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into 3J4 x 4� prints. 
In seconds. 

Now you can produce you r own 
pri nts from your sl ides. On the spot I n  
seconds. With Polaroid's remarkable 
new Polaprinter slide copier there's 
no more waiting for days to get your 
pri nts back. 

How does it work? Frame you r  
35mm sl ide on t h e  i l l u m i nated preview 
screen.  Then insert it in the copier and 
push a butto n .  Seconds later you have 
a beautifu l ,  fu l ly-developed color or 
black-and-white 3J1,t x 4Y4" pri nt Every 
10 seconds you can start prod ucing 
another picture from a sl ide. I t 's a 
no-fuss, push-button job 

The Polaprinter uses our Type 668 
Polacolor fi lm to g ive you sharp, vivid 
color prints i n  60 seconds. With our  
Type 665 positive/negative fi l m ,  
you get a black-and-white pr int 
p lus a h ig h-resol ution negative i n  
just 30 seconds. 

The Polaprin,ter itself is small  and 
l ig htweight and takes up less than a 
square foot of space It has ful ly auto
matic exposure contro l ,  a specially 
designed lens for opti m u m  sharpness 
and an independent control for adjust
ing contrast to you r  l i king A c ropping 

selector is inc luded to adjust for the 
sl ig ht disproportion between the sl ide 
and print formats. 

You' l l  find that the Polaprinter is the 
q u ickest, easiest way to prepare pri nts 
from you r  horizontal or vertical slides 
to i l l ustrate reports and articles. 
Or to keep records of patients or 
projects Or to su pplement 
correspondence and propos
als. If you have a large col lec
tion of sl ides, you can make 
you rself a handy print fi le for 
quick reference. And , of course, 
you always have the security of 
doing you r  own copy work at 
you r desk or in your lab. 

Br ing one of your 35mm slides 
to a Polaroid Polaprinter dealer for 
an on-the-spot demonstration,See 
for yourself how easily and q u ickly 
you can turn i m portant data or pictu res 
on your  sl ides into su perb prints ���" 
For the name of your nearest • . v ' _;-'., 
Polaprinter dealer,call us tol l-free _ _ � . -", 
from the continental U , S . 800-526- "'� �--
7843, Ext 400. I n  New Jersey cal l : ': -:..:::. 
800-522-4503, Ext 400. I n  Canada 

• 

cal l :  800-268-6970. 
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Imagine turning 
hot exhaust into cold cash. 

© 1981 SCIENTIFIC AMERICAN, INC



we did. 
, 

And lowered fuel costs up to 30%. 

You don't become a Garrett 
engineer by letting energy 
go to waste. If there's a way 
to save it, you find it. And 
one of the things we've 
found is a way to help make 
industrial gas turbines 
work even harder. 

By applying Garrett's 
advanced heat transfer 
technology, we've designed 
a new kind of gas turbine 
regenerator that can 
reduce a turbine's fuel bill 
by up to 30%. Simply by 
making more efficient use 
of exhaust heat to increase 
the temperature of the 
. . 
mcommg aIr. 

Because greater effi
ciency goes hand -in -hand 
with longer service life, 
Garrett regenerators are 
designed to last up to 20 
y ears before needing any 
maintenance. The credit 
goes to a patented core 

configuration that solves 
thermal fatigue problems. 
And the use of corrosion
resistant stainless steel 
that easily handles operat
ing temperatures up to 
1,200°F.These new regen
erators will be on -line and 
operational in more than 
30 installations by the end 
of 1981. 

Equally remarkable is 
the application of that 
same heat transfer tech
nology to other areas of 
industry. By putting high 
temperature flue gas back 
to work with a special kind 
of heat exchanger called a 
recuperator, we'll be reduc
ing the fuel requirement of 
large industrial furnaces 
this year by more than 25% 
Comparable savings are 
also available for direct
fired manufacturing pro
cesses, like glass-making. 

At Garrett, we earned 
our wmgs m aerospace, 
then built ourselves into an 
industrial giant by keeping 

Garrett 

our feet on the ground. 
And our hands on a tech
nology base one step ahead 
of tomorrow. We're uniquely 
structured to put that asset 
to work for you, today. 
Our engineers work in 
teams. No one is isolated. 
They work together. 
The result has been results. 

You'll find us in 
everything from nuclear 
powerplants to hospitals. 
Agriculture to automobiles. 
But the real frontier for us, 
IS you. 

If you'd like to make 
your endeavors more 
energy efficient, you'll find 
us easy to work with. 
Just write our President, 
Jack Teske. You'll find 
him at: The Garrett Corpo
ration, P.O. Box 92248, 
Los Angeles, CA 90009. 

The aerospace company with its feet on the ground. 
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AMAZING NEW 
WATER-TIGHT 
MEN'S & LADIES' 
WONDERS 
FROM 

Casio's Mariner 
Enjoy All Your Favorite Watersports 

Whether you're Skiing, sailing, swimming or caught in 
a downpour, these men's and ladies' sport watches are 
built to endure. The men's Mariner is water resistant to 
100 meters (over 300 ft.) And the ladies' Mariner 
survives to depths of 50 meters (beyond 150 ft.). Now 
you active women have a sport watch that you never 
have to worry about It's so convenient - just put rt 
on and forget rt! 

ladies' Mariner Meets Your Needs 
Not only do you get the time In cr;sp, clear liqUid 
crystal digits, but the ladies' Marmer also includes an 
auto-calendar with month and date. And for $10.00 
more, you get all that plus a 24 hour daily alarm for 
your hectic schedule. Both have super Quartz accuracy 
to :t15 seconds per month, ',) month battery life, and 
stainless steel case with resin band. 

Men's Mariner Water Resistant and Much More 
At your command is a prolessional 1I10Uth second 
chronograph for timing dives or laps across the pool. 
Plus a countdown timer for timing boat races, a daily 
alarm and hourly chime, 12 & 24 hour time, :t15 
second Quartz accuracy per month, an auto-calendar, 
and a 5 year baftery. It meets all your timing needs I 

Includes Casio's 1 year warranty, and our 30 day 
guarantee. Return the product in 30 days for a 
refund, if not satisfied. 
Order Today 

Charge customers call toll free 24 hours a day. Order 
product '30 for the ladies' Mariner without alarm, only 
529.95. Order product ,31 for the ladies' Mariner with 
alarm, only 539.95. Order product '89 for men's 
Mariner in tough black resin case and band, only 
534.95 .Order product ,88 for men's Mariner in 
stainless steel case and resin band, only $49.95. Order 
product '87 far men's Mariner in stainless steel case 
and bracelet. only $54.95. 

(800)227-1617 : ::�;�  
EXTENSION 900 

DWS marketing 
international 

3511-A Fischer Avenue Dept. SC 10 l 
Costa Mesa, California 92626 1n4) 5411-4444 
Call our toll·lree number tor QUIckest servIce or send your check or 

money order or credit card Info Please allow lime for checks to 
clear We accept VISA. M.e .. A E. D.C credit cards. Add $2.50 
lor insured postage & handlino tor lirsi product and 51 00 for each 
additional product. For UPS Blue label "rush" service add an 
addItIonal $1 00 Calif reSIdents add 6% sales tax 

(E)OWS marketing International 1981 
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THE COVER 

The painting on the cover shows tests of the vibrational properties of an un
attached top and back plate of a violin (see "The Acoustics of Violin Plates," 
by Carleen Maley Hutchins, page 170) . In the test the plate is mounted inside 
upward over a loudspeaker and particles of aluminum flake are sprinkled on it. 
The plate rests on four soft foam pads, each adjusted to support it at a nodal, or 
nonvibrating, point. The loudspeaker is centered under an anti node for the vi
brational mode being tested. In response to a single-frequency sound from the 
loudspeaker the particles begin to bounce. Since the anti nodal areas move vig
orously, the particles are bounced quickly into the nodal areas, giving rise to a 
pattern that is characteristic of the particular mode. The modes are designated 
as mode 1, mode 2 and so on, beginning with the mode of lowest frequency. In 
the painting one sees from left to right the patterns of modes 1, 2 and 5 on each 
plate. The top plate is made from two pieces of spruce, the bottom one from two 
pieces of curly maple. The insides of the plates are left "in the white," that is, 
without sealer or varnish, and therefore display the natural color of the wood. 
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THE ILLUSTRATIONS 

Cover painting by Marvin Mattelson 

Source Page Source 

George V. Kelvin 152 Elena Battenberg and 

© BEELDRECHT, Floyd E. Bloom 

Amsterdam/VAGA, . 153-167 Albert E. Miller 
New York, Collection 170 Daniel Bernstein 
Haags Gemeentemuseum 174 Alan D. Iselin 
I1il Arbel 177 Carleen Maley Hutchins 
Mayo Clinic 178 Daniel Bernstein 
Jon Brenneis 179 Carleen Maley Hutchins 
Mayo Clinic (top), 180 Carleen Maley Hutchins 
Jon Brenneis (bottom) (top), Alan D. Iselin 
Jon Brenneis (bottom) 

I1il Arbel 182-184 Daniel Bernstein 

Andrew Tomko 186 Alan D. Iselin 

K. G. McCracken 189 Codex At/anticus, 

David I. Groves Giunti-Barbera, Firenze, 

Brian W. Logan 
copyright 1973 

Andrew Tomko 
190-196 Michael Goodman 

David I. Groves 
198 Andre Wegener 

Allen Beechel 
Sleeswyk (top), Michael 
Goodman (bollom) 

Allen Beechel (top), 200 Michael Goodman 
J. A. Tyson (bottom) 203-213 Gabor Kiss 
Allen Beechel 215 Earth Satellite 
Allen Beechel (top); Corporation 
National Astronomy and 216 Andrew Christie 
Ionosphere Center, 

217 Brent S. Baxter Cornell University 
(bottom) 218-219 Brent S. Baxter 

Jorge Mancillas and and Oliver Faugeras 

Jacqueline F. McGinty 222-224 T. M. Cannon 

(top), Nicholas Brecha 225 Joel Trussell 

and Harvey J. 227 R. F. Bonifield 
Karten (bottom) 228-235 Michael Goodman 
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LETTERS 
Sirs: 

Bernstein and Phillips' very interest
ing article ["Fiber Bundles and Quan
tum Theory," by Herbert J. Bernstein 
and Anthony V. Phillips; SCIENTIFIC 
AMERICAN, July] starts out with a strik
ing example of a remarkable rotation 
property of some objects, illustrated 
by a Philippine dancer doing the wine 
dance .... It is the fixed position of the 
dancer's feet with respect to the floor 
that makes the phenomenon so surpris
ing. But the wine-dance pictures clarify 
the mystery. 

360" 

d 

540" 

The surface of the wine is a key refer
ence plane, and the dancer's hand is a 
fixed attachment to it. Consider the posi
tion of the dancer's elbow. At the start 
of the nine-frame series her elbow is 
above the wine surface. She turns her 
palm through 360 degrees (the position 
in frame 5), still keeping her elbow 
above the wine surface. But in frame 6 
her elbow is even with the surface and in 
frame 7 it is well below the surface. In 
frame 8 her elbow is almost even with 
the wine surface again and in frame 9 it 
is back above the surface. The cycle is a 
key feature of mechanical examples of 
tang1eable but self-disentangling rota
tion systems. (I mean a rotating object 
with a fixed but flexible attachment.) 

Consider an idealized model consist
ing of a plate attached at its edge to a flat 
ribbon, which is in turn attached to a 
wall [see illustration below]. Begin to ro
tate the plate in its own plane, say coun
terclockwise when viewed from above. 
It must pass, say, over the ribbon at 
some point during a 360-degree rotation 
because it cannot pass through it. After 
the rotation the ribbon will have a 360-
degree counterclockwise twist in it. 

At this point the twist in the ribbon 
can be removed by at least two maneu
vers each of which involves an addition
al 360-degree rotation of the plate in its 
own plane. (A third maneuver for re
moving the twist in the ribbon is just the 
"normal" untwisting one.) The secret of 

Two plate rotations need not twist a ribbon (a-e). If they do, the twist can be undone (f-h) 

10 

© 1981 SCIENTIFIC AMERICAN, INC



• 

ONE OUT OF EVERY 
HERES TO 

OISTILlEDANO BOTTLED IN SCOTLAND, I MPORTED 8'( THE BUCKINGHAM CORPORATION. NEW YORK. NX 

USINESSES SUCCEEDS. 
TAKE THE ODDS. 

© 1981 SCIENTIFIC AMERICAN, INC



© 1981 SCIENTIFIC AMERICAN, INC



We built a radar that can 
·spot a basketball 1,200 miles away. 
Not a real basketball, of course, but objects that 
size or larger. The radar not only spots targets
many of them -but identifies and tracks them 
as well. And all at the same time. 

This particular radar is a large strategic 
system we have supplied to the U.S. Air Force. 
It's a prime example of how 
Raytheon is applying ad
vanced phased array radar 
technology to meet very 
demanding requirements. 

Unlike rotating antennas 
in traditional radar systems, 
a phased array antenna 
remains stationary. Its 

---.,.. 

surface consists of individual radiating elements 
whose combined output produces a steerable 
antenna beam. The shape, position, and move
ment of this beam are controlled by changing 
the phase relationships among the individual 
elements. This electronic beam forming 
and scanning takes place in microseconds. The 

result is a radar system capable of performing 
many functions virtually simultaneously . 

Our contributions to this technology span 
two decades and inel ude pioneering work in 
antenna components and design. Today, phased 
array radar technology from Raytheon helps 

the U.S. Army, Navy, and Air 
Force handle a wide range of 
important missions-from 
tracking thousands of objects 
in space to safely landing tactical 
aircraft in heavy rain. 

Tomorrow? Who knows 
where this technology will be 
put to use. But, at Ray theon we 

expect to be involved. 
Raytheon ... a $5 billion company in 

electronics, aviation, appliances, energy, con
struction, and publishing. For further 
information, please write Ray theon Company, 
Public Relations, Section 2-3,141 Spring Street, 
Lexington, Massachusetts 02173. 

�AYTHEOra 

Candidates interested in technical employment opportunities with Raytheon Company, An Equal Opportunity Employer, 
should forward a resume to Manager, Executive Placement , at the above address. 
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The Arnold Katzen Gallery Inc. announces a new important sculpture, The Astronaut by 
Berrocal. It is the latest and perhaps the most fascinating yet of the unique signed and 
numbered, limited edition puzzle sculptures created by Miguel Berrocal, Spain's foremost 
living sculptor. The 36 elements of this intricate sculpture can be disassembled and reas
sembled into divers imaginative objects and striking jewelry. It is a tribute to all astronauts, 
but was specifically created as an homage to Jules Verne, and to commemorate the 
tenth anniversary of the first lunar landing by American astronauts. Six of the elements form
ing the sculpture become a marvelous rocket ship (1). The needle-nose of the rocket is a 
pearl tie pin (2), and the three large gold-plated rings are necklaces (3). The smaller 
rings are bracelets (4), and the planets gold-plated earrings (5). The eyes are silver finger 
rings (6) and the cheeks, one in the form of the sun and the other the moon, form a gold
plated ring (7). 

The upper part of the astronaut's head and his face are both pendants that can 
be worn separately or together on one of the necklaces (3) or bracelets (4). The collar is 
composed of three medallions, each of which can be worn on one of the necklaces (8). The 
three black iron elements of the base can be used to display the medallions attached to 

-------------------------------., the large rings (9), or as a launch pad for the 

the Arnold Katzen Gallery, inc. 
11 East 57th Street, Dept. 101 
New York, NY 10022 

I have enclosed $1 . Please send me your 
color brochure and ordering information. 

NamA� ____________ _ 

Addre.,ss'--___________ _ 

Cily, ____ :State"-___ Zip-p ___ _ 

rocket (1). A handsome hardcover instruction 
book accompanies each sculpture. 

Berrocal is now internationally accepted as 
one of the true giants of twentieth century art. 
His works are one of the most exciting values in 
art today for collectors, investors and puzzle 
addicts. Clearly, they are more fun to own than 
the works of any other artist we know of. All 
Berrocal works can be seen at: 

the Arnold Katzen Gallery, inc. 
11 East 57th Street, New York, NY 10022 

the first maneuver is that on the second 
360-degree rotation the plate must pa'ss 
under the ribbon. After the second 360-
degree rotation the ribbon will again 
have described a 360-degree twist, but 
this time the twist is clockwise. The sec
ond twist cancels the first, so that after a 
nO-degree rotation of the plate the sys
tem is back to the start position. That is 
the wine-dance equivalent. 

The second maneuver involves a dif
ferent and less transparent operation. 
As before, the plate continues to rotate 
counterclockwise in its own plane, but 
now it again passes oVer the ribbon. As 
a result there are two counterclockwise 
twists in the ribbon. Both twists can be 
undone by passing the ribbon around 
the plate .... 

The examples indicate that the com
mon notion of returning to the initial 
configuration after a 360-degree rota
tion actually corresponds to a special, 
degenerate situation where there are no 
external attachments to the rotating ob
ject. In the general case a nO-degree 
rotation is the one naturally needed for 
returning to the initial configuration, 
and the requirement seems to be im
posed by the need for a symmetrical 
path of the rotating object with respect 
to the line of attachment. The rotating 
object must pass both above and below 
the line during its circuit. ... 

ROSEMARIE Sw ANSON 

College Station, Tex. 

Editorial correspondence should be addressed to The 
Editors, SCIENTIFIC AMERICAN, 415 Madison Avenue, 
New York, N.Y, 10017. Manuscripts are submitted at 
the author's risk and will not be returned unless accom
panied by postage. 

Advertising conespondence should be addressed to C. 
John Kirby, Advertising Director, SCIENTIFIC AMERI
CAN, 415 Madison Avenue, New York, N.Y. 10017. 

Offprint correspondence and orders should be ad
dressed to W. H. Freeman and Company, 660 Market 
Street, San Francisco, Calif. 94104. For each offprint 
ordered please enclose 60 cents. 

Subscription correspondence should be addressed to 
Subscription Manager, SCIENTIFIC AMERICAN, 415 
Madison Avenue, New York, N.Y. 10017. For change 
of address, notify us at least four weeks in advance. 
Send both old and new addresses and enclose an ad
dress imprint from a recent issue. (Date of last issue on 
your subscription is shown at upper right-hand corner of 
each month's mailing label.) 

Name 

New Address 

Old Address 
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NOVO R ESEARCH IN BIOI ECHNO LOGY 
for your health 
and the health of 
your 
environment 

PHARM ACEunC ALS  
Innovator and producer of the world's 
purest insulin. 
Antibiotics, hormones, preparations 
for the treatment of circulatory 
disorders, diagnostic aids. 

EN ZVMES 
The world's leading producer of 
enzymes for detergents and the 
manufacture of textiles, leather, cheese, 
beer, alcohol, wine and fruit 
juices, bread, natural sweeteners. 

� 
NOVO 

NOVO INDU STRI.AJS 
2880 Bagsvaerd, Denmark 
Phone: 45 2 9823 33 
Telex: 37173 

© 1981 SCIENTIFIC AMERICAN, INC



NVESTIGACI ON Y 

CIA 
S(:I ENTU'I(� 

hi"/.;" '" "1"'"<>/ ", AME Rl CAN 

LE SCIENZE 
<J!u"" ;wI .... Ji SCIENTIFIC 

AMERICAN 

� SCIENTIFIC 
AMERICAN 

... If * 

SCIENTIFIC 
AMERICAN 

$2.Ql.J 

,/I/n,,,J 1981 

SAIENSU, the Japanese-language edition of SCIENTIFIC 

AMERICAN, is Japan's largest and most prestigious 

publication covering science and technology. 

Japan is the world's third largest industrial power, trailing 

only the United States and ::le Soviet Union. Their gross 

national product is growing faster than that of any 

other nation and has surpassed the U. S. and Russia 0'1 a 
per-capita basis. 

The more than 32,000' professional-technicals and managers 

that read SAl ENSU are guiding the technological phoenix of 

modern Japan. They're educated - 86% hold university 

degrees. And they're affluent - 40% have household 

incomes that place them in their country's top income group. 

SAIENSU readers are making decisions for Japan's business, 

industrial, governmental and financial future. 

We speak the language of more than 3,000,000 world 

shakers in 140 countries each month. We reach the people 

who make the future happen in Japanese, Chinese, French, 

Spanish, Italian, German and English. 

For more information contact: 

Michiaki Akasu 

Nikkei International 

The Nihon Keizai Shimbun 

No. 9-5, 1-Chome 

Otemachi, Chiyoda-ku 

Tokyo 100, Japan 
Telephone (011-813) 270-0251 

Wallace Burgis 

SCIENTIFIC AMERICAN 

54 Pall Mall 

London SW 1Y 5JH, England 

Telephone (011-441) 839-1539/6 

• ABC audited 

John Kirby 

Vice President 

Advertising Director 
SCIENTIFIC AMERICAN 

415 Madison Avenue 

New York, New York 10017 

Telephone (212) 754-0262 

SCIENTIFIC 
AMERICAN 

We reach the people who make the future happen. 
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Who will be first 
with the avionics 

of the 21st century? 
It could be you and Hughes Radar 

Systems. 
We pioneered pulse Doppler radar 

and built the first operational airborne 
programmable signal processor. Today, 
three out of the four front-line U.S. 
tactical aircraft have Hughes radars. 
We're leaders in synthetic aperture 
radar, in-weather reconnaissance and 
strike radar, high order language, an
tenna arrays and holographic displays. 
We're even building the rendezvous 
radar for the Space Shuttle. 

And with computer-aided design, 
manufacturing, and testing of intelli
gent radar devices, the future is at 
Hughes. 

In fact, Hughes is one of the nation's 
largest employers of electronic engi
neers and a major employer in virtually 
every other scientific, computer and 
technical discipline - with 1,500 pro
jects and a backlog of over $6 billion. 
Yet we're decentralized to give you the 
kinds of environments that stimulate 
innovation and promote recognition of 
your work. 

Who will be first with the avionics of 
the future? It could be you and Hughes. 

At Hughes Radar Systems, we'll 
introduce you to people, ideas and jobs 
that could change your world. And 
maybe ours. 

It could be you and Hughes 
Radar Systems 

Call (213) 647-4900, collect, 
or send resume to: 

Engineering Employment 
Hughes Radar Systems 
P.O. Box 92426, Dept. AS-10 
Los Angeles, CA 90009 

Current openings: 

Analogllntegrated Circuit 
Design Engineering 

Antenna Systems Design & Test 
CAD,CAM,CAT 
Computer Graphics Engineering 
Digital Circuits Design & Test 
Engineering Design 
Industrial Engineering 
LSI Design, Development & Test 
MIC Design Engineering 
Microprocessor Applications 
Production Process Engineering 
Production Test Engineering 
Radar Systems Design 
Reliability Engineering 
RF/Microwave Design 
Software DeSign/Analysis/Test 
Systems Engineering 
Systems Integration & Test 

r------------------, 
I I 

: HUGHES: 
I I 
L __________________ J 
HUGHES AIRCRAFT COMPANY 

Proof of U.S. Citizenship Required 
Equal Opportunity Employer 
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LADY DAVIS FELLOWSHIP TRUST 
P.O. Box 1255, Jerusalem, 91000, Israel 

FELLOWSHIPS FOR STUDY ANDIOR RESEARCH AT 
GRADUATE OR POST·DOCTORAL LEVELS AND VISITING 

PROFESSORSHIPS 

in 1982-83 
at the Hebrew University 01 Jerusalem and at the 

Technion·lsrael Institute 01 Technology, Haila 

GRADUATEAND POS�DOCTORAL 
FELLOWSHIPS 

ELIGIBILITY: Lady Davis Fellows are selected on the basis of 
demonstrated excellence in their studies, promise of distinction in 
their chosen fields of specialization and qualities of mind, intellect 
and character. 

Post·doctoral candidates shall have completed their doctoral dis· 
sertation before arrival in Israel. 

The Graduate and Post·doctoral Fellowships are tenable for a 
period of one year. They may be renewed for a second year and in 
special circumstances extended to a third year. 

The grant is intended to defray the cost of the Fellow's travel and 
tuition fees and to meet reasonable living expenses. 
APPLICATION: Graduate candidates may apply during their sen
ior academic year or after they have undertaken study in a gradu
ate school. Post-doctoral candidates may apply at an early stage of 
their professional career (not latElr than 3 years after completion of 
their doctoral dissertation). 

Graduate and Post-doctoral candidates (including Israelis 
abroad) may obtain application forms from the Lady Davis Fellow· 
ship Trust at the above address, after they indicate the category of 
Fellowship for which they are eligible. 

Completed applications must reach the office of the Trust not 
later than December 1, 1981. 

VISITING PROFESSORSHIPS 
These Fellowships are intended for candidates with the rank of Full 
or Associate Professor at their own institution. They are tenable for 
periods from one trimester (or semester) to a full academic year. 
APPLICATION: Forms may be obtained from the Lady Davis Fel
lowship Trust at the above address. Complete application forms 
must reach the office of the Trust by December 1, 1981. 

50 AND 100. 

YEARS AGO 

SCIENTIFIC 
AMERICAN 

OCTOBER, 1931: "The sun and all 
other stars are tremendous heat engines, 
drawing energy from some internal 
source. It has long been known that no 
ordinary chemical process could pro
duce more than a few millionths of the 
amount of energy required; and even 
the gravitational energy liberated by the 
gradual shrinkage of the star's mass ac
counts for only a few per cent. Perhaps 
the process is one of the building of at
oms. Hydrogen, the lightest and sim
plest of atoms, consists of one proton 
and one electron. The heavier atoms 
have two or more electrons circulating 
outside a nucleus, which doubtless con
tains both protons and electrons locked 
together in some way not yet fully un
derstood. The total number of electrons 
inside and outside the nucleus equals 
that of the protons in the nucleus, so that 
we might imagine the complex atom to 
be built up out of numerous atoms of 
hydrogen. But the weight of the heavier 
atom is in all cases less than that of the 
corresponding number of hydrogen at
oms. This indicates that in the process 
of formation a large amount of energy 
would be liberated by the 'packing' of 
the constituents of the nucleus. No one, 
however, has even suggested from the 
side of atomic theory how any such 
atom-building process could actually 
occur. An important paper by R. d'E. 
Atkinson makes the first attempt. Start
ing with the recent wave theory of 
the constitution of atoms and their nu
clei, he finds that at temperatures of 
10,000,000 degrees or more a flying pro
ton may sometimes hit the nucleus of a 
light atom in such a way that it goes in 
and sticks there, producing a new atom
ic nucleus of greater charge and weight. 
By repetitions of this process and by the 
capture of electrons by nuclei in a corre
sponding manner, heavier atoms would 
gradually be built up." 

"The United States has a higher death 
rate from childbirth than any of the 20 
other countries from which statistics 
are available, according to Howard W. 
Haggard, associate professor of physiol
ogy at Yale University. Available child
birth-mortality figures, he pointed out, 
range from 2.6 per 1,000 births to 6.6. 
Denmark and Italy lead the world with 
the lowest figure. The United States 
stands at the bottom of the list. 'In our 
country,' Dr. Haggard said, 'we have 
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A lan dmark 18-vol ume 'Work ••• 

no'Wavailable for the ru-st time 
in 8 convenient vol umes that 

contain every 'Word of the original 
From antiquity to the mid-twentieth 
cent ury, here is the history and de
velopment of science thro ugh
out the world - presented in 
more than 5, 000 vividly de tailed 
biographies 

More than 17 y ears in preparation. with over 1.500 
contributors from 90 countries. including the 
Soviet Union. the Diction ary  of &ientiftc Biog
raphy has received inte rnational accl aim. 

More than a catalog of names. dates. and discov
eries. the Dictionary covers an awesome body of 
knowledge clearly and precisely. helping the 
reader think through scientific problems. both in 
their historical context and in light of present-day 
knowledge. 

• Each article is written by an eminent historian of 
science; each completed by a carefully selected 
bibliography. 

• A comprehensive index is included-a complete. 
separate volume. containing more than 75.000 topics 
and subtopics. 

• The 8-volume set includes everything from the 
original 16 volumes-with no alterations in text or 
type-size. 

"May well be at this time the s ingle most impo rtant 
vehicle for transmi tting scholarship done by his tor
ians of science to the gen eral world of l earning." 

- Pfizer A ward  Co mmittee, 
History o/Science Society 

"A high point of historical scholarship and 
synthesis." -A merican Sc ientist 

"A lasting contribution. -Sc ientific A merican  

"The indis pensable work for the scientist and the 
histo rian of science," 

-A merican Reference Books Annual 

READERS OF SCIENTIFIC AMERI CAN 
CAN ENJOY THE PERSONAL USE OF 
TmS COMPLETE, PE RMANENT 
SCIENCE Lm RARY-AT CONSIDER
ABLE SAVINGS. 
Order the Dictio J)CJTY of Scientijic Biog
raphy thro11jfh this exclusive offer, and 
these 8 hand some vol umes can be yours 
at a saving of $100.00. 

-----TIONARY 
OF SCIENTIFIC 
BIOGRAPHY 

Edited under the auspices of the 
Ameri can Council of Learned Societies 

Charles Coulston Gillispie, Editor in Chief 

----------------------, C HARLES SC RIBNER'S SONS 
597 Fifth Avenue. New York. N.Y. 10017 
ATI: Karen Day. Dept. SA 
Please send me the 8-volume Dictionary of Sclent!flc 
Biography. at $495.00· (shipping and handUnl! in
cluded). I enclose check or money order for $495.00. Or, 
charge my 
o Mastercharge o Visa o American Express 
Acct. # ________ Exp. date __ _ 

• regular retail price $595.00 
I understand that If I am not completely satisfied. I may 
re turn  the set within 10 days for a full refund. 

Name _______________ _ 

Adme� ______________ __ 

City _______ State, ____ Zip __ 

17 

© 1981 SCIENTIFIC AMERICAN, INC



Better Than Jogging 

� 

�� 1 , -
NordIc/rack 

Jarless Total Body 
Cardiovascular Exerciser 

Duplicates X-C Skiing for the 
Best Motion in Fitness 

This revolutionary new exerciser duplicates the 
smooth. rhythmic. total body motion of X'C skiing 
for the most effective cardiovascular exercise 
obtainable. Uniformly exercises more muscles 
than any other exercise device. Makes high heart 
rates easy to obtain and keeps more muscles in 
tone. Also highly eHective for weight reduction. 

Completely jarless natural motion does not 
cause joint and back problems as in jogging or 
running, Arm and leg resistances are separately 
adjustable for maximum effectiveness. The 
NordicTrack uses no motors and folds compactly 
for convenience. Used in homes, businesses, and 
institutions. Our customers include Xerox Cor
poration. US Army. Penn State U and the YMCA. 

For more info, call or write 
PSI 124 F Columbiact. Chaska. MN 55318 
toll free 1·800·328·5888. MN.612·448·6987 

Whether you're already quite knowledgeable 
about computers or want to learn how to get 
started. the TI-99/4 is for you. By simply snap
ping in one of the many Solid State Software 
Command Modules either you or just about 
anybody in. your family can use the TI-99/4 
because step-by-step instructions are displayed 
right on the screen. 

