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We're not here foravacation.
We're here to help clean up America’s air.
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The island of Trinidad is There, as part of our increased quantities of the
a Caribbean paradise to huge refinery, were building cleaner-burning fuel re-
many. But toTexaco it’s the anew plant of advanced quired to protect our urban
place to do an important job. design. environment.
— Its purpose —to remove And the people who live
even more sulphur from in it.

fuel oil before it’s delivered

to American industry.
When this plant is com-

pleted, Texaco can provide

We're working to keep your trust.
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The power of concentration.
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When you concentrate on some-
thing you're good at, you have
the potential of developing
powerful improvements in the
products you make.

Take color TV.

RCA pioneered color television.
And since 1954, when we put
ourfirstcolor sets on the market,
we've concentrated on making
our sets better-performing,
longer-lasting and easier to
service.

And we've come a long way in
doing that. And a lot of our
improvementsresulted from
our being able to design
concentration—physically —
into electronic components.

For instance, in every one of
RCA's 100% solid-state XL-100
color sets, there are twelve
plug-in AccuCircuit modules.
Combined, these circuits per-
form 85% of all color-reception
functions.

And each module is designed to
concentrate on separate elec-
tronic operations. Which means
that if something goes wrong,
diagnosis of the problem is
usually quick and simple and
more sets can be repaired in
the home instead of the shop.

But that's just one improvement
out of many. RCA is concen-
trating on developing even more
advanced components for the
color TV of the future.

At RCA, we're concentrating on
many areas of opportunity.

Like consumer electronics, con-
sumer services, entertainment
and, of course, communications
technology. Areas in which
RCA has an active role today
and will seek an even greater
role tomorrow.



COBOL,
FORTRAN,
RPG,
BASIC
Spoken Here

This revolutionary small computer lets your people
use the languages which best express the problems
you need to solve. Its variable micrologic processor
operates efficiently with each language by instantly
restructuring itself as it shifts from one program or
program segment to the next.

It’s Burroughs new B 1700—actually, a whole
series of fourth-generation systems, all of which
feature multiple language performance. Plus, large
system management reporting abilities . . . ready-to-
use programs from a library of Business Manage-
ment Systems . . . a Master Control Program for sys-
tem self-regulation and multiprograming (for the first
time in systems of this size) . . . new peripherals (in-
cluding 96-column card equipment) and magnetic

data file subsystems . . . simplified operation and sys-
tem management . . . flexibility in application . . .
exceptional responsiveness to change . . . impressive
new levels of cost/effectiveness!

B 1700’s are being installed by businessmen
who need comprehensive management information
and control capability, and who want results without
complexity . . . by professional EDP managers who
need more EDP capability coupled with ease of con-
version, plus expandability without reprograming.

Ask your Burroughs representative for full in-
formation about the B 1700’s—the exciting new com-
puters that provide big system results at a price small
businesses can afford.

Burroughs g,
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Dual.

The turntable for
people who
are very serious
about their
record collection.

There are many different types
of Dual owners.

Audio professionals want to
know about every technical feature
and nuance of Dual design and
engineering.

Newcomers to components are
usually content with the knowledge
that they have the turntable
everyone recommends as the very
finest available.

But all types of Dual owners
have one thing in common: a large
collection of records. And they know
that their records will sound better
and continue to sound good

ris trom

ent test labs and an article
from a leading music magozine

that tells yvou what to look for

in turntables m‘
N

r———————————
I United Audio Products, Inc.
120 So. Columbus Ave
l Mt. Vernon, N.Y. 10553  Dept. SA
Please send me your free literature on
| turntables, including test report reprints
: Name
| Address
| State
&
United Audio is exclusive U S. Distribution Agency for Dual
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THE COVER

The picture on the cover symbolizes the theme of this issue of ScIENTIFIC
AMERICAN: communication. It is a photograph of part of the stela of Prince
Wepemnofret, a high-ranking member of the family of the Egyptian ruler
Cheops. The stela is in the Robert H. Lowie Museum of Anthropology at
the University of California at Berkeley. As an example of how the inscrip-
tion on the stela translates, the panel on the far right reads from the top:
“[Chief] scribe. [Chief] royal huntsman. Priest of Sashat [Goddess of Wis-
dom], who is the chief one of ...” The fourth panel from the right, with the
bent arm at the top, lists offerings in the tomb of the prince: “Desher [a
drink] 1,000 bowls. ... [a drink] 1,000 bowls. Sweet wine 1,000 bowls.
Bread 1,000 loaves. Every sweet thing.” Much of the rest of the inscription
also lists the contents of the tomb. The stela, which dates back to the 27th
century B.c., was uncovered at Giza in 1905. It is regarded as the best-
preserved example of painted relief from the Old Kingdom of Egypt.
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for thebetter...

On May 24, 1844, the message
“What hath God wrought!” crackled
over the first telegraph wires
between Baltimore and Washington,
D.C. That historic occasion gave
birth to telecommunications as we
know it today, and was the crude
beginning of the most complex,
elaborate, widespread and least
visible of man’s creations.

In the intervening 128 years, man’s
ability to communicate over long
distances has accelerated explo-

sively. Those first dots and dashes
expressed man’s wonder and awe

at being able to transmit a message
38 miles. Now millions of people
around the world take it for granted
when color television lets them see
and hear astronauts walking on the
moon. The same goes when you make
a hotel or airline reservation, pick

up the phone, send a TWX or Telex,
or use a branch office computer
terminal to send data to the main
office EDP center. All the messages

of a global industrial society are
quickly and efficiently funneled
through such information pipelines as
wires, cables, automatic switching
machines, microwave radio
relays and satellites.

Maintaining these overlapping
and interwoven telecommunications
systems, and nurturing their growth
as they continue to evolve, is where
Hewlett-Packard
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... 1N telecommunications,
forexample.

is helping to change things for the
better. We have developed instru-
ments and systems to measure and
improve the performance of tele-
communications equipment, and to
locate and solve existing or potential
problems. Many HP systems are
automatic: due to the complexity of
modern telecommunications,
numerous jobs are impossible to do
manually, and will yield only to the
speed, accuracy and repeatability of
computer-based equipment.

Testing 140,000 trunk lines
overnight—automatically

It’s been 96 years since Alexander
Graham Bell said ‘“Mr. Watson, come
here; | want you.” Now there are
2,000 telephone companies in the
U.S. with millions of miles of phone
lines, and each line must be regularly
tested and maintained.

It takes a telephone craftsman
only 15 minutes to check out a trunk
line between switching offices. But
there are so many inter-office trunks
that there can be a several-month
interval between these manual tests.
During that time, a lot of unwanted
changes can take place: loss of
volume, an increase in noise, even
a complete breakdown.

A recent solution is a computer-

controlled system that can test 1,000
trunk lines an hour in each of 14
offices — simultaneously, and in both
directions. It automatically dials
each trunk, measures transmission
quality, and reports any that are
below par. The HP system can be
tailored to the needs of any telephone
system, large or small, for new or
installed switching equipment. Prices
start at $75,000.

Finding fault with cables—
overhead or underground

When trouble develops in a
specific trunk line, the telephone

company needs to find the exact
location of the fault and fix it. This
must be done quickly — for obvious
reasons.

HP has developed some new
instruments that greatly speed up
and simplify this often complicated
task. One locates faults in a cable
and automatically determines the
distance to the fault. Another uses
audio “beeps” to lead the craftsman
to the fault and pinpoints its exact
location. For buried cables it tells
him how deep to dig. A third HP
instrument uses ultrasound to detect
pinholes in pressurized cables. HP
cable fault locators and leak detec-
tors range from $500 to $1,000.

Fine tuning microwave
radio relay links

The millions of people who
watched Neil Armstrong set foot on
the moon three years ago were
beneficiaries of the improved relia-
bility of microwave communications.

A microwave radio link is a com-
plex amalgam of electronics that can
simultaneously transmit 1,800 voice

© 1972 SCIENTIFIC AMERICAN, INC

channels — or their equivalent in TV
or data signals — on a high frequency
radio carrier wave and deliver them
without degradation to a distant
receiver. However, this happens only
when all the parts are in tune.
Keeping them in tune requires highly
accurate measuring instruments.

An example is HP’s microwave
link analyzer, which measures the
over-all performance of these links
and quickly locates sources of
distortion. As a result, the link now
can be kept in tune all the time. This

helps the operator realize the full
traffic potential of the link; and the
user suffers less noise, echo and
crosstalk in voice communications
and less ghosting in network tele-
vision pictures. HP link analyzers
cost from $11,000.

Understanding
electromagnetic pollution

Nearly everyone has experienced
the side effects of our saturated
airwaves. These range from the
trivial (your TV picture becomes dis-
torted) to the humorous (your auto-
matic garage door mysteriously
opens by itself). They also can be
dangerous. Airline pilots report
having their instruments and com-
munications disrupted; police or
firemen making emergency radio
calls find themselves talking to taxi
dispatchers or children with
walkie-talkies.



With more than 6 million sources
of radio wave transmission operating
in the U.S. alone, our electromagnetic
environment is becoming polluted.

But now something positive can
be done. HP’s automatic spectrum
analyzer was especially designed to
measure electromagnetic spectra,
from low frequencies through the
microwave region. A calibrated radio
receiver controlled by a mini-
computer, it can continuously monitor
a selected band of frequencies and
report traffic density, out-of-spec
transmission or unauthorized use.

And it does this completely un-
attended, without encroaching on the
privacy of the licensees. With this
type of information, the radio spec-
trum can be effectively managed.
HP computerized spectrum analyzers
are priced from $95,000.

Predicting the performance
of telecommunications components

Building better telecommunications
equipment — transmitters, receivers,
amplifiers, filters, etc. — depends
heavily on the complex electronic
components that go into them. And
these components can’t be designed
until it's known precisely how they
must perform after they're produced.
The business of finding this out is
called ‘“characterization.” An astro-
nomical number of measurements
must be made at all test frequencies
— manual analysis costs too much,
takes too long, and often cannot be
made accurately enough. To meet
these demanding needs, HP provides
three automatic systems.

Two computer-controlled systems
— a network analyzer and a spectrum
analyzer — can completely char-
acterize both active and passive
components. They are up to 150 times
faster than manual methods, and

automatically report results with
standards laboratory accuracy.
Prices start at $45,000.

A new HP system performs pro-
duction tests on components that
operate at relatively low frequencies.
It employs a new generation of
“smart” instruments — that is, they
are programmable, with built-in data
processors, and use a single
standard cable to send and receive
data and control signals. Since the
system employs a relatively

HEWLETT |
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inexpensive HP calculator it costs as
little as $22,900, yet performs with
exceptional speed and accuracy
within its frequency domain.

Extending the usefulness
of microwaves

To design state-of-the-art measure-
ment instruments, HP requires
state-of-the-art components. In many
cases, we can get the performance
we demand only by creating our own.
So HP has developed a unique
high-volume production facility for
microwave components.

This capability combines our know-
how in semiconductor processes,

G . fa e
: =

thin-film technology and packaging.
Lately, we've put these skills to work
designing and producing special
components and subsystems for
manufacturers of telecommunica-
tions equipment. HP now provides
better-performing, lower cost com-
ponents and subsystems for micro-
wave repeaters, receivers used in
satellite transmission of educational
TV and television repeater amplifiers.
These are just a few examples of
our involvement with telecommunica-
tions. HP’s new standards in
measurement, analysis and compu-
tation are also at work solving
problems in industry, science,
medicine and education. Can we
help you? Write: Hewlett-Packard,
1509 Page Mill Road, Palo Alto,
California 94304; In Europe: P.O. Box
85, CH-1217 Meyrin 2, Geneva,
Switzerland; In Japan: YHP, 1-59-1,
Yoyogi, Shibuya-Ku, Tokyo, 151.

00216



LETTERS

Epitor’s NoTE:

The following column by Brig. Gen.
(Ret.) S. L. A. Marshall comments on
“The Cratering of Indochina,” by Ar-
thur H. Westing and E. W. Pfeiffer (Sci-
ENTIFIC AMERICAN, May). The column
was syndicated for publication on the
weekend of June 24-25. It is copyright-
ed in 1972 by The Los Angeles Times,
and is reprinted with the kind permis-
sion of the Los Angeles Times/Washing-
ton Post News Service.

“The dimpling of the earth’s surface
by bombs and artillery shells is a more
suitable subject for the ecologist than
for the military writer, though whoever
discusses it should at least do so intelli-
gently.

“Soldiers do know something about it
that the scientist or newshawk is likely
to miss. They also have more reason to
feel morbid about an explosion-made
crater, provided they were there when
a friend was blown apart. If they have
the bad habit of making sentimental
journeys to old battlefields many years
later, they also know that the combina-
tion of picric acid or other chemicals and
steel fragments can so denature the good
earth that not even red Flanders poppy
will grow.

“All of this is regrettable, as war is
regrettable. It is also regrettable that
when theorists write about the evils of
cratering they feel that to make a case
they must indulge in gross exaggeration.

“The subject is much in the air this
summer. The effusion began when two
university professors, Arthur H. Westing
and E. W. Pfeiffer, took a trip to Viet-
nam and on their return wrote an article
for Scientific American which would
have the innocent reader believe that the
countryside is pitted and pocked from
the DMZ to the tip of the Delta.

“Here is one telling quotation: ‘Cra-
ters pock every area of South Vietnam:
forests, swamps, fields, paddies, road-
sides.” As everyone knows who has been
there, this is in no sense true. The visitor
who stays long and views widely from
above sees that there are vast areas of
the country unmarred by the scars of
war.

“Some of the worst cratered spots are
on relatively worthless and unpopulated
ground, for in general that is where the
Charleys fixed their base camps. But

that is not true of all. The Iron Triangle,
Soui Ca Valley and Bon Ong Plain, for
example, were once garden spots and
they are now desolate.

“The authors report sadly that mill
hands continue breaking their saws on
U.S. military metal buried in logs. One
of the most surprising things about
South Vietnam is that the high timber
of the triple-canopy jungle is so rich in
teak, mahogany and rosewood, and yet
there is almost no lumbering industry.

“Westing and Pfeiffer wrote: ‘We as-
sume...that on the average each of the
crater-producing missiles was equivalent
to a 500-pound bomb and formed a cra-
ter 30 feet in diameter and 15 feet deep,
displacing 131 cubic yards of earth.”

“Well, as said the Iron Duke: ‘If you
can assume that, you can assume any-
thing,” including that the public is woe-
fully ignorant.

“The 500-pound bomb is the heaviest
missile and blows the largest crater,
though that is the lesser point. Its aver-
age pit, in loose sand or clay, instead of
being 30 by 15 feet is eight feet or less
in diameter and only deep enough that a
man standing in the crater will have his
head above the rim.

“The 2,000-pound blockbuster that
was used in the Pacific war only blew a
crater that was about 15 feet across by
eight feet deep. Islands such as Kwaja-
lein, Eniwetok and Okinawa were far
more heavily worked over and cratered
than any part of Vietnam, yard for yard,
but they were not ruined.

“Even so, Westing and Pfeiffer found
their share of unquestioning true believ-
ers in the funny world of journalism. An-
thony Lewis of The New York Times
picked up the theme, gave the authors
credit and did a column on it. Mr. Lewis
recently saw some bombs fall around
Hanoi and wrote of his experience as if
it were something new on earth. But it
taught him little about cratering.

“He is aghast that, according to West-
ing and Pfeiffer, there are 21 million
craters in Vietnam when the land sur-
face of the country, he says, is only the
size of Missouri. Not being from Mis-
souri, I would still ask him to show me.
For the authors said no such thing. They
wrote that 21 billion pounds of explo-
sives had been dropped on South Viet-
nam. That would be a little more than
10 million tons, and if all of it had been
cased in 500-pound shells, it would work
out at 40 million craters. Big claiming
being the order of the day, he should
make the most of his possibilities.

“But what does it signify, really?
When the six-month-long battle of Ver-
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dun at last ended, it was estimated that
40 million shells had been exchanged be-
tween the two sides. Except then for the
overlap (and there would be quite a lot
of it) that should have brought off 40
million craters on one battlefield smaller
than some counties in Missouri, though
certain shells do burst in trees or bounce
off fortress walls.

“Lewis notes that Westing and Pfeif-
fer remark with sadness that some of the
craters at Verdun are still visible 57
years later. That is because the battle-
field is a national monument, the craters
mean money in the bank, and German
tourists, like Frenchmen, swarm forth
each summer by the tens of thousands
to see them....

“To close, I quote from Lewis: ‘It is
painful for countries or individuals to
face the truth about themselves.”

“True enough, but one should at least
try.”

Sirs:

We appreciate the attention devoted
by General Marshall to the intensive cra-
tering of the land of Indochina and to
his corroboration and extension of some
of our observations reported in Scientif-
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~ Making the world smaller—

>

Via better communications is a major
soal of scientists at NEC. So far their efforts
have paid off. On the global scene, entire
NEC systiems subsystems have been or
will be installed ar 46 earth siations for
satellite communications. To utilize the
orbiting satellites more efficiently, they are
constructing 20 terminals tor SPADE*
system. This assigns communication
channels on a demand basis automatically.
On the domestic scene their achievements
are equally outstanding. A 4.400 mile
microwave link in Brazil. 2,100 mile coaxial
cable system in India, 92.000-line
telephone exchange in Thailand and 64 TV
transminers in Malavsia, to name a few.

'

Technology Iniegration

NEC scientisis derive the echnical edge
from technology integration. Few
companies produce a comparably vast
product range. Switching, transmission,
radlio, broadcast, and data processing.
From Components, equipment 1o systems.
NEC Sysiem Laboratory in Boston probes
the sysien of sysiems with many talenied
LS. scientists on s staff.

The Goal

NEC scientists will continue siriving until
the world is really in yvour hands. It is not
iecchnology tor technology sake. They
believe «a smaller world will lead 10 a
better one”, It is a great task. The contunued
cooperation and friendship of scientisis on
every continent is essential.

* Single channel per carner PCM multiple Access Demand assighmeit Eguipment

Nm EIEC"IC CO.. Ltd Overseas Otfices: New York, Chicago, Los Angeles, Washington, Bangkok, Beirut, Bogota, Caracas, Djakarta, Diusseldorf,

Tokyo.Japan Hong Kong, Karachi, Kuala Lumpur, Manila, Melbourne, Mexico, New Delhy, Rio de Janeiro, Taipe:, Teheran, Wien.
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Inside this I50-year-old
Xerox computer is quietly
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Cape Cod house a
mapping the ocean floor.

The house is a part of the Woods Hole Oceanographic
Institution in Massachusetts.

N The computer is one of a whole family of computers made by
erox.

Like some other Xerox machines that are known for copying,
these versatile Xerox computers handle a wide variety of jobs.

For instance, they’re helping hospitals monitor critically ill
patients. And they’re speeding vital business information to
Dun & Bradstreet customers up to 10 times faster than ever before.

It was just this kind of versatility that the scientists at Woods
Hole were looking for.

They needed a computer to study the distribution of marine life,
analyze ocean currents and solve other mysteries of the sea.

And besides all that, it had to tackle the Institution’s normal
accounting chores.

With space at a premium, the people at Woods Hole decided to
convert a ship captain’s old house into the new data center. But
without changing the rustic appearance of the neighborhood.

Xerox worked together with Woods Hole scientists to carefully
turn the historic house into a home for the new Xerox computer. So
now, from the outside it’s just another 150year-old Cape Cod home.

And inside, it's just another way Xerox is helping man use the
information he needs to better understand his world.

XEROX
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YOUR OWN LASER
for only *99!

Without doubt, your wife is going to ques-
tion this indulgence. She knows there are
more important things to spend money on.
Like a new clutch for the car. The ortho-
dontist. The children’s college. (Also, her
birthday is getting close.)

“Why,” she will ask you, “do you need a
laser?”

Why, indeed.

A laser is to an adult tinkerer what a
chemistry set is to a small boy. You can
illuminate holograms, look at diffraction
gratings, or beam the light into your friend’s
living room on the next block.

If you're visually inclined, a laser beamed
at foil attached to your speaker cone will
dazzle your resident teenager. You can build
a hundred things using photo sensors, in-
cluding a shooting gallery. Or perhaps you'll
send your voice via laser light.

At this point your wife should understand.

Our Model 155 He-Ne laser is great to toy
around with, but it's no toy. It produces 1/2
milliwatt (not bright enough to be dangerous)
of visible red light with a beam divergence
of less than 1 milliradian. It never needs
mirror aligning, and the internal power sup-
ply is automatic and self-starting. Guaran-
teed output stability is comparable with that
in $500 lasers. Proven life expectance is
over 13 thousand hours. It has an 18-month
warranty, and a 10-day money-back guar-

antee.

FREE HOLOGRAM and a list of simple ex-
periments are included.

One more thing. The Model 155 is made by
Spectra-Physics, the world’s most experi-
enced manufacturer of lasers. Now, tinkerer,
just try and forget this ad.

00000000000000000000000000000000

E?pectra-Physics

To: Spectra-Physics, 1250 West Middle-
field Road, Mountain View, Ca. 94040.

Please ship me _ Model 155 laser(s)
at $99.50 each. | understand that | may return
the undamaged laser within 10 days for full re-
fund if | am dissatisfied. Enclosed is [J a
check or money order [J company purchase
order # . (Lasers will be
shipped post paid if payment accompanies order.
California residents add 5% sales tax.)

[J Please send me complete information on
your Model 155.

Name...
Address...
City

State...
00000 cocee
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ISR R RN RRER SRR R R R R R R R R R R RN ]
000000000000 IFNRRNIRBNRNRNRRRNRESEN

N

ic American. We trust that the follow-
ing will clarify the points that appear to
trouble him.

First we should like to point out to
General Marshall that we wrote our ar-
ticle not as “two university professors
[who] took a trip to Vietnam” but rather
as two professional biologists (both with
combat experience as Marine Corps offi-
cers) concerned about the long-term eco-
logical debilitation brought about by
military activities, following a combined
total of seven investigative tours into
the war zones of Indochina.

We agree with General Marshall that
it could be misleading to state that “cra-
ters pock every area of South Vietnam.”
Our original manuscript stated that we
had “seen occasional, scattered craters
| almost everywhere” and that “no type

of habitat seems to be spared, including
forests and swamps, fields and paddies.”
This was followed by an enumeration of
the regions of massive environmental
disruption by craterization.

According to the Department of De-
fense, the U.S. expended 13 million tons
of munitions throughout Indochina dur-
ing the seven-year period 1965-1971.
In the absence of Government-released
data and on the basis of numerous infor-
mal observations and interviews in South
Vietnam, we assumed for our analysis
that half of these munitions by weight
were crater-producing. We made our
calculations as if this entire crater-pro-
ducing fraction were in the form of 500-
pound bombs (not the largest, as stated
by General Marshall, but the most com-
monly used), and in this way we arrived
at a total of 26 million craters. We there-
by underestimated the number of craters
but probably not their combined dimen-
sions or their overall environmental im-
pact.

On the basis of observing several
thousand craters and of measuring sev-
eral dozen of them, we arrived at an av-
erage diameter per 500-pound-bomb
crater of 30 feet and an average depth
of almost 15 feet (and hence an average
volume of 130 cubic yards). General
Marshall’s figure of eight feet or less for
these “dimples” or “pits” is ludicrous.
We refer him to the photographs on
page 27 of our article. The blades on
the depicted tractors are 11 feet wide;
it is obvious that at least three blades
would be required to span the craters.
To suggest the enormity of just one as-
pect of the environmental disruption
thus caused, it can be noted here that
the total soil displaced could have filled
and refilled the White House (including
both of its wings) once every hour and
| three-quarters during this entire seven-
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year period. The Department of State
has recently released an intelligence re-
port suggesting that the Vietnamese can
fill in the large bomb craters with an ex-
penditure of approximately 500 man-
hours of hand labor per crater (see The
New York Times, July 29).

On the basis of fragmentary Govern-
ment-released data compiled by us and
Professor Raphael Littauer (see The Air
War in Indochina, Beacon Press, 1972),
we calculated that just over four-fifths
of all munitions expended in Indochina
during 1965-1971 were expended in
South Vietnam. This led us to assign 21
million of the craters to this war-ravaged
country. We fail to understand General
Marshall’s statement that Anthony Lewis
misquoted this value (see page 24 of our
article) in his incisive column in The
New York Times of May 8.

For analyses of South Vietnam’s tim-
ber industry and the impact of the war
on it (sans teak, by the way), we refer
General Marshall to the first two arti-
cles in the November issue of Journal
of Forestry.

With respect to Verdun’s half-cen-
tury-old craters (see Life, June 5, 1964),
does General Marshall suggest that these
are being artificially maintained?

It is superficially true (to quote Gen-
eral Marshall) that “some of the worst
cratered spots are on relatively worth-
less and unpopulated ground.” What he
fails to understand, however, is that our
massive bombing program (to say noth-
ing of our vast herbicide and bulldozing
programs) has been directed almost en-
tirely against the land, thereby inflicting
enormous damage on the soil, the vege-
tation, the wildlife and their interre-
lations. Whether by design or by acci-
dent, this war has thus in effect become
a war against the environment. The ag-
ricultural and forest ecosystems of Indo-
china have suffered severe disruption
from which they will not recover for
decades after the cessation of the war.
This systematic ecological devastation—
which continues with increasing fury at
this writing—is particularly grievous be-
cause it has been inflicted on a land that
supports a largely peasant society inti-
mately associated with and directly de-
pendent on this natural resource base
for its day-to-day well-being and very
survival.

ARTHUR H. WESTING
Putney, Vt.
E. W, PFEIFFER

Missoula, Mont.



The storage space
doubles.

The cost doesn't.

Dual Density from Calcomp:

If you store your
information on disks, the
time comes when the storage
system you started with isn’t
big enough any more.

If you’re using an IBM
2314, their next step up is a
3330. And maybe even a new
computer. But you may want to
talk to CalComp.

The most realistic step
up from an IBM 2314 is a
CalComp 1015 Dual Density
Disk System.

With it, you double your
capacity for only 40% more
cost. And you can grow out of

your old storage system
without growing out of your
old storage room.

The floor space remains
the same. So do the disk packs.

The programming even
stays the same.

Naturally the CalComp
1015 is compatible with IBM
System 360 and 370 computers.

Next time you look
around your computer room,
and you wonder where to put
all the new storage you need,
think of CalComp.

Remember, one small step
for your business doesn’t have
to be one giant leap for IBM.

CJAILICIOMIP
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Call your local CalComp
office, or contact California
Computer Produects, Inc.,
SA-M9-72 , 2411 West La Palma
Avenue, Anaheim, California
92801. (714)
821-2011.
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Read all about them.

The innovation you see at the
left is our new electronic card
reader. It scans and helps verify
credit in seconds. It may be used
by itself, or as part of a complete
point-of-sale transaction
terminal. In fact, we have
technology for all types of card
or tag readers. And we have
electronic sub systems for
digital data processing and

credit cards.

transmission including modems,
and liquid crystal displays.

In the musical department,
we’ve developed the “brain” of
an electronic organ. Mounted on
an 11”7 x 17” board, we built a
musical mini-computer that
converts sound waves into digital
signals, stores them in memory,
then recalls them as sound
waves. Truer than any other
electric organ in the world.
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And at a fraction of what it would
cost with conventional electronics.

You'll find us in textiles as well.
With an electronically controlled
knitting machine that changes
fabric patterns faster than the
fashion industry can change its
mind (or a girl can change
her outfit). A computer tape
does it. In seconds.

Impressed? Keep reading.

We work in the automotive



Reads
music.

field, too. For example, our
automatic braking system
(known as Skid-Trol™) prevents
big rigs from jackknifing, even
under the worst road conditions.
Another field is utilities. The
dispatch control center that we
built for the Philadelphia Electric
Company gives an instantaneous
picture of the entire bulk power
complex. Plus a forecast of
load factors during the

Reads
fashion news.

next 15 minutes. storing, sensing, displaying or
And, of course, we're suppliers transmitting data, nobody can

to the business machine match our experience.

manufacturers—we’re the Or capabilities. Write us

world’s leading supplier of in Anaheim, California 92803.

MOS/LSI devices for electronic Or phone 714/632-4195.

calculators. Maybe we can improve your
These—and many more. reading habits and save you
When it comes to processing, money besides.

North American Rockwell
Electronics Group
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Carry your own
speech insurance.

Nothing can ruin a sales meeting, stockholders’
meeting, or strategy session more surely than a
troublesome “pot luck” sound system. Words are
lost in feedback, or are garbled and unintelli-
gible, or perhaps you simply can’'t be heard in
the back of the room. The Shure Vocal Master
sound system is made especially to travel with
you and get your voice out to every member of
your audience with clarity and authority. And it |
is utterly reliable!

Shure Brothers, Inc.
222 Hartrey Ave., Evanston, Ill. 60204

20 AND 100
YEARS AGO)

S

SEPTEMBER, 1922: “We have come
to another milestone in radio progress.
This time it is the super-regenerative
receiver invented by Major Edwin H.
Armstrong, who as the inventor of the
regenerative circuit, the feed-back and
other improvements in vacuum-tube re-
ceivers and transmitters is one of the out-
standing figures in radio history. The
potentialities of the super-regenerative
receiver are enormous and indeed threat-
en to revolutionize present radio prac-
tice. It is 100,000 times more sensitive
than the regenerative receiver. Further-
more, it must be remembered that Arm-
strong’s regenerative receiver, now so
widely employed, is far more sensitive
than the ordinary vacuum-tube receiver.
The receiver can be worked on very
short waves, well below 200 meters, thus
opening up new wavelengths for radio-
phone broadcasting. It makes indoor
loop antennae practical, so that the out-
door antenna must soon disappear.”

“Professor Karl von Frisch has recent-
ly published in the Miinchener Medi-
zinische Wochen-schrift some observa-
tions on the means of communication
employed by bees. He placed a dish of
sugar solution on a table by an open win-
dow. Shortly after a chance bee had
noted this and flown off with booty
therefrom the dish was crowded with
bees. By touching the back of each bee
with a spot of color the experimenter
then perceived that subsequent bees had
been sent and not escorted. The conduct
of the discoverer bee on its return to the
hive was then noted. The bee first gave
over its plunder to the other workers and

| then executed a curious dance, describ-

ing circles and other figures. Its audience
watched attentively and attempted to
touch it. When one of the marked bees
succeeded in doing so, it at once made
its exit and flew to the feeding place. It
appears that there is some means of com-
munication based on touch rather than
on sight or hearing.”

“Our geographies tell us not only of
the trade winds but also of the ‘anti-
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trades.” These winds, blowing eastward
north of the trade-wind zone in the
Northern Hemisphere and south of that
zone in the Southern Hemisphere, are
neither steady enough nor speedy
enough to keep the trade winds supplied
with raw material. The shrewd supposi-
tion might have been aroused that some-
where in the unexplored upper reaches
of the atmosphere east winds of a com-
paratively high velocity might be found.
Major R. W. Schroeder, who made the
first really epoch-making altitude flight
in an airplane, had an experience, flying
regularly from McCook Field in Dayton,
Ohio, that is illuminating in this regard.
He got up to an altitude of some six miles
and headed his plane due west. He flew
for an hour and a half at 100 miles and
more per hour, and when he returned to
terra firma, he landed—200 miles east of
Dayton. This indicated a gale from the
west of some 300 miles per hour at the
altitude in question. Subsequent flights
by Major Schroeder and others have ver-
ified that this wind always blows, main-
taining an average speed of something
like 250 miles per hour. Major Schroeder
now comes to the fore with a suggestion
that practical use be made of this wind.
He would start from San Francisco in an
airplane, ascend to the proper altitude
and head his ship east at all the speed of
which it is capable. The most probable
value for the average combined speed
of wind and plane seems to be 346
miles per hour. At that rate the daring
flyer could land in New York in eight
hours.”

SEPTEMBER, 1872: “The progress
of the electric telegraph within the past
six years has been very great in every
quarter of the globe. On this continent
the electric wire extends from the Gulf
of St. Lawrence to the Gulf of Mexico
and from the Atlantic to the Pacific.
Three cables span the Atlantic, connect-
ing America with Europe, and another
submerged in the Gulf Stream unites us
with Cuba. Unbroken telegraphic com-
munication exists between all places in
America and all parts of Europe. A direct
line of telegraph, under one control and
management, has recently been estab-
lished between London and India, with
extensions to Singapore, Hong Kong,
Java and Australia. More than 20,000
cities and villages are now linked in one
continuous chain of telegraphic stations.
The mysterious wire, with its subtle and



Without BellLabs,we'd still be
adding crossarms to telephone poles.

In1887 the Bell System announced
a sensational breakthrough in telephone
transmission: the 90-foot telephone pole.

It carried 30 crossarms, 300 wires, and
150 conversations.

But it wasn’t enough. So workers in
the company’s Experimental Shop—known
today as Bell Laboratories—set out to find
better ways to deliver calls.

And they did.

They found ways to put many calls
onto one pair of wires. And even more onto
cables buried underground.

They developed electronic trans-
mission systems, using the vacuum tube
and later the transistor.

Bell Labs scientists pioneered
microwave systems and communications
satellites.

Now they are devising ways to send
hundreds or thousands of calls through
hollow tubes underground, and over beams
of laser light.

Such a broad research and develop-
ment effort is costly. But in the long run it
pays off by giving you the best possible tele-
phone service at the lowest possible cost.

AT&T and your local Bell Company.




. The revolution
in elegtromc communications
will be won with paper:

With facts and figures available faster than
the human mind can assimilate them,only paper provides the link
of understanding between man and machine.

The communication of
information has entered
an era of superabundance.
Data transmission has
become so rapid that we
can be presented with
information at a rate far
faster than we can
assimilate it.

And with the restless
urge of invention, science
seeks still faster ways to
communicate intelligence.

New speeds
of transmission
Consider the familiar
example of the newspaper page. All the infor-
mation printed on it can be transmitted to
another location and reproduced intact in
about 40 minutes by an instrument using
ordinary telephone lines and handsets. The
same page can be transmitted and reproduced

18

in 4 minutes by paired
cables and in 2 seconds by
coaxial cables.

When we consider
some of the newer tech-
niques, however, we have
to talk about not one
newspaper page but many.
For it’s now possible to
send 50 pages asecond by
microwave, 150 pagesa
second by satellite and 500
pages a second by wave
guide.

And looming large in
the not distant future
is laser light with a signal capacity 100,000
times that of microwave radio.

The limiting factor
Just as the computer has extended man’s
ability to calculate, so do communication
techniques deliver to him a bigger, richer
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source of information than ever before.

But with the increasing amount of
information almost instantly available, the
assimilation problem is multiplied. For man
to utilize information most effectively, he
needs to see it and study it and compare it on
paper. For only through paper and the printed
word can man grasp and absorb much of the
information he needs —and exercise his
judgment on what is presented to him.

Putting it on paper

As the transmittal speed of electronic
communication increases, so will the need
for paper to record it and use it.

In electronic retrieval systems, for instance,
which can provide both useful data display
and printed copies for management studies.

In the transmission of large amounts of
data over vast distances and in their conver-
sion to a number of forms including print.

In the electronic output from informa-
tion systems which will print out on small
machines in home, office and school.

A growing need
In the years ahead, we at Great Northern
Nekoosa see a vastly increased need for

specialized papers related to the field of
electronic communication. Because study

after study has demonstrated that printed
information can be most easily absorbed by
human beings, we believe that combining
print with electronic communications and
retrieval will produce the most powerful
informational tool man has yet devised.

As a major paper producer, we're as
confident of paper’s future in electronic
communication as we were of its basic
necessity in the early days of the computer.
We pioneered in developing those papers —
MICR, OCR, computer printout, carbonless,
XErocopy.

And we've been innovating ever since.
Just as we've innovated in everything from
newsprint to paper for sof t-cover books, from
office reproduction papers to company
letterheads.

Because, at Great Northern Nekoosa, our
basic involvement is with paper itself. And
our continuing commitment is to the printed
word in the development of the mind of man.

Great Northern Nekoosa Corporation,
75 Prospect Street, Stamford, Conn. 06901.

GREAT
NORTHERN

NEKGDSA
CORPCRATON

Helping to spread the word
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Indiana...

somewh
New York

fween

ere be-

and California.

Ask somebody
about Indiana and he’ll prob-
ably say, “‘Indiana, oh yeah
... that’s
somewhere
between

and Cali-
fornia.”
And that’s
a lot closer
to the truth
than he real- he.
izes. We have &3
the theatre, the %
opera, the sym- ¢
phony, and the
art museums you’ll
find in New York.
We even have the
beaches, the parks, the
fun and the sunshine you’ll
find in California.

Our loss is

our gain.

There are some
things we don’t have. The
trip to and from work isn’t
ninety minutes jammed in a
hot commuter train. The
park near you, any park,
isn’t a hangout for muggers.
And there’s nothing extra in
the air in Indiana like par-
ticles of choking pollution.
You might say, living in In-
diana gives us breathing
room.

ku‘%-;

Coming to
Indiana isn’t a trip to
the poorhouse.

When you move

your plant to Indiana, the
only thing you’re risking is
your inhibition. You can
stretch your legs without
= stepping on someone
~ else’s toes. We’ve got sites
all over
Indiana
where you
can build
your plant.

rupt
doing it. Industry
i1s booming in
Indiana. The
industry we
have here grows
here, because
s the way we live
keeps our people happy.
That means they’ll work
harder and produce more.
And being within 24 hours
of 80 of the top 100 markets
doesn’t hurt either, does it?

Have we

moved you?

Well, hardly just
yet. But we hope we’ve en-
couraged you to find out a
little more about Indiana.
We have a lot of good reasons
why being somewhere be-
tween New York and Cali-
fornia is an advantage. We
don’t have a lot of reasons
why it isn’t. Write today.

Indiana Department of Commerce
Lt. Gov. Richard E. Folz, Director

Room 3367, State House
Indianapolis, Indiana 46204

Indiana

b

...a lot more than you expected

© 1972 SCIENTIFIC AMERICAN, INC

invisible influence, traverses all civilized
lands and passes beneath oceans, seas
and rivers, bearing messages of business,
friendship and love, and constantly, si-
lently and powerfully contributing to the
peace, happiness and prosperity of all

mankind.”

“It is thought by the advocates of the
physical school that although nature can
be built up by the play of the ordinary
chemical forces, at some future time,
when we shall know far more of molecu-
lar physics than we do at present, we
may hope to explain how it is done. This
is the cherished hope of modern evolu-
tionists, and of the advocates of the
physical theory of life. From the hugest
plant and animal on the globe to the
smallest organic speck visible under the
microscope, all have been built up, mole-
cule by molecule, and the problem is to
explain this molecular process. Here in
this region the doctrine of natural selec-
tion and the struggle for existence can
afford no more light on the matter than
the fortuitous concourse of atoms and
the atomical philosophy of the ancients.”

“For years it has seemed to us that it
is just as possible and as reasonable for
us to cool our houses mechanically as to
heat them mechanically. We are now
perfectly satisfied that it is feasible, and
that sooner or later it will be done. All
that is required is to cool a volume or
current of air and force it into our rooms.
It is only a question of time and expense,
which latter need not be great. A person
can stand the heat of the day far better if
he can secure sound and refreshing sleep
at night, and by this means it can be
done. It is a disgrace to our civilization
that we are compelled to toss about these
hot sultry nights, and equally so that we
should be compelled to fry, stew and
roast in our cells of rooms and offices by

day.”

“We regret to learn that the Allegheny
Observatory at Pittsburgh has suffered a
serious loss by the depredations of
thieves, who recently broke into the
dome room and carried off the object
glass of the great equatorial telescope.
This lens was the most desirable piece of
property in the establishment, its value
being $4,000. Nothing else was stolen;
it is therefore evident that the robbers
knew what they were about. The lens
was one of rare excellence, 13 inches in
diameter, and the third largest, we be-
lieve, in the United States. Its loss is
keenly felt by Professor Samuel Pierpont
Langley, as it of course renders the tele-
scope useless.”



INGLENOOK VINEYARDS, RUTHERFORD, CALIFORNIA

IF YOU HAVE A HARD TIME
TELLING ONE WINE FROM ANOTHER,
READ THIS.

First of all, don't feel alone.

Probably 999, of the population can't tell a
Pinot Noir from a Zinfandel. Or a great Cabernet
Sauvignon from a so-so one.

But where
do you go to
find out? You
read what the
wine experts
have to say
and they all
disagree. You

read all the . "8
wine adver- Cyrano have used a larger glass.
tising and Ora smaller nose.
everbody's trying to sell his own product.

Nobody has really taken the time to sit down
and explain even the most basic things about wine.
Until now.

We at Inglenook Vineyards are doing it because
it's in our best interest to have you know a great wine
when you taste one. After all, that's what we have
to sell.

HEIGHTENING YOUR SENSES.

First get yourself a wine glass that exposes the
wine to plenty of air. The more air you can expose
wine to, the better you can taste it.

And be sure you can get your nose in the glass.
That's important because in wine tasting, the nose
does 759, of the work. A glass with a 3-inch brim is
best for most wines. But if you have a larger than
average nose, you'll need a larger than average glass.

NEVER TASTE WINE OVER
A CHECKERED TABLECLOTH.

Fill the glass about a
77> | third full and set it down on

Yaa~11 1 | awhite tablecloth. That's so
— | | you can see the wine's true
= --—'/j-’ color.
= Now really look at the

wine. Check its color. That's
" the first clue to a wine's

taste. Usually,

the darker the
color, the fuller the wine. This applies to
whites too, which can go from a pale straw
to golden. With rosé, look for a crystal
clear light pink, with no muddiness.

Now swirl the wine in the glass. A

full bodied wine will come down the glass
in “'sheets”. A lighter wine will break into
“legs". A good rosé should come down in
thin “legs”, which indicates delicate body.

EWTATE BOTTLED

TapaValley
PINOT CHARDONNAY
1970

PAODUCED AND BOTTLED aY INGI YRGS UTHERPORD CaLIFOS

Take a good sniff .

This is hard to explain but your nose should
confirm everything you've seen with your eyes. A
rosé that looks brilliantly clear and is of delicate body
should smell that way too.

WHISTLING AT THE TABLE.

Now take a sip of wine, hold it in your mouth,
and whistle. Whistle in, not out. Try to get a nice
gurgle going.

This technique also allows you to taste the wine
for'a longer period of time. For it extends that single
instant when wine, air, tongue, gums and nose come
together for the first time. Thus, it enables you to
have more time to make an initial judgment. Keep in
mind everything you've experienced with your eyes
and nose, should be confirmed with your mouth by
this technique.

BUILD AWINE CELLAR IN YOUR BRAIN.

When you actually start your wine tasting edu-
cation, be sure to follow the chart below. The order
is important because you'll be going from light to full
bodied in the white wine spectrum. The red wines
are listed in a similar fashion. You should work your
way through them after you've mastered the whites.

INGLENOOK'S SUGGESTED WINE PROGRESSION CHART
White Red

White Pinot Gamay Rosé
Pinot Chardonnay Gamay Beaujolais
Grey Riesling Pinot Noir
Sylvaner Riesling Zinfandel

Johannisberg Riesling Gamay

Chenin Blanc Charbono

Dry Semillon Cabernet Sauvignon
AWORD OF WARNING.

[f you're going to put this much time and effort
into learning something about wine tasting, then go
for the most expensive wine you can afford. High
priced wine is high priced for a reason. Namely,
better grapes, and more care goes into the making
of the wine.

That said, Inglenook Estate Bottled Wine is the
most expensive wine made in America. It all comes

from the Napa Valley, which wine authori-
ties agree is one of the finest wine producing
regions in America, if not the whole world.
And it all bears a vintage date, which
is a rarity in American wines today.

Estate bottling means we make it
from varietal grapes grown in vineyards
under our constant supervision.

So if you can swing it financially, get

. your wine education from Inglenook.
Any good education costs money.

INGLENOOK

We make the most expensive wine in America.

This ad is one of a series. If you’d like copies of the other ads, send your name and address to The Cellarmaster, Box J, Inglenook Vineyards, Rutherford, CA 94573.
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ARTHUR R. MILLER s
The Assault on Privacy
Computers, Data Banks, & Dossiers

“The Assault on Privacy is an enor-
mously important book.. .. [Professor
Miller provides] a well-organized,
tightly reasoned, and thoroughly
documented exploration of the in-
roads already made by computers on
privacy — a pioneer work in a field
that has vital implications for the very
character of our people.”— Ramsey
Clark, Saturday Review $7.95

LYNN EDEN

Crisis in Watertown

The Polarization of an

American Community

“The crisis ended but the polarization
lesson remains. It was bitter, nasty and
nerve-breaking and it happened in an
American town as typical as any you
could find in the land . . . unpleasant

at times . . . but fascinating.”—Omaha
World-Herald $6.95

ALEXANDER H. SMITH
The Mushroom Hunter’s

Field Guide

Revised and Enlarged Edition
“As an introduction to the art of
mushroom hunting. . . I can think of
nothing better than Alexander H.
Smith’s The Mushroom Hunter’s Field
Guide.”

—Donald Malcolm, New Yorker
90 color plates; more than 200 black
and white photographs. $8.95

LEONARD GREENBAUM
A Special Interest

The Atomic Energy Commission,
Argonne National Laboratory,
and the Midwestern Universities
“A brilliantly written interim report
(to 1968) on the quarter-century
struggle to make Argonne National
Laboratory responsive to the univer-
sity community of the Midwest. . . .
Highly recommended to anyone in-
terested in the governance of ‘big
science’ as the best case study so far
produced.”— Choice $1

JOHN R. PLATT

Perception and Change

Projections for Survival

Ranging from a discussion of mystical

experience to a timetable for the

achievement of peace, a livable en-

vironment, and true community, these

important and vigorous essays focus

preeminently on the dignity of man.
$7.95

The Unjversity
of Michigan Press

ANN ARBOR
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THE AUTHORS

JOHN R. PIERCE (“Communica-
tion”) is professor of electrical engineer-
ing at the California Institute of Tech-
nology. He took up his work there a
year ago after 35 years with the Bell
Telephone Laboratories, where from
1965 to 1971 he was executive director
for research in the communications sci-
ences division and was responsible for
research in radio, guided waves, elec-
tronics, acoustics, vision, mathematics,
statistics, econometrics and behavioral
science. His work on the traveling-wave
tube led to its successful application in
communication satellites; the work of
Bell Laboratories on the Echo and Tel-
star satellites was based on his original
suggestions. Pierce obtained his bache-
lor’s, master’s and doctor’s degrees at
Cal Tech in 1933, 1934 and 1936 re-
spectively. He is a member of both the
National Academy of Sciences and the
National Academy of Engineering.

GUNTHER S. STENT (“Cellular
Communication”) is professor of mo-
lecular biology and of bacteriology at
the University of California at Berkeley.
Born in Germany, he came to the U.S.
in 1940 and was graduated in 1945 from
the University of Illinois, where he ob-
tained his Ph.D. in 1948. He writes: “I
have continued to work in the very same
room to which I was assigned by the
late Wendell Stanley on the opening
of his Berkeley Virus Laboratory in
1952, except for sabbatical leaves in
1960 and 1969. My interest in molecular
genetics began to wane with the break-
ing of the genetic code in 1961—a de-
velopment that seemed sure to turn the
field into an academic discipline as staid
as the physical chemistry from which I
had managed to escape in the 1940’s.
Like many of my friends, I then turned
my attention to neurobiology, the last
frontier (and, we hoped, a limitless one)
of biology—not, however, without first
composing a farewell message to my
former trade in the form of the story-
book Molecular Genetics. 1 am now
working on the nervous system of the
medicinal leech. For reasons that have
never been explained, I was appointed
Professor of Arts and Sciences at Ber-
keley during the 1967-1968 academic
year. I used this appointment to write
a notorious philosophical tract, The
Coming of the Golden Age, in which I
tried to show that the arts and sciences
are now reaching their end. This turned
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out to be a self-fulfilling prophecy, in
that the arts and sciences professorship
survived my tenure by just one year and
is now defunct.”

EDWARD O. WILSON (“Animal
Communication”) is professor of zoology
at Harvard University. He was gradu-
ated from the University of Alabama in
1949, obtaining his master’s degree
there in 1950 and his Ph.D. from Har-
vard in 1955. “My original schizoid ap-
proach to biology,” he writes, “in which
I kept programs going in the seemingly
unrelated fields of population biology
and behavior, has now been healed
through the happy discovery, by several
researchers independently, that much of
social behavior can be more deeply ex-
plained by recourse to theoretical popu-
lation biology. My book The Insect So-
cieties was published by Harvard Uni-
versity Press last year; in 1971 I also
published A Primer of Population Biol-
ogy, a short self-teaching textbook, with
my colleague William H. Bossert. Earli-
er (1967) I coauthored The Theory of
Island Biogeography with Robert H.
MacArthur. My research continues to
center on ants, with emphasis on their
biogeography and social behavior.” The
Insect Societies is reviewed in this issue
of SCIENTIFIC AMERICAN (page 193).

ROMAN JAKOBSON (“Verbal Com-
munication”) is Samuel Hazzard Cross
Professor Emeritus of Slavic Languages
and Literatures and of General Linguis-
tics at Harvard University and Institute
Professor at the Massachusetts Institute
of Technology. Born in Moscow, he re-
ceived his master’s degree from the Uni-
versity of Moscow in 1918 and his Ph.D.
from the University of Prague in 1930.
He came to the U.S. in 1941 and joined
the Harvard faculty in 1949. Jakobson is
a member of many linguistic societies
and in 1956 was president of the Lin-
guistic Society of America. Among the
books of which he is author or coauthor
is Fundamentals of Language.

E. H. GOMBRICH (“The Visual Im-
age”) is professor of the history of the
classical tradition at the University of
London and director of the Warburg In-
stitute there. He started work at the
institute as a research assistant in 1936
after completing his education in Vienna
(his birthplace) at the University of Vi-
enna. He has also held appointments as
professor of the history of art at Univer-
sity College London, professor of fine
art at the universities of Oxford and
Cambridge and visiting professor of fine
art at Harvard University. His books in-



Communications people are using

RCA Solid State products to help
the world get the message.

Around the city and around the world
RCA Solid State products are helping
people communicate better. Elec-
tronically. Automatically. And in new
ways.

Today, RCA transistors help speed
billions of telephone messages through
central stations, quickly and reliably.
RCA integrated circuits enable com-
puters to talk to each other—and to
people. RCA Solid State devices are at
work in global video transmission sys-
tems to bring people closer together.
RCA microwave devices span the globe

in communications systems.

Tomorrow, you'll talk by video phone.
Your car radio phone may be usable
almost everywhere. Interplanetary radio
transmission will be extended further.
Allbecause RCA Solid State people are
working with manufacturers to develop
new designs.

If you'd like your products to com-
municate success, our applications
teams will work with you as we have
with communications people and those
in many other industries. To boost your
competitive edge. Make your products
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more saleable. Brighten your cost ef-
fectiveness picture.

If you'd like to talk about your prod-
uct development needs, call Dan Del
Frate, Marketing Director, 201-722-3200
or write him at RCA Solid State Divi-
sion, Dept. 1431, Somerville, N.J. 08876.

RCA Solid State talks your language.

R/

products that make products pay off




Information Recycling Becomes a Practical Reality

Nearly the sum total of what we know is written down — yet only a fragment of this paper-
based knowledge has been economically accessible to the memory of machines. Now, combin-
ing the latest in electronic image processing with the power of the computer, a new system
allows us to selectively tap this informational storehouse — “reading” what we choose into
the computer, melding it with new information or old in infinite variety, and preparing it for
republishing — with newfound efficiency and computerlike speeds.

By A. L. Fenaughty, President Information International

only viable solution to the mounting

problem of “information pollution.” A
paradoxical by-product of the computer
age is our already burgeoning and often
thoughtlessly duplicated digitized informa-
tion base. If we are to successfully expand
this data base to include the much larger

Information “recycling” stands as the

ACQUISITION

STORED
INFORMATION  ON FILM

STORED NEW
ON PAPER D D E] INFORMATION

CONVERSION

MERGE
AND
UPDATE

REPUBLISH °

\o/

COMPOSITION

treasury of Man’s Knowledge, a system is
needed that will not only economically
transform human readable information to
machine readable information but will also
provide the framework for managing and
controlling the generation, organization
and republishing of what we know.

Practical applications for Informa-
tion Recycling are everywhere: The con-
version and periodic update of telephone
directories; the conversion and publishing
of federal and state codes, statutes and
legal files; the generation, updating and
reprinting of parts catalogs, price lists and
maintenance manuals for industry; the
publication of logic diagram drawings and
software listings for computer manufac-
turers; the creation and updating of engi-
neering drawings. Even the “republishing”
of now fragile ancient Greek manuscripts
to preserve not only the message but also
to capture the original alphabet’s cali-
graphic character.

Now, Information International®
(ITI) has combined the latest in electronic
image processing technology with the pow-
er of the computer to handle all these
tasks — and more.

III's Information Recycling System
is, more precisely, the smooth integration
of several classic information handling and
publishing “output” systems with a power-
ful new image processing and “input” con-
version system, the GRAFIX I®GRAFIX I
is the key. Not only to “reading” what we
wish into the computer but to managing
the conversion process and to providing
the source material required to complete
the recycling loop depicted here.
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he Information Acquisition and Con-

version process is a rapid, efficient
method for directly converting an infinite
variety of paper-based information to the
language of the computer — thereby
eliminating such costly, time-consuming
and labor-bound inputting methods as key-
punching, key-to-tape and key-to-disk.
III's Information Conversion System is a
remarkable technological achievement. Far
and away the most powerful image proces-
sing system available anywhere today, the
GRAFIX I was designed for high-volume
production processing of all kinds of image
data. At the same time the architecture of
the system, its sheer power and versatility,
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Each point scanned is measured on
a scale of 512 gray levels which is equal
to the resolution of the finest films avail-
able. This seeming overkill gives the sys-
tem finer contrast resolution than the
human eye, allowing the system to ‘“see”
more when it scans poor quality source
data.

The data captured by the scanner
are passed to the Binary Image Processor®
(BIP), a computer developed by III spe-
cifically for processing images. Computing
at rates of up to 40 million operations per
second, the BIP analyzes visual data hun-
dreds of times faster than conventional
general purpose computers.

IMAGE ENHANCEMENT

RAW
BINARY
IMAGE

(BIP)
BINARY IMAGE
PROCESSOR

MEMORY

CHARACTER

CONVERSION
RECOGNITION TAPE

(MAGNETIC)

INFORMATION ACQUISITION AND CONVERSION begins by recording all source material
on a single input medium: film. Text, charts, photographs, engineering drawings — even
meter faces and digital readouts — almost any visual record of reasonable size can be
reduced to a single frame of microfilm. Faded and worn documents are photographically
enhanced to improve legibility. CONVERSION is accomplished by the GRAFIX I, Under
control of its own central processor, the GRAFIX 1 utilizes a high resolution cathode-ray
tube to scan the film on a frame-by-frame basis and extract raw image data in up to 512
values of gray from black to white. Data is then fed to the central recognition logic where
a second powerful computer, the Binary Image Processor (BIP), takes over and through
thresholding and a number of enhancement techniques “cleans up” the raw data for recog-
nition. The resulting binary image is then compared with known character sets in memory
and recognized. The output character stream is fed to magnetic tape. Nonsymbolic infor-
mation that is not to be read, such as photographs and illustrations, is digitized and stored
on the master tape for later reproduction. New information may be added or the converted
data base updated, reorganized, expanded or merged with other converted data via tape

merge or interactive terminal entry.

makes it a unique research tool for the
development of new pattern recognition
and image analysis algorithms.

Under the control of its own large-
scale command computer the system ini-
tiates image conversion by instructing its
high resolution scanner where and how to
“read” the filmed image. The scanner pro-
ceeds autonomously, storing data in mem-
ory while the computer performs other
tasks. The selected portion of the image
is scanned anywhere and in any direction,
one point at a time, but at speeds up to
one million points per second! More than
one billion points may be “addressed” on
a frame of film— a scanning density that
provides very fine detail and permits the
scanner to extract the information from
even the most detailed and complex
documents.
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The BIP processes data as directed
by its stored program, which in turn is
generated by programs in the command
computer. It measures properties of images
(such as area, perimeter, numerosity);
computes functions of two or more images
(Boolean operations such as AND, XOR,
correlation functions, and much more);
creates new images from old (fattening,
thinning, removing noise). These and other
operations permit a gamut of image proc-
essing techniques such as masking, neigh-
borhood processing and feature extraction
to be used.

The manipulative capabilities of the
BIP permits the system to solve a problem
in many ways. In character recognition,
the identity of an unknown character may
be determined by utilizing masking, feature
extraction and image enhancement. How-




ever, each process is arranged in a hier-
archy — thus the process of recognition
proceeds only until the character is recog-
nized or rejected. The threshold for re-
jection being a trade-off of speed vs.
accuracy set by the user.

CHARACTER RECOGNITION involves a
repertory of digital interpretations. Some of
the operations involved in the recognition
of the Cyrillic letter “zh” are illustrated
here: a.) The original gray scale image. b.)
The original image thresholded to produce a
“binary’ or black and white image. c.) The
“noise’ in b.) is filtered out. d.) By “fatten-
ing” the image crossbar is made to touch
the vertical stroke. e.) The fattened image
is “thinned” to produce a skeleton. f.) When
fattened again the skeleton is transformed
to a character with constant line width.

Under control of IIl's unique soft-
ware, the command computer directs all
phases of the operation. The system oper-
ates “adaptively.” It can “learn” new type
fonts (or indeed any set of symbols); it can
“read” documents of virtually any format.
It adjusts to variations in the quality of
source documents automatically, tolerates
and corrects for both horizontal and ver-
tical skew, and is able to seek out and
read only the data it is expected to read.
The program even anticipates the probable
next letter in a word or number in a se-
quence to speed performance and enhance
total system throughput.

The proprietary alliance of super
high-resolution scanning with enormous
computing and software power gives the
GRAFIX I the “intelligence” to accom-
plish many difficult data conversion tasks.
For example, the system is reading U. S.
Patents records from standard archival
film. Here GRAFIX I contends with a
multiplicity of type fonts and variable,
complex formats while extracting up to
9000 characters per frame.

Because of the demonstrated “dis-
cerning eye” capabilities of the III Infor-
mation Conversion System, the monu-
mental task of automating endless back
files in such environments as federal and
state government agencies, insurance, oil
and credit card companies, and libraries —
file conversion tasks which previously re-
quired enormous amounts of time, money
and human resources — has now been re-
duced to economically feasible proportions.

(A special scientific version of the
III Information Conversion System — a
Programmable Film Reader® (PFR)
finds application in biomedical and high-
volume metallurgical image processing; au-
tomatic photograph and X-ray enhancement
and analysis; waveform digitizing of oscil-
loscope and strip chart readings; fingerprint
analysis; and robot research.)

Information Merge and Update employs
basic data processing techniques but is
the raison d’etre of the Information Re-
cycling process: It is here the already-
stored information is updated with new
data as needed; that existing information
is joined with other existing information to
discover new relationships between old
things; or that whole new sets of multidis-
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INFORMATION COMPOSITION AND REPUBLISHING: Information International offers 3
output systems, each tailored to a particular need. The FR 80 is a high precision graphic
recorder that draws images on the face of a cathode ray tube and records them on 16mm
and 35mm microfilm or 105mm microfiche. The FR 80 is also capable of outputting alpha-
numeric data at high speed. The COMp 80 was designed specifically to meet the demand
for high volume electronic typography and page composition. The system accepts text data
directly from magnetic tape, then rapidly composes it in the desired type fonts and formats.
Expensive, time consuming paste-up and assembly is eliminated. The VideoComp meets the
exacting demands of the graphic arts field for high quality electronic typography and page
composition. Each of III’'s 3 output systems, complete with its own computer, will accept
appropriate input tapes containing text, illustrations and update information and process

them to finished output in a variety of media preparatory to printing.

All 3 systems, the

FR 80. COMp 80 or VideoComp, will generate 35mm film which can be used to make print-
ing plates of desired size on an automatic platemaker prior to printing. The VideoComuP
will also output stabilization paper for traditional manual pasteup or it can provide full
size plate making film in 70mm to 310mm widths. A third method for fast turn-around low
volume printing is also available; The VideoComp will produce a paper offset plate, which
without further processing, goes directly onto the printing press.

ciplined information are created and/or
expanded for storage or republishing.

hree distinct “republishing” options are
offered within the framework of the
III Information Recycling System.

The FR 80 Graphic Recorder® is a
high-speed electro-optical system with its
own computer, designed to “draw” com-
plex graphic images onto microfilm using
data stored on a reel of magnetic com-
puter tape.

The same high resolution character-
istic of the Information Conversion Sys-
tem is retained in this graphic output
system. As a result, the FR 80 produces
exceptional results in the areas of PC
checkout boards, logic diagrams, contour
mapping, detailed engineering drawings and
graphic representation of data. The system
also possesses hi-speed alphanumeric and
symbol generation capabilities.

The middle machine in the line is
the COMp 80®, which is based on the
same design principals as the FR 80 but
adds a repertory of type fonts and sophis-
ticated page composition techniques includ-
ing an illustrations merge. This machine
meets the exacting demands of business,
industry and government for rapid and
economical turn-around of technical re-
ports, technical manuals and catalogs, price
and parts lists, directories, and business
reports. All require continual updating and
frequent re-publishing and generally include
charts, graphs and line illustrations. The
COMp 80 weds precision graphic genera-
tion to high speed electronic typesetting
and composition.

At the top of the line III's Video-
Comp® sets the industry standard for qual-
ity Graphic Arts composition. VideoComp
is currently employed in the publishing in-
dustry to electronically typeset an enor-
mous variety of text books, law books,
encyclopedias, magazines, business direc-
tories and illustrated manuals. The Video-
Comp offers a complete inventory of
graphic arts type fonts and a series of
specially designed composition languages
that enable typesetters and editors to
quickly and easily “program” their com-
position needs.

These 3 systems, each matched to
a particular need, span the spectrum of
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image output and composition demands.
Each is capable of keeping pace with the
computer yet the “electronic” nature of
this powerful equipment makes no extra-
ordinary demands on the more traditional
printing processes. Each hardware and
software system, however, is open ended
to accommodate changing requirements
and to anticipate industry needs.

Each system generates the media
needed to complete the republishing cycle.
“Reprinting” may consist of duplicating
master 16mm roll microfilm or 105mm
microfiche for use in micrographic view-
ers. Or it may involve the more familiar
creation of paper documents, manuals and
text books.

Whatever the final output, for sev-
eral years Information International has
provided a family of machines that meet
today’s insatiable demand for more and
better information. Now we have closed
the loop. With the addition of GRAFIX I
we offer the opportunity to “reprocess”
that which has already been published,
thereby bringing a new efficiency to the
generation and management of information.

ow a system exists that not only can

economically tap the entire treasury
of Man’s Knowledge but provides him
with the tools to bring proliferation of
information under control. A system that
allows him to know what is known and to
recycle this knowledge and add to it that
which is truly new. A system that pro-
vides Man an orderly method for ac-
quiring, assimilating and disseminating the
knowledge that turns the giant turbines of
his own imagination.

000]
IXX
INFORMATION INTERNATIONAL®

12435 West Olympic Boulevard
Los Angeles, California 90064
(213) 478-2571
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BEHAVIORAL SCIENCE
Brings It All Together

THIS IMPORTANT interdisciplinary
journal belongs on the desk of every
investigator of living systems. The editors
of BEHAVIORAL SCIENCE saw the
need for a new approach to the empirical
study of behavior and they brought
together the tools of mathematical
biology, biochemistry, physiology,
genetics, medicine, psychiatry, and the
social and computer sciences. The journal
publishes articles of a broad
interdisciplinary nature that are not found
in publications devoted to a single
discipline.

THE WORKS of many of the giants of
human investigation have appeared in
BEHAVIORAL  SCIENCE—Gregory
Bateson, Raymond B. Cattell, B. F.
Skinner, Franz Alexander, A. Paul Hare,
David Shakow, Ithiel de Sola Pool, R. M.
Cyert, Melvin M. Tumin, Martin Shubik,
Anatol Rapoport, Philburn Ratoosh,
George Peter Murdock and Karl H.
Pribram, to name only a few. The articles
published in recent issues include:

“The New Puritans: Achievement and
Power Motives of New Left Radicals,”
by David G. Winter and Frederick
A. Wiecking

*“Living Systems: The Organization” by
James G. Miller

“The Study of Disease in Relation to
Culture,” by Horacio Fabrega, Jr.

*Socio-Economic Policy Alternatives in
National Development: A Parametric
Programming Analysis,” by Frederick L.
Golladay and Irma Adelman

COMPUTER APPLICATIONS have
received significant attention. In addition
to original articles, nearly 60 computer
program abstracts will be published in the
current volume. Other articles to appear in

1973 include:

“Perception of Questions and Variability
of Answers,” by Maria Nowakowska

“Senatorial Decision Making: 1. The
Determination of Structures” and “II.
Prediction,” by Howard Wainer, Gunnar
Gruveas, and Nicholas Zill, II.

*Success and Failure as Determinants of
Level of Authoritarianism,” by Stephen
M. Sales and Kenneth E. Friend

“An Empirical Examination of Attitude
Consistency in Complex Cognitive
Structures,” by Marcello Truzzi

COMPUTERS IN BEHAVIORAL

SCIENCE and COMPUTER PROG-

RAM ABSTRACTS

BEHAVIORAL SCIENCE is published bi-
monthly. Subscription is by calendar year only.

New Subscribers who remit payment with their

orders on the form below will receive the

November 1972 issue free.

COMPLETE THE FORM AND MAIL TODAY

: Enter. subscriptions for 1973 at the

I rates indicated:

U.S., Possessions, &
Canada: Individuals, $15.00,

Institutions, $30.00,
All other countries: $18.00,
Acheck in the amount of §
NAME
ADDRESS

is enclosed

Mail BEHAVIORAL SCIENCE
Order Dept.SA2S
To: Mental Health Research Institute
Ann Arbor, Michigan 48104
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clude The Story of Art, Art and Illusion,
Norm and Form and In Search of Cul-
tural History. He was made a Knight
Bachelor by Queen Elizabeth in July.

HENRI BUSIGNIES (“Communica-
tion Channels”) is senior vice-president
and chief scientist of the International
Telephone and Telegraph Corporation,
a company with which he has been asso-
ciated since 1928. He began as an engi-
neer in the Paris laboratories two years
after receiving his degree in electrical
engineering at the University of Paris.
Busignies invented the first automatic
direction finder for aircraft, the moving-
target-indicator radar employed at air-
ports for traffic control and many other
devices; he holds more than 140 pat-
ents in the fields of air navigation, radar
and communication. He is a member of
the National Academy of Engineering.

HIROSHI INOSE (“Communication
Networks”) is professor of electronic en-
gineering in the faculty of engineering
of the University of Tokyo, where he
obtained his kogakushi (bachelor of en-
gineering) degree in 1948 and his koga-
kuhakushi (doctor of engineering) de-
gree in 1955. He started work at the
university’s Institute of Industrial Sci-
ence in 1953, spent a year and a half as
an engineer with the Tokyo Shibaura
Electric Company and then returned to
the university, where he has remained
except for interludes at the University
of Pennsylvania and the University of
Michigan.

ERNEST R. KRETZMER (“Commu-
nication Terminals”) is with the Bell
Telephone Laboratories, where he serves
as director of the laboratory on data-
communication technology and its ap-
plications. He received his bachelor’s
degree in electrical engineering at
Worcester Polytechnic Institute in 1945
and his master’s and doctor’s degrees at
the Massachusetts Institute of Technol-
ogy in 1946 and 1949 respectively. He
writes: “From M.IT. went directly to
Bell: research and development on vari-
ous topics ranging from picture-signal
encoding to data communication. Out-
side interests include music, particularly
choral, and education; I have served on
the local school board for half a dozen
years. Love nature, travel and the out-
doors.”

PETER C. GOLDMARK (“Commu-
nication and the Community”) is presi-
dent and director of research of Gold-
mark Communications Corporation, a
subsidiary of Warner Communications,
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Inc. For 35 years until 1972 he was with
the Columbia Broadcasting System, re-
tiring as head of CBS Laboratories.
Goldmark, who holds some 160 patents
in sight and sound technology, is the in-
ventor of the first practical color-televi-
sion system and the long-playing record.
Born in Budapest, he obtained his bache-
lor’s degree and his Ph.D. at the Vienna
Technical University between 1925 and
1931. His firm has a contract with the
U.S. Department of Housing and Urban
Development to study what he calls the
“new rural society.” The purpose of the
study is to find ways of using communi-
cation technology to make rural areas
more livable. Goldmark is an accom-
plished pianist and cellist.

GEORGE GERBNER (“Communica-
tion and Social Environment”) is profes-
sor of communications at the Annenberg
School of Communications of the Uni-
versity of Pennsylvania and dean of the
school. He grew up in Hungary and was
a student at the University of Budapest
for a year before coming to the U.S. in
1939. Continuing his education, he ob-
tained his bachelor’s degree at the Uni-
versity of California at Berkeley in 1943
and his Ph.D. from the University of
Southern California in 1955. During
World War II he was with the Office of
Strategic Services, performing missions
in North Africa, Italy, Yugoslavia and
Austria. “Actually,” he writes, “I landed
in Yugoslavia by mistake; the plane
dropped me some 50 miles short of the
target area. Anyway, in May, 1946, my
0O.S.S. buddy and I rounded up the
Hungarian pro-Nazi prime minister, his
cabinet and general staff—some 60 peo-
ple—who had fled west to escape the
Russians.” In his spare time Gerbner en-
joys skiing, sailing and tennis.

THOMAS 1. EMERSON (“Communi-
cation and Freedom of Expression”) is
Lines Professor of Law at the Yale Law
School, where he has been a member of
the faculty since 1946. He was gradu-
ated from Yale College in 1928 and
from the Yale Law School in 1931, re-
turning to the university after practicing
law in New York and serving as counsel
for a number of Federal agencies. From
1937 to 1940 he was associate general
counsel of the National Labor Relations
Board. In 1940 he became special as-
sistant to the attorney—general. During
World War II he was deputy adminis-
trator for enforcement of the Office of
Price Administration and general coun-
sel of the Office of Economic Stabiliza-
tion and the Office of War Mobilization
and Reconversion.



Forget what you've heard
about dictation machines...

Norelco “idea machines'' have

Norelco 88 features a pistol
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Norelco 98 Executive“idea machine
Norelco 98 Executive not only fits your pattern of office
r activity, but helps make your secretary more produc-
>
to the typewritten word. They

grip and finger-tip controls
tive and efficient. It is the first with instant
are designed to capture

Norelco 88
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Portable “idea machine
for efficient one-hand
operation. It is an advanced
electronic switching and built-in sec-
retary-executive intercom. Cuts
ideas wherever they occur
inside or outside the

® ® The Norelco 88 Portable is
a full-featured, professional
dictating machine . ..com-
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THE IDEA CAPSULE Advanced Norelco research de-
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How some oll companies perceive it.




16 Inny

17. Inner |

It's easy to look at something one way and think it's good.
We look at it another way and see how it could be better.

At American Oil, we're not impressed with a new industrial
oil until we're sure about it. That's why we take a closer look
at every step of its development .. . at every aspect of its
composition . .. at every type of condition under which

it's used.

We have to look close and hard enough and be satisfied with
what we see. Then, we'llknow we're offering you a much
better industrial oil.

