially zero error probability whenever E,/N, exceeds
— 1.6 dB. This means that potential coding gains of 8
to 11 dB (a factor of 6 to 12) are possible, which is rather
exciting in an environment where the cost of a decibel
is frequently measured in millions of dollars. Since, in
the power-limited region, R is directly proportional to P,
this gain may be taken either as reduced power or as
increased data rate.

Another curve of parenthetical interest is included in
Fig. 5, the capacity curve when the A/D box of Fig. 3
makes hard decisions. It turns out that this costs a factor
of 7/2 or 2 dB. We remark on this loss here because it
secems to be one of the universal constants of nature:
regardless of the coding scheme, use of hard decisions
rather than soft in the power-limited region always costs
about 2 dB.

The situation is quite different when the channel is
bandwidth-limited rather than power-limited. The follow-
ing simple argument shows that, in this region, coding
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no longer offers such dramatic gains. Referring back to
the capacity formula, we see that for P/N,W >> 1, with
fixed N, and W, each increase by a factor of four in P
leads to an increase of 1 bit/baud in channel capacity.
On the other hand. consider what is required to increase
the transmission rate in conventional multilevel amplitude
modulation by 1 bit/baud. To double the number of signal
levels while maintaining the same level separation and
therefore the same probability of error requires increasing
the amplitude span of the levels by a factor of two. as in
Fig. 6, or the average power P by a factor of about {our
(this rapidly becomes exact as N = 2" increases). Thus,
iff Ryy is the rate achievable with amplitude modula-
tion and C the capacity for some power P, then as P
increases by & factors of four, we have

P— 4P
Rivw — Rau + &
C—C+k

Rau . Raw + &
C C+ A

— 1 ashk —

Thus we can nearly achieve capacity without coding
as we get deeper into the bandwidth-limited region. In
Fig. 4, we plotted the first few AM points for Pr(g) =
10~ to show how rapidly Ray approaches C. It therefore
may be anticipated that as communications satellites
achieve greater and greater effective radiated power the
attractiveness of coding will diminish. One also suspects
that this argument partially explains why, despite the
fact that much outstanding early work on coding, in-
cluding Shannon’s, came out of the Bell Telephone
Laboratories, to date there has been negligible operational
use of coding on telephone circuits, which are engincered
to be high signal-to-noise ratio, narrow-bandwidth lines.
Comsat, by inheriting telephone-type tariffs that require
its bandwidth to be offered in narrow slices, has been
hobbled in the same way.

Maximum-length shift-register codes

In the remaining sections, we will discuss different
types of codes and decoding methods, in an attempt to
give an impressionistic feel for what they involve, with
particular reference to performance on the power-limited
space channel. We begin with klock codes, which were
the first to be studied and have the most well-developed
theory. The maximume-length shift-register (or pseudo-
random or simplex) codes are a class of codes that make
a good introduction to algebraic block codes. Their
properties are interesting and easy to derive, and serve
as an casy entrée to the mysteries of finite fields, upon
which further developments in block codes depend. Fur-
thermore, they are actually useful in space applications
and in noncoding areas as well. The number and quality
of the pictures of Mars returned from the recent Mariner
probes depended on the use of codes like these.

Consider first a digital feedback circuit such as the one
depicted in Fig. 7; ic., an m-bit shift register whose
serial input is the modulo-2 (exclusive-or) sum of two or
more of the bits in the shift register. In Fig. 7, m = 4 and
the two bits are the rightmost 5, and the leftmost by, so
that the input by, is expressed mathematically as

b = b, + by modulo 2 (1a)

Forney—Coding and its appliciation in space communications

or, using the notation P for modulo-2 addition,

bin = by @ by (1b)

When we say “shift register,” we imply that whenever
the circuit is pulsed by a clock pulse (not shown), bi.
enters the left end, all other bits shift one place to the
right, and the rightmost bit by is lost.

1t is well to be absolutely solid on the properties of
modulo-2 arithmetic before striding off into the woods of
algebraic coding theory.* Only two quantities occur in the
arithmetic, 0 and 1. They may be added and multiplied
as though they were ordinary integers, except that | @1 =
0. This leads to the curious property that any number
(0 or 1) added to itself in this arithmetic “‘cancels,” i.e.,
equals zero, so that each number can be regarded as the
negative of itself, and addition and subtraction are in-
distinguishable. (For example, if ¢ = b @ ¢, thenh =
* In general, the operations of modulo-N arithmetic (N equal to
any integer) are the same as those of ordinary arithmetic after
every number is reduced to its remamnder when divided by N,
For cxample, 8 modulo 3 is 2.

1. Modulo-2 arithmetic

Multiplication

Addition
+ 0 1 < 'L 0 1
0 0 0 o | o
1 1 0 1 1 0 l 1
iR
0o—=— —F—o
_ i

FIGURE 6. Doubling the number of levels with the same
level spacing requires quadrupling the power in pulse
amplitude modulation.

FIGURE 7. Maximum-length shift-register sequence gen-
erator with m = 4 stages.
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a © ¢ = a @ c.) Addition and multiplication tables are
given explicitly in Table 1. It is easy to verify that all the
ordinary rules of arithmetic—ie., « + h + ¢ = ¢ +
b + a, alb + ¢) = ab + ac, etc.—apply in modulo-2
arithmetic. so that we can manipulate symbolic expres-
sions freely, just as though they involved ordinary num-
bers, with the additional rule that ¢ + « = 0.

Return now to the feedback circuit of Fig. 7. What
happens when it is shifted a number of times? The an-
swer clearly depends on what its initial contents are. If
all stages initially contain zeros, then the input will be
zero, so that a shift will leave the register in the all-zero
state. There are 15 other initial states; if we pick one of
them, say 0001, and use Eq. (1), we find that 15 shifts
cycle the register through all nonzero states and return
the register to the starting point. The state diagram is
shown in Fig. 8; it consists of two cycles: the one-state
all-zero cycle, and the 15-state nonzero cycle. The name
“maximum-length shift register” is given to this circuit
since, given that 0000 must go to 0000, the 15-state cycle
is the maximum length possible.

It is a nontrivial result of algebra that for any number of
stages m we can always find a circuit like Fig. 7 with a
state diagram like Fig. 8. The input is always a mod-
ulo-2 sum of certain stages of the register, so the all-zero
state always gives a zero input, and the zero state always
goes into the zero state on a shift. The remaining M —1
states form a maximum-length cycle, where M = 2"
Table Il specifies input connections to the modulo-2
adder that will give a maximum-length shift register for
1 <m< 34.

A block code using the circuit of Fig. 7 as an encoder
operates as follows: The message to be transmitted,
assumed to be a sequence of bits, is segregated into 4-bit
segments. Each segment is loaded into the 4-bit shift
register, and the register is shifted 15 times. The 15 bits

FIGURE 8. State diagram of feedback circuit in Fig. 7.
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coming out of the rightmost stage of the register are trans-
mitted as a block, or code word. Table III gives the 15-
bit code words corresponding to each 4-bit information
segment.

This code is called a (15, 4) code, since code words have
15 bits for each 4 information bits. By using registers of
different lengths m, we can create (M — 1, m) codes.
Since M = 2™, as m gets large, the ratio of information
bits to transmitted bits (the code rate) becomes very
small, which limits the usefulness of these codes for coding
purposes; in other applications, however, the fact that
a very long nonrepeating sequence can be generated
with a short register is the feature of interest.

We can quickly determine some propertics of the
(M — 1)-bit sequences generated by these registers. First.
the bits in these sequences are the rightmost bits of the
M — 1 nonzero state sequences of length . Since exactly
half of all m-bit sequences end in *“1,” precisely M2 1's
occur in any maximum-length sequence (for example,
8 bits out of the 15 in the sequence of the example). In a
long sequence, if we look at the output at a random time,
the probability of seeing a ““17 is (M/2){(M — 1), or just

Il. Connections for MLSR generators

Stages Connected Stages Connected
m to Modulo-2 Adder m to Modulo-2 Adder
1 1 18 1,12
2 1,2 19 1, 15, 18, 19
3 1,3 20 1,18
4 1,4 21 1,20
5 1,4 22 1, 22
6 1,6 ‘ 23 1,19
7 1,7 24 1,18,23,24
8 1,5,6,7 ' 25 1,23
9 1,6 | 26 1, 21, 25, 26
10 1,8 27 1, 23, 26, 27
11 1,10 28 1,26
12 1,7,9 12 29 1,28
13 1, 10, 11, 13 30 1, 8, 29, 30
14 1,59 14 31 1,29
15 1,15 32 1,11, 31, 32
16 1,5, 14,16 33 1,21
17 1,15 34 1,8, 33, 34
Hi. Code words in a (15, 4) code
Information Bits Code Word
0000 000000000000000
0001 000111101011001
1000 100011110101100
0100 010001111010110
0010 001000111101011
1001 100100011110101
1101 110010001111010
0110 011001000111101
1011 101100100011110
0101 010110010001111
1010 101011001000111
1101 110101100100011
1110 111010110011001
1111 111101011001000
0111 011110101100100
0011 001111010110010
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about Y. Furthermore, since all m-bit sequences except
the all-zero sequence occur somewhere in the maximums-
length sequence, the probability of secing a *1”* given any
m — 1 or fewer preceding bits is still nearly one half.
These and other statistical properties make a maximum-
length sequence difficult to distinguish from a sequence
generated truly randomly, as by flipping a coin, yet these
sequences are easy to generate and repeatable. Thus they
are commonly used to generate pseudorandom bits.

The class of maximum-length shift-register codes is
representative of the major classes of algebraic block
codes, in that such codes have the properties of being

1. Systematic; that is, the information bits are trans-
mitted unchanged as part of the code word. In the ex-
ample (Table 111), the first four bits of each code word are
the information bits.

2. A parity-check code; that is, each of the noninfor-
mation (parity) bits is a parity check on (modulo-2 sum
of) certain information bits. This can be proved in-
ductively; for example, in the example code, the fifth
bit is the modulo-2 sum of the first and fourth; the sixth
is the sum of the second and fifth, but this is the same as
the second plus the first plus the fourth; in general, the
nth bit is some modulo-2 sum of previous bits, which are
themselves each modulo-2 sums of information bits, so
the nth bit is also some modulo-2 sum of information
bits. (In fact, in the maximum-length shift-register codes,
the parity bits consist of all possible different parity checks
on the information bits.)

3. Cyclic; that is, the end-around shift of any code
word is another code word.

The parity-check property can be used to prove the
most important single result concerning parity-check
codes (the group property), which is that if we form the
modulo-2 sum of two code words, we get another code
word.

The modulo-2 sum of two n-bit code words is defined as
the bit-by-bit modulo-2 sum; that s, if x; andy, 1 <i<n
are the bits in the two original code words, then the bits
z; in their sum are

Z; = X @ Vi

Thus the information bits in z are the modulo-2 sum of the
information bits in x and y. The parity bits in z are what
we get when we put the modulo-2 sum of the information
bits in x and v into our 4-bit register and shift 15 times;
it is not hard to sce that they are the modulo-2 sum of the
parity bits in x and y, since the shift-register connection
is itself a modulo-2 sum. In other words, the two circuits
in Fig. Y have identical outputs.

This can be verified also by taking any two of the words
in Table I11 and forming their modulo-2 sum; the result
will be another one of the cyclic shifts of the basic se-
quence.

The group property gives immediate answers to ques-
tions about distance or correlation between code words.
The distance (Hamming distance) between two code
words is defined as the number of places in which they
differ. If we form the modulo-2 sum of two code words,
the resulting word will have zeros in the positions in
which the two code words agree, and ones where they
differ; thus the distance between two code words is
exactly the number of ones in their sum. But, from the
group property, their sum is another code word; and in
the maximum-length shift-register codes all words have
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the same number of ones,* namely M/2 (eight in our ex-
ample). Thus the distance between any two words in
these codes is M/2, or about half the code length.

The equidistant property of maximum-length shift-
register codes makes them an optimum solution to the
following problem in signal design: How can one con-
struct M equal-energy signals to minimize the cross-cor-
relation between any two signals, with no bandwidth
limitations? Let us suppose that a code word is sent by
PSK, so that a 0 is sent as a baud of amplitude —1 and
a 1 as amplitude + 1. The M-code words then correspond
to M vectors in M — 1 dimensions, all of equal energy
(autocorrelation) M — 1. The cross-correlation (inner
product) of any two vectors is a sum of baud-by-baud
correlations, equal to —+1 if the vectors agree in that
place, and —1 if they disagree. But we have just proved
that the Hamming distance between any two code words
is M/2, so that any two vectors disagree in M/2 places and
agree in the remaining M/2 — 1. Consequently, any two
vectors are anticorrelated with cross-correlation —1.
This implies that as vectors in (M — 1)-space, the code
words form a geometrical object called a simplex, which
is universally believed (though it has never quite been
proved) to be the distribution of equal-cnergy signals in
signal space that minimizes the probability of in-

* Except the all-zero word, of course; this is the code word we
get when we sum any code word with itself.

FIGURE 9. Two equivalent linear circuits.
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FIGURE 10. Simplex (tetra-
hedron) formed by m = 2, (3, L
2) code in three dimensions.

correct detection. Figure 10 shows the simplex corre-
sponding to the m = 2 maximum-length shift-register
code, which takes the form of a tetrahedron in three
dimensions. Here is an intriguing contact between alge-
braic coding theory and the geometry of N dimensions.