The TI·99/4 gives you an unmatched combina· 
tion of features. including: 
• Powerful TI-BASIC 
• Up to 72K total memory capaCity 

• NEW typewriter keyboard 
• 13" color monitor is optional 
• Revolutionary TI Solid State Speech Syn. 

thesizer is optional 
Retail price $550. Your speCial BACH Com
pany price $499. Order by September 31. 
1981 and get 150.00 worth of TI Software 
absolutely FREEl 
ORDER TOLL FREE 800-117-8191 
California residents call 415·494·1995. Use 
VISA. MasterCharge. check or money order 
Indicate card number and expiration date. 
Order product no. 54. Add $4'50�for ShTJi�Ping 

The BACH Company 
PO. Box 51178 
Palo Alto. CA 94303 
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physicians specializing in obstetrics who 
are as skilled as any to be found else
where in the world. Our nurses are as 
well trained as those of any other coun
try. We have many excellent maternity 
hospitals. But these means of saving 
lives and ensuring health have not been 
available to most of the mothers in this 
country.' " 

"In a recent appeal to the scientists of 
the world Albert Einstein asked them to 
discontinue their research for the cre
ation of new instruments of war. 'Those 
who believe that the danger of war is 
past,' he is quoted as saying, 'are living 
in a fool's paradise. We face today a 
militarism far more powerful and de
structive than that which brought on the 
World War disaster.''' 

"In July, 28 out of 57 delegations of 
nations signed at Geneva a convention 
for the limitation of narcotic drug man
ufacture. The drug traffic has increased 
at a most alarming rate during recent 
years, particularly in the United States. 
Drug addiction is not a vice; it is a dis
ease. If the agreement to limit narcotic
drug manufacture is strictly adhered to, 
as is confidently expected, fewer lives 
will be ruined by the deadly powders." 

OCTOBER, 1881: "The concluding 
meeting of the International Medical 
Congress was held on August 9 in St. 
James's Hall, London, where a general 
address was delivered by T. H. Huxley 
on the connection of the biological sci
ences with medicine. The conclusion of 
Professor Huxley's address was: 'The 
search for the explanation of diseased 
states in modified cell life; the discovery 
of the important part played by parasitic 
organisms in the etiology of disease; the 
elucidation of the action of medica
ments by the methods and the data of 
experimental physiology-appear to me 
to be the greatest steps that have ever 
been made toward the establishment of 
medicine on a scientific basis. I need 
hardly say they could not have been 
made except for the advance of biology. 
There can be no question, then, as to the 
nature or the value of the connection 
between medicine and the biological sci
ences. There can be no doubt that the 
future of pathology and of therapeutics, 
and therefore that of practical medicine, 
depend upon the extent to which those 
who occupy themselves with these sub
jects are trained in the methods and im
pregnated with the fundamental truths 
of biology. I venture to suggest that 
the collective sagacity of this congress 
could occupy itself with no more impor
tant question than this: How is medical 
education to be arranged so that, with-

out entangling the student in those de
tails of the systematist that are valueless 
to him, he may be enabled to obtain a 
firm grasp of the great truths respect
ing animal and vegetable life, without 
which, notwithstanding all the progress 
of scientific medicine, he will still find 
himself an empiric?'" 

"A device that did for cotton picking 
what Whitney's gin did for the work of 
freeing cotton lint from the seed would 
give an incalculable impetus to the ex
tension of cotton culture. It is doubtful 
whether any phase of agricultural labor 
needs the aid of the inventor as badly, or 
promises as rich a return for a successful 
effort. Already a crop amounting in val
ue to $300,000,000 or $400,000,000 is 
every year made difficult to secure, and 
subjected to serious hazard and no in
considerable loss, through the lack of 
efficient harvesting machinery; and any 
rapid increase in the crop is prevented 
by the lack of laborers at the critical 
season. The problem is a complicated 
one, yet it cries aloud for a solution, and 
it promises a liberal reward to any who 
shall solve it wholly or in part. If the 
successful machine is reasonably simple 
and inexpensive, it will bring a speedy 
fortune to the inventor, prosperity to 
thousands of small planters, occupation 
for multitudes of mills and cheaper 
clothing for half the world." 

"There is at present, in round num
bers, 25,000,000 barrels of crude petro
leum stored in iron tanks in the oil re
gions of Pennsylvania. It is an inland 
lake of oil that may be described as hav
ing reached its highest ebb, inasmuch as 
indications now point unmistakably to a 
falling off in the daily production of the 
wells and a consequent decline in the 
amount tanked. Not the least striking 
feature of the oil regions are the clusters 
of these enormous iron reservoirs, on 
hill and in valley, whose construction 
keeps actively employed great work
shops and an army of men in Pittsburg. 
Titusville, Oil City and elsewhere. Of 
the 25,000,000 barrels fully one-half is 
owned by the United Pipe Lines (Stan
dard Oil Company), the balance being 
owned by other pipe lines and by private 
parties. A single banking firm of New 
York owns half a million barrels stored 
in tanks and awaiting better prices." 

"Ground was broken at the end of 
September at Portrush, Ireland, for an 
electric railway to the Giant's Cause
way. It is the first electric railway in Brit
ain. William Siemens is said to be a large 
contributor to the new enterprise. It is 
estimated that the expenses for haulage 
on a tramway such as this with horses 
would be 23 cents per mile and by steam 
about 15 cents, while it is supposed the 
working expenses by an electric motor 
will not reach two cents per mile." 
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ALL fEET out of ten have something other 
than a normal arch. 

ARE NOT CREATED Those with extremely low 
iQUAL Those little footprints arches may �e s<;>lac7 in the fact . 

• on your birth certificate they share thi� traIt wIth Henry 
aren't there for decoration. They were Rono and Patti Catalano. 
the best way you had of saying _ Unfortunat�ly, some low 
I'm an individual; I'm unique. arched feet overmdulge. They're so 

And the moment you start flexibl�, th�y love to p�nate. A li�e 
treating your feet like they belong to pronation IS a good thing because It 
someone else, they're going to let ab.sorbs shock. Too much of a g?od 
you know about it. Via blisters, shin thing, however, can lead to vanous 
splints, stress fractures or any num- knee and foot problems. 
ber of other ailments. 

No one has done more to get on 
an intimate basis with feet than 
Nike. We built one of the most 
sophisticated sports research labs in 
the world - the only one in the shoe 
industry - and staffed it with re
searchers in biomechanics, anatomy 
and exercise physiology. 

Feet, we've found, can be pretty 
articulate. But you have to know 
how to listen. 

First, pay attention to their 
prints. There are three basic types, 
and you can spot yours the next time 
you step out of the shower. 

0°0 
c::::2 0 o 

High Arch Normal Arch Low Arch 

According to our ongoing 
anatomy study, nearly four runners 

� .::: V} 
� 
:g '" � 
l' 
.§ " .!:! V} 

Two rear views of pronation, taken from high speed 
film. Although runner and speed are identical, angle 
between lower left leg and rearfoot is less in Nike 
Equator than standard training shoe. 

To give them a bit of self
discipline, we designed the Equator. 
Through computer analysis of high 
speed film, our lab reports show this 
shoe reduces rearfoot motion up to 
five degrees, or slightly less than a 
hard orthotic. 

The high arched foot has its 
own story to tell. And frequently, it's 
a shocker. If this foot is also rigid, as 
is often the case, it will do little to 
absorb impact. 

That's why for the likes of Steve 
Ovett, Joan Benoit and Herb 
Lindsay, cushioning is everything. 

We want shoes that do more 
than "feel" soft in the store. So we 

I 
check out materials with dynamic 
load displacement tests. And run 
prototypes across force platforms to 
judge their shock attenuation. 

But don't think because you're 
blessed with a normal arch that you 
can give your feet just anything to 
wear. 

After your next shower make 
two sets of footprints, one while sit
ting, one standing. If the second set 
is much flatter than the first, your 
feet are flexible. Look for a shoe with 
good motion control. If there's little 
difference, go for cushion. 

Best of all, take your feet to an 
expert. A knowledgeable dealer can 
put you into the shoe your foot was 
created for. And if you have persis
tent health problems, don't mess 
around. See an orthopedist or 
podiatrist. 

For our part, we're seeing run
ners. In the lab, at the schools, in 
meets and races all over the country. 

We're compiling information. 
Mo difying our lasts, creating 
new ones. We want to be 
certain we're 
the proper shoe 
for the proper 
individual. 

compu terized 
drawing of new 

prototype last based �����: on prelim mary foot '" morphology study. 

Of the thousands of runners 
we've seen so far, we've never met a 
foot we didn't like. 
Or couldn't help. 
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THE AUTHORS 

LEONARD T. KURLAND and 
CRAIG A. MOLGAARD ("The Pa
tient Record in Epidemiology") are 
members of the department of medical 
statistics and epidemiology at the Mayo 
Clinic. Kurland, who currently serves as 
chairman of the department, is also pro
fessor of epidemiology at the Mayo 
School of Medicine. A graduate of 
Johns Hopkins University, he got his 
M.D. from the University of Maryland 
in 1945. Following his internship he en
tered the U.S. Public Health Service, 
where he did an epidemiological study 
of mUltiple sclerosis. During this period 
he continued his academic work, getting 
two additional degrees, both in public 
health: an M.P.H. from the Harvard 
School of Public Health and a D.P.H. 
from Johns Hopkins. He went on to re
ceive his clinical training in neurology 
at the Mayo Clinic, during which time 
he established the National Institutes 
of Health field station for neurological 
studies on Guam. From 1955 to 1964 
Kurland was chief of the epidemiol
ogy branch of the National Institute of 
Neurologic Disease and Blindness. Mol
gaard, who is a research associate and 
instructor in the Mayo Clinic's depart
ment of medical statistics and epidemi
ology, is a graduate of Iowa State Uni
versity. He did his graduate work at 
the University of California at Berke
ley, obtaining his Ph.D. in anthropolo
gy in 1979. 

DAVID I. GROVES, JOHN S. R. 
DUNLOP and ROGER BUICK ("An 
Early Habitat of Life") are at the Uni
versity of Western Australia, where 
Groves is associate professor of geology 
and Dunlop and Buick are doctoral can
didates in geology. Groves's degrees 
are from the University of Tasmania: a 
B.Sc. in 1963 and a Ph.D. in 1968. He 
worked for several years for the Geolog
ical Survey of Tasmania before joining 
the faculty at Western Australia in 1971. 
Since then, he writes, his main research 
interest has been in "the evolution and 
metallogeny of Archaean crust." Dun
lop and Buick both got their B.Sc. de
grees from Western Australia before 
entering the postgraduate geology pro
gram there. 

JOEL M. WEISBERG, JOSEPH H. 
TAYLOR and LEE A. FOWLER 
("Gravitational Waves from an Orbit
ing Pulsar") worked together on the sub
ject of their article at the University of 
Massachusetts at Amherst. Since then 
Weisberg and Taylor have joined the 
faculty at Princeton University (respec
tively as assistant professor of physics 
and professor of physics) and Fowler 
has gone to work for Atmospheric and 
Environmental Research, Inc., in Cam-

20 

bridge, Mass. Weisberg has a B.S. from 
the Massachusetts Institute of Technol
ogy (1972) and a Ph.D. in physics from 
the University of Iowa (1978). In addi
tion to his scientific work, he reports, "I 
lecture on the dangers of the arms race 
and work with local groups advocating 
arms control and disarmament." Taylor 
received his academic degrees from 
Haverford College (B.A. in physics, 
1963) and Harvard University (Ph.D. in 
astronomy, 1968). An investigator of 
pulsars, he was the codiscoverer (with 
his student Russell A. Hulse) of the first 
pulsar known to be in an orbiting sys
tem. Fowler became interested in pul
sars while he was an undergraduate at 
Cornell University. On getting his B.A. 
in physics from Cornell in 1973, he 
joined the pulsar-research group at the 
University of Massachusetts. He ob
tained his Ph.D. in astronomy in 1979 
and then spent two years at the Max 
Planck Institute for Radioastronomy in 
Bonn before taking up his present job 
earlier this year. 

FLOYD E. BLOOM ("Neuropep
tides") is director of the Arthur Vining 
Davis Center for Behavioral Neurobiol
ogy at the Salk Institute. He is a gradu
ate of Southern Methodist University 
and the Washington University School 
of Medicine. Before being appointed to 
his current position in 1975 he was chief 
of the laboratory of neuropharmacolo
gy and acting director of the Division of 
Special Mental Health Research Pro
grams of the National Institute of Men
tal Health at St. Elizabeth's Hospital in 
Washington. His interest in brain re
search, he says, "stemmed directly from 
my medical interest in how the brain 
monitors and controls blood pressure. 
The continued pursuit of that simple 
guestion has led me to develop and 
apply a variety of experimental ap
proaches to the task of identifying 
where and how chemical transmitters 
communicate messages between nerve 
cells and how those signals are able to 
alter behavior." 

CARLEEN MALEY HUTCHINS 
("The Acoustics of Violin Plates") has 
been constructing stringed instruments 
and investigating their acoustics for 
more than three decades. To date, she 
reckons, she has made "150 violas, 25 
violins, five cellos and some 40 instru
ments of the new violin family, ranging 
from a seven-foot contrabass violin to a 
tiny treble violin tuned an octave above 
the normal violin." For some 20 years 
she has served as permanent secretary of 
the Catgut Acoustical Society, an orga
nization she helped to found (with Fred
erick A. Saunders of Harvard Universi
ty) in 1963. In recent years Hutchins 

has been the recipient of a number of 
awards, including an honorary Doctor 
of Engineering degree from the Stevens 
Institute of Technology and the Silver 
Medal of the Acoustical Society of 
America. 

ANDRE WEGENER SLEESWYK 
("Vitruvius' Odometer") is professor of 
applied physics at the University of 
Groningen. He writes: "I was born in 
1927 at Bindjei in Sumatra, at that time 
part of the Dutch overseas empire, and I 
spent most of my youth there, with in
termissions in the Netherlands. From 
1942 to 1945 I sojourned in Japanese 
internment camps, living under condi
tions I now recognize as approaching 
Third World poverty. After the war I 
was trained as a naval officer for the 
Royal Navy of the Netherlands. Later I 
studied mechanical engineering at the 
Delft Technological University and at 
the Massachusetts Institute of Technol
ogy. My Ph.D., in physics, is from the 
University of Amsterdam. After having 
worked in industry in Holland and in 
France I was appointed to the faculty at 
Groningen in 1964. I have taught phys
ical metallurgy, thermodynamics and 
the history of technology, and I have 
published some 80 research papers in 
these fields." 

R. I. G. HUGHES ("Quantum Log
ic") is assistant professor of philosophy 
at Yale University. A native of London, 
he was educated at Highgate School and 
the University of Cambridge. After re
ceiving his B.A. in engineering at Cam
bridge in 1957, he worked in the profes
sional theater for a time and then taught 
at schools in London and Canada for 13 
years before starting the study of philos
ophy at the University of British Co
lumbia in 1971. He got his Ph.D. from 
British Columbia in 1979 and has taught 
there, at the University of Toronto and 
at Princeton University; he joined the 
Yale faculty in 1980. 

T. M. CANNON and B. R. HUNT 
("Image Processing by Computer") be
gan their collaboration while both were 
on the staff of the Los Alamos Scientific 
Laboratory. Cannon is currently spend
ing a sabbatical year on leave from Los 
Alamos at the British Home Office, 
where he is working on the forensic ap
plications of digital image deblurring. 
Hunt, who has a joint appointment as 
professor of electrical engineering and 
professor of optical sciences at the Uni
versity of Arizona, is also on sabbatical 
leave; he is spending the year working 
at the University of Canterbury in New 
Zealand. He majored in aeronautical en
gineering as an undergraduate at Wichi
ta State University and went on to ob
tain an M.Sc. in electrical engineering at 
Oklahoma State University in 1965 and 
a Ph.D. in systems engineering from the 
University of Arizona in 1967. 
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12 YEARS OLD WORlOW1D£ • BLENDI'D SCOTCH WH1SIIY' 86 PROOF • CENERAL WINE & SI'lRITS CD , NEW YORK. N Y 

Disappears rather quickly, doesn't it. 
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MATHEMATICAL 
GAMES 

Euclid's parallel postulate 

and its modern offspring 

by Martin Gardner 

"Lines that are parallel 
meet at Infinity!" 
Euclid repeatedly, 
heatedly, 

urged. 
Until he died, 
and so reached that vicinity: 
in it he 
found that the damned things 

diverged. 
-PIET HEIN, Grooks VI 

E
uclid's Elements is dull, long-wind

ed and does not make explicit the 
fact that two circles can intersect, 

that a circle has an outside and an in
side, that triangles can be turned over 
and other assumptions essential to his 
system. By modern standards Bertrand 
Russell could call Euclid's fourth prop
osition a "tissue of nonsense" and de
clare it a scandal that the Elements was 
still used as a textbook. 

On the other hand, Euclid's geometry 
was the first major effort to organize the 
subject as an axiomatic system, and it 
seems hardly fair to find fault with him 
for not anticipating all the repairs made 
when David Hilbert and others formal
ized the system. There is no more strik
ing evidence of Euclid's genius than his 
realization that his notorious fifth pos
tulate was not a theorem but an axiom 
that had to be accepted without proof. 

Euclid's way of stating the postulate 
was rather cumbersome, and it was rec
ognized early that it could be given 
the following simpler form: Through a 
point on a plane, not on a given straight 
line, only one line is parallel to the given 
line. Because this is not quite as intui
tively obvious as Euclid's other axioms 
mathematicians tried for 2,000 years to 
remove the postulate by making it a the
orem that could be established on the 
basis of Euclid's other axioms. Hun
dreds of proofs were attempted. Some 
eminent mathematicians thought they 
had succeeded, but it always turned out 
that somewhere in their proof an as
sumption had been made that either was 
equivalent to the parallel postulate or 
required the postulate. 

For example, it is easy to prove the 
parallel postulate if you assume that 
the sum of the angles of every triangle 
equals two right angles. Unfortunately 
you cannot prove this assumption with
out using the parallel postulate. An ear
ly false proof, attributed to Thales of 
Miletus, rests on the existence of a rec
tangle, that is, a quadrilateral with four 
right angles. You cannot prove, how
ever, that rectangles exist without using 
the parallel postulate! In the 17th cen
tury John Wallis, a renowned English 
mathematician, believed he had proved 
the postulate. Alas, he failed to realize 
that his assumption that two triangles 
can be similar but not congruent cannot 
be proved without the parallel postu
late. Long lists can be made of other 
assumptions, all so intuitively obvious 
that they hardly seem worth asserting, 
and all equivalent to the parallel postu
late in the sense that they do not hold 
unless the postulate holds. 

In the early 19th cen t ury try ing to 
prove the postulate became something 
of a mania. In Hungary, Farkas Bolyai 
spent much of his life at the task, and in 
his youth he discussed it often with his 
German friend Carl Friedrich Gauss. 
Farkas' son Hmos became so obsessed 
by the problem that his father was 
moved to write in a letter: "For God's 
sake, I beseech you, give it up. Fear it no 
less than sensual passions because it too 
may take all your time and deprive you 
of your health, peace of mind and hap
piness in life." 

Janos did not give it up, and soon he 
became persuaded not only that the pos
tulate was independent of the other axi
oms but also that a consistent geome
try could be created by assuming that 
through the point an infinity of lines 
were parallel to the given line. "Out of 
nothing I have created a new universe," 
he proudly wrote to his father in 1823. 

Farkas at once urged his son to let him 
publish these sensational claims in an 
appendix to a book he was then com
pleting. "If you have really succeeded, it 
is right that no time be lost in making 
it public, for two reasons: first, because 

ideas pass easily from one to another 
who can anticipate its publication; and 
secondly, there is some truth in this, that 
many things have an epoch in which 
they are found at the same time in sever
al places, just as the violets appear on 
every side in spring. Also every scientific 
struggle is just a serious war, in which 
I cannot say when peace will arrive. 
Thus we ought to conquer when we are 
able, since the advantage is always to 
the first comer." 

Janos' brief masterpiece did appear in 
his father's book, but as it happened the 
publication of the book was delayed un
til 1832. The Russian mathematician 
Nikolai Ivanovitch Lobachevski had 
beat him to it by disclosing details of the 
same strange geometry (later called by 
Felix Klein hyperbolic geometry) in a 
paper of 1829. What is worse, when Far
kas sent the appendix to his old friend 
Gauss, the Prince of Mathematicians re
plied that if he praised the work, he 
would only be praising himself, inas
much as he had worked it all out many 
years earlier but had published noth
ing. In other letters he gave his reason. 
He did not want to arouse an "out
cry" among the "Boeotians," by which 
he meant his conservative colleagues. 
(In ancient Athens the Boeotians were 
considered unusually stupid.) 

Crushed by Gauss's response, Janos 
even suspected that his father might 
have leaked his marvelous discovery to 
Gauss. When he·later learned of Loba
chevski's earlier paper, he lost interest in 
the topic and published nothing more. 
"The nature of real truth of course can
not but be one and the same in Marcos
Vasarhely as in Kamchatka and on the 
moon," he wrote, resigned to having 
published too late to win the honor for 
which he had so passionately hoped. 

In some ways the story of the Italian 
Jesuit Giralamo Saccheri is even sadder 
than that of Bolyai. As early as 1733, in 
a Latin book called Euclid Cleared 0/ All 
Blemish, Saccheri actually constructed 
both types of non-Euclidean geometry 
(we shall come to the second type be
low) without knowing it! Or so it seems. 
At any rate Saccheri refused to believe 
either geometry was consistent, but he 
came so close to accepting them that 
some historians think he pretended to 
disbelieve them just to get his book pub
lished. "To have claimed that a non
Euclidean system was as 'true' as Eu
clid's," writes Eric Temple Bell (in a 
chapter on Saccheri in The Magic 0/ 
Numbers), "would have been a foolhar
dy invitation to repression and disci
pline. The Copernicus of Geometry 
therefore resorted to subterfuge. Taking 
a long chance, Saccheri denounced his 
own work, hoping by this pious betray
al to slip his heresy past the censors." 

I cannot resist adding two anecdotes 
about the Bolyais. Janos was a cavalry 
officer (mathematics had always been 
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Baked Apple. 
Last Thanksgiving, a designer from 

Lynn/Ohio Corporation took one of 
the company's Apple Personal Computers 
home for the holidays. 

While he was out eating turkey, it 
got baked. 

His cat, perhaps miffed at being left 
alone, knocked over a lamp which started 
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a fire which, among other 
unpleasantries, melted 
his TV set all over his 
computer. He thought 
his goose was cooked . 

But when he took the 
Apple to Cincinnati Computer Store, 
mirabile dictu, it still worked. 

A new case -and keyboard made it 
as good as new. 

Nearly 1,000 Apple dealers have 
complete service centers that can quickly 
fix just about anything that might go 
wrong, no matter how bizarre . 

So if you're looking for a personal 
computer that solves problems instead of 
creating them, look to your authorized 
Apple dealer. 

You'll find ev well-done. 

The personal computer. 

For the authorized dealer nearest you, call (800) 538-9696. In California, call (800) 662-9238. Or write: Apple Computer Inc., 10260 Bandley Dr., Cupertino. CA 95014 

© 1981 SCIENTIFIC AMERICAN, INC



strictly a recreation) known for his 
swordsmanship, his skill on the violin 
and his hot temper. He is said to have 
once challenged 13 officers to duels, pro
vided that after each victory he would 
be allowed to play to the loser a piece on 
his violin. The elder Bolyai is reported 
to have been buried at his own request 
under an apple tree, with no monument, 
to commemorate history's three most 
famous apples: the apple of Eve, the 
golden apple Paris gave Venus as a 
beauty-contest prize and the falling ap
ple that inspired Isaac Newton. 

Before the 19th century had ended it 
became clear that the parallel postulate 
not only was independent of the oth-

ers but also that it could be altered in 
two opposite ways. If it was replaced 
(as Gauss, Bolyai and Lobachevski had 
proposed) by assuming an infinite num
ber of "ultraparallel" lines through the 
point, the result would be a new geome
try just as elegant and as "true" as Eu
clid's. All Euclid's other postulates re
main valid; a "straight" line is still a geo
desic, or shortest line. In this hyperbolic 
space all triangles have an angle sum 
less than 180 degrees, and the sum de
creases as triangles get larger. All simi
lar polygons are congruent. The circum
ference of any circle is greater than pi 
times the diameter. The measure of cur
vature of the hyperbolic plane is nega-

tive (in contrast to the zero curvature 
of the Euclidean plane) and everywhere 
the same. Like Euclidean geometry, hy
perbolic geometry generalizes to three
space and all higher dimensions. 

The second type of non-Euclidean 
geometry, which Klein named "ellip
tic," was later developed simultaneous
ly by the German mathematician Georg 
Friedrich Bernhard Riemann and the 
Swiss mathematician Ludwig Schliifli. It 
replaces the parallel postulate with the 
assumption that through the point no 
line can be drawn parallel to the given 
line. In this geometry the angle sum of a 
triangle is always more than 180 de
grees, and the circumference of a circle 

M. C. Escher�� Circle Limit III IS" tessellation based Oil a Euclidean model ?f the Ilyperbolic plane 
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Largest triangle in the hyperbolic plane 

is always less than pi times the diameter. 
Every geodesic is finite and closed. The 
lines in every pair of geodesics cross. 

To prove consistency for the two new 
geometries various Euclidean models 
of each geometry were found showing 
that if Euclidean geometry is consistent, 
so are the other two. Moreover, Euclid
ean geometry has been "arithmetized," 
proving that if arithmetic is consistent, 
so too is Euclid's geometry. We now 
know, thanks to Kurt G6del, that the 
consistency of arithmetic is not prov
able in arithmetic, and although there 
are consistency proofs for arithmetic 
(such as the famous proof by Gerhard 
Gentzen in 1936), no such proof has yet 
been found that can be considered en
tirely constructive by an intuitionist [see 
"Constructive Mathematics," by Allan 
Calder; SCIENTIFIC AMERICAN, October, 

1979]. God exists, someone once said, 
because mathematics is consistent, and 
the Devil exists because we are not able 
to prove it. 

The various metaproofs of arithme
tic's consistency, as Paul C. Rosenbloom 
has put it, may not have eliminated the 
Devil, but they have reduced the size 
of hell almost to zero. In any case no 
mathematician today expects arithme
tic (therefore also Euclidean and non
Euclidean geometries) ever to produce 
a contradiction. Curiously, Lewis Car
roll was one of the last mathematicians 
to doubt non-Euclidean geometry. "It is 
a strange paradox," the geometer H. S. 
M. Coxeter has written, "that he, whose 
Alice in Wonderland could alter her size 
by eating a little cake, was unable to ac
cept the possibility that the area of a tri
angle could remain finite when its sides 
tend to infinity." 

What Coxeter had in mind can be 
grasped by studying M. C. Escher's Cir
cle Limit III, reproduced on page 26. 
This 1959 woodcut (one of Escher's 
rare works with several colors in one 
picture) is a tessellation based on a Eu
clidean model of the hyperbolic plane 
that was constructed by Henri Poin
care. In Poincare's ingenious model ev
ery point on the Euclidean plane cor
responds to a point inside (but not on) 
the circle's circumference. Beyond the 
circle there is, as Escher put it, "absolute 
nothingness. " 

Imagine that Flatlanders live on this 
model. As they move outward from 
the center their size seems to us to get 
progressively smaller, although they 
are unaware of any change because all 

Answer to the 7-11 problem 
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their measuring instruments similarly 
get smaller. At the boundary their size 
would become zero, but they can nev
er reach the boundary. If they pro
ceed toward it with uniform velocity, 
their speed (to us) steadily decreases, al
though to them it seems constant. Thus 
their universe, which we see as being fi
nite, is to them infinite. Hyperbolic light 
follows geodesics, but because its veloc
ity is proportional to its distance from 
the boundary it takes paths that we see 
as circular arcs meeting the boundary at 
right angles. 

In this hyperbolic world a triangle 
has a maximum finite area, as is shown 
in the top illustration on this page, al
though its three "straight" sides go to in
finity in hyperbolic length and its three 
angles are zero. You must not think of 
Escher's mosaic as being laid out on a 
sphere. It is a circle enclosing an infini
ty of fish--Coxeter calls it a "miracu
lous draught" -that get progressively 
smaller as they near the circumference. 
In the hyperbolic plane, of which the 
picture is only a model, the fish are all 
identical in size and shape. It is impor
tant to remember that the creatures of 
a hyperbolic world would not change in 
shape as they moved about, light would 
not change in speed and the universe 
would be infinite in all directions. 

The curved white lines in Escher's 
woodcut do not, as many people have 
supposed, model hyperbolic geodesics. 
The lines are called equidistant curves 
or hypercycles. Each line has a con
stant perpendicular distance (measured 
hyperbolically) from the hyperbolic 
straight line that joins the arc's ends. 
Note that along each white curve fish of 
the same color swim head to tail. If you 
consider all the points where four fins 
meet, these points are the vertexes of a 
regular tiling of the hyperbolic plane by 
equilateral triangles with angles of 45 
degrees. The centers of the triangles are 
the points where three left fins meet and 
three mouths touch three tails. The 45-
degree angles make it possible for eight 
triangles to surround each vertex, where 
in a Euclidean tiling by equilateral tri
angles only six triangles can surround 
each vertex. 

Escher and Coxeter had correspond
ed from the time they met in 1954, 
and Escher's interest in tilings of the hy
perbolic plane had been aroused by the 
illus�rations in a 1957 paper on crys
tal symmetry that Coxeter had written 
and sent to him. In a lovely article ti
tled "The Non-Euclidean Symmetry of 
Escher's Picture 'Circle Limit III' " (in 
the journal Leonardo, Vol. 12, pages 19-
25; 1979) Coxeter shows that each white 
arc meets the boundary at an angle of 
almost 80 degrees. (The precise value is 
27/4 + 25/4 arc-seconds.) Coxeter con
siders Circle Limit III the most mathe
matically sophisticated of all Escher's 
pictures. It even anticipated a discovery 
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Coxeter did not make until five years 
after the woodcut was finished! 

Elliptic geometry is roughly modeled 
by the surface of a sphere. Here Euclide
an straight lines become great circles. 
Clearly no two can be parallel, and it is 
easy to see that triangles formed by arcs 
of great circles must have angles that 
add up to more than two right angles. 
The hyperbolic plane is similarly mod
eled by the saddle-shaped surface of a 
pseudosphere, generated by rotating a 
tractrix about its asymptote. 

It is a misuse of the word "crank" to 
apply it to mathematicians who erred in 
thinking before the independence of the 
parallel postulate was established that 
they had proved the postulate. The same 
cannot be said of those amateurs of later 
decades who could not understand the 
proofs of the postulate'S independence 
or who were too egotistical to try. Au
gustus De Morgan, in his classic com
pendium of eccentric mathematics, A 
Budget 0/ Paradoxes, introduces us to 
Britain's most indefatigable 19th-cen
tury parallel-postulate prover, General 
Perronet Thompson. Thompson kept is
suing revisions of his many proofs (one 
was based on the equiangular spiral), 
and although De Morgan did his best 
to dissuade him from his futile efforts, 
he was unsuccessful. Thompson also 
wanted to replace the tempered scale 
of the piano with an octave of 40 notes. 