At American Qil, it's what we do with what we have that
makes us important to you. American Oil Company
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Communication

It is not only the essence of being human but also a vital

property of life. Technological advances in communication

shape society and make its members more interdependent

ur existence depends on commu-
Onication in more ways than one
can easily enumerate. Without
our initial backlog of genetic messages
we would not be who we are, and with-
out our internal communication system
we could not continue to live and func-
tion as we do. Our internal communica-
tions are handled by a network with
nervous and metabolic subsystems [see
“Cellular Communication,” by Gunther
S. Stent, page 42]. Nerve impulses are
like telephone calls that are switched
to a particular recipient and heard no-
where else. Hormones are like messages
addressed to individuals or groups but
sent out broadcast; only those concerned
need respond. Furthermore, certain cells
in the body behave with seeming auton-
omy, seeking out invaders and destroy-
ing them. Indeed, the failure of these
cells to destroy cancer cells has been at-
tributed to a blockage of the mode of
communication by which foreign or ab-
normal cells are recognized.
When we think of communication,

by John R. Pierce

however, we usually think of external
communication, of those processes by
which we communicate with others.
Without external communication we
might live, but we would be ignorant,
lonely individuals. We would have nei-
ther the inspiration of accumulated skill
and knowledge nor the support of a so-
ciety. That society, which communica-
tion makes possible, supplies us with
necessities we would otherwise have to
obtain for ourselves. Moreover, commu-
nication with others conveys rewards far
beyond the basic necessities of life.

Animals live without knowing how
they live, and they communicate with-
out knowing how they communicate. By
and large, so do we. Unlike animals,
however, we speculate about how we
live and how we communicate. Our bet-
ter brains and our unique means of com-
munication—language—make such spec-
ulation possible. Occasionally we learn
something incontrovertible, and such
knowledge can be very powerful in our
lives.

ONE KIND OF COMMUNICATION is print. This page is reproduced from the type
“form” shown in the photograph on the opposite page. The columns of type (and this
caption) are set by Linotype. The headline (“Communication™) is a copper photoengrav-
ing, and the subheading is type set by hand. These items and the incidental type at the top
of the page are locked into position by a rectangular set of “bearers,” which are beyond
the margins of the picture. The complete form is used to make a nylon replica that is
mounted on one cylinder of a high-speed rotary press and does the actual printing. Run-
ning at full speed, the press delivers 20,000 copies of ScIENTIFIC AMERICAN per hour. Pho-
tograph was made at The Lakeside Press, R. R. Donnelley & Sons Company in Chicago.
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Our clearest and most fruitful knowl-
edge is not knowledge of ourselves or
of how we communicate. Rather it is
knowledge of various physical and chem-
ical processes. That knowledge has en-
abled us to make powerful tools that
have changed our lives greatly. We un-
derstand these tools far better than we
understand ourselves.

In part that is because the tools are
simpler than we are. A television set, a
computer or even a national communica-
tion network such as the telephone sys-
tem is simpler than a human being. We
also understand our tools better because
those tools have been built according to
our understanding. It is easier to under-
stand a computer than it is to understand
art or the weather because the man who
built the computer wanted to build
something that would work. In order to
build something that would work he had
to build something he could understand.

No one man understands all the de-
vices in a big airplane, a tall building or
a telephone system, but some men have
at least a working knowledge of each.
That is not true of man and his means of
communication. We have learned some
remarkable things, but chiefly we live
and communicate not through our un-
derstanding of these processes but in
spite of our ignorance concerning them.

In our puzzlement about man and his
communication it is natural to turn for
enlightenment to the sure knowledge
and deep insight that we have concern-
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INFORMATION
SOURCE

MESSAGE

TRANSMITTER

CHANNEL

RECEIVED
SIGNAL

TRANSMIT- =
TED SIGNAL

RECEIVER

DESTINATION

MESSAGE

UNIVERSAL COMMUNICATION SYSTEM symbolically repre-
sented in this block diagram was originally proposed by Claude E.
Shannon in his influential 1948 paper “The Mathematical Theory
of Communication.” The usefulness of Shannon’s theory to the

ing the nature, behavior and limitations
of some of man’s machines. Frequently
it seems that what we have learned
about machines should apply in some
way to ourselves and our activities. We
feel on occasion that the scales have
fallen from our eyes and that the means
for understanding are in our hands. At
last we shall know.

In 1948 two publications created an
intellectual stir about communication
that has not yet subsided. These works
were a paper titled “The Mathemati-
cal Theory of Communication,” which
Claude E. Shannon published in the
July and October issues of the Bell Sys-
tem Technical Journal, and Norbert
Wiener’s book Cybernetics: Control and
Communication in the Animal and the
Machine. For the purposes of this dis-
cussion I should like to add to these two
works a third: Syntactic Structures, pub-
lished by Noam Chomsky in 1957.
Shannon’s communication theory (also
known as information theory) and Wie-
ner’s cybernetics created a broad and
lasting interest and enthusiasm. In 1949
Shannon’s paper was reprinted in book
form together with exposition and com-
ment by Warren Weaver. Weaver’s con-
tribution was based in part on an article
by him in the July 1949 issue of Scien-
tific American. These books alerted the
scientific world. Conferences were held
here and abroad. Scientists, shallow and
profound, tried to extend the ideas of
Shannon and Wiener to all aspects of
life and art. I remember Shannon’s tell-
ing me how he sat in a conference watch-
ing a man who spoke with his eyes
turned toward the heavens, as if he were
receiving divine revelation. Shannon
was disappointed that he could not make
any sense out of what the man was say-
ing. Cybernetics and communication
theory have been with us for nearly a
quarter of a century. What have they
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NOISE SOURCE

taught us? I looked through the books
to find out.

Shannon’s “The Mathematical Theory
of Communication” summarizes and
clarifies the task of the communication
engineer in a remarkable way. The sys-
tem Shannon studied is a truly universal
communication system. As shown in the
first figure of his paper [see illustration
above], it consists of an information
source, a transmitter, a communication
channel, a noise source, a receiver and
a message destination.

In such a communication system the
information source and the message des-
tination are usually human beings. As
an example, a human being may type
a message consisting of the letters and
spaces on the keyboard of a teletypewrit-
er. The teletypewriter serves as a trans-
mitter that encodes each character as a
sequence of electrical pulses, which may
be “on” or “off,” “current” or “no cur-
rent.” These electrical pulses are trans-
mitted by a pair of wires to another tele-
typewriter that acts as a receiver and
prints out the letters and spaces, which
are in turn read by the human being
serving as the message destination.

As the pulses travel from the teletype-
writer that serves as the transmitter to
the teletypewriter that serves as the re-
ceiver, an intermittent connection or an
extraneous current may alter or muti-
late them so that the receiver teletype-
writer prints out some wrong characters.
Shannon sums up such alterations or mu-
tilations of the signal by including a
noise source in his diagram of the com-
munication system. Ordinarily the sig-
nal is an electrical signal, and the noise
is an unpredictable interfering signal
that is added to the desired signal.

The noise can cause the received mes-
sage to differ from the message the
source wished to transmit. The greater
the ratio of the power of the signal to
the power of the noise is, that is, the

© 1972 SCIENTIFIC AMERICAN, INC

communication engineer is based in the broadest sense on the fact
that it reduces any communication system, however complex, to a
few essential elements. Modern communication theory is derived
in large part from the ideas outlined by Shannon in his paper.

greater the signal-to-noise ratio, the less
effect the noise will have on the opera-
tion of the communication system.

This example of a communication sys-
tem based on the use of teletypewriters
is a very simple one. In contrast let us
consider a voice communication system
based on the automatic speaking ma-
chines known as vocoders. The trans-
mitter part of such a system analyzes a
speech signal and obtains data to con-
trol a speaking machine at the remote
receiver. The control signals so obtained
are the signals that are sent from the
transmitter to the receiver. These con-
trol signals operate the distant speaking
machine. Excessive noise in the trans-
mission path may cause errors of articu-
lation in the speech the message destina-
tion hears.

In this example we come on another
concept introduced by Shannon. The vo-
coder and its control signals must be
complex enough to produce speech that
meets a fidelity criterion set by the mes-
sage destination. If we fail to meet the
fidelity criterion, the purposes of the
communication system will not be ful-
filled. If we produce better speech than
is necessary, the system will be ineffi-
cient.

Thus Shannon’s diagram of a commu-
nication system can apply to a system
that is very complex indeed. Moreover,
Shannon’s theory can tell the communi-
cation engineer something meaningful
and useful about any communication
system. It gives him a measure of the
commodity he is trying to transmit. That
measure, a unit of uncertainty or choice,
is called a bit. A bit (a contraction of
“binary digit”) is the uncertainty be-
tween “yes” or “no” or “heads” or “tails”
when both are equally likely; it is the
choice we exercise in choosing “left” or
“right” most unpredictably (that is, with
equal probability for each). The symbols
0 and 1 (that is, the digits of a binary



number) can specify yes or no, heads or
tails, left or right.

Shannon showed how in principle to
measure the information rate of a mes-
sage source—a speaker, a person writing,
the output of a television camera—in bits
per message or bits per second. This
quantity is called the entropy or entropy
rate of the source.

Shannon also showed how to measure
the capacity of a communication chan-
nel. Again the measure is bits per sec-
ond. The entropy rates of different
message sources vary widely. Studies
conducted by Shannon show that the
entropy of English text is probably about
one bit per character. The entropy rate
of speech is not known. Experiments
with vocoders indicate that it is less than
(and probably much less than) 1,000
bits per second; in contrast we routinely
use a channel (the telephone) capable
of transmitting 60,000 bits per second
of high-quality speech. A channel ca-
pable of transmitting some 60 million
bits per second is generally used in
transmitting television pictures, but the
entropy rate of the picture source must
surely be far less than that.

One thing is clear: It is necessarily
more costly to transmit a television pic-
ture than to transmit speech, and more
costly to transmit speech than to trans-
mit text. Transmitting a detailed pic-
ture, whatever its worth, is bound to be
more than 1,000 times more costly than
efficiently transmitting 1,000 words of
text.

Shannon contributed a great deal in
establishing the bit as a measure of the
complexity of message sources and the
capabilities of channels. In addition he
proved an extraordinary theorem. He
showed that if the entropy rate of a mes-
sage source does not exceed the capacity
of a communication channel, then in
principle messages from the source can
be transmitted over the channel with a
vanishingly small probability of error.
This can be achieved only by storing an
exceedingly long stretch of message be-
fore transmitting it [see “Communica-
tion Channels,” by Henri Busignies,
page 98].

Shannon’s communication theory has
had two chief values. One is rather like
the value of the law of conservation of
energy. Shannon has made it possible
for communication engineers to distin-
guish between what is possible and what
is not possible. Communication theory
has disposed of unworkable inventions
that are akin to perpetual motion ma-
chines. It has directed the attention of
engineers to real and soluble problems.
It has given them a quantitative mea-

sure of the effectiveness of their systems.
Shannon’s work has also inspired the in-
vention of many error-correcting codes,
by means of which one can attain error-
free transmission over noisy communica-
tion channels.

Information theory and coding theory

are widely pursued areas of research.
It is true that many real and significant
problems seem too difficult to solve, and
that many of the problems that are
solved seem made up because they can
be solved rather than because they are
very significant. Nonetheless, communi-
cation theory as Shannon conceived it
has enduring importance.

Shannon is an engaging and lucid

CHANNEL

writer. In his exposition of what he had
done he used amusing as well as en-
lightening examples. One example was
a message source in which the probabil-
ity of the next letter depended on the
preceding letters. Such a source pro-
duced “words” such as grocid, ponde-
nome, demonstures and deamy. Shan-
non’s choice of technical terms, on the
other hand, was evocative as well as apt;
it included information, entropy, re-
dundancy and equivocation. Surely a
theory that dealt with such wide-ranging
concepts must have wide-ranging ap-
plication.

So thought Weaver, as he expressed
himself in “Recent Contributions to the
Mathematical Theory of Communica-

CHANNEL
BANDWIDTH
(HERTZ)

CHANNEL
CAPACITY
(BITS PER SECOND)

TELEPHONE
WIRE
(SPEECH)

3,000 60,000

AM RADIO

10,000 80,000

FM RADIO

200,000 250,000

HIGH-FIDELITY
PHONOGRAPH

OR TAPE

15,000 250,000

COMMERCIAL
TELEVISION

6 MILLION 90 MILLION

MICROWAVE
RELAY SYSTEM
(1,200
TELEPHONE
CHANNELS)

]
A
A
"B
A
7

20 MILLION 72 MILLION

L-5
COAXIAL-CABLE
SYSTEM

a—

) 57 MILLION 648 MILLION

(10,800
TELEPHONE
CHANNELS)

PROPOSED
MILLIMETER-
WAVEGUIDE

SYSTEM

) 70 BILLION 15 BILLION

(250,000
TELEPHONE
CHANNELS)

HYPOTHETICAL
LASER SYSTEM

10 TRILLION 100 BILLION

CAPACITY OF VARIOUS COMMUNICATION CHANNELS can be measured according
to Shannon’s theory in bits per second, as indicated in the column at the extreme right in
this chart. The numbers given for each entry are more or less rough estimates for a particu-
lar system (either currently in operation, proposed or merely envisioned) ; in many cases
it is difficult to ascribe even an approximate value for capacity in bits per second to an
analogue channel because of the variability of parameters such as signal-to-noise ratio.
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tion,” his part of the 1949 book. Weaver
plausibly divided the problem of com-
munication into three levels: (A) the
technical problem: How accurately can
the symbols of communication be trans-
mitted? (B) the semantic problem: How
precisely do the transmitted symbols
convey the desired meaning? (C) the
effectiveness problem: How effectively
does the received meaning affect con-
duct in the desired way?

Weaver recognized that Shannon’s
work pertained to level A, but he argued
persuasively that it overlapped and had
significance for levels B and C as well.
Weaver was intrigued by the idea of
using the powerful body of probability

theory involving Markoff processes in
connection with both languages and
semantic studies. Moreover, in pointing
out the pertinence of information theory
to cryptography, he argued that informa-
tion theory “contributes to the problem
of translation from one language to an-
other.”

This brings us to the fascinating story
of machine translation. Since most of the
details of the story are irrelevant to com-
munication, I shall simply sketch the
broad outlines. In brief, when simple
machine “dictionary look-up” produced
ambiguous, unreadable texts, the pro-
ponents of computer translation turned
to grammar for a cure. They found that

CUBIST PORTRAIT of John R. Pierce, the author of this article, was made by Leon D.
Harmon of the Bell Telephone Laboratories as part of a computer experiment designed to
determine the least amount of visual information a picture can contain and still be recog-
nizable. The picture is divided into about 200 squares, with each square rendered evenly in
one of 16 intensities of gray. For best results the portrait should be viewed from a distance
of 15 feet or more; jiggling the picture, squinting or removing one’s eyeglasses also helps.

Such studies of the information content of a visual image may be useful in devising fu-
ture systems for storing, transmitting and displaying pictures with the aid of computers.
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existing grammars were unhelpful. In
fact, they found that no attainable gram-
mar cured the persistent ills of machine
translation: inaccuracy, ambiguity and
unreadability. As Victor H. Yngve, once
an associate of Chomsky’s, wrote in
1964: “Work in mechanical translation
has come up against a semantic barrier.
... We have come face to face with the
realization that we will only have ade-
quate mechanical translation when the
machine can ‘understand’” what it is
translating and this will be a very diffi-
cult task indeed. ... ‘Understand’ is just
what I mean. ... Some of us are pressing
forward undaunted.”

Both the Shannon-Weaver book and
the search for a syntactical cure for the
ills of machine translation led to a
reexamination of syntax. In Syntactic
Structures Chomsky sought an avenue
toward a grammar of a language. Let-
ting L stand for a language, he wrote:
“The grammar of L will thus be a de-
vice that generates all of the grammati-
cal sequences of L and none of the un-
grammatical ones. One way to test the
adequacy of a grammar proposed for L
is to determine whether or not the sen-
tences that it generates are actually
grammatical, i.e., acceptable to a native
speaker.”

Chomsky rejected the Markoff proc-
ess, which Weaver had mentioned, as
being inappropriate and inadequate.
Part of his argument was statistical. Al-
though a statistical process can generate
sentences, the likelihood that a sentence
will occur has nothing to do with wheth-
er or not it is grammatical. Indeed, in
1939 Ernest Vincent Wright published
a novel, Gadsby, in which the letter e
simply does not occur. Although the text
violates the statistics of English, it vio-
lates neither grammar nor sense [see il-
lustration on page 36].

Another part of Chomsky’s argument
was that neither the Markoff process nor
any existing grammar gave simple, sen-
sible explanations for many obvious fea-
tures of English, including the passive
voice. To this end Chomsky proposed a
new grammatical concept: the transfor-
mational grammar.

Chomsky’s work was important in
two ways. It led a number of linguists,
Yngve among them, to try to produce
transformational grammars of English.
This work produced grammars that be-
came larger and larger and less and less
intuitive; moreover, none of the gram-
mars produced could generate all gram-
matical sequences and no ungrammati-
cal sequences.

Another outcome of Chomsky’s work
was to inspire certain psychologists,



notably George A. Miller, then at Har-
vard, to do experimental work on human
response to language. At first this line
of inquiry seemed very fruitful. For one
thing, response to the active voice ap-
peared to be quicker than response to
the passive voice, a finding consistent
with the view that the passive voice
involves an additional transformation.
As such work has proceeded it has be-
come complicated and unclear in impli-
cation, except for one thing: the impor-
tance of meaning in communication [see
“Verbal Communication,” by Roman
Jakobson, page 72].

Remember that Chomsky proposed as

a criterion for a sentence’s being
grammatical that it be “acceptable to a
native speaker.” When in fact naive na-
tive speakers are asked whether or not a
sentence is grammatical, they frequently
reject it as being ungrammatical unless
it makes sense to them. Conversely, in-
genious people will spontaneously and
gleefully invent tortured circumstances
in which a seemingly meaningless or un-
grammatical sentence will actually be
acceptable to a native speaker. We are
inclined to reject “I is a boy,” but what
is our reaction to be if we are visiting a
school in which all the children are as-
signed pronouns rather than being called
by their names?

Indeed, whether or not a sentence is
grammatical or meaningful seems to de-
pend ultimately on the ingenuity of the
person who puzzles over it. Even then
we are left with Weaver’s exception:
“Similarly, anyone would agree that the
probability is low for such a sequence
of words as ‘Constantinople fishing nasty
pink.” Incidentally, it is low, but not
zero; for it is perfectly possible to think
of a passage in which one sentence
closes with ‘Constantinople fishing,” and
the next begins with ‘Nasty pink.” And
we might observe in passing that the un-
likely four-word sequence under discus-
sion has occurred in a single good En-
glish sentence, namely the one above.”

Weaver therefore stresses meaning
and effectiveness in communication. We
find this search for meaning and effect
outside the laboratory both in the myths
and magic of antiquity and in our own
daily experience. We find meaning in
text or speech even when the text is cor-
rupt or the speech scarcely audible. Wil-
liam James had observed this truth in
1899: “When we listen to a person
speaking or read a page of print, much
of what we think we see or hear is sup-
plied from our memory. We overlook
misprints, imagining the right letters,
though we see the wrong ones; and how

VISUAL-INFORMATION RECEPTORS are represented in this scanning electron micro-
graph by the outer rod segments seen through a tear in the membrane at the back surface
of a rabbit’s retina. The micrograph was made by Thomas F. Budinger and Thea Scott of
the Lawrence Berkeley Laboratory. The magnification is approximately 4,000 diameters.

AUDITORY-INFORMATION RECEPTORS aré shown enlarged some 6,000 diameters in
this scanning electron micrograph of the ciliary tufts of hair cells in the sacculus, or inner
ear, of a frog. The micrograph was made by James Pawley of the University of California at
Berkeley working with a sample prepared by Edwin R. Lewis in his laboratory at Berkeley.
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little we actually hear, when we listen to
speech, we realize when we go to a for-
eign theatre; for there what troubles us
is not so much that we cannot under-
stand what the actors say as that we
cannot hear their words. The fact is that
we hear quite as little under similar con-
ditions at home, only our mind, being
fuller of English verbal associations,
supplies the requisite material for com-
prehension upon a much slighter audi-
tory hint.”

This passage from James gives us a
strong clue to understanding where the
meaning of language really resides. It
is useless to seek the meaning or utility
of a book between its covers, or the in-

tent or effect of a speech in the sounds
that are uttered. A textbook on physics
or mathematics exists in the context of
the physics and mathematics of its time.
It is not a complete exposition of the
physics or mathematics it is intended to
teach. Such a text is addressed to a
person who already knows a language,
something about the world and some-
thing about physics and mathematics. It
is intended to enable him to learn, un-
derstand and use knowledge, skills and
insights that the author himself has ac-
quired. Taken out of its environment of
language, such a textbook would be
completely unintelligible. Taken out of
its environment of physics or mathe-

XXIX

GADSBY WAS WALKING

back from a visit down in Branton Hills’ manu-

facturing district on a Saturday night.

A busy

day’s traffic had had its noisy run; and with not
many folks in sight, His Honor got along without
having to stop to grasp a hand, or talk; for a May-
or out of City Hall is a shining mark for any poli-

tician.

And so, coming to Broadway, a booming

bass drum and sounds of singing, told of a small
Salvation Army unit carrying on amidst Broad-

way’s night shopping crowds.

Gadsby, walking

toward that group, saw a young girl, back towards
him, just finishing a long, soulful oration, saying:—

[

.. .and I can say this to you, for I know

what I am talking about; for I was brought up

in a pool of liquor!l”

As that army group was starting to march
on, with this girl turning towards Gadsby, His
Honor had to gasp, astonishingly :—

“Why! Mary Antor!!”

“Oh!

If it isn’t Mayor Gadsby!
run across you much, now-a-days.

I don't
How is Lady

Gadsby holding up during this awful war?”
[ 201]

IMPROBABLE TEXT, represented by this page copied from the 1939 novel Gadsby, by
Ernest Vincent Wright, violates the statistics of English, although it violates neither gram-
mar nor sense. Wright’s entire novel of more than 50,000 words was written without a single
word containing the letter e. This extraordinary counterexample serves to symbolize the
difficulties associated with a purely statistical approach to the analysis of language. Such
problems came into prominence in the course of early attempts at computer translation,
leading certain linguistic theorists, such as Noam Chomsky of the Massachusetts Insti-
tute of Technology, to undertake a reexamination of syntax in linguistic communication.
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matics, such a textbook might be inter-
preted symbolically, construed as magic
or dismissed as boring nonsense.

Our everyday communication has
meaning in a much more restricted
context. An order on a battlefield com-
municates only to a soldier who knows
the situation, and the situation cannot
be re-created by an examination of the
words uttered. Phrases passed back and
forth in a discussion may earn John
Smith a raise or cost him his job, but the
phrases have meaning only with respect
to what those who are discussing Smith
already know about him. Communica-
tion can take place only between people
with a common aim, a common problem,
a common curiosity, a common interest;
in other words, something in common
that is meaningful and important or fas-
cinating to both. The process of commu-
nication is not one of imparting entire
areas of knowledge or of drastically
changing views. That is the process of
education or training, which makes use
of communication but goes far beyond
communication as we commonly con-
strue it. Communication in everyday use
is a process of adjusting understandings
and attitudes, of making them congru-
ent or of ascertaining how and where
they agree or disagree. A common lan-
guage is of extreme advantage in our
efforts to communicate, but it is not as
important as a common interest and
some degree of common understanding.

Yet if we had everything, or almost
everything, in common, no communica-
tion, or very little communication, would
suffice. That is the case with certain
animals, such as bees [see “Animal Com-
munication,” by Edward O. Wilson,
page 52]. The need for communication
arises because something unguessable
must be imparted concerning our under-
standing or actions. A little must be add-
ed to what we already know or as a basis
for modifying what we would otherwise
do. It is this element of the unguessable
that Shannon measures as entropy. And
it is the unguessable, the surprising, that
is an essential part of communication, as
opposed to the mere repetition of ges-
tures, incantations or prayers.

Meaning can exist only through what
we have in common in our lives, minds
and language. It is concerning what we
share that communication takes place.
We cannot be certain that reassurance
will be offered, and we are upset if it is
not. We are excited by a new discovery
or by a tidbit of gossip about someone
we love or hate. We spring to a task we
understand and feel impelled to under-
take. And, as I have observed, we con-



tinually search for meaning, whether or
not meaning is there.

I believe it is a mixture of surprise
and the search for meaning in a famil-
iar context—the English language—that
lends charm to Shannon’s statistical
words grocid, pondenome, deamy. They
are so like English that we wonder what
they mean, or perhaps we feel that we
sense some elusive meaning or conno-
tation. I think that it is our straining
toward some such extraordinary context
or meaning that gives charm to com-
puter-produced “poems” such as those
of Marie Borroff:

The river
Winks
And I am ravished.

Dangerously, intensely, the music
Sins and brightens
And [ am woven.

These poems are not so much out of the
world as enticingly on the fringes of it.

We are challenged by what seems al-

most within our comprehension,
but we reject or are bored with whatever
completely eludes our grasp. Using com-
puter-generated patterns, Bela Julesz of
the Bell Telephone Laboratories has
shown that a given degree of order or re-
dundancy (in the sense of information
theory) can be detectable or undetect-
able to the eye, trained or untrained.
Here is one point of departure between
information theory and problems of hu-
man communication.

The information theorist asks: What
is a general measure of order, or rather
of disorder, in a message source, and
how can I take advantage of the order
that is there in transmitting messages
from that source efficiently? To do this,
however, one must adapt the communi-
cation equipment to the order that lies
in the source. Our eyes, ears and brain,
adapted as they may have been through
evolution, are with us throughout our
lives. We can make use of order only if
we can perceive it. Some order we can
learn to perceive; some must escape our
senses, to be detected only through sta-
tistical analysis.

Many artists and musicians who have
been inspired by information theory
have sought to produce works with an
optimum combination of order and ran-
domness. Such a criterion antedates in-
formation theory. Beethoven is said to
have declared that in music everything
must be at once surprising and expected.
That is appealing. If too little is surpris-
ing, we are bored; if too little is expect-
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ed, we are lost. Communication is pos-
sible only through a degree of novelty
in a context that is familiar.

Music communicates at once by reas-
surance and by surprise, but we can be
neither reassured nor surprised by what
passes unnoticed. Sir Donald Tovey, the
British composer and writer, character-
ized certain contrapuntal devices as “for
the eye only” and so implied that they
must go unheard and unappreciated by
the listener.

Order undetected is order in vain.
One contemporary Canadian composer,
Gerald Strang, has said that much ran-
dom music and much totally organized
music sound alike: uniformly gray. This
would indeed be the consequence of an
order undetectable by the ear and brain.

As to what is perceivable order and
what is not, there will be long argu-
ments. Some will say that the occurrence
of the diatonic musical scale in unrelated
cultures argues that it is physically or
psychologically suited to man, whereas
the only basis for 12-tone music is the
fact that the piano has 12 black and
white keys per octave. Others will argue
that what we expect and what surprises
us in older music is entirely cultural;
that with sufficient training and effort
on the part of the listener today’s gray
music will come to shimmer with color
and startle with surprise, intellectual if
not acoustical. It is plausible that what
has moved many men may move others;
it is less plausible that men will neces-
sarily come to be moved by what has
moved no one.

So far in this article I have associated
communication entirely with man and
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U.S. each year from 1945 to 1970. An initial rise after the end of
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communication among men. Another
kind of communication is growing up
around us: communication among ma-
chines. Here we are back to the process
of devising, understanding and improv-
ing tools. We do not care about the
working conditions or interests of com-
puters. In the end we do not care how
our credit-card transactions are proc-
essed as long as the process is accurate,
cheap and prompt. What we do care
about is providing a simple, easy-to-use,
compact, reliable terminal by means of
which a man can send messages to a
machine and receive messages from it.

It seems ridiculous to speak a credit-
card number into a telephone and have
the computer operator key the number
into the machine and relay the machine’s
yes or no answer by voice. It is ridicu-
lous, and people are working on ma-
chines to read credit cards and commu-
nicate with a distant computer directly.

All of us look toward communication
with distant computers from the home
or the office, but as yet there are no
adequate terminals. Teletypewriters are
large, clanking and costly. Cathode ray
terminals are large, limited and costly.
The problem is that we have no cheap
and adequate means for display. Key-
boards are compact, reliable and easy to
use. I for one would rather command a
computer through a keyboard than talk
to it, even if that science-fiction dream
were possible.

The widespread use of computers is
held up by lack of cheap, compact, re-
liable terminals, and by other things as
well. The field of data communication
and interacting computer systems is

1950 1955
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powerful and fascinating. It calls into
play not only communication theory but
also the construction of artificial lan-
guages, complete with grammars and
the devising of computer programs of
great complexity. Such communication
is a growing part of our world, but it is
remote from the average user of com-
munication, who sees and cares to see
only the terminals by means of which
he uses such computer systems. As the
computer and terminal arts advance, we
shall have all kinds of new services in
our homes, whether for consulting ad-
vertisements, purchasing, making res-
ervations, learning algebra or learning
Japanese. All of this and more will come,
but when it will come is hard to judge
[see “Communication Terminals,” by
Ernest R. Kretzmer, page 130].

Whatever one may say about com-

munication among machines, hu-
man communication takes place within a
community of interest made up of hu-
man beings. Within that community
people think and act, and they commu-
nicate in moving others toward or away
from what they regard as appropriate
thoughts and actions. In terms of infor-
mation theory only certain messages
among all possible messages occur in
communication within a community of
interest, because only certain messages
are appropriate, make sense and will
be understood.

In a simple society, an isolated band
or a village with a subsistence economy,
a community of limited size and com-
plexity provides a community of inter-
est common to all. Speech supplies ade-

1965 1970

World War II was followed by a plateau (perhaps associated with
a period of postwar practicality and conformism), which in turn
gave way to a wavering but very steep rise beginning in about 1960.
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INTERESTING CONTRAST is evident in this graph, which shows
that the number of periodicals published in the U.S. over the pe-

quate communication. The family or
the clan may be a subsidiary commu-
nity of interest. Other places, other peo-
ple and other times must somehow be
taken into account in myth and custom.
Nonetheless, to a degree all of life (that
is, all that is noted) is accessible and in-
telligible to all members of the commu-
nity.

Our world has far outgrown the reach
of the voice or the comprehension of any
one mind. It is divided into countless
communities of interest. Increasingly
these communities are intellectual rather
than geographical. A physicist or a math-
ematician or a biologist may have more
in common with a colleague in a foreign
land than he does with his next-door
neighbor.

Our multiple communities of interest
and the institutions that serve them over-
lap. A mathematician may be interested
in the stock market and in riding uni-
cycles. An engineer may be interested
in spectator sports, skiing and music. A
science-fiction writer may be interested
in local politics. That each man is a
member of many communities of inter-
est makes them no less real.

Clearly such communities of interest
could not exist without adequate com-
munication. I shall not argue that ad-
vances in communication and travel
have brought these communities of in-
terest into being, or that conversely
wide-ranging interests have stimulated
the technologies of travel and communi-
cation. What is clear is that communica-
tion plays a complex role in a complex
way of life. In so serving us modes of
communication interact with the people
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PERIODICALS
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they serve in many ways [see “Commu-
nication and Social Environment,” by
George Gerbner, page 152].

Some forms of communication serve
many communities of interest, ranging
from the individual and the family to
large business and cultural organiza-
tions. The postal service, the telegraph
and the telephone are among these
forms. The telegraph provides an inter-
esting example of the rise and fall of a
form of communication. When one plots
the domestic telegraph messages han-
dled from 1917 to 1968, one finds a fal-
tering peak from 1930 to 1935 [see top
illustration on page 37]. Anyone who
has sent or received telegrams can read
a variety of economic and social obser-
vations into these data. On the one hand
one sees competition from the telephone,
through direct distance dialing and de-
creasing long-distance rates. On the oth-
er hand one sees that a dispersal of pop-
ulation into suburbia and rising labor
costs have combined to make the physi-
cal delivery of telegrams uneconomic.
Those with long memories may recall
the knock of the telegraph boy at the
door. They may even recall office switch-
es that would summon telegraph boys to
take messages. Such services have van-
ished, and Western Union is seeking a
new mode of life.

Mails and telephony, in contrast, are
still on the increase, with the telephone
winning out [see bottom illustration on
page 37]. There are more local calls per
person than pieces of mail per person,
and the rate of increase is faster. Fur-
thermore, toll calls increase twice as fast
as local calls and overseas calls increase
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riod 1950-1970 has increased steadily, whereas the number of news-
papers published over the same period has become fairly stable.

more than twice as fast as toll calls. In
such statistics we see a society in which
human relations and business transac-
tions both have a shorter time scale. Life
has become less leisurely, less planned,
more immediate. The increases in toll
calls and overseas calls also tell us that
communities of interest are becoming
more far-flung.

These increases in part reflect ad-
vances in technology that have made
such calls cheaper and better. Quality is
important to the use and success of com-
munications. Overseas calls increased
rapidly after 1954, when the first under-
sea cable made overseas calls more in-
telligible and useful than they had been
in the days of shortwave radio. Cost is
equally important. Surely a reduction in
the cost of toll calls, and particularly of
calls during certain hours, has stimulated
such calling,

Although a decrease in cost can stimu-
late the use of communications, too high
a cost can result in no use whatever. In-
vitations are no longer carried by foot-
men. And, technological marvel though
it is, the Bell System’s Picturephone
service seems unlikely to sweep the
country. The cost is greater than people
care to pay, particularly for long-dis-
tance calls. So it seems to be with many
ambitiously proposed communication
systems. The cost is more than the traf-
fic will bear. In time videotelephone and
home communication centers will be
available to all, but only when radical
advances in technology bring the cost
down. That time will not be tomorrow.

Telegrams, the postal service and the
telephone serve almost all communities
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of interest. Some modes of communica-
tion serve large communities of interest
only. Books are among these. Nothing is
more diverse than books. With rare ex-
ceptions (the Bible is among them) each
book reaches a small fraction of the
total population. Yet a successful book
may reach a large fraction of those deep-
ly interested in a particular area or sub-
ject, be it yoga, tennis, the stock market
or general relativity. In the last instance
a successful book can blanket the real
community of interest with a few thou-
sand copies.

A plot of the number of new books
and new editions of old books issued
each year from 1945 to 1970 reveals that
there was an initial rise after the war
and then a plateau. We can associate the
plateau, if we wish, with postwar prac-
ticality and conformism [see illustration
on page 38]. About 1960 a wavering but
very steep rise set in. Does this rise re-
flect an increasing diversity and a grow-
ing number of communities of interest?
Or does it reflect a reduction of cost and
an increasing number of outlets dur-
ing the paperback revolution? I am sure
that it reflects both, and that both are a
part of the interaction of communica-
tion and society.

A book can serve a rather narrow com-
munity of interest, for example the
worldwide community of specialists in
some field of science. In general periodi-
cal publications must have a larger read-
ership in order to survive. Nonetheless,
the number of periodicals published over
the period 1950-1970 has increased
steadily [see illustration on preceding
page]. This increase reflects a growth in
communities of interest of substantial
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size, including the community of inter-
est that is served by this magazine.

I believe that such statistics actually
underestimate the true number of pe-
riodical publications, and that they omit
many that serve very real communities
of interest. Particularly in technology
and business, there are a large number
of highly specialized periodical publica-
tions: monthly, quarterly or yearly. They
are directed to subjects as special as di-
gests of commercially available comput-
er hardware and analyses of the financial
condition and prospects of certain com-
panies. The subscription price for some
is extremely high; this factor seems to
show that they serve particular commu-
nities of interest better than more gen-
eral technical or financial journals. Other
highly specialized and probably un-
counted periodicals include the mimeo-
graphed science-fiction fan magazines
called “fanzines” and endless club and
society bulletins and the like. All serve
real communities of interest.

It is interesting to note that whereas
the number of periodicals is rising, the
number of newspapers is static. I think
that here too one can read meaning into
statistics. As we progress from the mails
and the telephone through books,
through periodicals and on to newspa-
pers we are considering successively me-
dia that necessarily serve larger and
larger communities of interest. With the
newspaper we have arrived at what sur-
vives of the geographical and the nation-
al communities of interest. Newspapers
must appeal to such interests as we all
have in common because we live in a
particular community, state or nation.

What is true of newspapers is also true

RADIO
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of radio and television [see illustrations
below]. Here we see that whereas vir-
tually every home has a radio and a tele-
vision set, the number of stations is still
rising somewhat. With the advent of the
communication satellite, television has
become a truly international medium.
President Nixon’s trips to China and the
U.S.S.R. and the astronauts’ trip to the
moon have been hit shows. With the
growth in diversity, however, the geo-
graphical, the national and indeed the
international communities of interest
have come to occupy an equivocal place
in our lives. Mass communications have
come to have an uncertain role in the
functioning of society. It can be argued
that mass communications are not effec-
tive eyes and ears on the world, and that
they do not ensure popular participation
in government.

Here I come back to Wiener’s Cyber-
netics, to which I have scarcely re-
ferred since I mentioned it at the begin-
ning of this article. Unlike Shannon’s
“The Mathematical Theory of Commu-
nication,” Cybernetics does not expound
a novel, well-defined and well-imple-
mented body of theory. Rather it is a dis-
cussion, partly mathematical and partly
popular, of the relation between certain
concepts and man and his world.

One prime concept expounded by
Wiener is homeostasis: the functioning
of an organism or a system so as to cor-
rect for adverse disturbances. Homeo-
stasis involves two processes: the detec-
tion of deviation from the desired state,
and negative feedback, by which the
discrepancy between the desired state
and the present observed state is cor-

TELEVISION
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every home in the U.S. now has both a radio and a television set
(left), the number of radio and television stations is still rising



rected. The process of homeostasis may
fail in many ways.

For the overall process to function,
we must satisfactorily sense that some
correction needs to be made. Beyond
that, however, negative feedback may
itself result in instability. This happens
when there is too much negative feed-
back, or when it acts too quickly in a
system in which some responses are nec-
essarily slow. The normal human being
can observe the fallibilities of feedback
by trying to carry a shallow pan full of
water without spilling it. He had best
keep his eyes off the pan as he walks
along, however. Efforts guided by the
eye ordinarily heighten rather than re-
duce the sloshing of the water.

Wiener observes that “small, closely
knit communities have a very consider-
able measure of homeostasis; and this,
whether they are highly literate com-
munities in a civilized country, or vil-
lages of primitive savages. Strange and
even repugnant as the customs of many
barbarians may seem to us, they gen-
erally have a very definite homeostatic
value, which it is part of the function of
anthropologists to interpret. It is only in
the large community, where the Lords
of Things as They Are protect them-
selves from hunger by wealth, from pub-
lic opinion by privacy and anonymity,
from private criticism by the laws of
libel and the possession of the means of
communication, that ruthlessness can
reach its most sublime levels. Of all of
these antihomeostatic factors in society,
the control of the means of communica-
tion is the most effective and most im-
portant.”

No doubt greed, self-interest and cal-
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lousness do account for failures of com-
munication in our overall community of
interest. We may also observe, however,
that the world in which we live and
which affects our daily lives has become
overwhelmingly complex. We cannot
possibly understand it in the sense that
we might understand a small, closely
knit community. If we do not disregard
the larger world, we must perceive it as
it is represented by the media of mass
communication. Is this, however, a real
world, or is it a myth that stands in the
place of something we cannot possibly
understand?

It seems common that those with spe-
cial knowledge, be it of science or pub-
lishing, distrust mass-media presenta-
tions of their own fields while accepting
the pictures the media present of other
fields. Even in the large a civil war in
Nigeria attracted notice and aroused
passion, whereas one in the Sudan went
unnoticed and left us cold. Can the mass
media present a useful picture of an
overall community of interest? To what
degree does such a community of in-
terest exist? And whose interests are
taken into account?

Whatever may be the reality of the
overall community of interest people
observe, they do react to it strongly and
sometimes violently. Even if this reac-
tion were a reaction to the true state of
affairs, it would not necessarily result in
a return to the desired state, whatever
that might be. I think all societies per-
ceive this difficulty of perception and
reaction. In totalitarian societies great
efforts are made to narrow and control
the channels of communication. In open
societies the channels of communication

1960
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are open, but constraints such as due
process and checks and balances are put
on the speed and magnitude of reaction.
Yet, as society becomes ever larger and
more complex, the problem of communi-
cation and control in the overall com-
munity of interest becomes progressive-
ly more difficult [see “Communication
and Freedom of Expression,” by Thomas
I. Emerson, page 163].

At times governments show a public
awareness of this. One response is to
try to make society simpler and more
uniform through centralization and dras-
tic restrictive 1egislation concerning
whatever is deemed to be antisocial or
unfair or simply unpopular. Another re-
sponse is to try to make communication
and control operate meaningfully and
effectively by pushing power toward
communities of interest, whether these
are intellectual, technological or geo-
graphical in the sense that regions, states
and cities are.

Long before we took deliberate steps
in this latter direction, men’s communi-
ties of interest had somehow multiplied,
differentiated themselves and had in
many cases broken their geographical
bonds. The amount of communication
we use, the distances over which we
communicate and the increasing diver-
sity of books and periodicals show this
clearly. Still, geography governs some
aspects of our lives. However universal
our understanding of science or our en-
joyment of music may be, we prefer
stoves in the Arctic and air conditioners
in the Tropics. The world that commu-
nication and transportation have built
is exceedingly complex and very diffi-
cult to govern wisely.

1965 1970

in 1972, and Historical Statistics of the United States: Colonial
Times to 1957, published by the U.S. Department of Commerce.
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Cellular Communication

Cells communicate by means of hormones and nerve fibers. Such

communication and all other forms of communication are founded

on the information incorporated in the molecules of nucleic acid

he capacity to communicate is
I a fundamental feature of living
cells. As John R. Pierce notes in
the introduction to this issue, the types
of information that are the subject of
cellular communication can be grouped
into three general classes: genetic, met-
abolic and nervous. The genetic infor-
mation of an organism is embodied in
the precise sequence of the four kinds of
nucleotide base—adenine, guanine, thy-
mine and cytosine—in the DNA mole-
cules of the nuclei of its cellular con-
stituency. The meaning of that infor-
mation is the specification of the precise
sequence of the 20 amino acids in a myr-
iad of different kinds of protein mole-
cule. It is the ensemble of cellular pro-
teins that functions to make the cell what
it is: an engine built of highly specific
structural members and enzymes that
carries out a complex network of catalyt-
ically facilitated metabolic reactions. In
the course of cell reproduction the pa-
rental DNA molecules are replicated
and each of the two daughter cells is en-
dowed with a complete store of the ge-
netic information of the mother cell.

In addition to this “vertical” inheri-
tance, in which each cell receives its
genetic information from only one par-
ent cell, there is a “horizontal” mode of
inheritance, in which cells communicate
and thus exchange their genetic infor-
mation to give rise to offspring of mixed
parentage. There are at least four differ-
ent mechanisms by which such commu-
nication of genetic information is re-

by Gunther S. Stent

alized. The most primitive is genetic
transformation, in which a donor cell
simply releases some of its DNA mole-
cules into its surroundings. One of the
released donor DNA molecules is then
taken up by a recipient cell, which in-
corporates the molecule into its own ge-
netic structures. The second mechanism
is genetic transduction. On the infection
of a host cell with a virus one or another
of the host-cell DNA molecules is in-
corporated into the shell of one of the
progeny virus particles to which the in-
fection gives rise. After its release from
the host cell the bastard virus particle
infects a recipient cell and thereby
transfers to the new host the donor-cell
DNA molecule it brought along for the
ride. The third mechanism is genetic
conjugation. Here two cells meet and
establish a conjugal tube, or thin bridge,
between them. In the conjugal act the
donor member of the cell pair mobilizes
a part of its complement of DNA and
passes it through the tube to the re-
cipient member.

The natural occurrence of these three
mechanisms has so far been demonstrat-
ed only for bacteria, the lowest form of
cellular life. Higher forms of life, from
fungi and protozoa up to man, employ
the fourth and most elaborate mecha-
nism of genetic communication, namely
sex. Here two gametes, cell types spe-
cialized for just such intercourse, meet,
fuse and pool their entire complement
of DNA. The process gives rise to off-
spring to which both parents have com-

TERMINAL ENDS OF NERVE-CELL AXONS in the nervous system of the “sea hare”
Aplysia are the button-like objects in the scanning electron micrograph on the opposite
page. Information is communicated from cell to cell at the junctions where the axons make
synaptic contact. Micrograph, which enlarges structures 30,000 diameters, is by Edwin R.
Lewis, Thomas E. Everhart and Yehoshua Y. Zeevi of University of California at Berkeley.
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municated an equal amount of genetic
information. This result is to be con-
trasted with what happens in the first
three processes, where the offspring
come into possession of only a small
fraction of the total donor-cell DNA and
are endowed mainly with the genetic in-
formation of the recipient cell.

The biological function of genetic
communication is to increase the evolu-
tionary plasticity of the species. The ul-
timate source of the genetic diversity on
which natural selection, the motor that
drives evolution, feeds are rare changes,
or mutations, in the nucleotide base se-
quence and hence the genetic informa-
tion contained in the DNA. Thus in the
purely vertical mode of inheritance ge-
netic diversity among the members of
a cell population all descended from a
single ancestral mother cell could be
built up very slowly by the accumulation
of mutations in the individual lines of
descent. In the horizontal mode of in-
heritance and its intercellular communi-
cation, however, there develops quite
quickly a rich individual genetic diver-
sity as mutations that have arisen in dif-
ferent lines of descent are continually
combined and recombined among the
offspring of the interbreeding popula-
tion. Thus in anticipation of any environ-
mental changes that may affect its fitness
the population presents for natural selec-
tion a spectrum of diverse types among
which one or another may possess a
greater fitness for the future state of the
species.

Metabolic information is embodied in

the quality and concentration of
large and small molecules that partici-
pate in the chemical processes by which
cells reproduce, develop and main-
tain their living state. In contrast to the
communication of genetic information,
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whose utility pertains to time periods
that are long compared with the life-
span of the members of populations, the
communication of metabolic information
is of importance to organized societies of
cells over much shorter intervals. Here
the mechanism of communication gen-

erally consists in the release by a secre-
tory cell of one of its constituent mole-
cules. The released molecule diffuses
through the space occupied by the cell
society, and on encountering a target
cell it intervenes in some highly specific
manner in the metabolism of that cell.

Such messenger molecules of metabol-
ic information are generally called hor-
mones.

The biological function of metabolic
communication is mainly twofold. In the
first instance hormones control the order-
ly development of multicellular animals
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TYPES OF GENETIC COMMUNICATION can be classified as ver-
tical or horizontal. In cellular reproduction (top) the communi-
cation is vertical; the replication of the parental genes before cell
division provides both offspring with complete and identical sets
of genetic information. The three simpler kinds of horizontal com-
munication are found in bacteria. In transformation (a) the donor
cell releases the DNA molecules embodying its genetic information
and some of the molecules are taken up by the recipient cell. In
transduction (b), which may occur when a virus infects a cell and
new viruses are formed, one of the new viruses may incorporate a
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DNA molecule into its shell; if the new virus now infects another
cell, the donor-cell molecule and the information it embodies are
transferred to the recipient cell. In conjugation (¢) donor and re-
cipient cells come into physical contact; a bridge is formed be-
tween them and some donor DNA molecules are transferred to the
recipient. The fourth and most elaborate kind of horizontal genetic
communication (d) is sex. Parental organisms give rise to male
(color) and female (black) gametes: specialized cells that contain
only half of the information an offspring requires. When these fuse,
each parent gives the offspring an equal amount of information.
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and plants. These organisms represent
societies made up of millions or billions
of cells that come into being by a series
of successive cycles of cell growth and
division from a single fused pair of ga-
metes, for example from the sperm-fer-
tilized egg. This process of cell multipli-
cation is accompanied by the process of
cell differentiation, in which each cell
acquires the particular molecular ensem-
ble that enables it to play its destined
specialized role in the life of the orga-
nism. In many cases cells receive from
hormones their instructions concerning
how and when to differentiate in the de-
velopmental sequence that leads to the
adult organism. The female sex hormone
estrogen, which belongs to the steroid
class of molecules, is a well-known ex-
ample of such a developmental messen-
ger. Estrogen is released by secretory
cells in the ovary of the female animal,
particularly at the onset of puberty. Es-
trogen reaches target cells in almost all
tissues and induces in these cells the
metabolic reactions that eventually lead
to the development of the secondary sex-
ual characteristics of the body.

In the second instance hormones serve
in the homeostatic processes by means of
which all organisms minimize for their
internal environment the consequences
of changes in the external environ-
ment. The protein hormone insulin, well
known through its connection with di-
abetes, is an example of such a homeo-
static chemical messenger. The rate of
release of insulin by secretory cells of
the pancreas is accelerated in response
to high glucose concentrations in the
blood. On reaching target cells in liver
and muscles insulin signals to these or-
gans to remove glucose from the blood
and either to store it in the form of gly-
cogen or to burn it. Once, thanks to this
increase in removal rates, the glucose
blood concentration has returned to its
normal level, the release of insulin by
the pancreas is slowed down and so is
the removal of glucose from the blood
by liver and muscles. Thus insulin makes
possible the maintenance of a relatively
constant blood-sugar concentration in
the face of great fluctuations of the ani-
mal’s rate of sugar intake.

Nervous information is embodied in
the activity of a special cell type pos-
sessed by all multicellular animals, the
nerve cell or neuron. Although the physi-
ological time spans over which the com-
munication of metabolic information is
relevant are much shorter than the evo-
lutionary periods for which the commu-
nication of genetic information is intend-
ed, these physiological time spans still
extend over hours, days or weeks. In

HUMAN OVUM AND SPERM CELLS at the moment of fertilization exemplify the union
of gametes and the pooling of an equal amount of genetic information from each parent. Of
the numerous sperm cells surrounding the ovum only one will actually deliver the male
parental genes. This micrograph, which enlarges the cells some 400 diameters, was made
by Landrum B. Shettles of the Columbia University College of Physicians and Surgeons.

order to stay alive, however, most ani-
mals must respond to certain events in
their environment within time spans of
seconds or even milliseconds. And since
the diffusion of a molecule such as glu-
cose through the space occupied by the
cell society that makes up even so small
an animal as a fly requires a few hours,
animals must have communication chan-
nels that are faster than those provided
by hormones. These channels are provid-
ed by neurons, and the biological func-
tion of the communication of nervous
information they perform is to generate
the rapid stimulus-response reactions
that comprise the animal’s behavior.
Neurons are endowed with two singu-
lar features that make them particularly
suitable for this purpose. First, unlike
most other cell types, they possess long
and thin extensions: axons. With their
axons neurons reach and come into con-
tact with other neurons at distant sites
and thereby form an interconnected net-
work extending over the entire animal
body. Second, unlike most other cell
types, neurons give rise to electrical sig-
nals in response to physical or chemical
stimuli. They conduct these signals
along their axons and transmit them to
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other neurons with which they are in
contact. The interconnected network of
neurons and its traffic of electrical sig-
nals forms the nervous system. It is, of
course, the nervous system that is both
the source and the destination of all the
information with which the diverse com-
munication systems under discussion in
this issue are concerned.

IiJke Roman Gaul, the nervous system
is divisible into three parts: (1) an
input, or sensory, part that informs the
animal about its condition with respect
to the state of its external and internal
environment; (2) an output, or effector,
part that produces motion by command-
ing muscle contraction, and (3) an inter-
nuncial part (from the Latin nuncius,
meaning messenger) that connects the
sensory and effector parts. The most
elaborate portion of the internuncial
part, concentrated in the head of those
animals that have heads, is the brain.
The processing of data by the inter-
nuncial part consists in the main in mak-
ing an abstraction of the vast amount of
data continuously gathered by the sen-
sory part. This abstraction is the result
of a selective destruction of portions of
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METABOLIC COMMUNICATION is largely conducted by the messenger molecules
known as hormones. One basic role of these chemical messengers is mediation of cell dif-
ferentiation. Illustrated here is the action of hormones from the anterior pituitary that
induce maturation in the human female. The ovarian hormones that are secreted follow-
ing stimulus by pituitary hormones affect cells in bone, uterine and mammary tissues.
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the input data in order to transform
these data into manageable categories
that are meaningful to the animal. It
should be noted that the particular com-
mand pattern issued to the muscles by
the internuncial part depends not only
on here-and-now sensory inputs but also
on the history of past inputs. Stated
more plainly, neurons can learn from
experience. Until not so long ago at-
tempts to fathom how the nervous sys-
tem actually manages to abstract sen-
sory data and learn from experience
were confined mainly to philosophical
speculations, psychological formalisms
or biochemical naivetés. In recent years
neurophysiologists, however, have made
some important experimental findings
that have provided for a beginning of a
scientific approach to these deep prob-
lems. Here I can do no more than de-
scribe briefly one example of these re-
cent advances and sketch some of the
insights to which it has led.

Before discussing these advances we
must give brief consideration to how
electrical signals arise and travel in the
nervous system. Neurons, like nearly all
other cells, maintain a difference in elec-
tric potential of about a tenth of a volt
across their cell membranes. This poten-
tial difference arises from the unequal
distribution of the three most abundant
inorganic ions of living tissue, sodium
(Nat), potassium (K*) and chlorine
(C17), between the inside of the cell and
the outside, and from the low and un-
equal specific permeability of the cell
membrane to the diffusion of these ions.
In response to physical or chemical stim-
ulation the cell membrane of a neuron
may increase or decrease one or anoth-
er of these specific ion permeabilities,
which usually results in a shift in the
electric potential across the membrane.
One of the most important of these
changes in ion permeability is respon-
sible for the action potential, or nerve
impulse. Here there is a rather large
transient change in the membrane po-
tential lasting for only one or two thou-
sandths of a second once a prior shift in
the potential has exceeded a certain
much lower threshold value. Thanks
mainly to its capacity for generating
such impulses, the neuron (a very poor
conductor of electric current compared
with an insulated copper wire) can carry
electrical signals throughout the body of
an animal whose dimensions are of the
order of inches or feet. The transient
change in membrane potential set off by
the impulse is propagated with undimin-
ished intensity along the thin axons.
Thus the basic element of signaling in
the nervous system is the nerve impulse,



and the information transmitted by an
axon is encoded in the frequency with
which impulses propagate along it.

Neurophysiologists have developed

methods by which it is possible to
listen to the impulse traffic in a single
neuron of the nervous system. For this
purpose a recording electrode with a
very fine tip (less than a ten-thousandth
of an inch in diameter) is inserted into
the nervous tissue and brought very
close to the surface of a neuron. A neu-
tral electrode is placed at a remote site
on the animal’s body. Each impulse that
arises in the neuron then gives rise to
a transient difference in potential be-
tween the recording electrode and the
neutral electrode. With suitable elec-
tronic hardware this transient potential
difference can be displayed as a blip on
an oscilloscope screen or made audible
as a click in a loudspeaker.

The point at which two neurons come
into functional contact is called a syn-
apse. Here the impulse signals arriving
at the axon terminal of the presynaptic
neuron are transferred to the postsynap-
tic neuron that is to receive them. The
transfer is mediated not by direct elec-
trical conduction but by the diffusion
of a chemical molecule, the transmitter,
across the narrow gap that separates
the presynaptic axon terminal from the
membrane of the postsynaptic cell. That
is to say, the arrival of each impulse at
the presynaptic axon terminal causes the
release there of a small quantity of trans-
mitter, which reaches the postsynap-
tic membrane and induces a transient
change in its ion permeability. Depend-
ing on the chemical identity of the trans-
mitter and the nature of its interaction
with the postsynaptic membrane, the
permeability change may have one of
two diametrically opposite results. On
the one hand it may increase the chance
that there will arise an impulse in the
postsynaptic cell. In that case the syn-
apse is said to be excitatory. On the
other hand it may reduce that chance,
in which case the synapse is said to be
inhibitory. Most neurons of the internun-
cial part receive synaptic contacts from
not just one but many different presyn-
aptic neurons, some axon terminals pro-
viding excitatory inputs and others in-
hibitory ones. Hence the frequency with
which impulses arise in any postsynaptic
neuron reflects an ongoing process of
summation, more exactly a temporal in-
tegration, of the ensemble of its synaptic
inputs.

We are now ready to proceed to our
example of an important advance in the
understanding of the internuncial ner-

HORMONE AND TARGET CELLS appear in a radioautograph of muscle tissue from a rat
uterus. Estradiol, a component of the hormone estrogen that stimulates the growth of uter-
ine muscle, was labeled with tritium; the tissue section was prepared one hour after the
hormone was injected. Black dots show concentrations of the hormone. Most are grouped in
or near the nuclei of muscle cells. Micrograph was made by W. E. Stumpf, M. Sar and R. N.
Prasad of the Laboratories for Reproductive Biology of the University of North Carolina.

vous system, the analysis of the visual
pathway in the brain of higher mam-
mals. It is along this pathway that the
visual image formed on the retina by
light rays entering the eye is transformed
into a visual percept, on the basis of
which appropriate commands to the
muscles are issued. The visual pathway
begins at the mosaic of approximately
100 million primary light-receptor cells
of the retina. They transform the light
image into a spatial pattern of electrical
signals, much as a television camera
does. Still within the retina, however,
the axons of the primary light-receptor
cells make synapses with neurons al-
ready belonging to the internuncial part
of the nervous system. After one or two
further synaptic transfers within the ret-
ina the signals emanating from the pri-
mary light-receptor cells eventually con-
verge on about a million retinal ganglion
cells. These ganglion cells send their
axons into the optic nerve, which con-
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nects the eye with the brain. Thus it is
as impulse traffic in ganglion-cell axons
that the visual input leaves the eye.

In 1953 Stephen W. Kuffler, who was
then working at Johns Hopkins Univer-
sity, discovered that what the impulse
traffic in ganglion-cell axons carries to
the brain is not raw sensory data but an
abstracted version of the primary visu-
al input. This discovery emerged from
Kufller’s efforts to ascertain the ganglion-
cell receptive field, or that territory of
the retinal receptor-cell mosaic whose
interaction with incident light influences
the impulse activity of individual gan-
glion cells. For this purpose Kuffler in-
serted a recording electrode into the im-
mediate vicinity of a ganglion cell in a
cat’s retina. At the very outset of the
study Kuffler made a somewhat unex-
pected finding, namely that even in the
dark, retinal ganglion cells produce im-
pulses at a fairly steady rate (20 to 30
times per second) and that illuminating
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NERVE COMMUNICATION depends for its effectiveness on a process of abstraction that
has been demonstrated in studies of visual perception in cats. Use of the experimental sit-
uation illustrated at top has revealed the selective destruction of sensory inputs at three suc-
cessively higher levels of organization within the visual system. At the first of these levels
impulses from ganglion cells in the retina, displayed on an oscilloscope, indicate that the
cells receive signals from circular arrays of receptor cells. The center and the peripheral
cells of the array react differently when stimulated by a spot of light. If the array is an “on
center” one (I, color), the number of impulses produced by the ganglion cell will increase
when light falls on the center but diminish when light falls on the periphery; the reaction
is reversed if the array is an “off center” one. An oversimplified diagram of the neuronal
circuits involved (2) suggests that in on-center arrays the central receptor cells (a, color)
feed an excitatory synapse on the ganglion cell while the peripheral cells feed inhibitory
synapses. Off-center arrays (b) would have the reverse circuitry. Thus the ganglion cell
does not report the data on levels of illumination that are collected by the individual re-
ceptor cells but sends to the next level of abstraction a summary of the contrast between two
concentric regions of the receptive field. The successive stages in this process of selective
destruction of sensory inputs are illustrated on the opposite page and on the next two pages.
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the entire retina with diffuse light does
not have any dramatic effect on that im-
pulse rate. This finding suggested para-
doxically that light does not affect the
output activity of the retina. Kuffler
then, however, projected a tiny spot of
light into the cat’s eye and moved the
image of the spot over various areas of
the retina. In this way he found that the
impulse activity of an individual gangli-
on cell does change when the light spot
falls on a small circular territory sur-
rounding the retinal position of the gan-
glion cell. That territory is the receptive
field of the cell.

On mapping the receptive fields of
many individual ganglion cells Kuffler
discovered that every field can be sub-
divided into two concentric regions: an
“on” region, in which incident light in-
creases the impulse rate of the ganglion
cell, and an “off” region, in which inci-
dent light decreases the impulse rate.
Furthermore, he found that the struc-
ture of the receptive fields divides reti-
nal ganglion cells into two classes: on-
center cells, whose receptive field con-
sists of a circular central “on” region and
a surrounding circular “off” region, and
off-center cells, whose receptive field
consists of a circular central “off” region
and a surrounding circular “on” region.
In both the on-center and the off-center
cells the net impulse activity arising
from partial illumination of the recep-
tive field is the result of an algebraic
summation: two spots shining on differ-
ent points of the “on” region give rise
to a more vigorous response than either
spot alone, whereas one spot shining on
the “on” and the other on the “off” re-
gion give rise to a weaker response than
either spot alone. Uniform illumination
of the entire receptive field, the condi-
tion that exists under diffuse illumina-
tion of the retina, gives rise to virtually
no response because of the mutual can-
cellation of the antagonistic responses
from “on” and “off” regions.

It could be concluded, therefore, that
the function of retinal ganglion cells is
not so much to report to the brain the
intensity of light registered by the pri-
mary receptor cells of a particular terri-
tory of the retina as it is to report the
degree of light and dark contrast that
exists between the two concentric re-
gions of its receptive field. As can be
readily appreciated, such contrast in-
formation is essential for the recognition
of shapes and forms in the animal’s vi-
sual field, which is what the eyes are
mainly for. Thus we encounter the first
example in this discussion of how the
nervous system abstracts information by
selective destruction of information. The



absolute light-intensity data gathered
by the primary light-receptor cells are
selectively destroyed in the algebraic
summation process of “on” and “off” re-
sponses and are thereby transformed
into the perceptually more meaningful
relative-contrast data.

When one thinks about the neuronal
circuits that might be responsible for
this retinal abstraction process, the first
possibility that comes to mind is that
they embody the antagonistic function
of excitatory and inhibitory synaptic in-
puts to the same postsynaptic neuron.
One might suppose that to produce an
on-center receptive field the axon ter-
minals of primary receptor cells from
the central “on” territory simply make
excitatory synapses with their retinal
ganglion cell and primary cells from the
peripheral “off” territory make inhibi-
tory synapses [see illustration on oppo-
site page]. Detailed analyses of the anat-
omy and physiology of retinal neurons
conducted in recent years have shown
that on the one hand the real situation is
much more complicated than this sim-
ple picture, but that on the other hand
the actual neuronal circuits do involve
matching of excitatory and inhibitory
synapses in the pathways leading from
the primary light receptor of antagonis-
tic receptive-field regions to the gangli-
on cell.

In the late 1950’s David H. Hubel and

Torsten N. Wiesel, two associates of
Kufler’s (who was by then, and still is,
at the Harvard Medical School), began
to extend these studies on the structure
and character of visual receptive fields
to the next-highest stage of information
processing [see “The Visual Cortex of
the Brain,” by David H. Hubel; Scien-
TIFIC AMERICAN, November, 1963]. For
this purpose they examined the further
fate of the impulse signals conducted
away from the eye by the million or so
retinal ganglion-cell axons in the optic
nerve to the brain. The optic nerves
from the two eyes meet near the center
of the head at the optic chiasm. In ani-
mals such as cats and men there is a par-
tial crossover of the optic nerves at the
optic chiasm; some retinal ganglion-cell
axons cross over to the opposite brain
hemisphere and some do not. This par-
tial crossover provides the right hemi-
sphere of the brain with the binocular
input that the retinas of both eyes re-
ceive from the left half of the animal’s
visual field, and vice versa. Behind the
optic chiasm the output of the retinal
ganglion cells passes through a way sta-
tion in the midbrain that for the pur-
poses of this discussion can be consid-

ered a simple neuron-to-neuron replay
and finally reaches the cerebral cortex at
the back of the head. The cortical des-
tination of the visual input is designated
as the visual cortex. Here the incoming
axons make synaptic contact with the
nerve cells of the cortex. The first corti-
cal cells with which the axon projecting
from the eye comes in contact in turn
send their axons to other cells in the
visual cortex for further processing of
the visual input. From that point one
must still find the trail that eventually
leads to the motor centers of the brain,
where, if the visual stimulus is to elicit
a behavioral act, commands must be
issued to the muscles.

Hubel and Wiesel’s procedure was to
insert a recording electrode into the
visual cortex of a cat and to observe the
impulse activity of individual cortical
neurons in response to various light stim-
uli projected on a screen in front of the
cat’s eyes. In this way they found that

these higher-order neurons of the visual
pathway also respond only to stimuli
falling on a limited retinal territory of
light-receptor cells. The character of
the receptive fields of cortical neurons
turned out, however, to be dramatically
different from that of the retinal gangli-
on cells. Instead of having circular re-
ceptive fields with concentric “on” and
“off” regions, the cortical neurons were
found to respond to straight edges of
light-dark contrast, such as bright bars
on a dark background. Furthermore, for
the straight edge to produce its optimum
response it must be in a particular orien-
tation in the receptive field. A bright
bar projected vertically on the screen
that produces a vigorous response in a
particular cortical cell will no longer
elicit the response as soon as its projec-
tion is tilted slightly away from the
vertical.

In their first studies Hubel and Wiesel
found two different classes of cells in the

LIGHT
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SECOND LEVEL OF ABSTRACTION in the processing of visual inputs occurs among the
“simple” cells of the visual cortex, which receive summarized data from many ganglion
cells. Cortical-cell impulses increase only when the many retinal receptor cells providing
input data are stimulated by light-dark contrast in the form of a straight edge, such as a
bar of light shown on a dark background. Moreover, the simple cortical cells fail to react if
the edge is not precisely oriented, as the difference in oscilloscope impulse frequencies
(a—c) indicates. In effect, by means of selective destruction of input data, the simple cortical
cells transform the ganglion-cell information about light-dark contrast at various points in
the visual field into information about light-dark contrasts along straight-line sets of points.
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visual cortex: simple cells and complex
cells. The response of simple cells de-
mands that the straight-edge stimulus
must have not only a given orientation
but also a precise position in the recep-
tive field. The stimulus requirements of
complex cells are less demanding, how-
ever, in that their response is sustained
on a parallel displacement (but not a
tilt) of the straight-edge stimuli within
the receptive field. Thus the process of
abstraction of the visual input begun in
the retina is continued at higher levels
in the visual cortex. The simple cells,
which are evidently the next abstrac-
tion stage, transform the data supplied
by the retinal ganglion cells concerning
the light-dark contrast at individual
points of the visual field into informa-
tion concerning the contrast present at
particular straight-line sets of points.
This transformation is achieved by the
selective destruction of the information
concerning just how much contrast ex-
ists at just which point of the straight-
line set. The complex cells carry out the
next stage of abstraction. They trans-
form the contrast data concerning par-
ticular straight-line sets of visual-field
points into information concerning the
contrast present at parallel sets of
straight-line point sets. In other words,
here there is a selective destruction of
the information concerning just how
much contrast exists at each member of
a set of parallel straight lines.

The neuronal circuits responsible for
these next stages of abstraction of the
visual input can now be fathomed. Let
us consider first the simple cell of the
visual cortex that responds best to a
bright bar on a dark background pro-
jected in a particular orientation and
position on the retinal receptor-cell mo-
saic. Here we may visualize the simple
cell being so connected to the output of

— i

the retina that it receives synaptic in-
puts from axons reporting the impulse
activity of a set of on-center retinal gan-
glion cells with receptive fields arranged
in a straight line. Therefore a bright bar
falling on all the central “on” regions of
this row of receptive fields but on none
of the peripheral “off” regions will ac-
tivate the entire set of retinal ganglion
cells and provide maximal excitation for
the simple cortical cell. If the retinal
projection of the bar is slightly displaced
or tilted, however, some light will also
strike the peripheral “off” regions and
the excitation provided for the simple
cell is diminished.

We next consider the response of a
complex cortical cell to a bright bar of a
particular orientation in any one of sev-
eral parallel positions in the receptive
field. This response can be easily ex-
plained on the basis that the complex
cell receives its synaptic inputs from the
axons of a set of simple cortical cells. All
the simple cells of this set would have
receptive fields that respond optimally
to a bright bar projected in the same
field orientation, but they differ in the
field position of their optimal response.
A suitably oriented bright bar projected
anywhere in the complex receptive field
will always activate one of the compo-
nent simple cells and so also the complex
cell.

In their later work Hubel and Wiesel
were able to identify cells in the visual
cortex whose optimal stimuli reflect even
higher levels of abstraction than parallel
straight lines, such as straight-line ends
and corners. It is not so clear at present
how far this process of abstraction by
convergence of communication channels
ought to be imagined as going. In par-
ticular, should one think that there exists
for every pattern of whose specific rec-
ognition an animal is capable at least
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THIRD LEVEL OF ABSTRACTION occurs when data from the simple cortical cells reach
the complex cortical cells. These higher nerve cells increase their impulses only when the
retinal stimulus consists of a bar of light in motion across the visual field. Moreover, only
the vertical movement of a horizontal bar through the field (a) induces the complex cells
of the cortex to respond; a vertical bar moved horizontally (b) goes unnoticed. A dia-
gram of the circuitry responsible for this type of abstraction appears on the opposite page.
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one particular cell in the cerebral cortex
that responds with impulse activity
when that pattern appears in the visual
field? In view of the vast number of such
patterns we recognize in a lifetime, that
might seem somewhat improbable. So
far, however, no other plausible expla-
nation of perception capable of advanc-
ing neurophysiological research appears
to have been put forward.

Admittedly, ever since the discipline
of neurophysiology was founded more
than a century ago, there have been ad-
herents of a “holistic” theory of the
brain. This theory envisions specific
functions of the brain, including percep-
tion, depending not on the activity of
particular localized cells or centers but
flowing instead from general and widely
distributed activity patterns. With the
discovery of functionally specialized
brain loci such as the visual cortex the
holistic theory has had to retreat from its
original extreme position, yet it may still
hold in some more limited way. Quite
aside from being hard to fathom, how-
ever, the theory seems to be better suited
to inspiring experiments that show
the defects of the localization concept
than to explaining how the brain might
actually work.

In any case the findings on the nature

of nervous communication described
here have some important general im-
plications, in that they lend physiologi-
cal support to the latter-day philosophi-
cal view that has come to be known
as “structuralism.” In recent years the
structuralist view emerged more or less
simultaneously, independently and in
different guises in diverse fields of study,
for example in analytical psychology,
cognitive psychology, linguistics and an-
thropology. The names most often asso-
ciated with each of these developments
are those of Carl Jung, Wolfgang Kohler,
Noam Chomsky and Claude Lévi-
Strauss. The emergence of structuralism
represents the overthrow of “positivism”
(and its psychological counterpart “be-
haviorism”) that held sway since the late
19th century and marks a return to Im-
manuel Kant’s late-18th-century critique
of pure reason. Structuralism admits,
as positivism does not, the existence
of innate ideas, or of knowledge with-
out learning. Furthermore, structuralism
recognizes that information about the
world enters the mind not as raw data
but as highly abstract structures that are
the result of a preconscious set of step-
by-step transformations of the sensory
input. Each transformation step involves
the selective destruction of information,



according to a program that preexists in
the brain. Any set of primary sense data
becomes meaningful only after a series
of such operations performed on it has
transformed the data set into a pattern
that matches a preexisting mental struc-
ture. These conclusions of structuralist
philosophy were reached entirely from
the study of human behavior without re-
course to physiological observations. As
the experimental work discussed in this
article shows, however, the manner in
which sensory input into the retina is
processed along the visual pathway
corresponds exactly to the structuralist
tenets.