Suppose now that we use such a binary code with PSK
modulation; how shall we decode it at the receiver? As
in Fig. 3, we assume that we start with the M — 1 cor-
relator outputs z, that correspond to the M — [ bauds
required to send a code word. For definiteness, we use the
code of our example in which m = 4and M — 1 = 15.
Here we shall see a distinction between the viewpoints of
the signal designer and of the algebraic coding theorist.
The signal designer would take the attitude that what we
have here is a way of sending one of 16 signals through
a white Gaussian channel, where each possible signal is
made up of 15 binary chips, and thus is a vector in 15
dimensions. As in the pure binary case, the optimum
detection method is to correlate the received signal
against all the 16 possible transmitted signals, which
can be done by simply summing the correlator out-
puts z; multiplied by =1 according to the code word
amplitude in the corresponding baud. Thus 16 computa-
tions followed by a selection of the largest correlation
must be performed. (It turns out that the correlations
can be done simultaneously in a special-purpose com-
puter—called the ““Green machine” at Jet Propulsion
Laboratory? —-as an M-point fast Hadamard transform.
which is structurally very similar to a fast Fourier trans-
form.) The computational load remains manageable for
m less than eight or so, which is also where the bandwidth
occupied by these codes begins to be absurdly large. A
modified (biorthogonal) m = 6 code was used in the
Mariner 69 expedition; its performance curve is shown
in Fig. 11.°

An alternate approach is usually taken by the algebraic
coding theorist. The first step is to make a hard decision
on cach correlator output to obtain a 15-bit digital word

g
=11

FIGURE 11. Performance of various block codes.
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called the received word. Now we are back in the realm of
modulo-2 arithmetic, Hamming distance, and so forth.
In the hard-decision process, a number of bit errors will
usually be made. From the distance properties of the
original code, one can determine that if fewer than some
maximum number of errors occur, then correct decoding
is guaranteed. In the example, where the Hamming dis-
tance between any two words is eight, it is easy to see that
if three errors occur in the reception of any code word,
then the received word will differ in three places from the
correct word, but in at least five places from any other
word, so that in principle decoding should be correct. In
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FIGURE 12. Convolutional encoder.

general, a number of bit errors equal to the greatest
integer less than half the Hamming distance is guaranteed
to be correctable

One decoding method suitable for the (15, 4) example
code is permutation decoding.* From the distance proper-
ties of this code, we know that if we can find some code
word within Hamming distance three of the reccived
word, then we should assume that word was sent, since
all other code words must be at least distance five from
the received word. To find such a word, we can start
by simply reencoding the four received information bits,
and checking whether the reencoded parity bits agree
with the received parity bits in all but three or fewer
places. If so, we are done. If not, then because of the
cyclic property of the code, we can take any other four
consecutive received bits, treat them as information bits,
and generate the rest of the cycle (end-around) that
makes up the code. (If this is not immediately clear, try
taking any four consecutive positions of any code word
in Table 111, loading them into the encoder shift register,
and shifting 15 times to generate the whole code word,
starting at that point and cycling around past the begin-
ning.) If there are actually three or fewer bit errors, at
least one set of four consecutive positions will be re-
ceived correctly, so by taking each set of four in turn,
reencoding, and comparing, we will eventually find the
correct code word. (This cyclic permutation scheme is
also used to correct burst errors, since a correctable burst
of errors will not affect at least one set of k consecutive
bits.”)

The performance of hard decisions followed by alge-
braic error correction is also shown in Fig. 11, for the
same (32, 6), distance-16 code as in the correlation detec-
tion curve. We see that it is more than 3 dB worse for the
lower error probabilities. 1t might therefore seem that
the correlation technique is the better one; however,
algebraic decoding remains feasible for much longer code
lengths and numbers of information bits, where correla-
tion detection is computationally infeasible. A curve for
the (24, 12) (minimum distance eight) extended Golay
code is also shown in Fig. 11; with longer codes, the
hard-decision disadvantage can eventually be overcome.

Ideally, onc would like a scheme whose computational
complexity was like that of the algebraic decoding
schemes, but would make use of all the information in the
correlator output and thus achieve performance like that
of correlation detection. At least two approaches (orth-
ogonal equation decoding®’ and generalized minimum-
distance decoding®) with these features are known, but
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they have not been extensively studied due to the ex-
istence of superior convolutional coding schemes (to be
described in the next section).

Although we have studied only the maximum-length
shift-register codes here, more advanced algebraic block
codes involve quite similar ideas. Peterson® and Berie-
kamp '° are the standard references of the field.

Convolutional codes

Historically, the coding world has been divided between
block-code people and convolutional-code people. Al-
though relations between these groups are perfectly
amicable, block-code types tend to harp on the relatively
primitive theoretical understanding and development of
convolutional codes vis-a-vis block codes, whereas con-
volutional-code types point out that in all respects in
which convolutional codes can be compared with block
codes they are essentially as good in theory, and in some
major respects better, while in practice they are ty pically
simpler. The correctness of both these viewpoints will
be illustrated in this section, Whereas we have considered
an infinite class of good block codes, we cannot now con-
sider such a class of convolutional codes, since classes
of reasonably good codes in the block-code sense are
unknown. Instead we shall consider a simple typical
code and some reasonable ways of decoding it. The best of
these methods will be seen to give better performance on
the space channel than any block-code techniques.

Consider the linear sequential circuit illustrated in
Fig. 12. Like the maximum-length shift-register generator
of Fig. 7, it consists of a shift register and a modulo-2
adder connected to several shift-register stages. In this
case, however, information bits are continuously entered
into the left end of the register, and for cach new informa-
tion bit a parity bit (a parity check on the current bit
and three of those in the past) is computed according to
the formula

e = il@h,.l@itJ@i! [

Information and parity bits are transmitted alternately
over the channel. The code generated by this encoder is
called a rate-Y convolutional code: rate "2 because there
are two transmitted bits for every information bit, con-
volutional because the parity sequence is the convolution
of the information sequence with the impulse response
1.1,0,0,1.0,1, modulo-2. Like the block codes considered
earlier, the code is systematic (information bits are trans-
mitted), and is a parity-check code; therefore, it has the
group property (the modulo-2 sum of two encoded se-
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quences is the encoded sequence corresponding to the
modulo-2 sum of the information sequences).

We shall now suppose that the encoded sequence is
sent over a binary channel and that hard decisions are
made at the receiver output. How do we decode? First,
the decoder must establish which received bits are infor-
mation and which parity, but as there are only two pos-
sibilities, trial and error is a feasible procedure. (For
block codes, the comparable problem involves a choice
between n phases, where n is the block length, and some
special synchronization means may be required.) This
done, we shall let the decoder form syndromes, which are
defined as follows:

Take the received information sequence, and from it
recompute the parity sequence with an encoder identical
to that of Fig. 12. Compare these recomputed parity
bits with the parity bits actually received; the outputs
from the comparator (another modulo-2 adder) are called
the syndromes (sce Fig. 13). (The syndrome idea is
equally useful with block codes.)

It is evident that if no errors occur in transmission over
the channel, the recomputed parity bits will equal the
received parity bits and all syndromes will be zero. On the
other hand, if an isolated error occurs in the parity se-
quence, then a single syndrome will be equal to one at the
time of the error. If an isolated error occurs in the infor-
mation sequence, then the syndromes will equal one at all
times when the incorrect bit is at a tapped stage of the
shift register, so the syndrome sequence will be 1,1,0,0,1,
0,1,0,0. .., starting at the time of the error. The syndrome
pattern for more than one error is just the linear super-
position (modulo-2) of the syndrome patterns for each

_. Received information |

Received bits

of the individual errors. Thus do the syndromes indicate
the nature of the disease.

An obvious technique for correcting single isolated
errors now suggests itself. Such an error will manifest
itself as a syndrome pattern of 1100101 or 1000000, de-
pending on whether it is in an information or a parity bit.
The first time we see a 1 in the syndrome sequence, we
know that anerror has occurred; the value of the following
syndrome tells us whether it was an information or
parity error. Since only information errors need be cor-
rected, an AND gate looking for two successive syndrome
“ones” suffices, as illustrated in Fig. 14(A).

One can correct double errors with the hardly more
complicated circuit of Fig. 14(B). Here the syndromes
are fed into a 7-stage shift register; a threshold circuit
fires if three or four of four selected places contain ones.
The selected places are those that would contain ones if
there were only a single information error. A single parity
error, in addition, can only disturb one input to the
threshold circuit; similarly, it can be verified that with
this particular code a second information error can only
interfere with one input, so that if only two errors occur
the threshold circuit will certainly fire at the right time.
On the other hand, it can also be verified that under the
assumption of only two errors the circuit will never fire
at ‘the wrong time. Finally, the complement line is in-
cluded to take out the effect of a corrected error in those
syndrome bits that were inverted by it, so that the decoder
can handle all error patterns that do not have more than
two errors in any seven consecutive pairs of received bits.

Both these decoders are examples of threshold de-
coders? (working on a self-orthogonal code!!). Threshold

Received parity

Recomputed parity
y

<
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N
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[

FIGURE 13. Syndrome formation at the receiver.

FIGURE 14. Simple single- and double-error-correcting threshold decoders.
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decoding is an extremely simple technique that applies to
many short codes correcting a few errors, and that is
casily extended to correct bursts of errors. Its efficiency
diminishes as the number of crrors to be corrected be-
comes large, and for this reason it is not an outstanding
performer on the space channel. With hard decisions,
the performance of the threc-crror-correcting (24, 12)
convolutional code (shift register length 12) is about the
same (to within 0.2 dB) as that of the (24, 12) block code
of Fig. 11.

Sequential decoding was invented by Wozencraft!? in
about 1957. Through a decade of improvement, analysis,
and development, it has become the best-performing
practical technique known for memoryless channels like
the space channel, and will probably be the general-
purpose workhorse for these channels in the future. Like
much else in the convolutional-coding domain, it is hard
to explain and analyze, but relatively casy to implement.
Very crudely, a sequential decoder works by generating
hypotheses about what information sequence was actually
sent until it finds some that are reasonably consistent
with what was received. It does this by a backward and
forward scarch through the received data (or through
syndromes). It starts by going forward, generating a
sequence of hypotheses about what was sent. It checks
what was received against what would have been trans-
mitted given the hypotheses, and according to the good-
ness of the agreement updates a measure of its happiness
called the metric. As long as it is happy, it goes forward;
when it becomes unhappy, it turns back and starts chang-
ing hypotheses one by one until it can go forward happily

Forney—Coding and its application n space communications

Sequentia!l decoder (hard
decisions, rate % 5 Mb/s)

Sequenttal decoder (hard

Adecismns, rate% .50 kb.’s)

Viterbi decoder (soft
decisions, rate —i— m =6)

FIGURE 15. Performance of
convolutional decoders.

again. A simple set of rules for doing this is called the
Fano algorithm. 312

It is evident even from this meager description that
sequential decoding involves a trial-and-error scarch of
variable duration. When reception is perfect, the de-
coder’s first guess is always correct, and only one “com-
putation” (gencration of a hypothesis) is required per
bit. The more noise, the more hypotheses must be gener-
ated, up to literally millions to decode a single short seg-
ment. Because of the variability of the computational
load, buffer storage of the received data must be pro-
vided to permit long searches. Whenever this buffer over-
flows, the decoder must jump ahead and get restarted,
leaving a section of data undecoded. This overflow event
therefore leads to a burst of output errors; its frequency
generally dominates the probability of decoding error,
since the code can be made long enough that the probabil-
ity the decoder is actually happy with incorrect hypotheses
can be made negligible.

Sequential decoding is outstandingly adaptable; it can
work with soft or hard decisions and PSK, or with any
modulation and detection scheme. In the four implemen-
tations for the space channel to date, the Lincoln Experi-
mental Terminal decoder'® works with 16-ary frequency-
hopping modulation and incoherent list detection; the
NASA Ames decoder for the Pioneer satellites'? and the
JPL general-purpose decoder® work with PSK and soft
(eight-level) decisions; and the Codex decoder, built for
the U.S. Army Satellite Communication Agency, '’ works
with PSK (or DPSK or QPSK) and hard decisions, the
choice in every case being based on system considera-
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tions. Sequential decoding can even make efficient use of
known redundancies in the data, as was done for some
preexisting parity checks in the Pioneer data format. The
one thing a sequential decoder cannot tolerate is bursts of
errors, which will cause excessive computation; therefore,
it cannot be applied without modification to any channel
but the space channel.

The performance of sequential decoding depends both
on the modulation and detection scheme with which it is
used, and on the data rate relative to the internal com-
putation rate. The theoretical limit of any sequential
decoder on a white Gaussian channel is E,/N, = 1.4 dB,
exactly 3 dB above the Shannon limit; this limit can be
approached with PSK, soft decisions, and low-rate codes.
The simplest possible sequential decoder working with
rate-%4 codes, PSK, and hard decisions has a theoretical
limit of E,/N, = 4.5 dB; 2 dB of this loss is due to hard
decisions, 1 dB to the choice of rate ‘4 rather than a
lower rate. Actual performance depends on the data rate
as well as the error rate desired, although the curves are
very steep; Fig. 15 shows measured curves at 50 kb/s and
5 Mb/s for the Codex decoder,?® which has an internal
computation rate of 13.3 Mby/s.

Somehow the idea that sequential decoding is compli-
cated to implement has achieved considerable circulation.
This is undoubtedly partly due to the difficulty of the
literature. Also, the first sequential decoder (SECOZ2Y),
built at Lincoln Laboratory for telephone lines with the
technology of an earlier day, was an undoubted monster,
due in part to large amounts of auxiliary equipment such
as equalizers. It should be emphasized that three of the
four implementations just mentioned involve only a
drawer of electronics with a core memory system for the
buffer storage; the fourth, the Pioneer system, was actu-
ally done in software because of the low maximum bit
rate (512 b/s).

We conclude by mentioning two more classes of
schemes of current interest. One, the Viterbi algorithm, 22
performs optimum correlation detection of short con-
volutional codes much as the Green machine does of
block codes. Figure 15 shows the performance of this
algorithm?23 with soft decisions when the decoding com-
plexity is comparable to that of the m = 6 block decoder
of Fig. 11; performance is uniformly superior. This
algorithm is competitive in performance with sequential
decoding for moderate error rates, but cannot achieve
very low error rates efficiently. On the other hand, it can
be implemented in a highly parallel pipe-lined decoder
capable of extremely high speeds (tens of megabits)
where sequential decoders become uneconomic. It there-
fore may find application in high-data-rate systems with
modest error requirements, such as digitized television.

The second class represents attempts to bridge the
final 3-dB gap between the sequential decoding limit and
the Shannon limit by combining sequential decoding with
algebraic block code constraints. Recent unpublished
work of Jelinek gives promise of performances between
1 and 2 dB from the Shannon limit without excessive
computation. At the moment, all schemes in this class
seem most suited for software implementation, and will
probably be used only for low-data-rate applications
where the ultimate in efficiency is desired, as in deep-
space probes.

Thus do we near practical achievement of the goal set
by Shannon 20 years ago.
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Experience curves
as a planning tool

The “learning curve’’—which relates the direct-labor

hours required to perform a task to the number of times the task
has been performed—is actually quite general and can be
applied effectively to management decision-making

Patrick Conley The Boston Consulting Group, Inc.