The funniest of the American paral
lel-postulate provers was the Very Rev
erend Jeremiah Joseph Callahan, presi
dent of Duquesne University in Pitts
burgh. In 1931, when Father Callahan 
announced he had trisected the angle, 
Time gave the story sober treatment and 
ran his photograph. The following year 
Callahan published his major work, Eu
clid or Einstein: A Proof 0/ the Parallel 
Theory and a Critique 0/ Metageometry 
(Devon-Adair, 1932), a 31O-page trea
tise in which he ascended to heights 
of argumentem ad hominem. Einstein is 
"fuddled," he "has not a logical mind," 
he is in a "mental fog," he is a "careless 
thinker." "His thought staggers, and 
reels, and stumbles, and falls, like a 
blind man rushing into unknown territo
ry." "Sometimes one feels like laugh
ing," Callahan wrote, "and sometimes 
one feels a little irritated .... But there is 
no use expecting Einstein to reason." 

What Callahan found so irritating 
was Einstein's adoption of a generalized 
non-Euclidean geometry, formulated 
by Riemann, in which the curvature of 
physical space varies from point to 
point depending on the influence of mat
ter. One of the great revolutions brought 
about by relativity theory was the dis
covery that an enormous overall simpli
fication of physics is obtained by assum
ing physical space to have this kind of 
non-Euclidean structure. 

It is now commonplace (how aston
ished, and I think delighted, Kant would 

have been by the notion!) to recognize 
that all geometric systems are equal
ly "true" in the abstract but that the 
structure of physical space must be 
determined empirically. Gauss himself 
thought of triangulating three mountain 
peaks to see if their angles added up to 
two right angles. It is said he actually 
made such a test, with inconclusive re
sults. Although experiments can prove 
physical space is non-Euclidean, it is a 
curious fact that there is no way to prove 
it is Euclidean! Zero curvature is a limit
ing case, midway between elliptic and 
hyperbolic curvatures. Since all mea
surement is subject to error, the devi
ation from zero could always be too 
slight for detection. 

Poincare held the opinion that if opti
cal experiments seemed to show physi
cal space was non-Euclidean, it would 
be best to preserve the simpler Euclide
an geometry of space and assume that 
light rays do not follow geodesics. Many 
mathematicians and physicists, includ
ing Russell, agreed with Poincare until 
relativity theory changed their mind. Al
fred North Whitehead was among the 
few whose mind was never changed. He 
even wrote a book on relativity, now 
forgotten, in which he argued for pre
serving a Euclidean universe (or at least 
one of constant curvature) and modify
ing the physical laws as necessary. (For 
a discussion of Whitehead's controver
sy with Einstein, see Robert M. Palter's 
Whitehead's Philosophy 0/ Science, Uni

versity of Chicago Press, 1960.) 
Physicists are no longer disturbed by 

the notion that physical space has a gen
eralized non-Euclidean structure. Calla
han was not merely disturbed; he was 
also convinced that all non-Euclidean 
geometries are self-contradictory. Ein
stein, poor fellow, did not know how 
easy it is to prove the parallel postulate. 
If you are curious about how Callahan 
did it, and about his elementary error, 
see D. R. Ward's paper in The Mathe
matical Gazette (Vol. 17, pages 101-104; 
May, 1933). 

Like their cousins who trisect the an
gle, square the circle and find simple 
proofs of Fermat's last theorem, the par
allel-postulate provers are a determined 
breed. A recent example is William L. 
Fischer of Munich, who in 1959 pub
lished a 100-page Critique o/Non-Euclid
ean Geometry. Ian Stewart exposes its er
rors in the British journal Mani/old (No. 
12, pages 14-21; Summer, 1972). Stew
art quotes from a letter in which Fischer 
accuses establishment mathematicians 
of suppressing his great work and ortho
dox journals of refusing to review it: 
"The university library at Cambridge 
refused even to put my booklet on 
file .... I had to write to the vice-chancel
lor to overcome this boycott." 

There are, of course, no sharp crite
ria for distinguishing crank mathematics 
from good mathematics, but then nei-
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New chessboard-dissection puzzle 

Truncated cube that forces six colors 

ther are there sharp criteria for distin
guishing day from night, life from non
life and where the ocean ends and the 
shore begins. Without words for parts of 
continuums we could not think or talk at 
all. If you, dear reader, have a way to 
prove the parallel postulate, don't tell 
me about it! 

The first problem in my August col
umn asked for the use of a parabola 

to provide a quick proof of the number 
of solutions for the pair of equations: 
x2 + y = 7 and x + y2 = 11. The equa
tions graph as two crossed parabolas, as 
is shown in the bottom illustration on 
page 28. Since the parabola� intersect 
at just four points, there are just four 
solutions. Only one (x = 2, y = 3) is in 
integers. Even if your graphing is impre
cise, you can prove that the other three 
solutions are not in whole numbers by 
testing the numbers indicated by the lat
tice crossings nearest the intersections. 
The actual numbers, all of them irra
tional, have the approximate values giv
en in the illustration. 

The second problem, from Ronald L. 
Graham, asked how an infinite number 
of identical disks with diameters of less 
than 1, say 1 !l0, could be placed in the 
plane so that no two points in the disks 
are an integral distance apart. One so
lution is to place them with their cen-
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ters on a parabola of the form y = x2, 
with their centers at points (1,1), (3,9), 
(9,81), ... , (3k,32k), • . . .  I lack space for 
Graham'S unpublished proof, and so I 
reluctantly leave it as an exercise for in
terested readers. 

One of the short problems in my April 
column called for the cutting of a patch
work quilt of size 9 by 12, with a I-by-8 
hole, into two parts that would make an 
undamaged quilt of size 10 by 10. Eric 
Stott wrote to say that if the damaged 
quilt is colored like a chessboard, the 
coloring is destroyed when the square is 
formed. In how few pieces, he asked, can 
the original be cut to make a square that 
preserves the coloring? 

It proved to be an interesting ques
tion. There are hundreds of solutions 
with four pieces, but I finally found one 
(which I suspect is basically unique) that 
has just three. It can be generalized to all 
squares with even sides and (with slight 
variations) to all odd-order squares. If 
n is the square's side and is greater 
than 2, we assume the rectangle to 
be (n - 1) X (n + 2), with a hole of 
1 X (n - 2) parallel to the rectangle'S 
long side and as centered as possible. 

I give the new problem here with n 
equal to 8. Can you cut the mutilated 
rectangle shown in the upper illustration 
on the preceding page along lattice lines 
into three pieces that will form a perfect 
chessboard? You are allowed to rotate 
pieces and to turn them over. In my next 
column I shall give the solution. 

Steven J. Brams's map-coloring-game 
problem, also in my April column, led 

B 

o 

Robert High, a mathematician with In
formatics, Inc., of New York City, to 
some surprising results. Call the first 
player Min (who tries to minimize col
ors) and the second player Max (who 
tries to maximize colors). I had given a 
map of six regions on which Max can 
force five colors. High found that a pro
jection of the cube gives a simpler six
region map for forcing five colors. Max 
merely places at each turn a new color 
on the face opposite Min's last play. 

The map forcing six colors, which I 
gave in June, was a projection of the 
skeleton of a dodecahedron. High found 
that if four corners of a cube are re
placed by triangular faces, as in the low
er illustration on the preceding page, a 
projection gives a map of only 10 re
gions on which Max can force six col
ors. The strategy is less elegant than the 
oneonthedodecahedral12-regionmapm 
and is a bit too involved to give here. 

The biggest surprise was High's dis
covery of a 20-region map on which 
Max can force seven colors! Imagine 
each corner of a tetrahedron replaced 
by a triangular face, then each of the 
12 new corners replaced by a triangular 
face. The illustration below shows a 
planar projection of the resulting poly
hedron's skeleton. Here the strategy is 
more com

'
plex than the one for High's 

1O-region map, but he sent a game tree 
that proves the case. High conjectures 
that no planar map allows Max to force 
more than seven colors, but this remains 
unproved. It is even possible that there 
is no minimum upper bound. 

A 

Twenty-region map that forces seven colors 
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European . 
Teleinformatics: 

CREATING INTEGRATED SERVICES DIGITAL NETWORKS 

switching exchange developed by GEC, ITT subsidiary STC, and Plessey together with British Telecom. 

A special report on 
European T eleinformatics 

prepared by Joel Stratte-McClure 

Recent technological developments and 
novel product applications in telecom
munications, electronic data processing 
(EDP) and related high technology indus
tries have merged numerous disciplines to 
produce a global communications revol
ution. The decreasing price and increasing 
performance of microprocessors and high 
speed integrated circuits (ICs) have created 
a myriad of new devices and approaches for 
collecting, storing, displaying, manipulating 
and moving information. The expanding 
fusion of the various disciplines will ulti
mately touch and transform every man
machine and machine-machine interface -
including the 500 million telephone lines, 
over one million telexes and more than two 
million data terminals connected to public 
switched telephone networks (PSTN) 
throughout the world. 

The integration of various converging 
disciplines is occurring so quickly that even 
nomenclature is proving difficult. The 

French call the overall development tile
matique, the combination of the French 
words for telecommunications and data pro
cessing. The International Telegraph and 
Telephone Consultative Committee 
(CCITT), a branch of the 154 nation 
Geneva-based International Telecommuni
cation Union responsible for end-to-end 
standardization of international networks, 
places the new non-voice services under the 
umbrella of teleinformatics. Individual 
governments and companies, all formulating 
strategies for the technical, commercial and 
consumer future of communications, have 
their own sobriquets: compunications, ad
vance communications service, information 
processing, new information technologies, 
office automation, the office revolution, 
office of the future, information manage
ment, the interactive information network, 
the information century, the informative 
marketplace, integrated information pro
cessing systems and teleprocessing - to 
randomly name some common appellations. 

T eleinformatics basically incorporates 
telephones, television, facsimile and com
puter terminals, and other media into an 

AOVERTISEMENT 

harmonious network which permits data and 
other forms of information to be transferred 
speedily using advanced digital transmission 
and switching techniques. During the next 
few years a diverse range of business and con
sumer products and services will transform 
the telephone line and other links into 
multifunctional tools which will serve a 
multitude of communication requirements. 

The technical cross-fertilization will ulti
mately affect global, national, community, 
office and home environments as an increas
ing number of clerical chores are handled 
electronically. Efficient digital public and 
private switching exchanges with stored pro
gram control (SPC) are replacing electro
mechanical systems; digital transmission sys
tems using pulse code modulation (PCM) 
are permitting the rapid transport of voice, 
data, image and text; communicating word 
processors are replacing typewriters; low-cost 
intelligent facsimile machines are replacing 
copiers; inexpensive electronic storage sys
tems are replacing bulk filing cabinets; and 
multi-purpose work stations are replacing 
the traditional office desk. The result will be 
considerable savings in time, space, trans-

EI 
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The digital generation is upon uS.And for youngsters just like these and millions worldwide,growing 
up in the 80's will mean becoming a part of that generation. This generation will discover all the 
advanced services that will benefit the home and office linked to integrated digital networks. 

At Alcatel, we are pioneers in digital communications. We were the first company in the world to 
introduce digital technology to telephone subscribers, and that was achieved some ten years ago. 

Today, one out of 
every two digital tele
phone central offices 
operating worldwide, 
is produced by CIT

Alcatel. 
We feel proud to be 

an integral part of the 
digital generation we've 
helped create, and 
proud of the generation 
we strive to serve. 

CIT-ALCATEL /33, rue Emeriau 
7?015 Paris - FRANCE 
Tel. : (1) 571.10.10 
Telex: 250927 F 

c 
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EUROPEAN TELEINFO RMATlCS 

port costs and energy as well as a flurry of 
debates about the political, social, financial 
and technical ramifications of numerous new 
products and systems reaching the office and 
consumer marketplace. 

The prospective market is understandably 
large in many areas of teleinformatics. 
Arthur D. Little Inc. says the annual world 
capital expenditure for telecommunications 
in 1980 was $74.8 billion and projects that 
amount will climb to $ 16 1.8 billion in 1990. 
Sales of office automation equipment are 
expected to reach $90 billion by the year 
2000 with tremendous growth in distributed 
terminals. Mackintosh Consultants, a 
British market research company, says the 
European IC market will quadruple by 1990. 
The market for fiber optics, personal com
puters and other teleinformatic products is 
still relatively untapped. 

American and Japanese manufacturers 
maintain a commercial and industrial lead in 
numerous areas of teleinformatics, particu
larly in the fields of EDP and microelectronic 
components. The U.S. has benefitted from a 
vast home market with a high telephone 
density open to numerous innovations, 
while the Japanese have formed a common 
industrial strategy enabling them to increase 
penetration of international markets. 

In fact, much of the world market for tele
communications is a captive one, and 
Philips of the Netherlands estimates that 
only 1 3-15 per cent is open to true compe
tition. While North America, Asia, the 
Middle East and South America are im
portant markets, a substantial portion 

'
of the 

technical future will involve Europe which 
contains one-third of the world's telecom
munications market, 26 per cent of the EDP 
market and 19 per cent of the IC market. 

European companies are active in all sec
tors of teleinformatics and are battling to 
increase market penetration outside their 
own territories. Domestically they are insti
tuting national telecommunications, com
ponents and data processing programs to 
modernize their networks and prepare for the 
technical and commercial future of tele
informatics. Indeed, they believe they will 
lead the way in some areas. 

Says Donald Ham, director of marketing 
and vice president of ITT Europe in Brussels, 
"Europeans have been ahead of the 
Americans and Japanese in innovative tele
communications systems such as videotex, 
teletex and other new product areas because 
of their ability to introduce systems in dom
estic networks." 

EUROPE'S STRENGTHS AND 
WEA KNESSES 

Europe's strengths are paradoxically its 
weaknesses. The government-controlled 
Post, Telephone and Telegraph ( PTT) ad
ministrations provide determined and quick
ly implemented national programs, nation
wide product specifications and standards, 
protection for domestic manufacturers, the 
much needed infusion of capital and other 
attributes. 

"The PTT in France has been much more 
innovative than industry in defining the 
future of ti limatique," says Herve Nora, head 
of new products and services for the Director 
General of Telecommunications. 

"PTTs can introduce network systems and 

have the finanCial clout to do it quickly," 
adds Rolf-Dieter Leister at AEG-Telefunken 
in Frankfurt. "They provide a captive mar
ket and long-term direction for industry, but 
they also have their negative aspects. " 

These negative factors stymie the creation 
of a pan-European competitive market with 
standards that would enable Europeans to 
compete on a continental and worldwide 
scale with the resulting increase in product 
volume and establishment of product stan
dards - which would assist Europeans in 
penetrating international markets at com
petitive prices. 

Throughout Europe the emerging trend is 
to harmonize national products to European 
and international standards while lobbying 
for the concept of Europewide open markets. 
Numerous organizations are actively working 
towards these goals including the European 
Economic Community (EEC) in Brussels 
and the 26 member Conference of European 
Postal and Telecommunications Adminis
trations (CEPT). 

COLLABORATION OR 
COMPETITION 
EEC initiative� have led to the creation of a 
pan-European data communications net
work, Euronet, and there is also a collabor
ative effort in the area of satellites through 
the European Space Agency. But outside 
these sectors Europeans have a substantial 
way to go before the establishment of a har
monized and deregulated European market 
which would be similar in size to that of the 
U.S. Individual countries and companies are 
lobbying at the CCITT for international 
standards based on their products but there is 
rarely a European effort to lobby for Euro
pean standards. 

"There's no question that in numerous 
areas of teleinformatics the Europeans, be
cause of their advanced national programs, 
are setting the pace," says Eckart Hummel, a 
CCITT senior councillor in Geneva, "but 
the French, British or Germans rarely want 
the same thing because they. have to protect 
themselves. " 

Nor have Europeans managed to collabor
ate on a commercial level. The microelec
tronics industry is an appropriate example. 
Europe currently imports 68 per cent of its 
IC requirements and during the past few 
years most European countries and/or com
panies launched all-encompassing com
ponents programs to establish technical and 
commercial independence. Many of these 
national programs have involved licensing 
agreements, joint ventures or acquisitions of 
U.S. firms - anything but a pan-European 
effort. i 

In fact, the EEC seems to be making little 
progress - largely for political, social and 
chauvinistic reasons - in convincing Euro
peans to cooperate. 

"The histoty and tradition of Europe work 
against an overnight solution to the problem 
of pan-European cooperation," says a source 
at the EEC in Brussels. "The only way Euro
peans will ever get together is when it is 
financially beneficial and there is absolutely 
no way to proceed alone. " 

JOINT EFFORTS 
Despite this situation there remains a great 
deal of discussion about future collaborative 

projects in Europe and considerable activity 
on a national, pan-European and inter
national level as companies form alliances to 
consolidate their position in teleinformatics. 

On a national level, for example, LM 
Ericsson has purchased computer manufac
turer Data Saab. Three British manufac
turers - GEC, ITT subsidiary STC, and 
Plessey - joined forces with British Telecom 
to develop the System X digital switching 
exchange. Telettra and haltel in Italy have 
signed a memorandum of understanding to 
expand and market the Proteo switching ex
change, while Olivetti is taking an interest 
in SGS-A TES. The French Matra group is 
rapidly expanding its interests, recently pur
chasing a large publishing and distribution 
concern. 

On a pan-European level, LM Ericsson 
and Philips, with Bell Canada, are creating 
the $5 billion Saudi Arabian telephone net
work. Thomson-CSF and Siemens are col
laborating on the $1.8 billion telecommuni
cations project in Egypt. The French indus
trial group Saint Gobain-Pont-a-Mousson, 
which purchased stakes in Cii-Honeywell 
Bull and Olivetti, is currently prospecting for 
a telecommunications company. Philips has 
taken a 25 per cent interest in Grundig in 
West Germany. 

On an international level, there are 
numerous agreements as European com
panies attempt to expand their market to the 
U.S. and other countries. To name a few, 
CIT -Alcatel has taken a 25 per cent share in 
Semi Process Industries; Thomson-CSF has 
marketing agreements with Continental 
Telephone, Xerox and 3M in the U.S.; 
Philips acquired Signetics; LM Ericsson has 
an agreement with Annaconda and Siemens 
has working arrangements with a number of 
foreign firms including Intel, Fujitsu, Com
ing Glass Works and Superior Cable. Most 
large companies have also purchased a string 
of U.S. concerns. 

Meanwhile multinationals - especially 
ITT, IBM and Philips - are relying on their 
affiliates throughout Europe to expand their 
commercial and technical activities in vari
ous European countries. 

"European companies must be open to 
joint ventures which will enable them to in
crease their markets," says Michele Prin
cipe, managing director of Italy's STET. "In 
Europe we must define a strategical line of 
cooperation which will result in numerous 
cross-licensing agreements between com
panies. " 

SUBSCRIBING TO DIGITAL 
SWITCHING 
One area in which Europeans have assumed 
a substantial lead is in the application of 
time division multiplt!xing (TOM) switching 
and PCM transmission. These techniques 
became feasible when relatively low cost 
compute ring techniques were introduced to 
perform data processing chores - including 
call processing, circuit control, fault finding 
and administrative services. For example, 
microprocessors service subscriber lines and 
generate signals for making connections; 
signal processors at central exchanges con
trol processing of calls; and computers at 
management centers perform overall oper
ations supervision and maintenance func
tions. The combination of these digital tech-
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niques is the integrated digital network 
(ION). 

The European trend towards digital 
switching is an evolutionary one which will 
ultimately take advantage of digital tech
niques which boost productivity due to the 
increased use of integrated components that 
are decreasing in price; provide greater flexi
bility in engineering al!d operation while de
creasing instalment costs; improve the 
quality of subscriber service due to non
blocked switching networks; allow a modular 
design and overall use of plug-in cards which 
will result in reduced installation time; re
quire less surface space; have SPC features 
which allow more flexibility and reduced 
maintenance; and have higher quality 
speech channels. 

More importantly, TOM switching and 
PCM transmisSion provide networks which 
are flexible enough to permit the connection 
of multiple terminals and the possibility of 
dialogue from terminal to terminal without 
costly interfaces. 

Most large European companies have 
been or will soon begin manufacturing com
petitive digital systems for European and 
foreign markets; and the battle to sell these 
exchanges is fierce with rich rewards. 

THE INTEGRA TED SERVICES 
DIGIT AL NETWORK 
An important aspect of European teleinfor
matics today is the introduction of inte
grated services digital networks ( ISDNs), 
networks capable of switching and trans
mitting voice, data and image with bidirec
tional 64 kilo bits per second (kbit/s) trans
mission rates using the public switching 
facilities which can access large bandwidth 
transmission systems, including satellites 
with TOM access techniques and fiber optic 
cables. . 

A number of voice, data and visual ser
vices 

'
will be progressively offered to the 

public when an ISDN is available. For 
example, it will permit a range of .terminal 
types, from a simple digital telephone to a 
sophisticated data terminal, and a customer 
will have a variety of terminals either shar
ing a single line or connected as extensions 
to a private branch exchange (PBX) which 
has digital access to the local exchange. 

The potential usefulness of the ISDN, ex
plains Graham Oliver of British Telecom 
Research Laboratories, will depend on: the 
provision of adequate interworking capabili
ties wi th other networks so customers can 
communicate with all existing network 
users; the spread of the new service over a 
wide geographical area so customers can be 
rapidly connected to the evolving ISDN; 
and the emergence of international stan
dards so international communications can 
take place using common protocols. 

European companies believe the ISDN is 
an extremely important and integral aspect 
of the evolution of telecommunications. 
Individual companies and countries are ad
vocating international standards for ISDN 
and the C EPT is working to standardize 
basic access while studying a variety of issues 
including: guidelines for handling strategy 
for multi-service digital traffic; network 

.architecture; the definition of possible ser
vices; identification of acce,s features; trans
mission guidelines; interface guidelines and 

E4 

signaling principles. 

DIGITAL T RANSMISSION 
The growth of TOM exchanges and increas
ed data transmission, which currently ac
counts for only three per cent of total traffic, 
has resulted in the demand for PCM digital 
transmission systems which will coexist with 
analog networks and soon become the norm 
in telecommunications. Consequently trans
mission systems are being introduced em
ploying hierarchial operational channels 
(2,8,34,140 and 560 mbit/s digital paths) to 
transmit over coaxial cable, microwave, 
radio relay, optical fibers and satellites. 

Orders for digital equipment are increas
ing throughout Europe due to the continuing 
decrease in costs of electronic components 
and integrated circuits which make digital 
transmission an economical solution. Digital 
transmission techniques, in combination 
with TOM switching, have a number of 
cost-saving benefits: they reduce the requir
ed amount of coding and multiplexing equip
ment, more circuits can be established on 
existing cables than by employing analog 
techniques and they can be used for a variety 
of transmission services. 

"The future for evetyone in Europe in the 
PCM area," says CIT Akatel's technical 
director Jacques Eldin, "is to increase circuit 
capacity which, of course, decreases the 
price per line. " 

OPTICAL FIBERS 
Fiber optical cables - which accelerate the 
introduction of digital transmission tech
niques - are going to play a formidable role 
in Europe. 

The advantages of fiber optical over tra
ditional copper cables are many and include: 
large bandwidth with low loss; reduced size 
and weight; immunity to electromagnetic in
terference; electrical isolation; a better util
ization of cable ducts; resistance to corrosion 
and high capacity. For example, two fiber 
strands can carry in excess of 10,000 tele
phone conversations as against 48 on copper 
cables. On-off audio, video and digital pulse 
signals are sent through the fibers, about the 
thickness of a human hair, by minute flash
ing pulses of light generated by a laser or 
light emitting diode. The signal is sent in 
the same manner whether it represents tele
phone, television, data or other trans
mission. 

Ongoing projects in Europe art: numerous 
and some recent developments include: the 
planned wiring of 1500 homes in Biarritz, 
France; an agreement between B ICC, the 
British cable and construction group, and 
world leader Corning Glass Works to manu
facture 100,000 km of fiber per year in the 
United Kingdom; another plant in Britain 
being built by STC, which is testing an 
underwater link in Loch Fyne in Scotland, 
with a capacity of 25,000 km a year; British 
Telecom's installation of 3,500 km of fiber in 
Britain's telephone network by the end of 
1982, as the first phase of a program to go 
over to fiber completely for new trunk sys
tems from the mid 1980s; the wiring of 24 
homes in Berlin by AEG-Telefunken; a 
second link to Western Union in New York 
being supplied by CIT-AIcatel; sale of fiber 
optical cables from Philips for the Saudi 
Arabia network; and the development of a 

family of optical fiber turnkey systems by 
numerous companies including Thomson
CSF, GEC, Siemens, LM Ericsson and 
T elettra. In addition, firms throughout 
Europe are becoming specialists in producing 
the optoelectronic components required for 
transmitting and receiving the light signals 
as well as repeaters required for the cable. 

SATELLITE CO MMUNICA nONS 
Europeans, largely through cooperative pro
jects conducted under the auspices of the 
European Space Agency (ESA), are plann
ing to launch numerous satellites for new 
applications in large bandwidths - including 
video teleconferences, high speed facsimile 
and rapid transfer of data between com
puters. Communications satellites include 
the European Communications Satellite 
( ECS) for television relay and L-Sat, a 
regional multi-role satellite with direct tele
phone, television, telex and data trans
mission facilities. There will be five Euro
pean Communications Satellites and three 
maritime communications versions 
(MARECS) which are expected to handle a 
substantial proportion of European business 
traffic until the 1990s under the operation of 
Eutelsat, the 17 nation assembly of European 
PTTs. 

Individual countries including Italy, 
Switzerland, France and Germany plan to 
launch domestic broadcast satellites. The 
Germans and French have formed the Euro
satellite group to create a direct broadcasting 
network manufactured by four partners: 
aerospace company MBB and AEG-T ele
funken in Germany, Aerospatiale and 
Thomson-CSF in France. The French will 
also launch Telecom I in 1983, a satellite 
which will provide an 'intracompany' link 
with high speed digital wide band communi
cations between separate branches of a sub
scriber's organization. Private satellites will 
be launched during the next few years pri
marily for television viewers but also for re
lated services. 

FRANCE: the telematique program 
While there are no pan-European tele
informatics, telecommunications or data 
processing programs, there are a vast array of 
new products, services, and networks being 
initiated on national levels. 

The French have a most ambitious 
national program - ti lematique - in which 
the government has allocated the expend
iture of $60,000 million from 1975-85 to 
modernize the telecommunications network 
- increasing the number of subscriber lines 
from 6.2 million in 1974 to 28 million in 
1987 - and to introduce a unified national 
policy which calls for the integration of 
numerous compatible products and services. 

The ti lematique program, using terminals 
and improved transmission techniques, per
mits the simple connection of every tele
phone subscriber to virtually any inform
ation source. In other words, an ISDN. The 
first step in the program involves an 
electronic telephone directory which will 
replace the current paper telephone direc
tories. 250,000 subscribers in the IlIe and 
Vilaine region of western France will begin 
experimenting with the low-cost terminals 
this autumn and during the decade the units 
will be progressively introduced throughout 
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France with the predicted abolition of print
ed directories by 1995. The rationale behind 
the electronic directory is a reduction in 
costs for printed directories but it is clear 
that an electronic directory, compatible 
with other services, in every home will have 
a revolutionary impact. 

Although it remains to be .seen how 
quickly the electronic directory will be in
stalled in France, there is little question that 
it has crushed some crucial barriers in tele
informatics. 

"The electronic directory solves the prob
lem of getting a terminal to the consumer," 
says Henri Sulzer, corporate development 
manager of Matra's te lematique division. 

Another interesting re lematique experi
ment began in Velizy near Paris in March 
when households began receiving the 
French videotex service on a test basis. 
2,500 terminals will be online this autumn. 
Known as Teletel (derived from the word 
telephone and television) the French video
tex is connected directly to information 
stored in data bases through the telephone 
network and creates an interactive dialogue 
using an alphanumeric keyboard, compatible 
with the electronic directory. It enables pro
fessional and private users to consult a wide 
range of data bases or conduct multiple 
transactions. A teletext service, the direct 
one-way broadcast of static pictures, is also 
underway. 

"There is tremendous potential for French 
products abroad," says Roy Bright, managing 
director of lntelmatique, a government
backed company promoting re lematique pro
ducts. "The five new products which indus
try is exporting include Teletel; the elec
tronic directory; audiographic teleconfering 
for intergroup communications with visual 
suppott, telewriting, which transfers manu
script and graphic information from the 
writing pad to the television screen to dis
play terminal in real time; and the smart 
card, a plastic card whose embedded micro
computer can be used for transactions, in
cluding point of sale and home purchase." 

BRITAIN: the Prestel future 
The British, who will have System X as the 
core of their ISDN, will have the system 
installed in 30 towns by the mid-1980s, and 
[SON will be extended to cover the whole 
country by 1992. [n addition, the govern
ment is deregulating some sectors of the tele
communications industry in an attempt to 
liberalize the market. 

"British companies had an easy time 
under the umbrella of a government mon
opoly and were not competitive enough in 
the export field," says Jonathan Solomon at 
the Department of Industry (Dol) in 
London. "Deregulation should change 

<things considerably." 
Many items of telecommunications equip

ment are already supplied competitively in
cluding modems at more than 2,400 bit/s, 
telephone answering/recording machines, 
videotex terminals and facsimile machines, 
while P ABXs of more than 100 extensions 
capacity have long been supplied direct by 
industry subject to type approval by British 
Telecom. Simple telephones and slower 
speed modems will join this list early in the 
deregulation program. The last area will be 
PABXs. 

"We're opening up the market so business 
users can obtain better products from a wider 
choice," says the Dol's Solomon, "and we 
hope our European neighbors will follow 
suit. " 

Britain is firmly committed to the de
velopment of ISDN and is introducing such 
teleinformatic services as teletex, facsimiles, 
high speed facsimiles and other products. 

''The British ISDN will provide a compre
hensive, economic and flexible range of 
voice, data and visual communication ser
vices, " says John Alvey at British Telecom. 

Britain's primary contribution to tele
informatics to date is the development and 
introduction into public service of teletext 
and videotex. The Prestel videotex service 
has been operating for two years and is the 
largest information retrieval network in the 
world. 

Pres tel operating experience has taught 
British Telecom a number of important 
lessons. The first was that there is a long 
term need for videotex pages containing 
high quality photographic inserts. This is 
hardly surprising since newspapers and 
magazines use pictures frequently for edit
orial and advertising purposes. 

The second important lesson is that the 
cost of videotex information to the customer 
is heavily influenced by the cost of entering 
information into the system. Consequently, 
a technique providing fully automatic pic
ture generation from photographs will be 
more viable than one depending on manual 
composition of stylized graphics. 