It should be mentioned in this con-
nection that studies on the visual cortex
of monkeys have led to results entirely
analogous to those obtained with cats,
namely that there are simple and com-
plex cells responding to parallel straight-
line patterns in the visual field. It is
therefore reasonable to expect that the
organization of the human visual cortex
follows the same general plan. That is
to say, our own visual perception of the
outer world is filtered through a stage
in which data are processed in terms of
straight parallel lines, thanks to the way
in which the input channels coming
from the primary light-receptors of the
retina are hooked up to the brain. This
fact cannot fail to have profound psy-
chological consequences; evidently a
geometry based on straight parallel
lines, and hence by extension on plane
surfaces, is most immediately compat-
ible with our mental equipment. It need
not have been this way, since (at least
from the neurophysiological point of
view) the retinal ganglion cells could
just as well have been connected to the
higher cells in the visual cortex in such
a way that their concentric on-center
and off-center receptive fields form arcs
rather than straight lines. If evolution
had given rise to that other circuitry,
curved rather than plane surfaces would
have been our primary spatial concept.
Thus neurobiology has now shown why
it is human—and all too human—to hold
Euclidean geometry and its noninter-
secting coplanar parallel lines to be a
self-evident truth. Non-Euclidean ge-
ometries of convex or concave surfaces,
although our brain is evidently capable
of conceiving them, are more alien to
our built-in spatial-perception processes.
Apparently a beginning has now been
made in providing, in terms of cellular
communication, an explanation for one
of the deepest of all philosophical prob-
lems: the relation between reality and
the mind.

ON-CENTER RECEPTIVE FIELDS

/N

GANGLION CELLS

SIMPLE
CELLS

COMPLEX
CELL

N

A\

v

L

4

TO HIGHER
ABSTRACTION
CENTERS

CIRCUITRY OF ABSTRACTION inferred to

exist within a cat’s visual cortex is illustrated

schematically. It begins with a rectangular array of receptive fields. The array is comprised
of three parallel vertical rows and each row contains four receptive fields. The axons from
the retinal ganglion cells that correspond to each row converge on one of three simple cor-
tical cells; the axons from the simple cells then converge on one complex cortical cell.

A bar of light (left) falling on a row of rec

eptive fields excites the four ganglion cells

corresponding to that row and also the simple cortical cell connected to them (color).
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Animal Communication

Animals ranging from insects to mammals communicate by means

of chemicals, movements and sounds. Man also uses these modes

of communication, but he adds his own unique kind of language

he most instructive way to view
I the communication systems of ani-
mals is to compare these systems
first with human language. With our
own unique verbal system as a standard
of reference we can define the limits of
animal communication in terms of the
properties it rarely—or never—displays.
Consider the way I address you now.
Each word I use has been assigned a
specific meaning by a particular cul-
ture and transmitted to us down through
generations by learning. What is truly
unique is the very large number of such
words and the potential for creating new
ones to denote any number of additional
objects and concepts. This potential is
quite literally infinite. To take an ex-
ample from mathematics, we can coin
a nonsense word for any number we
choose (as in the case of the googol,
which designates a 1 followed by 100
zeros). Human beings utter their words
sequentially in phrases and sentences
that generate, according to complex
rules also determined at least partly by
the culture, a vastly larger array of mes-
sages than is provided by the mere
summed meanings of the words them-
selves. With these messages it is possible
to talk about the language itself, an
achievement we are utilizing here. It is
also possible to project an endless num-
ber of unreal images: fiction or lies, spec-
ulation or fraud, idealism or demagogy,
the definition depending on whether or
not the communicator informs the listen-
er of his intention to speak falsely.

by Edward O. Wilson

Now contrast this with one of the
most sophisticated of all animal commu-
nication systems, the celebrated waggle
dance of the honeybee (Apis mellifera),
first decoded in 1945 by the German bi-
ologist Karl von Frisch. When a foraging
worker bee returns from the field after
discovering a food source (or, in the
course of swarming, a desirable new nest
site) at some distance from the hive, she
indicates the location of this target to her
fellow workers by performing the wag-
gle dance. The pattern of her movement
is a figure eight repeated over and over
again in the midst of crowds of sister
workers. The most distinctive and in-
formative element of the dance is the
straight run (the middle of the figure
eight), which is given a particular em-
phasis by a rapid lateral vibration of the
body (the waggle) that is greatest at the
tip of the abdomen and least marked at
the head.

The complete back-and-forth shake of
the body is performed 13 to 15 times per
second. At the same time the bee emits
an audible buzzing sound by vibrating
its wings. The straight run represents,
quite simply, a miniaturized version of
the flight from the hive to the target. It
points directly at the target if the bee is
dancing outside the hive on a horizontal
surface. (The position of the sun with
respect to the straight run provides the
required orientation.) If the bee is on
a vertical surface inside the darkened
hive, the straight run points at the ap-
propriate angle away from the vertical,

COURTSHIP RITUAL of grebes is climaxed by the “penguin dance” shown on the oppo-
site page. In this ritual the male and the female present each other with a beakful of the
waterweed that is used as a nest-building material. A pair-bonding display, the dance may
have originated as “displacement” behavior, in this instance a pantomime of nest-building
triggered by the conflict within each partner between hostility and sexual attraction. The
penguin dance was first analyzed in 1914 by Julian Huxley, who observed the ritual among
great crested grebes in Europe. Shown here are western grebes in southern Saskatchewan.

© 1972 SCIENTIFIC AMERICAN, INC

so that gravity temporarily replaces the
sun as the orientation cue.

The straight run also provides infor-
mation on the distance of the target from
the hive, by means of the following ad-
ditional parameter: the farther away the
goal lies, the longer the straight run
lasts. In the Carniolan race of the honey-
bee a straight run lasting a second indi-
cates a target about 500 meters away,
and a run lasting two seconds indicates
a target two kilometers away. During the
dance the follower bees extend their an-
tennae and touch the dancer repeatedly.
Within minutes some begin to leave the
nest and fly to the target. Their search-
ing is respectably accurate: the great
majority come down to search close to
the ground within 20 percent of the
correct distance.

Superﬁcially the waggle dance of the

honeybee may seem to possess some
of the more advanced properties of hu-
man language. Symbolism occurs in
the form of the ritualized straight run,
and the communicator can generate
new messages at will by means of the
symbolism. Furthermore, the target is
“spoken of” abstractly: it is an object
removed in time and space. Neverthe-
less, the waggle dance, like all other
forms of nonhuman communication
studied so far, is severely limited in com-
parison with the verbal language of hu-
man beings. The straight run is after all
just a reenactment of the flight the bees
will take, complete with wing-buzzing to
represent the actual motor activity re-
quired. The separate messages are not
devised arbitrarily. The rules they follow
are genetically fixed and always desig-
nate, with a one-to-one correspondence,
a certain direction and distance.

In other words, the messages cannot
be manipulated to provide new classes
of information. Moreover, within this
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rigid context the messages are far from
being infinitely divisible. Because of er-
rors both in the dance and in the subse-
quent searches by the followers, only
about three bits of information are trans-
mitted with respect to distance and four
bits with respect to direction. This is
the equivalent of a human communica-
tion system in which distance would be
gauged on a scale with eight divisions
and direction would be defined in terms
of a compass with 16 points. Northeast
could be distinguished from north by
northeast, or west from west by south-
west, but no more refined indication of
direction would be possible.

The waggle dance, in particular the
duration of the straight run denoting
distance, illustrates a simple principle
that operates through much of animal
communication: the greater the magni-
tude to be communicated, the more in-
tense and prolonged the signal given.
This graduated (or analogue) form of
communication is perhaps most striking-
ly developed in aggressive displays
among animals. In the rhesus monkey,
for example, a low-intensity aggressive
display is a simple stare. The hard look
a human receives when he approaches a
caged rhesus is not so much a sign of
curiosity as it is a cautious display of
hostility.

Rhesus monkeys in the wild frequent-

ly threaten one another not only with
stares but also with additional displays
on an ascending scale of intensity. To
the human observer these displays are
increasingly obvious in their meaning.
The new components are added one by
one or in combination: the mouth opens,
the head bobs up and down, characteris-
tic sounds are uttered and the hands
slap the ground. By the time the monkey
combines all these components, and per-
haps begins to make little forward lunges
as well, it is likely to carry through with
an actual attack. Its opponent responds
either by retreating or by escalating its
own displays. These hostile exchanges
play a key role in maintaining domi-
nance relationships in the rhesus society.

Birds often indicate hostility by ruf-
fling their feathers or spreading their
wings, which creates the temporary illu-
sion that they are larger than they really
are. Many fishes achieve the same de-
ception by spreading their fins or ex-
tending their gill covers. Lizards raise
their crest, lower their dewlaps or flatten
the sides of their body to give an impres-
sion of greater depth. In short, the more
hostile the animal, the more likely it is to
attack and the bigger it seems to be-
come. Such exhibitions are often accom-
panied by graded changes both in color
and in vocalization, and even by the re-
lease of characteristic odors.

WAGGLE DANCE of the honeybee, first decoded by Karl von Frisch in 1945, is performed
by a foraging worker bee on its return to the hive after the discovery of a food source. The
pattern of the dance is a repeated figure eight. During the straight run in the middle of
the figure the forager waggles its abdomen rapidly and vibrates its wings. As is shown in the
illustrations on the opposite page, the direction of the straight run indicates the line of
flight to the food source. The number of waggles per second shows workers how far to fly.
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The communication systems of in-
sects, of other invertebrates and of the
lower vertebrates (such as fishes and
amphibians) are characteristically stereo-
typed. This means that for each signal
there is only one response or very few
responses, that each response can be
evoked by only a very limited number of
signals and that the signaling behavior
and the responses are nearly constant
throughout entire populations of the
same species. An extreme example of
this rule is seen in the phenomenon of
chemical sex attraction in moths. The fe-
male silkworm moth draws males to her
by emitting minute quantities of a com-
plex alcohol from glands at the tip of her
abdomen. The secretion is called bomby-
kol (from the name of the moth, Bombyx
mori), and its chemical structure is trans-
10-cis-12-hexadecadienol.

Bombykol is a remarkably powerful
biological agent. According to estimates
made by Dietrich Schneider and his co-
workers at the Max Planck Institute for
Comparative Physiology at Seewiesen in
Germany, the male silkworm moths start
searching for the females when they are
immersed in as few as 14,000 molecules
of bombykol per cubic centimeter of air.
The male catches the molecules on some
10,000 distinctive sensory hairs on each
of its two feathery antennae. Each hair
is innervated by one or two receptor
cells that lead inward to the main an-
tennal nerve and ultimately through
connecting nerve cells to centers in
the brain. The extraordinary fact that
emerged from the study by the Seewie-
sen group is that only a single molecule
of bombykol is required to activate a re-
ceptor cell. Furthermore, the cell will
respond to virtually no stimulus other
than molecules of bombykol. When
about 200 cells in each antenna are ac-
tivated, the male moth starts its motor
response. Tightly bound by this extreme
signal specificity, the male performs as
little more than a sexual guided missile,
programmed to home on an increasing
gradient of bombykol centered on the
tip of the female’s abdomen—the prin-
cipal goal of the male’s adult life.

Such highly stereotyped communica-

tion systems are particularly impor-
tant in evolutionary theory because of
the possible role the systems play in the
origin of new species. Conceivably one
small change in the sex-attractant mole-
cule induced by a genetic mutation, to-
gether with a corresponding change in
the antennal receptor cell, could result
in the creation of a population of indi-
viduals that would be reproductively iso-
lated from the parental stock. Persuasive



evidence for the feasibility of such a mu-
tational change has recently been ad-
duced by Wendell L. Roelofs and Andre
Comeau of Cornell University. They
found two closely related species of
moths (members of the genus Bryotopha
in the family Gelechiidae) whose fe-
males” sex attractants differ only by the
configuration of a single carbon atom
adjacent to a double bond. In other
words, the attractants are simply dif-
ferent geometric isomers. Field tests
showed not only that a Bryotopha male
responds solely to the isomer of its own
species but also that its response is in-
hibited if some of the other species’
isomer is also present.

A qualitatively different kind of spec-
ificity is encountered among birds and
mammals. Unlike the insects, many of
these higher vertebrates are able to dis-
tinguish one another as individuals on
the basis of idiosyncrasies in the way
they deliver signals. Indigo buntings and
certain other songbirds learn to discrimi-
nate the territorial calls of their neigh-
bors from those of strangers that occupy
territories farther away. When a record-
ing of the song of a neighbor is played
near them, they show no unusual reac-
tions, but a recording of a stranger’s
song elicits an agitated aggressive re-
sponse.

Families of seabirds depend on a sim-
ilar capacity for recognition to keep to-
gether as a unit in the large, clamorous
colonies where they nest. Beat Tschanz
of the University of Bern has demon-
strated that the young of the common
murre (Uria aalge), a large auk, learn to
react selectively to the call of their par-
ents in the first few days of their life and
that the parents also quickly learn to dis-
tinguish their own young. There is some
evidence that the young murres can even
learn certain aspects of the adult calls
while they are still in the egg. An equally
striking phenomenon is the intercommu-
nication between African shrikes (of the
genus Laniarius) recently analyzed by
W. H. Thorpe of the University of Cam-
bridge. Mated pairs of these birds keep
in contact by calling antiphonally back
and forth, the first bird vocalizing one
or more notes and its mate instantly re-
sponding with a variation of the first call.
So fast is the exchange, sometimes tak-
ing no more than a fraction of a second,
that unless an observer stands between
the two birds he does not realize that
more than one bird is singing. In at least
one of the species, the boubou shrike
(Laniarius aethiopicus), the members of
the pair learn to sing duets with each
other. They work out combinations of
phrases that are sufficiently individual

DANCING OUTSIDE THE HIVE on a horizontal surface, the forager makes the straight
run of its waggle dance point directly at the source of food. In this illustration the food is
located some 20 degrees to the right of the sun. The forager’s fellow workers maintain the
same orientation with respect to the sun as they leave for the reported source of food.

DANCING INSIDE THE HIVE on the vertical face of the honeycomb, the forager uses
gravity for orientation. The straight line of the waggle dance that shows the line of flight to
the source of food is oriented some 20 degrees away from the vertical. On leaving the hive,
the bee’s fellow workers relate the indicated orientation angle to the position of the sun.
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SIX FISH SPECIES
MINIMUM
MAXIMUM |

AVERAGE |

10 BIRD SPECIES
MINIMUM |

MAXIMUM |

AVERAGE

14 MAMMAL SPECIES
MINIMUM |

MAXIMUM |

AVERAGE |

20 30 40

NUMBER OF DISPLAYS

COMMUNICATIVE DISPLAYS used by 30 species of vertebrate animals whose “lan-
guages” have been studied vary widely within each of the classes of animals represented:
fishes, birds and mammals. The average differences between the classes, however, are com-
paratively small. The largest and smallest number of displays within each class and the
average for each class are shown in this graph. Six of the fish species that have been studied
use an average of some 17 displays, compared with an average of 21 displays used by 10
species of birds and an average of 25 displays among 14 species of mammals. Martin H.
Moynihan of the Smithsonian Institution compiled the display data. The 30 vertebrates and
the number of displays that each uses are illustrated on the opposite page and on page 58.

to enable them to recognize each other
even though both are invisible in the
dense vegetation the species normally
inhabits.

Mammals are at least equally adept
at discriminating among individuals of
their own kind. A wide range of cues are
employed by different species to distin-
guish mates, offspring and in the case of
social mammals the subordinate or domi-
nant rank of the peers ranged around
them. In some species special secretions
are employed to impart a personal odor
signature to part of the environment or
to other members in the social group. As
all dog owners know, their pet urinates
at regular locations within its territory
at a rate that seems to exceed physio-
logical needs. What is less well appre-
ciated is the communicative function this
compulsive behavior serves: a scent in-
cluded in the urine identifies the animal
and announces its presence to potential
intruders of the same species.

Males of the sugar glider (Petaurus
breviceps), a New Guinea marsupial
with a striking but superficial resem-
blance to the flying squirrel, go even
further. They mark their mate with a se-
cretion from a gland on the front of
their head. Other secretions originating
in glands on the male’s feet, on its chest
and near its arms, together with its sa-
liva, are used to mark its territory. In
both instances the odors are distinctive
enough for the male to distinguish them
from those of other sugar gliders.

As a rule we find that the more highly
social the mammal is, the more complex
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the communication codes are and the
more the codes are utilized in establish-
ing and maintaining individual relation-
ships. It is no doubt significant that one
of the rare examples of persistent indi-
vidual recognition among the lower ani-
mals is the colony odor of the social
insects: ants and termites and certain
social bees and wasps. Even here, how-
ever, it is the colony as a whole that
is recognized. The separate members of
the colony respond automatically to cer-
tain caste distinctions, but they do not
ordinarily learn to discriminate among
their nestmates as individuals.
By human standards the number of
signals employed by each species of
animal is severely limited. One of the
most curious facts revealed by recent
field studies is that even the most highly
social vertebrates rarely have more than
30 or 35 separate displays in their entire
repertory. Data compiled by Martin Ii.
Moynihan of the Smithsonian Institu-
tion indicate that among most verte-
brates the number of displays varies by
a factor of only three or four from spe-
cies to species. The number ranges from
a minimum of 10 in certain fishes to a
maximum of 37 in the rhesus monkey,
one of the primates closest to man in the
complexity of their social organization.
The full significance of this rule of rela-
tive inflexibility is not yet clear. It may
be that the maximum number of mes-
sages any animal needs in order to be
fully adaptive in any ordinary environ-
ment, even a social one, is no more than
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30 or 40. Or it may be, as Moynihan has
suggested, that each number represents
the largest amount of signal diversity the
particular animal’s brain can handle effi-
ciently in quickly changing social inter-
actions.

In the extent of their signal diversity
the vertebrates are closely approached
by social insects, particularly honeybees
and ants. Analyses by Charles G. Butler
at the Rothamsted Experimental Station
in England, by me at Harvard Univer-
sity and by others have brought the
number of individual known signal cate-
gories within single species of these in-
sects to between 10 and 20. The honey-
bee has been the most thoroughly stud-
ied of all the social insects. Apart from
the waggle dance its known communi-
cative acts are mediated primarily by
pheromones: chemical compounds trans-
mitted to other members of the same
species as signals. The glandular sources
of these and other socially important
substances are now largely established.
Other honeybee signals include the dis-
tinctive colony odor mentioned above,
tactile cues involved in food exchange
and several dances that are different
in form and function from the waggle
dance.

Of the known honeybee pheromones
the “queen substances” are outstanding
in the complexity and pervasiveness of
their role in social organization. They
include trans-9-keto-2-decenoic acid,
which is released from the queen’s man-
dibular glands and evokes at least three
separate effects according to the context
of its presentation. The pheromone is
spread through the colony when workers
lick the queen’s body and regurgitate the
material back and forth to one another.
For the substance to be effective in the
colony as a whole the queen must dis-
pense enough for each worker bee to re-
ceive approximately a tenth of a micro-
gram per day.

The first effect of the ketodecenoic
acid is to keep workers from rearing
larvae in a way that would result in their
becoming new queens, thus preventing
the creation of potential rivals to the
mother queen. The second effect is that
when the worker bees eat the substance,
their own ovaries fail to develop; they
cannot lay eggs and as a result they too
are eliminated as potential rivals. Indi-
rect evidence indicates that ingestion of
the substance affects the corpora allata,
the endocrine glands that partly control
the development of the ovaries, but the
ecxact chain of events remains to be
worked out. The third effect of the
pheromone is that it acts as a sex at-
tractant. When a virgin qucen flies from
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the hive on her nuptial flight, she re-
leases a vapor trail of the ketodecenoic
acid in the air. The smell of the sub-
stance not only attracts drones to the
queen but also induces them to copulate
with her.

here do such communication codes

come from in the first place? By
comparing the signaling behavior of
closely related species zoologists are
often able to piece together the sequence
of evolutionary steps that leads to even
the most bizarre communication systems.
The evolutionary process by which a
behavior pattern becomes increasingly
effective as a signal is called “ritualiza-
tion.” Commonly, and perhaps invari-
ably, the process begins when some
movement, some anatomical feature or
some physiological trait that is function-
al in quite another context acquires a
secondary value as a signal. For example,
one can begin by recognizing an open
mouth as a threat or by interpreting the
turning away of the body in the midst
of conflict as an intention to flee. During
ritualization such movements are al-
tered in some way that makes their com-
municative function still more effective.
In extreme cases the new behavior pat-
tern may be so modified from its ances-
tral state that its evolutionary history is
all but impossible to imagine. Like the
epaulets, shako plumes and piping that
garnish military dress uniforms, the prac-
tical functions that originally existed
have long since been obliterated in order
to maximize efficiency in display.

The ritualization of vertebrate behav-
ior commonly begins in circumstances of
conflict, particularly when an animal is
undecided whether or not to complete
an act. Hesitation in behavior communi-
cates the animal’s state of mind—or, to
be more precise, its probable future
course of action—to onlooking members
of the same species. The advertisement
may begin its evolution as a simple in-
tention movement. Birds intending to fly,
for example, typically crouch, raise their
tail and spread their wings slightly just
before taking off. Many species have
ritualized these movements into effec-
tive signals. In some species white rump
feathers produce a conspicuous flash
when the tail is raised. In other species
the wing tips are flicked repeatedly
downward, uncovering conspicuous
areas on the primary feathers of the
wings. The signals serve to coordinate
the movement of flock members, and
also may warn of approaching predators.

Signals also evolve from the ambiva-
lence created by the conflict between
two or more behavioral tendencies.

HYPOPHARYNGEAL
GLAND

MANDIBULAR THORAX
GLANDS LABIAL
GLAND
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HEAD LABIAL GLAND
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WAX
GLANDS DUFOUR S
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PHEROMONES OF THE HONEYBEE are produced by the glands shown in this cutaway
figure of a worker. The glands perform different functions in different castes. In workers,
for example, the secretion of the mandibular glands serves as an alarm signal. In a queen,
however, the mandibular secretion that is spread through the colony as a result of groom-
ing inhibits workers from raising new queens and also prevents workers from becoming
egg-layers. It is also released as a vaporous sex attractant when the new queen leaves the
hive on her nuptial flight. The “royal jelly” secreted by the hypopharyngeal gland serves
as a food and also acts as a caste determinant. The labial glands of head and thorax secrete
a substance utilized for grooming, cleaning and dissolving. Action of the hypostomal-gland
secretion is unknown, as is the action of Dufour’s gland. The wax glands yield nest-building
material, the poison gland is for defense and the sting-chamber glands provide an alarm
signal. The secretion of Nassanov’s gland assists in assembling workers in conjunction
with the waggle dance; that of Koschevnikov’s gland renders queens attractive to workers.

When a male faces an opponent, unable
to decide whether to attack or to flee, or
approaches a potential mate with strong
tendencies both to threaten and to court,
he may at first make neither choice. In-
stead he performs a third, seemingly ir-
relevant act. The aggression is redirected
at a meaningless object nearby, such as
a pebble, a blade of grass or a bystander
that serves as a scapegoat. Or the animal
may abruptly commence a “displace-
ment” activity: a behavior pattern with
no relevance whatever to the circum-
stance in which the animal finds itself.
The animal may preen, start ineffectual
nest-building movements or pantomime
feeding or drinking.

Such redirected and displacement ac-
tivities have often been ritualized into
strikingly clear signals. Two classic ex-
amples involve the formation of a pair
bond between courting grebes. They
were among the first such signals to be
recognized; Julian Huxley, the originator
of the concept of ritualization, analyzed
the behavior among European great
crested grebes in 1914. The first ritual
is “mutual headshaking.” It is apparently
derived from more elementary move-
ments, aimed at reducing hostility,
wherein each bird simply directs its bill
away from its partner. The second ritual,
called by Huxley the “penguin dance,”
includes headshaking, diving and the
mutual presentation by each partner to
its mate of the waterweeds that serve as
nesting material. The collection and
presentation of the waterweeds may
have evolved from displacement nesting

© 1972 SCIENTIFIC AMERICAN, INC

behavior initially produced by the con-
flict between hostility and sexuality.

A perhaps even more instructive ex-
ample of how ritualization proceeds is
provided by the courtship behavior of
the “dance flies.” These insects include
a large number of carnivorous species of
dipterans that entomologists classify to-
gether as the family Empididae. Many
of the species engage in a kind of court-
ship that consists in a simple approach
by the male; this approach is followed
by copulation. Among other species the
male first captures an insect of the kind
that normally falls prey to empids and
presents it to the female before copu-
lation. This act appears to reduce the
chances of the male himself becoming a
victim of the predatory impulses of the
female. In other species the male fastens
threads or globules of silk to the freshly
captured offering, rendering it more dis-
tinctive in appearance, a clear step in
the direction of ritualization.

Increasing degrees of ritualization can
be observed among still other species of
dance flies. In one of these species the
male totally encloses the dead prey in a
sheet of silk. In another the size of the
offered prey is smaller but its silken cov-
ering remains as large as before: it is
now a partly empty “balloon.” The male
of another species does not bother to
capture any prey object but simply offers
the female an empty balloon. The last
display is so far removed from the origi-
nal behavior pattern that its evolutionary
origin in this empid species might have
remained a permanent mystery if biolo-
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AGGRESSIVE DISPLAYS by a rhesus monkey (top) and a green
heron (bottom) illustrate a major principle of animal communi-
cation: the greater the magnitude to be communicated, the more
prolonged and intense the signal is. In the rhesus what begins as
a display of low intensity, a hard stare (left), is gradually escalated
as the monkey rises to a standing position (middle) and then, with
an open mouth, bobs its head up and down (right) and slaps the
ground with its hands. If the opponent has not retreated by now,
the monkey may actually attack. A similarly graduated aggressive

display is characteristic of the green heron. At first (middle) the
heron raises the feathers that form its crest and twitches the feath-
ers of its tail. If the opponent does not retreat, the heron opens
its beak, erects its crest fully, ruffles all its plumage to give the il-
lusion of increased size and violently twitches its tail (right). Thus
in both animals the likelier the attack, the more intense the aggres-
sive display. Andrew J. Meyerriecks of the University of South
Florida conducted the study of heron display and Stuart A. Altmann
of the University of Chicago conducted the rhesus display study.

gists had not discovered what appears to
be the full story of its development pre-
served step by step in the behavior of
related species.

One of the most important and most

difficult questions raised by behav-
ioral biology can be phrased in the evo-
lutionary terms just introduced as fol-
lows: Can we hope to trace the origin of
human language back through interme-
diate steps in our fellow higher pri-
mates—our closest living relatives, the
apes and monkeys—in the same way that
entomologists have deduced the origin
of the empty-balloon display among the
dance flies? The answer would seem to
be a very limited and qualified yes. The
most probable links to investigate exist
within human paralinguistics: the exten-
sive array of facial expressions, body
postures, hand signals and vocal tones
and emphases that we use to supple-
ment verbal speech. It might be possible
to match some of these auxiliary signals
with the more basic displays in apes and
monkeys. J. A. R. A. M. van Hooff of the
State University of Utrecht, for example,
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has argued persuasively that laughter
originated from the primitive “relaxed
open-mouth display” used by the higher
primates to indicate their intention to
participate in mock aggression or play
(as distinct from the hostile open-mouth
posture described earlier as a low-inten-
sity threat display in the rhesus mon-
key). Smiling, on the other hand, van
Hooff derives from the primitive “silent
bared-teeth display,” which denotes sub-
mission or at least nonhostility.

What about verbal speech? Chimpan-
zees taught from infancy by human
trainers are reported to be able to master
the use of human words. The words are
represented in some instances by sign
language and in others by metal-backed
plastic symbols that are pushed about on
a magnetized board. The chimpanzees
are also capable of learning rudimentary
rules of syntax and even of inventing
short questions and statements of their
own. Sarah, a chimpanzee trained with
plastic symbols by David Premack at the
University of California at Santa Bar-
bara, acquired a vocabulary of 128
“words,” including a different “name”
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for each of eight individuals, both hu-
man and chimpanzee, and other signs
representative of 12 verbs, six colors, 21
foods and a rich variety of miscellaneous
objects, concepts, adjectives and ad-
verbs. Although Sarah’s achievement is
truly remarkable, an enormous gulf still
separates this most intelligent of the an-
thropoid apes from man. Sarah’s words
are given to her, and she must use them
in a rigid and artificial context. No chim-
panzee has demonstrated anything close
to the capacity and drive to experiment
with language that is possessed by a nor-
mal human child.

The difference may be quantitative
rather than qualitative, but at the very
least our own species must still be
ranked as unique in its capacity to con-
catenate a large vocabulary into sen-
tences that touch on virtually every ex-
perience and thought. Future studies of
animal communication should continue
to prove useful in helping us to under-
stand the steps that led man across such
a vast linguistic chasm in what was sure-
ly the central event in the evolution of
‘the human mind.
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| The Richer and the Poorer

[ hroughout the period from 1960
to 1970, proclaimed by the United

Nations as the Decade of Devel-
opment, the disparity in living standards
between the rich countries and the poor
countries of the world continued to grow

| steadily. For example, in terms of one

key indicator, per capita gross domestic
product, the developed economies regis-
tered an increase of 43 percent in the
course of the decade, compared with
only 27 percent for the underdeveloped
economies. Moreover, since the under-
developed countries start with a much
smaller per capita base, such figures do
not adequately reflect the absolute in-
crease in the disparity. According to
the latest available statistics, this trend
shows no signs of abating as the commu-
nity of nations proceeds into its second
official Decade of Development.
Evidence of the constantly widening
gap between the rich and the poor is set
out in considerable detail in the recently
published 1971 edition of the UN Sta-
tistical Yearbook. The 818-page report,
prepared by the statistical office of the
UN’s Department of Economic and So-
cial Affairs, includes national statistics
submitted by more than 150 countries,
together with data gathered by the spe-
cialized agencies of the UN and by cer-
tain other intergovernmental bodies.
Overall, according to the UN figures,
the world gross domestic product in
1970 was 1.7 times the level recorded in
1960. In particular, the market econo-
mies registered an increase of about 1.6
times, whereas the centrally planned
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GIENGE AND

economies recorded an increase of 1.9
times. Although the underdeveloped
market economies expanded at a some-
what faster rate than the developed mar-
ket economies, the higher population
growth rates in the poorer regions had
the effect of reducing their per capita
economic growth to less than that of the
richer regions.

The world population was estimated
by the UN statisticians at some 3.632
billion as of mid-1970, with a current
annual growth rate of about 2 percent.
In spite of the fact that the underdevel-
oped countries continue to have much
higher infant mortality rates and conse-
quently much lower life expectancies,
their population growth rates still ex-
ceed those of the developed countries
by a considerable margin. For example,
the population of Asia (excluding the
U.S.S.R.), currently estimated at some-
what more than two billion, is increas-
ing at a rate of 2.3 percent per year;
the population of Africa, estimated at
344 million, is increasing at a rate of 2.5
percent per year, and that of Latin
America, estimated at 283 million, is in-
creasing at 2.9 percent per year. In con-
trast, the population of North America,
estimated at 228 million, increases at a
rate of 1.3 percent per year, whereas the
population of Europe (excluding the
U.S.S.R.), estimated at 462 million, in-
creases at a rate of only .8 percent per
year. The population of the U.S.S.R.,
listed separately in the UN statistics, is
estimated at 243 million, with an annual
growth rate of 1.1 percent.

The economic disparity between the
developed countries and the underdevel-
oped ones is reflected in their relative
consumption of energy. In 1970 the un-
derdeveloped countries, with a com-
bined population more than twice as
large as that of the developed countries,
consumed only slightly more than a sev-
enth of the total energy produced in the
world. In that year 36 percent of the
world’s energy was consumed by coun-
tries in North America and 29 percent
by countries with centrally planned
economies. The leading consumer of en-
ergy in 1970 was the U.S., which burned
an energy equivalent of 11.1 metric
tons of coal per capita. Most countries
still consume considerably less than the
world average of 1.9 metric tons of coal
equivalent per capita.



THE GITIZEN

The data published in the recent issue
of the Statistical Yearbook also suggest
that little success has been achieved in
providing the bulk of the world’s popu-
lation with adequate housing. In con-
trast to the U.S,, for example, where the
average density is .7 person per room,
the statistics show that the average den-
sity in India, say, is 2.6 persons per
room, in Pakistan 3.1 persons per room
and in the Central African Republic 3.4
persons per room. In general countries
with the highest population growth and
the worst housing conditions—in other
words, countries with the greatest need
for an accelerated output of new dwell-
ings—are among those reporting the low-
est levels of new housing construction.
In the words of one UN source “this can
only lead to an increase in the already
substantial proportion of population that
is either homeless or occupying squatter
areas or shanty towns, and a further
overall deterioration in housing condi-
tions that, throughout many areas in the
world, have even now reached an ex-
tremely critical level.”

Finally, the UN report reveals that in
terms of caloric food intake the gap be-
tween the rich and the poor remains
substantial. Whereas in certain devel-
oped countries, including the U.S., 3,200
or more calories per capita per day

are consumed, in many underdevel-
oped Asian, African and Latin-American |
countries the average intake is still less

than 1,900 calories per capita per day.

The Growth Rate of China '

For the first time in more than a decade

it has become possible to assess the
economic performance of China on the
basis of official figures rather than in-
formed estimates. The figures, issued by
the Chinese government and summa-
rized by the United Nations in World
Economic Survey, 1971, indicate that
both industrial and agricultural produc-
tion were about 10 percent higher in
China last year than in 1970. In com-
parison, world output rose about 4 per-
cent: an average of 5.4 percent in de-
veloping countries, 6.4 percent in the
centrally planned economies of eastern
Europe and the U.S.S.R. and 3.4 percent
in the developed market economies.

In China’s strategy for development,

the report notes, “agriculture is the
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foundation of development, while indus-
try is its leading sector.” Agricultural de-
velopment policy has given priority to
eight areas: soil improvement, rational
application of fertilizer, water control,
use of improved seed strains, rational
close planting, plant protection, im-
provement of farm implements and im-
proved field management. To this end,
the report says, “the supply of chemical
fertilizer was raised in 1971 by 13 per-
cent, and substantial increases were
achieved in the supply of drainage and
irrigation appliances, insecticides, oil for
farm machinery, and farm tools.” Ac-
cording to the Chinese figures, the coun-
try’s output of grain rose by 2.5 percent
in 1971 to reach 246 million tons, and
yields per hectare reached record levels.

In the industrial sector the production
of iron and steel rose by notably high
amounts, apparently as a result of Chi-
na’s emphasis in this area as a means of
developing industry. The increases were
26 percent for iron ore, 23 percent for
pig iron, 18 percent for crude steel and
15 percent for rolled steel. The output of
crude steel reached a level of 21 million
tons per year, putting China between
France and Italy in the ranking of steel
producers. Coal production rose 8 per-
cent to about 325 million tons and crude
oil by 27.2 percent to 25.5 million tons.
The figures also indicate that in 1971
China became the world’s largest pro-
ducer of cotton cloth, which the UN re-
port describes as “the main manufac-
tured item of popular consumption.”

In foreign trade, according to the re-
port, China’s rapid expansion of about
10 percent in 1970 “seems to have
slowed down in 1971 to a rate of 4 to 5
percent,” being at a level of about $4.5
billion. “Trade with China’s main part-
ner, Japan, which accounted for about
20 percent of the total, increased by 9.4
percent and reached $900 million, as
against $825 million in 1970. There was
also some increase in the trade with cer-
tain of the European centrally planned
economies; in the aggregate, trade with
these countries approached a fourth of
the total.”

Siren Song

In many insect species the male is at-

tracted to the female by a species-
specific substance that the female broad-
casts on the wind. Over the past two
decades several of these pheromones
have been isolated and synthesized,
which has suggested that synthetic pher-
omones could somehow be used to con-
trol individual insect species without af-
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fecting other organisms. In a recent issue
of Science Morton Beroza and E. F.
Knipling discuss the status of this notion
with respect to the gypsy moth.

The synthetic pheromone of the gyp-
sy moth, called disparlure, has already
been used to detect new infestations of
the moth and to assess the abundance
of moths in known infestations, so that
pesticides could be efficiently aimed at
these populations. It may now be pos-
sible to use the pheromone directly to
control the insect. This broader strategy
is feasible because the attractant, which
was first synthesized in 1969, will soon
be available in comparatively large
quantities at a cost of about 30 cents per
gram and because it is far more potent
and persistent than had been expected.

In nature the pheromone attracts the
male to a flightless female. The egg
masses resulting from their mating hatch
in the spring as caterpillars that feed
voraciously on the leaves of such trees
as the oak, the willow and the poplar.
The aim of an attack with the synthetic
attractant is to prevent the male moths
from finding the females. One approach
is to bait traps with the attractant; the
authors estimate that in an area close to
a heavy infestation 5,000 traps, costing
in all $100 for the traps and $100 for
dispersing them, would be needed per
square mile. The cost of insecticide con-
trol would be some $2,000 per square
mile. Another approach is termed the
“confusion method.” It entails permeat-
ing an area with disparlure, either in a
vapor or in strips of impregnated paper,
so that the ability of male moths to lo-
cate females is greatly impeded. If the
method required as much as five grams
per acre, the cost at 30 cents per gram
would still be within the cost range of
the insecticides now needed for effective
control.

The synthetic attractant appears un-
promising for areas of heavy infestation.
In each such area a large number of fe-
males would be competing with the ar-
tificial lures, so that enough of them
would be able to attract males and main-
tain the population. Beroza and Knipling
see the synthetic attractant as being val-
uable mainly in containing the moth.
Time would be bought, they write,
“to explore other ecologically acceptable
ways [of coping] with the higher popu-

lations found in established infestations.”

Talking Muons
In April a sequence of Morse-code V’s

(dot dot dot dash) were transmitted by
a beam of muons that passed through a
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five-foot wall and traveled 150 meters
before reaching a “terminal” consisting
of two coincidence counters. The mes-
sage was encoded by mechanically inter-
posing or not interposing a three-inch
block of brass in the muon beam every
time a 12-GeV (billion-electron-volt)
synchrotron at the Argonne National
Laboratory emitted a short burst of par-
ticles. By absorbing a few percent of the
beam’s energy the brass block effectively
defocused the beam so that the flux at
the counters was reduced by more than
80 percent. The experiment, which was
conducted by Richard C. Arnold to dem-
onstrate the feasibility of muon-beam
communication, was the first known use
of a particle accelerator to transmit a
message.

Arnold, who describes the experiment
in a recent issue of Science, suggests that
muon beams are potentially competitive
with microwave-relay and satellite sys-
tems for long-range communication. An
important feature of muon beams is that
since they are made up of charged par-
ticles their trajectory can be curved by a
magnetic field. Thus if muons with an
energy of 50 GeV were aimed along the
magnetic equator, their trajectory would
approximately match the curvature of
the earth. “This,” Arnold writes, “would
allow signal propagation as far as the
muon decay length, which would be
about 500 kilometers for this energy.
If a factor of 10 were allowed in signal
loss, a range of 1,000 kilometers could
be achieved; the beam would reenter
the atmosphere and penetrate to ground
level.”

Muons are produced as a secondary
beam by the decay of pions, which are
generated when energetic protons strike
a target. A typical research accelerator
can produce a secondary beam contain-
ing about a million muons per second.
Assuming that each muon can carry one
bit of information, such a beam could
theoretically provide a channel with a
capacity of one megabit (one million
bits) per second, or enough to carry 100
voice signals. If the beam cross section
were expanded to fill an area 10 meters
on a side, the muon flux would not ex-
ceed the background flux produced by
cosmic rays entering the atmosphere.
Channel capacities much larger than
one megabit per second could readily
be achieved if higher flux levels were
deemed acceptable. Arnold estimates
that a specially designed proton synchro-
tron employing superconductor technol-
ogy should be able to provide a 1,000-
megabit-per-second channel of 50-GeV
muons (from 100-GeV protons) at a cost



of perhaps $10 million. That is roughly
the cost of a 1,000-kilometer microwave-
relay system and less than the cost of a
satellite system.

Arnold concludes: “Designing and
developing muon communication sys-
tems should provide experience that will
be valuable in designing similar systems
with neutrino beams. The latter could
penetrate any amount of earth and pro-
vide direct line-of-sight communications
between any two points, and they would
not require any [flux] limitations for
[safety]. Such systems await the devel-
opment of sufficiently massive detectors
and sufficiently intense or energetic (or
both) accelerator beams for pi-meson
production.”

Time Flies

O ver the past few years it has become

apparent that atomic clocks were
getting accurate enough to directly test
certain predictions of the general theory
of relativity. The first such experiment,
which was both heroic and inexpensive,
is described in Science by J. C. Hafele of
Washington University and Richard E.
Keating of the U.S. Naval Observatory. |
It tested one of the most widely debated
predictions of relativity: that time runs
slower in a moving frame of reference
than it does in a frame of reference at
rest.

Because the earth rotates, standard
clocks at rest on its surface cannot serve
as comparison clocks at rest in inertial
space. Terrestrial clocks can, however,
be compared to hypothetical “coordinate
clocks” in an underlying inertial frame
of reference in which the earth rotates.
A terrestrial clock that is stationary on
the earth’s surface at the Equator has
a certain speed with respect to nonro-
tating space; hence it runs slow with
respect to the hypothetical coordinate
clocks. If a clock is taken up in an air-
plane and flown around the world east-
ward (the direction in which the earth
rotates), it should run slow with respect
to terrestrial clocks and lose time. On the
other hand, if the clock were flown
around the world westward, it would be
in part compensating for the earth’s ro-
tation and would keep time more nearly
with the hypothetical coordinate clocks;
it should run fast with respect to ter-
restrial clocks and gain time. The gen-
eral theory of relativity also predicts
that the gravitational field of the earth
should cause the flying clocks to gain
time regardless of the direction in which
they travel. The net result is that, for the
speeds and altitudes involved, the clock
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circumnavigating the earth eastward
should lose 40 == 23 nanoseconds (one
nanosecond is 10 second) with respect
to reference clocks at the Naval Ob-
servatory, and the clock circumnavigat-
ing the earth westward should gain
275 = 21 nanoseconds.

In October of last year Hafele and
Keating took four cesium-beam clocks
made by Hewlett-Packard on regularly
scheduled commercial flights around the
world twice, once in each direction. The
flight data necessary for analyzing the
results were obtained from the vari-
ous flight captains. With respect to the
Naval Observatory reference clocks the
flying clocks lost 59 = 10 nanoseconds
during the eastward trip and gained
273 = 7 nanoseconds during the west-
ward trip, verifying the predictions of
the general theory of relativity. The ex-
periment may be the cheapest ever con-

| ducted to test the general theory of rela-

tivity; it cost some $8,000, of which
$7,600 was spent on air fare.

Traveling Tuber

The sweet potato (Ipomoea batatas)

was an important food crop in the
New World when Columbus first ar-
rived there. In the age of exploration
that followed, voyagers around the
world found the same tuber being cul-
tivated in Africa, India, China, Japan,

Malaysia, Indonesia and all across the-
| Pacific from New Zealand to Hawaii

and Easter Island. Is the worldwide dis-
tribution of the sweet potato the result
of its being imported by the men who
followed Columbus, or was the sweet
potato a plant that grew wild in many
lands and that had been brought under
cultivation independently? The ques-
tion has been argued by generations of
scholars.

Summarizing the evidence in Ameri-

I can Anthropologist, Patricia J. O’Brien

of Kansas State University concludes
that the sweet potato is uniquely a New
World plant; it has been under cultiva-
tion in Central and South America for
at least 4,000 years. O’Brien finds that
with one notable exception the diffusion
of the sweet potato around the world
was the work of 16th-century Spanish
and Portuguese mariners. The Spaniards
introduced the tuber to Japan and the
Philippines; the Portuguese brought it
to Africa, India and Indonesia. It ar-
rived in China from two directions: from
India by way of Burma (credit the Portu-
guese) and from the Philippines (credit
the Spaniards).

The exception is the diffusion of the
sweet potato throughout Polynesia. Sites
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in Hawaii and on Easter Island where
the remains of sweet potatoes have been
found yield radiocarbon dates suggest-
ing that the plant was present almost a
century before Columbus reached the
New World. On the basis of the recon-
structed timetable for the peopling of
the Pacific by the Polynesians (starting
from an initial concentration in Samoa),
it appears that the sweet potato must
have been under cultivation either in
Samoa at the beginning of the Christian
Era or in the Marquesas around A.p.
400.

How did the sweet potato travel thou-
sands of miles from the west coast of
the Americas to Polynesia? It could not
have floated, as coconuts are known to
do over shorter distances. O’Brien sug-
gests two possibilities. First, some kind
of New World craft with sweet potatoes
aboard may have been cast ashore, its
crew alive or dead, in Samoa or the
Marquesas. The tubers might then have
been established by planting or might
simply have taken root by accident. The
second possibility is based on the fact
that the golden plover, a bird that ranges
widely over Polynesia, is also a casual
visitor to the coast of South America.
Some scholars, O’Brien notes, have sug-
gested that the small, hard seeds of the
sweet potato may have reached Poly-
nesia either in the digestive tract of the
golden plover or in mud adhering to its
feet.

Getting the Lead Out
A man who hunts wildfowl in the up-
lands can do no more than kill or
cripple the bird he fires at; the hunter
of waterfowl seeds the shores and shal-
lows he shoots over with a deadly poi-
son. The reason is that the lead pellets
of bird shot are virtually indestructible.
Shot that is not buried beyond reach can
be accidentally ingested by the ducks
and geese feeding in heavily hunted
areas. A single pellet pulverized in a
waterfowl’s gizzard is a fatal dose. Each
year millions of the birds that travel the
flyways of North America die of lead
poisoning in this way; the annual toll is
estimated to be 4 percent of the water-
fowl population.

At least one state where waterfowling
is a major recreation, Maryland, is ac-
tively considering a ban on the use of
lead shot. The National Wildlife Federa-
tion has called for a nationwide ban on
lead shot before the start of the 1973—
1974 waterfowl season. Meanwhile the
major producers of sporting ammunition
are pressing the development of a sub-
stitute pellet, made of very soft steel,



that not only is nontoxic but also is rap-
idly destroyed by oxidation. Because the
steel pellets are less dense than lead pel-
lets, a shotgun shell loaded with steel
has a killing range some five yards short-
er than a comparable shell loaded with
lead. Moreover, steel shot wears the
barrel of an older shotgun more than
lead does. Neither disadvantage, how-
ever, appears to outweigh the benefit of
reducing and eventually eliminating
waterfow] deaths from lead poisoning.
With this end in view the Department
of the Interior, whose Fish and Wildlife
Service sets the nation’s waterfowl-hunt-
ing regulations, has scheduled a nation-
wide field test of steel shot during the
coming season. If the test is successful, it
will be expanded the following year with
the hope of eliminating lead shot entirely
by the 1974-1975 waterfowl season.

Crab a la Centrifuge

Many people who have struggled to

tease crabmeat out of the shell
must have wondered if the job could
possibly be done by machine. Such a
machine is now in service. Although it
is unlikely that it will ever be wheeled
up to the dining-room table (it is as big
as a good-sized household refrigerator
and costs more than $20,000), it may
have a heavy impact on the shellfish in-
dustry.

The crab-picking machine was put
on the market eight months ago. It was
developed by a private company in
collaboration with the National Marine
Fisheries Service, a part of the National
Oceanic and Atmospheric Administra-
tion (NOAA). The heart of the machine
is a centrifuge. Crab bodies and legs are
chopped and fed into the machine in a
brine solution. In the rotating bowl of
the centrifuge the shell is pulled away
from the meat by virtue of the fact
that it has a higher specific gravity. The
shell is discharged from one end of
the machine and the meat flows out of
the other.

The use of the machine should ulti-
mately result in considerable savings to
the packer and the consumer. The stain-
less-steel centrifuge costs about $16,000
and the chopping and feeding devices
add another $5,000 to $6,000. Tests
have shown that the machine can re-
move 400 pounds of meat from 1,000
pounds of crabs in an hour. This is near-
ly twice the amount of meat that can be
got out of the crabs by hand. Experi-
ments conducted by the Marine Fisher-
ies Service indicate that the investment
in such machinery can be recovered in
one crab-picking season.

Marley takes
the heat off the

Dow Chemical is spending
over $7,000,000 to achieve
a 50% reduction in the heat
increase of the Tittabawassee
River at its lowest flow rate.
Dow will decrease the water
taken and returned to the river
at its Midland, Michigan plant
by 100,000,000 gallons a day
by cooling and recycling
process cooling water.

When the project is
completed in 1973, 39 towers
will be in operation at the
plant, all but two of them
Marley® towers.

Marley has been helping
companies in the processing
industries solve their cooling
problems, both in-plant
cooling and cooling of
effluents to prevent thermal
effects on natural water
sources, for 50 years.

By cooling cooling water in
a Marley tower, the same water
may be used over and over
again . . . this means a much
smaller local source of water
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is required, and there is no
need to return heated water
to the environment.

Chemical and hydrocarbon
processing are two of Marley’s
major growth markets. Marley
also leads in water cooling
for large air conditioning
installations, for electric
utilities and for virtually
every other industry in which
heat and its dissipation play
an important role.

Would you like a copy
of our corporate brochure?

It describes our world-wide
activities in the world of

water and the activities of

our subsidiary companies

and divisions. Write

The Marley Co., 5800 Foxridge
Drive, Mission, Kansas 66202.

Nobody takes the heat off like . . .

CELEBRATING OUR S0TH YEAR
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Telecommunications Systems by GTE Lenkurt, 1105 County Rd., San Carlos, California 94070
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730 Third Ave.,, N Y, N Y, 10017

If you're scattered all over the map,
we’ll help you pull yourself together.

Mountains, riversand desertsdon’t mean a thing
to us. Our GTE Lenkurt subsidiary hops across
them in microseconds with microwaves.

Which means we can help you make a business
out of a lot of branch operations. Or an organiza-
tion out of a bunch of widely scattered outfits.

For instance, we've locked together the four
power companies that cover Arkansas, Mississippi
and Louisiana. And we've linked together a large
portion of the huge power system in the Pacific
Northwest, including all the dams on the Colum-
bia River.

We've tied together 4000 miles of track for one
of the nation’s major railroads—the longest pri-
vate microwave system in the world.

Our telecommunication systems are at the heart
of many closed-circuit networks. We're helping to
bring a wide choice of television programs to
places like Cactus, Arizona and Walla Walla,
Washington.

We've even helped turn a nationwide brokerage
house into a home. Our equipment sluices enor-
mous amounts of financial data back and forth
between Wall St., Sunset Blvd. and 50-odd points
in between.

Often we just bring two places together.

Out in Kansas, we set up a microwave system

between a medical school and its associated hos-
pital. Now that we've cut out the 37 miles between
them, students can watch tonsils being cut out
without leaving their classrooms.

And in California, where there’s a two-reser-
voir system that supplies water and power to the
Oakland area, we've put in a telemetering system
that allows one dam to be controlled from another
10 miles away.

Our GTE Lenkurt subsidiary makes some pretty
sophisticated equipment to do all these things,
equipment that can handle large volumes of voice
communications and data simultaneously. We can
stuff dozens of conversations into a single phone
or microwave link, feeding them in like bundles of
spaghetti and unravelling them at the other end.

In fact, for 25 years we've been one of the larg-
est suppliers of equipment to the telephone indus-
try. And we've installed telecommunication sys-
tems all over the world.

If you're in power, oil, pipelines, broadcasting,
railroads or any other business that’s spread all
over the map, we’'ll help you get it all together.

The first thing to do is get together with us.

GTE

GENERAL TELEPHONE & ELECTRONICS
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Verbal Communication

The ability of human language to convey an infinite number

of messages and to form and develop new concepts is based

on the unique and universal properties of the verbal code

or all human beings, and only for
Fhuman beings, language is the ve-

hicle of mental life and communi-
cation. It is natural that the study of this
explicit and effective instrument, togeth-
er with the rudiments of mathematics, is
among the oldest sciences. The earliest
linguistic work we possess, a Sumerian
grammar of nearly 4,000 years ago, was
succeeded by continuous efforts in vari-
ous countries to interpret the makeup of
the locally privileged language and the
verbal network in general, as well as by
speculations on the mysterious gift and
confusion of tongues. If we concentrate
our attention on the Indic and Greco-
Latin tradition, beginning with the pre-
Christian centuries, we can hardly find a
single period without persistent inquiries
into some facet of language. In many
cases discoveries were made only to be
temporarily swept away. Thus, for in-
stance, the historic attainments of the
Schoolmen’s linguistic (particularly se-
mantic) theory were dismissed after, as
Charles Sanders Peirce used to say,
“a barbarous rage against medieval
thought broke out.”

The variety of languages in space and
time was the focal point of investigatory
interest throughout the 19th century.
Linguistics was held to be exclusively
comparative, and the genetic relation-
ship of kindred languages going back to
a supposedly uniform parent language
was considered the chief or only goal of
linguistic comparison. The regularity of
changes undergone by each of these lan-
guages at any given time was the ac-

by Roman Jakobson

knowledged theoretical prerequisite for
a conversion of the observed diversity
of languages into their conjectured origi-
nal unity.

This tenet was worked out meticu-
lously by the Neogrammarian trend that
dominated European (primarily Ger-
man) linguistics during the last third of
the 19th century. The “linguistic phi-
losophy” of the Neogrammarians was
viewed by their champion Karl Brug-
mann (1849-1919) as an antidote to “the
arbitrariness and error to which a crude
empiricism is everywhere exposed.”
This philosophy implied the acceptance
of two uniformities, each concerned
with successive stages: (1) the anteced-
ent uniformity and subsequent plural-
ity and (2) a uniform, “exceptionless”
mutation from an earlier stage to a later
one within any given speech commu-
nity. Thus the question of likeness and
divergence was applied primarily or
even solely to the temporal sequence of
linguistic phenomena, whereas the co-
existence and simultaneous interplay
of invariance and variation within any
given state of language remained unno-
ticed.

The same epoch that brought the rise
of this influential school saw the emer-
gence of several geographically scat-
tered investigators and theoreticians of
language who had outgrown the stan-
dard beliefs of their time and environ-
ment. These bold precursors of the pres-
ent-day linguistic quest were born in the
middle decades of the century; their re-
markably original and mutually inde-

THE WORD “SAID” appears in the sound spectrogram on the opposite page. The sound
spectrogram analyzes speech sounds into a series of frequency bands, with the lowest
frequencies at the bottom and the highest at the top. The time axis of the presentation runs

[t

from left to right. The trace at upper left is the “s

sound; the trace at lower right, the “aid.”

The spectrogram was made by Dennis Klatt of the Massachusetts Institute of Technology.
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pendent but basically convergent theses
appeared in the 1870°s and at the be-
ginning of the 1880’s. Methodologi-
cal and philosophical preconditions for
an immediate implementation of their
novel ideas were still lacking, yet the
vital problems they raised show a re-
markable parallelism in time and es-
sence with the ideas that underlie the
development of modern mathematics

and physics.

t was in the 1870’s that both in mathe-

matics and in the research work of
the avant-garde linguists the conjugate
notions of invariance and variation
assumed ever greater importance and
brought forward the corollary task of
eliciting relational invariants from a flux
of variables. The historic proposal “to
study the constituents of a multiplicity
with regard to those properties which
are not affected by the transformations
of the given group” in Felix Klein’s
(1849-1925) Erlanger Programm of
1872 was aimed at developing a gen-
eralized geometry. A similar principle
inspired the linguistic outposts of the
same age, in particular the few initial
publications of Henry Sweet (1845-
1912), Jan Baudouin de Courtenay
(1845-1929), Jost Winteler (1846-
1929), Mikolaj Kruszewski (1851-1887)
and Ferdinand de Saussure (1857-
1913). All of them considered the Neo-
grammarian doctrine either unsuitable or
insufficient for a more general and imma-
nent science of language, as Kruszew-
ski wrote to Baudouin in a sagacious
letter of 1882. To quote the conclusion
of my own survey of Sweet’s arduous
struggle, each of these spirited trailblaz-
ers who ventured to look far ahead
“bears a stamp of tragedy on his whole
life,” owing to the resistance of a con-
servative milieu and perhaps even more
to the ideological tenor of the Victorian
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era, which impeded the concrete appli-
cation and further development of dar-
ing designs and unwonted approaches.

At the beginning of the 1930’s N. S.
Trubetzkoy (1890-1938), a wise, in-
quisitive linguist of the era between the
world wars, came by pure chance on
Winteler’s dissertation. In a letter of
January, 1931, Trubetzkoy extolled the
remarkable foresight of Winteler, whose
unprecedented vistas and methods had
met with a disappointing lack of com-
prehension and had doomed him to the
lot of a mere schoolteacher. Winteler’s
book Die Kerenzer Mundart des Kan-
tons Glarus in ihren Grundziigen dar-
gestellt, completed in 1875 and pub-
lished a year later in Leipzig, contains
an analysis of his native Swiss-German
dialect “outlined in its fundamentals”
and shows a rare depth and insight into
the essentials of linguistic structure, par-
ticularly in cardinal questions of sound-
patterning.

The memoirs of the septuagenarian
Winteler written for the Zurich fort-
nightly Wissen und Leben in 1916 quote
a judgment he heard four years after the
appearance of his dissertation: “If only
one would have started differently, then
one could have become a university pro-
fessor, while now one has to stay a life-
long schoolmaster.” The retired instruc-
tor of the cantonal school in Aarau con-
fesses how often he grieved over his
cruel fate. Even Winteler's modest ca-
reer was clouded by incomprehension
and endangered by accusations of his
being “redder than the socialists.”

The adolescent Albert Einstein, who
had left the regimented gymnasium in
Munich he so deeply detested, sought
admission to the Federal Institute of
Technology in Zurich but failed the en-
trance examination and in 1895 took
refuge in the liberal cantonal school at
Aarau, some 25 miles from Zurich. A re-
cent essay by Gerald Holton in Ameri-
can Scholar (Vol. 41, No. 1, Winter,
1971-72), indicates that the Aarau days
were “a crucial turning point” in Ein-
stein’s development, and Einstein re-

peatedly acknowledged their beneficial
import. Adopted as a boarder and
treated as a member of the family in
Jost Winteler’s household, Einstein met,
as his biographers say, his “lucky star.”
Even when he moved to Zurich for
graduate studies, he missed no oppor-
tunity to call on his dear old friend in
Aarau. Forty years later, during Ein-
stein’s stay at the Institute for Advanced
Study in Princeton, he still remembered
and praised “the clairvoyant Papa Win-
teler.”

[t was in the relaxed atmosphere of the

Aarau school that the young Einstein
recovered his repressed bent for science.
When we read about the “thought ex-
periment” that was performed there by
the prodigious teen-ager and that gradu-
ally led him to his theory of relativity,
the question of what influence was ex-
erted on him by his daily conversations
with the lucid scholar suggests itself.
Winteler remained true to the principle
of “configurational relativity” (Relativi-
tat der Verhdltnisse) that had been dis-
closed in his dissertation with special
reference to the sound pattern of lan-
guage. In particular his theory required
a consistent distinction between the rela-
tional invariants and variables within
language, respectively termed “essen-
tial” and “accidental” properties. Ac-
cording to Winteler’s insight, speech
sounds cannot be evaluated in isolation
but only in their relation to all other
sound units of the given language and to
the linguistic functions assigned to them
in such a manifold. Correspondingly, the
symmetry properties of the whole pat-
tern were explicitly recognized and ex-
amined by the audacious “autodidact,”
as the author of the Kerenzer Mundart
introduced himself.

Einstein, the future proponent of “em-
pathy [Einfiihlung] into external experi-
ence,” obviously felt a spiritual affinity
with such an ardent devotee of science
as Winteler, who had dared in 1875 to
preface his book with the farsighted
declaration: “My work in its essence is

DISTINCTIVE FEATURES of French consonants that remain invariant under variable
combinations with other concurrent or sequential features are shown in the sound-spectro-
graphic patterns charted on the opposite page. The chart was made by the French pho-
netician Pierre Delattre. The acoustic formants (concentrations of acoustic energy) are
represented by the three horizontal bands. The downward direction of the upper formant
distinguishes all labial consonants (first column of the chart) from the upward direction of
the same formant in the dental consonants (second column). The remaining three columns
show the palatoalveolar, palatal and velar consonants. These consonants, in spite of their
articulatory and acoustic diversity, have in common an upward direction or reinforcement
in the middle formant. This feature opposes them to all the consonants in the first and
second columns, which move off or weaken the middle formant in relation to the upper one.
Symbols to left and right of symbols for consonants are the surrounding open-front vowels.
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addressed solely to those who are able
to grasp the verbal form as a revelation
of the human mind that stands to the
mind in much more inner and sweeping
relations than even the best products of
a most consummate literature. Thus the
addressees of my work must conceive
the inquiry into the latent powers which
determine the continual motion of the
verbal form as a task which, in'its inter-
est and relevance, competes with any
other field of knowledge.”

Reports about the free and spirited
exchange of opinions that reigned in
Winteler’s family circle enhance the cer-
tainty of the deep imprint left by his ex-
citing ideas on Einstein’s responsive
mind. Hence the parable of a seed
doomed “to die without having borne
any fruit,” the gloomy vision that
haunted Winteler’s imagination from his
youth, seems to have met with a lumi-
nous refutation.

The story of Winteler and Einstein
provides us with a new and significant
example of the suggestive interconnec-
tions between linguistics and mathemat-
ics, of their historical parallelism and
particularly of an equally radical differ-
ence between two stages in the develop-
ment undergone by each of these sci-
ences. As historians of mathematical
ideas have repeatedly stated, the con-
cept of invariance has found a wide sci-
entific application only in our century,
after “the reverse side of invariance,”
the idea of relativity and its corollaries,
had been gradually disclosed and mas-
tered. The emergence of Einstein’s the-
ory and the advances in the analysis of
purely topological relations indeed find
striking correspondences in the simulta-
neous unfolding of similar linguistic con-
ceptions and methods. The present man-
ifestly constructive period in the history
of linguistic science has ensued as a se-
quel to anticipations raised by Winteler
and other pioneers.

In the Neogrammarian tradition the no-

tions and labels “comparative” and
“general” linguistics nearly merged, and
the comparative method was confined to
a merely historical or, strictly speaking,
genealogical study of cognate dialects
and languages. Today virtually any lin-
guistic problem whatever has received a
thoroughly comparative treatment. Any
question of language and languages is
conceived of as being a comparative op-
eration in search of the equivalent rela-
tions that underlie the structure of a
given language, and that furthermore al-
low us to interpret the structural affini-
ties and divergences between languages,
however distant they may be in origin
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and location. The decisive procedure for
scientific inquiry into the different levels
of linguistic structure is a consistent elic-
itation and identification of relational
invariants amid the multitude of var-
iations. The variables are investigated
with reference to the set of diverse trans-
formations that they undergo and that
can and must be specified.

Whatever level of language we deal
with, two integral properties of linguistic
structure force us to use strictly relation-
al, topological definitions. First, every
single constituent of any linguistic sys-
tem is built on an opposition of two logi-
cal contradictories: the presence of an
attribute (“markedness”) in contraposi-
tion to its absence (“unmarkedness”).
The entire network of language displays
a hierarchical arrangement that within
each level of the system follows the same
dichotomous principle of marked terms
superposed on the corresponding un-
marked terms. And second, the contin-
ual, all-embracing, purposeful interplay
of invariants and variations proves to be

an essential, innermost property of lan-
guage at each of its levels.

These two dyads—markedness/un-
markedness and variation/invariance—
are indissolubly tied to the be-all and
end-all of language, to the fact, as Ed-
ward Sapir (1884-1939) put it, that “lan-
guage is the communicative process par
excellence in every known society.” Ev-
erything language can and does com-
municate stands first and foremost in
a necessary, intimate connection with
meaning and always carries semantic in-
formation. The promotion of meaning to
a pivotal point of structural analysis has
been an ever stronger claim of interna-
tional linguistic endeavors during the
past five decades. Thus, for instance, 20
years ago the French linguist Emile Ben-
veniste, one of the leading figures of the
structural trend, declared in a program-
matic study that in the last account care-
ful reflection on the makeup of any lan-
guage points to the “central question of
meaning,” and that a deepening insight
into this problem will open the way to

“THE RAVEN,” by Edgar Allan Poe, was rendered autographically by Charles Sanders
Peirce. He intended to show how ties between sound and meaning, transformed by poetic
function of language, can be transmuted into autonomous interplay of letter and meaning.
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the future discovery of “transformational
laws in linguistic structures.”

True, various reductionist experi-
ments were conducted in America. At
first repeated efforts were made “to ana-
lyze linguistic structure without refer-
ence to meaning.” Some later tests con-
fined the removal of meaning to the
study of grammatical structures under
such slogans as “Linguistic description
minus grammar equals semantics.” All
these tentative operations were un-
doubtedly of considerable interest, par-
ticularly because they succeeded in pro-
viding us with a graphic demonstration
of the omnipresent semantic criterion,
no matter what level and constituent of
language is examined. One can no long-
er continue to play hide-and-seek with
meaning and to evaluate linguistic struc-
tures independently of semantic prob-
lems. Whatever end of the linguistic
spectrum we deal with, from the phonic
components of verbal signs to the dis-
course as a whole, we are compelled to
bear in mind that everything in language
is endowed with a certain significative
and transmissible value.

thus in approaching speech sounds we
must take into account the fact that
they are cardinally different from all oth-
er audible phenomena. An astounding
discovery of the recent past is that when
two sounds are presented simultaneously
to both ears, any verbal signals such as
words, nonsense syllables and even sepa-
rate speech sounds are better discerned
and identified by the right ear and all
other acoustical stimuli such as music
and environmental noises are better rec-
ognized by the left ear. The phonic com-
ponents of language owe their particular
position in the cortical area, and corre-
spondingly in the aural area, solely to
their verbal functions, and henceforth a
constant regard for these functions must
guide any fruitful study of speech
sounds.

In its sound pattern any language con-
tains a certain limited number of “dis-
tinctive features,” discrete and ultimate
relational invariants that can, under a set
of transformations, endure even drastic
alterations in every respect save their de-
fining attributes. “The categorial nature
of perceptual identification,” pointed out
by the psychologist Jerome S. Bruner in
his memorable study “Neural Mecha-
nisms in Perception” (1956), maintains
the constancy and validity of these fea-
tures in verbal communication, where
they exercise the fundamental faculty of
semantic discrimination.

The pattern of distinctive features is
a powerful and economical code: each



feature is a binary opposition of a pres-
ent mark and a missing mark. The selec-
tion and interconnection of distinctive
features within any given language re-
veal a remarkable congruity. A compari-
son of the existing phonological struc-
tures with the laws underlying the
development of children’s language
enables us to outline the typology of

feature systems and the rules of their I

internal hierarchical arrangement. The
communicative relevance of distinctive
features, which is based on their seman-
tic value, brings to naught any chance
occurrence and contingency in their pat-
terning. The list of distinctive features
that exist in the languages of the world
is supremely restricted, and the coexis-
tence of features within one language is
restrained by implicational laws.

The most plausible explanation of
these either totally or nearly universal
principles in regard to the admissibility
and interconnection of features appar-
ently lies in the internal logic of com-
munication systems that are endowed
with a self-regulating and self-steering
capacity. The quest for a universal table
of distinctive features must certainly ap-
ply the same method of extracting in-
variants that has been used with respect
to single languages: in the context of dif-
ferent languages the same feature with
unaltered categorial attributes may vary
in its physical implementation.

Transformations that provide the in-
variants with diverse concomitant varia-
tions can be roughly divided into two
kinds of alteration: contextual and stylis-
tic. Contextual variants point to the con-
current or consecutive neighborhood of
the given feature, whereas stylistic vari-
ants add a marked—emotive or poetic—
annex to the neutral, purely cognitive in-
formation of the distinctive feature. Both
of these invariants and variations belong
to the common verbal code that endows
interlocutors with the competence to un-
derstand one another.

For the study of verbal communication
it is necessary to face the fact that any
speech community and any existing ver-

bal code lack uniformity; everyone be- |

longs simultaneously to several speech
communities of different extent; he di-
versifies his code and blends distinct
codes. At each level of the verbal code
we observe a scale of transitions that
range from maximum explicitness to the
briefest elliptic structure, and this scale
is subject to a set of rigorous transforma-
tional rules. The cardinal property of
language noted by the initiator of semi-
otics, Charles Sanders Peirce (1839-
1914), namely the translatability of any

Picture by the artist.

Robert Meehan's eye spotted the trolley only seconds before the picture was made. The
broken glass attracted him first. Then the little girl came into view. Without taking his eye
away from the viewfinder, he sets the lens opening and the shutter at 1/500th second.
When the trolley rumbled directly in front of him, Robert was ready. Click. Lighting:
afternoon haze.

Portrait of the artist.

An 18 year old freshman at the School of Visual Arts in
New York City, Robert Meehan is basically a street
photographer. For him people have more life than still-
lifes. “Capturing people at the right moment takes a fast
handling camera, fast thinking, and sometimes, a fast
pair of legs”.

Part of the artist.

The Minolta SR-T 101 doesn’t become an obstacle between you and your creativity.
To set both shutter speed and lens opening, you simply align two md1cators

in the viewfinder. So you can frame, focus and adjust
exposure without looking away. Nothmg interrupts
your photographic stream of consciousness. The
Minolta SR-T 101 (shown) starts around $300,
depending on normal lens. The Minolta SR-T 100 is
priced around $250. Find out more. Write to Minolta
Corporation, 200 Park Avenue South, New York,
N.Y. 10003. In Canada: Anglophoto Ltd., P.Q.

Minolta

When identifled by a factory-sealed “M* teg, Minolta 35mm reflex cameras are warranted by Minolta
Corporation against defects in workmanship and materials for two years from date of purchase, er-
cluding user-inflicted damage. The camera will be serviced at no charge provided it is returned within the
warranty period, postpaid, securely packaged and including $2.00 for mailing, handling and insurance.
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verbal sign into another, more explicit
one, renders an effective service to com-
munication in that it counteracts ambi-
guities caused by lexical and grammati-
cal homonymy or by the overlapping of
elliptic forms.

People usually display a narrower
competence as senders of verbal mes-
sages and a wider competence as re-
ceivers. The differences in patterning
and extent between the codes of the ad-
dresser and the addressee attract ever
closer attention from students and teach-
ers of language. The core of this diver-
gence was grasped by St. Augustine: “In
me it is the word which takes prece-
dence over the sound [In me prius est
verbum, posterior vox], but for thee who
looks to understand me, it is first the
sound that comes to thine ear in order to
insinuate the word into thy mind.” The
two-way transformations that make it
possible to determine the state of the
outputs from that of the inputs and vice
versa are an essential prerequisite for all
genuine intercommunication.

Both spatial and temporal factors play
a significant role in the structure of our
verbal code. Various forms of interdia-
lectal code-switchings are among the
daily devices in our verbal intercourse.
Bilingualism or multilingualism, which
allows total or partial shifts from one
language to another, cannot be rigidly
separated from interdialectal fluctua-
tions. The interaction and interpenetra-
tion of single languages in a polyglot’s
use follow the same rules that apply in
the case of translations from one lan-
guage into another.