Observers have found that the *‘learning-curve’ phe-
nomenon occurs in many complex situations and is
not confined to the human learning of repetitive man-
ual skills. If experience improves performance, it
should follow that the company that has produced the
most widgets will be the most efficient widget pro-
ducer. This implies that market share is vital in de-
termining potential profitability and that new products,
whether developed internally or acquired outside, are
doomed to lackluster financial performance unless
they capture a dominant market position. The learn-
ing-curve effect and its more generalized experience-
curve companions are reviewed in this article. Some
typical cost and price experience curves are discussed
along with the technical details of their derivation.
The possible inferences that can be drawn from the
observed facts are examined and tested for their
qualitative agreement with certain known trends and
tendencies.

Any study tool that can help managers understand and
predict industry and company trends in price and cost,
and that can also help them explain and predict product
profitability, is obviously capable of greatly enriching
planning. With imaginative application, such a tool can
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even contribute substantially to unleashing additional
profits.

In this article I wish to call attention to what appears
to be such a tool and to describe some of its implications
and applications for the planning process. Like most tools,
its utility lies in its imaginative application. It is no sub-
stitute for management, but it can help managers in de-
termining business strategy. Often the very attempt to
apply it in a particular situation will lead to new insights
into the dynamics of competitive interaction.

The tool is based on the well-known learning-curce
effect. Since its discovery by the commander of Wright-
Patterson Air Force Base in 1925, the interesting “learn-
ing” effect has been highly developed and widely used
in certain segments of industry.3 The aircraft and elec-
tronics industries often use it to guide both their cost
control decisions for assembly operations and their pric-
ing policies. The Department of Defense procurement
officers use the learning-curve effect in setting cost targets
in cost-based contracts.

It is surprising, however, that more companies have
not realized the value of the concept. Although it has
been observed and applied by the chemical industry and
occasionally by other manufacturing enterprises,*5 the
effect is not always considered by managers in assessing
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FIGURE 1. Representation of experience relationsliips
graphically on a linear scale.

manufacturing performance. It is a vague or totally un-
familiar concept to a surprising number of senior man-
agers who do not have a background in manufacturing or
in the defense industry. Unfamiliarity takes on special
significance, since the effect appears to depend somewhat
on confidence that it exists!®

In its most common form, the learning curve relates
the direct-labor hours required to perform a task to the
number of times the task has been performed. For a
wide variety of activities, this relation has been found to
be of the form shown in Fig. 1. in which time to perform
decreases by a constant percentage whenever the number
of trials is doubled. Plotted on log-log scales, this rela-
tion becomes a straight line with a slope characteristic
of the rate of “learning,” such as that shown in Fig. 2.

A 20 percent reduction in hours for cach doubling of
performances—or what is called an 80 percent curve is
typical of a very wide variety of tasks. The concept of
continuing improvement *“‘forever,” which is apparent in
Fig. 2, is often disturbing. However, one must recall that
the base of the curve is not time but trials and that the
number of trials required to make a given percentage
improvement grows ecnormously as learning occurs. Thus,

FIGURE 2. Representation of experience relationships
graphically on a log-log scale.
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FIGURE 3. Market share and costs for three competitors.

for all practical purposes, learning in most instances
eventually becomes so slow that it appears static. If the
task lends itself to application of new technology or to
partial mechanization, then the slope of the curve can
become substantially steeper and 70 to 75 percent slopes
are commonly observed.

The learning-curve effect is not peculiar to manual
direct-labor tasks, but is quite general and seemingly
applies to most of the activitics undertaken within a
corporation. In particular, it applics to the start-up of
new plants and even to “automated” operations.

Cost as a function of learning

Since learning increases the efficiency of an operation,
it naturally reduces the cost of that operation. This fact
has frequently been used for estimation and prediction.”
In fact, observers have noted that costs go down hy «

fixed percentage cach time the number of units produced

doubles. Recent studies by The Boston Consulting Group
serve to augment these observations. There is every
reason to believe that each clement of cost declines in
such a way that total cost follows a composite learning
curve.

In computing the precise relationship between costs
and learning, one must be alert to certain factors that can
distort the picture. If costs are measured in dollars, it is
necessary to eliminate inflation when observations are
made over a substantial period of time. Deflation of cost
figures thus becomes more important when growth rates
are slow, so the doubling of trials or units requires several
years. One might also argue that material costs, when
large and fixed. should be removed and the learning ef-
fect applied only to the value added. However, removing
material costs turns out to be a relatively minor correc-
tion in most instances; in other instances, these costs are
themselves subject to reduction through substitutions
(“learning?”). Consequently, we will neglect the value-
added refinement in our subsequent considerations.

The fact that the total cost of many products declines
by a fixed percentage cach time the cumulative number
of units produced is doubled has been widely recognized
and used for cost prediction and control.®¢ However,
cost data are usually proprietary and always mechani-
cally difticult to obtain for individual products, so
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FIGURE 4. A characteristic pattern of costs and prices.

research on the subject requires a high degree of coopera-
tion and assistance on the part of the manufacturer. A
common problem encountered when one examines the
historical cost of a particular product is a series of dis-
continuities in the data. The discontinuities are usually
associated with changes in accounting methods and are
expensive and tedious to rationalize. Also, since we are
considering roral costs, the method of allocating indirect
costs becomes a factor in multiproduct companies, and
traditional allocations may have to be adjusted to achieve
the desired precision.

Costs and market share

In spite of long-standing awareness of the learning-
curve phenomenon and its effect on costs, the obvious
strategic implication seems until now to have been ig-
nored. If cost declines predictably with units produced,
the competitor who has produced the most units will
probably have the lowest cost. Since the products of all
competitors have sensibly the same market price, the
competitor with the most unit experience should enjoy
the greatest profit. Furthermore, it should be clear that
very substantial differences in cost and profit can exist
between competitors having widely different unit ex-
periences. Of course, this assumes that all competitors
have equal access to resources and patents and that the
competitors are all reasonably efficient.

Over a period of time when market positions are rela-
tively stable, experience can be equated with market
share. Thus market share and profitability are closely
related, and competitive positions can become those
shown in Fig. 3. In the exhibit, competitor A is the mar-
ginal competitor, whereas competitor C dominates the
market. Empirically (and perhaps theoretically), the
market share of the dominant competitor in a stable,
slowly growing market turns out to be about 50 percent.
The next competitor typically has 25 percent; the third has
12 percent, and so on.” The 50-25-12 percent share dis-
tribution observed by Cohen may result more from a
subconscious agreement among competitors than from
the operation of random influences. In a mature market,
stability is often in the best interest of all the competitors.

If the market is growing rapidly-—say 15 percent or
more annually in units—then market shares may be
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FIGURE 5. An alternative pattern of costs and prices.

fairly fluid, and the dominant producer may have much
more or even less than 50 percent of the market.

Price and experience

Assuming that costs can be made to decline at a pre-
dictable rate such as that shown in Fig. 2, we can examine
the related price curves for possible correlation. In
general, we find most price curves to have either the form
shown in Fig. 4 or that shown in Fig. 5, with a strong
predominance of the former type. In these idealized
examples, as well as in the actual ones to be discussed
later, we are plotting industry unit price (or weighted
average unit price if several sizes or grades are involved)
against total historical industry units on logarithmic
scales. The costs shown are average industry costs,
weighted by the unit production of each competitor. (If
these prices are plotted with appropriate costs for the
individual competitors’ experience, the slope of the price
line will appear to vary if the competitor is gaining or
losing market share substantially.)

In Fig. 4, the constant-dollar price shows little or no
decline during phase A, a steep slope of around 60 per-
cent in phase B, and a moderate 70 to 80 percent slope
in phase C. The relatively level price exhibited in phase
A is associated with the introductory period in which
price is set somewhat below initial cost and not changed
as volume grows. If this price is held too long, competi-
tors enter, and all add capacity until a “shakeout™ price
decline occurs in phase B. When prices reach a “reasona-
ble” level above costs, they continue to decline with cost,
as shown in phase C.

Characteristically, the dominant producer is losing his
share of the market during phase A. During phase B,
market shares may shift considerably as the more aggres-
sive competitors struggle for dominance, using price as
a major weapon. In phase C a stable competitive situa-
tion is again established with possibly a ditferent domi-
nant competitor than the one in phase A.

In Fig. 5, the price is brought down more nearly in
parallel with cost—usually in an attempt to discourage
the entry of competition. Although initial margins are
less, final margins are usually greater.

There is nothing inherent in the price characteristics
shown in Figs. 4 and 5 that reveals one to be “better”
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than the other. One might expect a wide varicty of patterns
between the two types shown; however, such variation
does not appear to occur in practical instances.

It must be remembered that these idealized curves are
typical of those obtaining in uninhibited competition
and are exclusive of the influences of inflation. One must
also be certain to avoid thinking of them as plots against
time. Although time increases with experience, the curves
are plotted against units produced and may be quite ir-
regular with respect to time.

Observations of price behavior

Price data are relatively easy to acquire and, when
adjusted by means of the GNP deflator,* they can be
plotted as shown in Figs. 6 through 10. These exhibits
are typical of many, many similar ones for a very wide
variety of products. Figures 6 and 7 show the two clas-
sical forms of price behavior in semiconductors. Figure
8 is considered typical of the chemical industry. Figure
9, for facial tissues, has an unusual break in the price
pattern. This break shows what happened when an cle-
ment in the distribution chain was omitted and the fac-

* The GNP deflator is a factor used to correct prices for any
given year to what they would have been in the base year by re-
moving the average inflation in the gross national product. Sce
Ref. 8.
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FIGURE 6. Revenue curve for silicon transistors during
the period from 1954 to 1968.

FIGURE 7. Price curve for integrated circuits.
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tory picked up the eliminated unit’s markup. Figure 10
shows the behavior of a very slowly growing product,
free-standing gas ranges, over a very considerable period.
In all of the cases, the data points in any one graph refer
to equal intervals of fime. Obviously, strong underlying
laws are at work.

The 1965-1966 data for integrated circuits in Fig. 7
are particularly remarkable, since each point represents
an average monthly price. The clustering of points, shown
strongly in the progressive data at the high-volume end
of Fig. 9, is indicative of declining growth rate in the
product. Such a decline (with its resulting cluster) is often
the precursor of a price break when it occurs in the loca-
tion of phase A of Fig. 4.

From the data shown, as well as from the long-ac-
knowledged behavior of costs, one can conclude that prices
behave in a remarkably predictable and regular manner
and that, in constant dollars, prices tend to decline.
Break points are perhaps difficult to foresce, but they
are associated with declining growth rates in the presence
of a price “‘umbrella.” Once again, the plots are in terms
of total units produced and not in terms of time

Product strategy implications

Since prices and costs tend to decline with units pro-
duced and since the producer with the largest stable
market share eventually has the lowest costs and greatest
profits, then it becomes vital to have a dominant market
share in as many products as possible. However, market
share in slowly growing products can be gained only by
reducing the share of competitors who are likely to fight
back. It may not be worth the cost to wrest shares away
from competent competitors in low-growth products.
The value—in terms of improved cost and increased
volume—of an increase in market share can be calcu-
lated with the aid of the experience curve. The investment
required to increase one’s share in the market can be
compared with the calculated value, and, after suitable
allowances for risk factors, the decision can be made.
The company should remember, however, that most
competitors will price at out-of-pocket cost rather than
close a facility.

But all products at some time enjoy a period of rapid
growth. During rapid growth, a company can gain share
by securing most of the growth. Thus, while competitors
grow, the company can grow cven faster and emerge
with a dominant share when growth eventually slows.
The competitors, pleased with their own growth, may
not stage much of a contest even when the company is
compounding its market share at their eventual expense.
At high growth rates—say 20 to 30 percent in units—it
is possible to overtake a competitor in a remarkably few
years.

The strategic implication is that a company should
strive to dominate the market, either by introducing the
product, by segmenting the market, or by discouraging
competitors’ growth in rapidly growing areas by pre-
emptive pricing or value. Developing and introducing
new products, though a good road to dominance, involve
considerable cost and uncertainty. Similarly, it is diffi-
cult to identify a market segment that can be isolated
from those segments in which competitors have more
experience and lower costs. However, the history of busi-
ness abounds with examples of successful segmentation.
The key is to find a segment the company can protect
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over a long period of time. In contrast, the idca of pre-
empting market by price or value concessions is intuitive
in most business organizations. Although price competi-
tion is usually resisted, it is often cheaper than the more
intangible weapon of added value.

The product portfolio

The products of a firm can be categorized into four
groups in terms of market share and growth rate. Table 1
depicts such a matrix.

Category 1: Products with a high market share but
with low growth. Products in category I—those whose
growth is equivalent to the growth rate of the GNP—are
not attractive arcas for investment, bat they are the main
source of reported earnings and cash. They are usually
products for which a dominant market share is held.
Their good earnings are sometimes used inappropriately
to justify continued investment in the hope that growth
can be increased, whereas the proper objective is to
maximize cash flow consistent with maintaining market
share.

Category 2: Products with a high market share and
rapid growth. Products in category 2 are those that, if
dominant share can be maintained until growth slows,
will become the high dollar earners of category 1. These
products are heavy consumers of cash and earnings, and
those for which leading market position must be main-
tained. To attemipt to extract high carnings from these
products during their growth phase will usually blight
the growth and sacrifice the dominant position. If con-
tinued until growth slows, such “‘bleeding” will move the
product into category 4 instead of into category 1.

Category 3: Products with a low market share, but
rapid growth. Category 3 includes products in which a
dominant market share must be achieved before growth
slows, or a marginal position will be “frozen in.” These
products demand a heavy commitment of financial and
management resources. Since such resources are limited,
the number of such products in the portiolio must be
limited. 1f resources are not available to move a product
in this category into a dominant market position, then
it is usually wise to withdraw from the market.

Category 4: Products with low market shares and slow
growth. The final category comprises the ““dogs”
products that consume far more than a just amount of
management attention. They can never become satis-
factorily profitable and should be liguidated in as clever
and graceful a manner as possible. Outright sale 10 a
buyer with diflferent perceptions can sometimes be ac-
complished. Often pricing in a manncer to upsct competi-
tors is a useful adjunct to liquidation. In any event, in-
vestment in such arcas should be discontinued.

It is useful to examine a corporation’s products and
try to classify them into the foregoing categorics. Lack
of balance becomes rapidly evident and plans can be
laid to add and drop products to achieve a more nearly
satisfactory portiolio. It must be remembered that we

l. Product growth and market share

High Market Low Market

Share Share
High growth rate category 2 category 3
Low growth rate category 1 category 4

Conley—Experience curves as a planning tool

are talking of products, not industries, although some
industries are sufficiently simple in product diversity
that they behave as single products.