Many countries are now trying out video
tex systems and Pres tel-based, or Pres tel
compatible, systems predominate. Full-scale 
public trials of such systems are under way in 
Holland (Viditel), West Germany (Bild
schirmtext) and' Hong Kong (HK View
data), all using the software and hardware 
developed in B�itain for Prestel. The tech
nology has also been sold to telephone ad
ministrations in Italy, Austria and Switzer
land while fully Prestel-compatible systems 
are being brought into service in Finland 
(Telset), Denmark (Teldata), Spain (Video
text), Sweden (Datavision) and Norway 
(T eledata). Other videotex trials include 
Green Thumb (Kentucky), Captains 
(Japan), Viewtron (Florida) and Vidon 
(Calgary). 

WEST GERMANY: pioneering teletex 
What the British are doing for videotex, the 
Germans are doing for teletex. The 
Deutsche Bundespost, which operates one of 
the finest albeit most costly telecommuni
cations systems in Europe, is stressing uni
form construction of its telecommunications 
network with a universal service availability. 
It promotes a large choice of terminal equip
ment and is conducting tests with videotex, 
fiber optics, and other new services. 

Siemens, for example, is pioneering tele
tex which is a synthesis of the typewriter and 
teleprinter and is the first step towards full
scale electronic mail. Transmission is at 
2,400 bitls and a page of 1500 characters can 
be sent in ten seconds - 20-30 times faster 
than telex - and received on telexes, elec
tronic typewriters, word processors or other 
cOlJlpatible terminals. It can transmit letters 
in upper and lower cases as well as a variety 
of symbols. In addition. Siemens is currently 

investigating textfax with experimental 
work stations which interactively perform 
the integrated processing and communi
cation of text and images. 

T eletex systems will be introduced in 
Sweden, Austria, France, Denmark, Bel
gium, Italy, the Netherlands, the UK and 
Norway within the next five years. 

"We believe that products like teletex and 
textfax will immediately find a market, " says 
Siemens senior vice president in charge of 
R&D, Karl Heinz Beckhurts. "They will be 
integrated into multi-service work stations 
and will be a significant step toward the 
introduction of ISDN. " 

Other German companies are also active 
in teleinformatics. AEG-Telefunken and its 
affiliate T elefonbau und Normalzeit have 
developed a digital telephone set which 
allows subscribers to make telephone calls 
while simultaneously using the set for video
tex and other digital data based services. 
Another AEG-Telefunken subsidiary, 
Olympia Werke, has developed a word pro
cessing system for both Chinese and Roman 
characters and is gearing up to supply add
itional ranges of electronic office equip
ment. 

Some companies, like Nixdorf, will con
centrate their efforts on defined market seg
ments. Nixdorfs strategy concentrates on 
the end users, particularly branch offices and 
small businesses, and its strength is in the 
area of decentralized data processing. Cur
rent development includes an integrated ter
minal capable of handling teletex and a new. 
more powerful, work station. The company 
will also be putting its PCM-TOM PBX sys
tem on tne market next year. 

ITALY: gearing up 
Italy is just beginning to catch up with its 
European counterparts in terms of moderniz
ing its communications network, the delay 
due to a number of frustrating political and 
financial problems. Earlier this year, how
ever, the government decided to increase 
the network by one million subscriber lines 
per year. In addition, there are the begin
nings of a rationalization of the industry. 

"We must get Italian companies working 
together to streamline our R&D and pro
ducts," says Michele Principe, managing 
director of STET, the government-owned 
telecommunications holding company. 
STET controls a number of Italian com
panies including the utility company SIP, 
the main equipment manufacturers Italtel, 
component manufacturer SGS-A TES and 
the teleinformatics company Selenia. An 
agreement between STET and Fiat sub
sidiary T elettra will allow joint coordination 
and the evolutionary development and ex
port of the Proteo digital switching exchange 
while an agreement between Olivetti and 
SGS-A TES will enable a collaborative com
ponents policy. 

"In the end Italy will be able to provide a 
complete systems and products range for 
teleinformatics," says Guido Vannucchi, 
director of public telecommunications at 
T elettra. "The industrial overhaul will allow 
us to bring our respective strengths to the 
industry's future. " 

In addition, some Italian companies are 
strongly promoting European ventures 
which will produce pan-European and inter-
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national agreements. 'The Italian plan for 
telecommunications has been so vague in the 
past that we are actually following the de
velopment going on in major PTTs like Ger
many's and France's," says Luigi Mercurio, 
managing director of Olteco, Olivetti's tele
communications arm. "We must cooperate 
with other European countries and build our 
work stations, video displays and data net
works into a larger overall concept. Future 
industrial growth will require healthy, com
petitive, highly flexible company structures 
capable of stimulating innovations." 

SWEDEN: evolutionary steps 
European companies which lack captive 
domestic markets are obviously forced to 
concentrate their efforts on exports. 
Sweden, which sets the pace for most of 
Europe's Nordic countries, has been especi
ally successful in this pursuit and its leading 
telecommunications company LM Ericsson, 
which has a successful AXE line of semi
digi tal exchanges and is acti vely promoting 
ISDN, is quickly moving into the tele
informatics field. Although half of its sales 
are still digital exchanges and other switch
ing equipment, the company policy is to 
move into sales of peripherals attached to 
the system. Ericsson first established an 
information systems division to explore the 
market for data communication and office 
products and last year purchased 90 per cent 
"f Data Saab - the country's computer com
pany which has been successful in selling its 
line of Alfascope terminals to IBM and 
Univac mainframe users and its banking ter
minals to Citibank. The remaining ten per 
cent of Data Saab is held by the T eleverket, 
Sweden's telecommunications board. 

"The fact that ·we have a stake in Data 
Saab indicates our interest in promoting a 

host of new services in Sweden including 
teletex and videotex," says Lars Ackzell of 
the Swedish Telecommunications Adminis
tration. "A wide market of new services will 
also be a good basis for implementing a 
working ISDN at an early stage." 

LM Ericsson has also established a joint 
venture with Annaconda to provide a mar
keting base for its PBX and other office 
oriented equipment and is looking for ad
ditional acquisitions in the future, particu
larly a software company. -

"The Swedish market is too small to allow 
us to develop expertise in every area," says 
Ericsson's Lars-Olaf Noren. "Takeovers and 
joint agreements must be a key part of our 
strategy. " 

THE NETHERLANDS: digital optical 
recording 
One of the largest European-owned multi
nationals is Philips in the Netherlands, 
which has a group of highly autonomous sub
sidiaries throughout Europe and other parts 
of the world capable of providing substantial 
talent in most areas of teleinformatics. 

"It's difficult to find a company as divers
ified as we are," says Gerrit Jeeloff. "We have 
a worldwide presence which should allow us 
to maximize our potential in data processing, 
telecommunications and the related fields." 

Although Philips is considerably hindered 
by Europe's closed markets the company is 
using its position to establish its own phil
osophy. 
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"Because we are based in a small country 
we must solve all the problems," says Jeeloff. 
"Consequently we have an all-encompassing 
ISDN network philosophy. And we are 
spreading out - purchasing Signetics Corp in 
the U.S., a share of Grundig in Germany 
and a Canadian word processor firm. " 

Philips expects to use its position in the 
consumer market as a selling vehicle for its 
teleinformatics products. It produced one of 
the forerunners of consumer video discs, for 
example, and has now developed a digital 
optical recording system - a necessary ele
ment for the automated office of the future. 

AMERICAN INTERESTS IN EUROPE 

The U.S. involvement in European tele
informatics affects every area from com
ponents to mainframe computers. American 
semiconductor companies - including Fair
child Camera and Instruments, Harris, 
Intel, Motorola, National and Texas Instru
ments - all have relationships of one kind or 
another with European firms. Word process
ing companies, measuring equipment firms, 
terminal manufacturers, office e�uipment 
suppliers, and teleinformatics companies are 
also very active in Europe. 

The two major American concerns in 
Europe - IBM and ITT, which respectively 
employ over 100,000 and 180,000 persons -
consider their numerous European com
panies truly European and are creating a 
wide variety of products for domestic mar
kets in Europe. 

ITT, whose presence in Europe began 
with the purchase of several well-established 
telecom manufacturing units in 1925, insists 
its affiliates take an active participation in 
European domestic programs. STC in the 
U. K. helped develop System X, Standard 
Elektrik Lorenz in Germany was awarded a 
development contract for videotex centers, 
CGCT in France is attempting to supply 
System 12 to the French network. 

"We respond to opportunities for new pro
ducts as seen in each individual European 
country through our local companies," says 
ITT's Donald Ham. "Our Network 2000 ap
proach to ISDN, including System 12 and 
telematic products, largely results from our 
European activities. We expect that much of 
this technology is applicable to the U.S. 
market. " 

IBM works closely with PTTs to obtain 
approval for attaching its products to tele
communications networks and is supplying a 
.variety of equipment to PTTs, including 
computers for directory assistance and item
ized billing. In addition, the company has 
participated in CCITT study groups since 
1961 and during the 1981-84 period will urge 
the definition of simple and stable interfaces 
between ISDN and terminals, so users can 
obtain a menu of basic transmission services. 

GOING FURTHER IN EVERY 

DIRECTION 

European companies plan to maintain rela
tively high R&D expenditures in all areas of 
teleinformatics directed towards the estab
lishment of ISDNs as discussed in this 
report. They will continue seeking ways on 
national, and perhaps pan-European, levels 
to increase their technical independence 
from the Americans, especially in the area 
of components. 

"Independence in microelectronics is vital 
to our relernatique development," says Michel 
Camus, head of the French government's 
new Norbert Segard Microelectronics Cen
ter in Grenoble. "We will continue our 
efforts to rival American manufacturers." 

In fiber optics, laboratories will be looking 
at higher and wider bandwidths over longer 
wavelengths permitting better utilization of 
fiber capacity. Software will continue to be a 

preoccupation for all phases of teleinform
atics experience. Satellite usage will be 
increased dramatically and storage systems 
will be refined. 

The world's knowledge will soon be ac
cessible from one's desk and from enhanced 
television sets in the living room," suggests 
ITT's Jim Van Hom. "Throughout tele
informatics there will be an exciting com
pression of size and time and the expansion 
of function and bandwidth." 'Improvements 
will be made in new displays and the key
board will ultimately be replaced by synthetic 
voice processing and new devices which 
convert handwriting to electronic signals. 

In addition, as predicted by authors in
cluding Aldous Huxley and George Otwell, 
there will be increased integration of infor
mation systems using the five senses and per
haps three dimensional imagery. Future in
formation systems will be completely in
tegrated. 

The R&D activities at Siemens reflect the 
future with concentration in nine main 
areas: energy technology; information and 
communications systems; diagnostic and 
image-producing techniques; materials 
science and technology; microelectronics; 
electronic and mechanical fabrication pro
cesses; automation technology; quality assur
ance; and the optimization of manufacturing 
operations. 

Much of the future will be spent discussing 
the future and dealing with a variety of ques
tions. "Are customers going to be innovative 
enough to accept all these new systems?" 
asks Philip's Gerrit Jeelof. "Will tradition or 
innovation win the teleinformatics battle in 
Europe?" wonders Klaus Luft at Nixdorf. 
"Will Americans be the first to put new sys
tems to work?" "What will happen when 
teleinformatics seriously competes with 
established services, like print journalism?" 
inquires Eckart Hummel at the CCITT. 
"The PBX will ultimately be a computer 
which happens to have a telephone line 
attached to it," says Thomson's Michel 
Carpentier. "But will we have a consolidated 
system or a number of interconnected net
works? What will happen to packet and cir
cuit switching with the advent of ISDN)" 
"We must seriously begin evaluating the im
pact of new services on the consumer," says 
Maurice Bernard, head of the French 
National Center of Telecommunications 
Research (CNET). "In many cases the user 
has been ignored and it is definitely the 
user who will decide the future of tele
informatics. " 

"It remains to be seen what impact all the 
technical advances in teleinformatics will 
have on unemployment, individual liberty 
and other areas," Nobel Peace Prize winner 
Sean MacBride said during a recent tele
informatics forum in Paris. "Are we moving 
too fast to remain in control?" 
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THE STET GROUP'S 

FOREIGN ACTIVITIES 

IN THE FIELDS OF 

TELECOMMUNICATIONS 

AND ELECTRONICS 

In the last few years the STET Group's electro
nics and telecommunications sales have been 
intensified on the international markets. The 
STET Group controls several manufacturing 
companies which operate according to an inte
grated group strategy and represent the core of 
the Italian telecommunications and electronics 
industry. 
Both the domestic and foreign activities of the 
Group are supported by the CSEL T Research 
Centre, by the Institute of Telecommunications 
and Electronics for post-graduate training and 
specialization and by CONSULTEL. 
Study, design, consultancy and technical assi
stance both in Italy and abroad in the fields of 
telecommunications and electronics are the 
main activities of CONSULTEL. 
In the last years the results achieved in terms of 
acquisition of orders, especially for electronic 
equipment, are highly significant and demon
strate the mounting ,technical competitivity of 
the Group Companies' products in spite of nota
ble international competition and consolidated 
positions of leadership on various markets. 
The electronic manufacturing companies of the 
Group totalled foreign sales of 339 billion lire in 
financial year 1980. 
The manufacturing companies in the Group ha
ve agencies abroad in 72 foreign countries cove
ring the markets of Europe, South America, Afri
ca, the Middle and the Far East. 
ITALTEL, the largest manufacturing company of 
the Group, has been awarded a 12 million U.S. 
dollars contract for supplying Argentina with 
Multiplex FDM. 
A further notable result has been achieved by 
ITALTEL in Brazil where in cooperation with Te
lebras is developing a Brazilian telephone swit
ching system (called Tropico system) on the ba
sis of the Italian Proteo System. 
As regards the radar sector in which SELENIA, 
another manufacturing company of the Group, 

operates the Company has supplied air traffic 
control radars and other radar systems like RAN 
12 L to many countries all over the world. Lately 
ten of these systems were supplied to Spain for 
a value of 15 million U.S. dollars. 
In the international electronic component mar
kets STET Group operates through SGS-ATES 
whose sales abroad reach about 75% of the to
tal. 
As regards the sector of plant installation, SIRTI is 
carrying out a policy of expansion in markets of 
particular interest. As a part of this policy, Sirti 
has obtained, as a member of an Italian consor
tium, a 520 million U.S. dollars contract in Libya 
for the supply and installation of a 6,000 km-Iong 
coaxial cable telecommunications system; the 
Company, whose share of the contract in worth 
250 million dollars, has been assigned the design, 
installation and maintenance of the system. 
STS, besides already-acquired contracts refer
ring to delivery of equipment for Uruguay and 
Angola, has recently supplied a ground-station 
to Somalia in the framework of a cooperation 
agreement signed by ITALCABLE with the local 
P.T. Ministry. 
Last February, the Company has awarded a con
tract for supplying Portugal with two ground
stations for telecommunications by satellite, 
which will be linked to the Intel sat world-wide 
system. STS will complete both systems with 
radio-links for connecting the ground-stations 
with switching centers and TV stations. In the 
typographic field the advanced technology in
troduced in the last few years, as well as the 
precious knOW-how achieved by ILTE on the in
ternational markets, have enabled the Company 

. to offer a highly specialised and most efficient 
service: both in printing telephone directories 
and similar products and in gravure and off-set 
pnntlng processes. 
In 1980 ILTE's international sales have reached 
about 30% of the total amount. 
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Telematique - this m u lti-product progra m m e  bei ng 
developed in  Fra nce is the most advanced and cohe
sive project of its k ind today. 

A brief summary of the i nd ivid ua l  services now bei ng 
imp l emented inc l udes : 
Tel etel Videotex, E l ectro n ic Di rectory System, Smart 
Card Tech nology, Tel ewriti n g, Antiope Tel etext, Low 
Cost Term ina ls, Mass Facs im i le, Audiog raph ics, Te l e
conferenci ng.  

With a ca refu l ly coordinated R&D progra m m e  ensur
i n g  tech n ical com patib i l ity a n d  com mon standards, 
th is  fa m i ly of prod ucts maxim ises the key users bene
fits of : Low Cost and Ease of Use. This tech nology 
and kn ow-how is now avai lab le  internationa l ly 
through INTELMATIQ U E  - th e  promotional  a rm of the 
French Telecommun ications Ad min istration .  
I f  your  organ ization is interested i n  these n ew vistas 
created by the convergence of com puters a n d  tele
com m u n ications, contact : 

Intelmatigne 
FRANCE 

THE ORGANIZATION FOR THE INTERNATIONAL PROMOTION OF TELEMATIQUE 
98, rue de Sevres 75007 PARIS. Tel. : 1331 1 306.16.36, Telex 203185 TELEMAT. F. 
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BOOKS 
The universe of Martin Gardner, astronomers 

of old Mexico and a romance of engineering 

by Philip Morrison 

MATHEMATICAL CIRCUS, Vintage 
Books, 1981 ($4.95); THE IN

CREDIBLE DR. MATRIX, Charles 
Scribner's Sons, 1977 ($8.95); THE 

ANNOTATED ALICE: ALICE'S ADVEN

TURES IN WONDERLAND AND THROUGH 

THE LOOKING GLASS, by Lewis Carroll, 
with an introduction and notes by Mar
tin Gardner, New American Library, 
1960 ($3.95); THE AMBIDEXTROUS UNI

VERSE: MIRROR ASYMMETRY AND TIME

REVERSED WORLDS, second edition, 
Charles Scribner'S Sons, 1979 ($4.95); 
FADS AND FALLACIES IN THE NAME OF 

SCIENCE, Dover Publications, Inc., 1957 
($4); SCIENCE: GOOD, BAD AND BOGUS, 

Prometheus Books, 1981 ($18.95); CON

FESSIONS OF A PSYCHIC, by Uriah Fuller, 
Karl Fulves, P.O. Box 433, Teaneck, 
N.J. 07666,1980 ($3.75); FURTHER CON

FESSIONS OF A PSYCHIC, by Uriah Fuller, 
Karl Fulves, 1980 ($6); THE FLIGHT OF 

PETER FROMM, William Kaufmann, 
Inc., 1973 ($5.95). To praise Martin 
Gardner by these books: So long ago 
that the redoubtable Richard Feynman 
of Cal Tech was still a Princeton grad
uate student, Feynman and a few oth
ers developed the remarkable recursive
ly folding paper structures called flexa
gons. In 1956 a professional free-lance 
editor and writer, a man with not one 
college course to elaborate his high 
school flair for mathematics but with a 

lively and trained philosophical mind, 
undertook to elucidate flexagons, then 
known only through the journals of rec
reational mathematics, for the readers 
of this magazine. The piece ran in De
cember, 1956, to wide interest. The edi
tors of Scientific American perceived a 
public thirst for informal mathematics. 

Here the fibers of connection wind 
tightly; the wonderful four-volume The 
World 0/ Mathematics compiled by the 
first author of this book-review column, 
James R. Newman, had in 1956 be
gun its unexpected rise to the runaway 
best-sellerdom it so patently deserved. 
The editors popped the question; Gard
ner agreed that recreational math could 
support a monthly column. "I rushed 
around New York and bought all the 
major references I could find .. . and 
started a library." Today Gardner has 
a couple of rooms full of books and 

papers, "all the books that come out 
on recreational math," a file of the is
sues of some 10 journals and a fruitful 
worldwide correspondence with know
ing readers, many of whom send in new 
ideas. His column has appeared some 
300 times; it has become the focus of a 
recognizable subculture. 

This year Martin Gardner turns 65. 
Douglas Hofstadter, a young, wide
ranging mathematical mind as familiar 
with language as it is with computers, is 
the continuator of Gardner's column, 
and Gardner has moved from the Hud
son River shore to the quieter hills of 
North Carolina. There he will continue 
to write in his own rhythm within his 
best-loved philosophical vein. 

Most of those monthly columns have 
been collected into nine volumes issued 
over the years by various publishers; all 
but one are still in print. (The magazine 
columns are all indexed in the valuable 
1979 cumulative-index volume of Sci
entific American from the start through 
June, 1978; no one has yet prepared 
an overall index to the collections in 
books.) Here we review only the latest 
book of the series; consult Books in Print 
for the rest. 

It seems fitting to list a few of the col
umns that have left a permanent mark 
on this reviewer, however idiosyncratic 
the choices may be. (Remember that re
sponses by letter, often more complete 
in the later book version than in the 
magazine, offer a rich trove.) To begin 
with word games, there was a fine re
sponse about pangrams, those senten
ces that seek economically to use all 26 
letters. The best pangram (September, 
1964) is ascribed to the famous theo
rist of communications, the mathemati
cian Claude Shannon: Squdgy fez, blank 
jimp crwth vox. It is formally perfect, 
meaningful although it requires an ex
planatory context. The most erudite 
reader response (November, 1970, and 
Mathematical Circus) is surely that of 
George L. Hart III, who offered a classi
cal palindrome in Sanskrit, a poem of 32 
syllables called sarvatobhadra. "perfect 
in every direction." 

Then there was the game of "life" 
(October, 1970, and February, 1971), a 
set of recursive rules that generate mov-

ing plane patterns whose asymptotic 
limits are remarkable. It must have con
sumed in its period of epidemic spread 
enough computer time to show up in the 
G.N.P. The studies of tiling, or tessel
lations of the plane, provide a swift 
path into serious math for people with 
no mathematical training and no facil
ity with numbers. (These appeared in 
April, 1961; July, August and Decem-
ber, 1975, and January, 1977.) 

The magnificent April Fools' spoof in 
1975 gave an illustrated set of ingen
ious hoaxes. It drew several thousand 
responses, mostly from people who had 
found the mistake within their own spe
cialty but were pleased to read of sur
prising breakthroughs against those oth
er stodgy truisms. Nearly a thousand 
physicists wrote to defend special rela
tivity against the well-known paradox 
displayed in the column. When an Aus
tralian paper some years later printed 
the fact that two Illinois mathematicians 
had proved the four-color-map theo
rem, one loyal reader protested that this 
proof must be wrong because Gardner 
had published a map that was a counter
example! More skeptical readers had 
colored the "counterexample" and sent 
it back to Gardner. 

The most telling of the responses were 
to a hilarious column about Irving Josh
ua Matrix and his daughter Iva, which 
appeared in June, 1974. The two were 
then running a wonderful pyramidal 
factory producing pyramids with magi
cal properties (here a long, authentic ci
tation of the claims in the marvel litera
ture was given) at Pyramid Lake in Ne
vada. In spite of everything in the pages, 
including a pudgy Paiute super named 
One-Tooth Ree, so many readers drove 
to Nevada to visit the site that even 
those who wrote later to complain that 
no trace of the establishment could be 
found were numerous. Even sadder was 
the invitation immediately extended to 
Gardner by a reputable New York pub
lisher to put out a quick book on pyr
amid miracles. When that enthusiast 
learned the whole thing was a hoax, he 
was not dismayed. His offer stood; write 
the first book at once and then put out a 
second in refutation! (The account ap
pears in The Incredible Dr. Matrix.) 

Gardner'S own favorites are the more 
philosophical columns; memorable ones 
include those on Newcomb's paradox 
of decision theory (July, 1973, and 
March, 1974), and two tours de force on 
nothing and on everything (February, 
1975, and May, 1976). In August, 1977, 
the column gave an account of the un
breakable public-key cryptography sys
tem growing at M.I.T.; this helped to 
raise a controversy over censorship be
tween the research community and the 
National Security Agency that has only 
lately calmed. 

The most widely known of Gardner's 
books is his delightful Annotated AI-
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ice. A big volume, with the indispensable 
original drawings by John Tenniel, it 
presents long marginal notes in witty 
and learned explication and amplifica
tion. Although there is "something pre
posterous about an annotated Alice." as 
Gardner himself concedes in the first 
line of his introduction, the book is in 
fact both useful and endearing. To "Jab
berwocky," for example, there are 25 
notes, including the texts of the clever 
translations Le Jaseroque and Der Jam
merwoch. Even more to the point, there 
is an early Carroll gloss on the difficult 
words, written years before Alice and 
fuller than the interpretation given by 
Humpty Dumpty. The success of Gard
ner's Alice induced several similar an
notated classics, including a 1967 Casey 
at the Bat. now out of print. Gardner is 
predictably a devotee and a savant of 
Oziana and L. Frank Baum; so far he 
has published only introductions to var
ious editions of Oz works. 

Gardner'S college training, like his 
general predilection, was directed to
ward philosophy, particularly the phi
losophy of science and of knowledge. 
Gardner has written four or five books 
expounding science for general readers. 
The new version of The Ambidextrous 
Universe is a special pleasure. Its reach 
includes the look of flipped photographs 
and paintings, a delightful palindromic 
(by words) short-short-short story, the 
Korean flag, the violation of parity and 
the intimate history of its discovery, the 
symmetries of magnetism, entropy, Dr. 
Edward Anti-Teller and a good deal 
more. Fresh, clear and sensible, it is a 
small classic of popular science; the cur
rent edition includes a few new pieces on 
difficult questions of time invariance. 

Gardner's first general book, a little 
timeworn but still in print, is Fads and 
Fallacies in the Name 0/ Science. Here a 
new theme first entered the extraordi
nary output of this more than mathema
tician and philosopher. He was a boy
hood magician, and he has ripened into 
a keen critic of magic and a prolific de
signer of magical effects, with a wide 
publication in those esoteric circles. He 
never performs, not even as a public 
speaker; the closest he ever came to a 
direct appearance as a conjurer was 
in Christmas demonstrations of magic 
at Marshall Field's in Chicago before 
World War II. A direct union between 
his philosophical concern with the na
ture of evidence and his own behind-the
scenes experience with magic turned 
him quite naturally into an assiduous 
and effective critic of pseudoscience. 

The early book began this theme, 
and Gardner'S very latest (Science: Good. 
Bad and Bogus) is a collection of nearly 
40 book reviews and magazine pieces 
mostly on the passing and disparate pa
rade of unreliable wonders, such as the 
psychic surgeons, the learned Dr. Veli
kovsky, those many adepts who manage 
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over the decades to see through blind
folds, and some academic self-deceivers 
such as John Hasted and John G. Tay
lor. Professor Hasted studies, among 
other things, young people who can, if 
they are not watched, somehow pass dis
torted paper clips into a sealed glass 
globe. Well, not quite sealed; you do 
need to leave a small hole, or curiously 
the paraphysical effect does not work! It 
is all in print, incredible at two levels. 
Here is our Gardner as an acute and 
responsible if polemical discussant; re
sponses are by no means suppressed. 

The two booklets by "Uriah Fuller," 
relatively expensive (as the publications 
of the magicians' world are), lead any 
serious reader close to the methods of 
the pseudopsychic conjurers. Those fan
cy Dans are audacious and subtle by 
turns. The key is not a special technique, 
although there are plenty of clever ones. 
The real base of the effects is the adap
tive stream of intellectual and physical 
misdirection and deceptive simulation. 
The magician-psychic will exploit any 
small opportunity, will vary method, se
quence and intent, will make use of any 
interruption of attention and any chance 
hint to attain the imprecise goal, which 
itself changes. Control over such behav
ior lies only in mastery of the details, 
through stratagems as clever and know
ing as the tricks they seek to expose. It is 
no art for mere credulous professors. 

One small example: psychologists 
have learned that a breath can move a 
light object that is otherwise quite un
touched. A control is a glass jar placed 
over the object that is presumably to be 
moved by mental forces. Does this also 
eliminate the use of an unseen thread? 
No; on a hard tabletop every jar edge 
is likely to leave at some point enough 
clearance to freely pass a nylon fiber 
of microscopic diameter. Somehow an 
adroit magician can operate an obedi
ent dancing handkerchief "on a well-lit 
stage before thousands" and it is just an 
unexplained trick, perhaps done with 
thread. But "a crude demonstration by 
Nina, in her dimly lit Russian apart
ment," supports volumes of pseudo
learned commentary, darkly threaten
ing the repeal of Newton's laws. 

Finally, this engaging but tough
minded man has a productive hand 
at fiction. Gardner will soon publish a 
book of poetry for children; for eight 
postwar years he prepared a story and 
a poem each month for the children's 
magazine Humpty Dumpty. with a fre
quent trick or stunt that on being per
formed physically damaged the page it 
was printed on, an amiable delight of the 
author. There are plenty of his short sto
ries, mostly humorous ones, in Esquire 
and other magazines of the period. 

Gardner'S one full-fledged novel, with 
a complex genesis, is now out in paper
back. It is a genuine Bildungsroman; the 
young protagonist-and maybe the old-

er man whose novel it purports to be
shares Gardner'S life. Youth gave him 
a profoundly fundamentalist religious 
background. It was undergraduate study 
of philosophy at the University of 
Chicago that carried him beyond the 
passionate simplicities of a Tulsa up
bringing. Exactly this happens to Peter 
Fromm, the name echoing Soren Kier
kegaard, and the book also supplies a 
vivid journal of life on a destroyer es
cort in the Atlantic, Gardner'S own war
time experience. The core of this intel
lectual novel is a comprehensive exam
ination of the most important trends 
in Protestant theology of the past few 
decades, particularly the subtle Christol
ogy of Karl Barth. Fromm (and surely 
Gardner) leaves the tub-thumping cer
tainties of his youth to enter a domain 
of doubts and searchings, from which 
Gardner will certainly comment in the 
fruitful years ahead. 

(The above remarks owe much to the 
kindness of two mathematician-admir
ers of Gardner, Peter Renz of W. H. 
Freeman and Company and Dana Rich
ards of Indiana University at India
napolis, who made available to this re
viewer both published and private ma
terial from their treasury, and to The 
Two- Year College Mathematics Journal 
at Menlo College. To praise Martin 
Gardner buy these books!) 

SKYWATCHERS Of ANCIENT MEXICO, 

by Anthony F. Aveni. University of 
Texas Press ($25). Latitude determines. 
On Stonehenge'S Salisbury Plain a cold, 
clear midwinter day offers some seven 
hours of pale sunshine. In midsummer it 
is quite the other way around: the night 
is short and the day glows throughout 
two shifts. There people have good rea
son to notice the solstices, and they have 
done so demonstrably over four millen
niums. At Copan in Honduras day and 
night are always sensibly equal, give or 
take a half hour or so. A solstice is only 
one detail of the simple solar path. A 
couple of days are nonetheless remark
able. Then the noon sun stands quite 
overhead; the shadow of a man or of a 
post disappears entirely. For Temperate 
Zone latitudes the cardinal points are 
by definition symmetrical: east and west 
equinoxes split the solstitial north-south 
arc in half. It is not surprising, however, 
that among the Chorti Mayas today 
"the rise-set directions of the sun on the 
days of zenith passage are actually re
garded as east and west, replacing two 
of the conventional cardinal points," 
which lie a few degrees south. 

This cheerfully readable and well-il
lustrated book, part reference text, part 
informal reportage of research results 
from manuscript and the field, is a long, 
helpful gloss on the study of archaeoas
tronomy, in the context of the sharp dis
tinction between the skies of the Tropics 
and of the Temperate Zone. That dis-
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Explore the universe ... 
take anyone of these 4 special selections 
for only �.95 (values to $75.00!) 

as a member of Astronomy Book Club. 
You simply agree to buy 3 more books-

at handsome discounts-within the next 12 months. 