As for the time factor, I refer to my
earlier objections to the tenacious be-
lief in the static character of the ver-
bal code: Any change first appears in
linguistic synchrony as a coexistence
and purposive alternation of more ar-
chaic and new-fashioned dictions. Thus
linguistic synchrony proves to be dy-
namic; any verbal code at all its levels is
convertible, and in any conversion one
of the competing alternants is endowed
with a supplementary informational val-
ue and hence displays a marked status,
in contradistinction to the neutral, un-
marked character of the other. A histori-
cal phonology and grammar, for exam-
ple the millennial history of the English
sound, word and sentence pattern, de-
velop into a study of extractable con-
stants and temporal transformations that
both demand an adequate explanation.

The unparalleled expediency of lan-

guage is rooted in a consistent super-
position of several interconnected levels,
each of which is differently structured.
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The system of a few distinctive features
serves to build a more differentiated
morphological code of entities endowed
with inherent meaning, namely words
and, in those languages where words
are decomposable, their minimal mean-
ingful constituents (roots and affixes),
termed morphemes. The analysis of the
morphological units once again reveals
a system of relational invariants—binary
oppositions of marked and unmarked
grammatical categories—but there is a
difference of basic importance between
a phonological and a grammatical oppo-
sition: in the former case the coupled
contradictories reside in the perceptible
side of language (signans, or “signifier”),
whereas in the latter they lie in its in-
telligible side (signatum, or “signified”).

To illustrate this difference let us first
cite an opposition of a phonological
mark and its absence: nasalized/non-
nasalized implemented by such pairs
of consonants as m/b and n/d or the
French nasal vowel in bon as opposed to
beau. On the other hand, in a grammati-
cal opposition such as preterit/present
the first, marked tense signals the prece-
dence of the narrated event over the
speech act, whereas the general mean-
ing of the unmarked present tense car-
ries no information about the relation
between the narrated event and the
speech act. This relation varies and its
specification depends on the context.
Compare the diverse contextual mean-
ings of the same present-tense form in
the four sentences “Spring begins to-
day”; “A year from today he begins a
new trip”; “With the death of Caesar a
new era begins for Rome”; “Life begins
at 50.”

Here again as when treating the
sound pattern we come across the mo-
mentous property of natural languages,
namely their context-sensitivity. Precise-
ly this property sets them apart from
their formalized, artificial superstruc-
tures, which tend to a context-freedom.
The significant difference between con-
text-free and context-sensitive sign sys-
tems had been perspicuously noted by
Noam Chomsky, but as Daniel A. Wal-
ters complains in Information and Con-
trol (1970), the specific properties of
context-sensitive grammar still receive
much less attention than context-free
grammars. It is the context-sensitivity of
a natural language at all levels that pro-
vides it with a unique abundance of free
variations. The dialectical tension be-
tween invariants and variables, which in
their own way also appear to be perti-
nent, ensures the creativity of language.

Morphology answers the phonological
pattern of distinctive features with an
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equally coherent and steplike organiza-
tion of equally binary conceptual fea-
tures; they remain invariant while un-
dergoing a set of transformations that
convert the general meanings of gram-
matical categories into varied contextual
(including situational) meanings. In this
way we proceed from one grammatical
area to a superior one, namely from mor-
phology as a study of totally coded units
to the analysis of syntactic structures
that combine coded matrixes with a free
or, as is always the case in verbal com-
munication, relatively free selection of
words that fill them up.

Words display two patently distinct
kinds of semantic value. Their compul-
sory grammatical meaning, a categorial
relational concept or group of concepts
that words constantly carry, is supple-
mented in all autonomous words by
a lexical meaning. Like grammatical
meanings, any general lexical meaning is
in turn an invariant that under diverse
contextual and situational transforma-
tions generates what Leonard Bloomfield
(1887-1949) precisely defined as “mar-
ginal, transferred” meanings. They are
sensed as derivative of the unmarked
general meaning, and these tropes either
stand in agreement with the verbal code
or they are an ad hoc digression from it.

The rules of syntax are ordered, and

these rules and their order itself de-
termine a “grammatical process” that
never fails to impart a “grammatical con-
cept,” in accordance with the subtle
terms introduced by Sapir. Any syntactic
structure is a member of a transforma-
tional chain and any two partially synon-
ymous constructions display an interrela-
tion of markedness and unmarkedness.
For example, in English the passive is
marked in relation to the unmarked ac-
tive mood. Hence an expression such as
“Lions are hunted by natives,” similar to
but not identical in meaning with the
sentence “Natives hunt lions,” marks a
shift in semantic perspective from the
agent to the goal by focusing on “lions”
and allowing the omission of the agent,
namely “lions are hunted.”

In its general meaning any noun is a
generic term relating to all members of
a class or to all stages of a dynamic
whole. The contextual as well as situa-
tional application of these characteristics
to particulars is a transformation of
widest range. This interplay of univer-
sals and particulars, which is often un-
derrated by linguists, has for ages been
discussed among logicians and philoso-
phers of language, such as the 12th-cen-
tury Schoolman John of Salisbury, to
whose formula—Nominantur singularia



Had any interesting conversations lately?

Here are three of ours. In the first, we talked with a pump submerged in oil
three miles below the surface of the earth; it sent us information on the
condition of a giant oil reservoir. In the second, some of our equipment in a

remote utility station gave us a status report on voltages and frequencies.
The third was a long distance call (around 150 million miles) from our Pioneer
10 satellite, now on a half billion mile trip to Jupiter; it was feeling fine.

If you have a difficult communication problem, perhaps you should be
holding a conversation with us. For further information on communications

at TRW, write to: Stephen N. Bowen, TRW Inc., 23555 Euclid Avenue,

Cleveland, Ohio 44117
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sed universalia significantur (“Particulars
are named but universals are signified”)
—Peirce repeatedly refers.

When we observe the highly instruc-
tive process of a child’s gradual advance
in the acquisition of language, we see
how decisively important the emergence
of the subject-predicate sentence is. It
liberates speech from the here and now
and enables the child to treat events dis-
tant in time and space or even fictitious.
This capacity, which mechanists some-
times label “displaced speech,” is in fact
the first affirmation of language’s auton-
omy. In sign systems other than natural
or artificial languages there are no paral-
lels to the formulation of general and
particularly equational propositions, no
capacity for building logical judgments.

The progress of a child’s language de-
pends on his ability to develop a meta-
language, that is, to compare verbal
signs and to talk about language. Meta-
language as a part of language is again a
structural trait that has no analogues in
other sign systems. The founder of the
Moscow linguistic school, F. F. Fortuna-
tov (1848-1914), stressed that “the phe-
nomena of language themselves apper-
tain to the phenomena of thought.” In-
terpersonal communication, which is one
of the indispensable preconditions for
the infant’s access to speech, is gradual-
ly supplemented by an internalization of
language. Inner speech, one’s dialogue
with oneself, is a powerful superstruc-
ture on our verbal intercourse. As the
study of language disturbances shows,
impairments of inner speech take a con-
spicuous place among verbal disorders.
A lesser dependence on the environmen-
tal censorship contributes to the active
role of inner speech in the rise and shap-
ing of new ideas.

The equivalence relation that under
various names—transformation, transfer-
ence, translation and transposition—has
since the interwar era been gradually ap-
proached by linguists at different ends
of the world proves to be the mainspring
of language. In the light of this relation
several controversial questions of verbal
communication may receive a more ex-
act and explicit treatment.

Written language is an evident trans-

form of oral speech. All sane human
beings talk, but almost half of the world’s
people are totally illiterate, and the ac-
tual use of reading and writing is an as-
set of a scarce minority. Yet even then
literacy is a secondary acquisition. What-
ever script is employed, as a rule it re-
fers to the spoken word. Along with in-
variants common to the oral and written
language, each of the two systems in its
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constitution and use shows a number
of pertinent peculiarities. In particular,
those properties that depend on the spa-
tiality of written texts separate them
from the purely temporal structure of
oral utterances. The comparative study
both of verbal patterns and of their roles
in social communication is an urgent
task that can no longer be neglected.
Many hasty generalizations will be dis-
missed. Thus, for instance, the role of
schooling and continual transmission, far
from being confined to the world of let-
ters, is attested as well in oral traditions
and rhetorical art. The wider diffusion of
the written word in the recent past is
now being matched by such technical
devices of oral messages “to whom it
may concern” as radio, television and in-
struments for recording speech.

In a study “Linguistics and Poetics™ I
attempted to outline the six basic func-
tions of verbal communication: refer-
ential, emotive, conative, poetic, phat-
ic and metalingual. The interaction of
these functions and in particular the
consequent grammatical transformations
cannot receive an adequate linguistic
treatment unless survivals of mechanistic
views are discarded. For example, the
extension of the referential (alias idea-
tional) function at the expense of the
conative function leads our language
from secondary, obviously marked trans-
lations of imperative primary forms such
as “Go!” into circumlocutions such as “I
wish you would go,” “I order you to go,”
“You must go” or “You should go” with
a truth-value forcibly imposed on the
conative expression. Efforts to interpret
imperatives as transforms of declarative
propositions falsely overturn the natural
hierarchy of linguistic structures.

Finally, the analysis of grammatical
transformations and of their import
should include the poetic function of
language, because the core of this func-
tion is to push transformations into the
foreground. It is the purposeful poetic
use of lexical and grammatical tropes
and figures that brings the creative pow-
er of language to its summit. Such a
marked innovation as the inverse tem-
poral perspective recently used by three
Russian poets independently of one an-
other is hardly fortuitous. “The future
for you is trustworthy and definite. You
say: Tomorrow we went to the forest”
(A. Voznesenskij); “It happened that I
found myself tomorrow” (S. Kirsanov);
“It was tomorrow” (G. Glinka). In a let-
ter dated March 21, 1955, four weeks
before his death, Einstein wrote: “The
separation between past, present, and
future has only the meaning of an illu-
sion, albeit a tenacious one.”



F
=
¥

7
i
el

Al
|

I
il

)

sl e

BliLE
il

i
e

1873 Edition
TABLE OF CONTENTS

SECTION | CAR BUYING IN GENERAL
[=
Crageer © Whet nd of Caw t0 Buy. . ..o

.

T
i
il 5

Chapter 3 Tha Intedor. .. .. .. T e
Chapler T TheBstasior. ... ... . oo\ rvane

ﬁ .
L
;

Buyig Youw New Ca
Chaptes & Tha Dusle ., . ., ..

|
l

Chapew 7 Test-Driving Bebors You By ... . ...,
Chagtes 8 ¥ous Prasent Car.

Chaptes 8 Finsnoing s
Chapter 10 Woumsem . ... o cein e o e ews

Poww Cor Owrership
Crapti 11 Dposaleng Tign. .. . .
Chapter 17 Msnienance. . . .

SECTION 1] FORD MOTOR COMPANY CARS
Chapter {1973 Fomd Dewemion Cae Lines, ..o ... ...
Chapter2 1973 Lwoaien Mertiry Doveson Car Lines., . .
Chapter] Engeses . . ... o
Chaptm 4 Tranamwonst sl Rear Axies
Chepte 5 Suspenmona, Ride snd Handling .
Chaptw 6 By, ... c... .0 v
Chapess 7 The Besic Optiorms .. ...
Chapter B interiar Db . .
Chepoe 8 Extweior Toom Optionm ... .. ..
Chapter 10 Wil s Tires. . .
Chapter 11 Satety Festures o
Chapter 12 Anti-Pollution Advances. ] ]
Chrmpter 13 Tooshee Tomseg . ... ..o00 0 iavcannoune 19
Chagetor V4 Prces. DR L -
And Space for Hatey

o il

We listen better. So people ask us questions about cars. 3
Especially car buying. This book is our answer. ;j‘g"‘g;;’%;;’” -F}::::;;;Tn”:;g;%%m“ .

The first part talks about cars in general—types, styles, rﬁea}&iﬁm Michigan 48121
engines, options, etc, Advantages and disadvantages, ‘ Mr. ] s& [ Dr. ,

The second part talks about 1973 Ford, Mercury and o O Mes. 0 Mies [ Phovs i
Lincoln cars—details, specifications, even prices. Car Buy-- s |
ing_Made Easier. We sent out nearly one million copies of Name Apt. No.
the 1972 Edition. Many of those who wrote back said it — —
helped them. Sadres |

Could our 1973 Edition do the same for you ? You'll never Gity —~ SatT - e sl
know unless you read it. R e M i o e i s e e et e A - |

schas abetter idea

© 1972 SCIENTIFIC AMERICAN, INC



The Visual Image

What a picture means to the viewer is strongly dependent on his

past experience and knowledge. In this respect the visual image

is not a mere representation of “reality” but a symbolic system

urs is a visual age. We are bom-
O barded with pictures from morn-

ing till night. Opening our news-
paper at breakfast, we see photographs
of men and women in the news, and
raising our eyes from the paper, we en-
counter the picture on the cereal pack-
age. The mail arrives and one envelope
after the other discloses glossy folders
with pictures of alluring landscapes and
sunbathing girls to entice us to take a
holiday cruise, or of elegant menswear
to tempt us to have a suit made to mea-
sure. Leaving our house, we pass bill-
boards along the road that try to catch
our eye and play on our desire to smoke,
drink or eat. At work it is more than
likely that we have to deal with some
kind of pictorial information: photo-
graphs, sketches, catalogues, blueprints,
maps or at least graphs. Relaxing in the
evening, we sit in front of the television
set, the new window on the world, and
watch moving images of pleasures and
horrors flit by. Even the images created
in times gone by or in distant lands are
more easily accessible to us than they
ever were to the public for which they
were created. Picture books, picture
postcards and color slides accumulate in
our homes as souvenirs of travel, as do
the private mementos of our family
snapshots.

No wonder it has been asserted that
we are entering a historical epoch in
which the image will take over from the
written word. In view of this claim it is
all the more important to clarify the po-
tentialities of the image in communica-
tion, to ask what it can and what it can-
not do better than spoken or written
language. In comparison with the im-
portance of the question the amount of
attention devoted to it is disappointingly
small.

Students of language have been at
work for a long time analyzing the vari-
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by E. H. Gombrich

ous functions of the prime instrument of
human communication. Without going
into details we can accept for our pur-
pose the divisions of language proposed
by Karl Biihler, who distinguished be-
tween the functions of expression, arous-
al and description. (We may also call
them symptom, signal and symbol.) We
describe a speech act as expressive if it
informs us of the speaker’s state of mind.
Its very tone may be symptomatic of an-
ger or amusement; alternatively it may
be designed to arouse a state of mind in
the person addressed, as a signal trigger-
ing anger or amusement. It is important
to distinguish the expression: of an emo-
tion from its arousal, the symptom from
the signal, particularly since common
parlance fails to do this when speaking
of the “communication” of feeling. It is
true that the two functions can be in
unison and that the audible symptoms of
a speaker’s anger may arouse anger in
me, but they may also cause me to be
amused. On the other hand, someone
may contrive in cold blood to move me
to anger. These two functions of com-
munication are shared by human be-
ings with their fellow creatures lower
down on the evolutionary scale. Animal
communications may be symptomatic of
emotive states or they may function as
signals to release certain reactions. Hu-
man language can do more: it has devel-
oped the descriptive function (which is
only rudimentary in animal signals). A
speaker can inform his partner of a state
of affairs past, present or future, observ-
able or distant, actual or conditional. He
can say it rains, it rained, it will rain, it
may rain, or “If it rains, I shall stay here.”
Language performs this miraculous func-

tion largely through such little particles
as “if,” “when,” “not,” “therefore,” “all”
and “some,” which have been called
logical words because they account for
the ability of language to formulate logi-
cal inferences (also known as syllogisms).

» <«

Eoking at communication from the

vantage point of language, we must
ask first which of these functions the vi-
sual image can perform. We shall see
that the visual image is supreme in its
capacity for arousal, that its use for ex-
pressive purposes is problematic, and
that unaided it altogether lacks the pos-
sibility of matching the statement func-
tion of language.

The assertion that statements cannot
be translated into images often meets
with incredulity, but the simplest dem-
onstration of its truth is to challenge the
doubters to illustrate the proposition
they doubt. You cannot make a picture
of the concept of statement any more
than you can illustrate the impossibility
of translation. It is not only the degree
of abstraction of language that eludes
the visual medium; the sentence from
the primer “The cat sits on the mat” is
certainly not abstract, but although the
primer may show a picture of a cat sit-
ting on a mat, a moment’s reflection will
show that the picture is not the equiva-
lent of the statement. We cannot express
pictorially whether we mean “the” cat
(an individual) or “a cat” (a member of a
class); moreover, although the sentence
may be one possible description of the
picture, there are an infinite number of
other true descriptive statements you
could make such as “There is a cat seen
from behind,” or for that matter “There

STAINED-GLASS LANCET WINDOWS below the south rose window of the cathedral at
Chartres (opposite page) exemplify the transformation of a metaphor (the doctrine that
the Apostles stand on the shoulders of Old Testament prophets) into a memorable image.
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is no elephant on the mat.” When the
primer continues with “The cat sat on
the mat,” “The cat will sit on the mat,”
“The cat sits rarely on the mat,” “If the
cat sits on the mat...” and so on ad
infinitum, we see the word soaring away
and leaving the picture behind.

Try to say the sentence to a child and
then show him the picture and your re-
spect for the image will soon be restored.
The sentence will leave the child un-
moved; the image may delight him al-
most as much as the real cat. Exchange
the picture for a toy cat and the child
may be ready to hug the toy and take it
to bed. The toy cat arouses the same
reactions as a real cat—possibly even
stronger ones, since it is more docile and
easier to cuddle.

This power of dummies or substitutes
to trigger behavior has been much ex-
plored by students of animal behavior,
and there is no doubt that organisms are
“programmed” to respond to certain
visual signals in a way that facilitates
survival. The crudest models of a preda-
tor or a mate need only exhibit certain
distinctive features to elicit the appro-
priate pattern of action, and if these fea-
tures are intensified, the dummy (like
the toy) may be more effective than the
natural stimulus. Caution is needed in
comparing these automatisms to human
reactions, but Konrad Z. Lorenz, the pio-
neer of ethology, has surmised that cer-
tain preferred forms of nursery art that
are described as “cute” or “sweet” (in-
cluding many of Walt Disney’s creations)
generate parental feelings by their struc-
tural similarity to babies.

Be that as it may, the power of visual
impressions to arouse our emotions has
been observed since ancient times. “The
mind is more slowly stirred by the ear
than by the eye,” said Horace in his Art
of Poetry when he compared the impact
of the stage with that of the verbal narra-
tive. Preachers and teachers preceded
modern advertisers in the knowledge of
the ways in which the visual image can
affect us, whether we want it to or not.
The succulent fruit, the seductive nude,
the repellent caricature, the hair-raising
horror can all play on our emotions and

MOSAIC OF A DOG found at the entrance of a house in Pompeii has the inscription Cave
Canem (Beware of the Dog). Without the inscription the message intended to be communi-
cated by the mosaic is less certain. The mosaic is now in the National Museum in Naples.

engage our attention. Nor is this arousal
function of sights confined to definite im-
ages. Configurations of lines and colors
have the potential to influence our emo-
tions. We need only keep our eyes open
to see how these potentialities of the vi-
sual media are used all around us, from
the red danger signal to the way the dé-
cor of a restaurant may be calculated to
create a certain “atmosphere.” These
very examples show that the power of
arousal of visual impressions extends far

TWO PAINTINGS BY VINCENT VAN GOGH suggest that the emotion aroused in some-
one viewing a work of art may not be the same emotion that inspired the artist. To van
Gogh his painting “Bedroom at Arles” (top illustration on opposite page) was expressive
of tranquillity and undisturbed rest. To achieve this he simplified his technique, adopting
stylistic features of Georges Seurat and of Japanese prints. For him this modification stood
in clear opposition to the characteristic style found, for instance, in “The Night Café” (bot-
tom illustration on opposite page). In that painting van Gogh wanted to show a place where
one could go mad. Without prior knowledge of the context and the artist’s code naive sub-
jects rarely can hit on the intended meaning. “Bedroom at Arles” is reproduced courtesy of
the Art Institute of Chicago and “The Night Café” courtesy of Yale University Art Gallery.
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beyond the scope of this article. What is
usually described as communication is
concerned with matter rather than with
mood.

mosaic found at the entrance of a

house in Pompeii shows a dog on a
chain with the inscription Cave Canem,
Beware of the Dog [see illustration
above]. It is not hard to see the link be-
tween such a picture and its arousal
function. We are to react to the picture
as we might to a real dog that barks at
us. Thus the picture effectively rein-
forces the caption that warns the poten-
tial intruder of the risk he is running.
Would the image alone perform this
function of communication? It would, if
we came to it with a knowledge of social
customs and conventions. Why if not as
a communication to those who may be
unable to read should there be this pic-
ture at the entrance hall? But if we could
forget what we know and imagine a
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member of an alien culture coming on
such an image, we could think of many
other possible interpretations of the im-
age. Could not the man have wanted to
advertise a dog he wished to sell? Was
he perhaps a veterinarian? Or could the
mosaic have functioned as a sign for a
public house called “The Black Dog”?
The purpose of this exercise is to remind
ourselves how much we take for granted
when we look at a picture for its mes-
sage. It always depends on our prior
knowledge of possibilities. After all,
when we see the Pompeiian mosaic in
the museum in Naples we do not con-
clude that there is a dog chained some-
where. It is different with the arousal
function of the image. Even in the mu-
seum the image might give us a shadow
of a fright, and I recently heard a child
of five say when turning the pages of a
book on natural history that she did not
want to touch the pictures of nasty crea-
tures.

Naturally we cannot adequately re-
spond to the message of the mosaic un-
less we have read the image correctly.
The medium of the mosaic is well suited
to formulate the problem in terms of the
theory of information. Its modern equiv-
alent would be an advertising display
composed of an array of light bulbs in
which each bulb can be turned either on
or off to form an image. A mosaic might
consist of standardized cubes (tesserae)
that are either dark or light. The amount
of visual information such a medium can
transmit will depend on the size of the
cubes in relation to the scale of the im-
age. In our case the cubes are small
enough for the artist to indicate the tufts
of hair on the dog’s legs and tail, and the
individual links of the chain. The artist

might confine himself to a code in which
black signifies a solid form seen against
a light ground. Such a silhouette could
easily be endowed with sufficiently dis-
tinctive features to be recognized as a
dog. But the Pompeiian master was
trained in a tradition that had gone be-
yond the conceptual method of repre-
sentation and he included in the image
information about the effects of light on
form. He conveys the white and the glint
of the eye and the muzzle, shows us the
teeth and outlines the ears; he also indi-
cates the shadows of the forelegs on the
patterned background. The meaning so
far is easy to decode, but the white
patches on the body and, most of all, the
outline of the hind leg set us a puzzle. It
was the convention in his time to model
the shape of an animal’s body by indi-
cating the sheen of the fur, and this must
be the origin of these features. Whether
their actual shape is due to clumsy exe-
cution or to inept restoration could only
be decided by viewing the original.

The difficulty of interpreting the
meaning of the dog mosaic is instructive
because it too can be expressed in terms
of communication theory. Like ver-
bal messages, images are vulnerable to
the random interference engineers call
“noise.” They need the device of redun-
dancy to overcome this hazard. It is this
built-in safeguard of the verbal code
that enables us to read the inscription
Cave Canem without hesitation even
though the first e is incomplete. As far
as image recognition is concerned it is
the enclosing contour that carries most
of the information. We could not guess
the length of the tail if the black cubes
were missing. The individual cubes of
the patterned ground and inside the out-

line are relatively more redundant, but
those indicating the sheen occupy a mid-
dle position; they stand for a feature that
is elusive even in reality, although the
configuration we now see could never
occur.

However automatic our first response
to an image may be, therefore, its actual
reading can never be a passive affair.
Without a prior knowledge of possibili-
ties we could not even guess at the rela-
tive position of the dog’s two hind legs.
Although we have this knowledge, other
possibilities are likely to escape us. Per-
haps the picture was intended to rep-
resent a particular breed that Romans
would recognize as being vicious. We
cannot tell by the picture.

The chance of a correct reading of the
image is governed by three variables: the
code, the caption and the context. It
might be thought that the caption alone
would make the other two redundant,
but our cultural conventions are too flex-
ible for that. In an art book the picture
of a dog with the caption E. Landseer is
understood to refer to the maker of the
image, not to the species represented. In
the context of a primer, on the other
hand, the caption and the picture would
be expected to support each other. Even
if the pages were torn so that we could
only read “og,” the fragment of the
drawing above would suffice to indicate
whether the missing letter was a d or an
h. Jointly the media of word and im-
age increase the probability of a correct
reconstruction.

We shall see that this mutual support
of language and image facilitates memo-
rizing. The use of two independent chan-
nels, as it were, guarantees the ease of
reconstruction. This is the basis of the

SIGNS FOR THE 1968 OLYMPIC GAMES in Mexico are self-
explanatory because the number of possible meanings is restricted.
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The use of pictorial images in international events overcomes the
problem of communicating to people who speak diverse languages.



ancient “art of memory” (brilliantly ex-
plored in a book by Frances Yates) that
advises the practitioner to translate any
verbal message into visual form, the
more bizarre and unlikely the better. If
you want to remember the name of the
painter Hogarth, picture to yourself a
hog practicing his art by painting an h.
You may dislike the association, but you
may find it hard to get rid of.

There are cases where the context
alone can make the visual message un-
ambiguous even without the use of
words. It is a possibility that has much
attracted organizers of international
events where the Babylonian confusion
of tongues rules out the use of language.
The set of images designed for the Olym-
pic Games in Mexico in 1968 appears to
be self-explanatory; indeed it is, given
the limited number of expected mes-
sages and the restriction of the choice
that is exemplified best by the first two
signs of the array [see illustration on
opposite page]. We can observe how the
purpose and context dictate a simplifica-
tion of the code by concentrating on a
few distinctive features. The principle is
brilliantly exemplified by the pictorial
signs for the various sports and games
designed for the same event.

We should never be tempted to for-
get, however, that even in such usages
context must be supported by prior ex-
pectations based on tradition. Where
these links break, communication also
breaks down. Some years ago there was
a story in the papers to the effect that
riots had broken out in an underdevel-
oped country because of rumors that
human flesh was being sold in a store.
The rumor was traced to food cans with
a grinning boy on the label. Here it was
the switch of context that caused the
confusion. As a rule the picture of fruit,
vegetable or meat on a food container
does indicate its contents; if we do not
draw the conclusion that the same ap-
plies to a picture of a human being on
the container, it is because we rule out
the possibility from the start.

In the above examples the image was

expected to work in conjunction with
other factors to convey a clear-cut mes-
sage that could be translated into words.
The real value of the image, however, is
its capacity to convey information that
cannot be coded in any other way. In his
important book Prints and Visual Com-
munication William M. Ivins, Jr., argued
that the Greeks and the Romans failed
to make progress in science because they
lacked the idea of multiplying images by
some form of printing. Some of his philo-
sophical points can hardly be sustained

F o

i

Wt~

OPERA HOUSE in Sydney, Australia, is so unfamiliar a structure that it is difficult to tell
from a single photograph what the inclinations and relations of the various components are.

(the ancient world knew of the multipli-
cation of images through the seal im-
pression and the cast), but it is certainly
true that printed herbals, costume books,
newssheets and topographical views
were a vital source of visual information
about plants, fashions, topical events and
foreign lands. But study of this material
also brings home to us that printed in-
formation depends in part on words. The
most lifelike portrait of a king will mis-
lead us if it is incorrectly labeled as being
somebody else, and publishers of other
times sometimes supplied an old woodcut
with a new caption on the principle that
if you have seen one earthquake, you
have seen them all. Even today it is only
our confidence in certain informants or

institutions that allays our doubts that a
picture in a book, a newspaper or on the
screen really shows what it purports to
show. There was the notorious case of
the German scientist Ernst Haeckel,
who was accused of having tried to
prove the identity of human and animal
development by labeling a photograph
of a pig’s fetus as that of a human em-
bryo. It is in fact fatally easy to mix up
pictures and captions, as almost any pub-
lisher knows to his cost.

The information extracted from an
image can be quite independent of the
intention of its maker. A holiday snap-
shot of a group on a beach may be scru-
tinized by an intelligence officer prepar-
ing a landing, and the Pompeiian mosaic

DEPTH REVERSAL occurs when some pictures are viewed upside down because the eye
assumes that light is coming from the top. The valleys and ridges in the picture on the left
(an aerial side-looking-radar view of the Appalachians) turn into ridges and valleys (right).
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might provide new information to a his-
torian of dog breeding.

It may be convenient here to range the

information value of such images ac-
cording to the amount of information
about the prototype that they can en-
code. Where the information is virtually
complete we speak of a facsimile or rep-
lica. These may be produced for decep-
tion rather than information, fraudu-
lently in the case of a forged banknote,
benevolently in the case of a glass eye
or an artificial tooth. But the facsimile
of a note in a history book is intended
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STRIKING IMAGE OF CHRIST is created by a single spiraling
line that thickens and thins to form features, shapes, shadings and
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for instruction, and so is the cast or copy
of an organ in medical teaching.

Even facsimile duplication would not
be classed as an image if it shared with
its prototype all characteristics including
the material of which it is made. A flower
sample used in a botany class is not an
image, but an artificial flower used for
demonstration purposes must be de-
scribed as an image. Even here the bor-
der line is somewhat fluid. A stuffed ani-
mal in a showcase is not an image, but
the taxidermist is likely to have made his
personal contribution through selecting
and modifying the carcass. However
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faithful an image that serves to convey
visual information may be, the process
of selection will always reveal the mak-
er’s interpretation of what he considers
relevant. Even the wax effigy of a celeb-
rity must show the sitter in one particu-
lar attitude and role; the photographer
of people or events will carefully sift his
material to find the “telltale” picture.
Interpretation on the part of the im-
age maker must always be matched by
the interpretation of the viewer. No im-
age tells its own story. I remember an
exhibit in a museum in Lincoln, Neb.,
showing skeletons and reconstructions

background. The illustration is a detail from “The Napkin of St.
Veronica,” engraved in 1649 by the French artist Claude Mellan.



of the ancestor of the horse. By present
equine standards these creatures were
diminutive, but they resembled our
horse in everything but the scale. It was
this encounter that brought home to me
how inevitably we interpret even a di-
dactic model and how hard it is to dis-
card certain assumptions. Being used to
looking at works of sculpture, including
small bronze statuettes of horses, I had
slipped into the mental habit of dis-
counting scale when interpreting the
code. In other words, I “saw” the scale
model of a normal horse. It was the ver-
bal description and information that cor-
rected my reading of the code.

Here as always we need a jolt to re-
mind us of what I have called the
“beholder’s share,” the contribution we
make to any representations from the
stock of images stored in our mind. Once
more it is only when this process cannot
take place because we lack memories
that we become aware of their role.
Looking at a picture of a house, we do
not normally fret about the many things
the picture does not show us unless we
are looking for a particular aspect that
was hidden from the camera. We have
seen many similar houses and can sup-
plement the information from our mem-
ory, or we think we can. It is only when
we are confronted with a totally unfa-
miliar kind of structure that we are
aware of the puzzle element in any rep-
resentation. The new opera house in
Sydney, Australia, is a structure of a
novel kind, and a person who sees only
a photograph of it will feel compelled to
ask a number of questions the photo-
graph cannot answer [see top illustration
on page 87]. What is the inclination of
the roof? Which parts go inward, which
outward? What, indeed, is the scale of
the entire structure?

The hidden assumptions with which
we generally approach a photograph are
most easily demonstrated by the limited
information value of shadows on flat im-
ages. They only yield the correct im-
pression if we assume that the light is
falling from above and generally from
the left; reverse the picture and what
was concave looks convex and vice versa.
That we read the code of the black-and-
white photograph without assuming that
it is a rendering of a colorless world may
be a triviality, but behind this trivial-
ity lurk other problems. What colors or
tones could be represented by certain
grays in the photograph? What differ-
ence will it make to, say, the American
flag whether it is photographed with an
orthochromatic or a panchromatic film?

Interpreting photographs is an impor-
tant skill that must be learned by all who

TREE OF AFFINITIES was used in medieval times to determine the relation that a hus-
band and a wife each bears to the kin of the other. The illustration, a woodcut made in 1473
by Johannes Andrei, is reproduced with the permission of the Pierpont Morgan Library.

have to deal with this medium of com-
munication: the intelligence officer, the
surveyor or archaeologist who studies
aerial photographs, the sports photogra-
pher who wishes to record and to judge
athletic events and the physician who
reads X-ray plates. Each of these must
know the capacities and the limitations
of his instruments. Thus the rapid move-
ment of a slit shutter down the photo-
graphic plate may be too slow to show
the correct sequence of events it is meant
to capture, or the grain of a film may be
too coarse to register the desired detail
in a photograph. It was shown by the
late Gottfried Spiegler that the demand
for an easily legible X-ray plate may
conflict with its informative function.
Strong contrast and definite outlines may
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obscure valuable clues. Needless to say,
there is the further possibility of retouch-
ing a photographic record in the interest
of either truth or falsehood. All these in-
tervening variables make their appear-
ance again on the way from the negative
to the print, from the print to the photo-
engraving and then to the printed illus-
tration. The most familiar of these is the
density of the halftone screen. As in the
case of the mosaic, the information trans-
mitted by the normal illustration process
is granular, smooth transitions are trans-
formed into discrete steps and these
steps can either be so few that they are
obtrusively visible or so small that they
can hardly be detected by the unaided
eye.

Paradoxically it is the limited power
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PICTORIAL PLAQUE on the Pioneer spacecraft is designed to tell

launched the craft. Without prior knowledge of our use of symbols,
“scientifically educated inhabitants of some other star system” who

however, the inhabitants would not be able to decipher the message.

NATURAL GAS

CONVERSION

Initially the idea was done realistically (illustration at left). Later
it was encoded in an abstract form, making it easier to remember.
90

TRIDENT TRADEMARK adopted for North Sea gas in Britain
combines a symbol of the sea, Neptune’s trident, with burning gas.
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of vision that has made television pos-
sible: the changing intensities of one
luminous dot sweeping across the screen
build up the image in our eye. Long be-
fore this technique was conceived the
French artist Claude Mellan displayed
his virtuosity by engraving the image of
Christ with one spiraling line swelling
and contracting to indicate shape and
shading [see illustration on page 88].

The very eccentricity of this caprice
shows how readily we learn to fall in
with the code and to accept its conven-
tions. We do not think for a moment that
the artist imagined Christ’s face to have
been lined with a spiral. Contrary to the
famous slogan, we easily distinguish the
medium from the message.

From the point of view of information
this ease of distinction can be more vital
than fidelity of reproduction. Many stu-
dents of art regret the increased use of
color reproductions for that reason. A
black-and-white photograph is seen to
be an incomplete coding. A color pho-
tograph always leaves us with some
uncertainty about its information value.
We cannot separate the code from the
content.

The easier it is to separate the code

from the content, the more we can
rely on the image to communicate a par-
ticular kind of information. A selective
code that is understood to be a code en-
ables the maker of the image to filter out
certain kinds of information and to en-
code only those features that are of in-
terest to the recipient. Hence a selec-
tive representation that indicates its own
principles of selection will be more in-
formative than the replica. Anatomical
drawings are a case in point. A realistic
picture of a dissection not only would
arouse aversion but also might easily fail
to show the aspects that are to be dem-
onstrated. Even today surgeons some-
times employ “medical artists” to record
selective information that color photo-
graphs might fail to communicate. Leo-
nardo da Vinci’s anatomical studies are
early examples of deliberate suppression
of certain features for the sake of con-
ceptual clarity. Many of them are not so
much portrayals as functional models, il-
lustrations of the artist’s views about the
structure of the body. Leonardo’s draw-
ings of water and whirlpools are likewise
intended as visualizations of the forces
at work.

Such a rendering may be described as
a transition from a representation to dia-
grammatic mapping, and the value of
the latter process for the communication
of information needs no emphasis. What
is characteristic of the map is the addi-

tion of a key to the standardized code.
We are told which particular heights are
represented by the contour lines and
what particular shade of green stands for
fields or forests. Whereas these are ex-
amples of visible features, standardized
for the sake of clarity, there is no diffi-
culty in entering on the map other kinds
of feature, such as political frontiers,
population density or any other desired
information. The only element of gen-
uine representation (also called iconicity)
in such a case is the actual shape of
the geographical features, although even
these are normalized according to given
rules of transformation to allow a part of
the globe to be shown on a flat map.

It is only a small step from the abstrac-
tion of the map to a chart or diagram
showing relations that are originally not
visual but temporal or logical. One of the
oldest of these relational maps is the
family tree. The kinship table was often
shown in medieval manuscripts of canon
law because the legitimacy of marriages
and the laws of inheritance were in part
based on the degree of kinship [see il-
lustration on page 89]. Genealogists also
seized on this convenient means of visual
demonstration. Indeed, the family tree
demonstrates the advantages of the vi-
sual diagram to perfection. A relation
that would take so long to explain in
words we might lose the thread (“She
is the wife of a second cousin of my step-
mother”) could be seen on a family tree
at a glance. Whatever the type of con-
nection, whether it is a chain of com-
mand, the organization of a corporation,
a classification system for a library or a
network of logical dependencies, the
diagram will always spread out before
our eyes what a verbal description could
only present in a string of statements.

Moreover, diagrams can easily be
combined with other pictorial devices in
charts to show pictures of things in logi-
cal rather than spatial relationships. At-
tempts have also been made to standard-
ize the codes of such charts for the pur-
pose of visual education (particularly by
Otto and Marie Neurath of Vienna, who
sought to vivify statistics by such a vi-
sual code). Readers of Scientific Ameri-
can need scarcely be told at length about
the mutual support of text and image in
illustration.

Whether the developed practice of
such visual aids is as yet matched by an
adequate theory is another matter. Ac-
cording to press releases, the National
Aeronautics and Space Administration
has equipped a deep-space probe with a
pictorial message “on the off chance that
somewhere on the way it is intercepted
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OSIRIS in Egyptian hieroglyphics is a rebus
with an eye, a throne and a divine scepter.

GREAT SEAL of the United States has the
ancient symbol of the eye of Providence.

YIN AND YANG symbol in Chinese cosmol-
ogy represents the dynamic balance of the
female principle (yin) and the male (yang).
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by intelligent scientifically educated be-
ings” [see top illustration on page 90].
It is unlikely that their effort was meant
to be taken quite seriously, but what if
we try? These beings would first of all
have to be equipped with “receivers”
among their sense organs that respond
to the same band of electromagnetic
waves as our eyes do. Even in that un-
likely case they could not possibly get
the message. We have seen that reading
an image, like the reception of any other

message, is dependent on prior knowl-
edge of possibilities; we can only recog-
nize what we know. Even the sight of
the awkward naked figures in the illus-
tration cannot be separated in our mind
from our knowledge. We know that feet
are for standing and eyes are for look-
ing and we project this knowledge onto
these configurations, which would look
“like nothing on earth” without this prior
information. It is this information alone
that enables us to separate the code

POLITICAL CARTOONS are a special branch of symbolic imagery. They often lose their
impact as the circumstances that engendered them are forgotten. The wit of Vicky’s 1942
cartoon “Achilles’ Heel” is lost on those who do not know the situation to which it refers.
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from the message; we see which of the
lines are intended as contours and which
are intended as conventional modeling.
Our “scientifically educated” fellow crea-
tures in space might be forgiven if they
saw the figures as wire constructs with
loose bits and pieces hovering weight-
lessly in between. Even if they deci-
phered this aspect of the code, what
would they make of the woman’s right
arm that tapers off like a flamingo’s neck
and beak? The creatures are “drawn to
scale against the outline of the space-
craft,” but if the recipients are supposed
to understand foreshortening, they
might also expect to see perspective and
conceive the craft as being farther back,
which would make the scale of the man-
ikins minute. As for the fact that “the
man has his right hand raised in greet-
ing” (the female of the species presum-
ably being less outgoing), not even an
earthly Chinese or Indian would be able
to correctly interpret this gesture from
his own repertory.

The representation of humans is ac-
companied by a chart: a pattern of lines
beside the figures standing for the 14
pulsars of the Milky Way, the whole
being designed to locate the sun of our
universe. A second drawing (how are
they to know it is not part of the same
chart?) “shows the earth and the other
planets in relation to the sun and the
path of Pioneer from earth and swinging
past Jupiter.” The trajectory, it will be
noticed, is endowed with a directional
arrowhead; it seems to have escaped the
designers that this is a conventional sym-
bol unknown to a race that never had
the equivalent of bows and arrows.

“he arrow is one of a large group of
graphic symbols that occupy the zone
between the visual image and the writ-
ten sign. Any comic strip offers examples
of these conventions, the history of
which is still largely unexplored. They
range from the pseudonaturalistic streak-
ing lines indicating speed to the conven-
tional dotted track indicating the direc-
tion of the gaze, and from the hallucina-
tory medley of stars before the eyes after
a blow to the head to the “balloon” that
contains a picture of what the person
has in mind or perhaps only a question
mark to suggest puzzlement. This transi-
tion from image to symbol reminds us of
the fact that writing itself evolved from
the pictograph, although it became writ-
ing only when it was used to transform
the fleeting spoken word into a perma-
nent record.
It is well known that a number of an-
cient scripts for this purpose drew on
both the resources of illustration and the



principle of the rebus: the use of homo-
phones for the rendering of abstract
words. Both in ancient Egypt and in
China these methods were ingeniously
combined to signify sounds and facilitate
reading by classifying them according to
conceptual categories. Thus the name of
the god Osiris was written in hieroglyph-
ics as a rebus with a picture of a throne
("usr) and a picture of an eye (‘iri) to
which was adjoined a picture of the di-
vine scepter to indicate the name of a
god [see top illustration on page 91].
But in all ancient civilizations writing
represents only one of several forms of
conventional symbolism the meaning of
which has to be learned if the sign is to
be understood.

Not that this learning need be an
intellectual exercise. We can easily be
conditioned to respond to signs as we
respond to sights. The symbols of reli-
gion such as the cross or the lotus, the
signs of good luck or danger such as the
horseshoe or the skull and crossbones,
the national flags or heraldic signs such
as the stars and stripes and the eagle,
the party badges such as the red flag or
the swastika for arousing loyalty or hos-
tility—all these and many more show
that the conventional sign can absorb
the arousal potential of the visual image.

It may be an open question how far
the arousal potential of symbols taps the
unconscious significance of certain con-
figurations that Freud explored and Jung
was to link with the esoteric traditions
of symbolism in mysticism and alchemy.
What is open to the observation of the
historian is the way the visual symbol
has so often appealed to seekers after
revelation. To such seekers the symbol
is felt to both convey and conceal more
than the medium of rational discourse.
One of the reasons for this persistent
feeling was no doubt the diagrammatic
aspect of the symbol, its ability to con-
vey relations more quickly and more
effectively than a string of words. The
ancient symbol of yin and yang illus-
trates this potential and also suggests
how such a symbol can become the focus
of meditation. Moreover, if familiarity
breeds contempt, unfamiliarity breeds
awe. A strange symbol suggests a hidden
mystery, and if it is known to be ancient,
it is felt to embody some esoteric lore
too sacred to be revealed to the multi-
tudes. The awe surrounding the ancient
Egyptian hieroglyphs in later centuries
exemplifies this reaction. Most of the
meanings of the hieroglyphs had been
forgotten, but it was remembered that

the sun. The reader need not look fur-
ther than a U.S. dollar bill to see how
this association was tapped by the
founding fathers in the design of the
Great Seal. Following the advice of
the English antiquarian Sir John Prest-
wich, the design expresses in words and
image the hopes and aspirations of the
New World for the dawn of a new era.
Novus ordo seclorum alludes to Virgil's
prophecy of a return of the Golden Age,
and so does the other Latin tag, Annuit
coeptis, “He [God] favored the begin-
ning.” But it is the image of the unfin-
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ished pyramid rising toward heaven and
the ancient symbol of the eye suggesting
the eye of Providence that gives the en-
tire design the character of an ancient
oracle close to fulfillment.

Interesting as the historian must find
the continuity of a symbol, such as the
eye on the Great Seal, reaching back
over more than 4,000 years, the case is
somewhat exceptional. More frequently
the past influences symbolism through
the stories and lore in the language.
Cupid’s darts, Herculean labors, the
sword of Damocles and Achilles’ heel

DE BAS EN HAUT

Astral

PEINTURE

EMAIL

ASEVCY FTAANCASE

the name of the god Osiris was written
as an eye and a scepter, a fact inter-
preted to signify that the god symbolized

UNEXPECTED IMAGES are frequently used in advertisements to arouse and hold atten-
tion. An excellent example is the offset lithograph poster “Astral Peinture Email,” by
Raymond Savignac, reproduced here with the permission of the Museum of Modern Art.
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come to us from classical antiquity, the
olive branch and the widow’s mite from
the Bible, sour grapes and the lion’s
share from Aesop’s fables, a paper tiger
and losing face from the Far East. Such
allusions or clichés enable us to “cut a
long story short” because we do not
have to spell out the meaning. Almost
any story or event that becomes the
common property of a community en-
riches language with new possibilities of
condensing a situation into a word,
whether it is the political term “Quis-
ling” or the scientific term “fallout.”
Moreover, language carries old and new
figures of speech that are rightly de-
scribed as images: “The sands are run-
ning out,” “The pump must be primed,”
“Wages should be pegged,” “The dollar
should be allowed to float.” The literal
illustration of these metaphors offers un-
told possibilities for that special branch
of symbolic imagery, the art of the car-
toonist. He too can condense a comment
into a few pregnant images by the use
of the language’s stock figures and sym-
bols. Vicky’s cartoon showing Italy as
Hitler’s “Achilles” heel” is a case in point
[see illustration on page 92].

MARTYRDOM OF ST. LAWRENCE is depicted in the central
portal of the cathedral of Genoa. Below the traditional image of
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Like the successful pun that finds an
unexpected but compelling meaning in
the sound of a word, Vicky’s cartoon
reminds us that Italy has a “heel,” and
what else could it be but an Achilles’
heel? But even if we can count on some
familiarity with the shape of Italy and
the story of Achilles, the aptness of the
cartoon might need a good deal of spell-
ing out 30 years after its initial appear-
ance. If there is one type of image that
remains mute without the aid of context,
caption and code, it is the political car-
toon. Its wit must inevitably be lost on
those who do not know the situation on
which it comments.

A glance at the imagery that sur-
rounds us does not bear out the claim
that our civilization lacks inventiveness
in this field. Whether we approve or dis-
approve of the role advertising has come
to play in our society, we can enjoy the
ingenuity and wit used by commercial
artists in the use of old symbols and the
invention of fresh ones. The trademark
adopted for North Sea gas in Britain
cleverly combines the trident, that old
symbol of Neptune, with the picture of a
gas burner. Itis interesting to watch how
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this idea was first coded as a realistic
representation and then reduced to es-
sentials, the increase in distinctiveness
making both more memorable and easier
to reproduce.

Freud’s analysis of the kinship be-
tween verbal wit and dreamwork could
easily be applied, as Ernst Kris has
shown, to the condensation of visual
symbols in advertising and cartoons.
Where the aim is first and foremost to
arrest the attention, condensation and
selective emphasis are used both for
their power of arousal and for their sur-
prise effects. The incomplete image and
the unexpected image set the mind a
puzzle that makes us linger, enjoy and
remember the solution, where the prose
of purely informational images would re-
main unnoticed or unremembered [see
illustration on preceding page].

It might be tempting to equate the po-

etry of images with the artistic use of
visual media, but it is well to remember
that what we call art was not invariably
produced for purely aesthetic effects.
Even in the sphere of art the dimen-
sions of communication are observable,

Christ enthroned is the saint, marked with a halo, on a grid. The
ruler on the left prompts executioners to fan flames with bellows.



although in more complex interaction.
Here too it is the arousal function of the
image that determines the use of the
medium. The cult image in its shrine
mobilizes the emotions that belong to the
prototype, the Divine being. In vain did
the Hebrew prophets remind the faithful
that the heathen idols were only sticks
and stones. The power of such images is
stronger than any rational consideration.
There are few who can escape the spell
of a great cult image in its setting.

The strength of the visual image posed
a dilemma for the Christian church. The
church feared idolatry but hesitated to
renounce the image as a means of com-
munication. The decisive papal pro-
nouncement on this vital issue was that
of Pope Gregory the Great, who wrote
that “pictures are for the illiterates what
letters are for those who can read.” Not
that religious images could function
without the aid of context, caption and
code, but given such aid the value of the
medium was easily apparent. Take the
main porch of the cathedral of Genoa,
with its traditional rendering of Christ
enthroned between the four symbols of
the Evangelists (derived from the proph-
et Ezekiel’s vision of the throne of the
Lord as it is described in the Bible). The
relief underneath will tell the faithful
from afar to which saint the church is
dedicated. It represents the martyrdom
of St. Lawrence. For all its impressive
lucidity the image could not be read by
anyone unfamiliar with the code, that is,
with the style of medieval sculpture.
That style disregards the relative size of
figures for the sake of emphasizing im-
portance through scale, and it represents
every object from the most telling angle.
Hence the naked man is not a giant hov-
ering sideways in front of a grid. We
must understand that he is stretched out
on an instrument of torture while the
ruler commands an executioner to fan
the flames with his bellows. The truly
illiterate, of course, could not know that
the sufferer is not a malefactor but a
saint who is marked by the symbol of
the halo, or that the gestures made by
the onlookers indicate compassion.

But if the image could not tell the
worshiper a story he had never heard of,
it was admirably suited to remind him of
the stories he had been told in sermons
or lessons. Once he had become familiar
with the legend of St. Lawrence even
the picture of a man with a gridiron
would remind him of the saint. It only
needed a change in the means and aims
of art to enable a great master to make
us feel the heroism and the suffering of
the martyr in images of great emotional
appeal. In this way pictures could in-

ALLEGORICAL IMAGES can communicate abstract thought, as Michelangelo demonstrat-
ed in his famous sculpture “Night,” with its symbolic star, owl and sleep-inducing poppies.

deed keep the memory of sacred and
legendary stories alive among the laity,
whether or not they were able to read.
Pictures still serve the purpose. There
must be many whose aquaintance with
these legends started from images.

We have touched briefly on the
mnemonic power of the image, which is
certainly relevant to many forms of re-
ligious and secular art. The windows of
Chartres show the power of symbolism
to transform a metaphor into a memora-
ble image with their vivid portrayal of
the doctrine that the apostles stand on
the shoulders of the Old Testament
prophets. The whole vast genre of al-
legorical images testifies to this possibil-
ity of turning an abstract thought into a
picture. Michelangelo’s famous statue of
Night, with her symbolic attributes of
the star, the owl and the sleep-inducing
poppies, is not only a pictograph of a
concept but also a poetic evocation of
nocturnal feelings.

The capacity of the image to purvey
a maximum of visual information could
be exploited only in periods where the
styles of art were sufficiently flexible and
rich for such a task. Some great artists
met the demands of naturalistic portrai-
ture and faithful views with consummate
mastery, but the aesthetic needs for se-
lective emphasis could also clash with
these more prosaic tasks. The idealized
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portrait or the revealing caricature was
felt to be closer to art than the wax fac-
simile could ever be, and the romantic
landscape that evoked a mood was simi-
larly exalted over the topographic paint-
ing.

The contrast between the prose and

the poetry of image making often led
to conflicts between artists and patrons.
The conflict increased in acerbity when
the autonomy of art became an issue. It
was the Romantic conception of genius
in particular that stressed the function of
art as self-expression (even though the
catchword is of later date). It is precisely
this issue that remains to be discussed
here, since it will be remembered that
the expressive symptom of emotions was
distinguished in the theory of communi-
cation from the dimension of arousal or
description. Popular critics who speak
of art as communication often imply that
the same emotions that give rise to the
work of art are transmitted to the be-
holder, who feels them in his turn. This
naive idea has been criticized by several
philosophers and artists, but to my
knowledge the most succinct criticism
was a drawing that appeared some years
ago in The New Yorker [see illustration
on next page]. Its target is the very set-
ting in which the term self-expression
has had the greatest vogue. A little danc-
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er fondly believes she is communicating
her idea of a flower, but observe what
arises instead in the minds of the various
onlookers. A series of experiments made
by Reinhard Krauss in Germany some
decades ago confirms the skeptical view
portrayed in the cartoon. Subjects were
asked to convey through drawn abstract
configurations some emotion or idea for
others to guess at. Not surprisingly it
was found that such guessing was quite
random. When people were given a list
of various possible meanings, their
guesses became better, and they im-
proved progressively with a reduction
in the number of alternatives with which
they were confronted. It is easy to guess
whether a given line is intended to con-
vey grief or joy, or stone or water.

Many readers will know the painting
by van Gogh of his humble bedroom
painted in Arles in 1888 [see top illustra-
tion on page 84]. It happens to be one of
the very few works of art where we
know the expressive significance the
work held for the artist. In van Gogh’s
wonderful correspondence there are
three letters dealing with this work that
firmly establish the meaning it held for
him. Writing to Gauguin in October,
1888, he says:

“Still for the decoration (of my house)
I have done...my bedroom with its fur-
niture of whitewood which you know.
Well, it amused me enormously to do
that interior with nothing in it, with a
simplicity a la Seurat: with flat paint but
coarsely put on, the neat pigment, the
walls a pale violet. ...

“I wanted to express an absolute calm
with these very different tones, you see,
where there is no white except in the
mirror with its black frame....”

A letter to his brother Theo confirms
his intention and explains it further:

“My eyes are still strained, but at last
I have a new idea in my head.... This
time it is quite simply my bedroom, color
alone must carry it off, by imparting
through simplification a grander style to
things, it should be suggestive of rest
and sleep in general. In other words, the
sight of the picture should rest the head,
or rather the imagination. ... The walls
are pale violet, the floor tiles red...the
doors are green, that is all. There is noth-
ing in the room with the shutters closed.
The squareness of the furniture should
also express the undisturbed rest. ... The
shadows and modeling are suppressed, it
is colored with flat tints like the Japanese
prints. This will contrast, for instance,

NONVERBAL COMMUNICATION of ideas and emotions is un-
likely to take place unless there are some prior hints about what
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with the diligence of Tarascon and the
Night Café.”

Here we have an important clue. Van
Gogh had written of “The Night Café”
[see bottom illustration on page 84] that
he wanted to show that it was a place
where one could go mad. To him, in oth-
er words, his little room was a haven
after the strain of work, and it was this
contrast that made him stress its tran-
quillity. The manner of simplification he
adopted from Seurat and from the Japa-
nese print stood for him in clear oppo-
sition to the expressive graphological
brushwork that had become so charac-
teristic of his style. This is what he
stresses in still another letter to his broth-
er. “No stippling, no hatching, nothing,
flat areas, but in harmony.” It is this
modification of the code that van Gogh
experiences as being expressive of calm
and restfulness. Does the painting of
the bedroom communicate this feeling?
None of the naive subjects I have asked
hit on this meaning; although they knew
the caption (van Gogh’s bedroom), they
lacked the context and the code. Not that
this failure of getting the message speaks
against the artist or his work. It only
speaks against the equation of art with
communication.

the possibilities are. This skeptical view is portrayed in a cartoon
by CEM, which appeared in The New Yorker, copyright 1961.



Premise: Pollution
control begins with effective
sensing and measurement.

For the job of
cleaning up water,
Honeywell has some
useful tools.

Clean, pure water is a simply-
stated goal. Yet achieving it
presents complex problems.

One industrial plant may
discharge carbolic acid. Another
may be the source of cyanide
effluents. Or chromium. Or both.
Public sewage wastes bear
bacteria and other biological
pollutants.

While there are treatments
for virtually every known water
pollutant, no single off-the-shelf
cure-all exists. Nor is it likely
to be found.

For that reason, the prompt,
practical answer lies in prevention,
Prevention that begins with the
sensing and measurement of
specific pollutants at each
potential source.

In this area, Honeywell
technology has developed certain
precise tools: sensors for dissolved
oxygen, pH, conductivity and
several other parameters affecting
water quality. Beyond that, our
long-term experience in control
equipment enables us to design
automated systems which can
make water treatment both more
effective and more economical.

Meeting today's water quality
standards is an important and
difficult job. For information
concerning our capabilities in this
or other aspects of
pollution control, please write
Mr. Richard Boyle, Director of
Environmental Programs,
Honeywell, 2701 Fourth Ave. So.,
Minneapolis, Minn. 55408.

We'd like to help.

Honeywell
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COMMUNICATION CHANNELS

Wires, coaxial cables and radio waves provide the principal channels

for telecommunications. In the near future optical channels should

make 1t possible to transmit information in any conceivable volume

hannels of communication take
C many forms and have many subtle

properties. They differ enormous-
ly in length and capacity and in the
speed and fidelity with which they
can transmit signals. Most interpersonal
communication is accomplished at dis-
tances of a few feet through a channel
provided by molecules of air. The chan-
nel is usually noisy and limited both in
capacity and in transmission speed. The
overwhelming bulk of information we
receive and act on in our waking mo-
ments is carried by electromagnetic ra-
diation in the form of light waves that
travel from a few inches (for example
the print on this page) to a few hun-
dred yards (for example traffic signals)
through a channel that pervades all
space. Although the channel is extreme-
ly noisy in certain parts of the electro-
magnetic spectrum and in certain parts
of the universe, its capacity is virtually
infinite and it transmits signals over any
distance at the highest velocity known:
3 X 101° centimeters, or 186,000 miles,
per second.

Perhaps the most remarkable chan-
nels of all are those in the nervous sys-
tem of vertebrate animals, where at any
given instant hundreds of millions or bil-
lions of impulses, all essentially identi-
cal, are traveling from the organs of
sight, hearing, touch, smell and taste
(and also from the muscles and various
internal organs) to the brain at speeds
ranging from a few meters to about 100

by Henri Busignies

meters per second. Each bundle of nerve
fibers has its own characteristic conduc-
tion speed; for example, the signals con-
veying muscle position travel at the
highest velocity, presumably because
balance and quick movement are abso-
lutely vital, whereas pain signals are
among the slowest. One cannot doubt
that the varying transmission speeds rep-
resent an optimization of the total bio-
logical communication system, achieved
over millenniums by progressive evolu-
tion.

In developing technical means of
communication inventors and engineers
have naturally sought to exploit chan-
nels that carry messages at the highest
possible speed. The most widely used
channels are twisted pairs of wires, coax-
ial cables (metal tubes about 3/8 inch in
diameter surrounding a thin central con-
ductor) and the free space between two
antennas, one for transmitting a signal
and one—or millions—for receiving it. In
limited service so far are the high-ca-
pacity electromagnetic channels known
as waveguides: carefully fabricated
tubes of round or rectangular cross sec-
tion that efficiently carry radio waves
whose length is measured in centimeters
or millimeters. In the laboratory much
work is being done on channels with
vastly higher capacities, “pipes” of vari-
ous kinds for carrying light: thin metal
tubes, glass fibers or ceramic fibers filled
with liquid [see illustration on opposite

pagel.

GLASS-FIBER CHANNELS, or similar “light pipes” now under development, are poten-
tially capable of carrying a prodigious volume of information. Operating at the frequency
of visible light or infrared radiation, a single optical channel should be able to carry mil-
lions of voice signals or thousands of television signals. The fiber is 175 microns in diam-
eter and in the photograph on the opposite page is carrying light of a wavelength of 6,328
angstroms produced by a helium-neon laser. The optical fiber is shown about actual size.
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The use of light to carry information
goes back at least as far as the smoke
signals used by the American Indians.
In the 1790’s Claude Chappe built a
communication network of semaphore
stations on the top of hills throughout
France. He also devised an alphabet
code based on the positions of the sema-
phore arms, which were mechanically
set by an operator at each relay point.
Although the scheme Chappe used for
modulating and demodulating signals
was extremely slow, the signals them-
selves traveled as fast as the microwave
signals beamed today between antenna
towers that occupy some of the same
hills Chappe had used for his sema-
phores. Plus ¢a change, plus c'est la
méme chose.

Electrical communication at a sub-
stantial distance was first demonstrated
in 1844 by Samuel F. B. Morse, who
sent a dot-dash message over a single
wire strung on poles between Baltimore
and Washington, with the earth serving
as a return conductor. In 1876 Alexan-
der Graham Bell demonstrated that the
human voice could be electrically trans-
mitted over wires. The first transatlantic
telegraph cable was completed in 1858,
and the first radiotelegraph message was
sent across the Atlantic in 1901. Com-
mercial transatlantic radiotelephony was
introduced in 1923, but high cost, lim-
ited capacity (one voice channel) and
limited national distribution discouraged
its use.

Transatlantic telephone calls finally
became popular with the opening of the
high-quality 36-channel cable in 1956.
Six years later the first active experimen-
tal communication satellite, Telstar, re-
layed the first live television pictures
between the U.S. and Europe. In 1965
Early Bird was placed in commercial
transatlantic service with 240 telephone
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PAIRS OF TWISTED WIRES provide the standard channels for carrying telephone con-

versations. With time-division multiplexing (see second illustration from top on page 111)
two wire pairs can carry 24 voice channels up to 50 miles with the aid of repeaters.

COAXIAL CABLES were introduced in the early 1940’s to carry from 12 to 24 voice con-
versations a few hundred miles. A coaxial cable for suboceanic use (top) consists of a cen-
tral conductor of copper surrounded by polyethylene insulation, all inside a copper cylin-
der. The latest transoceanic cables can carry 1,840 two-way conversations with the aid of

repeaters spaced every few kilometers. Cables for use underground (bottom) contain
from four to 20 or more coaxial cables, along with a number of wire pairs, inside a single
sheath. Each pair of cables can accommodate up to 2,700 two-way telephone conversations.

e———

WAVEGUIDES, carefully fabricated tubes some 7.5 centimeters in diameter, are efficient
carriers of radio waves ranging in length from about seven millimeters to less than three
millimeters. Waveguides have a potential capacity of 250,000 two-way voice channels.
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circuits. Today more than eight commu-
nication satellites are in synchronous
(“stationary”) orbits over the Atlantic,
Pacific and Indian oceans, beaming tele-
phone, television, telegraph, facsimile
and other signals to ground stations in 39
countries. In 1957 the total number of
international voice channels was only
1,000. There are now more than 25,000
such channels, and it is predicted that
the number will grow tenfold in the next
10 years.

r l’wo related concepts are fundamen-
* tal in discussing channels of electri-
cal communication: bandwidth and fre-
quency. Both are related to the rate
at which a source generates informa-
tion. Let us imagine that the informa-
tion source is a mechanically activated
“printer” that punches holes a millimeter
in diameter in a paper tape, creating a
coded message consisting of holes or the
absence of holes and representing bits
or the absence of bits of information. If
the printer can punch up to 10 consecu-
tive holes per second and if the tape is
used for transmission at that rate, the
bandwidth necessary for transmission is
at least 10 cycles per second (10 hertz).
If the printer can punch a million holes
per second, and again if the tape is used
for transmission at the equivalent rate,
the source will be said to have a band-
width of a million hertz. By the same
token, in order to carry a signal of that
bandwidth one needs a channel able to
accommodate frequencies of up to a mil-
lion hertz in order to transmit the infor-
mation at the rate at which it is pro-
duced.

This rule of a minimum bandwidth of
one hertz for one bit of information can
be transcended by some elaborate com-
binations of modulation techniques. In
general, however, no more than one
piece of information can be “printed” on
each wave of a signal. Therefore if one
desires to transmit the human voice,
most of whose frequencies lie between
300 and 4,000 hertz, one must use an
electrical signal with a frequency or
bandwidth of at least 4,000 hertz. (In
some cases the voice-channel bandwidth
is limited to 3,000 hertz, which still pro-
vides adequate quality.) The human ear,
however (when it is young and healthy),
responds to frequencies as high as 15,-
000 hertz or even 20,000. If one wishes
to transmit music with high fidelity, the
required bandwidth is 15,000 hertz. The
bandwidth required for television is
much higher. Each U.S. television sta-
tion is assigned a bandwidth of six mega-
hertz (million hertz), of which the color-
picture signal effectively uses about 4.5



megahertz. The digital data produced
by computers can also require band-
widths of up to several megahertz.

The total process of electrical com-
munication involves not only choosing
an adequate bandwidth but also select-
ing a method for multiplexing signals or
modulating carrier waves, minimizing
the noise introduced by various com-
ponents in the system and designing re-
peaters for amplifying signals to raise
their level periodically in order to com-
pensate for transmission losses over long
pathways. It is obvious that costly com-
munication pathways (between micro-
wave towers, for example) cannot be
dedicated to handling a single message
but must provide for the simultaneous
transmission of many messages: tele-
phone conversations, computer and busi-
ness data, television signals and so on.
This is done either by frequency-divi-
sion multiplexing or time-division multi-
plexing.

In frequency-division multiplexing
the original frequencies of a number of
signals are transposed and arranged side
by side to constitute in effect one wide-
band signal. In time-division multiplex-
ing, a more recent development, the
various input signals are sampled repeti-
tively and their instantaneous ampli-
tudes (or the digital equivalents of their
amplitudes) are transmitted sequential-
ly. At the receiving terminal the samples
are reassembled to reconstruct the origi-
nal signals [see top illustrations on page
111]. In this way thousands of signals,
often of different kinds, are transmitted
simultaneously with negligible interfer-
ence among them.

When signals of the same bandwidth
or different bandwidths are multiplexed
by either method, the total bandwidth or
frequency required cannot be less than
the sum of the individual bandwidths
(together with a little margin to provide
separation). This is most easily seen in
frequency-division multiplexing, For ex-
ample, 10,000 voice channels of 4,000
hertz (margins included) would require
10,000 times 4,000 hertz, or 40 mega-
hertz. Ten U.S. television channels, each
with a bandwidth of six megahertz in-
cluding margins, would require a band-
width of 60 megahertz. To handle 10
television channels in addition to 10,000
voice channels would require a band-
width of at least 100 megahertz, plus
substantial margins. An energy carrier,
whatever it may be, must have a fre-
quency definitely higher than the total
bandwidth of all the signals it is sup-
posed to carry. A carrier signal is used
in all forms of radio transmission. In
coaxial-cable transmission no carrier is

EXTREMELY LOW FREQUENCY (ELF) |

VOICE FREQUENCY (VF)
VERY LOW FREQUENCY (VLF)

LOW FREQUENCY (LF)

MEDIUM FREQUENCY (MF)

HIGH FREQUENCY (HF)

VERY HIGH FREQUENCY (VHF)
ULTRAHIGH FREQUENCY (UHF)
SUPERHIGH FREQUENCY (SHF)
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30-300 HERTZ
300~3,000 HERTZ
3-30 KILOHERTZ
30—300 KILOHERTZ
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3-30 MEGAHERTZ
30-300 MEGAHERTZ
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30—300 GIGAHERTZ
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ONE KILOHERTZ
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1,000 HERTZ

1,000,000 (108) HERTZ

1,000,000,000 (10°) HERTZ
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VOICE UNIT OF 4-KILOHERTZ
BANDWIDTH ASSIGNMENT

TELEVISION UNIT OF 6-MEGAHERTZ
BANDWIDTH ASSIGNMENT

SPECIAL TERMINOLOGY has grown up to designate various segments of the radio-fre-
quency spectrum from 30 hertz (cycles per second) to 300 gigahertz (billion cycles per sec-
ond). U.S. television stations, for example, have been assigned 12 channels in the VHF
region and another 70 channels in the UHF region. The informal contractions VU, for

“voice units,”

and TVU, for “television units,” are used in the illustrations on the next

three pages as a measure of the potential channel capacity of various frequency bands.

used; the signals are simply added after
frequency transposition so that they oc-
cupy adjacent regions of the total trans-
mitted bandwidth.

rl‘he most widely used processes of
modulation are amplitude modula-
tion (AM), frequency modulation (FM),
pulse amplitude modulation (PAM) and
pulse code modulation (PCM). The sev-
eral modulation schemes can also be
combined in various ways. The energy
being modulated can be in the form of
direct current, alternating current and
currents of higher and higher frequency
up to many millions of hertz. The energy
can be transmitted on electrical conduc-
tors (such as telephone wire pairs and
coaxial cables) or through space in the
form of electromagnetic waves extend-
ing over an enormous range of frequen-
cies, from as low as 10,000 hertz to 40
gigahertz (billion hertz) and beyond.
Radio waves with frequencies between
20 and 90 gigahertz are well suited for
transmission in waveguides. Electromag-
netic waves in the infrared and visible
region of the spectrum, with frequencies
in the vicinity of 500,000 gigahertz (500
terahertz), are conveniently carried in
optical waveguides or by optical fibers.
A carrier’s energy can be modulated
in various ways. The first modulation
system to be developed for radio was
amplitude modulation, in which the
original signal, say a sound wave, direct-
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ly alters the carrier wave’s power or am-
plitude, that is, its up-and-down oscilla-
tion [see illustration on page 109]. As is
well known, AM radio signals are sub-
ject to many sources of “static,” or at-
mospheric noise. The noise is generated
by electrical storms, by the aurora bore-
alis, by the sun or by radio-emitting ob-
jects in galactic or extragalactic space
and by electrical devices of all kinds. In
the early 1930’s Edwin H. Armstrong in-
troduced the idea of using frequency
modulation as a way of reducing noise
andimproving the quality of the received
radio signal. In FM the frequency rather
than the amplitude of the carrier wave
is modulated [see top illustration on
page 110]. In practice, to obtain the de-
sired benefits an FM radio signal must
have a bandwidth several times as wide
as an AM signal. The engineer says that
FM trades bandwidth for noise. In AM
if the amplitude of modulation is to be
increased, the power must be increased
proportionately. In FM the amplitude of
the frequency modulation can be in-
creased without increasing the power at
all. This is the basic difference between
the two systems. In addition, since the
amplitude of the FM carrier is constant,
limiters can be used to reduce impulse
noise.

AM was adopted for the transmission
of the video part of the commercial tele-
vision signal partly because it was con-
sidered easier to generate than an FM
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signal but chiefly because it requires
considerably less spacel in the radio
spectrum. On the other hand, the audio
part of the television signal is transmit-
ted by FM. Most coaxial-cable systems
successfully employ single-side-band
AM signals because they require a mini-

mum of bandwidth. With the develop-
ment of microwave-relay systems, how-
ever, FM was adopted for much the
same reasons that it is preferred for
transmitting audio signals in radio and
television.