An unbalanced product portfolio produces some typi-
cal cash-flow symptoms. If the company has too many
dominant, slow-growth products, it will usually have a
low growth rate coupled with excess cash and inadequate
investment opportunity. Having too many high-growth
products will produce cash deficiencies as well as rapid
growth. Too many low-share, low-growth products will
result in inadequate cash and inadequate growth. With
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FIGURE 9. Price curve for facial tissues (for the years
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FIGURE 10. Price curve for free-standing gas ranges.
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time, the balance of a procuct portfolio will automati-
cally change if no deletions or additions are made.

Control implications

Market dominance by product is the key to profita-
bility and it can be achieved by expenditures and invest-
ments during the rapid-growth phase for a given product.
The source of the funds should be mature or slowly
growing products in which dominance has alrcady been
achieved and in which expense and investment are no
longer intense. It is important to avoid control procedures
that stifle the rapid-growth phase; yet when growth
slows, it is vital to secure maximum cash flow and avoid
investment overshoot.

Budgeting and control systems should be quite dif-
ferent for the two categories, and different objectives
should be set for the product managers. Clearly, the
main objective in managing the rapidly growing product
should be market penetration, whereas the goal for the
dominant mature product should be to maximize cash
flow. In both cases the total costs should be managed to
foltow the experience-curve slope appropriate to the in-
dustry. A control system that sets appropriately designed
goals for market share, cash flow, and cost progress is
more likely to produce continuing growth in reported
earnings than a system that merely stresses product-line
profitability.

To use the experience-curve effect in the control system
and the management decision process, the company
must have comprehensive data on costs and market share.
If such data can be obtained, the company will have a
powerful tool.

Needless to say, the successful implementation of a
competitive strategy also depends upon the reaction of
competitors. The route to a dominant share of a growing
market lies in discouraging competitors from adding
capacity or increasing their capability to produce the
product. An estimate of the key competitors’ decision
processes is thus invaluable in planning competitive
interaction.

Forecasting

The use of the experience curve to forecast prices—
both for products and for purchases—is obvious. Again,
one must use care to deflate the raw data and reinflate the
forecast. Use of the GNP deflator has been most satis-
factory and, in particular, better than the sector deflator.*
(If the sector deflator is used, one is likely to erase evi-
dence of the effect sought.) Obviously, the resulting fore-
cast carries a forecast of inflation rate that is included in
the deflator projection.

The forecast of price-break points is much more diffi-
cult than projecting an existing trend—even in the pres-
ence of strong inflation. [f capacity in the industry seems
high and if prices appear soft, it may be wise to initiate
the break, since the leader in a severe price decline usually
is the gainer in market share.

Conclusions
The fact that manufacturing costs tend to follow an
experience curve not only is useful for cost control and

* The sector deflator is a correction factor to be applied to prices
in a particular sector of the economy—for example, chemicals—
to adjust for the inflation that has occurred in that particular
economic sector.

1

forecasting but also has a profound implication for prices
and profits. In particular, it is strongly suggested that the
producer of a particular product who has made the most
units should have the lowest costs and highest profits.
The potential profitability of a mature product should
be closely related to the market share it enjoys in its par-
ticular segment.

The products of a company can be grouped by market
share and growth rate in order to prescribe appropriate
management of products in each group. Substantially
different management objectives should be pursued in
cach of the four categories described. The important
strategic issues of product selection, price policy, invest-
ment criterions, and divestment decisions can be more
effectively addressed in the context of the experience
curve than in other ways—even if no actual data are cver
collected or actual curves plotted.

Essentially full text of a paper presented at a meeting of the
Chemical Marketing Rescarch Association, Houston, Tex., Feb.
23-24, 1970.

The concepts and observations described bricefly here have been
developed over several years in a series of discussions among staff
members of The Boston Consulting Group under the leadership
of Bruce D. Henderson. The efforts of all the members of the
group are hereby acknowledged with great appreciation.
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Desensitization of dec power supplies
to momentary ac power fluctuations

The output capacitor in a dc power supply

may enable the unit to span momentary ac power-line disruptions.
However, the best assurance against such interruptions

is provided by a separate energy-reservoir circuit

K. T. Huang u.s. Naval Civil Engineering Laboratory

At the present time, dc power supplies generally are
not designed to maintain continuous and steady volt-
ages during momentary disturbances in their ac
power-transmissior-supply line. Yet, during lightning
storms, or through some line fault, electrical distur-
bances can occur within transmission lines that tend
to depress dc power-supply voltages. There are meth-
ods for desensitizing the dc power supplies to these
ac disturbances. One way—if the power supply does
not make use of SCRs—is to use larger capacitors in
the rectifier circuit. In any event, and especially if
SCRs are used, the best method for sustaining dc
output power is to use an auxiliary energy-reservoir
circuit.

The rudimentary function of the dc power supply is
to receive energy from an ac source, store that energy,
and then release it as required by the load. If the ac
source fails abruptly, the dc output will drop--not
suddenly, but exponentially—as the quantity of stored
energy is gradually siphoned by the load. The time that it
takes for the energy to deplete obvicusly depends on the
size of the capacitor storing the energy, the amount con-
sumed by the load, and the minimum voltage required
by the load.

It is not unusual for momentary ac power disruptions
to occur—as they might during a lightning storm or dur-
ing frequency adjustments at the power station. If the
disruption is brief enough, the stored energy in the power
supply may be ample to smooth over any effect on the de
voltage to the load. The trouble is that design engineers
ordinarily don’t purposely incorporate the size of capaci-
tor into power supplies that maintains dc output voltages
when the ac power momentarily fails.

If the power supply is based on a basic bridge rectifier
capacitor circuit it, of course, is possible to improve the
dc output stability in the event of an ac disruption
within certain economic limitations imposed by the
rectifiers—by increasing the size of the output capacitor.
A better solution is to insert a separate energy-storage
section into the power supply. In fact, for more sophisti-
cated dc power supplies, such as those that make use of
variable-phase-angle-firing  SCRs, adding a separate
energy-storage section is the only practical way to “ride
out” the ac disruption.

it spectrum Juse 1970

To understand why this is so, it is necessary only to
analyze some circuit contigurations,

Basic circuits

A bridge rectifier and a capacitor connected as shown
in Fig. 1 form a basic configuration for converting ac
voltage to dc voltage. The energy-storing capacitor, C,.
stores and supplies energy to the load. If the ac source is
interrupted, the dec output voltage decays exponentially
to zero. To illustrate, choose an arbitrary voltage, V;, as
the minimum value required to maintain toad operation.
The time, ¢, [Fig. 1(B)], is the duration between the in-
stant that ac power is lost and the dc output voltage
reaches V,. The useful charge, Q.. on capucitor C, that
extends ¢, is given by

Qu = o(Vinﬂ. . Vr) (I)

FIGURE 1. A—Basic dc power-supply circuit. B—Associated
output-voltage waveform when ac power is interrupted at
a level greater than V,, .. C—Associated output-voltage
waveform when ac power interruption occurs atV
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where Vi is the instantaneous voltage across capacitor
C, at the time the ac source is interrupted. The time dura-
ion, 1., is given by

Qu Co( Vinut - Vr)

le = = (2)

I.lc I'lc
where /4 is the dc load current. The shortest 7, results if
the ac source is interrupted when the instantancous volt-
age across capacitor C, is Vi [Fig. 1(O)]; then Eq. (2)
becomes

C Vmin - Vr

’emin = O( ) (3)
Illc

Equation (3) shows that when /. is fixed. 7., is ex-

tended by increasing C,. Although increasing C, also
raises V..., and, therefore, the quantity Vi, — V., the
increase in C, is dominant in increasing Q ., hence, £ uia.

Figure 2 shows the increase in /, obtained by using a
larger C,. Curve 1 is for the large-valued capacitor C,.

Figure 3 compares the lengthening of /. in a serics-
regulated transistor, dec power-supply circuit with a C,
of both 450 and 4450 uF.

Even though a simple method of extending /. is to
increase C, there are factors that limit the size of the
energy-storing capacitance.

When selecting a larger-valued capacitance, it becomes
necessary to examine the rise in rectifier cost against the
extension of 7. obtained. With increasing capacitance, the
ratio of initial turn-on current to rated load current
increases. This necessitates operation of larger rectifiers
at increasingly derated condition, which is economically
inefficient. Also, a larger-valued capacitance increases
the response time of the dc power supply thereby lengthen-
ing the flow duration of the turn-on current. Longer flow
duration contributes to rectifier failure from heating.

SCR supply

Figure 4(A) is a circuit diagram of a basic silicon con-
trotled rectifier (SCR) dc power supply. The dc¢ output
voltage level is controlled by the *‘variable-phase-angle-
firing” technique, which provides a partial full-wave recti-
fied waveform and requires a very large capacitance to
obtain a ‘*smoothed-out,” limited-ripple waveform;

FIGURE 2. Comparison of output-voltage decay for dif-
ferent values of the energy-storing capacitor in a basic
dc power supply.

—>t

therefore, unlike the transistor-regulated dc supply cir-
cuit, the SCR circuit is not amenable to significant in-
crease in 7, by the mere increase of capacitance. This fact
is displayed in Fig. 4, which illustrates the limited-ripple
voltage obtained by using a (large) capacitor, C,. It also
shows the extended duration 1., obtained with the loss
of the ac power source. Increasing the capacitance reduces
the ripple, as shown in Fig. 4C), but V,in — V, is es-
sentially unchanged and duration /.. increases slightly.

The limitations on extending /. in a basic dc power-
supply circuit are more severe in a power circuit using
SCRs instead of transistors. With either circuit, however,
it is possible to supplement the Q. available in the basic
power-supply circuit—and thus /.—with an energy-
reservoir circuit such as the one shown in Fig. 5(A).

The basic principle of this circuit is to charge an
energy-storing capacitor at a high voltage and release
this energy to the load during momentary ac power loss.
The energy storing C..« is charged rapidly to its peak
capacity during normal operations of the ac power source.
The reservoir circuit remains on standby status and con-
sumes very little power. At the instant of ac power loss,
the reservoir circuit supplies Q... to supplement Q. and
maintain ¥, throughout the outage. The capacitance
C..x can be calculated by modifying Eq. (3):

FIGURE 3. A—Schematic of a series-regulated, transis-
torized dc power supply. B—The duration time, t. (see
text), for an output capacitance of 450 uF. C—The duration
time for an output capacitance of 4450 uF.
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where 7,,. is the extended duration of dc voltage without
insertion of the energy reservoir circuit; and V, is the
peak value to which C,.x can be charged.

The current limiter in the auxiliary circuit is used to
(1) prevent damage to the rectifier D, by the initial charg-
ing current and (2) protect the active clements in the
control circuit from the high current from the rectifier
transformer during a malfunction of dc power supply.

During the initial charging, the voltage of C,., usually
is lower than the output voltage, V,. Rectifier D. is used
to prevent damage to transistors Q, and Q. from the
current flowing from point 3. The voltage difference,
V., — V,), determines the selection of the maximum rat-
ing of V.., the voltage of the power transistor Q,. The
comparison circuit is present to sense the voltage drop
and to furnish the actuating signal to operate the control
circuit. The sensing voltage should be adjusted in such a
position that the energy-reservoir circuit remains on
standby status in normal operation. The control circuit
adjusts the flow rate of Q.. as required by the load to
maintain the output voltage.

The energy-reservoir circuit is connected to the basic
power supply as shown in Fig. 5(B). The reservoir circuit
offers considerable latitude in the selection of the value
of the energy-storing capacitance and the operating
voltage. This flexibility is not offered in the basic dc
power-supply circuit because the required output voltage
fixes the voltage across the energy-storing capacitor,
C,; the method of obtaining the larger Q. is limited to
increasing C, and a larger C, is accompanied by undesir-

FIGURE 4. A—Circuit diagram for an SCR power supply.
B—Waveform outputs using ‘‘standard’ output capaci-
tance. C—Waveform outputs for an increased value of out-
put capacitance. Note only small effect of capacitance
change on t..
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able effects, such as excessive inrushing of turn-on cur-
rent.

The power ratings of the components in the reservoir
circuit can be modest because the average power is low,
although the peak energy delivered momentarily may be
appreciable. The auxiliary reservoir circuit, even with
the use of a large energy-storing capacitor C,.., does not
reduce the response time of the basic power supply be-
cause the one is independent of the other.

Figure 6 compares the time-extending characteristics
obtained in a transistorized shunt-regulated power-supply
circuit either by simply adding a capacitor or by using the
additional capacitor with an auxiliary energy-reservoir
circuit: The addition of a capacitor extends the time by 12
ms. With the auxiliary circuit, using the same value of
capacitor, the time is extended by 38 ms.

DC power supply

The KGP-5 (T-1)/TSEC dc power supply shown in
Fig. 7 has four dc outputs: one +6 volts, two —18 volts,
and one —7.5 volts. The 6-volt output consists of an
LC filter and a transistorized shunt regulator; the total
direct current (including load- and shunt-regulating cur-
rent) is 0.5 ampere; the — 18-volt(b) output consists of an
RC filter and a Zener shunt regulator with total direct
current of 1 ampere; the —18-volt(a) output consists of a
two-section LC filter and an SCR unregulated supply
with a 5-ampere load; the —7.5-volt output uses an RC

FIGURE 5. Energy-reservoir circuit and connection dia-
gram to a dc power supply.
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FIGURE 7. KPG-5 (T-1)/TSEC
power supply.

FIGURE 8. Energy-reservoir
circuits of the KGP-5 (T-1)/
TSEC dc power supply.
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I. Data for selecting capacitors for energy-reservoir circuits

DC Output, volts  V,, volts Vy, volts V), — V,, volts
6 19 6 13
—18 (b) 38 18 18
—18 (a) 46 18 28
and —7.5
1/4Hz (4.2-ms) interruption s — 5-Hz (83-ms) interruption

TAARALARAR
AR AT
O

120 Vac 60Hz

C+6V

Selected  Max. DC

e, Calculated Capacitance, Voltage
amperes  Capacitance, uF uF Rating, volts
0.5 3800 4000 25
1 5550 5500 40
10 36 000 37 000 50

le ~———10-Hz (167-ms) interruption
| 4 1/2-Hz (75-ms) interruption
120V ac, 60 Hz [S— ) P

FIGURES. Oscillograph recordings of voltage outputs from
the unit shown in Fig. 7 for a 4.2-ms interruption (black)
and an 83-ms interruption (color).

filter and a transistorized shunt regulator and is connected
to the —18-volt(a) output. The total direct current is also
5 amperes.