An authoritative reference and an adventure . . . 
. GALAXIES. Timothy Ferris. 

GAlAXIES combines an outstanding portfolio 
ofthe best photographs to date ofthe most significant 
galaxies with a vivid text which details each 
galaxy and surveys . the most recent findings and 
speculations. 

. 

The 39 color and 106 black and white photo
graphs each possess a deep, luminous quali1y, per
fectly suiting its subject. Also features 20 line drawings 
by noted illustrator Sarah Landry and a huge 13" x 56" 
gatefold photographic mosaic of the Milky Way. With 

, 
an extensiv� bibliography, glossary and index. 

;' ... a very good candidate for the most beautiful 
book in the world." -Isaac Asimov. 

• "Worthy of being in the library of anyone who 
loves the sky and nature."-Sky and Telescope. 

Publisher's Price $75.00 

Basic Astronomy Library 
Explore the fantastic discoveries being made about 
the universe with this outstanding selection of four 
critically acclaimed astronomy books . 

CATALOGUE OF THE UNIVERSE. Murdin et al. 
Three-volumes-in-one: an atlas, encyclopedia and 
book of descriptive astronomy. Surveys over 220 astro
nomical objects. More than 300 photographs. 

THE ILLUSTRATED ENCYCLOPEDIA OFASTRON
OMYAND SPACE. Revised Edition. Ian Ridpath. Over 
1,000 entries and 15,P photographs and illustrations. 

WHITNEY'S STAR FINDER. Newly-revised edition of 
this classic field guide to the heavens. Enables you to 
identify every major star in the Northern and Southern 
hemispheres. Comes with a' convenientStar-Finder
Locater-�heel. 

BLACK HOLES, QUASARS, AND THE UNIVERSE . 
Second Edition. Harry Shipman. 344-page report on 
all the exciting advances being made at the frontiers of 
space. 

Publisher's Price $61.80 
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What is the 
Astronomy Book Club? 

Astronomy Book Club is a very special 
club-a book club operated exclusively for 
astronomy enthusiasts. It's devoted to making 
the finest astronomy books available conve
niently and inexpensively. Recent offerings 
include titles by such eminent authorities as 
Carl Sagan, Robert Jastrow, John Gribbin, 
Paolo Maffei, and Isaac Asimov. 

As an Astronomy Book Club member, 
you'll receive books of your choice at savings 
up to 30% off publishers' prices and occasion
ally even more. In addition, you'll immediately 
become eligible for our Bonus Book Plan, with 
savings of 70% off the publishers' prices. 

Discover the phenomena of space-join 
Astronomy Book Club today. 

If reply card has been removed, please write to: 
Astronomy Book Club, Dept. L-AN?, Riverside, N.J. 08075 to 

obtain membership information and an application. 

The most complete sky manual ever ... 
BURNHAM'S CELESTIAL HANDBOOK: 
An O bserver's GuICle to the Universe 
Beyond the Solar System. R obert Burnham, Jr. 

" 

Three easy-to-use hardcover volumes detail 
7,000 deeJ}-Sky objects that are accessible to ob
servers with telescopes. Provides names, celestial c0-
ordinates, classification and complete physical de
scriptions of almost every deeJ}-Sky object. 

Numerous charts, diagrams and graphs included 
to help in identification. More than 2,000 pages con
taining over 600 photographs. 

"Totally professional and competent in virtually 
every respect, the Celestial Handbook is ,for anyone 
who follows the stars." -Star and Sky. 

Publisher's Price $60.00 

Library of 
Theoretical Astronomy 
A thought-provoking collection. 

THE PHYSICS-ASTRONOMY FRONTIER. Hoyle 
and Narlikar. Organized around the four.basic interac
tions of matter: electrical, strong, weak, gravitational. 
Includes chapters on quantum mechanics, radio as
tronomy and more. 483 extensively illustrated pages. 

THE STATE OF THE UNIVERSE� Geoffrey Bath. Eight 
renowned scientists illuminate the frontiers of astro
nomical research. 125 illustrations, 21 color plates, 61 
line diagrams. 

UFE BEYOND EARTH:The Intelligent Earthl ing's 
Guide to ute In the Universe. Feinberg and Shapir o. 
A theore tical physicist and biochem ist lead a stimulat
ing tour of alt ernate eCologies in the known u!"iverse. 

Publisher's Price $63.85 
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Mind Tickling Brain 
Teasers By E. R. Emmet 

For the novice who finds fun and 
satisfaction in solving problems of 
logic., This is a marvelous book to en· 
trap the beginner i n  the lif e-long 
pleasures of problem solving. It pro
vides exercise for the mind, develops 
the ability to think logically and rea
son effectively. As the book prog· 
resses the degree of difficulty in
creases and upon completion the be
ginner is prepared to tackle the next 
of Mr. Em'met's books. No special 

knowledge of mathematics is required. Answers and full 
explanations to each puzzle are provided at the end of the 
book. 

Humorous Illustrations and a colorful cast of characters 
add to the fun 

$9.95 plus.51.25 handling 

Brain Puzzler's 
Delight By E. R. Emmet 

A t reasu ry of u n ique mi n d
s t re t ching puzzles that can be 
solved by s traight, logical thinking 
and reasoning. No specialized 
ma th. Offer the pleasures of 
discovering solutions through use 
of ingenuity, imagination, insight 
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the mind. FasciRating, entertaining 
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solutions and full explanations at 
end of book. ILLUSTRATED. 

ORDER NOW: .$9.95 plus $1.25 handling 
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tinction is not newly found by students 
of the relations between celestial pat
terns and human culture. At the turn 
of the century Zelia Nuttall, a pioneer 
archaeologist-ethnographer of the Pea
body Museum of American Archaeolo
gy and Ethnology, called attention to its 
importance. Indeed, she did her best lat
er to revive all over Mexico the old ob
servance of solar zenith passage, as a 
contribution to the 1920's renaissance 
of the indigenous culture. On the right 
day in every village-and a table fol
lowed-"place a post in a vertical posi
tion" and tell "the children to attend 
dressed in white and with a crown of 
flowers on their heads." It is only for a 
decade or so, however, that the new 
wave of astroarchaeology has subsumed 
the point. The old chroniclers, those few 
European-trained scholars whose texts 
bring us the last details of the living cul
tures of Mesoamerica at the time of the 
Spanish Conquest, were shaky about it. 
Not being astronomers, they tended to 
impose the words of the European art 
on the subtly differing observances they 
still witnessed or heard about during the 
last generations of Maya, Aztec or Inca 
ceremony. 

The sky is well known to us now, even 
in its changes. The long chapter here on 
astronomy with the unaided eye makes 
that quite clear even to the beginner. 
Striking diagrams (done by P. Dunham) 
and detailed text represent the best sin
gle introduction to the motions of the 
luminaries, catholic enough to bring out 
the importance of tropical location as 
well as of epoch. The book contains 
helpful tables (one could use still more) 
and even a couple of program listings 
for a small calculator. The finer points 
are not neglected: horizon elevation, 
extinction of stars near the horizon 
line and others. The entire piece reflects 
the experience of the author, an Am
herst physicist turned astroarchaeolo
gist, well known for his own field work 
and for the many students he has led to 
study the still unread documents of the 
minds of the past, documents in stone 
as on bark paper. 

The most novel portion of the volume 
addresses the form and orientation of 
many important sites of Mesoamerica, 
south to Cuzco. The great city grid of 
Teotihuacan in the Valley of Mexico, 
"both grandiose and precise," has been 
studied by Aveni and others with care. 
Not only is the carefully mapped city 
with its pyramids oriented well off the 
cardinal directions, but even within 
the grid there is a fascinating departure 
from rectangularity. It is not error; the 
angles are uniform, and what appear to 
be surveyor's bench marks, a set of dis
tinctive pecked-cross petroglyphs, man
ifest careful alignment by unknown 
builders. The orientation may mark the 
setting of the Pleiades and the direction 
of the sunset on the day of the zenith 

passage of the sun, as seen not at the ·site 
itself but far south in the latitudes of 
Copan. That indirection may determine 
"Teotihuacan north." It is striking that 
some 60 centers of the region share the 
clockwise shift of the city axis. 

Even more remarkable, the pecked
cross glyphs are widespread; one pair is 
found far from the city sites, near Alta 
Vista, a small site hundreds of miles 
north in the state of Zacatecas, "within 
10 kilometers of the present Tropic of 
Cancer." We are far from full under
standing, but the facts do not allow us 
to ignore the possibility that the priest
astronomers of long ago had sought out 
the place where the sun turns. There is a 
good deal of similar material about oth
er famous sites, including the strange 
round or arrowlike "observatories" that 
are found at Monte Alban and Chichen 
Itza. Answers are fewer than puzzles, 
but ethnographic remnants and statisti
cal examination seem to exclude the 
skeptical assertion that we are merely 
chasing coincidences unnoticed by the 
ancient builders. They observed and cel
ebrated in their structures as in their co
dexes cycles of time and significant di
rections, more fully than we know now. 

Another long chapter is quite distinct 
in its approach, although it is obviously 
relevant. It is a summary of the Maya 
calendar documents as they are now in
terpreted. The fundamentally linguistic 
subject is not easy, even in this careful 
sketch. One is certainly disposed to ac
cept the notion that the 260-day count is 
a union of the properties of the factors 
of 260 with the fact that about 260 days 
separate the zenithal passages of the sun 
at the latitude of Copan; the zero date of 
the "long count" occurs on the very day 
of zenithal passage there on one of the 
best-accepted historical correlations of 
the Maya and Julian calendars. That the 
complex cycles of bright Venus also in 
some degree fit the 260-day framework 
looks like a later discovery. The 52-year 
cycle powerfully observed throughout 
the region is pretty surely the result 
of the smallest common multiple: 52 X 
365 = 73 X 260. 

The title of the book is perhaps mis
leading. Its locus is all Mesoamerica, 
well south of the borders of modern or 
ancient Mexico. Indeed, it discusses the 
solstitial tendencies of the sky watchers 
of Arizona and Wyoming, and it consid
ers the Andean Tropics. The zenithal 
sun was surely important in the Inca 
world; there is some sign that even the 
invisible passage of the sun through the 
nadir, the antizenithal point, did not es
cape notice. Perhaps that is no more sur
prising than the survival around Cuzco 
of dark zoomorphic constellations, seen 
in the gaps and rifts marking the bright 
star clouds of the southern Milky Way. 
The fox and the partridge (the Coal sack 
to modern watchers) are only two of the 
figures drawn here (from forthcoming 
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publications of Gary Urton). The mind 
of past cultures is rich and strange, like 
our own; its acute response to the com
plex signals of nature binds us all strong
ly in a linkage that foreshadows and 
transcends the canons of our strict and 
powerful science. We begin, however, to 
uncover the ancient roots of order. 

THE SOUL OF A NEW MACHINE, by 
Tracy Kidder. Little, Brown and 

Company ($13.95). The digital sun nev
er sets on imperial IBM. That power's 
most typical province is its mainframe 
trade in large, expensive computers for 
banks, manufacturers and Government 
agencies. Those users all require atten
tive service and repay persuasive atten
tions. IBM makes most of its chips for 
itself, but those intricate artifacts, for 
example microprocessors, are produced 
in large quantities for the market by the 
famous companies of Silicon Valley and 
Texas, not to mention Japan. Chips are 
now a decisive raw material for all the 
others who manufacture computers. 

Although the neatness of division 
within the industry is speedily being 
blurred, there is still a recognizable third 
group: the minicomputer companies. 
Their complex cabinets sell like limou
sines, singly or in fleets, not by the hand
ful like the chips. Their customers are 
not in urgent need of service contracts 
and systems recipes: the minis are 
bought by scientific and technical labo
ratories for data handling and instru
ment control, and in even larger num
bers by companies that build them into 
more or less specialized complexes, 
aimed at a variety of functions, civil and 
military. These are all savvy customers, 
who prize performance, price and quick 
delivery above service or advice. 

History has set the minicomputer in 
the marches of Boston, just as chips owe 
their allegiance to the Bay of San Fran
cisco. There north of the famous Route 
128 lie the main suburban plants of the 
Digital Eq uipment Corporation. DEC is 
a minigiant now, about a sixth the size of 
IBM, a kingdom with its own subtle cul
ture, generally regarded as enlightened 
and quietly powerful. An intimate nar
rative of the conception and birth of a 
new minicomputer, this book dwells in a 
north-of-Boston plant of DEC's chief ri
val, a company counting its forces in the 
thousands, as DEC counts them by the 
tens of thousands and IBM by the hun
dreds of thousands. Data General was 
formed a dozen years back by secession 
from DEC of the leader of the design 
team that developed DEC's first big 
minicomputer success. Data General af
fects to be a kind of Prussia among those 
rival company-states, a band of indeco
rous upstarts in a continent of gentle
men. These attributes are as much delib
erately cultivated images as they are re
flections of reality. Growth is DG's 
grail, and grow it did along a smooth, 
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steep curve for a decade. Its Eclipses 
and Novas were a steady success in 
the marketplace, showy, discounted, ag
gressively sold and highly profitable. 

Late in 1978 DEC produced the first 
of a new line, its VAX machines. They 
can be called superminis; their princi
pal architectural novelty was the 32-
bit word, replacing the 16-bit standard. 
That change in the packet of symbols 
the machine can distribute at maximum 
speed increased its potential directory 
from 65,000 logical addresses to four 
billion. It has seemed plain from 1976 
on that the future would belong to such 
machines, made possible by new chips. 

Tracy Kidder keeps us in a brightly 
lighted half basement of Data Gen
eral's Westborough Plant l4A/B from 
late 1978 to the fall of 1980. There we 
watch-as he did-and come to know 
and to admire the 30-odd young en
gineers-half of them brand-new re
cruits-who undertook to build a 32-bit 
Eclipse to rival VAX. It is guerrilla engi
neering. Hear two new voices: "'At IBM 
we wouldn't have gotten on a project 
this good. They don't hand out projects 
like this to rookies.' 'They don't hand 
out projects like this to rookies any
where but Data General.' " Indeed, even 
within the company quite another labo
ratory 1,000 miles away had the 32-bit 
assignment seriously under way. The 
basement scheme was for DG some
thing of insurance, something of a chal
lenge to one responsive and brilliant 
project engineer, the catalyst of this 
"summer romance, " the most original 
of the people we meet, and something 
of an irresistible temptation to DG's la
conic chief upstairs, himself a gambler, 
dreamer and star designer.· 

The place is crowded with half-open 
little steel cubicles, the tops of their 
walls below eye level. Each holds a team 
member, some scruffy manuals and cat
alogues, a computer terminal on a desk 
and sometimes a drafting table. A cou
ple of partitioned rooms full of cables 
and test gear would turn into circuit 
boards the lengthy logical games of the 
designers. Out of all of this, out of 
the determination and insight and hard, 
long work of the team, there was created 
in a year enough microcode to "fit into 
a volume eight inches thick; diagnostic 
programs amounting to thousands of 
lines of code; over 200,000 lines of sys
tem software; several hundred pages of 
flow charts; about 240 pages of sche
matics; hundreds and hundreds of en
gineering changes from the debugging; 
twenty hours of videotape to describe 
the new machine; and now a couple 
of functioning computers in blue-and
white cases." Birth, however, is not all. 
Life depends on the suppliers of chips 
(could they keep up a reliable flow?), the 
manufacturing department, the famous 
sales force and the unpredictable boom 
market. Indeed, in June of this year 

Data General marked the production of 
its 100,000th computer. 

Two gifts inform this unusual book. 
One is a sensitive and sharp eye for per
sonality and style; in the mode of the 
new reportage, the approach is almost 
novelistic. Apart from the fact that there 
is not enough time for the full flow 
and change of character, the reader can 
come to know as individuals quite a few 
of the Eclipse Group, their hopes and 
fears, their jokes and zany games, their 
science-fiction habit. The second is a 
pithy insight into just what a computer 
is, far from formal or complete but ex
tremely helpful to the tyro. The stair
case of computer languages, down from 
half-human high-level language to as
sembly language to microcode, is made 
quite clear if not detailed. "Much of the 
engineering of computers takes place in 
silence . ... Alsing favored the porch and 
staring out at trees .... 'Writing micro
code is like nothing else in my life .... 
The empty yellow pad sits there in front 
of me .... Finally, it starts to come .... 
You have a hundred L-shaped blocks to 
build a building. You take all the pieces, 
put them together, pull them apart.'" 
Each instruction is a precise list of 7 5 
O's and 1 's, the colorless words of a spe
cific language, "like early Old English, 
in which there was no word for fight
ing and a poet who wished to convey 
the idea of battle had to describe one." 
There is much more: a quick key to com
puter architecture, materials and the 
crafts of construction. 

Finally the book is, perhaps artlessly, 
an exercise in the economic and social 
critique of Thorstein Veblen. Once the 
newborn machines are complete they 
must be debugged. This search for er
rors embedded in profound complexity 
is demanding of men and machines. To 
be sure, the task is mediated by nurse 
computers and cleverly made diagnostic 
programs, together with the occasional 
shaking of some suspect circuit board. 
The company sent in technicians to 
share the agony on double shift. One 
young engineer found the stub of a tech
nician's paycheck in the wastebasket. 
"These were first-rate technicians, and 
being technicians, they got paid for 
overtime. Engineers were professionals; 
they did not." The take-home for the 
technician was twice that of the engi
neer. The man and his boss burned the 
stub, so that "the troops wouldn't see 
it. .. . Holberger laughed. He said once 
again: 'I don't work for money.' '' Homo 
faber. The regional sales manager has 
the last word, in a pep talk to his sales
men, once the Eagle (as the excited en
gineers but not the marketers knew their 
new machine) had flown. "'What moti
vates people?' he asked. He answered 
his own question, saying 'Ego and the 
money to buy things that they and their 
families want.' " The engineers and the 
price system still play different games. 
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ION-IMPLANTED 

REGION 

STORAGE LOOP 

.. 
MAGNETIC 

BUBBLE 

TRANSFER GATE 

(MET�LLIC OVERLAY) 

Magnetic bubbles: 

MAJOR READ PATH 

ION-I:llI'LANTED 1I1'lIBLE 

:lU:MOltY. MM;NIFIED :IIKIUX. 

Packing thetn in by the millions. 
The more magnetic bubbles we 

can put on a chip, the more attrac
tive this technology becomes as a 
mass memory. This means an inex
pensive, reliable, and non volatile 
alternative for storing large 
amounts of data in telecommuni
cations and information manage
ment systems. 

We recently stored 8,798,406 bits 
in a single experimental chip. This 
indicates the potential for storing 
the equivalent of a 600-page novel 
in an area the size of a postage 
stamp. We did this by using simple, 
easily resolved patterns to guide the 
bubbles. To create these patterns, 
we implant high-energy ions directly 
into the magnetic bubble material 
through a mask. The result: smaller 
patterns, which permit smaller 
bubbles, and thus more bubbles per 
chip than in commercial bubble 
memories. 

We're also studying how to 
manipulate bubbles by means of two 
wafer-thin conducting sheets 
instead of a pair of external coils. 

With this technique, we'll be able to 
cut the overall size of bubble 
devices by a third, move the bubbles 
10 times faster, and also put far 
more bubbles on a chip than in 
today's commercial devices. 

A group of Bell Labs scientists 
and engineers working on magnetic 
bubble technology holds over 150 
patents in the field. About half of 
them have been awarded to Andrew 
H. Bobeck, a co-holder of the basic 
patent for the 1966 invention. 
Among our inventions: 

• Magnetic bubble concepts and 
devices 

• Garnet materials for bubble 
devices 

• Method of growing epitaxial 
garnet films from a supercooled 
solution 

• Basic technology for device 
manufacture 

• Ion implant method of 
propagating bubbles 

• Dual-conductor sheet method of 
propagating bubbles 

In the Bell System, bubble 
memories are already at work in 
equipment that provides recorded 
voice announcements and in sy s
tems that administer and test 
digital networks. Eventually, the 
memories could be used in elec
tronic switching systems, and in 
advanced home and business 
telephones. 

Our goal is to make this tech
nology even more economical and 
versatile for storing data electron
ically. Ultimately-through our 
partnership with AT&T, Western 
Electric and the Bell telephone 
companies-this translates into 
better service to Bell System 
customers. 

For information about employment, 
write: 

Bell Laboratories, Room HL-3J-238, 
600 Mountain Avenue, 
Murray Hill, N.J. 07974 
Please include a resume. 

An equal opportunity employer. 

@ Bell Laboratories 

© 1981 SCIENTIFIC AMERICAN, INC



The automatic 
overdrive 
comes standard. 
The highway 
mileage 
comes easy. 

For 1 982, Ford LTD remains a 
member of a special class of au
tomobile. Full-sized. Full of room 
and quiet and comfort for the 
drivers who want and need it. 

LTD offers up-to-the-minute 
technology that keeps this six
passenger car contemporary 
and efficient. For 1982, a 4.2 liter 
V-8 engine* and Ford's Auto-

matic Overdrive transmission 
are standard. At about 40 MPH 
the Automatic Overdrive 
engages, 

*4.2 liter engine not available in 
California. 

cutting engine RPMs by about 
one third, reducing wear on en
gine parts and helping improve 
highway fuel economy. 

For com-

26 fJOl8 p�rison. Your � mIleage may 
EST HWY EPA differ depend-

EST MPG ing upon speed, 
distance and weather. Actual 
highway mileage will be lower. 
Calif. and wagon ratings lower. 

The quiet miles. 
You needn't give up a quiet, 

comfortable ride to get this kind 
of highway mileage either. LTD 

features extensive sound insula
tion and a system of rubber 
body mountings tuned to 
minimize oQjectionable noise, 
vibration and harshness. 

LTD's frame of steel. 
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Full-sized comfort. 
LTD is still built with body-on

frame construction. This frame 
of steel forms a solid base for a 
fine automobile. Of course, your 
comfort is of prime interest, too. 

LTD's Interior Luxury Group, 
available on the LTD Crown 
Victoria, features split bench 
seats, with both sides reclinable, 
in a choice of super-soft vinyl or 
crushed velour upholstery. 

Country Squire 
wagon. 

Luxuriously 
practical. 
With the rear 

seat down, LTD 
Country Squire 
wagon offers 

almost 90 cubic feet of cargo 
room and the same sort of 
luxurious touches found in LTDs 
top-of-the-line Crown Victoria. 

li"lpmlnder® computer. 
The Tripminder® computer 

option, new to LTD, displays 
time, elapsed time, trip average 

- , - ., 

1 ·-' . . .� I� 

speed, current 
fuel economy, 
trip average 
fuel economy, 
total fuel 

� l :,UN 

used and 
more, all at 

flMt:! 
.... 

the touch of a finger. 

"''' �:ON 
... -

-
" 

tlU:.t 
!!III 

LTD is still the quiet, comfort
able automobile so many 

Americans want. Irs 
a car with a proud 

l�ii=���iiii��i� tradition. 

I Whether 
you buy 
or lease, 

see 
LTD at your 

Ford Dealer now. 

FOR D  LTD 
FORD DIVISION 
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We wouldn 't be surprised If you answered "Japan "  to all three 
questions. After all, Japan 's gains in these areas have been impressive, 
as has its press. 

But in fact, despite recent trends, according to the Oepartment of 
Labor's Bureau of Labor Statistics, real gross domestic product per 
employed person - the national measure of productivity- shows Japan 
behind the United States by 31. (jOIo. 

As for research and development, based on the latest National 
Science Foundation figures available, the United States spent three 
times more than Japan. 

And in exports, the most recent International Trade Statistics 
Yearbook shows that even in manufactured goods alone u s.  exports 
had a dollar value about 39% greater than exports from Japan. 

So Japan may be gaining, but it hasn 't beaten America. In many 
areas it hasn 't even caught up. Which is not to say the challenge from 
Japan is a hollow one. We know it is real. 

We know individual companies in Japan, with which many of us 
compete, achieve excellent productivity levels. 

We know U s.  spending, of itselt will not generate innovation. It 
takes commitment to leadership. 

We know u s.  trade balances with Japan in certain businesses 
have shifted to Japan 's advantage. 

But we are a strong country with outstanding resources and a 
formidable overall lead. As we take notice of things we need to do, and 
get on with them, we can build on that strength and maintain our ability 
to compete successfully anywhere in the world. 

America is a winner. A winner has confidence. In fact, one can 't 
win without confidence. Yet, the way things have been written and spoken 
of lately, you 'd think we 'd lost our winning ways. Not true. We ha ve 
great strengths. Let's build on them. We have great ability to recommit
to overcome challenge. 

As for Motorola, we believe we are already doing much better 
than the average American company you would compare us to, and most 
Japanese companies as well. We have plans and programs in place 
that  are working to improve constantly our quality and productivity, and 
to keep sharp the cutting edge of our technology 

We are confident we can win against competitive challenges. 
We are committing ourselves publicly to do so. 

We know other companies feel the same. 
It is only a matter of putting ourselves to the test. A nd ha ving 

the nght  answers. 

® MOTOROLA A World Leader in Electronics. 

Quality and productivity through employee participation in management. 
CI981 Motorola Inc. Motorola and @ are registered trademarks of Motorola, Inc. 
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The Patient Record in Epidemiology 
The most accurate estimates of the rate of many diseases come 

from studies based on a huge collection of patient records at the 

Mayo Clinic. The records are indexed for retrieval by diagnosis 

by Leonard T. Kurland and Craig A. Molgaard 

Rcord keeping is a part of medical 
practice whose full utility is not 
readily appreciated. Maintaining 

a current record of all diagnoses, medi
cations, laboratory procedures and oth
er information for each patient helps to 
ensure the continuity of medical care 
and thereby contributes to the welfare 
of the individual patient; it may seem 
unlikely, however, that the patient rec
ord itself could contribute much to the 
advance of medical knowledge. Actual
ly a patient record compiled as a matter 
of routine can serve a larger p urpose. In 
particular a historical collection of the 
records of many patients is an invalu
able reso urce for advances in clinical 
care and for epidemiology: the investi
gation of patterns of health and disease 
in a population. One such collection that 
has amply proved its worth is a large 
archive of medical records at the Mayo 
Clinic in Rochester, M inn. The records 
are indexed by diagnosis and by demo
graphic characteristics of the patients. 
Information from the archive has been 
employed in determining the incidence 
of a wide range of diseases, incl uding 
mUltiple sclerosis, parkinsonism, stroke, 
leukemia and almost every other form 
of cancer . 

An incident in December, 1976, il
lustrates the capa bilities of the archive . 
A national program of imm unization 
against the "swine flu" strain of influen
za was suspended when Public Health 
Service physicians noted among those 
who had been inoc ulated what seemed 
to be a relatively large number of cases 
of Guillain-Barre syndrome, a rare ne u
romuscular disorder.  In order to define 
how many cases constitute a relatively 
large number it was necessary to know 
the base-line incidence of the disease: 
the incidence in the population as a 

S4 

whole in the absence of any disturbing 
factors. That information was supplied 
by a 1973 study of the rate of Guillain
Barre syndrome in the population of 
Olmsted County, Minn.; the study had 
been based on records drawn from the 
Mayo Clinic archive. Epidemiologists 
determined from further studies that re
cipients of the swine-flu vaccine were 
developing Guillain-Barre syndrome at 
a rate several times the usual one, and 
the program of immunization was not 
res umed. 

A feature that disting uishes the Mayo 
Clinic archive as a source of data for 
epidemiology is its comprehensiveness. 
For almost a century the clinic has pro
vided primary medical care for much 
of the pop ulation of Rochester and the 
surrounding areas of Olmsted Co unty . 
Furthermore, since 1966 the diagnoses 
made by almost all the physicians in 
the county, including those who do not 
practice at the clinic, have been consoli
dated in a centralized file maintained at 
the clinic; hence with few exceptions ev
ery diagnosis made by a physic ian in the 
co unty is now indexed in the archive . 
Many records give a complete history of 
medical care from birth to death, and 
often to autopsy. 

Another important property of the ar
chive is ease of access to the patient rec
ords . Although the methods of storing 
and retrieving information have been 
changed several times, the organizing 
principle of the indexing system has re
mained constant since 1907.  Any record 
can be retrieved by the patient' s identifi
cation number or by the diagnosis, and 
so it is possible to identify essentially all 
cases of a disease diagnosed in Olmsted 
Co unty in the past 75 years. 

The organization of the M ayo Clinic 
record system is so well matched to the 

needs of epidemiology that one might 
think it was devised explicitly for such 
p urposes. That is not the case; l ike oth
er systems of medical record keeping, 
the one at the Mayo Clinic was estab
lished as an adjunct to patient care. 
The subsequent development of the ar
chive is intertwined with improvements 
in diagnosis, surgery and data process
ing and with the expansion of the clin
ic itself. 

The forerunner of the Mayo Clinic 
was a partnership of William W. 

Mayo and his two sons, William J. and 
Charles H., who were all surgeons. The 
elder William M ayo was a British immi
grant who in the 1860's had settled in 
Rochester, then a small prairie town. 
He had helped to found St. M ary's Hos
pital, which was then the only hospital 
in Rochester, and the Mayos had ar
ranged to practice surgery there. The 
growth of surgical expertise, however, 
made it increasingly diffic ult for an in
dividual to master the entire field, and 
in about 1903 the practice was trans
formed from a partnership into a coop
erative group. As new areas of speciali
zation emerged physicians were added 
to the group. The idea of group practice 
was then an innovation in American 
medicine; it remains the basis of the 
Mayo Clinic, which is now the largest 
integrated group. practice in the U.S .  

While the Mayo Clinic remained 
small an informal system of record 
keeping sufficed. From 188 5 until 19Q7 
patient records were kept by individ
ual physicians in leather-bo und ledgers. 
Four or five case histories were usually 
entered on each page. The state of the 
art of diagnosis was such that entries 
were generally brief. The attending phy
sician noted the date and the patient's 
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name, age, place of residence and com
plaint; later he added the principal find
ings of the case and its outcome. Each 
laboratory and each surgeon main
tained a similar set of ledgers. To trace 
the course of a patient's illness it was 
necessary to examine the ledgers of the 
attending physician, the laboratory and 
the surgeon. 

Because the clinic was small and diag
nostic techniques were limited the sys
tem worked effectively. The Mayos em
ployed the ledgers as a basis for clinical 
research, describing extensive series of 
surgical cases and reporting the results 
of new surgical techniques. In 1 906, for 
example, Charles Mayo published an 
account of "Surgical Treatment of Goi
ter: Based upon Three Hundred Person
al Operations." (Mayo had pioneered 
the modern surgical approach to the 
treatment of goiter.) 