Each repeater used in coaxial cables

< NOT ALLOCATED

and each relay station used in micro-
wave links adds some noise, mostly from
its input circuits. The total must be less
than values specified as acceptable by
committees of the International Tele-
communication Union of the United Na-
tions (ITU).
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RADIO-FREQUENCY SPECTRUM is precisely allocated among a
wide variety of competing communication services by international
agreements. The part of the total electromagnetic spectrum poten-
tially useful for telecommunications is depicted on these two pages
and continues on the next page. The officially allocated part of the
spectrum extends from 10 kilohertz (wavelength 30 kilometers) to
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40 gigahertz (wavelength 7.5 millimeters, or 7,500 microns). The
wavelengths corresponding to the various other frequencies are
shown along the top of the illustration. The region between 10 kilo-
hertz and 40 gigahertz is densely populated by communication ser-
vices of various kinds, the most important of which are identified in
the lower half of the illustration. Although this frequency region of
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The existing technologies for design-
ing against noise, distortion and interfer-
ence from outside sources are complex
but well understood. The main problem
is to find solutions that are economically
acceptable. For example, one of the new-
est and most noise-resistant transmission

methods, the pulse code modulation
(PCM) invented more than 30 years ago
by Alec H. Reeves of Britain, has been
made increasingly attractive by the de-
velopment of solid-state-circuit technol-
ogies also incorporated in computers. In
pulse code modulation the signal consists

of a rapid sequence of pulses of con-
stant amplitude arranged in binary-code
groups (sequences of 0’s and 1’s) that
correspond to numerical values [see bot-
tom illustration on page 110]. The nu-
merical values represent the amplitude
values needed to re-create the shape of

=TERS 30 METERS 3 METERS 30 CENTIMETERS 3 CENTIMETERS
WAVELENGTHS
/RS OF WIRES AND COAXIAL CABLES (FIXED COMMUNICATIONS)
RADIO
e N
2,250 VU 22,500 VU 225 « 103VU 225 x 104 VU 225 « 105 VU
15 TVU 150 TVU 1,500 TVU 15,000 TVU
BANDWIDTHS EXPRESSED IN VOICE UNITS (VU = 4 KILOHERTZ) OR TV UNITS (TVU = 6 MEGAHERTZ)
LOHERTZ 10 MEGAHERTZ 100 MEGAHERTZ 1,000 MEGAHERTZ 10 GIGAHERTZ
=GAHERTZ 1 GIGAHERTZ
10,800 CHANNELS (60 MEGAHERTZ) WAVEGUIDES
£ 20 GIGAHERTZ
TV AND CATV TRANSMISSION (270 MEGAHERTZ) _
-
RADIO 5
-
w w £ w (7)) 2Z2 ZZ 2w Z < W
2uf9uz s 20 $8 < 2848 < k2 4Bgof B 8 323 88 588L238 &=
CRE@C E EYX ExX @ EX@F Q J5 @ FE £« 4 < ESF FE EEEXB E £ @
ESuQE g oEL FoL E qZQ3Z E gz Q « 8a § o < 8 a0 << <0 « <« 0O
<9432 % <2 @ 2 £ -3 2 S 290 Zw £ g g TQ 90 989 =28 Q9=
02g“s £ 0% £ =T Q9 g3 T 23 0S8 < < Z 23 250 S Oqp
z2032 & 26 avg Iz E ek = ey DS =R IR S i A = “uw
2% « o € 0 S35 c 25 920 2 EGg Q9 = 22 2229 Z RO
SXc u f W w g uw S¥% oy © 2 © =2 22 200 O ok
sbo <« a < < © S5 < 255 <32 £ 25 < O QQOWOF < 2 =
oz T 8“:"" €52 < dac @ O OOCEOZ < ¢
(S == = e 9@ S wywwswao o
5 22 322 ho > iz EESED
- Z0 8 20 z2p = <2 Jr e
w Wwen
i o BOQESS
w e SRoBR o v
2 i S 1S
ROAD
ASTING LONG-DISTAN(.E)ENgH':O)I:!g‘\DIVA(\gED (VHF) (UHF) MICROWAVE LINKS
COMMUNICATI IXED MODULE MMUNICATION SATELLIT
FOR ALL APPLICATIONS Tt e O § SATEELTES
BROADCASTING
AVIGATION TELEVISION RADIO NAVIGATION
INSTRUMENT-LANDING
SYSTEMS
LOHERTZ 10 MEGAHERTZ 100 MEGAHERTZ 1,000 MEGAHERTZ 10 GIGAHERTZ !
EGAHERTZ 1 GIGAHERTZ 40 GIGAHERTZ

FREQUENCIES (HERTZ

o

the spectrum is broadly designated “radio,” co

nels at the lower end of the region are often supplied by material
conductors: wire pairs and coaxial cables. An important feature of
the frequency spectrum is that the information-handling capacity

of a channel increases directly with frequency.

channel is commonly expressed by the bandwidth, which is equiv-

)

mmunication chan-

The capacity of the
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alent to the frequency. Thus a standard voice signal is assigned a
bandwidth of four kilohertz, whereas a standard U.S. television
signal is assigned a bandwidth 1,500 times greater (six megahertz).
The number of voice units (VU) and television units (TVU) that
could be potentially carried in each segment of the frequency
spectrum are indicated in the upper portion of the illustration.
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a signal, or the pulses can be used as a
code to represent data bits. The big
advantage of pulse code modulation is
that trains of pulses can be regenerated
almost perfectly by any number of re-
peaters over any distance, since the in-
formation is not related to the amplitude
of the pulses. This advantage is exploited
to reduce the effect of noise, which be-

! 100 GIGAHERTZ
40 GIGAHERTZ

EXPERIMENTAL PART OF THE SPECTRUM embraces frequen-
cies above 40 gigahertz and wavelengths shorter than about eight
millimeters. It seems likely that communications technology will
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1,000 GIGAHERTZ
1 TERAHERTZ

low a certain level is not transmitted at
all. In PCM transmission one pulse (or
one bit) per second requires at least one
cycle per second of bandwidth, but it is
often advantageous to use several times
as many cycles as bits.

In the 71 years since Guglielmo Mar-
coni first demonstrated his transatlan-
tic wireless telegraph, the useful radio

10 TERAHERTZ
FREQUENCIES (HERTZ)
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spectrum has been steadily expanded
to include ever higher frequencies and
has been divided and subdivided many
times to provide space for dozens of new
applications as they appeared [see illus-
trations on this page and the preceding
two pages]. The propagation of radio
waves in the atmosphere has turned out
to be enormously complex, being influ-

100 TERAHERTZ

skip much of the low-millimeter and submillimeter region and
jump directly to optical wavelengths, which are readily gener-
ated by lasers and light-emitting diodes and carried by light pipes.

1,000 TERAHERTZ



Of all the coppers available,
this is the one communications couldn’t do without.

This unconventional copper has been an es-
sential element in the development of modern
communications. It is OFHC* copper from
AMAX Copper, Inc.

In microwave tubes, undersea telephone
cables, diodes, transistors, magnet coils, and
a hundred other uses, its unique combination
of properties makes it the only copper able to
meet all communications requirements.

As the purest copper commercially obtain-
able in the world, its properties approach
the ideals for elemental metal. Purity
can be certified at 99.99%, con-
ductivity at 101% IACS.

Since World War Il, when the availability of
OFHC copper made possible the rapid ad-
vance of microwave equipment, the commu-
nications and electronics industries have
depended on it. They still do, because there
is no other copper like it.

OFHC copper is made only by a single un-
conventional copper company: AMAX Copper,
Inc., a subsidiary of American Metal Climax,
Inc., 1270 Avenue of the Americas, New York,
N.Y. 10020. To learn more about our coppers

and our company, please write.

ANMA>

COPPER,INC.






The instant image
and tumor detection.

In the potentially lethal game of hide-and-seek with a brain tumor, routine x-rays and
echoencephalograms often fail to reveal the pathology. So physicians are using the specific
tissue affinity of certain radioisotopes which, when introduced into the body, travel to the
target tissue. In our illustration, technetium 99m has concentrated in a tumor 1n the center of
the patient’s brain. The location and extent of the mass is revealed by a scanning sensor and recorded
on film. And, because it’s an instant photograph, the physician has immediate access to it, can
check it on the spot, and retake it if necessary, with minimal inconvenience to the patient and
minimal loss of precious time. In medicine, as in other disci-

. . . . ®
plines, when a permanent visual record is required, you can p I d
have it in moments with Polaroid L.and films and equipment. O arOI
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Leonardo da Vinci invented the ball bearing.

Parker makes it the beautiful way to write.

If Leonardo had known
what we know about
modern materials and

£ techniques, the Parker 75
¢ % Classic Ball Pen might
* have been invented in
1495.

Because what we’ve
done is take his anti-
friction idea, and make it an almost
effortless way to write: a ball pen that puts
down a crisp track at less than four ounces
of pressure.

Leonardo didn’t know about tungsten
carbide, the third-hardest substance there
is. We use it for the ball tip, and machine
it so accurately we can offer five different
point sizes. We even give it a microscopic

© 1971 THE PARKER PEN COMPANY, JANESVILLE, WISCONSIN, U.S.A.

texture, so it won’t slip on the paper.

He didn’t know about stainless steel,
with its astonishing resistance to corrosion
and wear. We fit the ball tip into a
precisely-made stainless-steel socket, so
the pen won’t balk or blob.

Leonardo did know about silver, and
how it becomes more beautiful the more
you use it. We make the case of the 75
Classic from sterling silver for a practical
reason too—it gives the pen a satisfying
heft and balance through hours of
comfortable writing.

He did know about ink, but not our ink.
It is so concentrated, there is so much of
it, and it is fed to the ball tip so efficiently,
that the 75 Classic Ball Pen writes better
months longer—three times longer than

© 1972 SCIENTIFIC AMERICAN, INC

the ordinary ballpoint.

All in all, the 75 Classic is so well made
we can give it this written guarantee: if it
fails to perform due to defects in materials
or workmanship during the owner’s
lifetime, we will repair or replace it—free.

Leonardo—artist, engineer, thinker—
would surely have made the pen as
graceful and elegant as we did. So give
the 75 Classic to someone who
appreciates beauty—the beauty of a
well-made thing.

Where else could you find a Renaissance
gift for a mere $122

$PARKER

World’s most wanted pens



enced by the layers of the ionosphere,
the presence of obstacles such as moun-
tains and buildings, and the curvature
of the earth. Each of these factors gives
rise to different effects, depending on
the wavelength of the electromagnetic
radiation being propagated. In very
general terms, as radio waves become
shorter than a few tens of meters they
increasingly resemble light in their tend-
ency to travel in a straight line but un-
like light they are little affected by rain,
snow and clouds.

Radio broadcasting began with waves

of medium length, corresponding to
frequencies lying between 200 and 1,500
kilohertz. It was soon found, however,
that for transoceanic communications
much lower frequencies (from three to
30 kilohertz) were preferable because
they can propagate long distances over
the earth, assisted by the D layer of the
ionosphere. Radio stations operating
at these frequencies needed antennas
many kilometers long and transmitters
with hundreds of kilowatts of power.
Moreover, the bandwidth was so narrow
that only low-speed telegraphy could be
transmitted. The first attempt to trans-
mit voice messages across the Atlantic
was made in 1923, using a frequency of
60 kilohertz and 200 kilowatts of power.
Although the transmitter operated for
several years, it was obviously not a solu-
tion for the future because it provided
room for so few voice channels; in fact,
only one channel across the Atlantic was
ever used.

Subsequently frequencies above 1,500
kilohertz were found to propagate much
farther than had been expected because
they were reflected once or several
times by the E and F layers of the iono-
sphere. Finally it was discovered that
“shortwave” frequencies (from three to
30 megahertz) can travel halfway around
the earth and more by being repeatedly
reflected between the F layer and the
earth. A fair amount of bandwidth was
available at these frequencies to com-
municate by voice or telegraph over
intercontinental distances and to com-
municate with ships on the high seas.
Unfortunately the connections were
subject to fading, and the frequencies of
transmission had to be changed periodi-
cally because the sun not only creates
the characteristics of the ionospheric
layers but also alters them, depending
on the hour of the day or night and on
the level of sunspot activity. In spite of
these drawbacks shortwave radio flour-
ished from 1926 into the 1960’s, when
submarine cables and then satellites pro-
vided more satisfactory transmission and

ORIGINAL SIGNAL

MODULATED SIGNAL
N |
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TRANSMITTED CARRIER SIGNAL (AMPLITUDE MODULATED)
I

Y -

AMPLITUDE MODULATION (AM) is the method most commonly used for modulating
radio signals in commercial broadcasting. In AM the amplitude of the original wave (top)
directly modulates the amplitude of a carrier wave of uniform frequency (middle), produc-
ing a transmitted carrier signal (bottom). At the radio receiver a rectifier, or detector, re-
produces the solid envelope (middle), which, deprived of alternating-current component,
represents the wave form of the original signal. This wave form actuates a loudspeaker.
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ORIGINAL SIGNAL

TRANSMITTED CARRIER SIGNAL (FREQUENCY MODULATED)
n

MMV VIV

FREQUENCY MODULATION (FM) was introduced some 40 years ago by Edwin ‘H. Arm-
strong to improve the quality of radio transmission. In FM the amplitude of the original
wave (top) is translated so that it alters the frequency of a carrier wave of constant am-
plitude. At the receiver the original wave form is recovered from the FM carrier signal.

ORIGINAL SIGNAL
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PULSE CODE MODULATION (PCM) was invented in 1939 by Alec H. Reeves of Brit-
ain to provide a signal highly resistant to noise. When PCM is used to transmit a voice
signal, the amplitude of the original wave is sampled 8,000 times per second and the sam-
pled values are translated into binary code groups consisting of 1’s and 0’s (positive and
negative pulses). Code groups seven bits long make it possible to measure the instantane-
ous amplitude of original wave to an accuracy of one part in 127. An extra digit (color) is
added to each group of seven for signaling and other functions, making the total number of
pulses 64,000 per second. At receiver sequence of pulses is decoded to obtain original signal.
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a veritable explosion in the number of
channels.

Over the past 50 years certain regions
of the radio spectrum have acquired
distinctive labels [sce illustration on
page 101]. For example, the region be-
tween three and 30 kilohertz is desig-
nated very low frequency (VLF) and the
region between three and 30 megahertz
is designated high frequency (HF). The
region between 30 and 300 megahertz
is designated very high frequency
(VHF); it is used for FM and television
broadcasting and for aviation and other
mobile communications. The region be-
tween 300 and 3,000 megahertz is des-
ignated ultrahigh frequency (UHF); it
provides even more television channels
than the VHF region and is used for
such services as aeronautical and mo-
bile communications, microwave relays,
meteorological satellites and radio-loca-
tion systems. Microwave radio links
operating in the superhigh-frequency
(SHF) region (from three to 30 giga-
hertz) make available large bandwidths
for carrying thousands of voice channels.
Because gigahertz waves require line-of-
sight pathways and because the earth is
round, relay towers have to be installed
every 30 or 40 kilometers, depending on
the terrain. Since microwave beams can
be focused in a beam as sharp as one or
two degrees, the same frequencies can
be used again and again in neighboring
systems, although limits are already be-
ing reached in densely populated areas.

A somewhat exotic form of microwave
transmission is known as tropospheric-
scatter transmission or over-the-horizon
transmission. It has proved useful for
military and civilian applications in re-
mote regions such as the Arctic, where
the terrain makes the installation of line-
of-sight relay towers difficult and cost-
ly. Microwave transmitters with 1,000
times the output power of conventional
relay transmitters are used to beam ra-
diation into the troposphere, where the
radiation is scattered earthward so that
it can be received over the horizon at
distances of 200 or 300 kilometers. The
capacity of such systems is limited to a
few hundred voice channels.

By all odds the most dramatic ad-
vance in long-distance communication
began with the successful placement of
the satellite Syncom III in synchronous
orbit over the South Pacific in 1964, in
time to relay live-television pictures of
the Tokyo Olympics. Since then four
types of communication satellite, Intel-
sat I (Early Bird) through Intelsat IV,
have been launched, each type at two or
three different longitudes. Some eight
satellites of the more advanced types are
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FREQUENCY-DIVISION MULTIPLEXING is the most widely ward in frequency to occupy 12 adjacent bands, each four kilohertz

used method for assembling tens, hundreds or thousands of voice wide, lying between 60 and 108 kilohertz. The 48-kilohertz com-
signals for transmission over a single medium. Here 12 voice chan- posite signal is then transmitted over the conducting medium.
nels each with a bandwidth of four kilohertz are transposed up- At the receiver the signal is demodulated into its 12 components.
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TIME-DIVISION MULTIPLEXING combines the noise-resistant form, as in PCM. The binary values of the samples are interleaved

properties of PCM with the economies of solid-state digital cir- and transmitted as a succession of 1’s and 0’s. Twenty-four time
cuits. Here 24 voice channels are sampled in sequence 8,000 times slots of eight digits (192 digits) plus a spare (193) are repeated
a second and the amplitude of each sample is represented in binary 8,000 times per second, for a total of 1,544,000 digits per second.

now in operation over the South Atlan-  channels, or various combinations of gional satellite systems are now being
tic, the South Pacific and the Indian voice and television channels adding up  planned for the U.S., Canada, Australia,
Ocean, with several older types in re- to the same bandwidth. This fruitful ap- New Zealand and Europe.

serve. Intelsat I had a capacity of 240  plication of space technology has linked Submarine cables nevertheless contin-
voice channels or one television channel.  together more countries with more chan-  ue to play a very important role. For ex-
The latest Intelsat has a capacity of nels at far lower cost than would have ample, the communication traffic across
5,000 voice channels or 12 television been possible by any other means. Re-  the North Atlantic represents 80 percent
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PROPAGATION PROPERTIES OF THE ATMOSPHERE differ primarily reflect high-frequency (HF) waves (from three to 30

markedly according to the frequency of the radiation being trans- megahertz). Waves of still higher frequency (VHF, UHF and SHF)
mitted. The atmosphere has a series of ionized layers designated follow line-of-sight pathways and hence must be relayed from
D, E, F, and F, that are created by sunlight and that have the abil- tower to tower for transmission over long distances. UHF waves
ity to reflect waves of particular frequencies. The D layer primar- can be transmitted over the horizon by the tropospheric-scatter
ily reflects or guides very-low-frequency (VLF) and low-frequency technique, in which signals radiated at high power into the tropo-
(LF) waves (from three to 300 kilohertz). The E, F; and F, layers sphere are scattered so that a useful sample returns to the earth.
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MICROWAVE-RELAY SYSTEMS provide
most of the “bandwidth miles” for carry-
ing television, telephone conversations and
business data over transcontinental routes. A
typical radio relay tower such as the one in
this photograph is equipped with two pairs
of horn-shaped antennas. One horn in each
pair acts as a receiving antenna, the other as
a transmitting antenna. The received signal
is amplified by a repeater at the base of the
tower before it is sent to the next tower,
which is usually 30 or 40 kilometers away.
Present transmission frequencies lie be-
tween two and 12 gigahertz. Beams of high-
est frequency can accommodate two high-
quality television signals or as many as 2,700
voice channels. Up to 16 beams of adjacent
frequency can share the same horn antenna.

112

of all international communications, and
a large part of it is advantageously car-
ried by submarine cables. Indeed, the
number of channel-miles supplied by ca-
bles tripled in the five-year period 1965—
1970, and it continues to increase rapid-
ly. It is recognized that the competition
from satellites has stimulated the rate
of progress in cable technology. For ex-
ample, the submarine cable linking Lis-
bon, Portugal, with Capetown, South
Africa, a distance of 5,873 nautical
miles, provides 360 telephone circuits
with the aid of 624 repeaters and 50
equalizers. Cables being designed for
the late 1970’s and the 1980’s will have
capacities ranging from 4,000 to 10,000
voice channels, and one cable is under
development with 30,000 channels.

For the more distant future develop-

ments in optical-fiber transmission
could lead to new kinds of underground
and submarine cables with virtually un-
limited capacity. The light source for
optical-fiber transmission can be either
a laser or a light-emitting diode. In the
early experimental fiber transmission
systems light was attenuated so rapidly
that in actual practice repeaters would
have been needed every few hundred
meters. Recently fibers a fraction of a
millimeter in diameter have been im-
proved to the point that the attenuation
of laser light is only about 20 decibels
per kilometer; in other words, 1 percent
of the original light emerges after trav-
eling one kilometer. With an attenuation
of 20 decibels per kilometer repeaters
could be spaced between two and six
kilometers apart. That is about the same
spacing as is now used in the repeaters
for large coaxial cables. Although light
can be conducted through carefully fab-
ricated pipes a centimeter or so in diam-
eter with an attenuation of only a few
decibels per kilometer, thus needing
fewer repeaters, light pipes have the
drawback that they must either be per-
fectly straight or be provided with opti-
cal means for bending the rays wherever
the pipe bends.

The bandwidth capacities of optical
fibers are truly extraordinary: millions of
voice channels or thousands of television
channels on a single beam, when suit-
able light sources, modulators, light re-
peaters and sensitive receivers are devel-
oped. It is difficult to predict whether
practical components will be available
in 10 years or 20, but it seems likely that
the systems will be ready before the
need for millions of voice channels ar-
rives. Meanwhile, perhaps still in the
1970’s, one can expect to see the con-
struction of light communication sys-
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tems with more modest, but still enor-
mous, bandwidths: 20,000 to 50,000
voice channels.

It is important to emphasize that
whenever the technology changes in one
area of telecommunications, such as the
potential use of optical fibers to provide
abundant channel capacity at relatively
low cost, it is necessary to rethink the
technology used in other parts of the to-
tal system. There is, for example, a close
relation between channel costs and
switching costs. If one user wants to cor-
respond with another user frequently
and on an exclusive basis, it makes sense
to set up a “dedicated” channel between
the two. It is obvious, however, that
dedicated channels cannot be provided
to connect all users of a public commu-
nication service. The alternative is to
create an “on demand” connecting, or
switching, system [see “Communication
Networks,” by Hiroshi Inose, page 116].
The first telephone switching systems
were actuated by human operators; to-
day the job is done automatically by
means of a dial or “Touch-Tone” ter-
minal on the user’s telephone.

Originally an electromechanical oper-
ation, switching has become increasing-
ly electronic and has been placed under
computer control. The switching is done
at one location or many, depending
chiefly on the distance separating the
two users. In order to connect switching
centers many channels of communica-
tion are needed. It is clear that the
cheaper the channels of communication
become, the more direct channels can
be provided between cities, with a con-
sequent reduction in the number of in-

termediate switching points.
A new direction in communication
channels is the progressive develop-
ment of coaxial cable television. This sys-
tem was originally introduced to bring
television to viewers in remote or hilly
regions, where UHF and VHF radio
waves do not reach rooftop antennas. A
tall community antenna is erected on a
line of sight with one or more television
transmitters, and the received signals
are distributed by a coaxial cable system
to homeowners. Similar systems were
later installed within cities, where build-
ings often block a direct signal and give
rise to “ghost” images, which are partic-
ularly objectionable in color television.
Pictures supplied by cable are usually
much better. In the next stage of devel-
opment the cable concept was extended
to distribute programs that serve educa-
tional and other purposes.
The latest development in that field
is “interactive” television, which enables



the viewer to participate in a program
by answering questions or actually ex-
pressing his views. Such systems are
being tested, using several types of
terminal for returning signals. Genuine
audience participation is probably not
feasible unless the number of viewers
involved in the exchange is limited to no
more than perhaps 30 people in differ-
ent locations. Any program worth show-
ing at all, however, would presumably
stimulate the response of hundreds of
people if not thousands. Programs of
regional interest could easily generate
response from tens of thousands. In such
cases the viewer’s contribution would
have to be limited to an indirect re-
sponse, by means of a special terminal
that will transmit coded signals to a cen-
ter where they can be recorded, de-
coded and analyzed.

Other kinds of interactive terminal
are clearly evolving for the purposes of
banking, shopping and securing infor-
mation from some central source, for ex-
ample a library. It should not be long
before important letters are sent as elec-
trical messages, not simply in teletype
form but as documents having the ap-
pearance of ordinary typed letters. They
will be transmitted from desk to desk
(perhaps telephone to telephone) in a
matter of minutes; documents that need
to be transmitted only within a few
hours can be reserved for transmission
at night.

Since such developments will tend to
accumulate large amounts of informa-
tion, steps will have to be taken to elimi-
nate information that has become obso-
lete. The decisions to be made as we
move into a new era of high-speed, high-
volume information traffic will be diffi-
cult and require much thought and care.
There is in addition the important matter
of preserving privacy.

Although some parts of the radiofre-
quency spectrum are already crowded,
there will be no shortage of communica-
tion channels as far ahead as anyone can
see. We can also expect new inventions
to relieve the heavily loaded parts of
the spectrum. From now on radio will
be reserved mostly for satellites, mobile
services (particularly air-traffic control),
navigation and radar systems, space and
military needs, and radio and television
broadcasting, in short, for those applica-
tions where radio is indispensable. There
will be unlimited capacity for communi-
cation through coaxial cables, wave-
guides and optical fibers. Their expand-
ed use will require negligible amounts of
energy, create no problems of pollution
and place few, if any, strains on the en-
vironment.

Indianapolss...
city eager to learn

We’re making brainpower grow in Indianapolis. One fertile field will be the
proposed Indianapolis Center for Advanced Research. It’s to be located in the
heart of the new Indiana University /Purdue University city at Indianapolis
and will specialize in advanced bio-engineering research. This will enable it to
draw upon the combinedfacilities and expertise of one of the nation’s top
engineering schools and one of its largest medical schools.

Private education is also moving ahead in Indianapolis with the construction
of Butler University’s new 10-million dollar science complex. The heart of it will
be the Holcomb Research Institute which will explore new frontiers in
environmental biology.

With the exciting prospect of two new research centers plus the swiftly
expanding IU/PUI complex, Indianapolis is looking forward to a rich harvest
of talent and knowledge. We’d like you to share it with us.

Get all the facts on Indianapolis. Write John Hardy, Area Development
Director, Department 230, Indianapolis Power and Light Company, 25 Monument
Circle, Indianapolis, Indiana 46204. He can tell you more about our city stretching
its legs. And he can help you in the areas of marketing
and answer questions about plant construction on the

more than 10,000 available acres of plant sites in and INDIANAPOLIS
around Indianapolis. Write today for the fact-filled R
brochure, Data On Indianapolis. LIGHT
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Problem

Modern business is caught up in a Inthe early 60’s, Herman Miller and
constant current of change. .. the Herman Miller Research Corpora-
change so rapid that the conventional tion, under the direction of Robert L.
office facility restricts, confines and Propst, set out to find a solution.
stifles the vitality of both individuals

and organizations. After 6 years of research that solution

was introduced —Action Office I, an
open ended system of free standing
panels and panel mounted work
support components.

L4 herman miller
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Solution

During the past four years Action Action Office 2 is now at work serving
Office 2 has continued to grow and over 2,000 businesses with the flexi-
change just as the environment it bility they need to adjust to change.
serves. An on-going research pro- To find out how it can serve you,
gram has extended it into new sectors please write Herman Miller Inc.,

of the office . .. enhanced it with new Zeeland, Michigan 49464, Herman
fabric and colors ... added compo- Miller of Canada, Ltd., 1883 Yonge
nents that support highly specialized Street, Toronto 7 or Herman Miller
functions . .. and provided new tools United Kingdom, Bath, England.

that help organizations manage their
facilities and adjust to change.

action office 2
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COMMUNICATION NETWORKS

A channel with many sources and many destinations forms a network.

Effective networks call for good switching and resourceful design

to minimize the number of branches and to maximize their capacity

he complex social and economic
| activities of a modern society are
organized, developed and sup-
ported by three major networks: the
transportation network, the power net-
work and the communication network.
The flow of passengers and freight, the
flow of energy in the form of electricity
and the flow of information provided
by these networks combine the actions
of individuals in diverse locations into
an integrated whole. The communica-
tion network is probably the most vital.
It clearly plays an indispensable role in
almost all aspects of social and economic
activity, including the regulation of the
transportation and power networks. To-
day some 250 million telephone sets
scattered around the world can be con-
nected arbitrarily and almost instan-
taneously through the worldwide tele-
phone network, which includes ocean
cables and communication satellites.
The radio and television broadcasting
networks provide the people of the
world with on-the-spot news reports,
entertainment and educational programs
through a billion radio and television re-
ceivers. The world is densely covered
with an enormous invisible net by which
each citizen is constantly exposed to in-
formation.

There has been remarkable progress
in communication technology since the
invention of the telegraph by Samuel
F. B. Morse in 1837 and the invention of
the telephone by Alexander Graham Bell
in 1876. The communication network

by Hiroshi Inose

was born right after the invention of
telephony. The conveniences provided
by the network have stimulated the
rapid growth of complex social and
economic activities, which in turn have
placed ever increasing demands on the
network. This positive-feedback process
will be intensified in the years ahead. To
choose only one example, the demand
for toll telephones is estimated to in-
crease by at least 15 percent per year.
Taking into account the rapid growth of
data communication and other commu-
nication demands, the present communi-
cation network may double in less than
five years and quadruple in less than 10.
The growth rate of intercontinental tele-
phone calls is estimated to be even
greater. If the present annual growth of
30 percent continues, the intercontinen-
tal communication network may double
in three years and quadruple in six.

Not only is the communication net-
work expanding; it is also advancing
qualitatively through innovations in
technology. Many of these innovations
have had dramatic effects. The transis-
tor, which was invented in 1948 at the
Bell Telephone Laboratories, opened a
new area of solid-state electronic tech-
nology. As a result it is now possible to
switch telephone econnections electroni-
cally rather than electromechanically
(with relays), and therefore to switch
them faster and more efficiently. Com-
munication by satellite has become a
reality, and in general the communica-
tion network has been made more eco-

PART OF A PRIMITIVE COMMUNICATION NETWORK appears in the photograph on
the opposite page, which shows a festoon of telephone wires at Broadway and Cortlandt
Street in New York around 1883. Later poles were as much as 90 feet high and carried 30
crossarms supporting 300 wires. There were similar scenes in large cities in the U.S. and
other countries, reflecting the rapid growth of the telephone network. The wires were un-
sightly in good weather and dangerous in storms; they were often blown down by high

winds, dragging the poles with them. After turn of the century wires were laid underground.
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nomical and reliable. Similarly, broad-
casting has established a leading po-
sition in mass communication, supported
by (among other things) a flood of tran-
sistorized radio and television receivers.
At the same time the invention of the
transistor led to a revolution in informa-
tion processing by bringing the elec-
tronic computer into practical and re-
liable existence.

The rise of the telephone network
stimulated research into the theory of
networks in order to provide the most
efficient way of organizing and utilizing
the network. The direct connection of
each telephone set to every other set in
the network was inefficient and economi-
cally prohibitive. It was much more sat-
isfactory to have a switching center with
access to each telephone set; the connec-
tion between the sets was made by an
operator in response to the request of
the subscribers. The link between a tele-
phone set and a switching center is
known as a subscriber line. When a con-
nection was required between telephone
sets in different locations that were geo-
graphically far apart, it was found to be
more convenient to set up a switching
center called a local office in each of a
number of areas and to connect the local
offices by means of a second type of link
called a trunk. Still another type of
switching center, the toll office, was later
introduced to connect the trunks for net-
work economy. A modern telephone net-
work therefore consists of a large num-
ber of terminals (telephone sets) inter-
connected by a large hierarchy of links
and nodes between them.

Automatic electromechanical systems

are used extensively in most switch-
ing centers, although manual switch-
boards still exist in some smaller remote
communities. Electronic switching sys-
tems, which are controlled by special-
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purpose electronic computers, are rapid-
ly replacing electromechanical systems,
first in the local offices and then in the
toll offices. A typical electronic switching
system consists of two major parts: the
switching network (which corresponds
to the switchboard in the manual system)
and the common control (which corre-
sponds to the operator). The electronic
switching system differs substantially
from the manual system, however, in
that it is much more than a simple com-
bination of jacks and plugs, and the
common control can handle several
thousand connections simultaneously.
The switching network is a combina-
tion of a large number of contacts or
their electronic equivalent that provide
a path between an inlet and an outlet;
the connection might be between two
subscriber lines or a subscriber line and
a trunk. The object of such a design is
to reduce the number of crosspoints as
much as possible. Consider a simplified
model of a switching network in which
N incoming lines are connected to N
outgoing lines. The simplest way to or-
ganize the network would be to use an
N-by-N matrix in which every line would
cross every other line and a contact
would be placed at each of the cross-
points. The number of crosspoint switch-

es in this single-stage configuration is
N2, and the number quickly gets out of
hand for larger values of N.

The number of crosspoints can be
considerably reduced by employing a
more sophisticated arrangement called a
multistage network [see illustration on
page 121]. In a three-stage network, for
example, the first stage consists of n
matrixes each having m = N/n inlets
and [ outlets; the N incoming lines are
connected to the inlets. Similarly, the
third stage of the network consists of
n matrixes each having [ inlets and m =
N/n outlets; the N outgoing lines are
connected to the outlets. The second, or
middle, stage of the network consists of
I matrixes each having n inlets and n
outlets. The connections between stages
are made in such a way that the n inlets
of each of the second-stage matrixes are
connected to each of the n first-stage
matrixes, and the n outlets of each of the
second-stage matrixes are connected to
each of the n third-stage matrixes. The
number of crosspoints in this configura-
tion is 2lmn 4 Im2. If for the sake of
simplicity we assume [ =m =n = /N,
the number becomes 3N\/N, which is
obviously smaller than N2. The saving
becomes significant for larger values of
N. If N is 10,000, the single-stage net-

[ ™~ TRUNKS
— g TRUNKS. |
_— SWITCHING swwcmus\
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DIRECT CONNECTION between all the telephones of a communication network requires
a large number of telephone lines. For example, 10 telephones linked in this way would
require 45 lines (a). A switching office installed between them reduces the number
of lines to 10 (b). If the telephones are separated by some distance, trunks connecting
the local switching offices reduce the length of each of the individual subscriber lines (c).
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work requires 100 million crosspoints
and the three-stage network requires
only three million. The number of cross-
points can be reduced even further with
a larger number of stages in the switch-
ing network; six-stage and eight-stage
networks are commonly employed in a
large switching system.

In exchange for the economy gained the

multistage network has an inherent
problem called internal blocking. Let us
assume that an incoming line in one of
the first-stage matrixes is to be connected
to an outgoing line in one of the third-
stage matrixes. The congestion is worst
when the rest of the incoming lines of
the first-stage matrix and the outgoing
lines of the third-stage matrix are us-
ing connections in different second-stage
matrixes. The number of second-stage
matrixes engaged is 2(m — 1); in order
to make the connection at least 2(m —
1) + 1 second-stage matrixes are needed.
If the number of second-stage matrixes
is less than this, the switching network
cannot always connect any given in-
coming line with any given outgoing
line. A switching network free of in-
ternal blocking is called a nonblocking
network. The principle of such networks
is interesting, but they generally require
a larger number of crosspoints than net-
works with internal blocking. In the pre-
ceding example, where l=m=n=
VN, the nonblocking three-stage net-
work needs 21/N — 1 second-stage ma-
trixes. The required number of cross-
points is 6N\/N — 3N; if N is 10,000,
the number of crosspoints is 5.97 mil-
lion. A way of drastically reducing the
number of crosspoints in switching sys-
tems is time-division switching, to which
1 shall return.

One of the functions of the common
control of an electronic switching net-
work is to detect the request for service
or the termination of any randomly oc-
curring call. A scanner sequentially mon-
itors the subscriber lines and trunks for
changes of current. When it detects a
request for service, a signal-distributor
sends a dial tone to the calling subscrib-
er. When the subscriber dials, the scan-
ner checks his line more frequently and
obtains the dial information, that is, the
directory number. The directory num-
ber is translated into an equipment num-
ber that indicates the physical location
of the line to the person who was called.
If, for example, the called subscriber be-
longs to the same local office, the switch-
ing network searches for a path that will
connect the two lines. When the path is
found, the signal-distributor sends elec-
trical signals to ring the telephone of the
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COMMUNICATION NETWORK consists of a hierarchical ar-
rangement of terminals with many links and nodes. In the case of
the telephone network the terminals are telephone sets. A node is
a switching center for routing telephone calls. A link is a number
of twisted wire pairs or coaxial tubes in the form of a cable or a
microwave-relay station. The end office (EO) is of the lowest eche-
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lon in the hierarchy, working as a local office; the toll offices range
from toll centers (T'C) to district centers (DC) to regional cen-
ters (RC) depending on each office’s scope and responsibility. This
same basic pattern of a communication network is found in
broadcasting; the terminals are television or radio receivers, the
nodes are broadcasting stations and the links are the radio waves.
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called subscriber and sends ringback
tones to the caller. The path is held
during conversation; when the scanner
detects the termination of the call, the
path is traced in the switching network
and the contacts are disconnected. In
the event that no path is found or the
called subscriber is talking with some-
one else, a busy signal is sent to the
caller.

All these operations are performed
under the control of a special-purpose
computer with two kinds of memory: a
temporary store and a semipermanent
store. The temporary store is a ferrite
core memory or its equivalent and is
used for processing the call. The semi-
permanent store is a read-only memory
for storing programs and translation.
Magnetic drums are used in some sys-
tems. The processing of a call generally
requires several thousand computer
steps to set up the connection and re-
lease it.

In the telephone network the sub-
scriber lines and some of the lower-
echelon links consist of a pair of twisted
wires that transmit speech signals in
both directions. Higher-echelon links
employ coaxial cables and microwave
relays that can transmit many speech
signals simultaneously. In order for
speech to sound reasonably natural and
well articulated the telephone network
has to be able to handle signals cover-
ing a band of frequencies from 300
hertz (cycles per second) to 3,400 hertz.

The pair of twisted wires generally has
a bandwidth of more than 100 kilohertz
(100,000 hertz) and a coaxial cable a
bandwidth of more than 100 megahertz
(100 million hertz). Repeaters are pro-
vided along the transmission line to com-
pensate for the attenuation and distor-
tion of the signal introduced by the
characteristics of the line itself.

In order to accommodate a number of

speech signals on one line, frequency-
division multiplexing was developed and
has been used extensively. The tech-
nique takes advantage of the fact that
speech signals have a bandwidth of
roughly four kilohertz whereas the twist-
ed wires on which they may be trans-
mitted have a bandwidth 25 times larg-
er. By means of modulators each speech
signal is assigned to a channel of a cer-
tain frequency that is four kilohertz
from the frequency of the next channel,
and all the signals are sent simultaneous-
ly. At the receiving end demodulators
bring back the individual speech signals
at their original frequencies.

A second method of sending a number
of speech signals over a common trans-
mission medium is called time-division
multiplexing. A pair of switches, one at
each end of the transmission line, rotate
synchronously across 24 contacts. At the
transmitting end 24 different speech sig-
nals are fed to the contact; as the switch
rotates, the 24 signals are chopped, and
the signal fragments are sent successive-

SUBSCRIBER SWITCHING T T -
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COMMON CONTROL electronic switching system for local telephone offices consists of
two major parts: a switching network (gray) and a common control (light color). A scan-
ner sequentially monitors the subscriber lines and trunks for changes in electric current.
When it detects a request for service, a signal-distributor sends a dial tone to the calling
subscriber. When the subscriber dials, the scanner checks his line more frequently to
obtain the directory number, which indicates the physical location of the line to the per-
son who was called. The switching network searches for a path that will connect the two
lines. When the path is found, the signal-distributor sends electrical signals to ring the
telephone of the called subscriber. These operations are performed under the control of a
special-purpose computer (central control) with two kinds of memory: a temporary store
for processing the call and a semipermanent store for storing programs and translation.
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ly over the common transmission line. At
the receiving end the second switch, if it
is properly synchronized with the first,
rotates across its 24 contacts and sepa-
rates the signals. The process is called
sampling; if the switches rotate faster
than 6,800 revolutions per second, a
speech signal with an upper frequency
of 3,400 hertz can be completely recov-
ered. In practice the sampling rate is
8,000 revolutions per second, and each
signal is sampled once every 125 micro-
seconds. The sampled speech signal ap-
pears as a pulse, the amplitude of which
is proportional to the amplitude of the
speech signal at the instant it was sam-
pled. The amplitude of the pulse, how-
ever, is subject to distortion and noise
as it is transmitted. The situation can be
improved if this single pulse is convert-
ed into a train of on-off pulses of uni-
form amplitude by an analogue-to-digi-
tal converter; the train of pulses contains
the necessary information about the
original signal—its amplitude and posi-
tion—in coded digital form. Digital sig-
nals are immune to distortion and noise
in the transmission line if repeaters are
provided along their path to reshape and
retime the train of pulses, so that the
presence or absence of pulses in proper
timing can be identified at the receiving
end. When the coded pulses are re-
ceived, they are converted back into an
analogue speech signal by means of a
digital-to-analogue converter. The T1
carrier of the Bell Telephone System,
which multiplexes 24 speech signals, is a
typical example of a pulse-code-modula-
tion (PCM) system [see “Communica-
tion Terminals,” by Ernest R. Kretzmer,
page 130].

The frequency-division and time-
division techniques both call for modu-
lators, demodulators and amplifiers,
which are inherently unidirectional de-
vices. Two separate paths, one for trans-
mitting signals in each direction, must
be provided in order to set up a tele-
phone conversation. Such an arrange-
ment is called a four-wire link because it
requires the physical equivalent of two
pairs of wires. The links typically repre-
sented by the subscriber lines have no
unidirectional devices attached and can
therefore transmit information in both
directions; these links are called two-
wire links. Because there is no amplifier
in two-wire transmission to compensate
for attenuation of the signal, the length
of the link is restricted. Four-wire trans-
mission is required for longer-distance
links.

A matter of prime importance in a
telephone-switching network is the elim-
ination of as many contacts as possible.



Either the frequency-division technique
or the time-division technique can be
applied to switching systems to allow a
multiplex use of the contacts. The sys-
tem must have the capacity, however,
to make individual speech signals oc-
cupy specified locations either in fre-
quency or in time. The frequency-divi-
sion technique requires that modulation,
demodulation and filtering processes be
accomplished in a variable and arbitrary
manner; hence it is economically pro-
hibitive. The time-division technique re-
quires that only the sampling time be
variable, which can be achieved simply
by controlling the timing and gating of
the signal in the switching network. Ad-
ditional gains in economy can be ob-
tained by employing pulse code mod-
ulation to integrate the functions of
switching and transmission. Such in-
tegration prevents the quality of the
speech signal from being degraded, no
matter how many links and nodes there
are in its path.

Switching based on both time-division

multiplexing and pulse code modula-
tion emerged in the late 1950’s along
with a new concept: the integrated
communication system. In this system
speech signals are coded and decoded
only at the points of origin and termi-
nation of the path, and the signals flow
through the network in coded form.
Time-division gates are provided at the
crosspoints of time-division links in the
system, each of which allows the coded
signals to pass in specific time slots as
directed by the central control. This
basic configuration suffers from internal
blocking, since there is no guaranty that
the correct sequence of idle time slots
will be available for any given speech
signal traveling between the subscribers
during their conversation. The system
can be made nonblocking by providing
variable-delay devices that allow the
use of different time slots for any given
speech signal.

In order for the switching system to
work properly and to ensure that con-
tacts will be ready when the signal ar-
rives, the operations of the system must
be synchronized. It is necessary to estab-
lish a unique clock frequency through-
out the network so that events occur at
identical time intervals, called frames,
instead of at random. One way of estab-
lishing the clock frequency would be to
provide a master clock in one of the
switching centers that would synchro-
nize slave clocks at the rest of the nodes
in the network. Although this is satis-
factory for local switching centers, it is
not adequate for a larger network in-
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SWITCHING NETWORK is a combination of a large number of electrical contacts that
provide a path between an inlet and an outlet. The simplest way to connect any number
of N incoming lines to N outgoing lines would be to use an N-by-N matrix in which every
line would cross every other line and a contact would be placed at each of the crosspoints
(top). The number of crosspoint switches in such a single-stage configuration is N2; in the
example, where N = 18 incoming lines are joined with 18 outgoing lines, the number of
crosspoints is 324, The number can be considerably reduced by employing a multistage
network. In the example of a three-stage network (bottom) the first stage consists of
n = 6 matrixes, each having m = N/n =3 inlets and I =5 outlets. Similarly, the third
stage of the network consists of six matrixes, each having five inlets and three outlets, and
the 18 incoming lines are connected to the outlets. The connections between stages are
made in such a way that the six inlets of each of the second-stage matrixes are connected
to each of the six first-stage matrixes, and the six outlets of each of the second-stage ma-
trixes are connected to each of the six third-stage matrixes. The number of crosspoints in
this configuration is 2lmn + Im2 or 225 for the example, a saving of nearly 100 contacts
over the N-by-N matrix. This three-stage network is nonblocking; any incoming line is
guaranteed to be connected to any unused outgoing line regardless of traffic in between.

121

© 1972 SCIENTIFIC AMERICAN, INC



cluding a number of switching centers
because of the complicated procedure
involved in assigning one of the slave
clocks to take control if the master clock
fails. One prospective solution is to set
up a mutual synchronization system
whereby variable-frequency oscillators
would be set up in each switching center
and would be allowed to interact with
one another. The electric-power network
already has such a system, in which a
number of synchronous generators inter-
act with one another and maintain a
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SATELLITES AND CABLES link the continents in an interna-
tional communication network. Three satellites in synchronous or-
bit around the earth would be sufficient to provide adequate com-
munication coverage (gray at left) for major land areas. There are
currently three Intelsat 11l and three Intelsat IV communication
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unique power frequency of 60 cycles
per second. Since there is no hierarchy
in this system, as there is with the master
and slave clocks, it is more reliable for
larger networks in case of a failure with
the master clock.

he intercontinental communication
network consists of ocean cables and
communication satellites with associ-
ated switching centers and stations on
land. An ocean cable generally consists
of a single coaxial tube with a number
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of highly reliable submarine repeaters.
The cable can carry between 48 and
720 speech signals in both directions by
means of frequency-division multiplex-
ing. Newer systems under development
will be able to carry 3,600 speech sig-
nals or more. A sophisticated technique
called TASI (time-assignment speech in-
terpolation) has increased the number
of speech signals that can be carried by
existing cable systems. The TASI system
takes advantage of the fact that a sub-
scriber talks less than 50 percent of the
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satellites in orbit distributed over the Atlantic, Pacific and Indian
oceans. They are managed by the International Telecommunica-
tions Satellite Consortium, comprising a partnership of telecommu-
nications organizations in 82 nations. Intelsat ground stations
(dots) are owned by the agencies or authorities in the countries



time spent in a telephone conversation.
The speech of another subscriber can be
temporarily inserted into this pause, al-
lowing for a greater number of simul-
taneous conversations. The cost of TASI
is small compared with the cost of the
ocean-cable system, and it is made up
by the number of additional subscribers
who can use the cable at any one time.

Communication satellites transmit to
and from stations on the earth at mi-
crowave frequencies (4,000 and 6,000
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in which they are located. Submarine-cable systems (black lines
at right) are a natural complement to communication satellites.
Most major countries are now linked by cables. The latest genera-
tion of transistorized repeater cable systems can carry up to 1,840
two-way channels. One such cable will be installed between Britain

megahertz). Commercial communica-
tion satellites are synchronous satellites:
they have an orbital period equal to the
earth’s period of rotation and hence are
stationary with respect to the earth.
Three synchronous satellites can essen-
tially cover the entire surface of the
earth. The number of speech signals
that could be simultaneously carried by
the satellite Intelsat III was 1,200. Five
satellites of this type were launched:
two over the Atlantic, one over the
Pacific and two over the Indian Ocean.
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Intelsat IV can carry more than 5,000
speech signals in 12 groups, each occu-
pying a bandwidth of 36 megahertz;
two such satellites are currently over
the Atlantic and one over the Pacific.
So far communication has only been
from ground to satellite to ground. Sat-
ellite-to-satellite communication is also
being planned to widen the effective
coverage of the individual satellites.
The link between satellites will possibly
operate on frequencies above 20,000
megahertz, which would be attenuated
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and Canada in 1974; it will provide double the channel capacity
available from all six transatlantic cables currently in opera-
tion. Scale of the map precludes showing every cable in exis-
tence; for example, there are nearly 20 cables between En-
gland and continental Europe. The map shows only half of them.
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by the atmosphere if they were used on
the ground.

The speech channels relayed by a sat-
ellite can be subdivided on a frequency-
division basis, with each frequency pre-
assigned to the respective earth stations.
It may be preferable, however, to assign
as many speech stations to the satellite
as are required to handle the traffic with-
out pairing each channel with a station
on the earth. This system, named Mul-
tiple Access Demand Assignment, em-
ploys the techniques of frequency divi-
sion, time division and space division.
In the frequency division as many as
800 speech signals coded in pulses are
aligned in channels each with a band-
width of 45 kilohertz. An earth station
can basically seize any one of these chan-
nels as the demand arises. The system is
considered suitable for an area with a
large number of earth stations having
light traffic. In the time division as many
as 700 speech channels contained in a
frame of 125 microseconds are divided
into subframes, each of which is as-
signed to an earth station according to
the demand. Since the transmissions
from the individual earth stations are not
always exactly synchronized, a “guard
time” is provided between the subframes
to prevent the overlapping of signals.

TRANSMITTING AND
RECEIVING ANTENNAS
FOR EARTH COVERAGE

OUTPUT MULTIPLEXERS

FOUR

PROPELLANT TANKS
FOR POSITIONING
AND ORIENTATION

EARTH-SENSOR

The system is considered most suitable
for an area with a small number of earth
stations having heavier traffic. Speech
channels can also be assigned by space
division: installing on the satellite sev-
eral antennas that can concentrate en-
ergy sharply. The satellite can thereby
communicate with a number of earth
stations by directional beam without in-
terference, and it can switch the narrow
beams in accordance with the demand
for transmission and reception. Space
division can be combined with frequen-
cy division or time division for further
economy.

Ocean cables and communication sat-
ellites can serve in parallel because
of their complementary features. A typi-
cal ocean-cable system may cost $150
million, but it is very reliable and its
useful life may be longer than 20 years.
A modern satellite costs $30 million for
construction and launching, but it is
usually less reliable and its useful life is
estimated to be seven years. Moreover,
virtually any number of ocean cables
can be laid on the ocean floor, but if
there are too many satellites in one area,
they will interfere with one another.
An elementary feature of interconti-
nental communication is the difference

STEERABLE
SPOT-BEAM

“TRANSMITTING
ANTENNAS

REPEATER
ELECTRONICS
FOR TELEMETRY
AND COMMAND

SUN-SENSOR
BATTERY PACK

SOLAR PANELS

INTELSAT IV SATELLITE is one of the six Intelsat communication satellites in orbit
around the earth. The satellite has 12 repeaters, each with a bandwidth of 36 megahertz; all
together they can handle some 9,000 telephone circuits. Lifetime of satellite is seven years.
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in local time in various areas of the
world. When it is midnight in New
York, it is daytime in Tokyo and Sydney.
The traffic between Tokyo and Sydney
can therefore be routed through New
York instead of providing many direct
links between the two cities. The assign-
ment of signals and numbers for each
telephone on the earth is the major prob-
lem in realizing intercontinental direct
long-distance dialing. Signaling methods
and the assignment of national number
codes are now being standardized, how-
ever. For example, if you want to call
Scientific American from outside the
U.S., you dial 01-1-212-688-3900. The
two-digit code (01) is the international
prefix indicating that the call is going
outside the country and the third digit
(1) is the national code for the U S.

I have described the communication
network with particular reference to
telephone traffic. The telephone network
is still the largest communication net-
work. Part of it, however, is used for
telegraphy and radio and television pro-
grams as well as voice calls.

In the telephone network information
flows from terminal to terminal simul-
taneously in both directions. To ensure
strictly simultaneous conversation no ap-
preciable delay is allowed in the bidirec-
tional path. The function of a telephone
switching center is to set up a path be-
tween two terminals as if it were a single
metallic line. This type of switching is
therefore called line switching.

Strict simultaneity in the bidirectional
path is not usually required, however,
by traffic in data. In the system used by
airlines to reserve seats for passengers
it does not discommode the customer if
he has to wait a few seconds to get a
seat reservation made and confirmed.
The information flows between a termi-
nal and the switching center in two di-
rections successively rather than in two
directions simultaneously. When some-
one sends a telegram, he is satisfied if
the message is delivered within a few
hours or, in the case of a night letter,
even the next morning. The telegraph
information flows unidirectionally from
terminal to terminal with considerable
delay.

The time needed for a switching cen-
ter to respond to an input event is called
the response time or the turnaround
time. The permissible response time
ranges from a fraction of a second to
several hours or more depending on the
purpose of the system. In any data sys-
tem a certain amount of delay is allowed
as long as it is not an appreciable hazard
to the user’s activities, and this slack
time is employed for information-han-



SATELLITE-TRACKING ANTENNA 97 feet in diameter at James-
burg, Calif., transmits and receives high-speed data from the Intel-

dling. The information from a terminal
is stored temporarily in a data-switching
center either before, during or after the
processing to increase the usage of the
processor as well as the transmission
paths. The arrangement is called mes-
sage-switching, or store-and-forward
switching. The term message-switching
comes from the practice in traditional
automatic telegraph switching, where
messages are temporarily stored on
punched paper tape before being trans-
mitted.

In broadcasting the information is
disseminated unidirectionally from a
broadcasting center to a large number

of terminals. This pattern is not restrict-
ed to radio and television broadcasting;
it is typical of the information flow in all
mass communications. It includes news-
paper and magazine delivery, although
of course such deliveries are handled in
part by the transportation network rath-
er than by the communication network.

In actual communication networks the

flow of information may be a mixture
of all these basic patterns. In broadcast-
ing the response to a question or opinion
program can be fed back to the center
by telephone. An advanced cable-televi-
sion system can provide speciﬁc pro-
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sat satellite over the Pacific. It can handle multichannel telephone,
teletypewriter and black-and-white and color television signals.

grams for individual subscribers at the
request of the subscriber. A telephone
switching center can retrieve a recently
changed telephone number on a cus-
tomer’s inquiry and then answer by syn-
thetic speech after a delay of a few sec-
onds. A data-processing center can
respond to inquiries, provide message-
switching and occasionally broadcast
data. A telemetry surveillance center
can send alarm signals to a number of
control points when, for example, pollu-
tion exceeds a predetermined threshold.

The advent of data communication
has opened a new epoch for communi-
cation networks. Information for ma-
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chine communication is now being han-
dled as well as information for human
communication. Information-processing,
an entirely new service, is being added
to the traditional functions of transmis-
sion and switching. The evolution of
computer systems and the development
of diversified types of data terminal will
doubtless bring about larger and more
sophisticated data-communication sys-
tems in coming years.

The basic configuration of a typical

a A
<
TERMINAL AND TERMINAL
BIDIRECTIONAL AND SIMULTANEOUS
C

TERMINAL TO TERMINAL
UNIDIRECTIONAL WITH DELAY

data-communication system consists of
a data center, a communication net-
work and a number of terminals on the
subscriber’s premises. Since the tele-
phone network transmits an alternating-
current signal, modulator-demodulators
(modem’s) are needed at the interfaces
between the communication network
and the terminals and the data-center
equipment to convert the binary signal
into the alternating-current signal and
vice versa. Low-speed data terminals

TERMINAL AND CENTER
BIDIRECTIONAL WITH DELAY

CENTER TO TERMINALS
UNIDIRECTIONAL

TERMINALS TO CENTER
UNIDIRECTIONAL

INFORMATION FLOWS in a number of different patterns depending on the medium of
communication. Telephone conversations are bidirectional and simultaneous between two
terminals (a). A computer inquiry system, such as the seat-reservation system airlines em-

ploy, is bidirectional communication between a terminal and a center with some delay (b).
Telegraph communication is unidirectional from terminal to terminal with considerable

delay; this pattern is essentially the same as the traditional pattern of letter delivery (c).
In broadcasting the information flows unidirectionally from center to terminals with no

delay. Newspapers and magazines follow the same pattern with a delay for delivery (d).
Telemetry from pollution devices or rain-gauge meters or communication from any out-
post stations to a central monitor is a case of the terminal-to-center flow of information (e).
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with a great deal of traffic or high-speed
terminals generally employ leased lines
that are permanently connected to the
data center. With terminals that are used
infrequently the data center can be
called by dialing, and the transmission
path is established and maintained
through the switching centers until the
conversation with the computer is fin-
ished. The path established by dialing
was originally designed for telephone
conversation; such paths can pass low-
speed data (up to 2,000 bits per second)
with a bandwidth less than or equal to
the bandwidth of speech. Low-speed
data terminals include teletypewriters,
paper-tape readers and paper-tape
punches. High-speed leased lines pro-
vide a data speed of 48 to 240 kilobits
per second. Typical high-speed data ter-
minals are magnetic tapes, line printers
and cathode-ray-tube displays.

A data center generally includes a
large-scale computer system consisting
of several central processing units, a
main memory and peripheral devices
(such as magnetic drums, magnetic
disks, magnetic tapes and line printers)
that are connected to the main memo-
ry through selector channels. The data
center also has communication-control
units that forward data from terminals
to the computer and back again. Com-
munication-control units accommodat-
ing several low-speed terminals are con-
nected to the main memory through
multiplexer channels; the units dealing
with high-speed terminals are connected
to the main memory through selector
channels. The role of the communica-
tion-control unit varies with the system.
It can act essentially as a computer and
perform several functions, including
routing commands and messages, check-
ing errors and converting one data for-
mat to another. The unit is often called a
front-end processor or a communication
processor.

One example of a communication-

control unit is the interface message
processor (IMP) used in the computer
network set up by the Advanced Re-
search Projects Agency (ARPA) of the
Department of Defense. The ARPA
Network is one of the more interesting
computer networks being organized. It
connects different types of computers
located at various universities and other
institutions by means of IMP’s and
leased lines capable of transmitting in-
formation at 50 kilobits per second. The
objective of the computer network is to
utilize all the computers making up the
network in common so that the resources
of various institutions are shared. An
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ARPA NETWORK, operated by the Advanced Research Projects
Agency of the Department of Defense, is one of several emerging
computer networks connecting various educational and research
institutions over the country. Each dot indicates the location of an
interface message processor (IMP) that gives access to the “host”
computers of the network. The hosts are joined by leased lines
capable of handling data at a rate of 50 kilobits per second. The
network configuration allows the data to travel from terminal to
terminal by alternate routes. “McClellan” is McClellan Air Force
Base in Sacramento, Calif.; “S.R.I.,” Stanford Research Institute
in Menlo Park, Calif.; “Ames,” Ames Research Center at Moffett
Field, Calif. (two IMP’s); “Stanford,” Stanford University;
“U.C.S.B.,” University of California at Santa Barbara; “U.C.L.A.,”
University of California at Los Angeles; “Rand,” Rand Corpora-
tion in Santa Monica, Calif.; “S.D.C.,” System Development Cor-
poration in Santa Monica, Calif.; “U.S.C.,” University of Southern
California in Los Angeles, Calif.; “Utah,” University of Utah in
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DISTRIBUTED NETWORKS consist of a mesh of links connect-
ing the nodes of the network in a nonhierarchical structure. Signals
traveling through the network from one node to another can take
a number of alternate routes to arrive at their destination; there-
fore even if the individual links and nodes are somewhat unreli-
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Salt Lake City; “N.O.A.A.” National Oceanographic and Atmo-
spheric Agency in Boulder, Col.; “G.W.C.,” Global Weather Cen-
tral at Offutt Air Force Base in Omaha, Neb.; “Tinker,” Tinker Air
Force Base in Oklahoma City, Okla.; “Illinois,” University of
Illinois in Urbana, Ill.; “Case,” Case-Western Reserve University
in Cleveland; “Carnegie,” Carnegie-Mellon University in Pitts-
burgh; “Belvoir,” Fort Belvoir, Va.; “S.A.A.C.,” Seismic Array
Analysis Center in Alexandria, Va.; “R.A.D.C.,” Rome Air De-
velopment Center at Griffiss Air Force Base in Rome, N.Y.; “Lin-
coln,” Lincoln Laboratory in Lexington, Mass.; “M.LT.,” Massa-
chusetts Institute of Technology in Cambridge, Mass.; “B.B.N.,”
Bolt Beranek and Newman Inc., Cambridge, Mass. (two IMP’s) ;
“Harvard,” Harvard University; “N.B.S.” National Bureau of
Standards in Washington; “E.T.A.C.,” Environment Technical Ap-
plications Center in Washington; “ARPA,” Advanced Research
Projects Agency in Washington; “MITRE,” MITRE Corporation
in Washington. Map shows the ARPA Network as of July, 1972.

able, the overall form of the network ensures a highly reliable
connection. Three different varieties of distributed networks are
the grid network (a), the polygrid network (b) and the honeycomb
network (c). The AUTOVON telephone network operated by
the Department of Defense employs the polygrid configuration.
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| IMP receives messages in blocks of less

than 8,096 bits from its “host” computer.
It reads the address of the host computer
that is to receive the message and trans-
mits one block after another over the
links connecting the two hosts. As each
message block arrives the IMP of the re-
ceiving host sends back a request for the
next block until the entire message has
been transmitted.

Another data network of much inter-
est is the ALOHA system developed at
the University of Hawaii. The system
provides a time-sharing computer ser-
vice for terminals on four of the Ha-
waiian Islands by means of a single
ultrahigh-frequency radio channel. The
communication-control unit transmits
and receives messages in blocks of 704
bits at a speed of 24 kilobits per second.
The terminals transmit their messages
without coordination, so that blocks
from individual terminals may interfere
with one another. For protection against
such interference a cyclic error-detecting
code is used; the terminals repeat their
transmissions until no error is detected.

One of the major technical problems
in organizing an efficient data-communi-
cation system is that the existing com-
munication network has been oriented
mainly toward speech communication.
The links between stations are plagued
with impulsive noise and instantaneous
interruptions. Such disturbances cause
no appreciable degradation in the qual-
ity of speech, but they may result in
serious errors in transmitted data if no
measures for detecting or correcting
them are provided. The bandwidths of
the existing links are satisfactory for
transmitting a basic group of 12 speech
channels, but quite a few terminals op-
erate at data speeds ranging from five to
20 kilobits per second, which is too fast
for a speech channel and too slow to
make full use of the bandwidth of the
basic group of 12 channels. The time re-
quired to set up a connection by dialing
through the switching centers can be as
much as 10 seconds, which is too long
for data transmission that typically takes
a few seconds or less. Above all, a com-
munication network based on frequency-
division multiplexing is inefficient for
transmitting digital data compared with
a network based on time-division multi-
plexing. For example, a speech channel
that is frequency-divided can provide a
data speed of only up to 9.6 kilobits per
second, whereas a time-divided speech
channel can transmit eight bits of data
8,000 times per second, that is, it can
provide a data speed of 64 kilobits per

second.
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It is conceivable that a new commu-
nication network will be built in which
the transmission, switching and process-
ing of speech, data and other informa-
tion are all performed digitally. Progress
in large-scale integrated-circuit technol-
ogy is drastically cutting the cost of dig-
ital hardware. Extremely broad-band
(although rather noisy) transmission me-
dia such as millimeter-wavelength wave-
guides and laser systems are now avail-
able and match the characteristics of
digital transmission. Pulse-code-modu-
lation transmission systems are rapidly
becoming popular; pulse-code-modula-
tion switching is almost ready for ser-
vice. All these factors support the con-
cept of digital networks. One of the
conveniences of a digital time-division-
multiplexing system is that it provides
a wide variety of transmission speeds.
Digital techniques can also provide for
a more efficient use of telephone sub-
scriber lines, which have been the least
efficient part of the telephone network,
in their capacity for transmitting data
and visual patterns as well as speech.
If subscriber lines of wider bandwidth
become available, it will be possible to
integrate into the network a cable-
television system with individual two-
way transmission. One of the obvious
advantages of cable television is that
the very-high-frequency and ultrahigh-
frequency radio bands taken up by tele-
vision broadcasting can be devoted to
mobile communication and other pur-
poses. Up to now such a shift has not
been at all popular in spite of the enor-
mous potential demand because of the
lack of frequencies available for mobile

communication.
As the communication network evolves
and integrates human activities ever
more tightly, its social role gains ever
more weight. Society can ill afford un-
reliable communication networks, so
that now and in the future there must
be much emphasis on reliability. A mod-
ern electronic switching system is de-
signed with dual computers for emer-
gencies; it is estimated that its total time
out of service for repairs over a period
of 40 years will be only a few hours.
Such a network is also organized to be
nonblocking and to provide alternate
routes for messages. Networks having
no hierarchy of connections can be made
quite reliable with a large number of
possible routes, even if unreliable low-
cost links and nodes are used. All these
advances will surely enhance the bene-
fits the human species gains from closer
interaction.
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COMMUNICATION TERMINALS

They convert the message from a source into a form well adapted

to a communication channel. At the end of the line other terminals

convert the signal into a form suitable for ultimate consumption

ommunication signals are of many
C distinctive types, depending on

the channel used for transmission
and on the kind of information being
carried. In every case a communication
terminal is needed at the source to con-
vert the message into a signal well adapt-
ed for its intended channel; at the other
end of the channel another terminal con-
verts the signal into a form well adapted
for its intended recipient. In the classical
model of a communication system the
first terminal, which receives the mes-
sage from the source and tailors it to fit
the channel, is called an encoder; the
terminal at the end of the channel,
which recovers the message for delivery
to its destination (or information sink), is
called a decoder.

In his celebrated paper “The Math-
ematical Theory of Communication”
Claude E. Shannon some 25 years ago
defined and quantified the key parame-
ters of communication systems. He dis-
tinguished between the continuous
channel (the conventional type normally
used for audio, video and other analogue
signals) and the discrete channel (for
digital data or digitized analogue sig-
nals). In both cases the information flow,
expressed in bits per second, can ap-
proach an upper limit known as the
channel capacity, provided that the
proper encoding is found and used. A
surprising theorem states that with such
encoding the discrete channel can func-
tion up to capacity with vanishingly
small probability of output error, in spite

by Ernest R. Kretzmer

of the inevitable noise disturbances that
are present in all communication sys-
tems. This finding lent impetus to a suc-
cessful search for efficient error-detect-
ing and error-correcting codes, which
are increasingly employed in today’s
digital terminals used for data communi-
cation. In the case of analogue signals
one of the earliest methods for combat-
ing noise was the substitution of wide-
swing frequency modulation (FM) for
simple amplitude modulation (AM). In
general the terminal designer striving
for the best performance possible within
the allowable cost can select from a wide
range of signal-processing stratagems.
Long before the advent of electrical
telecommunication, of course, the hu-
man sensory and vocal organs served as
communication terminals with extraordi-
nary capabilities, in concert with the ul-
timate information sink: the brain. The
vocal cords in combination with the
variably resonant oral cavity serve as the
principal human transmitting terminal.
It generates an acoustic signal well
matched to the transmission medium:
air. Of the five human receiving termi-
nals (the eye, the ear and the organs of
touch, smell and taste) the eye has by
far the highest capacity and seems to be
capable of the most subtle discrimina-
tions. In a young person the eye’s elastic
lens can alter the eye’s focal distance
from a few inches to infinity as fast as
the gaze can be shifted; changes in ap-
erture together with slower chemical
changes in the retinal receptors provide

COLOR-TELEVISION COMPUTER TERMINAL presents the computer model of a high-
way intersection shown on the opposite page. The model, produced by a computer graphic
system developed by the Electronics Laboratory of the General Electric Company, shows
an actual intersection on highway Interstate 90 near Albany, N.Y. On command any full-
color perspective view of the highway can be computed and displayed on the terminal in
seconds. With time-lapse photography the dynamic conditions of an actual drive along the
highway can be reproduced. Such models are helpful in testing designs before construction.
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vision over enormous variations in the
level of light; the organization of the
retina combines high acuity in the cen-
tral field with simultaneous peripher-
al perception; receptors with peak re-
sponse in three regions of the visible
spectrum deal with images in tens of
thousands of discriminable hues. Finally,
the two eyes working together produce
a three-dimensional view of the world.

A rigorous definition of a communica-
tion terminal is somewhat elusive.
A typical communication system, wheth-
er biological or man-made, consists of a
chain of several terminals and channels;
a typical terminal converts the signal
appropriate to one channel to another
signal appropriate to the next channel,
while preserving the signal’s informa-
tion content. For example, a message
may originate in a human brain, be trans-
mitted to the fingers, pass into a tele-
typewriter, then travel over a wire line
to a radio transmitter, journey through
space to a radio receiver, be typed out
onto a sheet of paper, be scanned by a
pair of eyes and finally enter another hu-
man brain. The communication engineer
is likely to regard as a terminal any ap-
paratus at either end of a discrete elec-
tromagnetic channel, but perhaps more
commonly a terminal is viewed as an
apparatus designed to convert a visual,
acoustic or tactile signal into an electri-
cal signal, or vice versa.

Some of the most ingenious terminals
devised by man are those intended for
television, consisting of a television cam-
era and a transmitter at one end of the
channel and a television receiver and a
picture tube at the other. The television
camera converts the variable light in-
tensity of an image into a modulated
electric current: the video signal. Stated
more abstractly, the camera transforms
a two-dimensional space function, an im-
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age formed by a lens, into a one-dimen-
sional time function. This transformation
is accomplished by focusing a visual
scene onto a light-sensitive surface that
is systematically scanned by an electron
beam. The scanning pattern, or raster,
is a sequence of 525 horizontal lines,
each one below the preceding one, com-
posing a complete “frame” in just under
a thirtieth of a second. (In actuality
every other line is scanned in just under
a sixtieth of a second and the missing
lines are interlaced in the next sixtieth
of a second.) Since 30 complete frames
are generated in a second, the successive
images create an acceptable illusion of
motion at the receiver. Here another
electron beam, whose intensity is modu-
lated by the received video signal, traces
out the same raster on the phosphor-sen-
sitized face of the picture tube [see il-
lustration at left]. The television receiver
also performs the function of selecting
one of many incoming signals on chan-
nels of various frequencies, amplifying it
and stripping off the information needed
to synchronize the re-created lines and
frames with those at the transmitting
terminal.

The process becomes still more intri-
cate if the image is transmitted and re-
ceived in full color. The transmitting
terminal now has three cameras, one
sensitive to each of the primary colors:
red, green and blue. It also incorporates
an encoder that “piggybacks” the color
information onto the video signal. The
face of the picture tube most commonly
used in the color receiver is coated with
three kinds of light-emitting phosphor,
one for each of the primary colors, in-
terspersed as thousands of carefully posi-
tioned dots. The received signal is de-
coded into its components and used to
modulate three independent electron
beams, each of which is allowed to strike
only the red, green or blue phosphor
dots through the interposition of an ac-

TELEVISION TERMINALS consist of a
camera that converts a two-dimensional op-
tical image into a one-dimensional electrical
signal varying in time, and a receiver that
performs a reverse operation, assisted by
the persistence of vision. In the camera a
visual scene is focused on a light-sensitive
surface (top) that is scanned line by line
by an electron beam. Successive horizon-
tal scans yield a modulated electric current:
the video signal. Upward and downward ex-
cursions in the signal trace for each line cor-
respond respectively to bright and dark pic-
ture elements. In U.S. television the scan-
ning beam sweeps across a line in about 60
microseconds. The U.S. picture has 525 hor-
izontal lines, repeated 30 times per second.
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curately perforated sheet known as a
shadow mask.

As owners of television sets are well
aware, television terminals must be cou-
pled to television channels through an-
tennas (except when the signal is sent
by cable). At the transmitter electromag-
netic radiation carrying the video signal
is launched from a phased array of di-
poles or similar elements on top of a tall
building or tower. The phasing acts to
concentrate, or focus, the main radiation
toward the horizon, forming a beamlike
pattern of radiation. The antenna gain
achieved in this way is usually equiva-
lent to at least a tenfold magnification
of power. Thus the transmitter might
need to furnish only 10 kilowatts to yield
an “effective radiated power” of 100
kilowatts.

Receiving antennas vary in design
from a simple whip, often adequate in
strong-signal areas, to the complex struc-
tures seen on roofs in areas where the
signal is weak. In still more remote areas,
where rooftops are no longer within the
line of sight of the transmitting antenna,
community antennas can be mounted on
high towers. Antenna gain at the receiv-
ing end is accomplished by using phased
elements to achieve directivity horizon-
tally as well as vertically and simply
pointing the array at the signal source.