Since the three dc outputs are derived from three
separate secondaries of the input power-supply trans-
former, three individual energy-reservoir circuits are re-
quired. The dc power required by each energy-reservoir
circuit can be driven from its respective secondary. Table
I lists all data for the design of the circuit. The calculation
of capacitances is based on 100-ms extended duration and
neglects the value of ¢,.; in Eq. (4). Figure 8 shows the
schematic diagram of the three energy reservoirs and the
connections to the dc power supply.

Results

To prove the effectiveness of the energy-reservoir cir-
cuit, “beforec and after tests” were run with various
momentary-outage durations. Figure 9 shows the per-
formance of a KGP-5 (T-1)/TSEC power supply. Note
that even a 4.2-ms interruption affects the —7.5-volt and
—18-volt(a) output. With an 83-ms momentary inter-
ruption, all three outputs fall to zero volts except the
—18-volt(b) output, which falls to approximately 14
percent of its rated value. Upon recovery of the ac volt-
age, note that the —18-volt(b) output exhibits overshoot
and oscillations.
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FIGURE 10. Oscillograph recording of output voltages from
unit shown in Fig. 7 when (A) the ac line power is momen-
tarily interrupted for 75 ms (color) and 167 ms (black)
and (B) a complete ac power-line outage.

Figure 10 shows the performance of the KGP-5(T-1)/
TSEC using the energy-reservoir circuit. With a 75-ms
interruption, all the output voltages are essentially main-
tained; the overshoot of the —18-volt(a) output has been
suppressed. Figure 10(A) also shows that with a 167-ms
interruption all the outputs are essentially maintained
with the —18-volt(a) output falling to 80 percent of its
rated value; Fig. 10(B) shows a complete outage.

K. T. Huang received the B.S. degree in mechanical en-
gineering from the Ordnance Engineering College in Tai-
wan in 1956. He subsequently continued his education
in the United States, receiving the master’'s degree in
electrical engineering from the
University of South Carolina
in 1956 and the Ph.D. from the
University of Pittsburgh in
1967. He has since been em-
ployed with the Naval Civil En-
gineering Laboratory at Port
Hueneme, Calif., as a research
electrical engineer working on
methods intended to provide
noninterruptible electric power
for naval use.
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Introduction

J. V.N. Granger President IEEE 1970

Under the leadership of President Willenbrock, 1969
was a year of great beginnings for IEEE. ““Operating in
the adaptive mode” (to use Dr. Willenbrock’s phrase),
the Board of Directors and the various boards and com-
mittees reporting to it inaugurated a number of substan-
tial changes in Institute structure that are certain to have
far-reaching impact in the period ahead. In cach instance,
the proposals adopted were the result of a considerable ef-
fort of self-appraisal by the organization entities involved,
or the result of investigation and analysis by ad hoc com-
mittees. Some of these programs were the culmination of
efforts over a span of several years.

The most striking changes during 1969 were those di-
rectly affecting the makeup of the Board of Directors and
the responsibilities undertaken by individual Directors.
The Regional Activities Board, which came into being
with Bylaw changes adopted in March 1969, is composed
of the ten Regional Directors plus the Vice President
clected by the membership, who serves as its Chairman.
The RAB is responsible for the coordination, overall
planning, and policy development in all matters arising
from the geographical structure of IEEE. This board has
set up a supporting-committee structure to facilitate its
work. These committees, chaired in cach case by a
Regional Director or past Regional Director, cover all of
the functions formerly assigned to the Sections Commit-
tee, plus several new functions that reflect the increasing
importance of liaison between the various major boards
and committees of the Institute, and of IEEE’s financial
planning.

The Technical Activities Board has been completely re-
organized as a result of Bylaw changes adopted by the
Board last November. It now consists of the Vice Presi-
dent, Technical Activities, as Chairman; a Vice Chairman;
and six members of the Board of Directors, designated
Technical Directors. Each Technical Director is specifi-
cally responsible for liaison with a particular Division (or
*cluster”) of IEEE Groups. The composition of these
Divisions, which each include from one to seven of the
present Groups, represents the result of detailed study by
the 1969 TAB of the common interests and interrelation-
ships of the present Groups. The basic purpose of the new
organizational plan is twofold: first, to increase the
breadth of representation of the Groups on the Board of
Directors, and second, to provide an organizational
mechanism for close coordination between Groups whose
primary interests are closely related or whose activities
follow a similar pattern. The new Bylaws that create these
changes provide that Group members in each Division
will elect the Technical Director who represents them
every two years for a two-year term. To get the new struc-

1969

ture under way, members of the current Board of Direc-
tors who were elected as Directors-at-Large have been ap-
pointed as Technical Directors. Their successors will be
elected by the corresponding Division memberships.

In accordance with the Bylaws, the Awards Board
undertook a complete review of the IEEE awards struc-
ture in 1969. The resulting recommendations have been
received by the Board. Some have already been imple-
mented; others are the subject of continuing study di-
rected toward implementation.

The Publications Board carried forward its continuing
study of ways and means to improve IEEE’s primary
publications and secondary information services. A
number of changes were made in the format of IEEE
spECTRUM and of the STUDENT JOURNAL. All IEEE publi-
cations were offered for the first time, in 1969, in micro-
fiche form,

The Educational Activities Board, under Prof. John
Truxal, introduced a new series of tape cassette tech-

()

nological reports, and continued with the development of #=

other experimental continuing education approaches in-
troduced in 1968.

During 1969, an ad hoc committee chaired by E. W.
Herold, Vice Chairman of TAB, undertook a study of the
organization of the March Convention. In this effort,
they had the assistance of Don Fink and, on a consulting
basis, that of Don Larson, General Manager of WES-
CON. They also had the reports of a series of ad hoc
studies conducted previously. Their recommendations to
the Board were adopted at its January mecting. The new
structure centers on a Conference Board, reporting to the
Board of Directors and maintaining close liaison with
TAB and RAB. Staff support comes from a newly
created staff director, William J. Hilty, who will have
in addition full responsibility for exhibit operations. The
initial Conference Board, consisting of six IEEE members
of outstanding stature and with wide experience in con-
vention and exhibit matters, is alrecady in place and at
work on the 1971 event.

Ad hoc committees appointed by President Willen-
brock made valuable specific recommendations in the
areas of bringing younger engineers into active participa-
tion in the conduct of Institute affairs and in bringing the
resources of the Institute to bear in developing opportuni-
ties for members of minority groups in the engineering
profession. With special financial support for the neces-
sary travel just made available by the Life Member

AN
.

3
Fund, three outstanding young members will partici-‘

pate as full members of the Long Range Planning Com-
mittee. That committee is giving particular attention to
the question of the Institute’s responsibilities and op-
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portunitics for service in the arca of technology and public
affairs.

A reading of the Treasurer's report will show that the
IEEE, like all nonprofit institutions. and many that avow
profit as an objective, suffered in 1969 from the inflation-
ary rise in expenses and a weakening of some of its tradi-
tional sources of income. Under the leadership of Dr.
Harold Chestnut. Treasurer during 1969, and his succes-
sor, Raymond Sears, the Finance Committee has ex-
panded its organizational structure, and with the com-
petent assistance of the Headquarters staft, has under-
taken a detailed study of IEEE budgeting. The objective
of this study is to increase the financial resources available

to support new and important Institute programs by
identifying and curtailing expenditures for activities that
may have outlived their original importance or that
might be amenable to new, and more economical, ap-
proaches.

I view 1970 as a year of consolidation for IEEE. We
must give some of our new ventures an opportunity to
mature. We must deal effectively with our worsening
budget problems. We must reassure ourselves that what
we are doing is the best response of which we are capable
in living up to the definition of a profession set down by
Martin Meyerson: “A profession is not only the trustee
for a body of learning. it is a commitment to service.”

Report of the Secretary—1969

Ra_\'mond W. Sears Secretary IEEE 1969

To the Board of Directors

The Institute of Electrical and Electronics Engineers, Inc.

Gentlemen:

The Report of the Secretary for the year 1969 is presented herewith.

The membership increased 2.5 percent during the year. The highest increase was in the Member grade, 3.8
percent. Senior Membership continues to show a gradual decline, 0.8 percent in 1969 and 5 percent over the past
live years. Membership outside the United States and Canada increased 10 percent during 1969, New statistics

in this Report indicate that 638 members are women.

There was a healthy growth of 8.5 percent in Group membership. Some 55 percent of the members above
Student grade and 43 percent of the Student members participate in the Group program.

In 1969. 110 major conferences were sponsored or cosponsored by IEEE, 34 having exhibits, with paid registra-
tions totaling 114 533, and additional exhibit attendances of 115 980. In addition, the 1969 International Con-

vention attracted 60 543 attendees.

A total of 38 760 editorial pages were published in 1969, a slight decrease over the previous year. There were
184 Group Transactions published in 1969 with 20 266 editorial pages, as compared with 179 published in 1968

with 19 847 pages.

The technical activities of the [nstitute were reorganized through amendment of the Bylaws to provide for the
clustering of Groups into six Technical Divisions, with members in the Divisions to nominate and elect an IEEE

Director.

A new Conference Board, established in November, will have full responsibility for the operations of future

IEEE International Conventions.

These data indicate a general growth trend and increased effectiveness in the organizational structure to better

serve the membership.

The manifold activities of the [nstitute are reported in
detail for 1969 under four main categories: technical
activities, publications and information services, educa-
tional activitics, and board and standing committee
activities. Among the highlights of the year were the fol-
lowing actions.

® Under the guidance of the Technical Activities

Board. a fundamental reorganization into six Divisions

comprising clusters of Groups, will permit election of

Divisional Directors. These Directors wili be voting

members of a reconstituted Technical Activities Board.

e Both IEEE specTrRUM and the STUDENT JOURNAL

IEEE Reportsa—1969

Respectfully submitted,
Raymond W. Scars
Secretary

underwent changes both in direction and in editorial
content with the aim of making them more relevant,
significant, and interesting to their respective readers.

e Continuing education has taken the form of new
tutorial seminars, management games scminars, and
the introduction of an audio tape cassette service.
Twenty-three new Student Branches were formed.

e The thrust of much committee work was toward
future planning. taking into account the changing
economic and social structure of the world, facilitating
membership for those who are already members of
comparable national socicties, promoting membership
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through better utilization of our own organizational
units, and generally providing improved services to
members.

Technical activities

Technical Activities Board. The seeds of reform, sown
two years earlier, bore fruit by the end of 1969 with the
reorganization of the support for IEEE’s technical activi-
ties. The purposes of the rearrangement were to provide
better mechanisms for responding promptly to changes in
technology and for coping with the complex interdisci-
plinary problems that characterize the present era. The
ability to take more timely and appropriate action will
enable IEEE to give better service to individual members
and to the profession they represent.

This is the second significant modification of the Group
system since its establishment more than two decades
ago, the first being the widespread incorporation of
Technical Committees within individual Groups in the
1963—-1964 era. The recent reorganization is more funda-
mental in nature. The Groups have now been clustered
into six Divisions, each of whose composite memberships
will nominate and elect an IEEE Director. The IEEE
Vice President for Technical Activities will continue to
be the Chairman of the Technical Activities Board and
will speak for TAB’s interest at the IEEE Executive
Committece meetings. The TAB Vice Chairman—who
will also be a Director—and the six Divisional Directors
will join the TAB Chairman on the IEEE Board; they,
plus the appointed chairman of the TAB Standing Com-
mittees, will constitute the voting members of the TAB
Operating Committee. Suitable amendments have been
made in the IEEE Bylaws to accomplish a smooth transi-
tion to the new organizational structure. Ad hoc com-
mittees were established in 1969 to tackle the details for
making the reorganization work. Special attention was
given to criterions on Group viability, which will serve as
guidelines in the review of the total performance of each
Group, to take place not less frequently than once each
five years. An examination was made of the names or
titles associated with Groups and Group officers and the
internal and external significance of such proposed
changes as “Group” to “‘Society” and “Chairman” to
“President.” Present member services were reviewed in
relation to their interests and requirements, and rclaive
to what other societies are doing.

The Group Divisions adopted at the conclusion of the
1969 reorganization are listed in the following. Their
composition is not static. Every encouragement is offered
for the migration of technical interests between Divisions,
including the shifting or merger of Groups, whenever
such adjustments will lead to beneficial long-term results.

Division |

G-1 Audio and Electroacoustics
G-4 Circuit Theory

G-12 Information Theory

G-23 Automatic Control

Division 2

G-16 Computer

Division 3

G-2 Broadcasting

G-8 Broadcast and Television Receivers

G-10 Acrospace and Electronic Systems
G-19 Communication Technology
G-27 Electromagnetic Compatibility

Division 4

G-3 Antennas and Propagation

G-15 Electron Devices

G-17 Microwave Theory and Techniques
G-20 Sonics and Ultrasonics

G-21 Parts, Materials and Packaging
G-33 Magnetics

Division 5

G-5 Nuclear Science

G-6 Vehicular Technology

G-9 Instrumentation and Measurement

G-13 Industrial Electronics and Control Instrumentation
G-31 Power

G-32 Electrical Insulation

G-34 Industry and General Applications

Division 6

G-7 Reliability

G-18 Engineering Management

G-18 Engineering in Medicine and Biology
G-25 Education

G-26 Engineering Writing and Speech
G-28 Man-Machine Systems

G-29 Geoscience Electronics

G-35 Systems Science and Cybernetics

Some details of the reorganization were discussed in
the December 1969 issue of SPECTRUM (pp. 122-124) and
a further report is planned for a 1970 issue.

Standards. An ad hoc committee on IEEE’s Standards
Activities concluded that existing arrangements could not
meet the basic requirement stated in the IEEE Bylaws,
much less fulfill the expectations of IEEE members that
were revealed as a by-product in a survey made two years
earlier. Recognition of the Groups and their Technical
Comnmittees as the primary sources for IEEE Standards is
evidenced by the ad hoc committee’s recommendations
that the Groups share more fully in all the steps in IEEE’s
Standards procedures. IEEE Standards will be published
in the appropriate Transactions or Journals, with
reprints available for additional individual sales. Other
recommendations concerning Standards are expected to
receive attention in 1970 from the IEEE Standards Com-
mittee, TAB, and the IEEE Executive Committee and
Board.