In the 23 years during which rec
ords were kept in ledgers the subtlety of 
differentiation that could be attained 
through diagnosis increased significant
ly. Before 1 8 5 0  few diseases had been 
described in sufficient detail for them to 

be clearly distinguished. In the next 5 0  
years new anesthetic agents and asep
tic techniques greatly improved the ef
fectiveness of surgery, but diagnosis re
mained a medical stepchild, serving pri
marily for the selection of patients who 
would benefit from surgery. Soon after 
1900, however, new laboratory meth
ods, practical X-ray devices and endo
scopic techniques for direct visualiza
tion of internal organs were added to the 
physician's means of distinguishing one 
disease from another. As diagnosis be
came both more complex and more ex
act it was established as an independent 
procedure required in all forms of medi
cal care. 

These developments, together with 
an increasing patient load, made 

it cumbersome to trace a case history 
through the ledgers. In addition the pos
session of the ledgers by individuals im
plied an attachment to them that was at 
odds with the spirit of the group prac
tice and also inhibited free access to the 
records for teaching or research. 

Soon after 1 900 the Mayos asked Hen-

ry S. Plummer, a young clinic associ
ate, to reorganize the records. By 1 907 
Plummer had devised a system whereby 
a patient's records were all kept in one 
file. Each patient was assigned a unit 
number, which identified the various 
components of the record. The record 
included notes made by each physician 
who examined the patient; new record 
forms were introduced as new special
ties were developed at the clinic. The 
results of laboratory tests were trans
ferred in chronological order to forms 
designed for that information. Corre
spondence with the patient was also kept 
in the file, as were birth and death rec
ords for local residents. 

Plummer's system ensured that all 
medical information pertaining to an 
individual patient could be found in a 
single dossier. Although this greatly en
hanced the clinical care of the patient, it 
soon became evident that some means 
of access to groups of dossiers was need
ed for research and teaching. To meet 
the need Plummer created two simple 
indexes, one index organized by diagno
sis and the other by surgical procedure. 

WILLIAM W. MAYO (middle) and his sons William J. (right) and 
Charles ·H. were all surgeons. Their medical partnership in the small 
prairie town of Rochester, Minn., was the forerunner of the Mayo 
Clinic. The Mayos had arranged to practice surgery at St. Mary's 
Hospital in Rochester, which William W. Mayo had helped to found 

in the 1880's. Some 20 years later, as a result of a growing number of 
patients and the expansion of surgical expertise, the partnership was 
transformed into a group practice; new physicians were added as sur
gical specialties proliferated. Group practice remains the basis of the 
Mayo Clinic, which is the largest integrated group practice in the U.S. 

S5 
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In both indexes the major headings were 
organs and organ systems; listed alpha
betically under these headings were dis
eases or surgical proced ures. Entries 
were carefully made by Plummer's sec
retary, Mabel Root, on five-by-seven
inch cards. 

The dossier system and the Plummer
Root indexes represented a great ad
vance over the ledger system, both for 
patient care and for clinical research. 
Plummer persuaded the M ayos to es
tablish as clinic policy that the archive 
should serve as an institutional resource, 
so that all records would be available 
for teaching and research regardless of 
which physician had treated a particular 
patient. Individual records were easily 
retrieved for patient care by the num
ber assigned to each patient; the index
es made it possible to locate records of 
groups of patients who had similar dis
eases or who had undergone similar sur
gical proced ures. In the early decades of 

( 

this century the system facilitated an in
creasing volume of clinical and surgical 
publication from the Mayo Clinic. 

It was Plummer himself who made the 
first use of the diagnostic archive for 
an investigation of the rate of a disease 
in the local population. In 1 93 1  his study 
of the frequency of diagnosis of goiter 
among Olmsted County residents was 
published. The archive's  main function, 
however, remained the organization of 
records for patient care; the effective
ness of Plummer's system for the p ur
pose is suggested by the fact that the 
diagnostic and surgical indexes re
mained practicable well into the 1930's ,  
in spite of enormous changes in diagnos
tic technique. 

The chief drawback of the Plummer
Root system, which became progres
sively more troublesome, was that dis
eases were listed under organs. Diseases 
that can affect many organs (such as 
cancer) were dispersed throughout the 

index. The lack of cross-indexing of di
agnoses was another drawback, and one 
that frustrated attempts to study the re
lations among diseases. By the 1 930's  
processes rather than str uctures had 
come to play the major role in the analy
sis of disease. Diagnostic terminology 
had also burgeoned, a development rep
resented by the publication of a Stan
dard Nomenclature 0/ Diseases and Op
erations (SNDO) in 1 93 5  by the Ameri
can Medical Association. Ultimately 
the increased sophistication of diagnos
tic technique and the growth of the pa
tient load overburdened the Plummer
Root system as they had the ledger sys
tem 25 years earlier. j oseph Berkson of the clinic's  depart

ment of physiology was asked to re
organize the file. Berkson had been 

trained at the Johns Hopkins School 
of Hygiene and Public Health and was 
proficient in methods of statistics and 

PATIENT RECORDS in the early period of the Mayo Clinic were 
kept in leather-bound ledgers. Each physician, surgeon and laborato

ry maintained a set of ledgers. These are the notes of gyneCOlogical 
consultations for several days in October, 1900, of William J. Mayo. 

He recorded six diagnoses on these pages, making brief biographical 
notes and recording the symptoms and the diagnosis. The middle en
try on the left-hand page includes the diagnosis of an ovarian tumor 

the size "of [a] child's head." The ledgers were the precursors of the 
current diagnostic archive and served both for patient care ;lDd for 
research. William and Charles Mayo consulted the ledgers in prepar
ing accounts of long series of surgical cases. As the number of clinic 
patients grew, however, it became increasingly time-consuming to 
trace a patient's history through the series of ledgers. (The names 
of individual patients have been covered to preserve their privacy.) 
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data handling. In 1 93 2  he introduced an 
index for prenatal and obstetrical care, 
and in 1 93 5  he set up two more indexes, 
one for surgical procedures and one for 
diagnoses. An independent man, Berk
son had little use for the classification 
system implicit in the American Med
ical Association's standard nomencla
ture. He also decided not to adopt an
other system that had become available, 
the International Classification 0/ Causes 
0/ Death (later called the International 
Classification 0/ Diseases, or ICD). 

In place of these Berkson devised his 
own diagnostic index, although it did 
share features with the p ublished clas
sification systems. Like the standard 
nomenclature of the American Medi
cal Association, Berkson's index had 
as headings both organs and diseases, 
reflecting increased interest in disease 
processes. In each disease category he 
created a classification labeled "Except 
as Above," much like the "Other and 
Unspecified" categories of the ICD. 
Berkson's index made it possible to clas
sify more than 20,000 diseases and sites 
in the body, easily accommodating the 
current state of diagnostic technique. 
The numerical codes in the indexes were 
entered on Hollerith p unch cards, which 
were then the most efficient medium for 
mechanical data processing. Berkson's 
diagnostic and surgical classifications 
and his introduction of p unch cards rep
resent the largest single advance in the 
automation of the indexes. 

Still another feature of Berkson's di
agnostic index was the inclusion of an 
item indicating Rochester residency on 
the p unch cards. S ince almost all care 
for significant disease in the area was 
then being provided by the Mayo Clinic, 
it became possible to identify quickly 
and by mechanical means all local pa
tients who had had a given disorder. The 
preconditions for effective population
based epidemiological research had 
clearly been met. The primary uses of 
the archive, however, remained patient 
care and clinical research; it was not un
til 1 948 that the archive was exploited 
for research into population-based dis
ease rates. In that year Berkson and 
members of the neurology department 
concluded a pioneering epidemiological 
study of m ultiple sclerosis in Rochester. 

Berkson's system worked brilliantly 
and is still used for retrieving all records 
dating from 1 93 5 through 1974. His 
foresight in providing space for new di
agnostic entities and in adding the catch
all category "Except as Above" allowed 
the system to remain useful for almost 
40 years. By the 1970's, however, the 
catchall category was being overrun 
by the proliferation of new diagnoses. 
Searching the "Except as Above" file 
had become an expensive and time-con
suming process. To solve this problem 
one of us (Kurland), who had originally 
been attracted to the Mayo Clinic by the 

HENRY S. PLUMMER, a young associate of the Mayos, reorganized the clinic's patient records 
in about 1907. In Plummer's system for the first time all records for an individual patient were 
kept in a single dossier, including the physician's notes, the surgeon's report and laboratory 
test results. To organize the files Plummer devised an index based on the patient's diagnosis and 
one based on surgical procedures. He also persuaded the Mayos to establish as clinic policy the 
ready availability of patient records for teaching or research, regardless of which physician 
had attended the patient. These innovations remain central to the modern diagnostic archive. 

INDEX CARD in the diagnostic file devised hy Plummer lists cases of a single disorder. The 
cards .are filed under the heading of the organ of the body affected by the disorder; organs are 
arranged alphabetically. The card shown lists cases of exophthalmic goiter diagnosed in 1928; 
it was filed under "Thyroid Gland." (Exophthalmic goiter is an enlargement of the thyroid 
gland named for one of its symptoms: protrnsion of the eyeballs.) Plummer's secretary, Mabel 
Root, entered in each square the date, the patient's age and sex, whether the goiter was recur
rent and the patient's identifying number. The top entry in the column on the far left is for a 
50-year-old man who attended the clinic on June 25 with a recurrent goiter. The card was 
one of those that supplied data for the first population-based study of disease rates done at 
the Mayo Clinic: Plummer's 193 1 study of the incidence of goiter in the surrounding area. 
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possibility of doing population-based 
research of the kind represented by 
Berkson's study of multiple sclerosis, 
initiated the third major reorganization 
of the diagnostic index in 70 years. 

In the decades since Berkson devel
oped his system the sophistication 

of diagnosis has grown at a rapid pace. 
By the 1970's several standard classifi
cations of disease existed. At the Mayo 
Clinic the reorganization of the diagnos
tic index was based on the Hospital Ad
aptation of the International Classifica
tion of Diseases, Adapted, Second Edition, 
or H-ICDA-2, which was published in 
1975 . The clinic's needs required that 
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the classification be modified to increase 
its specificity. The H-ICDA-2 system in
corporated many improvements over its 
parent volume, the International Classifi
'cation of Diseases, 8th Revision, published 
by the World Health Organization. Nev
ertheless, many categories consisted of 
groups of diseases rather than single en
tities. To overcome this difficulty addi
tional digits were added to the code to 
identify individual diseases and their 
synonyms under each rubric of the clas
sification. 

The operation of the current diagnos
tic index requires the cooperative effort 
of many groups and individuals, each 
having a specific function with respect 
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to the records. Plummer's numbering 
system is still employed, and each new 
patient at a Mayo facility is assigned 
a chronological seven-digit registration 
number. If the patient's primary physi
cian seeks a consultation with a special
ist, the consultant's findings are record
ed on forms designed for that specialty, 
inserted in the patient record and for
warded to the primary physician. When 
a patient is dismissed, the diagnoses 
made during the current registration at 
the clinic are recorded on the master 
sheet in the dossier. The dossier is then 
sent to the completion desk in the medi
cal-records department, where the forms 
are arranged in a prescribed order, the 
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STANDARDIZED FORMS make up much of the patient record in 
the modern Mayo Clinic system. The master sheet (1) holds biograph. 
ical information, diagnoses and a list of surgical procedures; on the 
reverse is a summary of the patient's clinical history. Two forms pre
sent laboratory results; one form (2) is a verbal summary and the oth· 
er (3) is a compilation of the numerical results of diagnostic tests. Hos· 

pital charts (4) trace the patient's course before and after surgery is 
performed. The attending physician's notes have their own form (5), 
as do descriptions of surgical procedures (6). The dossiers are filed ac. 
cording to patient numbers, which are assigned consecutively. When 
a dossier is called for, it is inserted in a plastic envelope and delivered 
by pneumatic tube or dumbwaiter to the current attending physician. 
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data are consolidated and the results of 
laboratory tests are transcribed onto 
summary sheets. 

The completed dossier is sent to the 
medical-indexing unit, where nosolo
gists, or specialists in diagnostic classifi
cation, assign the numerical code for 
each d iagnosis. The code is entered di
rectly into a computer file by means of 
an on-line terminal. The system allows a 
final check on the accuracy and uni
formity of the coded data as the data are 
entered. When the nosologist enters the 
diagnostic code number, its translation 
appears on the screen. This technique 
has proved effective: periodic sampling 
indicates the error rate is less than 1. 5 
percent. The dossier is ultimately re
turned to the central record-storage 
area, which occupies two floors of a clin
ic b uilding given over primarily to rec
ord storage and data handling. 

The whereabouts of some 5 0,000 pa
tient records in use at any given time are 
monitored by means of a manual loca
tion file, which is soon to be replaced 
by a computerized system. These active 
records are available almost immedi
ately. Past records are also readily re
trieved from the permanent file among 
records of 3.5 million patients, repre
senting 10 million clinic visits and 25 
million consultations. 

The organization of the index of surgi
cal procedures has undergone little 

revision since 193 5 ,  although there has 
been a large increase in the n umber of 
surgical proced ures and in their variety. 
Hollerith p unch cards are still employed 
for initial tabulation; cases for study 
are selected after a manual review of 
the records. The information coded in
cludes not only a detailed listing of sur
gical procedures but also the diagnosis 
based on the findings of the surgeon and 
on the reports of the clinical pathologist. 

A separate collection of pathology re
sults from both surgery and autopsies is 
organized along the lines of the Plum
mer-Root file. All autopsies in Olmsted 
County are done at the Mayo Clinic and 
the records are stored there. For many 
years the autopsy rate for the Rochester 
population has been remarkably high: 
often as high as 70 percent and now 
about 60 percent. The availability of au
topsy confirmation for clinical diagnos
es adds greatly to the reliability of the 
information in the archive. 

With the cooperative effort of physi
cians, no solo gists and data processors 
the archive is now growing at a rate of 
about 885 ,000 medical diagnoses and 
50,000 s urgical proced ures per year. 
About 20 percent of the diagnoses per
tain to local residents. Altho ugh the 
clinic is famous as a referral center, it 
has always provided much of the pri
mary care and almost all the specialty 
care in the Rochester area. The clinic 
draws patients from the 95,000 residents 

of Olmsted Co unty (including 6 1 ,000 in 
Rochester) and from the area beyond 
in southeastern Minnesota. The pop ula
tion of the region is quite homogeneous, 
being mostly of northern European ori
gin. The local economy is based mainly 
on farming and light ind ustry. Roches
ter is about 75 miles from Minneapolis
St. Paul, the nearest large urban area. 

The isolation of the region has con
tributed to the concentration of medical 
services at the Mayo Clinic. Neverthe
less, there have always been a few in
dependent practitioners of medicine 
in Olmsted County. In the early 1 9 5 0's 
a second group practice, the Olmsted 
Medical and S urgical Group, was be
gun in Rochester, and in 1 9 5 5  the Olm" 
sted Community Hospital was opened, 
staffed by physicians of the Olmsted 
Group and by a few independent practi
tioners. In 1 966 a grant from the Na
tional Institutes of Health made it possi
ble to consolidate diagnoses and surgi
cal proced ures from these sources in the 
Mayo Clinic system. The information is 
indexed according to the clinic classifi
cations, and a computerized file for lo
cal residents is maintained at the clinic. 
This final step has made the archive a 
virtually complete record of all visits to 
physicians in a medium-size city and its 
surrounding area. The consolidation of 
diagnostic information in 1966 thus laid 
the groundwork for an important se
ries of studies of the base-line incidence 
of disease. 

One of the first of the pop ulation
based studies indicated that re

search based on the diagnostic archive 
might yield a more accurate picture of 
disease than studies utilizing other kinds 
of record systems. S urveys in several 
European cities had suggested that mul
tiple sclerosis had been grad ually in
creasing in frequency for decades. The 
surveys measured the total number of 
cases of the disease in successive years; 
such surveys of prevalence include both 
old and new cases. To determine wheth
er the rate of multiple sclerosis had been 
increasing, however, what was needed 
was a measure of incidence, or the num
ber of new cases each year; the incidence 
of disease is not easily derived from a 
survey of prevalence. 

By searching both the Berkson and 
the Pl ummer-Root indexes it was pos
sible to identify every diagnosed case 
of mUltiple sclerosis in Rochester be
tween 1 90 5  and 1 964. Because the dates 
of diagnosis were known it was com
paratively simple to determine the inci
dence rate, which showed no significant 
change over the 60-year period. 

The Rochester findings differed from 
those of other studies in several addi
tional ways. The length of time patients 
survived after diagnosis in Rochester 
was llluch greater than that in hospital 
studies of multiple sclerosis, where the 

average s urvival time was from 12 to 15 
years; in Rochester the patients' average 
survival time was about 3 5 years.  In ad
dition the overall rate of diagnosed mul
tiple sclerosis in Rochester was higher 
than that found in other studies. These 
differences reflect the fact that, with ex
cellent medical care in an isolated area, 
a higher proportion of mild cases are 
diagnosed in Olmsted County than are 
diagnosed in other places where only 
hospitalized cases can be ascertained. 
The longer survival time probably re
flects this diagnosis of a greater number 
of mild cases, which have a better prog
nosis, as well as earlier diagnosis of cas
es in general. 

The completeness of the records at 
the Mayo Clinic allows epidemiological 
research based on the diagnostic archive 
to throw l ight not only on the patterns of 
disease but also on theories about the 
cause of disease. In a 1 963 study David 
C. Poskanzer and R. S. Schwab of the 
Harvard Medical School noted a dra
matic increase in the mean age of admis
sion for parkinsonism at Massachusetts 
General Hospital; the age had increased 
from about 3 0  years in 1 920 to roughly 
60 years in 1 960. Poskanzer and Schwab 
hypothesized that a single, simultaneous 
exposure to some disease-causing agent 
was responsible for all the cases. 

In 1 9 1 8 a worldwide influenza epi
demic took some 5 00,000 lives in the 
U.S. Some of those who survived con
tracted encephalitis in the aftermath of 
an influenza infection; some encephali
tis victims also subsequently developed 
parkinsonism. Poskanzer and Schwab 
proposed that there had been many cas
es of subclinical encephalitis in 1 9 1 8, 
leading to parkinsonism after a long and 
variable latency period. They suggested 
that as those who had lived through the 
influenza epidemic aged together, the 
average age of onset for parkinsonism 
also rose. On the basis of this hypothe 
sis Poskanzer and Schwab predicted a 
sharp drop in the incidence of parkin
sonism in the 1 970's as the number of 
those who had lived through the influ
enza epidemic dwindled. They also hy
pothesized that most cases of parkinson
ism, whether or not they were preced
ed by symptoms of encephalitis, were 
caused by exposure to a virus. 

Information from the diagnostic ar
chive provided a test of these hypothe
ses. All cases of parkinsonism diagnosed 
in Rochester from 1 93 5  through 1 974 
were identified. Autopsy reports were 
available for more than half of the 
cases, providing further confirmation 
of the diagnosis. In contrast to the in
crease noted at Massachusetts General 
Hospital, the mean age at diagnosis for 
the Rochester parkinsonism patients 
remained between 62 and 66 years 
throughout the 40-year period. The 
Rochester study thereby undermined 
the theory of causation proposed by 
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Poskanzer and Schwab; if there had 
been no steady increase in the age of 
onset, there is little reason to think a 
single exposure was responsible for all 
cases of parkinsonism. Furthermore, the 
Rochester records showed no decrease 
in incidence as the proportion of the 
population born before 1918 was re
duced, as would have been predicted 
on the basis of Poskanzer and Schwab's 
hypothesis. 

The differences between the results 
of the population-based study in 

Olmsted County and the Massachusetts 
General Hospital study highlight a bias 
that can arise in studies based on hospi
tal records. The population of hospital 
patients reflects the selective patterns of 
referral from other medical facilities. 
Indeed, when the mean age of all pa
tients with parkinsonism seen at the 
Mayo Clinic in the period from 1935 
through 1964 was examined (as opposed 
to the age of parkinsonism patients from 
the local area), a rise similar to but 
smaller than the one noted by Poskanzer 
and Schwab was observed. The mean 
age at diagnosis also increased for refer
ral patients with two other diseases that 
affect the nervous system: herpes zoster 
and stroke. 

The reason for these increases is that 
a growing proportion of the elderly in 
the population now come to specialists 
for care. The Mayo Clinic study sug
gested that it was this factor rather than 
any change in the age distribution of 
those with parkinsonism that led to the 
observations at Massachusetts Gener
al Hospital. Older patients, particular
ly those with moderate symptoms, who 
might formerly not have sought treat
ment, are now more likely to consult a 
physician. The unchanging age of onset 
for many chronic diseases among the 
Rochester population can probably be 
attributed to the ready availability of ex
cellent medical care that older people 
have enjoyed there for many years. The 
Rochester study of parkinsonism, along 
with studies of stroke, brain tumors, 
rheumatoid arthritis and other diseases, 
has helped to dispel the idea that the 
incidence of these diseases reaches a 

peak in the sixth decade of life and then 
declines. The studies have shown that 
the rates of many chronic diseases rise 
continuously throughout life. 

The Rochester studies of base-line in
cidence thus call attention to some of the 
biases present in most collections of hos
pital records. The diagnostic archive is 
also useful for investigations that touch 
more directly on the factors responsible 
for disease. In the 1960's studies based 
on U.S. mortality statistics showed an 
increase in the death rate from leukemia 
from two per 100,000 people per year in 
the 1930's to about seven per 100,000 
in the .1960's. It was suggested that in
creased exposure to ionizing radiation 
(from diagnostic tests or environmen
tal radiation) or to chemical pollutants 
might have been responsible for the in
crease. The annual incidence of leuke
mia in Rochester, however, based on 
all cases diagnosed between 1935 and 
1964, was found to have been steady at 
about eight per 100,000. The reason the 
national death rate was lower than the 
Rochester incidence rate is presumably 
that many cases of leukemia remained 
undiagnosed in areas of the country 
with inadequate medical services, par
ticularly during the economic depres
sion of the 1930's. 

In 1978 the Rochester leukemia study 
was extended to include all cases di

agnosed through 1974. No increase in 
incidence among women or young men 
was found. There had, however, been a 
rise in the incidence of leukemia among 
men 50 years old and older. Almost 
all the increase could be attributed to 
acute myelogenous leukemia, a form 
of the disease in which environmental 
factors are thought to be important. 
With the aid of the diagnostic index an 
investigation was undertaken to identify 
the factors that might have been respon
sible for the increase. 

The case-control study is the epidemi
ological method most commonly em
ployed to determine what factors in
crease the risk of contracting a disease. 
In such a study a group of people who 
have the disease are matched with a 
group of control subjects who do not. 

CURRENT OPERATION of the diagnostic archive requires the close cooperation of many 
departments to index 885,000 diagnoses and 50,000 surgical procedures each year and to re
trieve dossiers for hundreds of epidemiological studies. Eight phases of indexing and retrieval 
are shown. (1) A physician enters notes into the patient record. (2) Laboratory results are tran
scribed onto sU!1lmary sheets; test results are recorded in the laboratory on yellow slips, then 
collated and summarized on standard forms. (3) The code for a diagnosis is looked up in the 
diagnostic index and recorded on a small card. (4) The code is checked and then entered into a 
computer file by means of a visual-display terminal. (Shown on the screen is the list of diag
noses for a single patient.).(S) The patient record is stored among 3.5 million dossiers in an area 
that occupies two floors of a clinic building. (6) A dossier is identified for retrieval at the request 
of the attending physician by means of a location file manned by eight clerks who monitor 
about 50,000 current records. (7) For an epidemiological study records are brought from the 
central storage area to the medical-statistics unit by a dumbwaiter. (8) Information is abstract
ed from patient records for an epidemiological study. The investigator provides a form listing 
the information needed from the dossier; trained abstractors record the data from each dossier. 

An attempt is made to match cases and 
controls in such a way that they are sim
ilar in most important demographic 
respects, including age, race, sex and 
sometimes socioeconomic status. If a 
certain kind of exposure (to ionizing ra
diation, say) appears more often in the 
medical histories of the cases than it 
does among the controls, the exposure is 
presumed to entail an increased risk of 
contracting the disease. The ratio of the 
proportion of cases who have been ex
posed to the proportion of controls who 
have been exposed is taken as an esti
mate of the increase in risk associated 
with the exposure. 

Case-control studies are often done 
by selecting a series of cases from the 
records of one service at a hospital and a 
group of controls from other services at 
the same hospital. Investigations of this 
kind are informative and relatively easy 
to carry out; they have provided much 
of the current base of knowledge in 
epidemiology. They are, however, re
plete with methodological complexities. 
The selection of an appropriate group of 
controls is by no means straightforward; 
several biases may be introduced in the 
process. Control subjects (particularly 
those from other services at the same 
hospital) often have characteristics re
lated to their being sick that systemati
cally affect their chances of having had 
the exposure under investigation. To 
overcome such difficulties it is almost 
always necessary to exclude certain 
groups of control subjects; the criteria 
for exclusion are rarely unambiguous. 
Moreover, the selection of different 
groups of controls generally gives rise to 
quite different estimates of risk. Case
control studies also cannot provide an 
estimate of the base-line incidence or 
prevalence of a disease, only an estimate 
of the relative levels of risk among ex
posed and unexposed patients. 

Case-control studies in Rochester 
based on the diagnostic archive avoid 
some of these shortcomings. In the first 
place the records of the clinic and the 
additional sources in the archive are of 
sufficient accuracy and completeness 
that they can provide base-line-inci
dence rates (as in the leukemia study). 
After this has been accomplished the 
record system can also supply a group 
of controls who have basic demographic 
backgrounds similar to those of the cas
es. The controls are particularly suitable 
for purposes of comparison because, 
rather than having a serious disorder, 
which complicates a study of this kind, 
they have often consulted the Mayo 
Clinic or one of the other local medical 
facilities for a minor ailment or a rou
tine procedure such as a checkup, and 
are in good health. 

In any single year about 80 percent of 
the community will have been seen at 
the clinic or at one of the other health
care facilities in the community and en-
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I. Infective and parasitic diseases [ 24(}-246 Diseases of the thyroid gland 
I I .  Neoplasms 25(}-258 Diseases of other endocrine ",lands 
I I I .  Endocrine, nutritional and metabolic diseases,- ---------t 26(}-269 Avitaminoses and other nutritional deficiencies 
IV. Diseases of the blood and blood-forming organs 27(}-279 Other metabolic d iseases ______ ______ ___ _ 
V. Mental disorders 
VI .  Diseases of  the nervous system and sense organs 
V I I .  Diseases of the circulatory system 
V I I I .  Diseases of the respiratory system 
IX .  Diseases of  the digestive system 
X. Diseases of the genitourinary system 
X I .  Delivery a n d  compl ications o f  pregnancy, 

chi ldbirth and the puerperium 
X I I .  Disease of the skin and subcutaneous tissue 
X I I I .  Disease of the musculoskeletal system 

and connective tissue 
X IV. Congenital anomalies 
XV. Certain diseases peculiar to newborn infants 
XVI .  Signs, symptoms and i l l-defined conditions 
XVII Injuries and adverse effects 

CLASSIFICATION OF A DISEASE in the current diagnostic index 
is based on a hierarchy of taxonomic groups. Each disease is given 
a unique eight-digit code number, which represents its niche in the 
classification system. The code comhines the four-digit Illtematiollal 
Classificatioll of Diseases (ICD) system with further classifications 

devised at the clinic. Each disorder has a place in five successively 
finer classes, heginning with one of the 17 major ICD groups, which 
together include all diseases, and ending with a small category made 
up of closely related disorders. Each group contributes one digit or 
more to the code. The taxonomy sbown represents the classification 

tered into the comprehensive index. In 
any three-year period the proportion ex
ceeds 9 5  percent for most age groups. 
M atching of cases and controls by age, 
sex and city or rural residence is readily 
accomplished; perhaps the major feat is 
selection of the control whose registra
tion number among controls is closest to 
that of the case. This ensures a similar 
interval of residence and medical cover
age and increases the likelihood that the 
possible risk factors will have been re
corded for both the case and the control. 

A case-control study was undertaken 
to examine some of the factors that 
might be related to the development of 
leukemia, with the particular aim of ex
plaining the recent increase in leukemia 
among men over 50. Data in the clinic 
records indicated the extent of diagnos
tic and therapeutic radiation among cas
es prior to the onset of symptoms of 
leukemia. Similar information was ob
tained for matched controls without leu
kemia. Such exposure was not found to 
be any greater among the cases than it 
was among the controls. A similar anal
ysis was made to see whether health 
workers who might have increased ex
posure to radiation and farmers who 
probably have increased exposure to 
pesticides were in excess among those 
with leukemia. No such association was 
found in a recently completed study, al
though further investigations of larger 
cohorts are still recommended. 

The diagnostic archive has been 
shown to be valuable in descriptive 

studies of the incidence and prognosis 
of disease and in case-control studies 
aimed at identifying risk factors. The 
optimum method in epidemiology, 
however, is neither of these but a pro
spective study, in which several large 
groups of subjects are followed for a 
long period. The groups may differ in 
important respects, such as exposure to 
suspected pathogens; they are moni
tored to determine whether exposure 
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leads to a higher incidence of disease. 
A well-designed prospective study is 

considered the most reliable means of 
showing an association between a sus
pected risk factor and subsequent dis
ease because it eliminates many of the 
problems of. the case-control study and 
approximates the experimental model 
of the physical sciences. A prospective 
study of women clients of the Family 
Planning Association in Oxford, En
gland, has provided some of the most 
reliable data on the long-term health 
effects of oral contraceptives. A pro
spective study of the residents of Fra
mingham, M ass.,  is yielding information 
about risk factors in the development of 
cardiovascular disease. The typical pro
spective study, however, is expensive 
and complicated to administer; more
over, biases are sometimes introduced 
when patients move away from the area 
and are lost to observation. 

Epidemiologists have long been 
aware that some of the difficulties of the 
prospective design might be circum
vented if the subjects could be traced not 
in life but in the medical records of a 
large population. Few sources of med
ical records provide sufficiently com
plete coverage of an area or sufficiently 
thorough medical histories for such a 
"historical cohort study." Some health
maintenance organizations, such as the 
Kaiser-Permanente Medical Care Pro
gram in the Western states, and the 
Group Health Cooperative in Seattle, 
now keep records that would be ade
quate. For most of the organizations, 
however, the records go back only a few 
years; in addition the health-mainte
nance organizations often draw patients 
from a relatively narrow socioeconomic 
stratum. 

In many instances the Mayo Clinic 
diagnostic archive does satisfy the re
quirements of a historical cohort study. 
The archive makes it possible to identify 
a cohort exposed to a suspected risk fac
tor, to efficiently monitor the cohort for 

some outcome (usually a disease proc
ess) and to estimate the incidence of the 
outcome in the general population (of 
Rochester) as a basis for determining 
whether the rate in the cohort is exces
sive. Several such studies have been 
done at the Mayo Clinic. One of the 
most important focused on the long
term consequences of the use of the 
synthetic estrogen hormone diethylstil
bestrol (DES). In the 1 940's and 1 9 5 0's 
DES was widely prescribed during preg
nancy to prevent possible miscarriage. 
In 1 97 1  a case-control study done in 
Boston reported an elevated rate of 
vaginal clear-cell cancer, which is gener
ally a rare condition, in young women 
who had been exposed to DES in utero. 