In comparison with a color television

receiver the telephone on one’s desk
is a remarkably simple terminal. Unlike
the television receiver, however, it is
capable of activating hundreds or thou-
sands of intermediate terminals when
one places a call to another city or an-
other country. These highly sophisticat-
ed terminals are largely hidden from
view in telephone offices, underground
and, most recently, in satellites 22,300
miles above the Equator.

Some of the most complex terminals
in the telephone system are those that
combine dozens, hundreds or thousands
of voice signals for transmission over
a medium such as a coaxial cable or a
microwave beam. These terminals are
usually embedded in a hierarchical net-
work in which channels of lesser capac-
ity converge into one channel of high
capacity for long-distance transmission
[see “Communication Networks,” by
Hiroshi Inose, page 116]. The combin-
ing of many signals is called multiplex-
ing, and it can be accomplished in ei-
ther of two principal ways: frequency
division or time division.

In frequency-division multiplexing
different signals are assigned to differ-
ent frequency bands to which they are
usually translated by single side-band



modulation. They are then all trans-
mitted simultaneously; at the receiving
terminal the signals are individually de-
modulated. In time-division multiplex-
ing different signals are chopped into
brief segments that are interleaved and
transmitted sequentially; at the destina-
tion all the segments belonging to each
individual message are extracted and re-
assembled. Although the two techniques
are totally different, they are fully equiv-
alent in what they accomplish [see top
illustrations on page 1111].

An example of advanced frequency-
division multiplexing is found in under-
sea telephone cables. The first transatlan-
tic telephone cable, in service since 1956,
accommodates 48 voice signals in what

was called the SB system. A more recent
cable, employing the SF system, has a
capacity of 845 two-way conversations.

Before such a large number of signals
can be dispatched from a land terminal
to an ocean cable they must be processed
in several major steps. The typical tele-
phone signal has a bandwidth of ap-
proximately three kilohertz (3,000 cycles
per second). In the first multiplexing step
16 signals are combined into a “group”
by modulating the individual three-kilo-
hertz signals into adjacent frequency
bands. In the next step most of these
groups are combined, five at a time, to
form “supergroups” of 80 conversations
each. Originally nine such supergroups
were adjoined to form a nearly contin-

uous frequency band of 720 voice chan-
nels, requiring a band some 2,200 kilo-
hertz wide. Subsequently another 125
channels were squeezed in, with the re-
sult that the frequency spectrum extends
from below 400 kilohertz to nearly 3,000
kilohertz for transmission in one direc-
tion; in the other direction the band ex-
tends from roughly 3,600 kilohertz to
about 6,100. (By way of comparison the
AM broadcast band extends from about
550 kilohertz to 1,600 and is divided into
106 radio channels.)

Each of the broad-band spectra in-
cludes some supervisory signals to mon-
itor the system for proper operation.
Such signals are used, for example, to
prevent outages due to equipment fail-
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FREQUENCY-DIVISION-MULTIPLEXING TERMINALS used
in the telephone system assemble many individual voice channels
into a hierarchy of composite signals of increasing bandwidth. The
basic voice channel occupies a bandwidth of three kilohertz (3,000
cycles per second). In the first stage of multiplexing 12 voice chan-
nels, each centered in a band four kilohertz wide, form a “group”
with a bandwidth of 48 kilohertz. The transmission frequency lies
between 60 and 108 kilohertz. Five groups form a “supergroup”

2,520 KILOHERTZ

17 MEGAHERTZ
(5-17.5)

57 MEGAHERTZ

(564-3,084) (3-60)

with a bandwidth of 240 kilohertz transmitted at a frequency of
between 312 and 552 kilohertz. Ten supergroups form a “master-
group” with a bandwidth of 2,520 kilohertz. In the Bell System’s
L4 multiplex system six mastergroups are assembled into a “jumbo
group” for transmission through a single coaxial cable at a fre-
quency of between .5 and 17.5 megahertz. The still more advanced
L5 system will be able to transmit three jumbo groups in a single
coaxial cable at a frequency of between three and 60 megahertz.
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TIME-ASSIGNMENT SPEECH INTERPOLATION (TASI) uses terminals that exploit the
brief silences in ordinary conversation to reduce by at least a half the number of costly
overseas channels needed to carry a given volume of traffic. In this simplified diagram 10
speakers compete for time on four voice channels. Whenever a speaker pauses, the chan-
nel is taken away from him and assigned to an active speaker. The latest TASI termi-
nals are able to shuttle as many as 235 conversations among 96 overseas telephone channels.

ure. To ensure the required dependabil-
ity the terminal equipment for each su-
pergroup is completely duplicated; the
standby terminal can be automatically
switched into service in response to a
supervisory signal.

Still other functions are performed by
the terminal. In addition to the voice
signals it must transmit direct-current
power into the cable in order to run the
amplifiers that are located every 10 miles
along the transoceanic route. The trans-
mitter also shapes the composite signal
spectrum prior to transmission in each
direction in order to ensure a uniform
signal-to-noise ratio across each frequen-
cy band.

Many such cables have been installed
within the past decade, connecting the
U.S. with the islands of the Caribbean,
Britain, Japan, the Philippines, France
and Spain. There are now a total of six
cables spanning the Atlantic between
North America and Europe; new sys-
tems are in the making with individual
capacities more than four times greater
than the largest in existence.

Communication terminals of a similar

kind also serve for long-distance
overland cable transmission. They are
installed in a wide range of sizes, de-
pending on where they fit into the hier-
archy of the ubiquitous telephone net-
work. Near the bottom of the hierarchy
are the short-haul systems that connect,
for example, switching offices perhaps
15 miles apart across a large city or
in different cities more than 100 miles
apart. The channel between such offices
typically carries one or two groups of 12
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voice conversations each. Such systems
were introduced in the 1940’s.

At the top of the hierarchy are the
long-haul systems, designed for distances
of up to 4,000 miles, with capacities of
thousands of voice channels organized at
the terminals into groups, supergroups,
“mastergroups” and “jumbo groups”
[see illustration on preceding page]. The
individual voice channels are spaced at
four kilohertz instead of three, thus al-
lowing only 12 channels per group in-
stead of the 16 found in ocean-cable sys-
tems. The overland systems also differ
from the undersea systems in that the
cable and amplifiers along the route are
more accessible for maintenance; in ad-
dition, intermediate terminals can be in-
stalled as desired to terminate some of
the channels in cities along the route.
The first of these systems, designated
L1, was installed in 1941. The typical
L1 system had a capacity of 1,800 two-
way voice channels provided by three
pairs of coaxial cables, each pair carrying
a mastergroup of 600 voice channels. In
1953 the L1 system was superseded by
the L3 system, in which the capacity of
each cable was tripled. The still more
recent L4 system, first installed between
Washington and Miami in 1967, accom-
modates 3,600 two-way conversations in
just one pair of 3/8-inch coaxial cables;
nine such pairs can carry a total of
32,400 conversations. This capacity will
again be more than tripled by the intro-
duction of the L5 system.

In the early 1950’s a television ter-
minal was developed for transmitting on
the L3 coaxial system a single video sig-
nal iin a frequency band that would nor-
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mally carry two mastergroups, or 1,200
voice channels. The bandwidth thus
made available was 4,500 kilohertz (4.5
megahertz), which is ample for high-
quality broadcast television, including
color signals. The L3 system provided
one of the early potential means for the
television industry to distribute its pro-
grams nationwide. Instead, however,
microwave-carrier, or radio-relay, sys-
tems took over as the prevailing method
for coast-to-coast distribution.

Indeed, it was the mounting distribu-
tion requirements of the television in-
dustry in the late 1940’s that stimulated
the development of the first commercial
microwave radio-relay system, desig-
nated TD2. Today the terminals and re-
lay towers of the TD2 system, and of its
successor, the TD3 system, dot the coun-
tryside. Except for local and short-haul
facilities, the microwave-relay system
provides a greater volume of “band-
width miles” than all other facilities com-
bined. Although coaxial-cable systems
could have been designed to meet the
needs of television, radio relay was said
to carry “the lure of lower first cost,”
even though it called for many more
technological innovations and more dif-
ficult design choices.

One such choice involved the selec-
tion of antennas, the most visible work-
ing parts of each radio tower. The origi-
nal towers were equipped with antennas
incorporating what was called a delay
lens. In the mid-1950’s the delay lenses
were replaced by horn reflectors having
much sharper directivity; their great
power gain (upward of 10,000) helps to
prevent interference among neighboring
microwave channels. They also handle
two directions of polarization (vertical
and horizontal) and accommodate a
broader range of frequencies in anticipa-
tion of expanding needs.

The frequency commonly used in the
TD microwave systems is in the neigh-
borhood of four gigahertz (4,000 mega-
hertz), which corresponds to a wave-
length of about 7.5 centimeters. (Later
terminals designated TH operate at
about six gigahertz and others at 11
gigahertz.) The microwave beam carries
a single high-quality television signal or
as many as 1,800 voice channels in the
six-gigahertz band. More than a dozen
such beams can be superimposed, op-
erating on adjacent frequency bands but
sharing antennas, to achieve capacities
exceeding 22,000 voice channels.

Microwave technology calls for termi-

nals that are distinctly different
from those in coaxial-cable systems. For
example, in order to conduct high-fre-



quency energy from the terminals at
ground level to the homns on top of the
towers it is necessary to use carefully fab-
ricated waveguides with a rectangular
cross section. Whereas coaxial systems
had used single side-band modulation,
which is akin to AM, FM was chosen
from the outset for modulating the mi-
crowave carrier by the composite voice
signals transmitted over the microwave
system. One reason is that the frequen-
cy of microwave sources can be varied
in linear fashion with comparative ease.
In addition FM is more effective than
AM in resisting variations in amplitude
under conditions that cause the signal to
fade.

The electronic circuitry of both the
high-capacity cable terminals and the
radio terminals was originally based en-
tirely on vacuum tubes, many of them
specially developed to meet extremely
exacting requirements: uncommon re-
liability, low noise level and great band-
width. In the past decade solid-state
technology has largely taken over, with
dramatic reductions in size and power
consumption combined with significant
improvements in performance.

One vacuum-tube component that
made the original TD2 terminal possible
was not replaced in the otherwise solid-
state TD3 terminal: the traveling-wave
high-frequency amplifier. The steady in-
crease in the channel capacity of mi-
crowave systems is attributable to the
constant improvements in terminal tech-
nology. The combination of increased
transmitter power with reduced noise
contribution from receiver amplifiers has
led to significant improvements in the
signal-to-noise ratio. This improvement
can be traded off for less deviation in the
FM frequency swing, thus allowing more
channels in the same bandwidth.

A still more sophisticated microwave
terminal is the one required by earth
stations for communication satellites.
The first one, built for Project Telstar,
was completed at Andover, Me., in 1962.
In July of that year transatlantic televi-
sion transmission by satellite was accom-
plished for the first time. Today, only 10
years later, satellites are capable of
beaming television signals to virtually
every inhabited point on the globe.
Unlike the more recent communica-

tion satellites, which occupy “fixed” sta-
tions high above the Equator by virtue
of completing an orbit every 24 hours,
the Telstar satellites were much lower
and circled the earth once every several
hours. This meant that the antennas on
the earth had to be movable and capable
of tracking the satellite with a pointing
accuracy of better than four minutes of
arc, equivalent to holding a dime in the
sight of a gun at 50 feet, no mean feat
when the “gun” weighs 380 tons. The
antennas were of the horn type, similar
to those installed on radio-relay towers
but much bigger, having an aperture of
3,600 square feet. The antenna’s beam
width was 10 minutes of arc, giving it a
power gain of about a million (slightly
more at its transmitting wavelength of
five centimeters, or six gigahertz, and a
little less at its receiving wavelength of
7.5 centimeters, or four gigahertz).
Several exotic electronic techniques,
both new and old, were crucial to the
powerful transmitter and the supersensi-
tive receiver of the Telstar earth stations.
The transmitter’s signal power of 2,000
watts was achieved by a specially de-
signed traveling-wave-tube amplifier: a
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DIGITAL ENCODING TERMINALS are being developed to pro-
vide time-division multiplexing in a still evolving hierarchy. All
incoming signals, unless they are already in digital form, will first
be translated by pulse code modulation into strings of uniform
pulses and spaces representing bits, or binary digits (0 and 1). The
bits representing several signals are interleaved to produce a com-
posite signal that is unscrambled at the end of its journey. Thus 24
voice channels can be combined by a “channel bank” to produce a
signal of 1.5 megabits (1.5 million bits) per second, which can be

carried by a Tl wire pair. Four T1 signals can be multiplexed into
a T2 signal of six megabits per second and fed into an M23 multi-
plexer capable of combining seven such signals into one signal of
about 45 megabits per second. Each six-megabit T1 pulse stream is
capable of carrying 96 voice signals or one “Picturephone” signal.
The M34 multiplexer will be able to combine three television sig-
nals, or their equivalent, into one signal of 275 megabits per sec-
ond. Because of the addition of extra “housekeeping” bits, the
composite signals exceed simple multiples of the input signals.
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MULTIPLE TERMINALS linked to a central computer and memory store are used by air-
lines to handle reservation requests and to keep a single up-to-the-second centralized rec-
ord. “Modem” is a contraction of modulator-demodulator. Modems, also known as data
sets, adapt alphanumeric information (letters and numerals) for transmission over stan-
dard voice channels. Questions and answers, or requests and acknowledgements, flow in
rapid message bursts from agents’ terminals to the central computer and back again. Con-
trol units provide buffering, editing, code conversion, error control and other functions.
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four-foot structure with a cathode at one
end and a collector at the other and
a large electromagnet surrounding the
midsection. As a matter of historic inter-
est, it was Rudolf Kompfner’s work on
the traveling-wave concept more than a
decade earlier that had led to his being
invited to join the Bell Telephone Labo-
ratories by John R. Pierce. Subsequent-
ly, and prior to the launching of the first
artificial satellite by the U.S.S.R., Pierce
made the first mathematically supported
proposal that artificial satellites be used
for global communication. When the
output of Kompfner’s 2,000-watt travel-
ing-wave tube was fed into the Andover
horn antenna, the effective radiated
power beamed to Telstar was two billion
watts.

The receiving portion of the Telstar
earth terminal made use of a technique
known as FM feedback, invented in the
early 1930’s but never before harnessed,
to attain the equivalent of a threefold
enhancement of the received signal pow-
er. The wide-deviation FM signal trans-
mitted or received by the terminal is sub-
ject to a well-defined power threshold,
below which reception deteriorates dras-
tically. FM feedback operates to reduce
the threshold. The greatest contributor,
however, to the receiver’s ability to han-
dle Telstar’s faint signals (about 10-12
watt) was a maser amplifier that com-
bined very high gain with extremely low
noise.

In present-day satellite-communica-
tion terminals the maser amplifier has
given way to the cooled parametric am-
plifier, which combines low-noise per-
formance with an even wider band-
width. These new terminals handle ever
increasing numbers of voice and video
channels. A single Intelsat IV satellite
can relay 12 television signals or upward
of 6,000 voice signals. The ground ter-
minals have become steadily simpler and
more compact, as is indicated by the
portable unit equipped with a dish an-
tenna that preceded President Nixon to
China earlier this year. The rapid prog-
ress has resulted from notable technical
contributions by a large number of in-
dividuals and organizations.

Costly communication links such as

the ones I have been describing can
justify extraordinary signal processing at
the terminal if their traffic capacity can
thus be materially increased. One such
signal-processing adjunct, called time-
assignment speech interpolation (TASI),
capitalizes on the brief silences in nor-
mal conversation to achieve channel sav-
ings of more than two to one. The si-
lences are simply not transmitted; when



the speaker pauses, the channel is taken
away from him and assigned to an active
speaker. With this stratagem 96 overseas
telephone channels can carry 235 simul-
taneous conversations spread over 274
trunk lines.

In a two-way conversation the average
speaker is actually talking somewhat less
than 40 percent of the time. TASI moni-
tors each speaker’s line and compares its
signal 25,000 times per second against
five distinct reference levels; the speaker
is assigned a channel only when he is
judged to be active [see illustration on
page 134]. In general a speaker will re-
tain a channel for the second or so taken
up by a word or group of syllables. Only
after a pause of a fourth of a second is the
channel taken away from him; when he
resumes speaking, he is likely to be as-
signed a different channel.

Other functions performed by the lat-
est TASI terminal include the automatic
testing and restoration of lost overseas
circuits. For example, the 96 channels
handled by the terminal can be sub-
divided among separate communication
links: 32 for satellite transmission, 32 for
one submarine cable and 32 for another
cable. The 96 channels, with TASI work-
ing below its capacity, can readily serve
175 telephone trunks. If either of the ca-
bles on the satellite is interrupted, the
terminal will immediately start juggling
the 175 trunks through the remaining 64
channels without audible loss of quality.
Although terminals with these capabili-
ties have been built and operated, those
in actual service are more modest earlier
designs developed for transoceanic-cable
systems.

The idea of time-sharing a channel
among many users is not unique to
TASI. One of the most rapidly growing
classes of terminals is based on time-divi-
sion multiplexing: the orderly sequential
interspersal of successive snatches of dif-
ferent signals. With TASI the time-shar-
ing is of a random nature, depending oh
the demand, and the time scale is on the
order of a second. With terminals based
on time-division multiplexing the time
scale is much shorter. The sound waves
of speech, for example, are typically
sampled 8,000 times per second; each
sample conveys a numerical value cor-
responding to the amplitude of the sig-
nal at a single point in time.

In such systems the numerical value of
the signal at each point in time is trans-
lated into a binary code and transmitted
as a group of pulses. Since the pulses
represent binary digits (0 or 1), such a
signal is termed digital, distinguishing it
from its original analogue format. Since
computers, teletypewriters and other

BELL SYSTEM MODEM converts digital data from business machines and computers to an
analogue signal well adapted for traveling over a telephone voice channel. The modem is
the oblong box in the foreground; in the background is part of the computer. In this mo-
dem the phase of a carrier wave is rotated by one of eight allowed amounts, thus tripling
the channel bit rate over the rate provided when only two phase changes are used. An
adaptive filter automatically compensates for the “pulse-smearing,” or dispersion, that the
signal may suffer in transmission. The modem operates at the rate of 4,800 bits per second.

PICTUREPHONE SET, developed by the Bell Telephone Laboratories, provides a picture
5% inches wide and five inches high that can be “zoomed” over a range of 2.5 to one. It can
transmit documentary material at a magnification of .85. The picture is made up of 267 hori-
zontal lines and is scanned at the rate of 30 frames per second. The Picturephone signal re-
quires a bandwidth of one megahertz, or the equivalent of some 300 voice channels. A stan-
dard television signal occupies the equivalent of more than 1,000 voice channels. The
picture on the screen in this picture is part of the illustration on the opposite page.
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machines naturally originate information
in digital form, digital coding has im-
portant advantages for data transmis-
sion.

The fastest-growing digital system is
the Bell System’s “T1 carrier.” Its trans-
medium is the standard 22-
gauge twisted-wire pair used as an ana-
logue voice trunk between central of-
fices. The digital terminals, with regular-
ly spaced regenerative repeaters placed
in manholes, convert the wire pair into a
digital channel capable of transmitting
1.5 megabits (1.5 million binary digits)
per second. The channel can provide 24
telephone voice channels when the total
stream is divided into 24 substreams of
64 kilobits per second. Each substream
is processed by a “channel bank,” part of
the T1 terminal housed at a central of-
fice.

mission

The processing includes the analogue-

to-digital (A/D) conversion before
transmission and the inverse digital-to-
analogue (D/A) conversion after trans-
mission. The terminal also performs im-
portant associated functions such as
“companding.” This function is a quasi-
logarithmic compression of the analogue
signal before or concurrent with A/D
conversion and a corresponding ex-

pansion after or concurrent with D A
conversion; its purpose is the handling
of the large dynamic range of diverse
speakers without sacrificing the overall
signal-to-noise ratio for those who speak
softly. The terminal must also interleave
and sort out the pulse sequences belong-
ing to each voice channel and the indi-
vidual pulses within each sequence.

The first T1 carrier systems for voice
transmission were installed more than a
decade ago. Today the number of T1-
based voice channels, which are de-
signed to be no more than 50 miles long,
exceeds 1.25 million. This figure means
that throughout the U.S. there are more
than 100,000 terminals sending and re-
ceiving impulses at the rate of 1.5 mega-
bits per second. They constitute the first
step in a carefully planned hierarchy of
digital channels. In the years to come the
top of the hierarchy will include termi-
nals handling streams of nearly 300
megabits per second over coast-to-coast
distances [see illustration on page 135].

As the hardware implementation of
the hierarchy of T carriers is evolving, a
variety of competitive digital channels
and networks are in the making, primar-
ily aimed at handling the type of traffic
most naturally suited to them, namely
digital data. In this application no A/D

CATHODE-RAY-TUBE PICTURE of portions of DNA, the molecule that embodies the
genetic code, is typical of displays that can be produced by terminals attached to large
computers. The picture shows an electron-density contour map of guanine and cytosine,
two of the four bases in which the code is written in the molecule. The computer model
was devised at San Jose, Calif., laboratory of International Business Machines Corporation.
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or D A conversion is needed because the
data are digital to start with. Of the most
immediate interest is a terminal for fre-
quency-multiplexing a 1.5-megabit-per-
second digital stream with the analogue
telephone signals already being carried
by existing microwave systems. It will
enable the 1.5-megabit T1-carrier stream
to be extended across the country for
wide accessibility to consumers of alpha-
numeric business data.

The next step in the hierarchy of pure-
ly digital channels is the T2 carrier now
coming into service. It has a capacity of
six megabits per second, the equivalent
of four T1 streams. With time-division-
multiplexing terminals at appropriate
telephone offices, each bit stream is in-
terleaved into the stream of the next-
highest speed. The fastest stream now
being designed will transmit about 275
megabits per second. These bit rates and
still higher ones will require advanced
technology to implement both the termi-
nals and the channels.

he terminal technology will depend

in large measure on the transmission
media selected for future channels. For
example, coaxial cables can carry the bit
stream directly at “baseband,” that is,
without modulation of a carrier signal,
and thus they will be attractive for met-
ropolitan service. Microwave radio relay
operating in the 18-gigahertz region (a
wavelength of about 17 millimeters) will
be able to accommodate six streams of
275 megabits per second in adjacent fre-
quency bands. A new entry, circular
waveguides carrying waves measured in
millimeters, can handle the staggering
total of 60 streams of 275 megabits in
each direction, the equivalent of 250,000
two-way voice channels. Millimeter
waveguide, based on a technology origi-
nally developed during World War II
for radar, has been waiting in the wings
while the traffic projections are gradually
edging up to its capabilities and while
circuit techniques, including all-solid-
state designs, are making it more attrac-
tive. The terminal technology for wave-
guides is similar to that for microwave
radio except that here the wavelengths
are much shorter, ranging from about
seven millimeters to less than three milli-
meters, corresponding to a spectrum of
between 40 and 110 gigahertz.

Beyond millimeter waveguide, with
still higher capacity, lies a new world
of optical communications harnessing
laser-generated or diode-generated light
beams in free space or guided through
light pipes or fibers made of glass or
filled with liquid. This exciting and still
evolving technology appears to be the



HIGH-SPEED PRINTER built by the Control Data Corporation is
a special kind of terminal that handles alphanumeric data gener-

logical choice for filling the superhigh-
capacity communication needs of the
long-term future. Present applications
are limited to special situations, such
as interconnecting high-speed computer
equipment in neighboring buildings by
sending optical beams through the open
air. The terminals for such optical sys-
tems can be surprisingly simple: the
transmitter is a light-emitting solid-state
diode (modulated by the signal source)
and the receiver is a light-sensitive tran-
sistor. The light beam is directed, col-
limated and collected by ordinary opti-
cal reflectors and lenses.

Although the explosive growth of data
transmission has hastened the evolution
of digital terminals, such terminals will
not be used only for data. The dominant
“passengers” will for some time continue
to be groups of pulses representing sam-
ples of speech, transmitted at the rate
of 64 kilobits per second per voice chan-
nel. “Picturephone” signals for intercity
transmission will require a bit rate near-

ly 100 times higher: six megabits per
second. A broadcast-quality color-televi-
sion signal in digital code calls for 90
megabits per second.

The general use of the Picturephone
set still lies in the future. The most wide-
ly available interactive communication
terminal in the world remains the ordi-
nary telephone. There are more than 120
million telephones in the U.S. and 130
million more in other countries. The tele-
phone exploits a basic electro-acoustic
technology that is difficult to improve on,
given very tight economic bounds. Sim-
ple as this terminal is, it acquires enor-
mous power by virtue of the network to
which it provides access. That network
embraces more than 200 countries and
territories, making it possible for virtual-
ly any pair of telephones among the
more than 270 million to be intercon-
nected on command.

The versatility and ubiquity of the
worldwide telephone network make it
attractive for the transmission of ana-
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ated by a source such as a computer or a magnetic tape. The termi-
nal shown can print 1,600 lines 136 characters wide in a minute.

logue signals other than speech by means
of specialized terminals. For example,
a simple attachment to the telephone
handset makes it possible to transmit a
patient’s heart signals to the office of a
physician, where the signals are repro-
duced on a cardiograph. Other analogue
terminals mediate the low-speed trans-
mission of pictures, weather maps or oth-
er graphic material.

Among nonvoice terminals the fastest-
growing group is the digital termi-
nals designed to handle alphanumeric
information. Such terminals are called
data sets or “modems,” a contraction of
modulator-demodulator. Among special-
ists in computer communications the
word “terminal” is actually reserved for
something else: the keyboard machine,
tape reader or other device that feeds
data into a modem; or the printer, tape
recorder or computer that accepts the
output of a modem.
Rather slow and intermittent trans-
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mission is required for a keyboard ma-
chine such as an on-line teletypewriter
or the “Touch-Tone” telephone (when
that instrument doubles as a simple ter-
minal for sending numerals). A much
more complex terminal is represented by
the apparatus at an airline reservation
desk. When you telephone the reserva-
tion clerk to ask if there is a seat on flight
such-and-such, he punches the informa-
tion into his keyboard. The terminal is
not on line but dumps the information
(preceded by his identity code) into an
electronic memory that is fed by dozens
of other agents for the same airline [see
illustration on page 136]. Every second
or so a central computer, possibly hun-
dreds of miles away, “polls” (interro-
gates) the memory store; the accumulat-
ed questions, if any, are sped to the com-
puter. The computer consults its master
memory and returns the answer to the
desk of the appropriate agent, where it is
displayed on a cathode ray tube. When
you order your reservation, the clerk
types in the required data and the com-
puter updates its master memory so that
the next caller cannot get the same seat.
The computer also confirms the transac-

tion with a message that shows up on the
agent’s display tube.

During peak hours messages are going
back and forth at a fast clip. In early in-
stallations the data-flow rate was usually
2,400 bits per second; in newer systems
the rate is likely to be twice as high. The
messages tend to be brief, generally no
more than a few hundred bits, so that
the receivers must be ready to “listen”
all the time. Hence in this application
and similar ones the terminals are tied to-
gether on a full-time basis through
leased or private lines. Since modems as-
sociated with high-speed polling systems
must operate reliably at 4,800 bits per
second over voice channels, they are rea-
sonably complex pieces of equipment
[see top illustration on page 137]. They
must encode the data efficiently into a
signal well suited not only to the typical
voice channel but also to the “worst
case” channel. This calls for a modula-
tion-demodulation scheme capable of ac-
curate synchronization and of compen-
sating for distortions introduced by the
channel. In some cases the compensation
is achieved automatically by internal er-
ror-sensing and feedback control.

EDITING AND PROOFING TERMINAL built by the Harris-Intertype Corporation is
representative of an extensive family of computer terminals that combine a keyboard with
a pictorial display. The terminal is designed to be the primary means of correcting, editing
and proofreading text prior to typesetting. It can accept data from a computer or paper
tape at the rate of 1,200 characters per second. Once the copy has been edited the terminal
can produce a tape output or transmit the text to a computer for subsequent typesetting.

140

© 1972 SCIENTIFIC AMERICAN, INC

Proliferation without end seems to
characterize the evolution of terminals,
particularly those that serve as the “ten-
tacles” of a computer. In the business
world more and more input-output de-
vices perform such functions as the
reading of credit cards, the updating of
bank accounts and the issuing of tickets.
Additional data-handling applications
are found in brokerage, health care, in-
ventory management, computer-aided
education, police information retrieval
and off-track betting. Character-recog-
nition systems, which now constitute an
important class of terminals, identify ac-
count numbers on checks, help with the
composition of newspapers and maga-
zines and promise the automatic sorting
of mail. High-speed printers and cath-
ode-ray-tube displays have become in-
creasingly familiar as visual-output ter-
minals.

Various forms of facsimile terminal

have been in use for decades, partic-
ularly for the transmission of the “wire-
photos” often seen in newspapers. Tech-
niques such as electronic scanning and
xerography have helped to broaden the
potential usefulness of facsimile trans-
mission. Inexpensive lasers, aided by in-
genious new light-deflectors, promise to
be key elements in scanning and printing
terminals with excellent resolving pow-
er. Futurists predict that a “fax” terminal
in the home or business office may some-
day supplement or even replace the mail
carrier.

Keyboard terminals are widely found
in the engineering and scientific com-
munities for the purpose of utilizing re-
mote computers. Such terminals enable
many users to “talk” with a single large
computer. The centralized computer
may itself be thought of as a versatile
terminal, programmable and capable of
consulting a memory store and of execut-
ing logic functions. Aided by suitable
peripheral devices, its capacities can as-
sume astonishing proportions. The com-
puter can do a literature search in a li-
brary of microfilms or magnetic tapes or
it can generate complex graphs or draw-
ings on the cathode-ray-tube display of a
remote user. After feeding in a sufficient-
ly definitive description of a three-di-
mensional object, for example, an archi-
tect may command a true-perspective
view of the object from any desired an-
gle or distance and then make modifica-
tions as desired.

Clearly there is no end in sight to the
continuing evolution of communication
terminals. A wealth of technological
means is at hand; economic factors will
determine the speed of progress.
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Communication and the Community

Cities exist largely because they enhance communication. Modern

telecommunication systems provide a means for extending the web

of urban communication and improving the quality of urban life

communication technology during
the past few decades has greatly ex-
tended the connections between individ-
uals and has bound men much more
closely. By telephone, radio, leased wire
and links with computers one can com-
municate with someone else almost any-
where in the world; buy, sell, obtain
credit and salary; conduct business with
a bank; make reservations for transporta-
tion and hotel space; send and receive
data in numerous forms, and in many
other ways link oneself to other parts of
the human community without leaving
one’s home or office. By print, radio, tele-
vision and satellite one can receive infor-
mation and entertainment from all parts
of the world, often as the event is hap-
pening. With tape and other forms of re-
cording one has access to the memorable
sights and sounds of the recent past.
These achievements are impressive
and would doubtless strike the people of
past centuries as marvels. Nonetheless,
in many respects the things that can be
done by communication today represent
only a fraction of what could be done to
improve the quality of life for everyone
if communication systems were more
carefully planned and if the full poten-
tial of certain technologies were exploit-
ed. The point can be made by picturing
someone who, while driving through a
suburban or rural area where he is a
stranger, sees a building on fire and
wants to report it. He does not know
where to find a public telephone or an
alarm box. He does not know what fire
department to call. If he finds a tele-

In human terms the rapid advance of

by Peter C. Goldmark

phone and resorts to the expedient of
dialing “Operator,” the operator must
ascertain where the caller is in order to
alert the right fire department, and the
traveler may not know exactly where he
is. By the time the right connection is
made the fire may be well advanced.

The technology is at hand for solving
such problems. The traveler could have
as part of his automobile radio a two-
way link with a nearby computer that
would ascertain his location and direct
him to the nearest public telephone or
alarm box. Once there he would dial a
universal emergency number (such as
the 911 now used in New York and other
large, centralized jurisdictions). An auto-
matic locating arrangement that was part
of the telephone system would identify
the source of the call, so that the dis-
patcher would know at once the approxi-
mate location of the fire and what fire
department to send.

My purpose in this article is to suggest
a number of ways in which new appli-
cations of communication technology
could make communication more useful
to people as individuals or to entire com-
munities. My remarks reflect closely the
findings in a report, Communications
Technology for Urban Improvement,
presented recently by a panel on urban
communications established by the Na-
tional Academy of Engineering. The
panel, of which I was chairman, under-
took the study at the request of a num-
ber of Federal agencies, which sought
advice on (1) the possibilities for better
application of telecommunication tech-
nology to city functions in order to im-

MEDICAL EXAMINATION BY TELEVISION is made (opposite page) by .a physician at
the Massachusetts General Hospital in Boston through a two-way link with the Veterans
Administration Hospital in Bedford, 17 miles away. The system, set up by Kenneth T. Bird
of Massachusetts General, employs communication technology to extend medical care.
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prove city living and (2) the potential of
such applications for stimulating valu-
able patterns of regional development.

Our panel reported to the Committee
on Telecommunications of the National
Academy of Engineering. That commit-
tee has defined telecommunication as
“any transmission, emission or reception
of signs, signals, written images and
sounds or intelligence of any nature by
wire, radio, visual or other electromag-
netic systems including any intervening
processing and storage.” The definition
encompasses signal processing and stor-
age by computers, sensors and trans-
ducers. A signal does not have to be
transmitted to a distant point to be in-
cluded under the definition.

LAS a basis for discussing the potential
of various telecommunication sys-
tems it will be helpful if I describe brief-
ly the present status of the principal
systems. The telephone is certainly the
major vehicle for personal communica-
tion, having almost totally replaced the
telegram and taken up also a good deal
of the communicating that once would
have been done by mail. More than 90
percent of the homes in the U.S. con-
tain at least one telephone. The 30 larg-
est urban centers have 37 million tele-
phones, and the usage is high every-
where; for example, the five million tele-
phones in New York City generate more
than 30 million calls each business day.
The telephone network is engineered
to optimize selective, private communi-
cation between two people. Therefore it
is of low suitability for broadcasting or
its opposite: simultaneous data-gather-
ing from a number of points. It is suit-
able, however, for transmitting all forms
of data between two points, often over
leased lines. The business community
has applied this capability widely, em-
ploying telephone lines to transmit data
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FUTURE NETWORK of communication in a city is depicted
schematically. The emphasis of the system is on giving city officials
more direct means of communication with residents and on giving
residents better ways of finding out about municipal services and
conditions and of reaching public officials. Each neighborhood
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NEIGHBORHOODS

(light color) would have a community information center (black
boxes) that would include a computer programmed to provide in-
formation about services and conditions. Neighborhoods and re-
gions within a neighborhood (gray circles) would be able to voice
needs (color) to municipal departments and obtain services (black).
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from computer to computer, keyboard to
keyboard, card to tape, human to com-
puter and so on.

I need not dwell on the elaborateness
of the web of radio and television com-
munication or on the number of people
making up the radio and television au-
dience. The figures speak for themselves:
the U.S. has more than 6,500 commer-
cial radio stations and 700 television sta-
tions; an audience of 55 million people
is watching 37 million television sets at
any given moment in prime time. The
pervasiveness of mobile radio is less
widely recognized, since its applications
are mostly in public safety, transporta-
tion and industrial activity.

The major development of the past 20
years has been what is usually called
cable television, although the name
broad-band communication networks
(BCN) is coming increasingly into play
as being more descriptive of what the
system can do. The growth of the sys-
tem has been remarkable, from zero in
1949 to more than 2,500 systems and
5.5 million subscribers now. The tech-
nology has also advanced rapidly, begin-
ning with an arrangement whereby a sin-
gle well-placed antenna in a community
brought in television signals that were
then delivered by cable to the homes
of subscribers who otherwise would re-
ceive no signals or poor ones, and ex-
tending now to a multiplicity of services
that could be made available but in gen-
eral have not been.

Cable service can have a frequency
bandwidth of 300 million cycles per sec-
ond with the possibility of limited return
communication. (Telephone service into
the home has a frequency bandwidth of
3,500 cycles.) Through technical devel-
opments in the past few years it is now
possible and economically sound to fur-
nish 20 or more television channels to
each cable subscriber. Indeed, this ca-
pacity has been built into most systems
that have been organized since 1970.

With the limited two-way feature
added to a cable system that is also
linked to a centrally located digital com-
puter, a system could do any or all of the
following things: (1) enable the subscrib-
er to select any one of 12 or more tele-
vision channels, including local and dis-
tant broadcast signals, locally originated
nonbroadcast programs and perhaps ca-
ble programs distributed nationally by
way of domestic satellites; (2) provide
channels for groups with specific com-
municative needs, such as physicians and
public officials; (3) enable subscribers
to order products; (4) enable viewers to
take part in public-opinion polls, with
the responder’s identity concealed if that

is desirable; (5) provide warning at an
appropriate responding point of fire or
burglary in the home or of a medical
emergency in the family; (6) offer edu-
cational channels with an option for re-
sponse by the student; (7) provide sta-
tistical data on the opinions of viewers
about the television programs being of-
fered; (8) offer a service whereby lights,
heat, warning systems and other devices
would be turned on or off in a home ac-
cording to the owner’s instructions; (9)
read light, gas and water meters, send
the reading to the utility’s computer and
return the bill to the user; (10) provide
copies of printed material in the sub-
scriber’s home; (11) offer a “frame-grab-
ber” facility whereby the subscriber
could obtain and store for continuous
display single pictures from a television
program or a slide presentation; (12) pro-
vide channels for programs offered by
individuals or groups, and (13) offer ac-
cess to premium programming with bet-
ter color and resolution than the com-
mercial standard.

This list does not exhaust the possi-

bilities; indeed, they are limited only
by imagination and the strictures of the
marketplace. As an example let us con-
sider interactive home terminals, which
will be made possible by the advances
that can be foreseen over the next few
years in the technology of integrated
circuits, displays, communication and
magnetic recording. By these means a
neighborhood information center or a
home could be provided with access to
a vast amount of information from com-
puter memories and libraries.

One can envision an interactive home
terminal consisting of a television re-
ceiver, a voice-response computer and
various combinations of keyboards, light
pens, printers and electronic logic and
storage. Through the return cable sig-
nal the subscriber is connected to the
computer. Data from the computer
would be received and converted to any
of several formats for display on the tele-
vision screen.

A simple but effective way of present-
ing information with this system entails
a process akin to choosing from a menu.
With each incoming frame the user is
asked to choose one of several alterna-
tives (up to 10) to define more precisely
the information he wants. For example,
if he were seeking travel information,
he would with the first frame indicate
whether he wanted to go by airplane,
train, bus or taxicab. The second frame
(if he chose, say, air travel) would en-
able him to specify what airport he
would use. The process would continue
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until the user had before him on his tele-
vision screen the schedule of all airline
flights of interest.

In exploring the possibilities for im-
proving cities by improving their com-
munication it is helpful to regard a city
as a large information—processing system
in which much of the work going on
involves obtaining, processing and ex-
changing information. The aim, there-
fore, is to improve the city’s capacity to
move information rather than people
and materials. In this way one sees the
city as a confederation of neighborhoods
sharing facilities and services.

At present the framework of the city’s
information-processing system is a va-
riety of networks that provide a means
for management, service, coordination
and feedback. They include the network
of streets and public transportation, the
telephone network, the two-way radio
networks employed by police, fire, street-
maintenance and emergency-service
groups and finally the one-way informa-
tional network of radio and television
broadcasting. These networks are vital
to the city as a nerve system is vital to
the body.

Beyond them, however, lie several
major opportunities for improving the
flow of information through telecom-
munications. It is helpful to describe
them in terms of four basic telecommu-
nication networks. Although I must nec-
essarily describe the networks separate-
ly, the reader should bear in mind that
they will be interrelated and in some
instances combined physically.

The primary network already exists

but should be encouraged to expand.
It is the telephone network: a full, two-
way, random-access network that can
accommodate voice, data and (at pres-
ent only to a limited extent) pictures.
The basic attribute of the network is its
ability to put anyone in personal touch
with anyone else quickly and reliably.
With the advent of data processing this
network could provide a similar random
access between man and machines or be-
tween machines. It can be looked on as
providing a pipeline into every home,
office and library through which one can
not only converse but also transmit writ-
ten materials and pictures.

A second network, which would be
based on present or future cable-televi-
sion systems, would take over the task of
distributing information in bulk from
central facilities to offices and homes. It
would, in effect, be an alternative way
of receiving the information that now
comes through books, records, broad-
casting and so on. The network is envi-
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BROAD-BAND COMMUNICATION NETWORK is envisioned as an evolution of present
cable-television systems. Its main task would be distributing information in bulk from
central facilities to homes and offices. The network would also have limited facilities for
information and queries going the other way and so could be used for polling and for
various inquiries from subscribers. “Head end” is the operating center of the cable system.
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sioned as a broad-band, two-way infor-
mation pipe with a capacity equivalent
to 30 or more television channels. It
would be arranged to provide limited-
address, narrow-band call-back for poll-
ing or making requests. If the network
were organized with subcenters at the
neighborhood level (between, say, 3,000
and 15,000 homes), it would be possible
for a neighborhood to cater to its own
programming requirements.

The third network would be another
broad-band “pipe” carrying the equiva-
lent of 30 television channels in both di-
rections. It would interconnect the ma-
jor public institutions of the city, such as
the health, educational or emergency
services. Some of the institutions would
be interconnected permanently; others
would be patched in as needed.

The fourth network would represent
the city’s sensory nerves. It would be a
commonly owned network to provide in-
formation to appropriate centers on such
matters as weather, pollution, traffic, the
location of emergency vehicles and the
status of public transportation. Some of
this information is carried now on tele-
phone lines, but under the fourth-net-
work concept the process, using cable-
television facilities, would be greatly ex-
panded and much better coordinated
than it is now.

In a city having these four networks the

amenities of life could be greatly im-
proved. The nature of the improvement
is suggested by a number of pilot proj-
ects that our committee commended to
the attention of interested institutions
and agencies. I shall describe examples
in five fields: municipal administration,
education, health, pollution and trans-
portation.

In the field of municipal administra-
tion I am thinking not only about the
problems faced by the government in
dealing with the citizens but also about
the problems faced by the citizens in
dealing with the government. From the
government’s point of view there are
surprisingly few effective channels of
communication between officials and the
community. Moreover, since they are
mostly one-way channels, as represented
by newspapers and the broadcasting en-
terprises, the opportunities for city offi-
cials to obtain feedback from the public
about city projects are limited. From the
citizen’s point of view the effort to com-
municate with the government is often
frustrating, involving waiting lines, slow
responses and seemingly harried or
bored officials.

A response to this problem is to es-
tablish several community information



centers. Our pilot project calls for such a
center to be set up and operated in a
typical city. The center would have as
its primary function a referral service
that would tell any citizen where to go
or call to obtain the information or ser-
vice he wants. The center might also un-
dertake to provide forms, brochures and
the like. The telecommunication base of
the center would be the telephone sys-
tem, manned around the clock by trained
operators, and a small computer with
stored information of the type the opera-
tors would be likely to need.

In education the goal of any program
should be to increase the attractive-
ness and relevance of the curriculum
and its availability to the educationally
deprived. Another aim is to make educa-
tion more available to all people. Com-
munication technology offers vast oppor-
tunities in this field through the comput-
er and cable television and, perhaps
more important, the willingness of teach-
ers to make them work.

Three applications of this technology
to education seem promising: interactive
instructional television, interactive com-
munity information retrieval and com-
puter-assisted instruction. The distinc-
tive feature of interactive instructional
television is that it is two-way, whereas
the instructional television offered until
now has been one-way. A degree of stu-
dent interaction can be added to tele-
vision instruction by such expedients as
having a small studio audience that
serves as proxy for a larger audience in
asking questions and providing feed-
back to the instructor or making arrange-
ments for responses from students after
they have seen the television material.

Recent trends in education have em-
phasized the importance of student in-
teraction on a more continuous basis. In-
structional television with audio return
channels offers the opportunity for stu-
dents in remote classrooms to ask ques-
tions and to join in the discussion on
almost the same basis as students in
the classroom. Similarly, recent develop-
ments in subscriber-response systems for
cable television offer large groups a way
to interact on a limited but more or less
continuous basis throughout an instruc-
tional television program. All viewers see
the same picture, and each viewer has a
12-button response pad with which he
can respond to questions posed by the
instructor. A computer polls the students
every 10 seconds or so to pick up their
responses. The system engages the at-
tention of the students and also provides
feedback to the instructor.

With such a system university courses
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and continuing adult-education classes
could be offered to thousands of students
in their homes simultaneously. In the
same way high, school teachers offering
material of interest to only a few stu-
dents in one high school could provide
simultaneous classes for students in all
the high schools of a region. Moreover,
classes could be offered through inter-
active television to people interested in
furthering professional careers.

The aim of the interactive community
information-retrieval system, which is
distinct from the transportation-informa-
tion scheme I shall describe below, is to
make available in one place such infor-
mation as television and motion-picture
schedules, sports schedules, vacation
and travel information, data on welfare
and social security, certain classes of
product information, political informa-
tion and even bibliographic data. In the
long run it might be possible to employ
the system to provide information from
the public library, although the prob-
lems of indexing and storing such large
amounts of data are so severe that for
the time being the system will be con-
fined to information that is likely to
change fairly rapidly.

The technology of the system is avail-
able today. It entails making alphanu-
meric (letter and number) information
available to the cable-television sub-
scriber on his television screen. The sub-
scriber calls for information through his
response pad. A computer at the head
end (the cable-television center) extracts
the information from its memory and
transmits it to the subscriber over a regu-
lar cable channel that is time-shared
with a number of other subscribers.
Among 10,000 subscribers perhaps 300
might want to use the service at any
given time. Since a single television
frame contains all the information de-
sired at one time by a subscriber and
can be transmitted in 1/30 second, one
channel shared among 300 users would
provide each subscriber with access to a
new frame every 10 seconds.

Computer-assisted  instruction  has
been available for some time and has
evoked mixed reactions because it is
costly and some teachers are doubtful of
its educational value. The cost appears
likely to come down in the near future,
and with good curriculum planning that
takes computer-assisted instruction be-
yond the drill-and-practice stage the ed-
ucational value should rise. For example,
the computer can play a role in develop-
ing critical thinking skills through game-
playing techniques. An example is the
game of nim, in which the computer dis-
plays nine sticks on a television screen
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and instructs the student: “Take turns
with me, taking away 1 or 2 or 3 sticks
at a time. The one who takes away the
last stick loses.” The program is de-
signed so that the computer always goes
first, randomly removing one, two or
three sticks. If the student thinks ahead,
he is in a position to win, although the
computer is programmed to try to win
after the student’s first move.

It is possible to foresee systems de-
livering computer-assisted instruction
through two-way cable-television ar-
rangements. At present, however, the
economics of the matter suggest that the
interaction will take place through one-
way television with students responding
by teletypewriter.

In the health field the major problems

that seem open to improvement
through telecommunications are the lim-
ited number of physicians, particularly
in rural areas, the uneven geographical
distribution of physicians even in urban
areas and the fact that the time of physi-
cians is not always optimally employed.
It is widely agreed that the strategy for
improving the system is to extend the
services of individual physicians, both
geographically and in terms of the num-
ber of patients each one can serve, and
to rely more extensively on medical as-
sistants. Telecommunication technology
can play an important role in the devel-
opment of innovative systems for deliv-
ering medical care.

One scheme is to have a number of
satellite clinics that would be linked to
one or more physicians by various forms
of communication. The clinics would be
in such places as neighborhood build-
ings, schools, prisons and nursing homes
and would be staffed by medically
trained people such as nurses and physi-
cians’ assistants. The clinic staff would
make preliminary examinations and car-
ry out certain tests. If the staff felt that
consultation with a physician was neces-
sary, it could be done by telephone or
point-to-point television. It has already
been demonstrated that a physician can
obtain an adequate medical history, per-
form a significant part of the physical
examination, read electrocardiograms,
examine X rays and so on by means of a
television link.

The role of the computer in health
care appears likely to grow [see “The
Delivery of Medical Care,” by Sidney R.
Garfield; ScientiFic AMERICAN, April,
1970]. Computers already are extensive-
ly involved in the record-keeping of hos-
pitals. Computer-aided diagnosis in busy
outpatient clinics may soon reach a
similar degree of acceptance. Central-
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ized maintenance of patients” histories in
computer data banks, with remote access
from the physician’s office, appears to
offer important benefits, but the system
would require safeguards to ensure pri-
vacy and to control the right to add to
or delete from the records.

he effectiveness of moves to control

pollution depends to a large extent
on the development of systems that can
obtain information on the presence and
the amount of pollutants. The problem
here is not in processing or transferring
data but in developing inexpensive and
reliable sensing devices, some of which
would operate at remote, unattended
sites, transmitting their data to central
monitoring stations, and some of which
would enable officials in vehicles to make
spot checks. A promising physical prin-
ciple for measuring air pollution is the
absorption and scattering of infrared
radiation by the atmosphere. Every
molecule has a specific signature in the
infrared spectrum, and so in principle
spectral measurements (of emission,
scattering or absorption of radiation) can
identify the type and concentration of
various pollutants.

Each of the three measuring tech-
niques requires a reliable and stable in-
frared source of narrow bandwidth, to-
gether with a sensitive detector. Laser
technology can meet the requirement.
One strategy would be to employ a het-
erodyne method using a carbon dioxide
laser generating frequencies close to the
desired one. Another possibility would
be a tunable laser that could be placed
on the precise frequency desired. Ex-
perimental work on each method is in
progress.

In the transportation field telecommu-
nication can be employed much more
extensively than it is now to monitor and
guide the flow of traffic and to improve
the efficiency of mass-transit systems.
Anyone familiar with the effort of trav-
eling by bus in New York and other
large cities, where only the regular rid-
ers know what route a bus will follow,
will perceive the value of a system that
would provide information at every bus
stop about routes, schedules, transfer
points, the current passenger load and
the estimated time of arrival of the next
bus. The technology is available. Prob-
ably at first the information would have
to be sought and delivered by telephone,
but ultimately the system would require
a computerized operation that kept track
of the location of each vehicle and of the
situation along each route with respect
to the number of passengers waiting,
boarding and leaving.
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From the rider’s viewpoint the system
would provide an information box at the
bus stop. By means of push buttons the
rider could ask for such information as
the route followed by each bus serving
the stop and the estimated time of ar-
rival of the next bus going his way. The
information would be displayed on a
screen. Indeed, by way of an interactive
television terminal one could receive the
same kind of information at home.

Another transportation project that
merits trial is a fringe parking lot adja-
cent to one or more transit lines and sup-
plied with much more in the way of fa-
cilities than are available in the lots of
this type now in existence. One facility
would enable the driver to go directly to
an empty parking space near the transit
line he intended to ride. The system
would include a sensor at each parking
slot, telecommunication lines linking
each sensor to a computer and display
screens to show the driver where to go.
Another facility would make it possible
to prepay the parking fee quickly, by
means of a credit card if the driver
wished. The terminal would also be
equipped with the transit-information
boxes I have described for bus stops.

Regarded together, the various sys-
tems I have discussed depict what has
been described as the “wired city.” The
achievement of such a concept would
rest on communication technology. The
aim, however, would be to help the com-
munity function more efficiently and
humanely.

Our panel also considered the appli-
cation of communication technology to
a broader improvement of life in the
U.S. Some 80 percent of the people live
in crowded urban areas, which occupy
less than 10 percent of the land. Prob-
lems of pollution, crime, health and edu-
cation have caused city life to deterio-
rate for most people and particularly for
the poor.

We have investigated ways of en-
abling more of the population to live in
attractive rural environments and to
combine that mode of life with some of
the amenities offered by large cities.
Employment, improved health and edu-
cational services, cultural and entertain-
ment opportunities and so on could be
provided for every part of the country
through the imaginative application of
telecommunication technology. The U.S.
Department of Housing and Urban De-
velopment has provided money for study
of a specific project that our panel pro-
posed. The project, which is called the
“New Rural Society,” is centered in Con-
necticut, but the findings of our study
there will have national significance.
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Communication and Social Environment

Messages are the medium in which human beings exist. Precisely

how human behavior and attitudes are shaped by the multifarious

forms of mass communication is now beginning to be investigated

he ways in which people reflect
I on things and relate to one anoth-
er are rooted in the human ability
to compose images, produce messages
and employ complex systems of symbols.
A change in these processes transforms
the nature of human affairs. We are in
the midst of such a transformation. It
stems from the mass production of sym-
bols and messages, which represents a
revolution in information and popular
culture. Of all the changes in what has
come to be called the quality of life,
none has had a larger direct impact on
human consciousness and social behav-
ior than the rise of communication tech-
nology.

Long ago the development of writing
freed memory of much of its burden and
shifted control over the accumulation of
knowledge from storytellers to makers
and keepers of records. The spread of
literacy broke that monopoly and pre-
pared the ground for the mobility of
ideas and people that is so important in
modern industry. Printing sped ideas
and commands to all who could read.
Today satellites fly and spy overhead,
and we are wired together so tightly
that a short circuit can fry us all. A “hot
line” is needed to make sure that if hu-
mankind seems about to exterminate it-
self, the deed is purposeful rather than
the result of error. When most people
can be exposed to the same sources of
power at the same time, the shape and
pace of history have changed.

The Scottish patriot Andrew Fletcher
once said: “If a man were permitted to
write all the ballads, he need not care

by George Gerbner

who should make the laws of the na-
tion.” The mass production of all the
ballads is at the heart of the cultural
transformation now in progress. The
ballads of an age are powerful myths
depicting its visions of the invisible
forces of life, society and the universe.
They are blends of fact and fiction de-
signed to reveal how things are or ought
to be. They compel attention for their
own sake. They inform as they entertain.
They make entertainment—the celebra-
tion of conventional morality—the only
collective drill in which most members
of a culture engage with pleasure. To-
day’s popular entertainment in news,
drama and fiction has become the uni-
versal source of public acculturation.
Developments in communication not
only have extended the human ability
to exchange messages but also have
transformed the symbolic environment
of human consciousness and are con-
tinuing to alter it. Perhaps the most pro-
found human dilemma is this: Just as
knowledge can be said to confer power,
so power generates and uses knowledge
for its own purposes. Social and institu-
tional structures (the Government, the
broadcasting networks, the publishing
houses and the educational institutions)
have a steadily increasing role in shap-
ing the symbolic environment.
Self-government can no longer be
supposed to follow from the assumption
that the press and other communication
agencies are free. In a highly centralized
mass-production structure of the kind
characterizing modern communication,
“freedom” is the right of the managers

TELEVISION CONTROL ROOM is one of many linkages in the complex system that cre-
ates the communicative environment of the U.S. The control room on the opposite page is
one of those operated by the Columbia Broadcasting System in New York. When a “live”
program is being broadcast, the monitor screens show what each one of several cameras is
picking up. The director can cut from one camera to another to synthesize the program.
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of the media to decide what the public
will be told. The question is whether
enlightenment through communication
can lead to liberation from the shackles
of mind and body that still oppress man-
kind or whether only liberation from
those shackles can lead to further en-
lightenment through communication.

r[‘he simplest organisms take energy
* from their immediate surroundings.
They need little information except
what is contained in a fixed hereditary
code. Higher organisms have specialized
senses to receive information and com-
plex brains to process and store it. They
can reach out, search a larger area, pick
up signals from a distance, accumulate
impressions over a period of time, relate
to one another, assume different roles
and engage in behavior based on a shar-
ing of learned significance. Only man,
however, acts primarily in terms of sym-
bol systems.

Symbolic context gives an act its hu-
man significance. Meanings do not re-
side within people any more than
breathing resides only in the lungs.
Meanings are the product of an ex-
change between the brain and the sym-
bolic environment, which is to the brain
what air is to the lungs. The exchange is
the reason one can say that although all
organisms behave, only humans act. Ac-
tion is behavior that derives its distinc-
tively human meaning from the sym-
bolic context in which it is embedded
or to which it is related.

The exchange by means of the sym-
bolic environment is what I define as
communication. It is interaction through
messages. Even when people interact
face to face, they usually do it partly or
wholly through the patterned exchange
of messages. By messages I mean for-
mally coded symbolic or representation-
al patterns of some shared significance
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DRAMATIC SCENES from television programs and motion pictures are employed by the
author’s group at the Annenberg School of Communications of the University of Pennsyl-
vania to test the influence of the media on the perceptions that viewers form of people, life
and society. Pictures such as these are shown without identification to respondents, who
are asked such questions as what the characters are saying, what might happen next and
whether the characters are strangers or people who have known each other for some time.
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in a culture. Indeed, culture itself can
be regarded broadly as a system in
which messages cultivate and regulate
the relations between people. In one
form or another such processes appear
in all types of life and in all social sys-
tems, but it is in human culture and in
the conduct of human life and society
that communication plays its most com-
plex and distinctive part.

Even the most primitive peoples have
employed shapes and images for sym-
bolic and representational purposes and
have erected imposing symbolic struc-
tures of religion, statecraft and play.
Through communication they have per-
formed elaborate rituals, observed in-
tricate kinship systems and conducted
the affairs of the tribe or nation. Today
systems of messages that can be record-
ed and widely transported enable man
to bridge vast reaches of space and time
and to cultivate values of collective sur-
vival. They also facilitate spasms of
mass destruction, a distinctively human
trait.

A change in the relation of people to
the common culture marks the transition
from one epoch to another in the way
that members of our species are “hu-
manized.” The increasing rate of this
change and the lengthening span of life
mean that different generations living
side by side can now be humanized in
different ways, so that they live in es-
sentially different (but overlapping) cul-
tural epochs. Distant storytellers mass-
produce new tales steadily and can tell
them to millions of children, parents and
grandparents simultaneously. As a result
the traditional process of socialization
has been altered. Never before have so
many people in so many places shared
so much of a common system of mes-
sages and images—and the assumptions
about life, society and the world that
the system embodies—while having so
little to do with creating the system. In
sum, the fabric of popular culture that
relates the elements of existence to one
another and shapes the common con-
sciousness of what is, what is important,
what is right and what is related to what
else is now largely a manufactured
product.

The experiments in self-government

that brought to an end the era of
absolute monarchs were based on a new
conception of popular culture, namely
that reason confronts reality on terms
made available by the culture. It was
thought that popular self-government
consisted in citizens” collectively creat-
ing alternatives of policy rather than
simply responding to them. A great deal



has happened since these assumptions
found expression in revolutionary docu-
ments of societies at a time when pub-
lic communications were mostly hand-
crafted by individuals speaking for
diverse publics. Now that public com-
munications have become commodities
manufactured by powerful agencies of
the industrial society for sale to hetero-
geneous audiences, the perspective of
the communications reflects institutional
organization and control.

The organs of mass communication—
printing, television and radio—provide
the means of selecting, recording, view-
ing and sharing man’s notions of what
is, what is important, what is right and
what is related to what else. The media
are the cultural arms of the industrial
order from which they spring. They
bring into existence and then cultivate
a new form of common consciousness:
modern mass publics.

The significance of mass communica-
tion does not stem from the numbers
of people involved. Large groups of
people were reached by other forms of
communication long before the advent
of the modern forms. The modern con-
cept of masses is groups so large and
dispersed that only methods of mass
production and distribution can reach
them with the same message in a short
period of time. The significance of the
mass media therefore lies in their ability
to mass-produce messages that create
mass publics: heterogeneous social ag-
gregates that never meet face to face
and may have nothing in common ex-
cept the messages they share. The big-
gest of the mass media form the only
common bond among all the groups in
an otherwise fragmented society. As an
official of a broadcast network said re-
cently, television is “the only mass en-
tertainment and information medium
that does not disfranchise the rural and
urban poor.” They are therefore the first
poor people in history who share much
of the culture of the rich, designed by
and for the more affluent—a function
that only the church served in earlier
times.

Such “public-making” is the chief
instrument of modern social cohesion.
When rebels take over a radio station or
candidates demand equal time or ad-
vertisers buy space or time, what is
fought for or bought is not time or space
but the chief product of the modern
media: access to the publics they have
created.

These publics are maintained through
continued publication, by which I mean
the output of all the organs of mass com-
munication. The publics are supplied

STANDARD PHOTOGRAPHS, which are of people at the University of Pennsylvania, are
also shown in tests of the influence of the mass media. Respondents are asked such ques-
tions as which person is probably not American, who is most likely to be friendly with
whom and who would win if X got into a fight with Y. The answers of viewers of different
television programs or different types of motion picture are compared with one another
and with those of nonviewers to determine the effects of types of content on perceptions.
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with selections of information and enter-
tainment that are regarded by the selec-
tors as important in terms of the per-
spectives to be cultivated. Publication
therefore is the selection of shared ways
of viewing events and aspects of life.

Publication is thus the basis of com-
munity consciousness among diverse
groups of people too numerous or dis-
persed to interact face to face or in any
other personally mediated way. The
great significance of publication is its
ability to form new bases for collective
thought and action quickly, continu-
ously and pervasively across boundaries
of time, space and class. That is why the
organs of public communication have a
special place in all modern states, which
through legal or economic mechanisms
confer the right to control large presses,
motion-picture and television studios
and postal and wireless communications
on government agencies or on private
holders of licenses, patents, franchises
or properties.

Selectivity and control, which are in-
herent in any communication, dominate
the mass-communication process. The
right to acculturate a nation and to
shape the public agenda has never been
open to all; it is one of the most care-
fully guarded powers in any society. The
real question is not whether the organs
of mass communication are free but
rather: By whom, how, for what pur-
poses and with what consequences are
the inevitable controls exercised?

A few programs of research in mass

communication, mostly affiliated
with the universities, have begun to ask
this question. The development is fairly
recent. Until the late 1950’s such re-
search was under the influence of the
marketplace. The methods of the be-
havioral sciences were applied mainly
in an attempt to control, influence or
manipulate behavior on behalf of clients
rather than to understand communica-
tion as a crucial element of the social
environment.

For more than 40 years various gov-
ernmental and private bodies have
called for some kind of surveillance of
the organs of mass communication.
None of the proposals, however, speci-
fied how the surveillance might be done
or limited the scope to manageable pro-
portions. As a result there is probably
no area of important social policy in
which far-reaching decisions are made
with as little reliable, systematic, cumu-
lative and comparable information about
trends and the state of affairs as the
area of the mass production and dis-
tribution of the most broadly shared
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messages of our culture. Little is known
about trends in the composition and
structure of the mass-produced systems
of messages that define life in urbanized
societies, and no more is known about
the institutional processes that compose
and structure those systems. Much of
the standard research on how people
respond in various situations lacks in-
sight into the dynamics of the common
cultural context.

Other reasons can be cited for pursu-
ing the university-based programs of re-
search in communication. One is to look
for evidence of cultural trends. Citizens
concerned with such issues as health,
education, delinquency, aging, genera-
tional conflict, drugs and violence often
point to cultural “trends” to support
their case, but there is no convincing
evidence to support any case.

Moreover, educators wonder increas-
ingly about the consequences inherent
in the commercial compulsion to present
life in salable packages. Corporate, tech-
nological and other processes of produc-
ing messages short-circuit former net-
works of social communication and su-
perimpose their own forms of collective
consciousness—their own publics—on
other social relations, harnessing accul-
turation to consumer markets. The new
programs of academic research in mass
communication are designed to monitor
the elements of the system of generating
and using bodies of broadly shared mes-
sages that are most relevant to social is-
sues and to issues of public policy.

Much of what I say about these re-
search programs is based on my own
work, first at the University of Illinois
and later at the University of Pennsyl-
vania. My colleagues and I have studied
such subjects as popular conceptions of
mental illness; ideological perspectives
inherent in news reporting; the portrayal
of teachers, schools and education in the
mass-produced cultures of several coun-
tries; the image of the film hero in
American and foreign movies, and the
social functions of symbolic violence as
presented in television drama. With
these studies we have developed the
areas and terms of analysis for examin-
ing modern communication.

I have defined communication as
interaction through messages bearing
man’s notions of existence, priorities,
values and relations. Codes of symbolic
significance conveyed through modes of
expression form the currency of social
relations. Institutions package, media
compose and technologies distribute
message systems to heterogeneous mass
publics.

How is this massive flow managed?
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How does it fit into or alter the existing
cultural context? What perspectives on
life and the world does it express and
cultivate? How does it vary across times,
societies and cultures? How does its cul-
tivation of collective assumptions relate
to the conduct of public affairs and vice
versa?

The questions suggest three areas of
analysis: institutional processes, message
systems and cultivation. The first area
involves questions of how the organs
of mass communication make decisions,
compose message systems and relate to
other institutions. In examining message
systems one asks how large bodies of
messages can be observed as dynamic
systems with symbolic functions that
have social consequences. Cultivation
analysis asks what common assumptions,
points of view, images and associations
the message systems tend to cultivate in
large and heterogeneous communities
and what the implications are for public
policy.

Every decision to communicate cer-
tain things is at the same time a decision
to suppress other things. What comes
out is a result of competitive pressure
breaking through structured inhibitions.
When only a fragment of all available
and plausible messages can be selected
for transmission, an analysis cannot re-
alistically focus on whether or not sup-
pression is involved but must consider
the question of what systems of pres-
sures and inhibitions determine the pat-
terns of selection by communicators.

How do media managers determine

and perform the functions their in-
stitutions, clients and the social order
require? What is the overall effect of
corporate controls on symbolic output?
What policy changes do in fact alter
that output and how? These are the
main questions for the analysis of insti-
tutional processes.

The policies of the mass media reflect
not only a stage in industrial develop-
ment and the general structure of social
relations but also particular types of in-
stitutional powers and pressures. Mass
communicators everywhere occupy sen-
sitive and central positions in the social
network. The groups that have a stake in
shaping content and influence or power
over it include the authorities who is-
sue licenses and administer the laws;
the patrons who invest in or subsidize
the operation; organizations, institutions
and loose aggregations of publics that
require attention and cultivation; the
managements that set policies and su-
pervise operations; the auxiliary groups
that provide services, raw materials and
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protection; the creative talent, experts
and technicians who actually form the
symbolic content and transmit the sig-
nals, and the colleagues and competi-
tors whose solidarity or innovation helps
to set standards and maintain vigilance.

Our studies suggest that any message
system produced by an institutional
source has certain ideological orienta-
tions implicit in selection, emphasis and
treatment. Other researchers have found
that most newsmen respond more to the
pressures and expectations of the news-
room than to any generalized concept of
audience or public interest. One study
of newsroom decisions concluded that
three out of four publishers are active in
directing news decisions, with their in-
fluence greatest in news of the imme-
diate market area and in subjects that
affect the revenue of the paper.

Our recent survey of how the content
of television programs is regulated con-
cludes, with regard to dramatic pro-
gramming: “In a fictional world gov-
erned by the economics of the assembly
line and the ‘production values’ of opti-
mum appeal at least cost, symbolic ac-
tion follows conventional rules of social
morality. The requirements of wide ac-
ceptability and a suitable environment
for the sponsor’s message assure general
adherence to consumer values and to
common notions of justice and fair play.
The issue is rarely in doubt; the action

is typically a game of skill and power.”

Intellectuals who assume that televi-
sion can commit substantial resources
to high-risk cultural productions have
been talking past the issue. The basic
role of television—the most massive
communication medium of modern so-
ciety—is to provide the symbolic func-
tions formerly performed only by pop-
ular religions. The highly predictable
scenarios of news, fiction, drama and
“intimate” conversation watched by mil-
lions can easily pass for the rituals, cults,
passion plays and myths of modern life.

Studies of the occupations in commu-
nication suggest that they may represent
anachronistically upper-class standards
of quality and autonomy, particularly in
the news area. With new technological
developments there may come such a
proliferation and fragmentation of chan-
nels that the communication professional
may give way to even more direct con-
trol by the business office and to a kind
of populist commercialism that can be
most easily programmed by technicians.

I turn now to the analysis of message

systems, which observes the record of
institutional behavior in mass-producing
messages for entire communities. The
observation reveals collective and com-
mon rather than individual and unique
features of the process of forming and
cultivating public images.

CARTOON SERIES shown on television indicates the violence that characterizes many car-
toon programs. The photographs, which depict two anthropomorphic animals trying to stuff
each other into an oven, are from a tape made by the Pennsylvania research group during
a commercial television program. The group is exploring the hypothesis that fantasy fig-
ures and remote settings facilitate assimilation of messages that real settings may inhibit.
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Our program of research in this area
rests on two assumptions, one of which
is that communication is the environ-
ment of social behavior rather than just
specific acts, utterances and campaigns.
The most profound effects of communi-
cation can be found not in making sales,
getting votes, influencing opinions and
changing attitudes but in the selective
maintenance of relatively stable struc-
tures of images and associations that
stem from institutional structures and
policies and that define the common
perspectives of a society. The diffi-
culty (often failure) of any campaign
designed to change views or attitudes
indicates how powerful the currents that
cultivate the prevailing outlooks are.
Without knowing what these currents
are, what they cultivate and how they
change, neither social behavior nor pub-
lic attitudes can be fully understood.

Our second assumption is that just as
the effects of communication cannot be
limited to specific messages or to at-
tempts to change or control behavior, so
the effects are not necessarily available
to the conscious scrutiny of any of the
parties involved in the communication.
One always communicates more things—
or other things—than one is aware of. In-
deed, there are no failures of commu-
nication, only failures of intention and
of understanding of what the message
was in the first place. Many breakdowns
in social and personal communication re-
sult because the recipient gets the mes-
sage better and more accurately than
the sender realizes and thus turns the
sender and his message off.

Symbolic functions are the conse-
quences that flow from a communica-
tion, regardless of intentions and preten-
sions. To investigate these functions one
must analyze the symbolic environment
and particular configurations of symbols
in it. In this way one can obtain informa-
tion about what the actual messages,
rather than the presumed messages,
might be. The next step is to form a
hypothesis about what conceptions the
particular symbolic functions might cul-
tivate in an exchange with particular
communicating parties. The human and
social consequences of the communica-
tion can be explored by investigating the
contributions that the symbolic functions
and their cultivation of particular no-
tions might make to thinking and be-
havior. These contributions are usually
of a cultivating and reinforcing kind;
that is what culture does.

Cultures also change, however, and
from time to time real shifts in per-
spective become possible. Herein lies



the subject matter of the analysis of
cultivation.

The most distinctive characteristics
of large groups of people are acquired
through living in one culture rather than
another. Individuals make their own se-
lection of materials for cultivating per-
sonal images, tastes, views and prefer-
ences, and they seek to influence the
materials available to their children.
They cannot, however, cultivate what is
not available, and they will seldom select
what is scarcely available or not much
emphasized. A culture cultivates not
only patterns of conformity but also pat-
terns of alienation and rebellion. The
culture’s affirmations pose the issues
most likely to be the targets of symbolic
provocation or protest.

The dominant agencies of communi-
cation produce the message systems that
cultivate the dominant image patterns.
They structure the public agenda of ex-
istence, priorities, values and relations.
People use this agenda (some more se-
lectively than others) to support their
ideas and actions in ways that on the
whole tend to match the general com-
position and structure of message sys-
tems, provided of course that there is
also other environmental support for
these choices and interpretations.

A significant change in this process
takes place with a change in the tech-
nology, ownership, clientele or other in-
stitutional characteristics of the domi-
nant communication agencies. Decisive
cultural change does not occur in the

symbolic field alone. When it occurs, it |

stems from a change in social relations
that puts the old symbolic patterns out
of step with the new order. In such a
case the relative meanings and functions
of the existing images and practices
change before the images and practices
themselves change. When the new cul-
tural patterns are developed, they re-
store to public communication its basic
function: the support and maintenance
of the new order.