Technical interest profiles. The concept of technical
interest profiles for individual members was seriously
proposed when plans were first made for the IEEE Head-
quarters computer. Progress in this direction has been
speeded by reorganization and by joint effort of the
Information Services Departmentand TAB.

Group membership lists indicate general technical
interest for all IEEE members who belong to at least one
Group, but about half of the IEEE membership was left
undifferentiated. The response cards used for the 1970
IEEE directory permitted each member to identify
individual technical interests in the subject list used
jointly for indexing by IEEE and IEE (see details in the
Information Services report). Concurrently, the Groups
and their Technical Committees had been asked to de-
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scribe themselves in terms of present activities and those
projected to 1975, to review the joint IEEE/IEE subject
list, and to suggest improvements. Membership response
was good. Trial use of these data will be undertaken in
1970.

Finances. The TAB Finance Committee has continued
its cfforts to identify all items of income and expense
related to technical activities. The interface between the
Groups and TAB budgets and the total IEEE budget has
received particular attention. To encourage long-range
planning by each Group, efforts were made to describe
cach item of expense or income by means of simple
formulas. Parameters derived from IEEE Headquarters
operations—such as printing costs—are expected to
change only slowly from year to yecar and may be fore-
cast with suflicient accuracy to permit meaningful budget-
ing and financial planning. Other parameters controlled
by activities and efforts of the individual Groups—for
example, membership growth rates, the number of pages
published per year, newsletters and other special pub-
lications, and conferences—may be similarly forecast
by the Groups.

The details for the preparation of 1970 budgets were
reduced to a computer program. Although most of this
work was done outside, the program had been tested and
proved to be compatible with the IEEE Headquarters
computer. Efforts along these lines will continue, with
the understanding that many Headquarters operating
routines will be transferred to the computer early in 1970,
thereby making feasible the preparation by computer of
much of the material for financial statements and reports.
Statistical studies are planned to show the current mem-
bership relations among the various Groups in a Division
and between Divisions and, on a continuing basis, to
reveal changes in membership patterns.

Technical planning. One purpose of the TAB reorga-
nization was to become better prepared to recognize and
respond to changes in electrotechnology. In some cases
new technologies will emerge, but also, long-known
technologies may come to the fore as elements in the
solution of new and complex problems. The TAB Vice
Chairman undertook major responsibility for these areas
and established a Technical Planning Committee to assist
with the work.

During 1969, an ad hoc committee study of IEEE’s
interests in manufacturing technology was completed.
From an analysis of attendance records at special sessions
sponsored at several conferences, it was found that most
IEEE members interested in manufacturing technology
are not members of any of the present Groups; the minor-
ity who belonged to Groups held memberships in about
three quarters, which was an unanticipated diverse spread
of interests. Recommendations of the ad hoc committee
will be considered and acted upon in 1970.

A TAB Oceanography Coordinating Committee was
established to bring together the interests of more than a
dozen Groups in the ocean engineering field. The OCC is
intended to provide a simple and flexible means for the
IEEE Groups to interact with external organizations,
such as the intersociety Offshore Technology Conference.
The OCC also is responsible for a newsletter, available
to any IEEE member on request, to report on present
and planned activities of the Groups, acting individually
and in concert. In the latter category is the first IEEE
conference devoted solely to ocean engineering, which is

IEEE Reports—1969

cosponsored by the IEEE Panama City (Fla.) Section
and the OCC and will be held in Panama City, September
21-24, 1970.

Late in 1969, an ad hoc committee was formed to ex-
plore IEEE’s interests in electrography. This is illustra-
tive of a change in emphasis or importance for a tech-
nology that has been with us for a number of years. To
date, IEEE’s treatment of the subject in publications and
at conferences has been sporadic.

Convention technical program. In 1969, TAB continued
its responsibilities for the technical program for the IEEE
Convention. Particular attention was given by the Tech-
nical Program Committee to the technical content of the
sessions planned for March 1970.

Of long-range significance was a TAB-initiated effort
resulting in a special committee report to the IEEE
Board, recommending establishment of a new IEEE
Convention Board. This recommendation was adopted
in the closing days of 1969. It is to be promptly imple-
mented so the new Board shall have full authority and
responsibility for the 1971 Convention. A new IEEE
Headquarters staff organization is being established to
support the Board and implement its decisions. The staft
will have major operating responsibility for the IEEE
Convention and Exhibition.

General activities. As in prior years, there is a continued
growth in IEEE technical activities, as measured in terms
of such parameters as published pages, conferences and
symposiums held, Group Chapters, and Group member-
ships. All of these depend heavily on the leadership and
efforts of individual IEEE members. The degree of our
membership involvement appears to be a unique feature
of IEEE’s operations. The percentage of IEEE members
who belong to at least one Group has increased (sce
Table I, page 56), continuing a trend of more than five
years. The number of memberships per individual
has declined slowly, but the total number of such
memberships increased. The effect of a new fee arrange-
ment for Student members of Groups (a tixed $2.00 fee
for each Group membership, without limit as to number,
replacing a $1.00 fee for a single Group membership
plus full fees for any additional memberships) appears
to have resulted in a significant increase in the total num-
ber of Student Group memberships but a decrease in
the number of individuals holding these memberships.

Joint Technical Advisory Council. The JTAC, spon-
sored by the IEEE and the EIA (Electronic Industries
Association), held six meetings during 1969. The Council
has had four committees active in various areas of the
radio art.

JTAC Committee 63.1—Electromagnetic  Compati-
bility. This committee held three meetings during 1969
mainly devoted to exploring the efforts made by govern-
ment and private concerns to adopt the recommendi-
tions made in the report ‘“‘Spectrum Engineering- -the
Key to Progress.” The JTAC’s prime recommendation
in this report was to establish a modern spectrum engi-
neering and system-design philosophy for technical pro-
cedures relating to allocation and assignment of the radio
spectrum. Adoption of such a philosophy would be
essential in order to establish the ‘next-generation”
spectrum engineering system.

To implement this recommendation, JTAC outlined a
pilot project that would put the new frequency-selection
concept into experimental operation in a trial region.
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Results thus obtained from the project would then pro-
vide the basic information required to proceed further
with the development of a flexible full-scale system.
Many steps have been taken by numerous private and
government entities to provide ultimately the much-
needed data required to fultill the JTAC recommenda-
tions.

The JTAC, together with a group from the committee,
met with staff members from the Office of Science and
Technology, the White House, and the Burcau of the
Budget. At this meeting, it was suggested that the JTAC
make similar presentations to appropriate committees of
the House and the Senate.

JTAC Committee 65.1—Future Needs and Uses of the
Spectrum. An attempt was made to conduct a new survey
to update the 1968 report, “‘Future Needs and Uses of
the Spectrum.” Although additional technical answers
are needed for a meaningful evaluation, a complete survey
on the future needs of the spectrum cannot be reported
without a full knowledge of the government needs
as well. The Office of Telecommunications Manage-
ment is proposing to establish a National Electromag-
netic Compatibility Analysis Facility (NECAF). This
is in response to the aforementioned JTAC reports to
provide an entity for advance confidential review of pro-
spective new developments to assure spectrum availability
for those developments successfully completed. The
JTAC is waiting to act further in this area after the estab-
lishment of NECAF.

JTAC Commiittee 66.2—Testing Sharing of TV Channels
by LMRS. The JTAC established this committee to assist
the FCC in tests being conducted by the Commission on
the feasibility of the Land Mobile Radio Services sharing
television channels. The tests have been completed and
final acceptance of the FCC report by the Commissioners
is awaited.

JTAC Committee 67.1—Spectrum Utilization Aspects in
the Use of Spuce Techniques. This committee was estab-
lished to study spectrum-utilization aspects of space
techniques. It expects to release a report by November—
December 1970, prior to the International Telecommuni-
cation Union’s World Administrative Radio Conference
on Space Telecommunications scheduled for 1971.

Publications and information services

During 1969, the Editorial Department processed
3480 papers and 1433 correspondence items for printing
in 1EEE publications, excluding the translated journals,
giving a total output of 29 339 editorial pages. Of these,
24 075 pages were published in regular journals of the
Institute, a slight increase over the previous year’s output
of 23 759 pages.

The practice of assessing voluntary page charges was
adopted by the PROCEEDINGs OF THE IEEE and six Group
Transactions and Journals, bringing to 12 the total num-
ber of Institute periodicals that follow this procedure.
The percentage of authors’ institutions honoring the
voluntary payment, currently $50 per page, varied from
one publication to another but averaged 55 percent over-
all.

The potential usefulness of microfiche as a publications
medium was explored by conducting a test program in
which the Transactions of three Groups were offered to
members and subscribers in microfiche form, either in-
stead of or in addition to the regular printed editions. A

microfiche is a 105-mm by 148-mm transparency con-
taining the images of up to 60 printed pages reduced in
size by a factor of approximately 20. As a result of the
test, it was decided to make all IEEE technical periodicals
available in microfiche form in 1970.

Two significant improvements were made to the edi-
torial communication channels. In the first of these, an
ombudsman procedure was established to assist authors
who have difficulty in communicating with, or receiving
communications from, IEEE publication editors. Under
the procedure, the Director of Editorial Services acts
as a centrally located person to whom authors can turn
for assistance. The second improvement was the inaug-
uration of a monthly memorandum to all IEEE publica-
tion editors through which they are able to advise one
another of their plans for future special issues, thus
enabling potential conflicts to be avoided.

The Editorial Department was greatly saddened by
two untimely deaths: Helene Frischauer, Administrative
Editor of the Transactions and the PROCEEDINGS OF THE
1EEE, and Seymour Tilson, Staff Writer for SPECTRUM.

1IEEE Spectrum. Under the guidance of Editor J. J. G.
McCue of M.LT. Lincoln Laboratory, and with the
approval of the IEEE Publications Board, several steps
were taken to make SPECTRUM a more interesting, useful,
and widely read publication. These included broadening
the editorial coverage to include treatment of relevant
social controversies, adopting a new cover and improved
typography for some of the departments, and adding two
new departments: “New Product Applications” and
“News from Washington.” That these measures were at
least partially effective was readily evident from the major
increase in reader mail received by the Editor and by a
42 percent increase in the number of letters to the Editor
published.

Because of reader response to the broadened editorial
coverage, the Publications Board developed a policy
statement on the presentation of controversial social
material in IEEE publications and at meetings, for the
approval of the Board of Directors. A draft of the policy
statement, published for comment by President Wilien-
brock in the Forum section of the September issue of
SPECTRUM, elicited a membership response of two to one
in favor of the policy of permitting the inclusion of rele-
vant social material in IEEE publications and meetings.
(The final wording of the statement was published in
SPECTRUM, March 1970, page 6, following approval by
the Board of Directors in January 1970.)

A total of 85 articles and 94 letters were published during
the year, as compared with 82 articles and 66 letters the
prior year. Nine articles were written by editorial staff
members. The total pages published in SPECTRUM num-
bered 1884, of which 1279 were devoted to technical and
editorial material and 605 to advertising and related
material.

Proceedings of the IEEE. An important event in the
PROCEEDINGS year was the appointment of a new Editor,
David Slepian of Bell Telephone Laboratories. He took
over from M. E. Van Valkenburg, who had provided
valuable editorial guidance to the PROCEEDINGS for three
years. The members of the PRoCEEDINGs Editorial Board
actively assisted Dr. Slepian throughout the year with the
review of papers and with plans for invited papers and
special issues.

Four highly successful special issues, each devoted to a
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single arca of major interest, were published in 1969,
The subjects covered were remote environmental sensing
(April), topside sounding and the ionosphere (June),
materials and processes in integrated electronics (Septem-
ber), and technology and health services (November).

The program of inviting technical leaders to write
-utorial review papers in their areas of special competence
was continued. Eleven of these invited papers were pub-
lished during the year on subjects ranging from glass
lasers to the control of electric utilities. The year saw the
appearance of 2416 pages in the PROCEEDINGS, of which
2254 were editorial pages and the remainder contained
paid advertising and related material. The total number of
papers published was 171, of which 132 appeared in
special issues. The technical letters section contained 570
pages devoted to the publication of 456 letters.

Group Transactions and Journals. The technical pub-
lications of the Groups again encompassed a major
fraction of the IEEE publication output. During the year
184 issues constituting 20 266 pages were published, a
slight increase over the 19 847 pages published the year
before.

The number of Transactions published remained at 31
and the number of Journals at two. Of these 33 publica-
tions, five were issued monthly, eight bimonthly, 16
quarterly, and four aperiodically.

The current program of evaluating Group publications,
set up by the Publications Board and TAB OpCom in
1968, was concluded during the year by 17 three-man task
forces. It is expected that the task force reports and recom-
mendations will be extremely helpful to the Groups in
strengthening their publications. The TAB Publications
Committee focused its attention particularly on the
actors that contribute to delays in the publications and
distribution of our periodicals. Perhaps to the surprise of
many Group officers, the procedures and practices em-
ployed by a considerable number of Group Editors have
been responsible for a great deal of the systematic delays,
as distinguished from delays caused by external, more
random events, including strikes. Once the nature of the
problems was understood, remedial action could be
initiated through the joint efforts of the Editors, the
IEEE stail, and the publishers; there do not appear to
be immediate prospects of a speedup in the U.S. postal
system, which introduces a variable delay in the final step
of the publication and distribution cycle.

For the second year in a row, one of the Institute’s
three printers suffered a strike, thus seriously aggravating
a continuing problem of meeting production schedules.
The services of three additional technical typesctters
were acquired during the year, two in England and one in
the U.S., and by the year’s end significant improvement
was beginning to be made in meeting schedules.

The Editorial Department staft was strengthened by the
appointment of H. James Carter as Managing Editor of
the Transactions, to assume responsibility for the pro-
duction of all Group Transactions and Journals.

IEEE Student Journal. Professor Frank S. Barnes of
the University of Colorado continued to implement the
editorial innovations he introduced in 1968, when he was
appointed Editor of the STUDENT JOURNAL. Each of the
five issues published in 1969 was organized around a
specific theme—graduate education, electronic communi-
cation, case histories of achievement, social issues and
survival, and instrumentation. Under the leadership of
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Professor Barnes and an Editorial Board of prominent
engineers, the STUDENT JOURNAL continued to take on a
new look, with livelier graphics and thematic art. With
the appointment of four students to the Editorial Board
in the spring of 1969, readers gained a direct representa-
tive voice in tailoring the magazine to their tastes. C. W.
Beardsley was named Managing Editor, succeeding A. A.
McKenzie, who continued his affiliation with the Stu-
DENT JOURNAL as Editorial Consultant.