The 1 97 1  study, with its case-control 
design, could not estimate the base

line incidence of vaginal clear-cell can
cer in the population at large or among 
those exposed to DES; it did demon
strate a strong association between in 
utero exposure to DES and this rare can
cer. What was needed was a prospective 
study of those who had been exposed 
d uring gestation. The necessary infor
mation was found in the Mayo Clinic 
archive. 

In 1 943 Berkson had added to the files 
of the prenatal-care index a code for the 
use of estrogens d uring pregnancy. An 
examination of the records of all preg
nancies in the Rochester area between 
1 943 and 1 9 5 9  showed that DES and 
other estrogens had been administered 
in about 7 percent of them. At the time 
this was the only available information 
on the proportion of infants who had 
been exposed to DES. On this basis it 
has been estimated that from one to two 
million daughters and an equal number 
of sons had been exposed, along with 
their mothers. Medical histories and lat
er examinations of several hundred of 
the exposed daughters in Rochester dis
closed no cases of vaginal clear-cell can
cer; the absence of cases, however, was 
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0273 02737 02737 1 2 0 

270 CO'ngenital d isorders of amino acid 73.0 Cystic fibrosis 2737 1 2 0 Hurler syndrome 
metabolism 273 . 1  Disorders o f  porphyrin 02737 1 2  1 lipochondrodystrophy 

271 Congenital d isorders of carbohydrate metabolism 02737 1 2  2 Mu ltiplex dysostosis 
metabolism 273.2 Hemochromatosis 02737 1 3  0 Gargoylism 

272 Congenital disorders of l ipid metabolism 273.3 Hepatolenticular 02737 1 4  0 Hunter syndrome 
273 Other and unspecified congenital degeneration 02737 21 0 Osteochondral dystrophy 

disorders of metabolism 273 .4 Other disorders involving 02737 21 1 Morquios disease 
274 Gout metabolism of minerals 02737 21 2 Osteochond rodystrophy 
275 Plasma protein abnormalities 273.5 Defective bi l i rubin 02737 21 3 Morqu io-type kyphosis 
276 Amyloidosis excretion 2737 21 4 Mucopolysaccharidosis 
277 Obesity not specified as of 273 .6 Disorders of corticosteroid 

endocrine origin metabolism 
278 Other hyperal imentation 273.7 Mucopolysaccharide disorders 

79 Other and unspecified metabolic 273.8 Other disorders of renal transport 
diseases 73.9 Other and unspecified 

of Hurler syndrome, a genetic disorder of mucopolysaccharide me
tabolism that gives rise to heart disease and mental retardation and 

usually leads to death before age 10. The code for the syndrome is 
02737 12 O. The initial 0 is an internal clinic code used for checking 
the accuracy of the data. The ICD code for the class of diseases that 

includes Hurler syndrome is 273.7, where the first three digits desig
nate a broad group of disorders and the fourth digit specifies a sub
group. The clinic adds the three final digits: 12 identifies the disease 
and 0 picks out one name for it among synonyms. Thus 12 0 and 1 2  
1 (lipochondrodystrophy) identify different names for one disorder. 

still compatible with an incidence rate 
of the cancer among the exposed as high 
as nine per 1,000 by age 1 9 . In view of 
the fear that a high proportion of the 
daughters exposed to DES might devel
op the cancer, the results of the M ayo 
Clinic report were reassuring . 

Even the sample represented by the 
diagnostic archive, however, was too 
small to determine the incidence with 
certainty. For this reason a national reg
istry of cases was established and pro
spective- studies of 5 , 000 women from 
many parts of the country were begun in 
several medical centers in 1 974.  The re
sults of the national studies indicate that 
the risk of contracting the vaginal can
cer by age 20 is likely to be in the range 
from 1 to 10 per 10,000 among the ex
posed daughters. The studies have also 
shown that the daughters have an in
creased risk of miscarriage, and that 
some 3 5  percent of them have benign, or 
noncancerous,  vaginal lesions. 

The history of the DES project sug
gests the limits of the Mayo Clinic diag
nostic archive as a resource for epidemi
ology. For many descriptive and analyt
ical studies the archive is a better source 
of data than prevalence surveys, hospi
tal records, vital statistics or the records 
of most health-maintenance organiza
tions. The value of the archive is limited, 
however, by the size of the local popula
tion. As in the instance of DES, the ar
chive is too small to provide definitive 
information about some rare but po
tentially important conditions. F urther
more, the homogeneity of the popula
tion limits the extent to which results 
based on the diagnostic archive can be 
generalized.  

To overcome these limits it will  be 
necessary to apply the Mayo Clinic 
model in other areas. If a diagnostic ar
chive, including indexes based on clin
ical diagnosis and surgical proced ure 
and with readily available supporting 
material such as autopsy and laboratory 
reports, were instituted in other medi-

urn-size cities capable of being covered 
by a single record-linkage system, the 
combined records would provide epide
miological knowledge that is now be
yond our grasp. Such archives could 
provide a check on the results of the 
Rochester studies, indicating the extent 

to which the results are biased or pecu
liar to the region. They could also in
crease the reliability of findings on rare 
conditions and by so doing extend the 
existing picture of the complex and reg
ular patterns in which diseases afflict the 
human population. 
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AGE AT DIAGNOSIS of parkinsonism increased far less between 1935 and 1965 in Roches
ter (color) than it did in a series of cases at Massachusetts General Hospital (black). The in
crease observed among cases at the Boston hospital led to the hypothesis that a single exposure 
to a virus in about 1918 was responsible for all these cases of parkinsonism after a variable 
latency period. The more complete records in the Mayo Clinic archive indicated little increase 
in age of diagnosis with time, throwing doubt on the single-exposure hypothesis. Studies based 
on the archive have uncovered similar artifacts in the rates of several other chronic diseases. 
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An Early Habitat of Life 
Microorganisms may have Bourished on tidal mud Bats 3.5 billion 

years ago. The environment can be reconstructed from sedimentary 

deposits in A ustralia, but the evidence of life remains tentative 

by David I. Groves, John S. R. Dunlop and Roger Buick 

T
he history of the earth is written in 
its rocks, the history of its inhab
itants in the fossil record. Geolo

gy and paleontology complement each 
other. Through detailed examination of 
sedimentary rocks it is possible to recon
struct past environments, to determine 
whether or not they might have support
ed life and, if they did, what kind of life 
it was. 

For the past several years we and a 
number of colleagues have been exam
ining sedimentary rocks 3.5 billion years 
old that are exposed at a very hot place 
in Western Australia called North Pole. 
We have discovered what is probably 
evidence of early life: objects that re
semble microfossils, which are the re

mains of ancient microorganisms, and 
also probable stromatolites, which are 
layered structures forined as the result 
of the accretion of fine grains of sedi
ment by matted colonies of microorgan
isms. These things are found in well-pre
served sediments, and our study of the 
sediments indicates that the early Pre
cambrian environment at North Pole 
was one in which primitive organisms 
could have flourished. Taken together, 
the geological and the paleontological 
evidence suggest that North Pole was 
indeed the habitat of some of the earth's 
earliest living things. 

The macroscopic fossil record goes 
back some 650 million years, to just be
fore the beginning of the Cambrian peri
od. Over the past two decades the re
mains of flourishing communities of mi
croscopic algae and bacteria have been 
found in much older sedimentary rocks, 
and grad ually the age of the oldest life 
forms known has been pushed back 
further into the Precambrian era. The 
course of evolution is now fairly well 
established back to about 2.7 billion 
years ago. Objects that appear to be mi
crofossils and stromatolites have been 
discovered in even older sediments, but 
they are rare and poorly preserved, and 
for most of them a biological origin can
not be proved. A thorough knowledge 
of the ancient environment can help in 
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assessing the likelihood that such equiv
ocal remains are true fossils. 

Reconstructing an environment can 
do more than show whether or not a 
sedimentary basin was suitable for colo
nization by ancient life forms and for 
the preservation of relics of those forms. 
The topography of the site can be deter
mined, and so can the strength and di
rection of currents, tides and waves. 
Analysis can reveal much about the ge
ology of the source of the sediments and 
can show how the sediments changed 
physically and chemically after they 
were deposited. It may even be possible 
to deduce the composition and the tem
perature of the early atmosphere and 
oceans. Such conditions determine what 
organisms exist, influence their way of 
life and act as selective forces in their 
evolution. The pathways favored by 
natural selection were particularly sig-
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nificant during the early Precambrian 
era because the basic biochemistry of all 
later organisms was determined by the 
outcome of this earliest interaction of 
organisms and environment. The geol
ogy that enables us to reconstruct the 
North Pole environment is the key to 
understanding its life forms and their 
preservation. We shall therefore discuss 
the geological findings before consider
ing the evidence of life. 

T
he North Pole area in northwestern 
Australia is part of a complex ter

rain, the Pilbara Block, in which ovoid 
granite domes are surrounded by fold
ed sequences of both volcanic and sed
imentary rock called greenstone belts. 
The age of about 3.5 billion years as
signed to the North Pole rocks was es
tablished by radioactive-isotope dating. 
The rare-earth element samarium has a 

NORTH POLE 
� 
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POSSIBLE HABITAT of early life is in northwestern Australia at a site called North Pole. 
The site and its setting in the Pilbara Block are seen in the Landsat satellite image on the oppo
site page, which was processed by the Division of Mineral Physics of the Commonwealth Sci
entific and Industrial Research Organization in Sydney. Ovoid granite domes (light color) are 
enveloped by greenstone belts (dark colors). The map shows the location of the area includ

ed in the image and the drawing relates the North Pole site to major features of the image. 
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SEDIMENTS AT NORTH POLE are well preserved, unlike those 
in most other ancient beds. This sequence of chert (fine-grained sil-

MOUND-SHAPED STRUCTURE discovered at North Pole is con
sidered to be an exposed vertical section of a stromatolite: a layered 
sedimentary structure formed by the accretion of mineral grains by 
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ica) and paler barite (barium sulfate) has not been folded or appre
ciably tilted. The reddish tone is from iron-rich surface deposits. 

matlike colonies of microorganisms. The arched nodule, about 20 
centimeters high and 2S centimeters wide, is composed of a num
ber of smaller nodules, each one made up of stacks of arched layers. 
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radioactive isotope, samarium 147, that 
decays to yield neodymium 143. Be
cause the rate of decay is constant the 
age of a rock can be determined by com
paring its relative content of the two iso
topes. This method has been applied to 
rocks in a part of the Pilbara Block adja
cent to the North Pole site and lying 
within the same broad geological unit 
(called the Warrawoona group). Strati
graphically equivalent rocks from other 
areas, including some from North Pole 
itself, have been dated by means of simi
lar radioactive-isotope systems. All the 
analyses support the approximate age of 
3.5 billion years. 

Considering the great antiquity of the 
North Pole sequence, its degree of pres
ervation is remarkable. Most early Pre
cambrian rocks have been subjected to 
heat and pressure during periods when 
they were buried deep in the earth's 
crust; as a result they exhibit considera
ble metamorphism, or changes in miner
alogical structure. The North Pole rocks 
show little evidence of metamorphism. 
Two minerals present in North Pole ba
salts, prehnite and pumpellyite, would 
not have been preserved if the basalt had 
ever been heated to more than about 
300 degrees Celsius, even at a pressure 
of less than some 3,000 atmospheres. 
Whereas most rocks as old as these have 
undergone several episodes of folding, 
North Pole strata are tilted only some 
30 degrees from the horizontal; folding 
is significant only near fault lines. 

In some sedimentary rocks pressure 
and deformation have dissolved the 
more soluble components, modifying or 
obliterating structural details that show 
how the sediments were deposited. Such 
processes have had only a minor effect 
at North Pole because most of the more 
soluble minerals were replaced early in 
their history by silica (silicon dioxide) or 
barite (barium sulfate), which are resis
tant to solution under pressure. Both the 
volcanic and the sedimentary structures 
and textures at North Pole have there
fore been preserved with comparatively 
little alteration since the time 01 deposi
tion, even though the original minerals 
that constituted the rock are gone. 

T
he sedimentary rocks bearing evi
dence of biological activity are mi

nor constituents of the Warrawoona 
group. Most of the rocks that make up 
the group are volcanic; they form a se
quence several kilometers thick that ex
tends over most of the Pilbara Block. At 
North Pole the major volcanic rock is 
basalt, much of it characterized by tubu
lar or bun-shaped structures. Such "pil
lows" are formed only when lava erupts 
underwater. The North Pole pillows 
ha ve vesicles (holes left in the cooling 
lava by gas bubbles) whose abundance 
and large size show the lava was erupt
ed in water less than 100 meters deep. 

Although basalts dominate at North 
Pole, in other parts of the Pilbara Block 

there are thick sequences of paler felsic 
rocks, which are fine-grained volcanic 
rocks with a chemical composition simi
lar to that of granite. The felsic rocks are 
interdigitated with the same basalts seen 
at North Pole, indicating that they were 
deposited at about the same time. As 
in the case of modern felsic volcanoes, 
most of the felsic material in the Warra
woona group was the product of explo
sive volcanism. (The basalt eruptions 
at North Pole were less violent.) The 
felsic material was erupted on land or 
in very shallow water. 

From findings such as these one can 
reconstruct the volcanic environment, 
which was the setting for the deposition 
of sediments. Evidently the scene was 
dominated by extensive shallow seas 
into which basaltic lavas were erupted; 
small basaltic land masses were formed 
by local uplift. Scattered islands formed 
by felsic volcanoes rose higher, and vol
canic products eroded from their flanks 
were deposited between successive ba
saltic lava flows. 

T
he lowest sedimentary layer interpo
lated into the volcanic sequence at 

North Pole is a chert-barite unit about 
30 meters thick, and it is this unit that 
holds evidence of early life forms. The 
unit is dominated by cherts: rocks com
posed of microscopic grains of silica. 
Most early Precambrian cherts have 
been considered to be chemical sedi
ments, precipitated from silica-rich wa
ter in deep oceans. The abundance of 
chert in deposits older than 2.5 billion 
years has sometimes been held to indi
cate that the crust of the earth was deep
ly submerged until then. 

The clear evidence at North Pole of 
volcanic eruption into shallow water 
rules out such an origin for these cherts. 
Moreover, examination of the cherts 
under the microscope reveals the pres
ence of clasts, which are fragments of 
rock that have the appearance of per
fectly preserved grains of sand, silt and 
mud; the clasts are formed into struc
tures characteristic of sediments depos
ited from running water. A two-stage 
process can account for the formation 
of the cherts. First the sand and other 
shallow-water materials were deposited; 
later silica-rich water circulated through 
the porous sediment, dissolving the orig
inal minerals and precipitating silica in 
their place when the temperature and 
acidity were favorable. The silica took 
on the form of the original grains. 

The presence of silica-rich water is 
readily explained. Modern ocean water 
is deficient in silica because organisms 
such as sponges and diatoms extract sili
ca to build their skeletons. In the early 
Precambrian there were no silica-fixing 
organisms as far as is known. The seas 
must have contained much more dis
solved silica, leached out of volcanic 
rocks by volcanically heated water. 

One can reconstruct the environment 

in which these ancient sediments were 
deposited by comparing their structure 
and texture with those of sediments be
ing deposited today along coastlines, in 
lakes, estuaries and rivers, on the ocean 
floor and elsewhere. Each modern sed
imentary environment gives rise to 
a characteristic sequence of sand, silt, 
mud and other sediments having specif
ic relations to one another in time and 
space. The composition, structure and 
texture of each kind of sediment reflect 
the conditions under which it was depos
ited: the depth of the water, the velocity 
of the current, the source of the clasts 
and so on. To interpret the North Pole 
rocks one needs to study distinctive sedi
mentary structures and the relation of 
one body of sediment to another both 
vertically and laterally. The vertical se
quence of sediment types records the ev
olution of the environment over time; 
lateral variations (which are called fa
cies changes) indicate the range of envi
ronmental conditions at any one time. 

T
he most telling indicators of the 
North Pole sedimentary environ

ment are beds of evaporative sulfates, 
which are now made up mostly of bar
ite. Evaporites are chemical precipitates 
that crystallize slowly from brines dur-

MODERN STROMATOLITE from Shark 
Bay in Western Australia is ahout 15 centime
ters high. The arched structures are formed 
when layered colonies of microorganisms are 
covered by accreting mineral grains. New 
growth is then fastest where the most light is 
available for photosynthesis, so that the col
onies tend to build a pile of draped layers. 
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VOLCANIC ENVIRONMENT of the Pilbara Block some 3.5 billion years ago is reconstruct
ed. The major rock type is basalt (dark gray), which was erupted into shallow seas and later 
was uplifted. Felsic volcanoes erupted paler rock (light gray) that became interdigitated with 
the basalts. In this volcanic setting sedimentary sequences (color) were laid down from time to 
time; one sequence is exposed at North Pole. A section (A) through a sedimentary sequence is 
diagrammed in the illustration below; locale of North Pole sediment deposition is shown at B. 
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STRATIGRAPHIC SECTION through the North Pole sediments shows a typical sequence 
of facies, or rock types (le/t), and the structures seen within each facies (right). The original 
minerals have largely been replaced by chert or barite. The entire chert-barite unit is a minor 
component within a thick sequence composed of pillow basalts and other volcanic rocks. 
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ing the evaporation of shallow ponds 
and lakes, usually in arid regions: The 
barite beds at North Pole are composed 
of upward-radiating groups of crystals 
as much as 20 centimeters thick; in 
some specimens sediments are either 
draped over the crystals or between 
them. These features indicate that the 
crystals grew upward in standing water, 
either on the sediment surface or under 
a thin cover of sediment. The crystals 
are almost identical in appearance with 
younger evaporative sulfates from the 
Australian coastline and the rim of the 
Mediterranean. Like most modern sites 
of evaporite deposition, the North Pole 
site was probably isolated from the sea, 
but the scoured surfaces and the bro
ken tops of some crystals suggest that 
from time to time the usually tranquil 
site was occasionally exposed to the ac
tion of storms. 

Modern evaporites generally consist 
of calcium or calcium-magnesium car
bonates, gypsum (hydrated calcium sul
fate) or halite (rock salt). Because barite 
is not a common evaporite mineral we 
had to consider the possibility that at 
North Pole it had replaced some other 
mineral. The similarities between the 
ancient barite and modern evaporitic 
gypsum are striking. Some of the crys
tals have a swallowtail shape that does 
not develop in primary barite but is a 
distinctive feature of gypsum. The an
gles between crystal faces are typical of 
gypsum, not of barite. In some cases, 
then, the barite must be a replacement 
for what was originally gypsum (al
though there is indirect evidence that 
some of the barite was a primary pre
cipitate). 

We conclude that the North Pole bar
ite beds were formed on the bottom 
of shallow, calm ponds. During rare 
storms, when waves breached the barri
er between the ponds and the sea, crys
tals were eroded, other sediments were 
deposited and the supply of sulfate was 
replenished. Analysis of the ratios of 
several stable (nonradioactive) isotopes 
of sulfur in the barite suggests that the 
site of deposition had access to a large 
and homogeneous reservoir of dissolved 
sulfate, presumably the open sea. 

Distinctive units of silicified sand, silt 
and mud lie below and above the 

evaporites. At the base of the sequence 
thick sand beds were built up on the un
derlying basalt. The sands are derived 
mainly from the outer surface of ba
salt pillows that were eroded by waves. 
Since the pillow lavas were erupted un
derwater, the erosion must have taken 
place after either tectonic uplift or a fall 
in the sea level had exposed the volcan
ic rocks. 

The grains of the sand are angular and 
are poorly sorted by size, indicating that 
they did not travel far between erosion 
and deposition. The sand beds generally 
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have no silt or mud fraction. Each sand 
unit has flat, laminated beds at the base 
and large cross-beds (formed by the 
movement of large ripples) at the top. 
The sand changes progressively from 
coarse to fine as one moves upward 
within a bed and from one bed to the 
next. All these features are consistent 
with deposition in a tidal inlet, into 
which a dominant flood tide swept sand 
that had been eroded from basalt head
lands; fine material was removed by a 
much weaker ebb current. As the sands 
built up shoals, finer particles gradually 
settled under increasingly sheltered con
ditions. 

a 

Fine-grained, greenish gray rocks 
overlying both sequences of sand beds 
are made up of silicified mud and silt. 
They display a variety of distinctive 
structures that are good environmental 
indicators. The indicators include cross
bedding in silts, suggesting that waves 
and currents moved ripples over the 
sediment surface, and gravity-induced 
"flame" structures, which tend to form 
in semiliquid oozes. In finely laminat
ed muds there are also small crystals of 
what was once gypsum, some of them 
in daisy shapes, which suggests a high 
rate of evaporation. Lenses of fragmen
tal rocks (conglomerates and breccias) 
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are composed of pebbles of desiccated, 
consolidated mud ripped up by storm 
waves. Sediments and structures of this 
kind are characteristic of mud and silt 
deposited on tidal fiats, such as those 
found today along the margins of the 
North Sea. 

What was the source of the North 
Pole muds and silts? Some were proba
bly finer grains of the same basaltic vol
canic material that supplied the sands. 
Lenses of sand are found in the mud, 
indicating that sand and mud were being 
deposited at the same time in different 
places, depending on local conditions. 
Some of the mud may originally have 

ERUPTION OF SUBMARINE 
PILLOW BASALTS 

SEA LEVEL 

SEDIMENTARY SEQUENCE at North Pole evolved in an inter
lude between episodes of volcanism. A tidal basin was formed by up
lift and downsagging along faults in the volcanic rock (a). Sand erod
ed from the basalt was deposited in the basin (b); then mud was de
posited, gradually filling the basin, and a sandbar developed (c). As 

subsidence slowed, evaporites were precipitated from the shallow, 
briny water of the barred basin (d); what appear to be stromatolites 
were built by microorganisms in shallow ponds. The basin subsided 
again; sandbar was breached and more sand and mud was deposited 
(e). More basalt was erupted, covering and preserving sediments (f). 
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been fine, airborne felsic ash from dis
tant volcanoes. In addition both the 
presence of structures resembling those 
seen in modern carbonate muds and the 
preservation in these deposits of some 
carbonate minerals suggest that some 
of the fine material is silicified carbon
ate mud that was precipitated during 
evaporation. 

Let us now summarize what can be 
deduced about the depositional environ
ment and its development over time. It 
is likely that the sedimentary sequence 
was marine because it is both based on 
and overlain by pillow basalts erupted 
into an extensive but shallow sea. Uplift 
and faulting of the basalts formed a low 

land mass with a tidal inlet in which 
wave-eroded sand was deposited. As 
the sequence built up, the currents and 
waves became less vigorous, so that they 
could carry only fine-grained material; 
tidal mud flats developed at the head of 
the inlet and grad ually filled the basin. 
Then slow subsidence formed isolated 
ponds below sea level, within which 
evaporites were precipitated. With fur
ther subsidence the barrier to the sea 
was breached and more sand and mud 
were deposited. The entire sedimentary 
sequence was rapidly silicified, preserv
ing both the evidence of its origins and 
the problematical evidence of life that 
we shall discuss below. Finally, rapid 

BASALT is the dominant volcanic rock at North Pole both below the chert-barite sedimen
tary sequence and above it. Most of the basaltic lava /lows solidified in distinctive tubular 
and bun-shaped structures called pillows, which form only when lava is erupted underwater. 

BARITE BED at North Pole (left) is compared with modern gypsum evaporites photo
graphed by Marjorie D. Muir at Marion Lake in South Australia (right). Both beds are com
posed of upward-radiating crystals; some of the barite crystals resemble gypsum in shape and 
the characteristic angles between crystal faces. Resemblance can be explained if crystals were 
formed as gypsum, which was replaced by barium sulfate as water percolated through beds. 
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subsidence and renewed volcanism cov
ered the sedimentary sequence and pre
vented its erosion. 

What was it like, there on the mud 
flats 3.5 billion years ago? Let the 

reader imagine he is standing on the flats 
at low tide. The outline of high volcanic 
cones is visible in the distance through a 
haze of felsic volcanic ash and of steam 
from hot lava erupting into the shal
low sea; thunderclouds hover near the 
peaks. Closer at hand the basalt cliffs 
of the coastline are pounded by waves 
whipped by high winds. Inland the scene 
is dominated by hummocks of black ba
salt lava, their surface covered with a 
rubble of pillow fragments. The observ
er is surrounded by a flat expanse of 
gray mud that glistens when intermittent 
sunlight is reflected from small crystals 
of gypsum. A few tidal streams mean
der across the flats, draining into the 
sea through a breach in a low bar of 
black sand. Elsewhere there are scat
tered pools, shallow and highly saline. 

Could such a place have been inhab
ited by primeval microorganisms? Cer
tainly bacteria and algae thrive in mod
ern environments much like it. North 
Pole is a logical place to look for evi
dence of early life. 

Three kinds of evidence of life are to 
be found in very ancient rocks: micro
fossils, stromatolites and certain chemi
cal and isotopic properties characteris
tic of organic matter. Microfossils are 
the preserved remains of actual cells, 
usually of the cell wall. They can be ex
tracted from sediments by dissolving sil
icate, carbonate and sulfide minerals to 
leave a carbonaceous residue that in
cludes the microfossils, or they can be 
identified by examining transparent thin 
sections of rock under the microscope. 
Minute carbonaceous objects that have 
been thought to be microfossils have 
been found in several early Precambri
an sediments, including the oldest sedi
mentary rocks known, those from Isua 
in Greenland, which are about 3.8 bil
lion years old, and rocks about 3.5 bil
lion years old from the Swaziland super
group in sOllthern Africa. There is rea
son for skepticism, however, about the 
origin of these objects, which may not 
be biological. Microfossils are not like
ly to survive temperatures higher than 
about 250 degrees c., above which the 
carbonaceous material is transformed 
into crystalline graphite. The Isua se
quence in particular has been subjected 
to temperatures higher than that. The 
North Pole sequence, with its history 
of low metamorphic temperatures, in
cludes some of the few ancient sedi
ments known that could still harbor rec
ognizable microfossils. 

Even in mildly metamorphosed rock 
it is difficult to show conclusively that 
an ancient carbonaceous object is a mi
crofossil. The form of the objects is USll-
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ally simple: most are spheres with few 
surface features. They could be com
posed of particles of inorganic carbon 
squeezed into spherical aggregates by 
the growth of mineral grains deposited 
around them. Proof of biological origin 
is easier if the objects have more com
plex forms, which are less likely to be 
produced by inorganic means, but then 
it must still be shown that the microfos
sils were deposited at the same time as 
their host sediment. Many microfossils 
are found to be relatively recent con
taminants. 

Stromatolites constitute less direct evi
dence of life, being the remains not 

of microorganisms themselves but of 
sedimentary structures they built. Mod
ern stromatolites are built up by bacte
ria or algae. Either they trap sediment 
grains in a jellylike ooze they secrete or 
their metabolic activity causes sediment 
to precipitate. Living stromatolites are 
rare except in shallow-water evapora
tive environments, where they may be 
quite common. Fossil stromatolites sim
ilar to modern ones are known from as 
far back as about three billion years. 
Still older structures that are proposed 
to be stromatolites, including those at 
North Pole, are merely domed or undu
lating irregularities in sedimentary bed
ding, very different from the complex 
columnar and branching forms seen in 
younger rocks. The simpler contortions 
of bedding could have been caused not 
only by living organisms but also by in
organic processes such as deformation 
or evaporative precipitation from gey
sers, from splashing water or in caves. 
They cannot be judged to be conclusive 
evidence of life unless it can be shown 
they were indeed built by microorgan
isms. That is usually possible only if 
undoubted microfossils are preserved 
within the structure itself. 

Chemistry can also provide evidence 
of life. The biochemical reactions by 
which living things harness energy give 
rise to distinctive ratios among the iso
topes of some elements. The ratios of 
carbon isotopes in some early Precam
brian rocks have been thought to indi
cate that photosynthesis was going on 
then. Similarly, bacterial reduction of 
sulfate ions to obtain energy alters the 
normal distribution among the isotopes 
of sulfur. Kerogen, an amorphous car
bonaceous material that is common in 
some very early sediments, includes 
many compounds that could have a bio
logical origin. The problem with chemi
cal evidence is that inorganic reactions 
can give rise to the same products as 
some biological reactions. Moreover, 
the isotopic and chemical "signatures" 
of modern microorganisms are not well 
understood, making it hard to apply 
them in the analysis of ancient rocks. As 
in the identification of microfossils, it is 
also difficult to be sure the material be-

CRYSTALS OF BARITE are seen here in the orientation in which the original gypsum crys
tals grew. Sand is draped over and between tops of crystals, indicating that crystals grew in 
standing water or under thin cover of sediment. Field of view is about seven centimeters wide. 

LAMINATED FINE SAND AND SILT in oblique strata called cross-beds are indicative of 
ripples moved by waves or currents. In this case a current flowed from left to right, moving a 
ripple ill that direction and then scouring off the top; flat laminae were deposited as current's 
speed increased. Like most other sediments in the unit, the sand .and silt were later silicified. 
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GYPSUM DAISIES (radiating clusters of gypsum crystals) grew in 
the silt and mud, indicating a high rate of evaporation, which is typ
ical of deposition on tidal flats. Quartz veins, intruded after depo
sition, cross at the bottom right. Width of field is 2.5 ceutimeters. 

MORE EVIDENCE OF STROMATOLITES was found in an ex
tensive bed about 50 centimeters thick. As seen in section (left) the 
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LENSES OF BRECCIA, or angular pebbles, are found in silicified 
carbonate muds in the sedimentary sequence. Consolidated, dried 
mud on the tidal flats was broken up by wave action to form the 
small fragments. The width of this field is about three centimeters. 

bed has arched and wrinkled laminations, some forming columns. As 
seen from above (right) the tops of some structures are dome-shaped. 
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ing analyzed does not represent contam
ination long after the time of deposition. 

North Pole emerged as a key ear
ly Precambrian paleontological site in 
1976, when the attention of investiga
tors at the University of Western Aus
tralia was drawn to the bedded barite 
there. It had been thought such sedimen
tary sulfate minerals were found only in 
much younger rocks, deposited when 
the concentration of oxygen in the at
mosphere had reached a value close to 
its present one. It has long been assumed 
that when the North Pole sediments 
were laid down, the atmosphere and the 
oceans were strongly reducing, having 
almost no oxygen. Because sulfates are 
rich in oxygen the presence of sedimen
tary sulfates at North Pole suggested 
that local conditions there were more 
oxidizing than was normal for the time. 
Why? One possibility was that oxygen
generating organisms were responsible. 

Detailed examination of the sedi
ments by one of us (Dunlop) revealed 
that some structures and textures resem
ble those seen at Shark Bay, a modern 
shallow-water evaporative environment 
in Western Australia. At Shark Bay cya
nobacteria (the photosynthesizing bac
teria formerly called blue-green algae) 
thrive and build stromatolites. The 
North Pole material was found to in
clude mound-shaped structures similar 
to Shark Bay stromatolites and also 
some conglomerates and breccias com
posed of curved, laminated fragments 
(intraclasts) with a microstructure like 
that of stromatolites. Some 'of the in
traclasts had concentric overgrowths 
of kerogen-rich layers resembling the 
spherical stromatolites called oncolites. 