Cultivation analysis begins with the
insights derived from the analyses of
institutions and message systems. It goes
on to investigate the contributions these
systems and their symbolic functions
make to the cultivation of common as-
sumptions about life and the world. The
study does not pay much attention to
style of expression, quality of represen-
tation, artistic excellence or the nature
of the individual’s experience with mass
culture. It focuses instead on the func-
tions that large systems of messages per-
form regardless of what people think of
them.

The main approaches taken in culti-
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vation analysis are projective techniques
(wherein respondents are presented with
situations that tend to lead them to re-
veal views, expectations and values they
may not be conscious of or might not
talk about if they were asked directly),
interviews in depth and periodic surveys
of sample groups. We work with panels
of adults and children. In all these activ-
ities the aim is to see how exposure to
the mass media has influenced the think-
ing of the respondents about selected
issues and aspects of real life.

Two areas are of particular concern in
this study. One is the impact of televi-
sion, since for most people television is
culture. The other is the cultivation of
social concepts among children, since
the social symbolic patterns established
in childhood are the ones most easily
cultivated throughout life.

"The cultural transformation resulting
* from mass communication has cre-
ated societies whose parts increasingly
relate to one another through distant
communication. The more complex,
specialized, extended and interrelated
a system becomes, the more information
it needs (and generates) to maintain sta-
bility. Moreover, self-governing social
systems of high specialization and com-
plexity require indicators that measure
the trend of events in the intricate soci-

FOREIGN COPY DESK of The New York Times is where foreign
news is edited and the headline for each foreign news story is writ-
ten. The processing includes choosing from a large volume of for-
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ety. In recent years the effort to find
such social indicators has gained mo-
mentum with the increasing speed of
technological change, of which the de-
velopments in the space program are an
example. The indicators would provide
the society with information about its
changing state while its methods of gen-
erating and using information are them-
selves being altered. When the symbolic
environment is changing, the nature of
social behavior and the usefulness of
information relating to social policy can
best be assessed if cultural winds and
tides can be measured.

My colleague Larry P. Gross and I
have recently launched a prograrh at
the University of Pennsylvania to col-
lect and report such information. The
program, which is sponsored on a pilot
basis by the National Institute of Mental
Health, is called Cultural Indicators.
For the first time it will relate a long-
term analysis of message systems (mostly
television) to research on symbolic func-
tions and how they cultivate popular
notions about people and life.

Cultural indicators will trace people,
topics and types of action represented in
mass-produced cultures. They will touch
on the history, geography, demography
and ethnography of the symbolic worlds.
The symbolic populations and their
interpersonal and group relations will
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be observed. Themes of nature, science,
politics, law, crime, business, education,
art, health, peace, sex, love and friend-
ship as well as violence will be noted.
The roles, values and goals of the char-
acters who populate the symbolic worlds
will be related to the issues with which
they grapple and to the fates to which
they are destined.

We are developing tests of imagery
to indicate the nature and extent of the
contributions these elements of content
and symbolic function make to the de-
velopment and cultivation of basic con-
cepts about people and life. Amid the
clamor of commercial and political inter-
ests it may be helpful to have the third
voice of social scientific inquiry keep a
score of the functional significance of
the deeper messages and points of view
that capture public attention, occupy
more time than any other activity and
animate the collective imagination.

The inquiry will be the first step
toward creating the conditions of cul-
tural self-consciousness in the new sym-
bolic environment. If it succeeds, it will
help people to understand the impact
of communication technology on the
symbolic climate that affects all they
think and do. We can then inquire into
the institutional aspects of policy with
a sharper awareness of the currents that
tug at us all.

eign news what will be published in the next day’s Times and in
what form. The work of the copy editors and the foreign-news edi-
tor clearly has a strong influence on what readers see in the paper.
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like something out of the 2iIst century,
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The illustration shows some of the
ways people are using private micro-
wave systems today.

For example: railroads use micro-
wave to monitor and control what's
happening on thousands of miles of
railroad track.

Medical schools use microwave to
bring televised procedures from
distant hospitals into the classroom.

Oil companies use microwave to
control pipeline flow, and monitor
production at well heads.

Utilities use microwave systems for
remote supervision of energy genera-
tion plants and distribution networks.

And the list of users and potential

users goes on. Through law enforce-
ment agencies, schools and industry,
highway departments, water districts,
telephone companies, broadcasting
companies, retail chains, stock
brokers.

The point is, microwave can do a
lot of things. And the opportunities
for private use are just now beginning
to be explored.

At GTE Lenkurt, we design,
manufacture, and install complete
microwave systems to handle video,
voice, and data. Some are simple
two-station systems. Others are
enormously complex, like the 4000-
mile system we put in for a railroad —
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one of the longest private systems
in the world.

Almost everything we do is designed
to fit a specific application. Like the
ones in the picture. Or like yours.

Start by sending for our free
booklet on ‘“Microwave Applications.”
After you read it, you'll have a pretty
good idea of what a private micro-
wave system can do.

Maybe the 21st century has already
arrived for you.

Write Microwave, GTE Lenkurt
Incorporated, 1105 County Road,

San Carlos, CA 94070.

LENKURT
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Communication and Freedom of Expression

Freedom of expression is a system of communication. The system

defined by the First Amendment of the Constitution must now be

adapted to the capabilities of modern communication technology

he concept of freedom of expres-
I sion rests on the proposition that
certain kinds of communication
are entitled to special protection by our
laws and institutions. In large degree this
special treatment consists of immunity
from governmental restraint, but it also
includes other forms of encouragement
and support. The principal problems in-
volved are not so much technical ones of
method and efficiency in communication,
or semantic ones of interpretation or
meaning, as they are questions of politi-
cal and social control over the effects of
communication. Nevertheless, it is useful
to consider the entire subject of freedom
of expression as constituting a system,
in almost the same sense as the term is
used in other areas of communication
theory.

The system of freedom of expression
consists of a series of fundamental rights,
constitutive principles, working rules
and social institutions that have an over-
all unity and are designed to perform
specific functions in our society. Basical-
ly the rights are those of the individual
to communicate ideas, opinions, moods
or information on any subject of interest
to him, whether in the sphere of poli-
tics, religion, culture or otherwise, and
through speech, writing, music, art or
some other medium. In some degree the
rights may be considered to embrace
more than “communication” in a narrow
sense. They include the right to form or
hold beliefs and opinions (prior to com-
munication). They also include certain
rights to access to the means of com-
munication, to receive communications
from others and to obtain information
on which to base decisions or engage in
communication. Furthermore, whereas
the rights are ultimately those of the in-
dividual, they embrace also the right to

by Thomas I. Emerson

associate with other persons in order to
obtain the means of communication or to
magnify its impact.

These rights are embodied in constitu-
tive principles—moral, philosophical or
legal—that identify the right, suggest its
justification and indicate its limitations.
The principles are translated into work-
ing rules, mostly legal in nature, and are
in turn put into operation through vari-
ous social institutions designed to render
the basic rights realizable in practice.
The rights, principles, rules and institu-
tions all work to achieve certain social
goals, which will be described below.

The system of freedom of expression
that prevails at present in the U.S. had
its origins in the growth of constitutional
liberalism in the 17th and 18th centuries;
it was nurtured in the laissez-faire at-
mosphere of the 19th century, and it op-
erates today in the modified capitalism
of the 20th century. Yet the system is not
bound to any particular form of eco-
nomic, political or social structure. It
could be adapted to any kind of society
that is capable of affording its citizens
the requisite degree of independence
and autonomy.

It should be noted that a system of
freedom of expression is by no means a
common or usual feature of the social
structure. On the contrary, most societies
operate under what might be called a
system of nonfreedom of expression. The
natural tendency of governmental and
other institutions seeking to organize the
social order is to suppress, manipulate
or otherwise control communication on
most matters having any general import.
A totalitarian society, of course, carries
this process to its furthest limits. Other
forms of social structure, however, ex-
hibit the same tendency. On the intro-
duction of printing in England the secu-
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lar and ecclesiastical authorities estab-
lished an elaborate system of censorship
that not only required advance approval
of any publication but also strictly lim-
ited the number of presses and printers.
On the abandonment of this licensing
system at the end of the 17th century the
laws of treason and seditious libel were
utilized to prohibit any expression criti-
cizing the government or its officials.
Similar forms of direct repression of
communication exist in most countries
today, and they are supplemented by in-
direct measures such as a denial of bene-
fits or privileges to persons of unorthodox
or “subversive” views. In addition, most
governments control the mass media of
communication, monopolize education
and engage in pervasive expression
themselves. Thus an effective system of
free expression is a rare phenomenon,
attainable only by the conscious efforts
of a mature and sophisticated society.
No attempt will be made here to de-
scribe or to defend the philosophical or
political premises of a system of freedom
of expression. Rather this article will
merely comment on some of its legal
foundations. It is necessary first, how-
ever, to outline the major functions the
system of free expression performs in our
society, and to indicate some of the prin-
ciples that are implicit in these goals.

the system of freedom of expression,

as it has developed in the U.S., is de-
signed to achieve four separate but re-
lated objectives. The first is individual
self-fulfillment. Freedom of expression is
essential to the realization of man’s char-
acter and potential as a human being.
Man lives, grows and finds meaning in
life through self-expression and com-
munication with his fellows. Expression
is thus a vital part of his being and
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becoming. Conversely, suppression of
thought or opinion contradicts the dig-
nity and integrity of man.

From this it follows that the right to
freedom of expression does not necessar-
ily depend on whether or not the expres-
sion promotes other social goals. Expres-
sion is an end in itself, not necessarily
subordinate to the other ends of the good
society.

Second, to borrow John Stuart Mill’s
formulation, freedom of expression is es-
sential to the attainment of “truth.” A
rational judgment is possible only by
considering all facts and ideas, from
whatever source, and testing one’s con-
clusion against the onslaught of opposing
opinions. This process demands that all
points of view be heard, no matter how
dangerous or “fraught with death” they
may seem. All ideas are either true, in
which case they ought to be accepted,;
partly true and partly false, in which
case they add some element to the truth,
or wholly false, in which case they serve
the function of making us rethink and
retest the accepted opinion and thereby
understand it more fully.

The modern man may not agree with
Mill’s assumption that an objective truth
exists, waiting to be discovered through
the rational use of man’s faculties. Nev-
ertheless, the ultimate goal sought by
Mill is still pursued. Today we may sub-
stitute “judgment” for Mill’s “truth,” and
we acknowledge the part played by irra-
tional factors. Yet freedom of expression
remains an essential instrument for ad-
vancing knowledge and enabling an au-
tonomous man to reach a considered
decision.

From this function of freedom of ex-
pression, it follows that the right to ex-
press oneself does not depend on wheth-
er the communication is considered by
the society to be true or false, good or
bad, socially useful or harmful. No point
of view ought to be suppressed.

Third, a system of freedom of expres-
sion is essential to popular decision-mak-
ing in a democratic society. Under our
theory of government the people are
sovereign: the Government is the ser-
vant, not the master. As Alexander
Meiklejohn has argued most forcefully,
if the people are to perform their role
and instruct their government, they must
be able to hear all voices. Meiklejohn
was concerned principally with the po-
litical process, but the same considera-
tions apply to collective decision-making
on any issue.

The implication of this line of thinking
is that the Government has no authority
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to determine what may be said or heard
by the citizens of the community. The
servant cannot tell the master how to
make up his mind.

Finally, a system of freedom of ex-
pression enables a society to find the
proper balance between stability and
change. The process of communication
prevents stultification and encourages
change. At the same time it promotes
stability by permitting the testing of pro-
posals in advance rather than through a
process of trial and error. Most impor-
tant, freedom of expression facilitates
change without resort to violence. Open
discussion gives legitimacy to change,
whereas suppression substitutes force for
reason and makes rational argument ir-
relevant.

The implication of these considera-
tions is that the system is intended, in
one sense, to encourage conflict. As Jus-
tice Brennan has said, expression often is
“uninhibited, robust and wide open.”
The conflict, however, is contained with-
in the system. There is a confrontation
of ideas, not of force.

From these basic functions are derived

the rights, principles, rules and insti-
tutions that make up the system of free-
dom of expression. Its form and status at
any one time are the product of numer-
ous forces in our society. Our economic
and political structures, our educational
practices, our religious institutions, our
system of justice, our attitudes and phi-
losophy are all significant factors in de-
termining the shape and health of the
system. Nevertheless, we rely on law and
legal institutions for the most direct sup-
port of the system, and here we are
chiefly concerned with that area.

The main legal principle that under-
lies the system of freedom of expression
in the U.S. is set forth in the First
Amendment to the Constitution. That
provision, adopted as part of the Bill of
Rights in 1791, reads: “Congress shall
make no law respecting an establishment
of religion, or prohibiting the free exer-
cise thereof; or abridging the freedom of
speech, or of the press; or the right of the
people peaceably to assemble, and to
petition the Government for a redress of
grievances.” Although the First Amend-
ment refers specifically to freedom of
conscience, speech, press, assembly and
petition (the features of most interest to
the draftsmen), the courts have inter-
preted the provision as embodying a
general right to freedom of expression,
in short, as broadly guaranteeing the sys-
tem as a whole.
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It is somewhat surprising to note that
no major cases involving the First
Amendment reached the Supreme Court
for nearly 130 years. It was not until
1919, in a series of decisions growing out
of the antisedition laws of World War I,
that the Supreme Court began an inten-
sive development of First Amendment
doctrine. By the mid-1920’s the court
had ruled that the constitutional guaran-
ty applied not only to the Federal Gov-
ernment but also to the states. In the past
50 years the legal foundations of the sys-
tem have been expanded through literal-
ly hundreds of First Amendment cases.

The first task in developing workable
rules of law from the First Amendment
is to determine what forms of conduct
fall within the ambit of that provision
and are therefore entitled to its special
protection. This calls for a definition of
“expression,” to be distinguished from
conduct not covered by the First Amend-
ment, which may be designated “action.”
The formulation of this definition is beset
with difficulties. Clearly the core of the
“expression” category consists of linguis-
tic communication. Some verbal utter-
ances, however, are the eyuivalent of ac-
tion, such as a command by the leader of
a riotous mob to his followers, or a false
shout of “Fire!” in a crowded theatre.
“Expression” must also include many
forms of symbolic communication, such
as the wearing of armbands or a silent
vigil. Yet it is often difficult to separate
the communicative element from the to-
tal context, as it is, for example, in a sit-
in demonstration. Again, some conduct
not on its face constituting “expression”
is nevertheless necessary to convey the
message, such as hiring a hall or publish-
ing a newspaper. In addition, some as-
pects of collective “expression,” such as
organizing an association or collecting
dues, may not in themselves constitute
pure communication.

Nonetheless, the distinction between
expression and action, difficult as it is to
formulate in some cases, is fundamental
to operation of the system and must be
drawn as best it can be. The basic guides
are derived from the functions per-
formed by the system. In general, ex-
pression is conduct that conveys atti-
tudes, ideas or information, and hence
its protection is central to any system of
freedom. Expression is also entitled to
special treatment because by and large
it is less directly harmful to the state or
to other individuals than action. In fact,
the state is usually concerned not direct-
ly with expression but with the ensuing
action, and it can ordinarily achieve its
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proper goals through control of such ac-
tion. The definition of expression is thus
a functional one, based on the nature of
the system and guided by the needs for
effective administration.

Actually in most instances the ques-
tion of whether conduct is to be classified
as expression or action will be self-evi-
dent. More difficult problems will gradu-
ally be settled as the courts prick out the
boundaries on a case-by-case basis. Al-
though there will always remain a resi-
due of borderline cases, it is entirely pos-
sible for the courts to resolve these in a
manner that does not jeopardize the sys-
tem as a whole.

Another approach to the solution of
this initial problem has been suggested
by Thomas M. Scanlon, Jr., a member of
the philosophy department at Princeton
University. He argues that it is a mistake
to attempt to define expression and ac-
tion, and that instead one should con-
centrate on the nature of the harm at-
tributable to the communication. On his
analysis, where the “harm” caused by
the communication consists merely in af-
fecting the beliefs or opinions of anoth-
er person, the communication should be
fully protected; otherwise its protection
should depend on a balancing of various
interests. Scanlon’s proposal is interest-
ing and deserves further exploration in
the context of actual cases. It is doubtful,
however, that his approach would afford
adequate protection for many kinds of
communication that need it, or that the
balancing of harms, which would be nec-
essary in most cases under his theory,
could be reduced to workable legal rules.

The Supreme Court has so far tended
to follow the expression-action analysis.
Its development of the law in this crucial
area, however, has been slow and some-
times retrogressive. Two’ lines of cases
are particularly disturbing. Recently the
court has held that such forms of con-
duct as parading, nonlabor picketing and
wearing armbands constitute “speech
plus” and are to be given a lesser degree
of protection than “pure speech.” More-
over, in the “symbolic speech” cases, in-
volving mixed conduct such as burning
a draft card, the court seems to have
abandoned the effort to decide whether
the conduct as a whole is predominantly
expression, and therefore entitled to pro-
tection, or is predominantly action and
hence not covered by the First Amend-
ment. The court has ruled that the ac-
tion element of the conduct can be pro-
hibited, when the Government has a
good reason to do so, even though the
prohibitory regulation in practice totally
suppresses the expression element. In
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both situations the court, by failing to
draw a proper distinction between ex-
pression and action, has seriously im-
paired the system.

Once it has been determined that cer-
tain conduct is expression and hence
within the coverage of the First Amend-
ment, the remaining issues relate to what
protection or support should be ac-
corded such conduct. In order to main-
tain an effective system of free expres-
sion the law must provide rules for deal-
ing with at least four major problems,
along with a number of other less im-
portant but still significant questions.

the first major area embraces the rules

for protection of expression against
government interference. Traditionally
this has been the principal concern of
First Amendment doctrine, and most of
the decided cases deal with it in one way
or another. The problems break down
into two sets: government regulations
that attempt to control the content of
expression and government regulations
that relate to the time, place and manner
of expression.

As to content, the starting point is
that the nature of the governmental in-
terference is not decisive. Whether gov-
ernmental power is exerted through a
criminal penalty, a civil proceeding (such
as an injunction), the denial of a benefit
or privilege, the summoning of a witness
by a legislative committee or some other
measure having a “chilling effect” is im-
material. As long as the Government’s
conduct has a substantial impact on ex-
pression, it is subject to the limitations
of the First Amendment.

A second point of departure, essential
to any worthwhile system of free expres-
sion, is that in general expression must
be protected from government interfer-
ence because of content. This proposi-
tion holds whether the expression is
critical of any government policy or of-
ficial, whether it embarrasses the Gov-
ernment or impairs the effectiveness of
any government enterprise, whether it
represents the accepted opinion or a de-
spised opinion, whether it is temperate
or militant, whether it is true or false or
in between, or whether it is deemed
to have social value or not. The pre-
sumption is that expression will be un-
inhibited.

Beyond this point the issue becomes
whether any exceptions or qualifications
to these two initial propositions are to
be recognized. A strong argument can
be made for the rule that all conduct
classified as expression should receive
full protection against any form of gov-



ernmental restriction imposed because
of the content of the expression. As I
have noted, conduct that falls short of
action normally causes no direct harm,
and the Government has sufficient power
and resources to secure its legitimate
goals through controlling action. More-
over, the full-protection rule is relatively
simple to understand and easy to ap-
ply. It therefore affords courts, prose-
cutors, police and citizens a reasonably
definite guide to their respective rights
and obligations.

The Supreme Court, however, has
never adopted the full-protection rule.
Only Justices Black and Douglas have
accepted that position, and Justice Black
has coupled it with a very narrow defi-
nition of “expression.” The court as a
whole, although it is unable to agree on
any comprehensive theory, has from the
beginning made certain flat exceptions
and imposed certain broad qualifica-
tions.

The principal exceptions have been
obscenity, libel and “fighting words.” At
an early point in the development of
First Amendment doctrine the Supreme
Court announced that conduct falling
into these categories was not entitled
to any protection under the First Amend-
ment. Since that time the céurt has
softened its position. Only “hard-core
pornography,” having no “redeeming so-
cial value,” is subject to governmental
suppression under the rubric of obsceni-
ty. Defamatory language concerning
“public figures” and dealing with “pub-
lic issues” is now protected unless it is
false and uttered with knowledge of its
falsity or with reckless disregard of
whether it is false or not. The “fighting
words” exception is largely limited to in-
sulting epithets delivered face to face.

More wide-ranging  qualifications
have, however, been consistently rec-
ognized by the Supreme Court. The
main controversy has centered around
issues of whether or not expression that
advocates violation of law, particularly
the use of force or violence, should re-
ceive the protection of the First Amend-
ment. The Supreme Court has at differ-
ent times employed different tests for
resolving these issues. In its earlier de-
cisions the court applied the test of a
“clear and present danger,” holding that
expression could be suppressed when it
created a clear and present danger of a
substantive evil the Government had a
right to prevent. Later the court adopted
a balancing test, in which it balanced
the interests the Government was seek-
ing to protect against the interests in
freedom of expression. In its latest de-

cision on the subject the court ruled that
advocacy of force or of law violation was
permissible “except where such advoca-
cy is directed to inciting or producing
imminent lawless action and is likely to
incite or produce such action.” All these
tests cut off expression at a point well be-
fore it has become an integral part of
action.

The rules for dealing with expression
of this character are crucial in a system
of free expression. Most militant political
movements operate on the edge of vio-
lence. Their adherents are likely to feel
that the laws are stacked against them
and that it is necessary to break out of
the legal structure that entraps them.
Hence their political analysis and their
language, at least the language of their
more extreme adherents, are apt to in-
clude some appeal to violation of law.
Yet such a political movement is ordi-
narily expressing grievances that society
should deal with. Further, prosecution
of militants for their expression affects
many other persons, chills associations,
arouses public hysteria and dampens the
entire political process. The test of the
openness of a society and the health of
its system of freedom of expression is
likely to be found in its tolerance for
militant rhetoric.

Pressures on the system of freedom of
expression also tend to be severe where
expression is seen as a threat to “national
security,” and demands for qualification
of the basic rules may be expected to oc-
cur in this sector too. As far as the threat
is caused by advocacy of violation of
law the issues are the same as those just
discussed. In time of war or crisis, how-
ever, government efforts to control ex-
pression have extended further. Recent-
ly, in the “Pentagon papers” case, the
Government contended that The New
York Times, The Washington Post and
other newspapers should be enjoined
from publishing material that it claimed
threatened a “grave and irreparable
injury” to “national security.” The Su-
preme Court rejected the Government’s
request for an injunction but only three
members of the court definitely repu-
diated the Government’s theory. The
Government has also contended that
widespread surveillance by the Federal
Bureau of Investigation and other agen-
cies, including wiretapping, is justifiable
in “national security” cases without a
search warrant or any kind of statutory
authority. The Supreme Court rebuffed
this claim as to wiretapping, but it re-
fused to intervene with respect to sur-

veillance of civilian activities by the mil- '

itary. Curtailment of expression in the
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name of “national security” can readily
undermine the entire system. Once free-
dom of expression is subordinated to the
vague demands of “national security”
there is no end to the chain of restrictive
measures that are certain to follow.

Government regulation of the time,
place and manner of expression raises
quite different issues. In some situations
this form of government control is nec-
essary in order to allocate scarce facilities
for expression among different users, as
in the case of licensing radio and tele-
vision stations. Here the regulation op-
erates entirely within the system of free-
dom of expression and provides the or-
der necessary to ensure maximum use
of the facilities for expression. In oth-
er situations government regulation of
time, place and manner is essential to al-
locate physical facilities between differ-
ent uses, as in the case of a decision
whether to use New York’s Fifth Avenue
for a parade or for automobile travel. In
both situations the function of the Gov-
ernment is one of traffic regulation and
the applicable principle is one of fair ac-
commodation between different users or
uses. Rules to effectuate this purpose
are entirely manageable and, if they are
nondiscriminatory, either promote, or at
least do not seriously impair, the system
of freedom of expression.

A second major feature of the under-
lying legal structure consists of the
rules for access to the means of com-
munication. An abstract legal right to
expression is of little practical use in the
absence of the means for exercising that
right. At the present time the monopoly
or near-monopoly of the major media of
communication by a small group repre-
senting similar economic, political and
social interests has created a serious dis-
tortion in the system. This lack of ac-
cess to the mass media is perhaps the
major weakness in the existing system.
Full equality of access, for every in-
dividual and every group, is neither pos-
sible nor necessary. It is likely that the
dominant forces in any society will al-
ways control a larger share of the means
of communication. Indeed, complete
equality could be achieved only at the
price of complete governmental regula-
tion. Fortunately the system can operate
successfully as long as minority groups
and viewpoints can make themselves
heard to an appreciable extent. On the
other hand, unlimited laissez faire is
bound to produce distortion in a system
as complex as ours has become. Clearly
some action by the Government to re-
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store a more equitable balance in the
present system is essential.

To call on the Government for as-
sistance in eliminating distortion in the
system of freedom of expression presents
something of a paradox. By its very na-
ture the system must be largely laissez
faire. Government interference with con-
tent is forbidden, and government regu-
lation of traffic must be held to a mini-
mum. The mere presence of elaborate
government controls, whether heavy-
handed or subtle, has a severely damp-
ening effect. Nevertheless, the delicate
task of using government machinery to
promote more even access to the means
of communication, while at the same
time preventing the Government from
controlling or influencing content, must
be undertaken.

Existing legal rules governing access
to the means of communication are
sketchy in substance and largely unde-
veloped in theory. By and large the
problem has been left to laissez-faire
forces. Yet some legal principles have
emerged. In 1937, in a case involving
the efforts of Mayor Frank Hague to
keep CIO organizers out of Jersey City,
the Supreme Court ruled that streets,
parks and similar public open spaces
“have immemorially been held in trust
for use of the public and, time out of
mind, have been used for purposes of
assembly, communicating thoughts be-
tween citizens, and discussing public
questions.” Schools and other public
buildings are usually available for meet-
ings and, whereas the courts have not
yet held that the Government has an af-
firmative obligation to open them up for
such purposes, once open to any group
they must be furnished to all on a non-
discriminatory basis. The First Amend-
ment was clearly intended to prohibit
any restoration of the ancient English
censorship laws, or any licensing or simi-
lar restriction of printing presses and
other duplicating machinery.

The gravest distortions in the right of
access to the means of expression have
occurred in the field of radio and tele-
vision communication, and it is here that
most attention has been given to some
redress of the balance. The progress
made thus far, however, has been mini-
mal. The Federal Communications Act
requires a broadcasting station to give
equal time to all candidates for political
office, if it gives time to any, but this re-
quirement has operated to shut off more
communication than it has promoted.
The act also provides that a station must
“afford reasonable opportunity for dis-
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cussion of conflicting views on issues of
public importance,” but the application
of this “fairness doctrine” by the Federal
Communications Commission has not
produced any great amount of diversity.

In 1969, in the Red Lion Broadcast-
ing case, the Supreme Court opened the
constitutional door to more radical meth-
ods for achieving greater equality of ac-
cess to radio and television facilities. Up-
holding the equal time and the fairness
doctrines against the claim that they in-
fringed the broadcaster’s freedom of ex-
pression, the court laid down the basic
principle: “It is the right of the viewers
and listeners, not the right of the broad-
casters, which is paramount.” Under this
doctrine our entire approach to the use
of the broadcasting medium could be
revolutionized. Instead of granting a
monopoly to a single broadcaster for
each open channel, the law could pro-
vide that the broadcaster must act as an
agent of the public and grant access to
all comers on equal terms. The ensuing
problems of allocating time and paying
the cost would be enormous, but there
is no reason to suppose they could not
be overcome.

The development of cable television
furnishes the opportunity for a vast in-
crease in the facilities available to in-
dividuals and groups seeking to use the
broadcasting medium. Unless deter-
mined efforts are made to ensure this
outcome, however, the chance could
easily be lost. In any event some affirm-
ative action by the community is clearly
necessary if the present distortion in ac-
cess to the most powerful medium of
communication available is not to be
perpetuated.

In the end achievement of more equal
access to the means of communication
will probably require a new constitu-
tional approach. A primary cause of the
present inequality is economic. Many
individuals and groups simply do not
have the financial resources to gain ac-
cess to modern means of communica-
tion. The only answer to this would ap-
pear to be public financial support. Such
a development would mean that the
Government would in effect be subsidiz-
ing opposition to its own policies and
actions. The beginnings of such a move-
ment can already be discerned: in pub-
lic support for legal-assistance offices, in
the recently enacted Presidential Elec-
tion Campaign Fund Act and in some
public funding for free or independent
schools. Solution of the access problem
along these lines would require formula-
tion of novel legal doctrines and proce-
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dures. It would pose in acute form the
paradox of looking to the Government
for aid while simultaneously warding off
government control. Nevertheless, main-
tenance of an effective system of free-
dom of expression may ultimately de-
pend on progress in this direction.

A third major area in the system of

freedom of expression concerns the
legal rules regarding access to informa-
tion, often called “the right to know.”
This area embraces partly the right of
a communicator to obtain information
relevant to the matters about which
he wants to communicate, but more im-
portant it includes the right of the gen-
eral public to receive communications.
In order for the system to perform its
prescribed functions, every participant
must have as complete access as possible
to the raw materials out of which his
impressions, beliefs, opinions and judg-
ments are formed. Moreover, the right
to know has a further significance in the
operation of the system. Past experience
suggests that the withholding of infor-
mation from the public in periods of
crisis creates anxieties and hostilities that
are directed against the Government and
in turn provoke repressive measures.
Thus the entire system can be jeopar-
dized by an excessive secrecy that im-
pairs the right to know.

The First Amendment contains no ex-
press language that guarantees a right
to know. Constitutional doctrine must
therefore be derived by implication from
the basic role of the First Amendment in
supporting the system of free expression.
The formulation of specific legal rules
presents unusual difficulties. It is prob-
ably not possible to postulate an abso-
lute right to know, available under all
circumstances, and therefore some kind
of balancing test must be used to de-
fine the boundaries of the right. Conse-
quently it is not surprising to find that
the legal foundations of the right to
know have barely been laid.

The Supreme Court, in overturning a
Federal statute that required persons re-
ceiving “communist political propagan-
da” from abroad to fill out a govern-
ment form requesting its delivery, has
expressly held that the First Amendment
confers “the right to receive publica-
tions.” In another case upholding the
right of every person to read whatever
literature he pleases, including pornog-
raphy, in the privacy of his home, the
court summed up the law by saying:
“[It] is now well established that the
Constitution protects the right to receive
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information and ideas.” The Red Lion
Broadcasting case also rests on the First
Amendment right to listen and to hear.
Yet these decisions have not advanced
the constitutional doctrine very far. And
in the Pentagon-papers case, where the
central issue was the right of Congress
and the public to see government doc-
uments of crucial concern in the making
of foreign policy, the Supreme Court
did not address itself to the problem.

Somewhat more progress has been
made in this area through legislation.
The Federal Freedom of Information
Act and a variety of state acts provide
statutory authority for the citizen to
have greater access to government in-
formation and to observe government
agencies at work. At the present time
these laws are tentative and weak. Fur-
ther development of this legislation, as
well as implementation of the general
constitutional right, are essential to a
vigorous system of freedom of expres-
sion.

A fourth salient feature of the system

of freedom of expression involves
its application within private (nongov-
ernmental) centers of power. The ordi-
nary citizen is not only a member of the
general community, where he must deal
with the formal apparatus of the state.
He is usually also a member of one or
more specialized communities, such as
a corporate enterprise, a labor union,
a professional association or a farmers
cooperative. Often he has little or no
choice about joining such an organiza-
tion. These unofficial bureaucracies may
have a more direct impact on his daily
life than the Government itself; they are
in many respects private governments.
To what extent should the system of
freedom of expression apply in this criti-
cal area?

It will be noted immediately that ad-
ditional complications arise when the
system is introduced into the operation
of private associations. A three-way set
of rights and obligations—those of the in-
dividual, the association and the state—
must be reconciled. The private associa-
tion, which plays a vital role in a demo-
cratic society, is entitled to protection
from undue interference from the state.
Moreover, it has a relationship with its
members that is somewhat different
from the one that exists between the
state and a citizen of the general com-
munity. For example, the right of a
member to thwart the will of the asso-
ciation, or his right to criticize or an-
tagonize fellow workers in the enter-
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prise, presents special kinds of problems.

In addition there are differences in
the basis of legal authority to protect
freedom of expression within private
centers of power. The First Amendment
restricts only action of the government,
Federal or state, not action of private
individuals or groups. Hence the courts
must look to sources of power in doc-
trines of private law, such as contract,
tort or fiduciary relations, rather than to
the Constitution. On the other hand,
efforts by a court or by a legislature to
guarantee free expression in a private
association are subject to the limitation
that they cannot infringe the First
Amendment right of the association it-
self.

For all these reasons the establish-
ment of legal rules to govern this area
has been slow to materialize. Only the
beginnings of a trend to enlarge the sys-
tem of freedom of expression to the op-
erations of private associations has ap-
peared. Although the Supreme Court
has not yet had occasion to rule on the
issue, some lower courts have shown
a willingness to protect members of a
private association seeking to exercise a
right of expression against retaliatory
action by the association. In the Labor-
Management Reporting and Disclosure
Act of 1959, Congress has created sub-
stantial rights to freedom of expression
for members of labor organizations. On
another front the Supreme Court has
held that, at least as to associations
where membership is in effect compul-
sory, dues of objecting members cannot
be used to finance political causes to
which such members are opposed.

In the end, if a system of freedom of
expression is to be truly meaningful, it
will have to be adapted to the nongov-
ernmental exercise of power as well
as the governmental. Only associations
that are purely private, in the sense that
they have no substantial impact on pub-
lic issues, can be allowed to remain out-
side the system.

The formulation of legal rules to gov-

ern the system of freedom of expres-
sion is not confined to the four areas I
have described. There are a number
of other important problems for which
some solution must be found. It is neces-
sary to reconcile the system of free ex-
pression with the system of personal
privacy. Rules must be developed for
determining the physical location at
which the right to freedom of speech,
assembly and petition may be exercised.
The legal doctrine that prohibits the use
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television, cabled city systems and education, as well as pollution monitor-
ing and control.

COMMUNICATIONS ENGINEERS with varying technical degrees and at
least several years of experience in radio wave propagation, modulation
techniques, electromagnetic interference or voice and digital techniques
and coding. Responsibilities include system integration on projects relat-
ing to satellite communications, ECM, RFI and message switching circuitry.
ELECTRONICS ENGINEERS with experience in one or more of the fol-
lowing areas: computer displays, digital data communications, urban
propagation and range (location), and measurement (loran, phase ranging,
pulse ranging). A background in operations research and statistical data
analysis is also desirable and would be most preferable if associated with
the transit industry.

TRANSPORTATION ENGINEERS. There is also a need for transportation
planners and engineers and transportation economists with advanced
degrees and experience. Other urgent staffing needs include electrical,
mechanical and civil engineers / physicists and planners with advanced
degrees and experience in magnetic levitation, motor design and analysis,
EM theory, magnetic hydrodynamics, vehicle electric power systems,
structural dynamics, control theory and system design.

SYSTEM ANALYSTS with advanced degrees in the physical or social
sciences and practical experience in system planning and in evaluating
experiments. Included are analysts who will be responsible for synthesis
of advanced air traffic control and airport ground control concepts includ-
ing design from the conceptual level, development of algorithms and simu-
lations. Also, specification preparation for system implementation.

ADP HARDWARE DESIGN/SOFTWARE ANALYSTS with degree in EE,
Physics, Math or Computer Science (advanced degree preferred) and
experience on large scale ADP and military command and control systems.
Other immediate openings require experience in real time, on-line, inter-
active or time sharing computer systems or synthesis of new system de-
signs and hardware/software trade-off analysis. A background in com-
munications, navigation, surveillance or transportation systems work is

' MITRE

CORPORATION
An Equal Opportunity Employer (M & F)

Please send your resume to:
Mr. Boyd E. Wanzer

The MITRE Corporation
1829 Dolley Madison Blvd.
McLean, Virginia 22101
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of prior restraint in curbing expression,
which was at issue in the Pentagon-pa-
pers case, plays an important role in
supporting the system. The rights of per-
sons who are employed by the Govern-
ment, or who participate in our educa-
tional institutions as faculty, students or
staff, raise special kinds of issues for the
system. The Government itself has a
right to expression, although this is sub-
ject to some limitations. Rules are need-
ed to deal with particular areas, namely
the rights of persons in “total institu-
tions” (the military, prisons and mental
hospitals), expression by business enter-
prises for purely commercial purposes,
and the rights of children. Exploration
of most of these areas has barely begun.

There remains the question of wheth-
er or not a system of freedom of expres-
sion is viable in a modern technological
society. From one side it is argued that
the system does not ensure sufficient sta-
bility—that it accentuates divisiveness,
provides a cover for violence and leads
to the collapse of law, order and authori-
ty. From another side it is contended
that the system does not permit signifi-
cant change—that it never really allows
radical expression, is loaded in favor of
the status quo and merely diverts public
attention from the need for action. Oth-
ers have urged that the system is based
on outdated theories of pluralism and
can never provide the moral or organiz-
ing force necessary to create a govern-
ment capable of dealing with the prob-
lems of the modern world.

No one can deny the force of these
various objections. Still, the question re-
mains an open one. Certainly the sys-
tem of freedom of expression cannot by
itself provide stability in a world of
change. Only if the economic, social and
political arrangements of the society
provide a sufficient degree of consensus
can one expect the system to survive.
Nor can it be said that the system by
itself will lead to rapid change or change
in the right direction. Not only has the
reality never conformed to the model,
but also the system itself is merely an
instrument for effecting change, not a
guaranty of success. Again, an energiz-
ing principle capable of solving the
world’s present dilemmas may have to
come, at least in part, from other sources.

In short, the system of freedom of ex-
pression cannot alone save humanity. It
may nonetheless help. It provides the
most civilized method devised so far for
solving social problems while protecting
the integrity of the individual. The alter-
native can only be reliance on sheer
force, and the loss of all freedoms.



The Quietest Revox

One of the most compelling
reasons for buying a Revox is the
sounds it doesn’t make.

No spurious pops or clicks. No
wavering, fluttering tones. No
distracting hum. And best of all,
virtually noise-free electronics.

Take our new A77 Mk III for
example. We manufacture it to
such close tolerances and with
such exacting attention to detail,
that it is generally regarded as one
of the quietest tape recorders ever

purposes the last major stumbling
block to quality, noise-free
recording has finally been
eliminated.

Listening to tapes on the new
Revox/Dolby B is a revelatory
experience. Tape hiss is virtually
non-existent. The music seems to
emerge from a background of
velvety silence. And at 3-3/4 i.p.s.
the absence of extraneous noise is
truly startling.

But no mere description of the

made.

Unfortunately, no
matter how quiet our
electronics are, there
is still the inherent
problem of tape hiss.

And that’s where
our new Revox A77/
Dolby B recorder
comes in.

By now, the

The Revox/Dolby B

Revox/Dolby B can
adequately convey
the experience
awaiting you the
first time you listen
to a tape made on
this remarkable
machine.

Your nearest Revox
dealer will be
delighted to audition
the Quietest Revox

virtues of the Dolby
Noise Reduction system are too
well known to require any
elaboration on our part.

Suffice it to say, for all practical

for you. Once you'’ve heard it,
you’ll understand why we say...

Revox delivers what all the rest
only promise.

Revox Corporation, 155 Michael Drive, Syosset,N.Y. 11791. Calif.: 3637 Cahuenga Blvd. West, Hollywood 90068
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Freeman Books for Psychologists

The Social Animal

ELLIOT ARONSON,

The University of Texasat Austin

“Aronson’s book is sheer intellectual delight.”’
—Benbow F. Ritchie, University of California, Berkeley

“A superb book, clearly written, theory and re-
search literature well selected and lucidly explained.
Perhaps the best statement of T-groups within the
context of social psychology theory and research
available. Saul Steinberg’s drawings are excellent.
Aronson writes with passion, skill, and knowledge
of the field. A rare book in that it bridges human-

istic and behavioristic approaches.”’
—Clovis Shepherd, University of Cincinnati

1972, 324 pages, 10 illustrations, paper, $3.50

Orthomolecular Psychiatry:

Treatment of Schizophrenia

Edited by DAVID HAWKINS,

The North Nassau Mental Health Center

and LINUS PAULING, Stanford University

The 30 articles in this volume explain a new method of
treating mental iliness, the guiding principle of which is that
the mind’s functioning is strongly influenced by the nutri-
tional and medical state of the body. Essential reading for
all who are concerned with the field of mental health.
1973, 650 pages, 81 illustrations, $17.00

Prepublication price: $12.00, until February 1973

Neuropharmacology and Behavior
VINCENZO G. LONGO
Istituto Superiore di Sanitd, Rome

A concise but wide-ranging discussion of the chemical and
pharmacological properties, as well as the effects, of the
most important psychotropic drugs.

1972, 184 pages, 33 illustrations, cloth $6.95, paper $3.95

The Psychology of Consciousness

ROBERT E. ORNSTEIN,

The Langley-Porter Neuropsychiatric Institute,

San Francisco

This book is an attempt to reconcile two basic approaches
to knowledge: the rational and the intuitive. Central to its
theme is the concept of a bifunctional brain in man, with
the left hemisphere normally responsible for “linear’
thought and the right hemisphere for ‘“‘nonlinear’” or non-
verbal thought.

1972, 230 pages, 13 illustrations, paper, $3.50

Introduction to Modern Behaviorism

HOWARD RACHLIN,

State University of New York, Stony Brook

A lucid, accurate, well-organized, and intelligent discus-
sion of the field of animal learning which my introductory
psychology students can understand and appreciate.”’
—Martin E. P. Seligman, University of Pennsylvania, in
Contemporary Psychology, September 1971

1970, 208 pages, 76 illustrations, cloth $6.00, paper $3.25
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Selected Writings of T. C. Schneirla

Edited by LESTER R. ARONSON and ETHEL TOBACH,
The American Museum of Natural History, and

JAY S. ROSENBLATT and DANIEL S. LEHRMAN,
Institute of Animal Behavior, Rutgers University

A collection of 34 of Schneirla’s most important writings,
this volume provides further insight into his observations,
theories, methods, and experiments in comparative psychol-
ogy and animal behavior.

1972, 1032 pages, 137 illustrations, $22.50

Development and Evolution of Behavior
Essays in Memory of T. C. Schneirla

Edited by LESTER R. ARONSON, ETHEL TOBACH,
DANIEL S. LEHRMAN and JAY S. ROSENBLATT

An important book. By maintaining the intellectual
standards that were set by the scientist whose life and work
they wished to commemorate, the contributors have served
him well.”” —Science, January 22, 1972

1970, 656 pages, 30 illustrations, $12.95

Army Ants, A Study in Social Organization
T.C.SCHNEIRLA, Late Curator, The American Museum
of Natural History. Edited by Howard R. Topoff.

This synthesis of his conclusions about the behavioral
patterns of the army ants is the last work written by
T. C. Schneirla. More than the work of a great scientist
concerning one group of ants, it is an instrument for under-
standing the momentous changes that have taken place in
the behavioral sciences during the past four decades.

1971, 349 pages, 89 illustrations including 8 plates in full
color, $12.00

The Origins of Intellect: Piaget's Theory
JOHN L. PHILLIPS, JR., Boise State College

Jean Piaget, described by The New York Times as ‘‘the
outstanding child psychologist in the world today,” has
constructed the only systematic and comprehensive theory
of intellectual development. This brief book is a nontechni-
cal, general summary of that theory.

“This is the best, most understandable short description of
Piaget’s work I’'ve seen. It has the particular advantages of
not oversimplifying as well as setting the theoretical work
in a broader context.”

—Muriel King, University of Washington

1969, 149 pages, 30 illustrations, paper, $2.95

The Antecedents of Self-Esteem
STANLEY COOPERSMITH, University of California, Davis

““What background conditions, individual characteristics,
and aspects of parental treatment shape a child’s level of
self-evaluation? This orienting concern provides focus and
structure for Professor Stanley Coopersmith’s insightful and
solid contribution to the growing literature linking impor-
tant theoretical concepts and substantial empirical data
concerning aspects of self-conception. . .. the conclusions
are important in their implications for theory, child rearing,
education, and therapy.’’ —Psychiatry, May 1970

1967, 283 pages, 90 tables, $7.50

Readings from SCIENTIFIC AMERICAN

Collections of articles originally published in Scientific
American, reproduced with illustrations. Selected and intro-
duced by prominent scholars.

Perception: Mechanisms and Models

With Introductions by
RICHARD HELD and WHITMAN RICHARDS,
Massachusetts Institute of Technology

390 pages, 389 illustrations, cloth $12.00, paper $5.95

Contemporary Psychology

With Introductions by
RICHARD C. ATKINSON, Stanford University

486 pages, 441 illustrations, cloth $12.00, paper $5.95

Physiological Psychology
With Introductions by
RICHARD F. THOMPSON,

University of California, Irvine
444 pages, 422 illustrations, cloth $12.00, paper $5.95

From your bookstore or

- W. H. FREEMAN AND COMPANY

- 660 Market Street, San Francisco, California 94104

58 Kings Road, Reading, England RG 1 3AA
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MATHEMATICAL GAMES

Pleasurable problems with polycubes,

and the winning strategy for Slither

by Martin Gardner

(September, 1958) that Piet Hein’s

Soma cube was first introduced to
U.S. puzzle buffs. (The column is re-
printed in The 2nd Scientific American
Book of Mathematical Puzzles & Diver-
sions.) The puzzle has since been sold
around the world under a variety of
trade names, and for the past several
years the only authorized version has
been marketed in the U.S. by Parker
Brothers, with an informative booklet
written and illustrated by Piet Hein.
Three issues of Soma Addict, a newslet-
ter edited by Thomas V. Atwater, have
appeared, as well as many articles on
Soma in mathematical journals.

The Soma pieces are a subset of what
have been called polycubes. These are
solid figures created by joining unit
cubes at their faces. Like their flat cous-
ins the polyominoes, they pose an ex-
traordinarilydifficult combinatorial prob-
lem. Given n cubes, is there a formula
for calculating the number of distinct
polycubes of order n? If so, it has not
yet been found, although there are, of
course, recursive procedures by which
all polycubes of order n can be con-
structed. One merely adds a cube in all
possible ways to each polycube of order
n—1 and then eliminates duplicates.
Since there is no way to “turn over” an
asymmetric polycube in 4-space analo-
gous to the way an asymmetric poly-
omino can be reversed in 3-space, mirror-
image pairs of polycubes are considered
to be different. It is obvious that for or-
ders 1 and 2 only one polycube is possi-
ble for each and that three unit cubes
can form two polycubes. It also is easy to
determine that there are eight tetracubes
and 29 pentacubes. Several recent com-
puter programs have verified a hand
computation first made by David Klar-
ner that there are 166 hexacubes. As far
as I am aware, the number of hepta-
cubes is still undetermined.

It was 14 years ago in this department
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The Soma cube consists of the seven
irregular shapes that can be formed by
combining three or four unit cubes—all
nonconvex polycubes of orders 1 through
4. There are 240 distinct ways (not
counting rotations and reflections) the
seven pieces will form a 3-by-3-by-3
cube. This was first determined by John
Horton Conway and M. J. T. Guy and
has since been verified by many com-
puter programs. Parker’s Soma booklet
states that Conway and Guy used a com-
puter for their work, an error that I am
now happy to correct. As Conway puts it
in a letter, he and Guy, both mathema-
ticians at the University of Cambridge,
obtained the 240 solutions by hand “one
wet afternoon” when they had no more
pressing chores.

“I think for a puzzle the size of Soma,”
Conway adds, “it’s an admission of de-
feat to use a computer. If you find the
right way of organizing the material, it
should take less time to do the whole
thing by hand than it does to program
the machine.” By first establishing a few
ingenious theorems (some of which were
found by Guy’s father, R. K. Guy) and
using a parity coloring technique, they
were able to check all possibilities with
great efficiency.

Conway and Guy later discovered that
if you begin with any of 239 solutions
(one solution is an anomaly), all the oth-
ers can be obtained in 238 steps by alter-
ing the position of no more than three
pieces at each step. Conway has drawn
a large graph (which he calls the Somap)
showing how the 239 solutions are linked
to one another and giving each solution
a concise notation called its “somatype.”
The map does not give any one solution,
but once you have built the cube in any
of the 239 ways, the map enables you to
transform it to all the others by moving
two or three pieces at a time. The map
is too complex to reproduce here, but I
have been assured that it will be pub-
lished in the fourth issue of Soma Addict,
which the reader can obtain free by
writing to the editor at P.O. Box 900,
Salem, Mass. 01970.

The Soma cube’s popularity flows
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from the enormous variety of pleasing
shapes that can be made out of it and
from the many clever ways of proving
that certain 27-cube shapes are impossi-
ble. It is not, however, the first polycube
dissection of the order-3 cube to be mar-
keted as a puzzle. A six-piece set was
sold in Victorian England under the
name of the Diabolical cube [see top il-
lustration on page 178]. (Its pieces are
reproduced on page 108 of Puzzles Old
and New, by “Professor Hoffmann,” pub-
lished in London in 1893.) I do not know
how many basic solutions the Diabolical
cube has, but perhaps a reader can tell
me. I found only eight. The pieces can
be cut from wood or made by gluing to-
gether alphabet blocks. As Piet Hein has
noted, the unknown inventor surely in-
tended a dissection of the cube into a
set of “flat” polycubes containing one
each of orders 2 through 7.

Another dissection of the cube into six
polycubes was made by a Polish mathe-
matician, J. G. Mikusinski [see middle
illustration on page 178]. It appears in
Hugo Steinhaus’ Mathematical Snap-
shots (Oxford University Press, 1950).
These pieces are currently on sale here
and abroad under several trade names.
There are just two solutions, both diffi-
cult to find. Still another interesting cube
dissection, suggested by Thomas H.
O’Beirne of Glasgow, is to cut the order-
3 cube into nine tricubes, all shaped like
the 3-piece of the Diabolical cube. Ran-
dom attempts to build a cube with the
nine tricubes are likely to be very frus-
trating unless you hit on a systematic
procedure.

Nine animals from a zoo of several
dozen Soma figures created by Rev. John
W. M. Morgan, vicar of St. Matthew’s
Church in Luton, England, are shown in
the illustration on the opposite page.
The animals all have bilateral symmetry
except for the giraffe, whose head leans
to one side (he is thinking), and the dog,
whose hidden rear portion violates sym-
metry. The bird actually will perch on
one leg as shown.

Three Soma structures of a delightful
new type were created by Benjamin L.
Schwartz of McLean, Va. [see bottom
illustration on page 178]. The penthouse
has a cubical hole at its center and is not
hard to construct. The tower is flat on its
two hidden sides and has three interior
holes. The stairway also has three in-
terior holes. The last two are difficult to
build. In both cases the three holes are
inside, invisible from all angles. Next
month I shall give their Soma solutions.

Another pleasant exercise is to con-
struct Schwartz’s three figures with the
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six Diabolical-cube pieces. None is possi-

ble with the holes on the interior, but
each can be made with one or more holes
2 3 4 at the back, so that the structures appear
as shown in the illustration.

The notorious wall in Piet Hein’s in-

struction booklet is an insoluble Soma
problem [see top illustration on page

180]. Many impossibility proofs have
now been found, but the simplest (dis-
covered independently by many Soma
addicts) is based on the wall’s 10 corner
cubes, shown shaded in the illustration.
If each Soma piece is considered in turn,

it is apparent that five of the pieces can
provide only one corner cell each and
that the other two can provide no more
than two each. All together, therefore,
the pieces can supply a maximum of nine
corners. Since there are 10 corners, the

\ N\, wall is impossible. It is possible, how-

Polycube pieces for the Diabolical cube

looks exactly like the one in the illustra-
tion. If the wall is viewed from behind,

J ever, to build a wall that from the front

however, the hidden corner (indicated
by the arrow) is missing and an extra
cube protrudes at some other spot.

The corner proof of impossibility ap-
plies also to the six pieces of Mikusinski’s

cube but not to the Diabolical pieces.
Unfortunately they will not make a gen-
uine wall either, and readers may enjoy
proving it by a different technique. The
Diabolical pieces will, however, like the
Soma pieces (but not Mikusinski’s), make
an ersatz wall that appears genuine from
the front. This is a harder task than form-
ing the Diabolical cube. There are sev-

Polycube pieces for J. G. Mikusirniski’s cube

eral ways to do it with one hole hidden
below the top center corner and one
back-projecting cube at the base, where
it is hard to see even when looking
downward from the front. A not-so-fun-
ny joke to play on a victim is to let him
see a false wall from the front (formed
by either Soma or Diabolical pieces),
knock the wall apart and then offer him
$50 if he can rebuild the structure (with
no holes, of course) within three hours.
The building of fake structures opens
up numerous amusing possibilities. One
can build Soma bricks that are 3 by 3 by
4, or 2 by 3 by 6, and that appear solid
but are hollow in back like the facades of
buildings on a movie set. A spurious 2-
by-2-by-8 tower can even display two
extra cubes on top. A 1-by-4-by-6 Soma
wall, standing on edge, has three invisi-
ble cubes projecting from the back. Of
course, gravity must be taken into ac-
count in problems of this type because
the structures should be capable of
standing alone without the aid of an ad-
hesive or concealed supports.
Soma structures with hidden holes: (a) penthouse, (b) staircase and (c) tower Many people have worked on struc-
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Alleghen
Spé&c‘gltyyM

Need the best in stainless bar stock? Or plate,

Of sheet or strip? Or how about forgings, cast-

ings, billets, extrusions, drill rod, wire, tubing . . . even
powdered metals. At Allegheny Ludlum Industries, our
steelmakers who are something special are good for
all kinds of specialty steel stock.

Allegheny Ludlum Steel, Flat Rolled Products
Division—stainless, silicon and electrical steels. Many
finishes and grades . . . including plate grades to meet
AEC's Reactor Development Technology standards,
even more exacting than ultrasonic testing.

Allegheny Ludlum Steel, Bar Products Division
—where computerized melting, plus strictest quality
control in the most modern of bar production facilities,
brings you improved machinability in an unsurpassed
selection of stainless and tool steel products.

Wallingford Steel —major producer of premium
quality stainless and special alloy strip and welded
tubing, plus precision light gage electrical steel
strip.

Ajax Forging and Casting Company—
one of the world's largest suppliers of extrusion
tooling, tool steel and alloy forgings, plus
cast-to-size die steels for the tooling industry.

Special Metals Corporation—a leader
in development and production of high purity
vacuum-melted superalloys used in highly
sophisticated nuclear, jet aircraft, aerospace
applications.

Arnold Engineering—a major factor in magnetic
and electronic materials and components, many of
them produced by powder metallurgy processes.

IPM Corporation —specialists in powder metal-
lurgy products going into large volume gearing and
parts replacing machined castings and screw ma-
chine parts.

Ludlum

comﬂ)anics

Carmet Company—metal cutting materials of
the most durable and efficient quality . . . cemented
tungsten carbide tools, dies, bits and wear parts for
machinery.

Good Steel Service, Inc.—serving the tooling
materials market with a broad range of tool steels
and finished shapes.

For more information on the world's leading
Specialty Metals group, write: Allegheny Ludlum
Industries, Inc., Dept. 291, Oliver Bldg., Pittsburgh,
Pa. 15222.

Allegheny Ludlum Industries
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The impossible wall

tures formed from larger sets of poly-
cubes. The eight tetracubes were manu-
factured in Hong Kong in 1967 (by
E. S. Lowe Co., Inc.) and marketed as
the Wit's End puzzle. The set came
boxed as a 2-by-2-by-8 solid, and a 2-by-
4-by-4 solid also is possible. Indeed, a
group in the Artificial Intelligence Labo-

ratory at the Massachusetts Institute of
Technology used a computer to show
that it had 1,390 basic solutions. Both of
these solids are enlarged replicas of two
of the tetracubes, and enlarged replicas
of the remaining six tetracubes can also
be made.

The 29 pentacubes are the subject of

) $3 ¢
N 2

The solid pentominoes
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U.S. Patent 3,065,970, November 27,
1962, issued to Serena Sutton Besley.
Unfortunately no rectangular solid has
5 X 29 = 145 unit cubes, but by adding
a duplicate pentacube Mrs. Besley ob-
tained 150 unit cubes. The 30 pieces will
form bricks of 5 by 5 by 6, 3 by 5 by 10,
2 by 5 by 15 and 2 by 3 by 25. Klarner
had earlier found that if the 1-by-1-by-5
piece is omitted, the remaining 28 penta-
cubes will form two separate 2-by-5-by-7
solids. Two solutions are given by Solo-
mon W. Golomb in his Polyominoes
(Scribner’s, 1965), page 118. Other prob-
lems devised by Klarner, using 28 or
fewer pentacubes, are in Golomb’s book
on pages 159-160.

If the 12 pentominoes are given a unit
thickness, the set is known as the solid
pentominoes [see bottom illustration at
left]. Golomb introduces this popular set
of polycubes on page 116 of his book and
gives additional problems with them on
pages 158-159. The set will-form en-
larged replicas of nine of the pieces.
When Golomb’s book appeared, the W
and X pieces had been proved impossi-
ble, but replicating the F piece (some-
times called the R piece) remained un-
decided until 1970. It was solved by
J. M. M. Verbakel of the Philips Re-
search Laboratories in the Netherlands.
It is not known if his solution, which was
published in Journal of Recreational
Mathematics (January, 1972, pages 20—
21), is unique.

C. J. Bouwkamp, associated with the
same laboratory, reported in Journal of
Combinatorial Theory (November, 1969,
pages 278-280) on his computer pro-
grams that produced all the solutions for
packing the 12 solid pentominoes in
boxes of 2 by 3 by 10, 2 by 5 by 6 and
3 by 4 by 5. The number of basic solu-
tions respectively are 12, 264 and 3,940.
Bouwkamp’s paper gives the 12 solutions
for the 2 by 3 by 10 and comments on
some of their unusual properties. In July,
1967, the Technological University of
Eindhoven published Bouwkamp’s 310-
page Catalogue of Solutions of the Rec-
tangular 3 X 4 X 5 Solid Pentomino
Problem.

An unusual task that links the solid
pentominoes with the Soma puzzle has
been proposed by J. Edward Hanrahan
of La Mesa, Calif. He reports that it is
possible to form 4-by-4-by-2 solids with
the Soma pieces so that on the upper
4-by-4 layer there will be five cubical
holes joined to form hollow molds for
each of the 12 solid pentominoes except
the I pentomino, which is obviously too
long to fit.

Working with cubical holes suggests



Anatomy of a
Nikon Camera

Most Nikon photographers are con-
tent to enjoy their cameras for what
they are, magnificent picture-taking
instruments. But just what kind of
technology is engineered intoa Nikon
that makes it perform so responsively,
so precisely, so reliably year after
year? The data is quite extensive and
in some cases, confidential.
However, Nikon engineers came up
with a different way to show some of
the reasons for its superiority. They
cut a Nikon in half, with a diamond-
blade saw. It revealed an image of
ingeniously purposeful precision —of
wondrous complexity that
belies the natural ease
and speed with which
the camera operates.

Precision threading:
expensive, and
important

Note the profusion of
finely threaded com-
ponents. The elements
of every Nikkor lens,
for example, are secur-
ed by threaded retain-
ing rings, rather than by
friction as they are in lesser
lenses. Further, every screw
is threaded into the part it is
holding, notsimply tightened against it.
And, because screw holes are drilled
before lens elements are mounted,
you’ll never find metal burrs inside a
Nikkor lens. Precision of this sort is
costly but the only real way to assure
the permanent alignment accuracy
required for such consistently sharp
pictures, year after year.

The mount can make
or break the lens.

One place a Nikkor lens has no
threads is where it attaches to the
camera body. Some cameras still
have screw mounts which make
changing lenses aslow process. Others
use a breech-lock ring which can be
mistaken for the aperture ring and
allow the lens to come off acciden-
tally. In contrast, the Nikon bayonet
system requires only a quick 1/6
turn to remove a lens or lock it
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securely to the camera. The precision
with which the body and lens are
mated makes Nikon one of the very
few camerasto accept an interchange-
able f1.2 lens. (The extremely shallow
depth-of-field of this lens demands
meticulous mounting accuracy.)

Complexity that
makes seeing simpler
Around the finder screen and prism
you'll see a great deal of complex
mechanics, quite unlike an ordinary
single lens reflex. That’s because, on
the Nikon, both finder and finder
screen are interchangeable. Naturally,
this requires flanges and catches and
releases which most cameras don'’t
need. But as a result, you have your
choice of any of 18 different finder
screens and six different finders. You
can tailor your choice of screen to the
lens you're using, the subject you're
shooting and the amount of light fall-
ing upon it. You can choose a finder
that’s perfect for ground level,
action, available light or any
other kind of photography
So you never have to .
compromise your view
of the image.And that,
after all, is really the
great advantage of the
single lens reflex system:
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to be able to frame and focus on
any subject, near or far, quickly, easily
and accurately.

Flatter film means
sharper photographs
It’s the function of the pressure plate
to hold the film perfectly flat. Actu-
ally, it doesn’t do that completely in
any 35mm camera. Nikon designers
have taken an extra step. The film
winds onto the takeup spool in re-
verse, which counteracts the film’s
natural curl. The result is measurably
flatter film and, as a direct result,
sharper photographs. This reverse
wind also pulls the film around the
sprocketed roller instead of just across,
so more sprockets are engaged and
it becomes much less likely that you'll
ever rip any sprocket holes out of the
film, no matter how energetically you
operate the winding lever or how fast
a motor drive winds the film.
These are only a few of the design
innovations harbored within Nikon
FTN and F2 cameras. If space per-
mitted, we could give you dozens of
other insights into the care and in-
genuity which is lavished on these
exceptional cameras. Pick up a whole
Nikon at any dealer, release the shut-
ter, operate the winding lever, inter-
change the lens, the finder, the finder
screen and you'll have some appre-
ciation of the precision machining
and assembly which also goes into
every Nikon. (If, however, you'd like
to see the actual cutaway camera,
visit Nikon House in New York City,
where it’s on display, along with half
Nikon movie and Nikkormat cam-
eras.) Orwrite, and we’ll send detailed
literature. Nikon Inc., Dept. SA, Gar-
den City, N.Y. 11530. Subsidiary of
Ehrenreich Photo-Optical Industries,
Inc.B=d(Canada:AnglophotoLtd.,PQ)
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many curious and unsolved polycube
questions. What, for example, is the
largest volume of empty space that can
be put inside a solid formed with a speci-
fied set of polycubes? “Inside” can be
defined in various ways. What is the
maximum number of unit holes that do
not touch one another or the outside
surface (under various definitions of
“touch”)?

Here is an intriguing, unpublished
and unsolved hole problem that can be
worked on with a set of either the flat
pentominoes or the solid ones. Stephen
Barr of New York (not the writer Ste-
phen Barr, who lives in Woodstock,
N.Y.) recently set himself the task of
creating a flat-pentomino pattern having
the maximum number of unit holes that
do not in any way touch the perimeter
or one another. (Each hole must be sur-
rounded by eight squares.) His best re-
sult, 12 holes, is shown in the illustration
below in one of several solutions. It can
be proved that 14 holes are impossible.
I leave it to readers to settle the question
of whether or not a pattern with 13 holes
can be achieved.

David L. Silverman’s game of Slither,

described in June, produced a flood
of strategies of steadily mounting gen-
erality until finally Ronald C. Read, a
graph theorist at the University of Wa-
terloo, reduced the standard game to
monumental triviality.

Standard Slither is played on a rectan-
gular field consisting of a square lattice
of dots. Players take turns drawing or-
thogonal unit “edges” connecting adja-
cent dot pairs, adding each move to ei-
ther end of the continuous path that is
formed. The player who is forced to
make the slithering line meet itself is the
loser. Several dozen readers immediately
pointed out that on the 5-by-6 field that

had been given as a sample playing field
the first player has an easy win by taking
the central edge and thereafter making
his moves symmetrically opposite to his
opponent’s moves. He also wins the re-
verse version (the first to close the path
wins) by seizing the first winning oppor-
tunity offered.

George A. Miller of Philadelphia was
the first to provide a general strategy for
all rectangular boards. If the field has an
even number of dots, draw a Hamil-
tonian path along the lattice lines, that
is, a path visiting every dot once only.
Color the alternate edges red, beginning
and ending with red. The first player’s
winning strategy is: Always play red. If
the field contains an odd number of dots,
the second player’s winning strategy is:
After the first move, draw any Hamil-
tonian path starting at one end of the
first move, color the path as before and
always play red. Essentially the same
strategy was also discovered by Michael
Kelly, by Oliver G. Selfridge and by
Donald M. Gray and Larry Meisel.

Next I found that this strategy applies
if diagonal moves between adjacent dots
are allowed, and also when the game is
played on triangular lattices. My elation
was short-lived. When I wrote to Read
about it, he saw at once that these were
merely special cases of a general strategy
that applies to any set of dots in any for-
mation in a space of any dimensions.
Moreover, a “move” can be the joining
of any pair of dots, and it does not matter
whether this is allowed at both ends of
the path or only at the end of the pre-
ceding move.

Read explained it this way. A graph is
said to have a “I-factor” if it is possible
to join all the nodes in pairs so that every
node belongs to one and only one of the
disjoint edges. Think of an array of dots
as the vertexes of a graph consisting

The maximum-hole problem
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of all possible joining edges. Draw a
1-factor of the graph with a red pencil.
(A Hamiltonian path on square lattices is
one way of doing this, but the 1-factor
is more general because some graphs
have 1-factors but no Hamiltonian path.)
Any move connecting two dots is now
allowed.

If the number of dots is even, the
graph can be 1-factored and the first
player wins by always playing on red
edges. If the number of dots is odd, the
second player disregards one end of the
first move, 1-factors the remaining dots
and plays always on red. The player
who first runs out of unused dots to
move to is the loser.

This obvious and trivial parity strat-
egy was obscured in Slither by the
game’s many irrelevancies. Reverse
Slither, on the other hand, is a more dif-
ficult matter. As we have seen, a sym-
metry strategy wins for the first player
on all odd-by-even fields. The second
player can win by bilateral symmetry
play if the first play is to a main diag-
onal of a square or to a central orthog-
onal line of any rectangle that has one.
Selfridge has found a strategy for a sec-
ond-player win on all squares.

Michael Beeler of M.I.T. wrote a com-
puter program for reverse Slither. Here
are some of its results:

1. The second player wins on squares
through order 6.

2. Taking the center move is the only
winning first play on the 3 by 4, 4 by 5,
4 by 9 and 5 by 6.

3. A theory devised by Beeler, estab-
lishing a first-player win on all 2 X n
fields (n greater than 2) is confirmed
through n = 18.

4. On 3 X n fields, n = 2 through 12,
the first player wins if n is even, loses if n
is odd.

5. On 4 X n fields, n = 5 through 9,
the first player wins in all cases.

6. The second player wins on the 5
by 7.

These data suggest the following un-
proved conjecture: The first player wins
on all nonsquare rectangles if the num-
ber of spots is even. The second player
wins on all squares and on all nonsquare
rectangles if the number of spots is odd.

Last month’s question, involving a
Chinese-ring puzzle of n rings, is an-
swered as follows. From a “maximum ef-
fort” position (only the last ring on), 2" —
1 moves are required to remove all the
rings using the slow method. Numbers of
this form are called Mersenne numbers.
The same formula gives the number of
moves required for transferring n disks
in the Tower of Hanoi puzzle.
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do with people who constantly
help industries solve product
problems—our Marlex Marketing
Team. They’re experts in plastics
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sion, and molding. Developers of
a whole line of resins for pipe,
conduit, duct...and many other
products.
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Conducted by C. L. Stong

dilute solution of honey that stands
A at room temperature for about
eight weeks ferments naturally to
become the winelike beverage known as
mead. When the drink is made in this
way, however, it usually offends the
modern palate; it is likely to taste bitter,
harsh, yeasty or sour because of slow and
faulty fermentation. Even so, mead was
a popular alcoholic beverage for thou-
sands of years. It predates wine (a fer-
mentation product of grape juice) and
probably the discovery of beer (a fer-
mentation product of grain).

At about the time when mead was
fortifying Eric the Red and his fellow
Vikings against the rigors of the North
Atlantic the art of viniculture spread
from the Mediterranean to above the
45th parallel. The grape displaced honey
as a popular source of alcohol, and con-
sumption of mead gradually declined.
Mead might well have remained in ob-
scurity if it had not attracted the interest
in 1950 of Roger A. Morse, then a gradu-
ate student of bee culture at Cornell Uni-
versity. Morse designed a series of ex-
periments to investigate the origins of
the offensive flavors in mead. Subse-
quently, in collaboration with Keith H.
Steinkraus, professor of bacteriology at
Cornell, he developed and patented
methods of converting honey into a
mead table wine, a mead sauterne and
a mead champagne. Morse is confident
that mead can be improved even more.

“All wines, including mead,” Morse
writes, “result from the action of yeast
on sugar. The starting materials are a
thin syrup, nutrients and yeast. Yeast
organisms feed on sugar and nutrients.
Waste products of the metabolism in-
clude ethyl alcohol and carbon dioxide
plus a galaxy of organic compounds,
some of which contribute to the flavor
of the resulting beverage.

Mead, the drink of the Vikings, can be made
(legally) by fermenting honey in the home

“The rate at which the flavoring com-
pounds are produced depends signifi-
cantly on the rate at which fermentation
proceeds. In general a wine that fer-
ments to completion within two or three
weeks is more pleasing than one that re-
quires months. It turns out that the juice
of ripe grapes is unique among fruit
juices in that it contains sugar in an al-
most optimum concentration plus nu-
trients in just the proportions required
for the vigorous growth of yeast. Under
normal circumstances a new grape wine
ferments within one to three weeks. For
this reason the ingredients in grape juice
can guide the experimenter in adding
yeast nutrients to diluted honey and to
the juices of other fruits to encourage
rapid fermentation and the production
of a good wine.

“The quality of a wine varies with the
concentration of sugar in the solution
from which it is made. Yeasts cannot
grow in sugar concentrations of more
than 30 percent and cannot live in al-
cohol concentrations of more than about
15 percent. The natural sugar in grape
juice ranges from 15 to 25 percent by
volume depending on the variety and
condition of the fruit. A 22 percent solu-
tion of sugar that contains the essential
yeast nutrients can be fully converted
by fermentation to an alcohol concen-
tration approaching 14 percent. The re-
sulting wine is said to be dry (not sweet).
A 25 percent sugar solution can be sim-
ilarly fermented into a sweet wine of the
same alcohol concentration. The sweet-
ness is imparted by unconverted sugar
that remains in solution after the alcohol
content rises to about 14 percent and ar-
rests fermentation by killing the yeast.
Sugar concentrations of less than 18 per-
cent yield ‘thin’ wines that are low in
alcohol and difficult to keep.

“Bees gather wild yeasts along with
nectar. To prevent the mixture from fer-
menting they fan the honey with their
wings to encourage the evaporation of
water until the concentration of sugar
exceeds the limit at which yeast can
grow. Honey contains approximately 82
percent solids, mostly sugar.

“As the initial step in making honey
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into mead reduce the concentration of
sugar to between 20 and 25 percent by
adding water to produce a dry or a sweet
beverage with an alcohol content rang-
ing from 10 to 14 percent. Honey that
contains 82 percent sugar can be diluted
to 22 percent by adding to 100 parts of
honey enough water to make 373 parts
by volume. Unfortunately the amount of
sugar in a specific honey may differ from
the average by a few percent—just the
difference between a dry wine and a
sweet one. The actual concentration of
sugar in the diluted solution should be
measured with a hydrometer that is cali-
brated in units of the Brix scale through
the range of +15 to +25 degrees. For all
practical considerations the Brix scale
can be interpreted as percentage of
sugar.