As in previous years, an additional 20000 copies
of the September issue were sent to Branch Counselors
for distribution to potential Student members. Since
1967 Student members have been given the option of
receiving either the STUDENT JOURNAL oOr SPECTRUM
as part of their dues. In 1969, 51 percent of the new stu-
dents and 45 percent of the renewing students chose the
STUDENT JOURNAL instead of SPECTRUM.

During the year, 53 signed articles and five guest edi-
torials, as well as other technical and career information,
appeared in the 276 pages of this publication. A cor-
respondence column, which initially contained five letters,
was inaugurated in the November issue.

Translated Journals. The Institute continued sponsor-
ship of the program for translating and publishing papers
from two Japanese, one Ukrainian, one Chinese, and four
Russian technical journals. The journals translated from
Russian were published by IEEE’s former contractor;
the balance were published by 1EEE with the aid of
grants from the National Science Foundation. In 1969,
more than 9000 English pages were published in this
translation program, of which 4853 were from Russian,
3607 from Japanese, 449 from Ukrainian, and 512 from
Chinese.

Advance tables of contents of issues to be translated
were carried each month in SPECTRUM, as were signed
critical reviews of sclected papers that had been published
in English.

More than 1600 articles, brief communications, letters,
and other items were published in English during 1969,
of which 1173 were full technical papers.

Regional, Section, and special publications. Two Re-
gional publications, inaugurated in 1967, continued pub-
lication in 1969. Four issues of IEEE ELECTROLATINA
were published and distributed to the approximately
2000 members in Region 9 (Latin America). This tech-
nical publication contains articles and other material in
Spanish and Portuguese. Region 8, serving nearly 5000
members in Europe, published the IEEE REGION 8
NewsLETTER four times during the year.

A muajor activity of many Sections is the publication of
a monthly Bulletin for the announcement of local activi-
ties. Sixty-nine IEEE Sections are now issuing monthly
publications.

Electrical Engineering. This IEEE managment news-
letter of six to cight pages, first issued as such in 1964,
notes completed and impending changes in the structure,
Bylaws, policics, and operations of the Institute and the
evolution of its organization units.

Information services. Data-base use and development
were the central activities of the Information Services De-
partment during 1969. Production capability of the data-
base system established during 1968 was refined this
year to allow on-schedule delivery of year-end indexes
to IEEE technical journals.

System planning for direct on-line access to the data
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base began this year, as did development of capabilities
to produce computer tapes for public distribution and
to make selected abstracts available for publication in
1IEEE Transactions.

The first computer tapes containing abstracts and re-
lated bibliographic information were delivered to us
by the Institution of Electrical Engineers (London) under
a new agreement that continues joint IEEE--1EE publica-
tion of Electrical and Electronics Abstracts, Computer and
Control Abstracts, and the associated Current Papers
journals,

The technical-subject-classification scheme developed
in 1968 with the IEE was used during 1969 in an expand-
ing program of author-assisted indexing. Also based onthis
scheme, technical-subject-interest profiles of over 85000
IEEE members were collected and stored on the IEEE
computer for use and analysis. In addition, this scheme
was used by TAB to compile technical profiles of the
IEEE Groups.

Author-selected citations were collected, as a first
step toward a network of meaningful linkages between
technical papers in the data base.

National Science Foundation support received for
Information Services developmental work amounted to
more than $70 000 for 1969-1970, and a proposal for in-
creased NSF support for a three-year development and
operating program has been submitted.

Advertising. During the year, Sweatman & Fordham

was appointed to represent IEEE publications and the
International Convention and Exhibition among adver-
tisers and exhibitors in Great Britain and Europe. An-
other addition was Hendrik V. Prins as Manager,
Marketing Services. Mr. Prins has the overall respon-
sibility for IEEE advertising and marketing research
including a newly created marketing and research pro-
gram, ‘‘Synoptic Marketing.” This service, which will be
offered by the IEEE Advertising Department early in
1970, will make available in-depth information about
the overall membership of the IEEE.

In 1969, industry-wide IEEE Advertising Awards were
established to recognize annually the important con-
tribution that advertising makes to the industry and to
the profession through dissemination of technical in-
formation.

Educational activities

The Educational Activities Board, under the chairman-
ship of Dr. John G. Truxal, Polytechnic Institute of
Brooklyn, held five meetings during 1969 at which it
reviewed the activities of its standing committees and
initiated actions.

Accreditation. The chairman of the Accreditation Com-
mittee is Dr. H. W. Farris, University of Michigan, who,
with his committee, maintains continual liaison with
ECPD and IEEE representatives in evaluating criterions
and curriculums at universities in the United States.

I. IEEE Group Membership, December 31, 1969; two-year comparison

Group
No. Group Name
1 Audio and Electroacoustics
2 Broadcasting
3 Antennas and Propagation
4 Circuit Theory
5 Nuclear Science
6 Vehicular Technology
7 Reliability
8 Broadcast and Television Receivers
9 Instrumentation and Measurements
10 Aerospace and Electronic Systems
12 Information Theory
13 Industrial Electronics and Control
Instrumentation
14 Engineering Management
15 Electron Devices
16 Computer
17 Microwave Theory and Techniques
18 Engineering in Medicine and Biology
19 Communication Technology
20 Sonics and Ultrasonics
21 Parts, Materials and Packaging
23 Automatic Control
25 Education
26 Engineering Writing and Speech
27 Electromagnetic Compatibility
28 Man-Machine Systems
29 Geoscience Electronics
31 Power
32 Electrical Insulation
33 Magnetics
34 Industry and General Applications
35 Systems Science and Cybernetics

1969 1968

Students Members Total Total
1001 4074 5075 4572
317 1773 2090 2009
890 4313 5203 4937
2967 7200 10167 8868
459 2051 2510 2453
202 2157 2359 2192
97 2541 2638 2486
359 2071 2430 2229
494 4354 43848 4732
1114 7978 9092 9150
909 4300 5209 4558
391 3082 3473 3293
754 5971 6725 6293
3209 6750 9959 9175
4200 12 662 16 862 14982
1139 5781 6920 6370
1311 389% 5206 4614
1661 7970 9631 8972
106 1251 1357 1246
40 2068 2108 2176
1987 5438 7425 6769
190 1776 1966 1880
254 1948 2202 2103
66 1811 1877 1719
222 1241 1463 1225
249 1458 1707 1571
1453 12 420 13873 12897
44 1202 1246 1139
183 1951 2134 2019
394 4893 5287 4713
1093 3669 4762 . 3987
27755 130049 157 804 145399
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Continuing education. Among the continuing programs
of the Board are the updating of university short-course
listings published in spECTRUM, additions to the slide-tape
lecture series for use of IEEE entities, and updating and
reissuance ol a manual of services and material available
in the continuing education area.

Two short courses were presented during the year with
enthusiastic response from the membership. Three tuto-
rial seminars were presented at the 1969 International
Convention.

Management Games Seminar, the first of a series of
home-study courses, has been presented twice during
the past year with an enrollment of over 3500 students.
The course will be presented again in 1970 to the mem-
bership in Regions 1 through 7. Facilities are being ar-
ranged to test a “Dial Access” information system.
This will be in the form of 5-8-minute, current-status-of-
technology reviews prepared by eminent Group members,
which can be heard by telephone. IPL ’69, an audio-tape
cassette recording of a Workshop on Industrial Processing
Languages, inaugurated a new service entitled Cassette
Colloquia through which the Educational Activities
Board hopes to provide technical information and a
record of workshops, seminars, and conferences.

Precollege guidance. Three meetings have been held
under the chairmanship of Dr. Lindon E. Saline, General
Electric Company. Subcommittees to coordinate guidance
activities in the following specific areas have been es-
tablished:

1. Coordination with ECPD and its constituent
societies to launch a nationwide, profession-wide guid-
ance program.

2. New inexpensive guidance brochures are being
developed.

3. Guidelines are being promulgated for coordination
of guidance activities at the local level.

4. A prospectus is being developed for the production
of a guidance film on *‘Engineering Technology.”

5. A study was initiated under the direction of Dr.
Donald Super, Columbia University, to determine which
factors have what degree of influence on a youngster’s
career determination—how high school students get
“turned on” or “turned off”” in the selection of engineer-
ing as a future career.

Student activities. The committee, chaired by Dr.
Richard B. Russ, Union College, held two meetings in
1969. The annual Vincent Bendix Award program was
administered with grants to seven Student Branches
totaling $2605.

The committee has reviewed and evaluated in depth
the IEEE Prize Paper structure and has made recom-
mendations for consideration by other boards and com-
mittees of the Institute. [EEE’s role in student activities
was reviewed and the following reasons for student mem-
bership in the IEEE were developed:

1. To establish a base for further Institute membership.

2. To serve and augment school programs.

3. To promote leadership training.

4. To give vocational orientation as a stimulation for
further motivation.

5. To identify the electrical engineering profession
with the student and the school by establishing avenues
of communications.

An ad hoc committee was appointed to review existing
procedures and recommend necessary changes in cri-
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terions for IEEE Student/Student Associate Branches and
membership.

IEEE Student and Student Associate Branches enjoyed
a growth of 23 new Branches, making a total of 342.

Board and standing committee activities

Admission and Advancement Committee. During the
year 30 805 membership applications for admission and
transfer were processed. This compares with 30 400 pro-
cessed in 1968. Some 1561 required review by the Ad-
mission and Advancement Committee during the 12
meetings held in 1969, when actions were taken as follows:

Senior
Member Member
Admissions approved 307 583
Admissions rejected 49 36
Transfers approved 437 99
Transfers rejected a1 9
834 727

Membership by grade and percentage is shown in the
two-year comparison below:

Dec. 31, 1969 Dec. 31, 1968
Percent Percent
Grade Number of Total Number of Total
Honorary 4 4
Fellow 2917 2 2885 2
Senior
Member 24 815 15 25023 15
Member 101 058 61 97 326 60
Associate 13235 8 13 200 8
Student 24 319 14 23930 15

166 348 100 162 368 100

Awards Board. During 1969 the Awards Board con-
ducted an extensive study of the IEEE awards. Final rec-
ommendations will be submitted to the Board of Di-
rectors early in 1970.

The Awards Board considered and approved for sub-
mission to the Board of Directors for final approval the
recommendations of its committees for candidates for
five Major, eight Field, three Prize Paper, and two
Scholarship Awards.

The Awards Board approved recommendations for
replacement of several IEEE Representatives whose term
of membership expired on three Intersociety Boards of
Awards.

Fellow Committee. The committee reviewed 395 nom-
inations for Fellow grade. The committee submitted to
the Board of Directors the names of 123 candidates, with
accompanying citations, recommended for elevation to
Fellow grade as of January 1, 1970.

Finance Committee. The committee held seven meetings
in 1969 and primarily concerned itself with the review of
the investments of the Institute, the creation of the Invest-
ment Committee, the comparison of actual results this
year against the approved budget, the analysis of addi-
tional space needs, the determination of what expenses
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could be reduced and income augmented in this and future
years, and the preparation of the 1970 budget.

During the year, in which the overall securities market
sustained a substantial loss in value, the committee
reviewed the investments with its appointed counselor.
An Investment Committee, composed of representatives
from the Board of Directors along with some outside
experts, has been created and has met with the invest-
ment counselor, and is preparing its charter.

An analysis of the operating functions and the cost
of performing various individual services for the members
was started during 1969. This indicated several areas
where the cost of services being performed should be
repriced or the work force realigned to balance the work
being performed, the income generated, and the funds
available to support the particular function.

History Committee. The preparation of a history of the
formation of the IEEE from the merger of the American
Institute of Electrical Engineers and the Institute of Radio
Engineers is an ongoing project of Nelson Hibshman,
retired IEEE Executive Consultant, under the auspices of
the History Committee. A first step was taken in 1969
for assembling a limited collection of archival documents
having special relevance to the Institute. The committee
was saddened by the death in August of Haraden Pratt,
its Chairman since the formation of the IEEE in 1963.

Internal Communications Committee. The committee
has operated as a far-ranging advisory group and has
constantly reviewed internal communication problems
and recommended ways to improve the interface between
the Institute and the member.

The committee generated a program for officer rec-
ognition by the preparation of special tiepin/clips with
the Institute emblem and identifying color borders—
rust for Group Chairman, turquoise for Section Chair-
man, and royal blue for Life Member. It also de-
veloped recognition insignia for Past Presidents and Past
Directors of the Institute. In addition, a fresh new family
of certificates was developed and their use begun.

In support of the need of the Membership and Trans-
fers Committee, the ICC has been asked by the Executive
Committee to expand membership promotional programs
that are nceded further to enhance the Institute entity to
both recruit members and retain those whose job function
or interest might have changed.

The Intersociety Relations Committee. In conjunction
with designated boards and standing committees, the
ISRC compiled a comprehensive status report of activi-
ties. The report resulted from the responses obtained from
158 representatives to 32 societies located throughout the
world. The responsibility for appointments to outside
organizations for which the Professional Relations Com-
mittee had been responsible was delegated to the Educa-
tional Activities Board. The appointments so delegated
were to the NCEE and the Ethics Committee and Young
Engincers Committee of ECPD.

The ISRC focused a good part of its time on the ISRC
Subcommittee on Scientific and Cultural Exchanges and
its effort to enlarge the scope of the scientific and cultural
exchange to include other Eastern European nations.

The 1969 IEEE/Popov Exchange was the most suc-
cessful to date from the point of view of numbers of
participants and the quality of the installations visited.

Life Member Fund Committee. At the annual meeting
of the committee, the criterions for supporting the travel

expenses of individuals who represented IEEE at meetings
for the determination of international standards were
discussed. The funds would be granted to those individuals
who could not readily obtain alternate sources since these
funds are to supplement rather than replace presently
available funds.

The committee, at the request of Haraden Pratt,
Chairman of the History Committee, agreed to make
available the sum of $2500 for the purchase of display
equipment to house objects and papers of historical
significance.

Long Range Planning Committee. The committee en-
visions its function as that of a coordinator, with its work
done through the cooperation and efforts of subcommit-
tees assigned to study specific tasks and/or by standing
subcommittees representing continuing activities of the
Institute. It should attempt to bring the human factors
into the thinking-oriented engineer’s life. In conjunction
with other engineering societies, IEEE should take the
initiative to convince its members to contribute their
intellectual abilities toward solving society’s problems.

The committee recommended that a study be per-
formed by representatives of the Regional Activities
Board to determine the desirability of reducing dues for
those members who reside outside the United States of
America and are members of national societies.

It was recommended that the Institute develop an
operating reserve, by the end of 1976, of $7 200 000 to
cover years in which the Institute might opcrate at a
loss and not desire temporarily to cut back services
rendered to members.

Membership and Transfers Committee. All members
of the committee were designated **Area Representatives’
and assigned to particular IEEE Sections with which
they maintained regular communication in the matter
of membership and transfers activitices.

The committee was authorized to publish in the April
1969 issue of sPECTRUA an article on **Operation GIT,”
the continuing drive with the objective of realizing an
annual 10 percent increase in membership. Included
was a postcard on which members of the Institute could
furnish the names and addresses of prospective members.
IEEE membership promotional material was furnished to
843 potential members as a result of this promotional
effort.

During the year, IEEE staff members operated Mem-
bership Service Desks at 16 major IEEE Conferences.

Nominations and Appointments Committee. Reports
were submitted to the Board of Directors recommending
candidates for clection by the annual Assembly and by
the voting membership and appointment to committees
and boards. It reported to the Exccutive Committee,
recommending candidates to serve on those committees
reporting to it.

Regional Activities Board. In March 1969 the Sections
Committee was abolished and a new Regional Activities
Board (RAB) established to assume the responsibilitics
of the Sections Committee and to give full attention to
the important geographical activitics of the Institute.
The Board of Directors approved a new Bylaw (308)
defining the composition and scope of activitics of RAB.
Upon the recommendation of RAB, the Board of Direc-
tors approved a new border for Region 8 to achieve a
clear delincation of its southern boundary, together with
a minor adjustment to include the Middle East. The
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country of Greenland was simultaneously assigned to the
territory of the Denmark Section in Region 8. The
Directors likewise abolished the Constitution for Sections
and incorporated Articles of that Constitution into the
IEEE Bylaws.

RAB approved a new document, ““Section Student
Activities Manual,” which provides suggested guidelines
for the important relations between Students and the
Sections.

The Board of Directors approved, on the recommenda-
tion of RAB, the following statement :

“When the 1IEEE, or any of its organizational elements,
engages in an activity which is specifically national in
character, that is to say, an activity which by its nature
reflects an intrinsic relationship to a specific national
environment, the guiding policy should be that under-
taking such an activity should not preclude 1EEE action
on the corresponding problem in any other national
cnvironment. It should be noted that this policy contem-
plates the possibility that the IEEE might adopt differing

positions relative to a particular problem area, in its dif-
ferent national environments.”

The following RAB proposal was approved by the
Board of Directors and the necessary Bylaw revisions
adopted for implementation :

*“It is proposed that the Board of Directors authorize the
Exccutive Committee to extend membership privileges, on
a reciprocal basis, to members in good standing of those
National Socicties in our field of interest which wish to
enter into such a relationship. In this context, an ex-
change membership implies collection of the same dues
and Group fees as for regular membership; full member-
ship privileges in every respect excepting the right to vote
in the election of officers and directors; and automatic
acceptance of applications for exchange membership
status which carry a certification by an officer of the
National Socicty involved attesting to the applicant’s
membership status in that Society, without entrance fee.
Exchange membership privileges would be limited to a
maximum of three years for any individual.”

Report of the Treasurer—1969

Ravymond W. Sears  Treasurer IEEE 1970

The financial activities of the IEEE, for the year ending
December 31, 1969, are reported on the following pages,
on a consolidated basis for the first time by the inclusion
of all Group operations. Financial results for Group
operations, the Investment Fund, and the IEEE General
Account are shown individually with the appropriate
separation of interaccount transactions, so the con-
solidated summation is indicative of overall Institute
operations.

From an overall standpoint, the Institute had a finan-
cially troublesome year. Whereas results from regular
operations show a net surplus of $196 939, realized losses
of our investment fund from sales of securities amounted
to $254 993, thus reducing the surplus to an overall loss or
reduction of our Operating Fund balance of $58 054. In
addition to the realized loss in our securities transactions,
the unrealized reduction in market value of our securities
totaled $657 987. Steps already have been taken by the
Finance and Executive Committees aimed at obtaining a
better market position and performance during 1970.

The General Account includes income and expenses
related to general membership activities, publication of
the PROCLEDINGS, SPECTRUM, and the STUDENT JOURNAL,
advertising, Information Services, International Conven-
tion, and other services for all members. It is interesting
to note that membership fees constitute the largest portion
(50 percent) of the General Fund income. The Group
Account includes publications, conferences, and all activi-
ties administered by the Groups and the Technical Activi-
ties Board. The Investment Account records the results of
the year’s operation of our investment activities, including
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dividend and interest income and capital gains or losses.

The General Account, after appropriate transfers,
showed a net loss of $106 501 for 1969 in contrast to a net
gain of $283 400 for 1968 on a directly comparable basis.
Our difficulties in meeting our budget expectations this
year resulted from a number of factors. We installed a new
and more efficient computer designed to increase the
capabilities for meeting the needs and requirements of
1EEE’s operating units. Nonrecurring costs of computer
rental for testing the new system, as well as a three-shift.
seven-day operation for six months, was one of the major
causes for the computer budget overrun. In addition, we
invested further in the development of our Information
Services Program aimed toward both technical and finan-
cial advantages in the future. Finally, advertising fell off.
we had difficulties owing to a printer’s strike, and we
began to feel the increased cost of printing. Printing costs
are escalating at a rapid pace and will be severely felt in
1970.

The surplus from Group Operations is due mainly to a
nonrecurring transfer of accumulated assets from Joint
Meeting Accounts to Group Accounts.

In summary, although we experienced a modest 2 per-
cent growth in Institute and Group memberships, we en-
countered financial difficulties because of inflation, ex-
traordinary expenses relating to the computer installation,
and continued investment in expanding member services.
New procedures have been instituted aimed at a better
control of expenditures in the various operating depart-
ments of IEEE to attain better budget compliance and to
keep expenditures in line with income in 1970.
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Auditors’ report

Price Waterhouse & Co.

60 BROAD STREET
New York 10004
March 18, 1970

To the Board of Directors of
The Institute of Electrical and Electronics Engineers (Incorporated)

We have examined the statement of financial position of The Institute of Electrical and Electronics Enginecrs
(Incorporated) as of December 31, 1969 and the related statement of income and operating fund balance for
the year. Our examination was made in accordance with generally accepted auditing standards and accordingiy
included such tests of the accounting records and such other auditing procedures as we considered necessary in
the circumstances.

As more fully explained in Note 2 to the financial statements, the accounts of the Institute include for the
first time in 1969 the income and expense of the Institute’s Groups. As a result of this change in accounting,
which we approve, the excess of total expense over income for the year has been reduced by $353,440.

In our opinion, the accompanying financial statements examined by us present fairly the financial position of
The Institute of Electrical and Electronics Engineers (Incorporated) at December 31, 1969 and the results of its
operations for the year, in conformity with generally accepted accounting principles applied on a basis con-
sistent with that of the preceding year.

Price Waterhouse & Co.

THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (INCORPORATED)
STATEMENT OF INCOME AND OPERATING FUND BALANCE
DECEMBER 31, 1969

(Note 2)
General Invest-
Account Groups ments Total

Operating income:

Membership, entrance fees and dues $3,241,813 $670,423 $3.912,236

Advertising 710,102 710,102

Periodicals subscriptions, publications and sales

items 667,988 1,075,077 1,743,065

Information services and products 255,984 255,984

Conventions and conferences 1,249,977 806,659 2,056,636

Investment income 116.488 $153,552 270,040

Miscellaneous other 243,822 257.197 501,019

Total ~.486.174  2.809.356 153,552 9,449,082

Operating expenses:

Headgquarters services to members 1,078,634 190,275 1.268.909

Support of regions, sections and branches 534,897 534,897

Periodicals publications and sales items 2,038,566 2,256,118 4,294,684

Information services 351,196 351,196

Conventions and conferences 950,735 733,985 1,684,720

General administration 1.064.682 30,826 22,229 1,117,737

Total 6.018.710 3,211,204 22.229 9,252,143

Excess of operating income over (under) operating

expenses (Note 3) 467,464 (401,848) 131,323 196,939
Loss on sale of securities (254,993)  (254,993)
Excess of income over (under) expenses for the year 467,464 (401,848) (123,670) (58,054)
Add (subtract)—Intrafund transfers:

Investment income to general account 131,323 (131,323)

Support of groups from general account (755,288) 755,288

Portion of accumulated capital gains from invest-

ments to general account 50.000 (50,000)
¢106,501) 353,440 (304,993) (58,054)

Fund balance, beginning of year (Note 2) 3.216.861 569,200 684,969 4,471,030
Fund balance, end of year $3.110.360 $922.640 $379.976 $4.412,976
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THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (INCORPORATED)

STATEMENT OF FINANCIAL POSITION
DECEMBER 31, 1969
(Notes 1 and 2)

Operating Fund

Current assets:
Cash including $1.314,000 in federal funds, commercial paper and

o savings account $1,793,178
Marketable securities, at cost, approximate market value (Note 4)

$5,085,000 4,986,029
Notes and accounts receivable, less allowance for doubtful accounts of

$24.563 509,760
Prepaid expenses, inventory, etc. 515,917

Total current assets
Fixed assets:
Otlice equipment and leasehold improvements, at cost. less accumu-
lated depreciation and amortization of $497,756

Total assets
Less—Current liabilities:

Accounts and accrued expenses payable 407,447
Deposits by sections and other custody accounts (Note 4) 251,885

Deferred income:

Groups 589,776
Dues 1,593,682
Subscriptions 298,481
Convention 617,606

Total current liabilities
Operating Fund balance (accompanying statement)

Property Fund
Advance to United Engineering Trustees, Inc. (Note 5)

Restricted Funds
Cash 74,262
Marketuble securities, at cost, approximate market value $261,000 264,467

Restricted Funds balance (accompanying statement)
Total all funds
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$7,804,884

659,332

3,099,545
3,758,877
4,412,976

265,000

338,729
$5,016,705



86

THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (INCORPORATED)
STATEMENT OF CHANGES IN RESTRICTED FUNDS
FOR THE YEAR ENDED DECEMBER 31, 1969

Receipts

from Disburse-
Fund contribu- ments Fund
balance tions and for awards  balance
January  marketable  and re- December
Restricted Fund 1, 1969 securities  lated costs 31, 1969
Life Member Fund $100,182 $5,914 $16, 546 $89,550
International Electrical Congress—

St. Louis Library Fund 6,913 204 200 6,917
Edison Medal Fund 17,358 1,386 1,016 17,728
Edison Endowment Fund 7,986 263 263 7.986
Lamme Medal Fund 9,428 259 370 9,317
Mailloux Fund 1,060 41 44 1,057
Volta Memorial Fund 13,632 503 1,985 12,150
Kettering Award Fund 2,685 153 2,838
Browder J. Thompson Memorial Prize Award Fund 5,266 143 5,409
Harry Diamond Memorial Prize Award Fund 1,022 44 5 1,061
Viadimir K. Zworykin Television Award Fund 3,506 88 506 3,088
W. R. G. Baker Award Fund 9,839 405 10,244
William J. Morlock Award Fund 5,456 207 300 5,363
W. W. McDowell Award Fund 9,533 350 737 9,146
William D. George Memorial Fund 855 22 150 727
Frank A. Cowan Award Fund 147,379 6,614 153,993
1EEE Region 9 Award in Electric Power

Engineering Fund 2,0M 84 2,155

Total $344,171 $16,680 $22,122 $338.729

NOTES TO FINANCIAL STATEMENTS—DECEMBER 31, 1969

NOTE 1—THE INSTITUTE: The Institute is a scientific and educational organization organized for the advancement of
the theory and practice of electrical and electronics engineering and related arts and sciences primarily through Sections and
Groups. Sections are unincorporated geographical subdivisions of IEEE. The books and records of the Sections are main-
tained by the treasurers of each Section and are not included in the accompanying financial statements. Groups are unincor-
porated units within IEEE formed to serve the specialized professional interests of members and to coordinate these with the
local activities of the Sections and the broader activities of the Institute. The Groups promote the technical interests of its
members through symposia, conferences and various publications. The Groups receive income and incur related expenses
from these activities and such monies are handled by the Institute and accounted for as a separate fund.

NOTE 2—FINANCIAL STATEMENTS: The accompanying financial statements include, for the first time, the accounts of
the 1EEE Groups. In prior years, the balance of the Group’s fund referred to in Note 1 was included in liabilities on the
statement of financial position and the amounts which 1EEE allocated to Group activities was included as an expense in
IEEE’s statement of income. In 1969, all income and disbursements of Groups has been reflected in the attached statement of
income, and the allocation in support of the Groups is now reflected as an intrafund transfer.

As a result of this change in accounting, the operating fund balance at January 1. 1969 was increased by $569.200. the excess
of total expense over income for the year 1969 has been reduced by $353,440 and the operating fund balance at December 31,
1969 was increased by $922,640.

NOTE 3—ADVERTISING: No provision for federal income taxes on advertising income earned by the Institute has been
made because, in the opinion of management, the Institute had no net advertising income after allocation of direct and in-
direct expenses.

NOTE 4—MARKETABLE SECURITIES: Marketable securities include $109,400 deposited by certain Sections of the In-
stitute. Such funds with pro rata share of income and unrealized gains or losses can be withdrawn by the Sections concerned .
at the end of any fiscal year or quarter.

NOTE 5—COMMITMENTS: In accordance with a Founder’s Agreement between the Institute and the United Engineering
Trustees, Inc. the Institute has agreed to maintain permanently its principal offices in the United Engineering Center, which
currently involves an annual payment of approximately $190,000. The $265.000 advanced to United Engineering Trustees,
Inc. is repayable only out of available reserve funds on dissolution of United Engineering Trustees, Inc. and carries interest
at an annual rate of 4%;.

NOTE 6—PENSION PLAN: The Institute has a voluntary noncontributory pension plan covering its employees. The pen-
sion cost for the year was $82,154 which included amortization of past service cost over 20 years. Unfunded past service cost
at December 31, 1969 is approximately $174,000.

1EEE Reports—1969