“The temperature of the solution must
be taken into account when the measure-
ment is made. The instrument is cali-
brated at 68 degrees Fahrenheit. For
each three degrees above this tempera-
ture add .1 degree Brix to the reading.
Conversely, subtract .1 degree for each
three degrees by which the solution is
cooler than the standard temperature.
The hydrometer, together with a cylin-
drical vessel for holding the specimen
and a floating thermometer, can be
bought inexpensively from dealers in
wine-making supplies.

“A few precautions reduce the prob-
ability that the mead will be invaded by
organisms that destroy the desired flavor
or that the product will sour. The safest
container in which to conduct fermen-
tation is glass. Five-gallon carboys are
excellent fermentation vessels. They are
easy to clean and enable the experi-
menter to observe the fermentation and
the clarity of the mixture.

“The traditional belief that wines can-
not be made and aged in glass has come
into question during recent decades. Ex-
cellent wines have been made commer-
cially in glass-lined vats both here and
abroad. Wood barrels of 25 to 50 gallons
capacity are also popular containers.
Secondhand whiskey barrels can be ob-
tained at reasonable prices. Barrels that
have been recently emptied can be used
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after they have been rinsed with clean
water.

“Some of the traditional recipes for
making mead specify that the diluted
honey should be boiled for 30 minutes.
At one time I questioned the practice.
Boiling alters the flavor and destroys
some of the vitamins that are required
for the growth of yeast. On the other
hand, some meads tend to be cloudy.
The product does not become clear
even when it is allowed to stand undis-
turbed for many months.

“Honey water that has been boiled
and skimmed yields a mead that clears
readily and has a long shelf life. Whether
or not boiling affects the flavor adversely

Sy

is a question of personal preference. It is
one of the variables that the amateur
may wish to experiment with. Transfer
the diluted honey solution to the clean
fermentation vessel. The fluid should oc-
cupy not more than two-thirds of the
volume to leave space for the froth that
accumulates on the surface of the mead
during fermentation.

“Prominent among the variables that
determine the quality of a wine is the
kind of yeast that mediates the fermen-
tation. The wild yeasts in honey may or
may not produce a good mead. At the
turn of the century vintners learned that
the addition of sulfur dioxide to grape
juice inhibits the growth of certain

yeasts, molds and bacteria but not the
yeast that makes the best wine.

“Sulfur dioxide, which is a gas at ordi-
nary temperatures, is liberated when ei-
ther potassium metabisulfite or sodium
bisulfite reacts with a sugar solution. The
chemicals are available as powders.
They can also be bought from dealers
in wine-making supplies in the form of
pellets known as Campden tablets. The
amount to be used is indicated on the
bottle in which the tablets are sold. They
are added to the diluted honey just prior
to fermentation and again as a preserva-
tive when the mead is bottled. The
biochemical mechanism through which
sulfur dioxide inhibits the growth of or-
ganisms selectively is not fully under-
stood. Sulfuring does not impart an un-
desirable flavor to wine if the directions
for adding it are followed precisely.

“Although hundreds of yeasts have
been described, only a few make good
wine. Most of them have been identified
during the past century. Some such
yeasts are known as general-purpose
wine yeasts. Others carry the name of
the wine that is commonly made with
them: Madeira, Chablis, Pommard, Bor-
deaux, champagne and so on.

“The yeast that we used to make mead
by our patented procedure is Steinberg
618. A pleasant mead can be made, how-
ever, with any good wine yeast. Most
dealers in wine-making supplies carry
the cultures. The amateur is urged to ex-
periment with several kinds.

“Usually yeast is packaged either as a
growing culture on nutrient agar or dor-
mant in the form of a dry cake. The live

186

Three types of fermentation valve

© 1972 SCIENTIFIC AMERICAN, INC



culture ordinarily comes in a test tube
that has been partially filled with agar,
plugged with sterile gauze and inclined
almost on its side until the agar hardens
to expose a surface of maximum area for
the growth of yeast. The test tube is
known as an ‘agar slant.” Dried yeast is
typically sealed in an airtight envelope
filled with nitrogen. Cultures can be per-
petuated by inoculating slants of fresh
nutrient agar under sterile conditions
every 90 days.

“Before inoculating the diluted honey
with yeast the experimenter should add
a number of growth stimulants. The kind
of stimulants and the amount required
vary with the kind of nectar from which
the honey was made. Our investigations
have been confined primarily to the
honeys produced in New York State.
The varieties include clover, buckwheat,
fall flower (mostly goldenrod) and wild
thyme. We made a major effort to use
clover as being representative of the
light honeys and buckwheat as being
representative of the dark honeys. The
flavor of honey increases with its color
and carries over into the mead.

“Light clover honey consists princi-
pally of sugars and water. It is deficient
in nitrogen, phosphate and vitamins that
stimulate the growth of yeast. In the
absence of sufficient nitrogen and phos-
phate fermentation may require two
months or more.

“The absence of vitamins is less seri-
ous, particularly if the honey water con-
tains adequate nitrogen. Most yeasts can
synthesize their own vitamin require-
ments, but they do so at some cost in
terms of their rate of growth. We found
by experiment that fermentation can be
accelerated by adding growth stimulants
to the diluted honey in two forms.

“The first preparation consists mainly
of inorganic salts and citric acid: am-
monium sulfate, one gram; potassium or-
thophosphate, .5 gram; magnesium chlo-
ride, .2 gram; sodium hydrogen sulfate,
.05 gram, and citric acid, five grams.
The total weight of the additives is 6.75
grams. This quantity is added to each
liter of diluted honey.

“The second preparation includes se-
lected vitamins plus small amounts of
organic and inorganic nitrogen. It con-
sists of biotin, .05 gram; pyridoxine, one
gram; meso-inositol, 7.5 grams; calcium
pantothenate, 10 grams; thiamine, 20
grams; peptone (Roche), 100 grams, and
ammonium sulfate, 86145 grams. The
total weight is 1,000 grams. This prep-
aration is added to the honey solution at
the rate of .25 gram per liter.

“The influence of these preparations
on the rate of fermentation was studied
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separately and in combination, as will be
discussed below. Honey water that con-
tains both preparations simulates natural
grape juice as a medium for supporting
the growth of yeast, but the formulas
can doubtless be improved by further
work. The vitamins are available from
distributors of pharmaceuticals.

“The time required for fermentation
is also influenced by the technique em-
ployed for inoculating the honey solu-
tion with yeast. Even a few yeast cells
can eventually multiply enough to com-
plete the fermentation, but the interval
can be reduced substantially by a mas-
sive infusion of yeast [see top illustra-
tion on page 186]. Three days before the
inoculation is to be made we transfer
about 10 percent of the solution that has
been fortified with nutrients to a clean
container. By means of a small loop of
wire that has been sterilized in a flame
we pick up a bit of yeast from the cul-
ture and stir it into the transferred solu-
tion. After the mixture has incubated for
72 hours at room temperature we pour
it into the honey solution. It acts as a
massive inoculation. Vigorous fermenta-
tion begins at once.

“We close the opening of the fermen-
tation vessel with a tuft of cotton or
gauze for three or four days. During that
time an appreciable volume of carbon
dioxide is liberated. After the rate of
fermentation subsides we replace the
tuft of cotton with a fermentation valve.
This device can be a stopper that con-
tains a single hole into which one arm
of a U-shaped glass tube is inserted. The
other arm of the U dips into a small con-
tainer of water. Carbon dioxide from the
fermenting mead escapes by bubbling
through the water. The valve seals the

mead from the atmosphere and thus in-
hibits the growth of aerobic organisms
that ferment alcohol into vinegar.

“Inexpensive fermentation valves that
are somewhat more convenient to use
are available commercially. They con-
sist of glass tubing bent into a loop that
has a blown bulb on each side [see bot-
tom illustration on page 186]. Enough
water is placed in the device to fill the
bulbs halfway. Carbon dioxide escapes
from the valve by bubbling through the
water.

“The stopper should make an airtight
fit with the fermentation vessel, and the
glass tube must make a similar fit with
the hole in the stopper. The progress of
the fermentation can be estimated by
observing the rate at which the diluted
honey bubbles and froths. If the vessel
is small (a one-gallon jug, for example),
the rate of fermentation can be mea-
sured by weighing the vessel periodical-
ly. A vessel that contains 85 fluid ounces
of fermenting liquid can lose 10 to 12
ounces of weight in the form of escap-
ing carbon dioxide within one to three
weeks.

“As I have mentioned, we learned
that honeys vary considerably in their
fermentability. Light honey, represented
by clover, was the most difficult to fer-
ment and required more additives in the
form of vitamins, minerals and nitrogen
than dark honey, represented by buck-
wheat or goldenrod. Not all batches of
clover honey reacted the same way, how-
ever; some fermented slowly and others
little if any in the absence of supplemen-
tary growth factors.

“With the addition of growth stimu-
lants all honeys that we tested fermented
rapidly. Each honey yielded a distinc-
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tive mead. All the meads were free of
the unpleasant flavor that results, in our
opinion, from the typically long fermen-
tations that occur in the absence of sup-
plemental yeast nutrients. Clover hon-
ey yields a mild-flavored, sauterne-like
mead that is acceptable to most people.
It carries only a hint of honey flavor.
Mead that is made from buckwheat hon-
ey is characterized by a heavy flavor that
is less acceptable to the average taster.

“The addition of both nutrient prep-
arations to clover honey stimulated the
most rapid fermentation. A honey solu-
tion diluted to 25 percent sugar and in-
oculated with .4 percent by volume of
yeast culture (instead of 10 percent)
reached an alcohol concentration of 12
percent in two weeks. With all other
variables fixed, the use of only the first
preparation resulted in somewhat slower
fermentation, but even so the fermenta-
tion was significantly more rapid than
it was in the untreated solution. The
addition of ammonium sulfate and po-
tassium phosphate alone (the two most
important yeast foods in the first prep-
aration) worked about as well as the
complete formula in the absence of the
second preparation.

“In the case of the purest clover hon-
ey, in which yeasts grow slowly if at all,
fermentation was stimulated by the ad-
dition of the second preparation. In oth-
er batches of clover honey the second
preparation alone had no apparent ef-
fect. A solution of clover honey without
nutrient additives served as the experi-
mental control. No fermentation was
observed in the control for 18 days. It
reached an alcohol concentration of 6
percent in 54 days.

“Buckwheat honey without additives
fermented much more rapidly than clo-
ver honey. This suggests that dark hon-
eys contain more natural yeast nutrients
than light honeys. In the case of buck-
wheat honey the use of both prepara-
tions produced the most rapid fermenta-
tion. The use of the first preparation
alone resulted in more rapid fermenta-
tion than the use of the second prepara-
tion alone did.

“The acidity of the honey solution
differed with the types of honey and, in-
deed, with individual batches of the
same type. With the addition of the first
preparation, which contains citric acid,
the pH often dropped below 3. A clover
honey at pH 2.9 fermented much more
slowly than one at pH 3.7. We found
that a pH in the range from 3.7 to 4.6
is desirable. The pH can be controlled
by the addition of more or less citric
acid. A pH of 3.7 proved to be high
enough to encourage rapid fermentation



but low enough to discourage the growth
of undesirable bacteria.

“The rate of fermentation is signifi-
cantly influenced by temperature. Gen-
erally the higher the temperature, the
faster the fermentation. The rate de-
clines slightly at 986 degrees F. At
about 89 degrees and above the fermen-
tation stops before the sugar is fully con-
verted to alcohol. With the yeast that we
used and at an inoculum of 4 percent
by volume, fermentation proceeded at a
sufficient rate at 75.2 degrees to convert
all the sugar into alcohol in approxi-
mately two and a half weeks. At 86.6
degrees fermentation was complete in
two weeks.

“The experiments demonstrate that
with added growth factors, a selected
yeast, proper pH and a temperature in
the range from 75.2 to 80.6 degrees F.
even light-colored honey such as clover
can be fermented to an alcohol concen-
tration of 12 to 13 percent by volume in
approximately two weeks without agita-
tion. Although more rapid fermentations
can be achieved at higher temperatures,
some vintners believe lower tempera-
tures and longer fermentation intervals
result in wine of better flavor. Our ex-
periments do not support this opinion
in the case of the clover meads. On the
other hand, some of our experiments
that did not require the maximum rate
of fermentation were made at 64.4 de-
grees F.

“To make mead champagne we used
clover honey base diluted to about 18 or
19 percent sugar at the beginning of
fermentation. Both nutrient preparations
were added to the diluted honey. This
yielded a cuvée (a wine from which
champagne is made) with an alcohol
content of about 10 percent by volume.

“Granulated sugar in the amount of 2
percent by weight was added to the
cuvée along with the following yeast nu-
trients (per gallon): peptone, .1 gram;
thiamine, .02 gram; calcium pantothen-
ate, .01 gram; inositol, .075 gram; am-
monium sulfate, .00086 gram; pyridox-
ine, .001 gram, and biotin, .00005 gram.
The cuvée can be fermented with a 7
percent (by volume) inoculum of any
good champagne yeast.

“Immediately following inoculation
the cuvée was transferred to champagne
bottles, sealed with metal caps and in-
cubated at 64.4 degrees F. Within 21
days the alcohol content increased to
11.9 percent (by volume). The pressure
of carbon dioxide trapped in the bottles
increased to 4.6 atmospheres at room
temperature. The conventional proce-
dures of champagne making were em-
ployed for disgorging yeast cells from the
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Apparatus for determining alcohol concentration

bottle. Mead champagne produced from
clover honey has a pleasant flavor and
retains its carbonation quite well. The
beverage has a greater tendency to form
a head than grape champagne.

“Clover honey was made into a light
sherry by refermentation with flor sherry
yeast (Saccharomyces oviformis, Strain
31). The concentration of acetaldehyde
was increased from 48 to 190 milligrams
per liter in 48 hours by passing the mead
through a glass column filled with pieces
of ceramic tile that were inoculated with
the yeast. The initial alcohol content of
the mead was 10.4 percent. This was
increased to 13 percent by adding alco-
hol before initiating fermentation. Many
people preferred the flavor of the result-
ing sherry to that of mead. As a matter
of fact, because of its low acidity mead
is an excellent base for the production
of sherry.

“Like all wine, mead should be aged.
Transfer it from the fermentation vessel
to an aging vessel by means of a siphon.
Keep both ends of the siphon below the
surface of the liquid to avoid trapping
air. Fill the aging vessel to the neck to
minimize the area of the interface be-
tween the mead and the air. Seal the ves-
sel with an airtight stopper to exclude
bacteria and inhibit the growth of aero-
bic organisms. Store the vessel in a place
where it can remain undisturbed, pref-
erably at a temperature of between 55
and 65 degrees F.

“When the mead is clear, after per-
haps four to 12 montbhs, it should be bot-
tled. Corking machines and wine-bottle
corks are available, but crown caps are
equally satisfactory if they fit the bot-
tles. I once thought that aging mead for
one or two years was satisfactory, but I
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now believe meads five to six years old
are superior. Wine less than one year
old should not be consumed, but how
much longer it should be stored is a mat-
ter of personal opinion.

“The experimenter should be pre-
pared to make at least four tests: for
sugar, alcohol, acidity and sulfur diox-
ide. I have already described the tests
for sugar concentration. Two techniques
are commonly employed to determine
alcohol concentration. One consists in
measuring the temperature of the vapor
immediately above the boiling solution.
Close a 100-milliliter flask with a two-
hole stopper. Put about 30 milliliters of
solution in the flask. Insert a thermome-
ter in one of the holes of the stopper to
suspend the bulb of the thermometer
above the surface of the liquid. Boil the
solution and measure the temperature of
the vapor to within .1 degree Celsius.
Subtract the temperature of the vapor
from the temperature at which water
boils. To find the percentage of alcohol
(by volume) multiply the temperature
difference in degrees C. by 1.78 and sub-
tract 3.2 from the resulting product. For
example, a temperature difference of six
degrees indicates an alcoholic concen-
tration of 7.48 percent (1.78 X 6 — 3.2).

“The second technique involves a dis-
tillation apparatus that can process 100
milliliters of liquid. The apparatus can
be an Erlenmeyer flask with a Liebig
condenser. Place 100 milliliters of the
fluid to be tested in the flask and distill
until 80 milliliters has condensed in the
receiver. Add sufficient water to the dis-
tillate to make exactly 100 milliliters.
Place the solution in the refrigerator and
cool it to 60 degrees F. Transfer the so-
lution to a hydrometer jar and measure
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THE QUESTAR CINEMA MODEL

One of the most exciting things we have seen recently is
a test film shot by David Quaid with our new Questar
Cinema Model attached to the Arriflex 35. It begins with
the motion of the moon drifting slowly across the field of
view, follows a train along the bank of the Hudson river,
three-quarters of a mile away, pans the New York sky-
line and climbs the Pan Am and Chrysler buildings three
miles away, inspects the Statue of Liberty from five miles,
observes a grazing cow with its accompanying cattle
egret at two hundred yards, rises to a mocking bird sing-
ing on a branch at three hundred feet, follows a vapor
trail until it catches up with its jet at ten miles, and
watches a plane take off at Newark Airport and approach
the camera, finally passing overhead. The sequence ends
with the sun setting behind some fishermen in a boat
three and a half miles at sea.

And all this with no lens change—just the Questar
which, as David Quaid says, can focus from the eye of a
fly to the craters of the moon . . . instantly!

Quaid’s film was taken on 35 mm. Ektachrome 5254
ASA 64 rated ASA 125, with a #85 filter, and at 24 f.p.s.
with the exception of the sun and moon shots which were
intended as ‘atmosphere’ and purposely overexposed.

The Questar Cinema Model and its special accessories
can be used not only with the Arri 35 but with other 35
mm. and 16 mm. reflex cameras as well. It gives the
cinematographer something he has never had before—
the ability to adjust his focus from an extreme telephoto
situation to a macro-closeup within the same film take.

Be sure to send for Questar’'s NEW booklet: the 1972 edition—larger format, 18 pages of
color, 150 new photographs taken by Questar owners with the 3V2 and Seven, and a com-
plete description of Questar, the world’s finest, most versatile telescope, with its many special
applications in research and industry wherever fine optics are mandatory and particularly in
the field of quality control. The new booklet is still at the old price of $1 to cover mailing
and handling costs on this continent. By air to South America, $2.50; Europe and North
Africa, $3; all other areas, $3.50.

QUESTAR

Box 420, New Hope, Pennsylvania 18938
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the alcohol concentration with a Tralles
hydrometer calibrated from 0 to 100
percent.

“The acidity of honey solutions can be
measured with sufficient accuracy by
means of test paper that changes color
with pH. A set of papers manufactured
by Micro Essential Laboratory, Inc.
(4224 Avenue H, Brooklyn, N.Y. 11210),
is particularly suitable; the papers span
the range from pH 2 to pH 5.

“Finally, an apparatus for measuring
the concentration of sulfur dioxide is
useful. The test is made by transferring
exactly 20 milliliters of specimen solu-
tion to a 50-milliliter beaker and adding
five drops each of a 25 percent sulfuric
acid solution and a 1 percent starch solu-
tion. With a burette add to the mixture
drop by drop an N/40 solution of iodine
and potassium iodide. Stop adding solu-
tion when the mixture turns black. Mul-
tiply by 40 the number of milliliters of
iodine solution required to achieve the
change in color in order to determine the
concentration of free sulfur dioxide in
parts per million. A dry mead should
contain about 30 parts per million of free
sulfur dioxide at the time it is bottled.

“Distributors of wine-making supplies
can be found in many communities by
referring to the classified pages of the
telephone directory. Typical of the long
established firms are The Winemaker’s
Shop (Bully Hill Road, Hammondsport,
N.Y. 14840); Continental Products, Inc.
(Box 26034, Indianapolis, Ind. 46226);
I. F. Schnier Company, Inc. (683 Bryant
Street, San Francisco, Calif. 94107);
Presque Isle Wine Cellars (West Main
Road, North East, Pa. 16428), and Wine-
Art Sales, Ltd. (3417 West Broadway,
Vancouver, British Columbia). In addi-
tion the experimenter will find it helpful
to obtain a copy of Home Winemaker's
Handbook, by Walter S. Taylor and
Richard P. Vine (Harper & Row, New
York, 1968). This book explains in de-
tail the techniques of making conven-
tional wines.

“At least five days before the experi-
ments are undertaken a copy of U.S.
Treasury Form 1541 must be executed
and filed with the Regional Office of the
Bureau of Alcohol, Tobacco and Fire
Arms to conform with Article 240.540,
Part 240 (Wine), Title 26, of the Code
of Federal Regulations, which states:
‘A duly registered head of any family
may produce annually for family use,
and not for sale, not in excess of 200 gal-
lons of wine without payment of tax.
This exemption does not authorize the
production of wine for such use contrary
to state law.” The permit is issued with-
out charge.”
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able?) by the amateur as well as the skilled
mathematician. $7.50
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book in its field. $14.95

84130. THERMAL PHYSICS. Charles Kittel. A
revolutionary treatment of this all-important field,
by the author of the widely-acclaimed /ntroduc-
tion to Solid State Physics. $10.95

56610. INTRODUCTION TO SCIENTIFIC COM-
PUTING. Gabriel A. Pall. Present day computers
are full partners of scientists and engineers.
Here, an IBM expert provides the know-how
needed to use computers to maximum adva;tage.

19.95

34610. ASIMOV’'S BIOGRAPHICAL ENCYCLO-
PEDIA OF SCIENCE AND TECHNOLOGY (New
Revised Edition). /saac Asimov. A fascinating
reference work plus the inimitable stamp of Isaac
Asimov’s talented hand on every word. The lives
of 1,195 of the world’s great savants from ancient
Greeks to molecular biologists. $12.95

44350. ELEMENTS OF CARTOGRAPHY. Third Edi-
tion. Arthur H. Robinson and Randall D. Sale.
Just published, this completely revised edition
includes a wealth of new material, especially on
techniques of air-mapping, and the most recent
experiments in design and reproduction. $11.95

68960. PHYSICS AND BEYOND. By Werner Heis-
enberg. One of the giants of modern physics
takes you behind the scenes into the elite com-
pany of the creative men who unraveled the
secrets of quantum mechanics and the theory of
relativity. $7.95

36770. THE BORN-EINSTEIN LETTERS. Forty
years of correspondence between two of history's
supreme geniuses along with brilliant, retrospec-
tive commentary by Dr. Born. Scientific contro-
versies, political upheavals, personal joys and
sorrows take on a new immediacy and reality.

o

pOR ANES
IN DRGANK
CHEMISTRY

- e
panrn?

56260. INTRODUCTION TO MATHEMATICAL STA-
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bert C. Brown. A lively and authentic account of
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reference. Probably the most comprehensive de-
scription and critique of the chemistry of boranes,
borohyrides and borinic acids. Counts as 2 of
your 3 books. $24.50

list becomes a bonus book when you’'ve
bought four selections. Why miss out?

INTRODUCTORY OFFER:

Take any 3 books values to s69.45)
all only $3.95

if you will join now and agree to take 3 more
selections or alternates in the next twelve months

86510. THE WAY THINGS WORK. Volume Two.
Ski bindings, submarines, artificlal kidneys —
you name it — you'll find the Inside, expert story
about what makes things tick in this highly read-
able ion to the f and best-selling
first volume. $9.95

69970. POPULATION, RESOURCES, ENVIRON-
MENT. Paul R. Ehrlich and Anna H. Ehrlich. The
very last word on the environmental crisis now
facing humanity. Authoritative, fact-filled and
frightening, here is the ecological book of the
year. $8.95

40040. THE CONCEPTUAL DEVELOPMENT OF
QUANTUM MECHANICS. Max Jammer. The
author, a professor of physics at Bar-llan Uni-
versity in israel, offers an exciting and stimulat-
ing analytical study of the twentieth century’'s
most novel perspective — quantum mechanzlté%

49350. FUNDAMENTALS OF PHYSICS. David Hal-
liday and Robert Resnick. A complete updating
and revision of the modern classic that has sold
more than one million copies. Integrating mod-
ern and classical physics, this wildly successful
text stresses theory rather than technology and
is selective rather than encyclopedic. $13.95
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by Philip Morrison

HE INsEcT SocIeTies, by Edward

O. Wilson. The Belknap Press of

Harvard University Press ($20).
An insect colony is a “diffuse organism,”
“an animal that forages ameba-like over
fixed territories” with its million tiny
mouths. The African driver ant is the
giant of such “superorganisms™: a car-
nivore weighing more than 20 kilograms,
with 20 million mouths and stings, pa-
trolling tens of acres of bush. “It still
does not match up to the lurid stories
told about it. After all, the swarm can
only cover about a meter of ground ev-
ery three minutes. Any competent bush
mouse, not to mention man or elephant,
can step aside and contemplate the
whole grass-roots frenzy at leisure, an
object less of menace than of strangeness
and wonder, the culmination of an evo-
lutionary story as different from that of
mammals as it is possible to conceive in
this world.”

Forty-five years ago the American
myrmecologist William Morton Wheeler
wrote a volume with a very similar title,
the fruit of his lifetime study of ants.
His eloquent descriptions and his ex-
traordinarily compendious knowledge
made his book a classic for the general
scientific reader, a classic whose honor-
able place the volume reviewed here will
surely come to hold. Wilson is less elo-
quent than the Edwardian Wheeler, and
the growth of the subject forbids that
air of encyclopedic completeness that
was easier long ago.

Wilson writes with personal warmth
and flair, in a tone of remarkable clarity
and candor and with a breadth and
depth of method and understanding that
Wheeler’s generation could only dream
of. The superorganism was the “mirage
[that] drew us to a point on the horizon,”
writes Wilson. No new holistic concept
now replaces that earlier mystique. Anal-
ogies—particularly those from informa-
tion theory—are still valuable, but the

BOOKS

Among other things, insect societies,
starvation and the late M. C. Escher

goal of the experimentalist today is to
gain such a thorough and adroit piece-
meal analysis that the insect colony and
its full behavior will one day be open to
his reconstruction, so to speak, in vitro.
He will be able to fix caste artificially,
making a worker or a queen from a larva
at will, to elicit behavior as complex
as brood care by artificially presented
chemical and acoustic signals, to simu-
late nest-building using only those ele-
ments of behavior observed in individ-
ual workers. That goal is not yet close,
but it is grand enough, and together
with the genetic explanation of each
trait it represents the “exciting modern
substitute for the superorganism con-
cept.”

How like an organism the colony is,
particularly in today’s language of in-
formation and control, can be made out
from two examples drawn from the rich
store in this large and attractive volume.
There is an alpine species of blackish-
brown woodland ant that is host to an
extreme social parasite, a second tiny
species of ant. The parasite species has
no workers at all; its queens are little
degenerate riders on the back of the big
host queens throughout almost all their
lives. The intruder queens exude an at-
tractant for the host workers, which feed
and care for them and their offspring,
which in turn are all males and queens.
The host queens live and even lay eggs,
but now none of those eggs ever develop
into sexual forms. The colony continues,
new workers are born, forage, tend and
die, but the progeny of the colony is that
of the parasite, not of the host. The para-
site queens mate at home and remain
there, or fly off to seduce another host
nest. The entire system has been seized
and turned to the genetic purposes of the
parasite, which has for itself no “meta-
bolic” means-at all. The result is analo-
gous to a cell infected with a virus. The
virus enters the host cell, dwells within
its genetic apparatus and maintains its
metabolic activity, and the product of
that generation is not another cell but
an alien swarm of virus particles.

Take the problem of caste. Termites
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supply one example. In a typical lower
termite species the newly hatched larva
is potentially capable of developing into
either a reproductive form or a soldier.
What happens depends on the schedule
on which the growing larva receives
amounts of two competing hormones,
the molting and the juvenile hormones
common to insects. These hormone se-
cretions are under external chemical
control by the substances called phero-
mones, which pass from insect to insect
during the constant interchange of fluids
by contact among termites. The details
of caste are complex, and they differ
widely among species, but if one may
generalize a little prematurely, it ap-
pears that individuals are capable ge-
netically of entering any caste (allowing
for sexual bimorphism); what in fact
they become is determined by a complex
set of stimuli, environmental and bio-
chemical, that statistically and imper-
sonally reflect the needs of the nest.
When one active queen is present, for
example, other queens often do not ap-
pear. An army-ant worker is “loyal” to
the nest, and it will not join any other
column of marching ants of the same
species. Take the queen away for some
hours and the workers can emigrate and
will be welcome. The entire affair paral-
lels the development of tissues from
cells. Any embryo cell of a carrot can
make a whole carrot, for example, if it
is taken early enough and suitably treat-
ed. The cell, like the insect larva, inher-
its not a specific form but an entire pro-
gram, which can be variously called up
under a complex set of contingencies.
The key to true sociability in ants,
bees and wasps is “altruism between
sisters.” The workers are sisters, and
they care tenderly for their younger sis-
ters, forswearing any offspring of their
own. W. D. Hamilton put forward eight
years ago a brilliant explanation of the
evolution of sociability “so simple and
starkly mechanical that my own first re-
action,” Wilson writes, “was to reject it
out of hand.” The audacious theory sim-
ply assumes that an altruistic trait can
evolve only if the sacrifice of fitness by
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Communication with Extraterrestrial
Intelligence edited by Carl Sagan

The first international conference on
the problem of extraterrestrial civiliza-
tions, and contact with them, was held
in September 1971 in Soviet Armenia.
The conference was a gathering of spe-
cialists working in a wide variety of
fields—astronomy, physics, radiophysics,
chemistry, biology, linguistics, archae-
ology, anthropology, sociology, and his-
tory—and included many scientists
whose reputations are world wide. For
example, Freeman Dyson, Philip Morri-
son, and Charles Townes were among
the American participants: their Russian

counterparts were of comparable distinc-

tion. The conference was jointly organ-
ized by the U.S. National Academy of
Sciences and the U.S.S.R. Academy of
Sciences. Scientists from several other
countries also participated.

Many aspects of the problem of extra-
terrestrial civilizations were discussed in
detail and these discussions are fully
presented in this book. Particular atten-
tion is devoted to the following ques-
tions: the plurality of planetary systems
in the universe, the origin of life on
Earth, the possibility of life arising on
cosmic bodies, the origin and evolution
of intelligence and of technological civil-
izations, problems in searching for intel-
ligent signals or for evidence of astroen-
gineering activities, and the problems
and possible consequences of establi-
shing contact with extraterrestrial
civilizations.

$12.50 hardcover; $3.95 paperback

The MIT Press
Massachusetts Institute of Technology
Cambridge, Massachusetts 02142
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an individual is quantitatively more than
compensated for by an increase in the
fitness of some of its relatives. The right
genes will persist and increase in fre-
quency only if the rate of reproduction
of its sisters is more than doubled by the
sacrifice of its own progeny, whereas the
rate of reproduction of half sisters would
need to be more than quadrupled, and
so on.

Now, in the Hymenoptera, which in-
cludes bees, ants and wasps, males do-
nate all their genes to each daughter,
because the males are homozygous. Fe-
males, however, give only half of their
genes to any offspring, because their
genes occur in diploid pairs. Therefore
bee sisters, say, share on the average
three-quarters of their genes but a moth-
er shares only half of her genes with her
own daughter. Bee sisters are thus closer
kin than bee mothers and daughters.
Daughters, then, favor survival of their
own genes more by caring for their
younger sisters than by giving equal care
to their own offspring! Such species
should tend to become social. Among
social insects only the termites have a
genetic system different from that curi-
ous scheme. The case is not open and
shut; a full fascinating chapter of Wil-
son’s book is given over to tests of this
marvelously simple and powerful idea.

Social behavior has other precondi-
tions. Manipulation of objects for nest-
building or brood care requires some
special organs, and mothers must be to
some degree in contact with their living
young. Many arthropods are potentially
social; some spiders even live communal-
ly in a great web nest, but each mother
lays her own eggs in her own case, and
there is no social altruism. One spider
species in Mexico, reported only a year
or two ago, does seem to construct a
common egg sac for many females. Spi-
der biology may still hold surprises. Ter-
mites, which are biologically “social
cockroaches,” may have first formed
their societies on quite another basis.
They depend for the digestion of the
wood cellulose they eat on certain sym-
biotic intestinal microorganisms. These
symbionts must be passed from old to
young by anal feeding, which implies at
least some social behavior. Termite so-
cieties began as feeding communities,
and it may be that they evolved full
social care of the brood only later.

It is impossible even at length to con-
vey the full range of Wilson’s book,
which is magisterially at home among
mathematical, paleontological, genetic,
ecological and biochemical arguments.
Biology is here unified, and in a context
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of no small philosophical depth. Even
demography is not absent: worker hon-
eybees live about a month in summer;
they die mainly when they become old
foragers, usually in flying accidents or
from predators. Most insects suffer the
highest mortality in their youth. Humans
share the bee mortality curve. There are
other lessons for human society. “The
worst enemies of social insects are other
social insects.”

It seems, however, that the sluggard
need not look so earnestly to the ant. Al-
though ants and honeybees never play,
they are idle about half of the time even
in peak seasons. Perhaps the army of the
underemployed is reserved for various
emergencies, fanning to cool the nest,
fighting off intruders and the like. Draw
what lessons you can; this is a book for
rumination.

AMINE: A SymposiuM DEALING WITH

NutriTION AND RELIEF OPERATIONS
IN Times oF DisasTeR, edited for the
Swedish Nutrition Foundation and the
Swedish International Development Au-
thority by Gunnar Blix, Yngve Hofvan-
der and Bo Vahlquist. Almqvist & Wik-
sell, Stockholm ($10). “There is a sort of
aura about a famine which is hard to
define.” “ ‘A famine is a famine.” There
is no doubt about it.” “The mortality rate
is the best criterion,” but one has to take
the “whole ecology of famine” into ac-
count, “a very important and crucial is-
sue in a situation where there is already
a significant prevalence of chronic mal-
nutrition.” Hear the experts, some 75 of
them gathered in Sweden from 18 coun-
tries in August, 1970, reaching for a
definition of this disaster, one of the
three horsemen with Death. Famine is
an ancient social pathology; a Swedish
clergyman described it well enough 300
years ago: “Crowds of children and poor
people were crying for help in the name
of God.” Famine is the acute epidemic
form of protein-calorie malnutrition, a
widespread endemic disease, nowadays
particularly in the developing world.
Famine victims are in the main those al-
ready needy, the pregnant and the nurs-
ing, the very young and the very old, the
displaced and the poor.

In Madras the physician Alexander
Porter was in charge of the “famine
sheds” in the terrible year of 1877-1878.
He conducted 459 autopsies on patients
dead of starvation. The women, he
found, died when they had lost some 25
percent of their normal weight; the men
died when they had lost a third. The
Dutch people were better fed before the
wartime famine of 1944-1945, precipi-
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A "four-for-four'" record for the Intelsat IV was achieved when the fourth of the
giant communications satellites, which was put in orbit over the Indian Ocean re-
cently, became operational. The satellites were built by Hughes and an interna-
tional team of subcontractors for Comsat, manager for the 83-nation Intelsat Con-
sortium. Hughes-built satellites have compiled 45 cumulative years in synchronous
orbit and 3.4 billion hours of electronics parts operations.

More than 300 scientists from the U.S. and 37 other countries will receive data
from NASA's Earth Resources Technology Satellite, now circling Earth in a 565-mile-
high near-polar orbit. A multispectral scanner system, developed by Hughes and its
subsidiary, Santa Barbara Research Center, is recording the solar energy emitted
or reflected from 80 percent of the planet's surface, to produce up to 10,000 pho-
tos weekly., The photos will reveal the health of crops and forests, measure ocean
depths, pinpoint navigational hazards, detect pollution, aid urban planners, help
geologists locate mineral resources, and survey water resources.

How satellite communications can benefit underdeveloped nations is being demonstra-
ted by the University of Hawaii over a network of 11 low-cost ground stations that
reaches from three of the Hawaiian Islands to New Zealand and New Guinea. The sys-
tem, financed by the State of Hawaii and the university, uses a simplex voice cir-
cuit made available by NASA for 12% hours each week via the Hughes-built ATS-1

satellite. It has been used effectively for Pacific-wide conferences and data col-
lection in the areas of agriculture, marine technology, and teacher education.

A contract to design and build a Satellite Data System has been received from the
U.S. Air Force Systems Command by Hughes., The Air Force defines the spacecraft
as a "multi-purpose communication satellite which has, in conjunction with fleet
satellite communications, the high priority mission of supporting communications
for strategic forces and additionally will support communications between satel-
lite control facility ground stations.”

Electronic and mechanical engineers who are interested in the interdisciplinary
approach to the design and development of communications satellites are invited to
explore the opportunities in our Space and Communications Group. We particularly
need microwave, digital communications, and spacecraft systems engineers., U.S.
citizenship required. Please submit your resume to: Mr. D. J. Dabney, Supervisor
of Employment, Hughes Aircraft Company, P.0. Box 92919 -- Airport Station, Los
Angeles, CA 90009. Hughes is an equal opportunity M/F employer.

India's satellite communications earth station at Ahmedabad, near Bombay, will be
modified by a team of Hughes engineers for communications with NASA's ATS-F satel-
lite from mid-1974 to mid-1975. Television programs to improve agricultural prac-
tices, teach family planning, and aid social development will be beamed from sta-
tion to satellite and relayed to TV stations throughout India for rebroadcast. The
programs will also be received directly by augmented community receivers in a few
clusters of villages. Hughes was awarded the contract by the International Tele-
communications Union, acting on behalf of the United Nations Development Program.

Crulmn a new world with eleclromcs

HUGHES

HUGHES AIRCRAFT COMPANY
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Why nice American
birds are called
names like tit, loon,
booby & goalsu

B The origins of our common English
names for 800 American birds—includ-
ing how partridge evolved from a word
describing an unseemly natural function,
and the ornithological secret that there is
actually no bird named robin.

B The surprising things that the
scholarly-looking scientific names of the
same American birds turn out to mean
when you translate them—including
some howling misnomers in what
ornithologists only think are Latin and
Greek (and the spectacular chain of
disasters in three languages that caused
a befuddled naturalist to brand a bird
as a ‘“‘greedy eater of mistletoe” when
he thought he was calling it a ‘“‘reed
boomer”).

B Biographies of the bizarre bird-
lovers (including explorers, confidence
men and off-duty princes)who dis-
covered America’s birds, thought they
discovered them, named them, mis-
named them . . . or through no fault of
their own had birds named after them.

B Names of everyday American birds
traced back to the original Old Saxon,
Middle English, Old French, Middle
Dutch, Arabic, Gaelic, Welsh, Cornish,
Breton, Old Icelandic, Old Norse, Old
High German. Middle High German.
Swiss-German, Middle Swedish,
Spanish, Portuguese, Aztec, Nahuatl,
Tupi-Guarani, Hindi, Hawaiian and
aboriginal Australian.

B Why a bird’s common name and
scientific name are liable to contradict
each other (and some overdue warnings
about cases in which both ngin es
are wrong).

A Lexicon of North American Birds
with Ornithological, Etymological,
Historical and Biographical Notes

By EDWARD S. GRUSON

800 birds, 1600 names, 282 pages with
marginal illustrations from Alexander
Wilson, $8.95.
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A New York Times Company
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tated by the Allied blockade and the
Nazi destruction of the dikes; additional
rations were given then to anyone who
had lost a quarter of his weight. As food
grew scarcer the supplements were re-
stricted to those who had lost a third.
“At this point people began to die of
starvation.” When the loss reaches 40
percent, death is almost inevitable. They
learned that well during the siege of
Leningrad.

The starved waste away. Fat stores
go first—if they exist. The brain, how-
ever, demands glucose; it cannot initially
burn fat metabolites, with the result that
the body feeds on its own muscle, break-
ing down protein merely for its store of
carbon. After some seven to 10 days of
adjustment the process slows. Tempo-
rary starvation is therefore no terrible
challenge to man the hunter.

The main feature of starvation is vis-
ible body-wasting. Quick objective field
checks for this symptom are made easy
by such ingenious schemes as the Quac
stick, a stick and tape calibrated for
comparing upper-arm circumference
with height developed by a Quaker team
in Eastern Nigeria. It is no good trying
to measure variables such as age and
weight in the clamorous field. Children
are lost too whenever families are in
flight. Those under three are hard to re-
store to their parents, but “by displaying
them or their photographs in public
places” some are identified.

Severe protein shortage, leading in
children to the specific condition called
kwashiorkor, responds quickly enough to
medical care: intravenous or tube feed-
ing of infants, frequent feeding and so
on. The foods are high in protein, al-
though enough total calories must also
be supplied. Dr. Ifekwunigwe, who with
his staff in Eastern Nigeria handled
about 10,000 inpatients and 100,000
outpatients with severe protein-calorie
malnutrition, thinks well of the uNiCcEF
preparation, K-Mix II, which is casein,
skimmed milk and sugar, mixed with
vegetable oil and water to serve.

Pestilence rides with famine. Now-
adays a relief organization such as the
one in Eastern Nigeria, given a flow of
vaccines from the outside, can handle
1.5 million children at risk with a dozen
or two freezers and refrigerators, a small
fleet of Land Rovers, portable cooler
chests and some 60 Pedojet injector guns
for spraying vaccines against measles,
smallpox and tuberculosis right through
the skin. (Don’t forget the indispensable
two or three specialists who service the
high-pressure injector guns and train the
local people.) The feared epidemic east
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of the Niger was aborted with some four
million inoculations in a year.

The monsoon failed all India both in
1965 and 1966. The hot Bihar plains are
the poorest state in India (income $27
per head per year), always deficient in
food grains and gripped by oppressive
caste, bonded labor and incompetent
politicians. There were 70,000 villages
to reach when the rains failed, reducing
a population the size of France, 90 per-
cent rural and with no reserves, to de-
pendence on a crop that was a fourth of
the low normal yield. The government
in Delhi met the national crisis with
what was in Bihar particularly an “ex-
traordinary achievement.” Seven trains
a day brought grain from distant ports.
Half a million wells were dug to the
plentiful ground water. A high-protein
supplement was made up and distrib-
uted to some 20 million people, while
20,000 fair-price shops sold 1.5 million
tons of grain at a fixed low price to near-
ly 50 million people. The aged and the
infirm got the grain free, and at the peak
six million children and their mothers
received one meal a day. There was
ample work relief. Fewer than a couple
of thousand died from hunger.

The grain pipeline stretched to the
plains of Kansas. The U.S. shipped a
fifth of its year’s wheat crop to India on
some 600 ships. The supertanker Man-
hattan, too big to dock directly in In-
dian ports, was met offshore by small-
er vessels. Special chartered one-way
trains, nonstop from elevator to dock-
side and sent rumbling back empty to re-
load, sped both ways across the U.S. The
complexities of American and Indian
politics behind all of this, in the Lyndon
Baines Johnson years, are sketched here
in a remarkable footnote. Ever since
the Bihar famine India has had an in-
creasingly successful agricultural policy.
Whether it is lesson or luck only history
can tell, although the past year has seen
India, under its leader Indira Gandhi,
move from success to success with an-
other foreign partner.

In 1943, under the British raj, famine
struck Bengal. Two million or more peo-
ple died, casualties of war more numer-
ous than all the Anglo-American losses
by a factor of three or four. There was
no rice from Japanese-held Burma, and
the governments were preoccupied with
the fighting. The Bihar success has since
convinced responsible officials that the
raj and its American ally failed that time.
“The loss of millions of lives was clearly
avoidable,” writes a former Indian Secre-
tary of Food.

Famine relief is not mere nutrition. It
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To capture its signal, amplify it,
analyze it and transform it for the use
of man. This is the work of electronics
and symbolizes, in essence, the vital role
electronics plays in the world of com-
munication. It is symbolic, too, of the
major contributions RCA makes to the
art...in end products and, more impor-

tantly, in essential electronic components.

For RCA has conceived, developed
and produced a myriad of electron tubes
and devices for every segment of the
communications spectrum. At its Lan-
caster, Pa. operation alone, it produces

=< '_To catchafalling star..

Camera Tubes, Display Tubes, Image
Tubes, Gas Lasers, Microwave Devices,
Solid-State Injection Lasers and IR Emit-
ting Diodes, Storage Tubes, Phototubes,
Power Tubes, and many more in a broad
variety of types. Each one represents a
proud achievement, not only because of
its outstanding performance and relia-
bility but also because it helps to ad-
vance, ever farther, man’'s communica-
tion with the universe,

And these advances in electronic
component technology continue at RCA,
as they have for more than four decades.

Each day sees developments that signal
the beginning of exciting new applica-
tions, new products and new vitality for
industry as a whole. It's a major reason
why so many companies-depend on RCA
leadership in the field.

For the latest information on RCA
electron tubes and devices, contact your
local RCA Representative. For technical
data, write: Mgr., Industrial Tube Market-
ing, RCA, New Holland Ave., Lancaster,

o “ﬂ"

INTERNATIONAL SALES OFFICES: ARGENTINA—Casilla de Correo 4400, Buenos Aires/BRAZIL—Caixa Postal 8460, Sdo Paulo/CANADA—21001 No. Service Rd., Ste. Anne de Belle-
vue, 810 Quebec/ENGLAND-—Sunbury-on-Thames, Middlesex/ HONG KONG—P.O. Box 112/MEXICO-Apartado 17-570, Mexico 17, D.F./SWITZERLAND—2-4 rue du Liévre, 1227 Geneva.
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SCIENTIFIC
METHOD

THE HYPOTHETICO-EXPERIMENTAL
LABORATORY PROCEDURE
OF THE PHYSICAL SCIENCES

by JAMES K. FEIBLEMAN, Tulane University

There have been many explanations of the scientific
method but few descriptions of it. The most pressing need
is for an account of that method as it is practiced by
laboratory scientists in physics, chemistry and biology.
For philosophers perhaps when the method is adequately
described, the answers to some questions will be made
easier. For instance, decisions between conflicting
philosophical interpretations might be indicated by the
very nature of the method.

For scientists the book can serve as a student’s manual of
procedure. It will help them to see the whole of the method
that they will be learning and practicing in the laboratory
one step at a time. $12.00

Order from Published by
THE HUMANITIES PRESS, INC. MARTINUS NIJHOFF —
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is plan, quick decision, determination,
human energy and above all understand-
ing. The clinician thinks in terms of
putting his child patients in beds while
they are being treated. Beds, however,
are dear and demand heavy transport,
“while mats which people are used to
sleeping on may cost two shillings and
can be put down anywhere.” The future
too is at stake. The foreign relief doctor
gives priority to the dire need of moth-
ers and children, but the working people
have a strong claim. In a country where
the age pyramid has such a broad base
that only four people in 10 work to
support everyone the argument is still
stronger. (The number is seven in 10 in
a country such as Norway.) Nor is the
““Stop all this
rubbish, it is we men who shall have the
food, let the children die, we will make
new children after the war.”” So they
said in one country, and the priorities
were modified.

The symposium unanimously agreed
that starvation should be outlawed as an
instrument of war. Such an instrument
is worse than indiscriminate: it takes first
the least combatant of all, the infants
and the aged. Some hint of law exists:
the German governor under whose rule
the dikes of Holland were broken was
hanged for it at Nuremberg a genera-
tion ago.

PRINCIPLES AND APPLICATIONS OF Pa-

LEOMAGNETISM, by D. H. Tarling.
Barnes & Noble Inc. ($5.50). DaTING
TECHNIQUES FOR THE ARCHAEOLOGIST,
coedited by Henry N. Michael and Eliz-
abeth K. Ralph. The MIT Press ($12.50).
Locked in the rocks like so many frozen
compass needles are oriented domains of
magnetic material, which remember the
earth’s magnetic forces in that remote
epoch when the rock itself formed, from
fire or from water. Only within the past
two decades, largely due to the research-
es of Louis Néel, have we had sufficient
cunning to read the record. The record
is written mainly in small grains of mag-
netite and hematite, dark minerals often
present not as the pure iron oxides of
those names but as complex solid solu-
tions of iron-titanium oxides. A  rock
physically corresponds to a dilute dis-
persion of fine ferromagnetic particles
within a nonmagnetic matrix. These
minerals are not strict ferromagnets like
metallic iron, which is an ordered array
of identical atoms with all spins aligned
and intensely magnetic. They are none-
theless seats of long-range magnetic or-
der. Their crystal lattices consist of two
opposing sublattices, in each of which
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Communications began with human conversation. Since then, many means 12
been devised to extend communication. And now, voices, pictures, and enol
amounts of information processed by computers and other systems are being ‘trans-. g
mitted by satellite. The amount of information communicated between countries has
increased tremendously.

To meet this demand, a new higher-capacity system is now necessary to replace
the FDM FDMA system employed in the present international satellite communi- . -
cations system. The technique called PCM TDMA (Pulse Code Modulation-Time Divi-

. sion Multiple Access) is the key to future satellite communications systems. The re-
search and development has already been completed by FUJITSU. This system pro-
vides a large number of communication channels economically, as many earth sta-
tions can utilize a single satellite. Also, one TDMA terminal can link up with many
others. If required, DSI (Digital Speech Interpolation) can be used to expand the
satellite system channel capacity.

It is the hope of all at FUJITSU that our technology help human understanding
go one step farther and realize heart-to-heart communication. The true communica-
tion for which all are waiting. Our concern is always communications of the future—

for the future of man.
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| all the iron ions are spin-aligned. In

some of these ferrimagnetic crystals the
two lattices cancel neatly to hide all
outside signs of magnetic order, even
though it is fully present on the atomic
level. In the mineral grains, however,
there is a definite imbalance between the
two opposed sublattices, so that the
grain is magnetized overall, less so than
metallic iron but much more so than the
rock matrix.

A good rock sample—a four-inch
drilled core—is likely to have a magneti-
zation a million times smaller than that
of a pocket compass. How this is mea-
sured, how the original direction of the
sample is marked out on the cliff face,
how the data are to be treated statistical-
ly and what geologists have made of this
subtle lore are the topics of Principles
and Applications of Paleomagnetism, a
lively but somewhat detailed paperback
meant for undergraduate students in ge-
ology or physics but good reading for
anyone with some training in these dis-
ciplines. How to fix direction in the field?
If you collect rocks in sunny climates,
the fastest, most accurate and lightest
equipment is a hand-sized plate with a
vertical shadow pin! Mark the shadow,
note the time, date, place and tilt and
compute the angles back home. With a
good watch you can expect one-degree
accuracy except near noon or in the
Tropics. Tests “in igneous terrain” show
that the gyrocompass, sights on mapped
landmarks and the sun compass all agree
to within about 1.5 degrees. “Watch out
for lightning” is a useful warning. The
danger is not from present lightning
but from fossil flashes. The fast-pulsed
currents close to where a bolt strikes
amount to tens or hundreds of kiloam-
peres. The magnetic effects penetrate in
depth only 20 meters or so, although
they extend farther on the surface.

Time is the key. What one seeks is the
old original magnetism. It is there, pre-
served by the guaranty of the highest
rules of the statistical world. Each small
magnetic grain is the seat of a struggle
between the energy of motion in random
thermal noise and the magnetic energy
gained by spin alignment. The time it
takes the long-range magnetic order in-
duced by a peremptory outside field to
die away is the greater the larger the
volume of the grain is and the less the
higher its temperature is. Variation with
conditions, however, is exponentially
steep, the sign of kinetic theory, of the
august Maxwell-Boltzmann law. At room
temperature a tiny grain of magnetite a
twentieth of a micron across will follow
outside field changes in a fraction of a
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“Science writing
and science bookmaking
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THE
RESTLESS EARTH

A Repori on the New Geology

by Nigel Calder

From a group of young scientists
comes a bold new theory: that

earthquakes, volcanoes, mountain

buildings, and the formation of
mineral ores are connected lo a

single process —the restless movement of
huge “plates’ said to make up the earth's -~

outer shell. And from Nigel Calder
comes a thorough (and thoroughly

r

remarkable) retelling of the earth’s history

through the theory of plate tectonics.

“Insight at last into the causes and nature of the
deeper features of the earth.'—Scientific American
16 pages color illustrations plus black-and-white
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second. A quite similar grain with only
five times the volume will hold its inter-
nal field against the insistent atomic mo-
tions for as long as the age of the earth!
That is the basis of the science.

The clever paleomagnetician studies
his sample under varying temperature
and field strength. Watching carefully
how the tiny magnets respond, he can
remove most of the effects of secondary
magnetization (because it is less long-
lasting) without modifying the few larg-
er telltale grains that bear magnetic
witness to the dim past. Given that un-
derstanding, he has mapped the drift
of continents and the earth’s magnetic
poles of the past, and he has established
the repeatedly changing strength and al-
ternating direction of the earth’s mag-
netic dipole. In one graph you can see
the paleolatitudes of ancient reefs, of
coal, oil, dry lakes and more, mapped
by the dip of the compass grain within.
All these phenomena, wherever they are
found today, were as one might expect
tropical or nearly so when they were
made, save only those coal deposits of
the greatest age, which seem to have
been laid down in polar climates.

This is altogether an unusual book. It
sets out a new field to the depth needed
for real use without barring the less spe-
cialized reader. Quantum mechanics, for
example, appears only by invocation on
one page, without equations. Magnetism
is quantal, all right, but we can use it
forcefully at the level of old Newton and
Maxwell. All we need from Bohr is the
magneton itself!

Dating Techniques for the Archaeolo-
gist is a valuable, concise, pointed set of
summary pieces each explaining the how
of one physical dating technique “for
the use of professional archaeologists.”
A good many readers not in that trade
may expect to use it with real profit, both
for reading as a whole and as an acces-
sible and authoritative source for specific
points and for guidance to methods and
the literature. It treats carbon-14 dating,
tree rings, magnetic dating (the paleo-
magnetician aiming at young geologic
time), fission-track dating, the thermo-
luminescence of pottery (residual radio-
activity slowly building up atomic lattice
defects in the clay minerals, which re-
lease light once the material is heated),
dating by potassium-argon radioactivity
and dating by judging the thickness of
the visible rind formed on natural glasses
as water diffuses into them. Obsidian
rind forms roughly at a micron a cen-
tury; the rate is of course highly de-
pendent on circumstances. Like all diffu-
sion, it follows not a linear law but a
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slower growth with time, close enough
to the theory.

Both of these books convey the dual
growth of science. Its growing depth
makes it more and more powerful at ex-
plaining the most diverse phenomena.
The growing diversity of its reach then
brings remote disciplines together, here
aiding the recovery of man’s past by
close understanding of ferrimagnetism
and of diffusion theory. For the users
downstream, so to speak, these are time-
ly books; for the physicist-reader, who
sees them from upstream, they form a
fresh guide to his own discipline in a
novel context of relevance and wonder.

HE SCIENCE OF YACHTS, WIND & Wa-

TER, by H. F. Kay. John de Graff,
Inc., Tuckahoe, N.Y. ($12.50). “A yacht
is essentially an aerofoil (sail) and hydro-
foil (keel) exchanging momentum be-
tween two fluid streams.” If that sen-
tence is immediately appealing, this
book is for you. The energy spent by the
yacht is taken out of the necessary ve-
locity gradient of the two streams by
slowing the wind and speeding up the
water behind the vessel. At racing
speeds energy is used mainly to send out
waves over the water surface, because
the vessel has lifted water as it sails
along, and the water falling again radi-
ates wave energy in the wake. Kay’s
book, an introductory quantitative mon-
ograph on the theory of sailing ships and
their design, is aimed at readers who like
physics and know sailing., The reader is
expected to be familiar with numbers,
units, vectors and simple algebra, al-
though nothing more than he might take
away from a year of physics. He is led
through a very understandable account
of modern aerodynamics in the yachts-
man’s context, without differential equa-
tions or calculus but with a good deal of
graphical and numerical citation and
explanation of more advanced results.
There is nothing about navigation or
knots in ropes, and reading the book
will not make you a racing helmsman;
the book concentrates on “the ‘why’ rath-
er than the ‘how.”” It makes that “why”
both clear and engaging, not without a
fair bout with Reynolds’ number, semi-
empirical fits to the description of sail
and wave-drag behavior, and plenty of
the geometry of heel and wind course.

There are some interesting accounts
of quite unconventional craft, described
chiefly as a means of bringing out points
of the theory. A “very successful yacht”
has been made with a four-vane wind-
mill driving a stern paddle wheel! It
could proceed “directly against the
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wind.” A low-drag hull was made by
coating a test shape with an artificial
porpoise skin: two closely spaced sheets
of plastic enclosing a layer of a viscous
liquid whose movement was damped by
internal baflles. Hybrid wing-sails have
been tested that replace the mast by a
rigid airfoil wing section, with a sail fly-
ing from the trailing edge. This is not to
say that entire chapters are devoted to
such oddities; on the contrary, the text
adheres quite closely to practical de-
signs, using dimensions and properties
of real yachts. The flavor of the work
will nonetheless be conveyed by report-
ing that each of the strange devices men-
tioned is made understandable in terms
of the theoretical discussion.

No displacement-hulled boats today
are faster than the clippers were, even
allowing suitably for size. The chief suc-
cess of modern engineering design is the
ability to sail closer to the wind direc-
tion. “It is difficult to improve on 11,000
years of trial and error development of
a passive machine like a sailing boat.”
Catamarans and hydrofoils can claim
some new successes, when they can keep
the sea.

After the basic material on flow theo-
ry, on drag and on lift, chapters take
up sails, hulls, the prediction of per-
formance and tuning a yacht. Safety,
with an interesting digression into the
physiology of hunger and thirst, is cov-
ered, and the work closes with a com-
pact but sophisticated account of wind
and waves, citing for instance the statis-
tical approach to the state of the sea. It
is quite true that seagoing yachtsmen
must face the chance of “the occasional
‘big one’ ”; one 90-foot monster wave is
expected, for example, in three or four
days of a 40-knot blow with 1,000 miles
of fetch. “Sufficient to say that in 1944
three destroyers capsized and sank with
all hands in a typhoon off Luzon.” Sailor
beware!

The book is based on lectures given
at the University of Bristol, a city of
many experienced yachtsmen. It is illus-
trated attractively; there are fine photo-
graphs of the four-foot bore tearing up
the River Sevemn. There are also a few
annoying numerical misprints. Sailors
who like physics will find the book a
unique source, and anyone who wants
to become an interesting passenger for
a nonscientific practical yachtsman can
do so with a few hours of study.

HE WoRrLD oF M. C. EscHER, edited
by J. L. Locher. Harry N. Abrams,
Inc., Publishers ($15). On March 27
Maurits Cornelis Escher died at the age

206

of 73 and was buried in the little town
of Baarn in the Netherlands where he
had lived for almost 30 years. This well-
made book is the most complete presen-
tation of his graphic works we have; it
contains 300 illustrations, eight in color.
It also contains several essays on his
work and a piece by Escher himself, as
deep and quiet, with faintly disturbing
echoes, as any image he ever drew. Let
him speak here:

“The aim is to penetrate, by means of
static, visually observable images on the
surface of a simple piece of drawing
paper, to the deepest endlessness. It
seems doubtful that there are many con-
temporary draftsmen...in whom such a
wish arises. In our time they are driven
more by impulses that they cannot and
do not wish to define, by an urge which
...can only be felt unconsciously or sub-
consciously. Nevertheless, it can appar-
ently happen that someone, without
much exact learning. .. passing his days
like other artists in the creation of more
or less fantastic pictures, can one day
feel ripen in himself a conscious wish to
use his imaginary images to approach in-
finity as purely and closely as possible.”

The scientific reader has admired
Escher seeking out infinity along many
paths: by ingenious crystallographic
samples of complete fillings of space, by
approach-to-limit circles and poles, by
covering the surface of the sphere, by
iteration in mirrors and by playful in-
vention of the incredible creatures and
unrealizable worlds that infinity implies.
His work has been too cool for the artists;
among them he left few followers, no
school and not even many appraisals. In
scientists he finally found his audience;
this volume lists some 70 scientific books
and articles in which his prints or draw-
ings were reproduced. Only one or two
appeared before Escher had reached the
age of 60, almost 30 years after he set
out to “approach infinity.”

His art is kindred to the work of
the scientists, always under the mind’s
steady control, tethered knowingly by
perceptual limitations and stirred un-
knowingly by restless forces; there is in
each line the tension of analysis, our
finite grasp eluded by the world’s infi-
nite manifold, where, however, “even the
wildest fantasy remains subject to the
rules of the game.”

It was unexpected that a new and
larger group seeking mystery would be-
come avid to see Escher forms in Day-
Glo, on T-shirts or on record albums.
Once we understand that craze we shall
know better how to invite people toward
the scientist’s world view.
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ﬁ\pproaches k
To Human
Communication

Edited by
Richard W. Budd
and

Brent D. Ruben

This complete communication
handbook will take you on an
intellectual adventure from
anthropology to zoology!

ART

BIOLOGY

ECONOMICS AND MARKETING
ENCOUNTER GROUPS

GENERAL SEMANTICS

GENERAL SYSTEM THEORY
HISTORY

INFORMATION THEORY
ORGANIZATIONAL BEHAVIOR
SOCIOLOGY

SPEECH

MASS MEDIA

are just some of the disciplines
examined in this unique volume.

APPROACHES TO HUMAN COM-
MUNICATION makes a succinct
statement regarding the scope of
communication at both a theoreti-
cal and operational level. The reader
is provided with an opportunity to
develop an integrated and highly
useful understanding of human
communication.

Stimulating to the industrialist in
need of better communication pro-
cesses, this volume will also prove
vital to educators seeking a text for
a cross-disciplinary course.

Every reader will find himself refer-
ring to this book again and again,
no matter what his specialty is.

J

Order Form

l SPARTAN BOO KS

' A Subsidiary of
United Publishing Corporation

I 432 Park Avenue South,
New York, New York 10016

I Gentlemen: Please send me copies of

Approaches to Human Communication
480 pages, $10.00

' NAME
l FIRM NAME
ADDRESS
cITY
STATE

ZIP

O Bilt me [ Check Enclosed
(We pay postage and handling)

‘ Osend catalog

™\
I
|
I
|
I
I
|
I
]
/
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IFWE GOT A CALLTODAY AT 9AM
TO BUILD A FLOATING CITY,WE
COULD GO TO WORK ON IT AT 9:05.

Nowhere is the problem of population growth more evident
than in coastal cities.

Tokyo. New York. San Francisco. Los Angeles. And Hong Kong.
And these cities will run out of land. But there is a solution.

Floating cities.

Totally contained environments to relieve urban congestion.

And we could go to work to build them today.

Because we've literally built floating cities for more than a
generation. Aircraft carriers. We've built 20.

And the two nuclear-powered carriers now under construction
will each have a crew of about 6,000.

So you see, we have the expertise.

Because we're already at work on marine systems, enclosed
environments, energy production and industrial construction.

Perhaps the first floating city would only have a population of
6,000. But ultimately, floating cities could be equal to Chicagos
on the seas.

Exciting? Yes. Out of sight? No.

Floating cities are just around the corner. And when the time
comes to build them, we're ready.

Newport News Shipbuilding&= Where tomorrow is. Now.

ATennecoCompany Newport News\Virginia 23607 Yy
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Probing the relationship of Science
and Religion in the Explosive ‘70s.

by Frederick E. Trinklein

The controversy between sci-
ence and religion has often been de-
scribed as an unequal battle—with
outmoded, mystical dogmas on one
side, and enlightened, progressive
scientific achievements on the other.

® How true is this picture?

® How goes the battle?

® Where do present-day sci-
entists stand regarding reli-
gion today?

® |s religious thought being
threatened by the scientif-
ic method?

® Are churches merely the
vestigial expression of a dy-
ing philosophy?

The God of Science asks these
questions of today’s leading scien-
tists of the Western world . . . their
penetrating, frank answers provide
the substance of this revealing study.
Contributing scientists include: Drs.
Robert A. Alberty, George W.
Beadle, Max Born, Harvey Brooks,
Werner Forssmann, A. G. Hansen,
David R. Inglis, Michel Mandel,
Jacques E. Piccard, Jan H. Rydberg,
Bernard Waldman, Karl Ziegler.

The God of Science is highly
recommended to all laymen and
scientists concerned with the rela-
tionship of science and religion in
the explosive ‘70s.

Paper, $3.45

i |\

WM. B. EERDMANS
PUBLISHING CO.
255 Jefferson Ave. S.E.
Grand Rapids, Michigan 49502
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There’s nothing that can’t be done
if you put our minds to it.

In addition to muscle, we also have minds. keypunch operators, coding clerks, technical writers, computer operators,
Minds that can move your mountain, designers, typists for scanning, medical architects, edit coding clerks,
no matter what it happens to be. transcribers, engineers, technicians,  systems analysts, key tape operators,

Manpower: draftsmen, registered nurses, service station operators, scientists, and all kinds of working minds.

Keep up the good work with

MANPOWER

Temporary Help Services, Techi[RCrziSela IS oFVIZ SN 1, Manpower Services, Ltd.
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Are you slready 3 victim
of future shock?

HE ACCELERATION started with Hiro-
shima. Without warning, we switched
to mechanized lives, disposable goods,
impermanent allegiances. We entered the
plug-in, throw-away, rent-a-thing, forget-
a-person age. We began . using up prod-
ucts, ideas, people at a dizzying rate.
Some people thrive on the pace.
Others are its victims. Refusing to recog-
nize change, they collide abruptly with the
future, suffering an adaptive breakdown
which Alvin Toffler calls “future shock.”
What’s the preventative? Start with
the Science Fiction Book Club. Science
Fiction predicts future change long be-
fore it becomes reality: the Atomic Bomb,

the UN, computers, vision phones, organ
transplants, moon landings, test tube
babies...you name it. Eventually Science
“Fiction” comes true! It leaps to life from
the pages of some of the most provoca-
tive, stimulating, imaginative literature
you can find.
Choose any 3 books for just $1

If you'd like to be prepared to meet to-
morrow, we invite you to share the ex-
citement with us today. Choose any 3
books for just $1, plus shipping and han-
dling when you enroll in the Science Fic-
tion Book Club. You can even make one
of them Future Shock, which Psychology
Today calls “the best single rendering of

what the future may hold.” With member-
ship, you get the best science fiction for
the astonishingly low price of $1.49 a
book plus shipping and handling. (Occa-
sional extra-value selections are slightly
more.) You agree to take only four selec-
tions or alternates in the coming year.
All are handsome, hard-bound, full-
length editions of Science Fiction's newest,
most exciting discoveries, and they’re de-
scribed each month in the club’s revealing
bulletin, Things To Come. So don’t let the
future sneak up on you. We'll start you off
with three books of your choice for just
$1.00, plus shipping and handling and bill
you later. Join now ... the future beckons!

CHOOSE ANY 3 BOOKS FOR JUST *1

When you join the Science Fiction Book Club and agree to accept only four books during the coming year.

2

Science Fiction Book Club
Dept. BL-767, Garden City, N.Y. 11530

Please accept my application for membership and rush the 3
books whose numbers | have printed below. Bill me just $1.00
plus shipping and handling for all 3. Each month send me the
Club’s free bulletin “Things To Come’ describing the two
monthly selections and other book bargains. If | do not wish
to receive one of the two monthly selections, or prefer an alter-
nate or no book at all, | simply indicate so on the form provided.
| pay only $1.49, plus shipping and handling for each book |
take. (Occasional extra-value selections are slightly more.) |
need take only 4 books in the coming year and may resign any
time after purchasing 4 books.

NO-RISK GUARANTEE: If not delighted with my introductory
package, | may return it in 10 days and membership will be
canceled. | will owe nothing.

MR.
MRS. S
MISS

Print name

ADDRESS

CITY

o
Pe

355. Future Shock
by Alvin Toffler.
National Best Seller.
“Essential reading for
those...committed
to controlling their
destinies.” Psychol-
o%y Today Pub. ed.
$8.95

6270. Dune by Frank
Herbert. Celebrated
winner of Hugo and
Nebula. Gripping tale
of family exiled from
their private planet to
another, a barren
desert. Pub. ed. $5.95

6023. The Gods
Themselves by Isaac
Asimov. The master’s
first novel in 15 years
...and worth the wait
for a fabulous trip to
the year 3000 Pub.
ed $595

6221 The Foundation
Trilogy by Isaac
Asimov. The ends of
the galaxy revert to
barbarism. Pub. ed.
$10.50

2295. The Robot
Novels by Isaac
Asimov Two of his
greatest creations, the
emotionally charged
“The Caves of Steel”
and “The Naked Sun.”
Pub. ed. $5.90

6205. Childhood's
End by Arthur C.

Clarke. Mankind’s last .

generation on earth.
"Wildly fantastic!"—
Atlantic. Pub. ed.
$4.50

2790. Science Fiction
Hall of Fame I. 26
“winners,” chosen by
Sci-Fi Writers of
America. Ed. Robert
Silverberg. Pub. ed.
$7.95

8532. The Hugo
Winners, Vol. 1 & I1.
Giant 2-in-1 volume of
23 award-winn|n¥
stories 1955 to 1970.
Asimov introduces
each. Pub. ed. $15.45

6007. A Treasury of
Great Science Fiction,
ed. by Anthon
Boucher. 2 Volume
set. 1,000 pages.
Counts as one book.
Pub. ed. $5.95

0448. Mutant 59: The
Plastic Eaters by Kit
Pedler and Gerry
Davis. New bacteria
goes berserk causing
London to melt. Pub.
ed. $5.95

7955. Prelude to Mars
by Arthur C. Clarke.
Two complete novels,
Sands of Mars, and
Prelude to Space, 16
short stories, by the
sci-fi““colossus”’
Pub. ed. $6.75

6130. A Time of
Changes by Robert
Silverberg. Brilliant
novelofstrange planet
where human beings
must despise
themselves. 1971
Nebula award winner.
Spec. Ed.

Book Club editions are sometimes reduced in size, but they are all full-length, hard-cover books you will be proud to add to your permanent library.
Members accepted in U.S.A. and Canada only. Canadian members will be serviced from Toronto. Offer slightly different in Canada.
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For years,

people thought

Teletype

machinesonly =

talked to
themselves.

Fact is, Teletype machines
have been carrying on intelligent
conversations for years with some
of the fastest information movers
in the world. Computers.

We've earned a good, solid
name for ourselves in computer
communications because our
equipment is compatible with
practically any computer-based
system.

Our product line proves
the point.

The number one standard-
duty data terminal in the industry
is our model 33 series. And our

vees’

new wide-platen model 38 offers
big system features at economy
system prices.

Heavy-duty operation with
minimum maintenance? Check
out our model 35. And our model
37 series delivers the utmost in
flexibility and vocabulary for
complex data systems.

We also build equipment for
paper tape systems, as well as a
magnetic tape terminal for greater
on-line savings. As you can see,
our reputation in point-to-point
communications has served us
well in computer terminals. No
one comes close to us in reliability,
flexibility and economy.
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It takes more than manu-
facturing facilities to build the
machines Teletype Corporation
offers. It also takes commitment.
From people who think service is
as important as sales. In terminals
for computers and point-to-point
communications.

That's why we invented
a new name for who we are and
what we make. The computer-
cations people.

TELETVYPE

pPTE

For more information about any Teletype product, write or call TERMINAL CENTRAL:
Teletype Corporation, Dept. 35F, 5555 Touhy Avenue, Skokie, Illinois 60076. Phone 312/982-2500.
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