In work done with Marjorie D. Muir 
of the Australian Bureau of Miner

al Resources, Geology and Geophysics, 
the silicate, carbonate and-sulfide miner
als in some of the rocks were dissolved 
with acids. The residue included several 
kinds of hollow, carbonaceous micro
spheroids ranging from one micrometer 
to 12 micrometers in diameter. Some 
were linked in pairs or chains and a few 
were grouped to form tetrads; splits in 
the surface of many of the microsphe
roids made it clear they were hollow. 
The same structures could be discerned 
in thin sec·tions of intact rocks, demon
strating that they were not laboratory 
contaminants or artifacts of the dissolu
tion process. The size distribution and 
other statistical properties of the micro
spheroid assemblage were similar to 
those of modern spherical bacteria. It 
therefore seemed likely that the North 
Pole microspheroids were microfos
sils-the oldest ever discovered. 

On a brief visit to the North Pole site 
Stanley M. Awramik of the University 
of California at Santa Barbara collected 
specimens of carbonaceous chert. In one 
specimen he later found microscopic 
carbonaceous objects resembling fila-

mentous bacteria. A group headed by 
J. William Schopf of the University of 
California at Los Angeles found identi
cal microscopic filaments in other sam
ples from North Pole. On the basis of 
the morphological complexity of these 
filaments and their close resemblance 
to some modern cyanobacteria and oth
er bacteria, they have been identified 
by Schopf and his colleagues as unques
tionable microfossils from the early 
Precambrian era. 

Under the supervision of Malcolm R. 
Walter of the Bureau of Mineral Re
sources the largest and most complex 
mound-shaped structure among the 
original discoveries at North Pole was 
collected and studied in detail. It is com
posed of several smaller nod ules.Each 
nodule in turn is made up of arched lam
inae (some as thin as 20 micrometers) 
that form hummocks over patches of 
intraclasts and ridges (shaped by ero
sion) in the base sediments. Within a 
nodule columns are formed by the su
perposition of small domes in successive 
laminae; these wrinkled layers are in 
marked contrast to the sedimentary de
posits that enclose them, which are 
clearly of inorganic origin and are flat
bedded. Although a few nonbiological 
processes can give rise to such wrinkles, 
none is consistent with all the features of 
the observed form. Both the similarity 
of the mound-shaped structure to mod
ern ones made by sediment-accreting 
organisms and the fact that it cannot be 
accounted for by any inorganic process 
suggest that it is a stromatolite. 

It is unlikely that only one colony of 
stromatolite builders would inhabit an 
environment favorable to their growth 
and multiplication, and so we looked for 
similar structures nearby. Last year a 
number of good examples were found in 
another bed about two kilometers from 
the initial discovery site. Their forms 
range from nodules through linked 
hemispherical domes to almost flat lam
inated structures. They are better pre
served than the original discoveries and 
some of their layers contain kerogen; the 
kerogenous laminae are stacked in semi
discrete columns, which are most un
likely to have arisen nonbiologically. 

Unfortunately none of these four 
discoveries-the original mound

shaped structures, the microspheroids, 
the filamentous microfossils or the sec
ond group of stromatolite-like struc
tures-provides conclusive proof of ear
ly life. The microspheroids are so simple 
that one can only consider them to be 
possible microfossils. The more com
plex filamentous carbonaceous objects 
are almost undoubtedly fossils, but they 
have not been proved to be 3.5 billion 
years old. The rocks containing filamen
tous material appear to have been con
taminated with carbonaceous matter at 
some undetermined time after sedimen
tation took place, and that may have 

been when the filamentous microfossils 
were incorporated; none have yet been 
discovered in sediments that are defi
nitely uncontaminated. 

To be convinced of the biological ori
gin of a simple stromatolite-like struc
ture one needs to see proof within the 
laminae themselves that the structure 
was accreted by microorganisms. That 
can be demonstrated if microfossils 
wrap around or grow over sediment 
particles (showing that the organisms 
trapped or bound the particles) or if ma
terial different from that of the rest of 
the rock encrusts the fossils (suggesting 
that its precipitation was caused by the 
organism's metabolic activity). In the 
absence of these microscopic features 
one can say only that the North Pole 
structures are probable stromatolites. 

Even if no single item of evidence 
from the North Pole site is conclusive, it 
is difficult to conceive of an acceptable 
non biological origin for all these discov
eries. It is unlikely to be merely a coinci
dence that all the data point in the same 
direction: the geological evidence de
picts an environment suitable for bacte
rial colonization and a number of dis
tinct lines of paleontological evidence 
seem to reflect the existence of primitive 
life forms. The size and shape of the 
probable microfossils and the form of 
the stromatolites suggest that the organ
isms were bacteria. Their presence in a 
sulfate-rich environment at a time when 
sedimentary sulfates were rare suggests 
that they were either oxygen-releasing 
or sulfur-oxidizing photosynthetic or
ganisms; their shallow-water habitat is 
consistent with dependence on the ener
gy of light. Whatever the nature of their 
photosynthesis, free oxygen need not 
have been present in the atmosphere be
cause sulfur and ferrous iron, which 
were particularly abundant in the early 
Precambrian seas, could have combined 
with any oxygen that was generated by 
the organisms. 

I t seems reasonable, then, to con
clude there is a high probability of 

the existence of life at North Pole 3.5 
billion years ago. We may have to be 
content with that statement. After five 
years of intensive searching we consider 
it unlikely that more definitive evidence 
of life will be discovered at North Pole, 
although it is possible that filamentous 
microfossils may yet be found in de
monstrably uncontaminated sediments 
or that the known filamentous microfos
sils will be shown to have been incorpo
rated into the cherts within a short time 
after sedimentation. 

It appears to us to be just as unlikely 
that conclusive evidence of life will be 
discovered elsewhere in rocks as old as 
or older than those at North Pole. This is 
not to say that life did not exist before 
3.5 billion years ago, but only that un
eq uivocal evidence of its existence has 
probably not been preserved. 
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Gravi tational Waves 
from an Orbiting Pulsar 

Einstein's 1915 prediction that an accelerating mass should radiate 

energy in the form of gravitational waves is supported by evidence 

that a pulsar's orbit around a companion star is slowly shrinking 

by Joel M. Weisberg, Joseph H. Taylor and Lee A. Fowler 

E
instein's general theory of relativi

ty, published in 1915, makes an 
extraordinary prediction: an ac

celerating mass should radiate energy in 
the form of gravitational waves. Yet the 
waves are so weak and their interaction 
with matter is so feeble that Einstein 
himself questioned whether they would 
ever be detected. In 1974, however, an 
object suitable for testing the predic
tion was found: the binary pulsar PSR 
1913 + 16. The designation indicates 
that the radio-emitting pulsar and its 
radio-silent co-orbiting companion are 
positioned in astronomical sky charts 
at right ascension 19 hours 13 minutes 
and at declination + 16 degrees, which 
places the binary pulsar in the constella
tion Aquila. In observations made with 
the largest optical telescopes no periodi
cally blinking object can be seen at the 
pulsar's radio location. This is not sur
prising, because among more than 300 
radio pulsars identified since the first 
was discovered in 1967 by Jocelyn Bell 
and Antony Hewish of the University of 
Cambridge only two are observable as 
visible pulsars. 

Astronomers today generally agree 
that pulsars are very small, rapidly spin
ning, extremely dense stars, composed 
mostly of neutrons, that are the rem
nants of supernova explosions. These 
spinning neutron stars emit a highly 
directional radio beam that sweeps 
around the sky once per stellar rotation. 
An observer receives a pulse of radio 
waves each time the star's radio beam 
points at the earth, hence the name pul
sar. A pulsar consists of approximately 
as much material as the sun yet has a 
diameter of only 20 to 30 kilometers 
because its atoms are literally crushed 
out of existence by intense gravitational 
forces. Pulsars are observed to be spin
ning at rates of up to 30 times per sec
ond. Some of this vast reservoir of rota
tional kinetic energy is converted (by a 
mechanism that remains obscure) into 
radio emission. 

The binary pulsar is a unique tool for 
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testing fundamental physical laws. Both 
the pulsar and its silent companion are 
more massive than the sun. They travel 
at velocities that range up to 400 kilo
meters per second in a tight orbit with a 
minimum separation about equal to the 
radius of the sun. These circumstances 
make the binary pulsar system an ideal 
laboratory for studies of strong gravita
tional fields. In particular the strong, 
gravitationally induced accelerations 
experienced by the pulsar and its com
panion should give rise to gravitational 
radiation. Until the discovery of the bi
nary pulsar the best available gravita
tional laboratory was the solar system, 
where there is only one body of stellar 
mass (the sun) and where the nearest siz
able object (Mercury) lies more than 65 
solar radii away and is moving at an 
orbital velocity of less than 60 kilome
ters per second. Although there are oth
er binary star systems in tight orbits, it is 
the presence of a pulsar in this particular 
system that makes possible a powerful 
test of gravitational phenomena. 

A pulsar is uniquely suited for rthe 
task because the pulse-repetition fre
quency (identical with the number of ro
tations the star makes each second) is so 
precisely stable that the pulsar's pulses 
are like the "ticks" of an extremely accu
rate clock. The pulse rate is stable be
cause the pulsar acts as a massive, freely 
spinning flywheel that tends to rotate 
smoothly for an indefinite time. The bi
nary pulsar is therefore a precise clock 
orbiting in the strong gravitational field 
of another massive body. By carefully 
measuring the times at which its pulses 
arrive at the earth one can use the pul
sar clock to map the orbit and to probe 
subtle gravitational effects with an ac
curacy that is not possible in any other 
known system. 

Our measurements of the pulses from 
PSR 1913 + 16, carried out over the 
past six years, show that the system is in 
fact losing orbital energy at a rate close 
to that expected from gravitational ra
diation according to the general theory 

of relativity. Our observations thus pro
vide the first strong evidence for the ex
istence of gravitational waves as well as 
further confirmation of the validity of 
general relativity. 

The laws of gravitation and motion 
developed by Isaac Newton more 

than 300 years ago have provided a 
remarkably accurate description of the 
motions of most orbiting objects. It has 
been known for many decades, how
ever, that Newton's formulation begins 
to break down near very massive bodies. 
For example, there are slight irregulari
ties in the orbital motion of Mercury 
that cannot easily be explained within 
the Newtonian framework. 

The orbit of Mercury, like the orbit of 
all other planets, is an ellipse. The point 
on the ellipse where the planet passes 
nearest the sun is termed the perihelion. 
With the passage of time the perihelion 
advances, or rotates slowly in the same 
direction as the planet's direction of mo
tion around the sun. Looking down on 
Mercury's orbit from above (that is, 
from above the planet's north pole), the 
advance of the perihelion is counter
clockwise. There is a small discrepancy, 
amounting to only 43 seconds of arc per 
century (equivalent to less than twice 
the planet's diameter), between the ad
vance in perihelion predicted by New
ton's theory and the advance actually 
observed. This small anomaly was mea
sured accurately even in the 19th centu
ry, before there was any theory to ex
plain it. 

The cause is now generally ascribed to 
Mercury's being sufficiently close to the 
sun for Newtonian gravitational theory 
to begin to fail. The discrepancy is taken 
as strong evidence that the general theo
ry of relativity is correct, since it pre
dicts a perihelion advance of exactly the 
right magnitude. Nevertheless, a certain 
amount of controversy has continued, 
and attempts have been made to ascribe 
the discrepancy to other causes. For 
example, some physicists (most nota-
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ORBIT OF PULSAR PSR 1913 + 16 lies in a plane tilted about 45 
degrees from the line of sight. Like the more than 300 other pulsars 
discovered since 1967, PSR 1913 + 16 is thought to be a neutron star, 
20 to 30 kilometers in diameter, that emits a radio beam that sweeps 
past the earth at precisely spaced intervals synchronized with the 
star's rate of spin. For PSR 1913 + 16 the spin rate is 16.94 revolu
tions per second. Unlike the large majority of other pulsars, PSR 
1913 + 16 travels in an orbit around a companion star whose presence 
was inferred from a Doppler shift in the arrival time of the pulsar's 

LINE OF SIGHT 

"beeps." The beeps arrive slightly more frequently when the pulsar is 
traveling toward the earth and less frequently when the pulsar is re
ceding. A complete picture of the pulsar's orbit around the center of 
mass of the binary system was derived through careful measure
ments of the Doppler shift in combination with an analysis of subtle 
gravitational effects predicted by the general theory of relativity. The 
theory made it possible to calculate that the pulsar and its compan
ion are both 1.4 tim es as massive as the sun and that the separation 
of the two stars varies from 1.1 to 4.8 times the radius of the sun. 
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BINARY PULSAR PSR 1913 + 16 is in the constellation Aquila at the coordinates that sup
ply its designation: right ascension 19 hours 13 minutes and declination + 16 degrees. Its posi
tion is marked by the reticle. It is estimated that the binary pulsar is some 15,000 light-years 
away, too far for it to be observed optically even with the most powerful existing telescopes. 

POSSIBLE SILENT COMPANION OF PSR 1913 + 16 is marked by a reticle in this com
puter plot of visible-light photons recorded with a video camera on the four-meter telescope 
of the Kitt Peak National Observatory. The observation was made by 1. A. Tyson of Bell Labo
ratories. It has been suggested that the object is a helium-core star: a star near the end of its life 
that has ejected its outer layers into space, leaving behind a dense core consisting mostly of 
helium. If the companion is actually another neutron star, as the authors suspect, its visible ra
diation could not be detected by existing optical telescopes. In that case the object here would 
probably be a faint star that happens to lie at nearly the same position as the binary pulsar. 
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bly Robert H. Dicke of Princeton Uni
versity) have suggested that if the sun 
were slightly oblate instead of perfectly 
spherical, at least part of the effect could 
be accounted for. The discovery of the 
binary pulsar was therefore particularly 
intriguing to those interested in funda
mental physical laws, because the slight 
failure of Newtonian gravitation ob
served in the case of Mercury should be 
enormously magnified in a binary sys
tem where the orbiting bodies are both 
somewhat more massive than the sun 
and locked in close proximity . 

In Einstein's general theory of relativ
ity the Newtonian concepts of an abso
lutely definable space and an absolutely 
definable time are replaced by a single 
absolute quantity: space-time. Gravita
tional forces arise from local distortions 
of space-time caused by massive bodies . 
The trajectories of orbiting bodies are 
then seen as being merely the shortest 
paths that can be taken in warped space
time. Einstein himself showed that the 
advance of Mercury's perihelion is a 
natural consequence of the curvature of 
space-time in the vicinity of the sun. A 
related prediction of Einstein's theory, 
recently confirmed, is that radio signals 
traveling between the earth and a space
craft on the far side of the sun should 
be slightly delayed as they pass close to 
the sun. A comparable time delay, again 
much magnified, could be expected if 
the two members of the binary pulsar 
system are oriented so that radio waves 
from the pulsar graze the silent com
panion body on their way to the earth. 
Therefore it is clear that the equations 
of general relativity are indispensable 
to a detailed analysis of the orbit of 
the binary pulsar. As we shall see, such 
analysis makes it possible to get much 
more information about the size and 
orientation of the orbit and the masses 
of the pulsar and its companion than 
could be got with Newtonian theory. 

Most exciting of all was the opportu
nity presented by the binary pulsar sys
tem to verify a prediction of general rel
ativity that had never been tested any
where else in the universe: the prediction 
that accelerating masses (in this case 
the orbiting pulsar and its compan
ion) should emit gravitational waves. 
Such waves, ripples in the curvature of 
space-time that travel at the speed of 
light, should be emitted by masses that 
are accelerating much as electromag
netic waves are emitted by electrical
ly charged particles that are accelerat
ing. The most sensitive laboratory tech
niques currently available are not nearly 
sensitive enough to directly demonstrate 
the existence of gravitational waves 
from the binary pulsar. According to 
general relativity, however, gravitation
al waves should carry a certain amount 
of energy away from the binary system. 
That energy should show up as a de
crease in the system's orbital energy, re
sulting in a slight shrinkage in the size 
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of the orbit and a corresponding de
crease in the time required for the pul
sar to circle its companion. It is this lat
ter change that has now been measured, 
and with considerable accuracy. 

We shall now describe the binary pul
sar system in some detail, beginning 
with the discovery of the pulsar and pro
ceeding to the most recent measure
ments, which have made it possible to 
completely specify the orbital geometry 
and the masses of the two binary com
ponents, and also to test the general the
ory of relativity and other gravitational 
theories. 

In 1974 Russell A. Hulse (then a gradu
ate student at the University of Mas

sachusetts at Amherst) and one of us 
(Taylor) began a search for new pulsars 
with the 1,000-foot radio telescope at 
Arecibo in Puerto Rico. Large areas 
of the sky were scanned for regularly 
pulsed signals. Since there are many ter
restrial sources of radio noise (such as 
lightning, radar transmitters and auto
mobile ignition systems) that can give 
rise to spurious pulsed signals, sever
al procedures were devised to identify 
actual pulsars. The ultimate method of 
verification was to make subsequent ob
servations of a candidate pulsar some 
days after an initial tentative discovery. 
If a pulsed signal with the same repe
tition frequency was detected on both 
days, the pulsar was accepted as real. 

The Arecibo search revealed 40 new 
pulsars. Certainly the most remarkable 
was PSR 1913 + 16, whose pUlse-repe
tition frequency was curiously not quite 
constant from day to day. After some 
detective work Hulse determined that 
the variation was cyclical, repeating it
self every 7.75 hours. A natural explana
tion was that the pulsar was moving 
around another body in an orbit with a 
period of 7.75 hours. When the pulsar 
was traveling toward the earth in its or
bit, the pulses were crowded together 
and the pulse-repetition frequency was 
slightly higher than the average 16.94 
pulses per second; by the same token 
when the pulsar was receding from the 
earth, the pUlse-repetition frequency 
was lower than average. 

This behavior is simply a description 
of the well-known Doppler effect, where 
the observed frequency of any clock (in
cluding the regular waves of sound or 
light) is increased if the source and the 
observer approach each other and is de
creased if they recede. The frequencies 
of the spectral lines observed in many 
binary stars exhibit a similar Doppler 
effect and for the same reason: orbital 
motion. Whereas the observable clock 
in a normal star of a binary pair consists 
of atoms in the star's atmosphere emit
ting or absorbing light of specific fre
quencies, the pulsar's clock is its rate of 
spin. In either case the same kind of in
formation is obtained. 

The standard techniques of binary-
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RADIAL VELOCITY OF PSR 1913 + 16 was calculated from changes in pulse-repetition 
frequency throughout the pulsar's orbital period of 7.75 hours by conventional Doppler-shift 
analysis. The frequency is lowest when the pulsar is moving away from the earth and is near 
apastron, the point where the co-orbiting bodies are farthest apart. The highest repetition fre
quency comes at periastron, when the bodies are closest together. The radial velocity is the 
component of the pulsar's velocity along the line of sight. Negative values indicate motion 
toward the earth. The existence of negative values larger than positive ones shows that the 
orbit is highly eccentric, with the pulsar gaining speed as it moves from apastron to periastron. 

PERIASTRON PERIASTRON 

PULSAR PSR 1913+16 

� 
TO THE SOLAR SYSTEM 

SHAPE OF THE PULSAR'S ORBIT, depicted in color, was determined from the radial
velocity curve. In this highly eccentric elliptical orbit the pulsar.is about four times farther 
from its companion at apastron than it is at periastron. When the pulsar was discovered seven 
years ago, the major axis of its orbit was nearly perpendicular to the line of sight, as is shown 
here. Conventional Doppler analysis cannot determine several interesting parameters, such as 
the tilt of the orbital plane to the line of sight, the absolute size of the pulsar's orbit and the 
companion's orbit, and the masses of the two bodies. Knowledge of these parameters had to 
await an analysis on the basis of the general theory of relativity. The analysis revealed· that the 
companion's orbit (black ellipse) is, to within an uncertainty of a few percent, the same size as 
the pulsar's. Major axis of the pulsar's orbit was found to be 4.5 times the radius of the sun. 
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TIME-DELAY CURVE depicts the variations in the arrival time of radio pulses from PSR 
1913 + 16 as it travels in its orbit around its companion. When the pulsar is on the side of the or
bit nearest the solar system, the pulses arrive more than three seconds earlier than they do 
when the pulsar is on the far side, indicating that the orbit is about a million kilometers across. 
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ADVANCE OF PERIASTRON in the orbit of PSR 1913 + 16 has provided one of the first 

clear observations of a general-relativistic effect involving bodies outside the solar system. 

The periastron advances, or rotates, as the elliptical orbit of PSR 1913 + 16 itself rotates in a 

plane because of the curvature of space-time in the vicinity of the pulsar's massive compan

ion. In this diagram the effect is greatly exaggerated. The general theory of relativity predicts 

a periastron advance of about four degrees per year in the orbit of PSR 1913 + 16, the exact 

value depending on the total mass of the pulsar and its companion. The authors' measurements 

show the periastron is advancing 4.2 degrees per year, in good agreement with the prediction. 
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star analysis were therefore applied to 
the binary pulsar. The Doppler shifts 
were expressed as radial velocities 
(which are simply the components of the 
pulsar's orbital velocity that lie along 
the line of sight between the pulsar and 
the earth) and were plotted as a function 
of time. The radial velocity when the 
pulsar is approaching the earth, which 
is assigned a negative value, reaches a 
maximum of slightly more than 300 kil
ometers per second. The maximum ra
dial velocity when the pulsar is receding 
from the earth is only about 75 kilome
ters per second. If the orbit were a per
fect circle, the two extremes would be 
equal. Since they are not equal. one can 
conclude immediately that the orbit is 
highly elliptical and that the pulsar is 
approaching its companion and gaining 
speed in one segment of the ellipse and 
receding from its companion and losing 
speed in the opposite segment. 

From the radial-velocity curve one 
can extract precise information such as 
the eccentricity of the orbital ellipse and 
its orientation in its plane. The calcula
tions show that at apastron, the point of 
greatest separation, the two bodies are 
four times farther apart than they are 
at periastron, the point of closest ap
proach. At the time of the initial ob
servations periastron came near the 
time of maximum radial velocity when 
the pulsar was moving most directly to
ward the earth. 

The standard method of radial-veloci
ty analysis is not able to supply several 
interesting quantities such as the abso
lute size of the orbit, the tilt of the orbit
al plane with respect to the line of sight 
and the masses of the pulsar and its 
companion. For this information more 
accurate observations and a more so
phisticated post-Newtonian analysis of 
the data were needed. 

As a first step the absolute arrival 
fl. times of pulsar pulses at the earth 
were carefully recorded; originally only 
the repetition frequency of the pulses 
had been measured. With this informa
tion the "phase" of the coherent train of 
pulses could be traced in addition to 
simply determining the pulse rate. The 
pulsar orbit could now be mapped more 
precisely than it could with the Dopp
ler-shift data alone. 

A plot of the time-delay curve, or var
iations in the arrival time of the pulses, 
shows that they arrive about three sec
onds earlier when the pulsar is on the 
near side of its orbit than they do when it 
is on the far side. Since radio waves trav
el at the speed of light (300,000 kilome
ters per second), the delay shows that 
the orbit is about a million kilometers in 
diameter. With the Arecibo telescope it 
is possible to measure the pulse arrival 
times to an accuracy of about 20 mil
lionths of a second, thereby locating the 
pulsar in its orbit with a fractional accu
racy of about one part in 150,000. 
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Let us now consider the subtler rel
ativistic effects observable in the emis
sion from the binary pulsar. The first 
measurable departure from Newtonian 
gravitation was an advance of the pul
sar's periastron: a rotation in the orbital 
plane of the pulsar's point of closest ap
proach to its companion analogous to 
the advance of the perihelion in Mercu
ry's orbit. According to general relativi
ty, the rotation should be about four de
grees per year, an ad vance eq uivalent in 
one day to the advance of Mercury's 
perihelion in a cent ury. There was some 
uncertainty because the magnitude of 
the effect depends on the masses of the 
pulsar and its companion, which were 
known only approximately at the time 
of the first calculation. Our first mea
sured value of the advance of the perias
tron was 4. 2 degrees per year. The suc
cess of this first attempt to utilize the 
binary pulsar as a gravitational labora
tory encouraged us to carry out the oth
er tests as well. 

The next expected deviations from 
Newtonian theory have to do with the 
relativity of time. An observer's mea
surement of the time intervals marked 
by a moving clock depends on such fac
tors as the velocity of the clock relative 
to the observer and the relative positions 
of the clock and the observer within a 
gravitational field. The orbital motion 
of the binary pulsar gives rise to two 
such phenomena: time dilation and the 
gravitational red shift. They combine to 
create an observable effect in the binary 
pulsar system known as the relativistic 
clock variation. 

Time dilation is the apparent slowing 
of time measured on a clock that moves 
relative to the observer. Specifically, if 
an observer has two identical clocks and 
sends one of them off on a rocket mov
ing at high speed while keeping the other 
clock with him, the rocket-borne clock 
will appear to measure the passage of 
less time than the stationary one. This 
idea is often expressed in the form of 
the "twin paradox": a man sent off on a 
spaceship traveling at nearly the speed 
of light discovers on his return that his 
twin who had remained on the earth has 
aged more than he has. 

A clock running in a gravitational 
field of a given strength also appears to 
run slow when it is read by an observer 
in a weaker part of the field. This phe
nomenon is termed the gravitational red 
shift. The reality of these strange phe
nomena has been directly verified in a 
number of investigations. In one exper
iment Carroll O. Alley and his col
leagues at the University of Maryland at 
College Park set up extremely accurate 
cesium-beam atomic clocks on aircraft 
and on the ground. After 15-hour flights 
the airborne clocks were found to be 
47 billionths of a second ahead of the 
gro�nd-based clocks. This result is in ex
cellent agreement with the predictions 
of the general theory of relativity. Ac-
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RELATIVISTIC CLOCK VARIATION has been observed in the arrival times of pulses from 
PSR 1913 + 16. According to the general theory, moving clocks and clocks in gravitation
al fields should appear to lose time when they are monitored by a llistant stationary observer. 
The fourfold variation in the pulsar's orbital speed, combined with the highly elliptical orbit 
that carries the pulsar through a gravitational field with a strong gradient, provides a unique 
example of relativistic clock behavior. In accordance with the general theory the pulsar clock 
loses time while it is traveling fastest in the strongest part of the gravitational field of its com
panion. The maximum lag (compared with a hypothetical clock moving at constant speed 
and at constant distance from the companion) is a little more than .004 second. The pulsar 
clock then gains an equal amount as it travels more slowly in the weakest part of the field. 

cording to the theory, the clock advance 
is explained by a combination of both 
kinds of relativistic clock variation: an 
advance of about 53 billionths of a sec
ond owing to the flying clocks' being in 
a weaker gravitational field because of 
their altitude (the gravitational red shift) 
and a retardation of about six billionths 
of a second owing to the airplane's speed 
(time dilation). 

The speed of the binary pulsar varies 
by a factor of four as it moves in its 
elliptical orbit. The pulsar also passes 
through stronger and weaker regions of 
its companion's gravitational field as the 
distance between the two stars changes. 
As a result the observed pulse-repeti
tion frequency of the pulsar clock varies 
from point to point in the pulsar's orbit 
owing to changes in both time dilation 
and the gravitational red shift. The two 
effects combine to advance or retard the 
pulses of the pulsar clock by as much as 
four thousandths of a second in different 
parts of the orbit. 

As one can imagine, it is no easy task 
to distinguish the tiny relativistic varia
tions in the pulsar clock from the much 
larger variations in pulse arrival time 
that result merely from the pulsar's 
changing distance from the earth. Nev
ertheless, in the time since the discovery 
of the pulsar its orbit has rotated suffi
ciently in its plane (owing to the relativ· 
istic advance of the periastron) to enable 

us to determine the magnitudes of the 
two kinds of variation separately. After 
six years of observations we have mea
sured the amplitude of the relativistic 
clock variation to an accuracy of about 
10 percent. As the orbital ellipse contin
ues to change its orientation we expect 
to reduce the uncertainty in that mea
surement significantly. 

The magnitude of the advance of the 
periastron and of the relativistic 

clock effects depends on the size and 
shape of the pulsar's orbit and on the 
masses of the two stars. Therefore by 
measuring these two relativistic effects 
we have obtained information that is 
useful in measuring the pulsar's orbit 
and in determining the total mass of the 
system. Indeed, the measurements of the 
two effects, along with the nonrelativis
tically determined orbital parameters, 
provide enough information to com
pletely specify all the interesting orbital 
parameters as well as the masses of the 
pulsar and its companion. These calcu
lations seem to be the first in which the 
general theory of relativity has been ex
ploited as a tool for astrophysical mea
surement rather than simply a physical 
theory to be tested. We find that the or
bital plane is tilted about 45 degrees 
from the line of sight, that the distance 
separating the two stars as they travel 
around each other varies from 1.1 to 
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4.8 times the radius of the sun and that 
both bodies have a mass about 1.4 times 
the mass of the sun. 

The binary pulsar is the first radio pul
sar whose mass has been determined. 
The only ordinary stars whose masses 
have been measured are also mem
bers of multiple-star systems in which 
knowledge of gravitational laws can be 
combined with orbital measurements to 
yield mass values. The crucial differ
ence, of course, between the mass mea
surements in the binary pulsar system 
and those in more typical binary star 
systems is that general relativity was in
voked to provide some of the orbital in
formation for the binary pulsar, where
as classical Newtonian laws suffice for 
ordinary binary stars. For example, 
measurements of the Doppler shifts of 
the spectral lines of two ordinary stars 
in orbit around each other (if both are 
visible) and observations of eclipses (for 
a system whose orbital plane is nearly 
edge on as it is seen from the earth) 
yield enough information to complete
ly specify the orbital parameters and 
the masses of the stars. 

The nature of the binary pulsar's si
lent companion can only be inferred; the 
object has not been observed directly. 
Our determinations of its mass and or
bital parameters, however, coupled with 
stellar-evolution theory, have made pos
sible some plausible guesses about its 
nature. The strongest constraint on the 
nature of the companion is that it must 
be small enough to fit inside the pulsar's 
orbit. This condition is satisfied by four 
known types of collapsed, dense stel
lar object. 

The first and, according to stellar
evolution theory, most probable type 
of companion is another neutron star. 
Conceivably the companion is even an
other pulsar, one whose radio beacon 
does not happen to sweep across the 
earth. We shall return to this possibility 
when we describe a possible history of 
the binary system. 

A second candidate is a black hole, a 
star whose gravitational collapse did not 
become stabilized at the dimensions of a 
neutron star but continued until all its 
matter was crushed to infinite density. It 
appears, however, that for a star to pro-

ceed to a state of unrestrained ,;:ollapse 
at the end of its evolution it must be at 
least two or three times as massive as the 
sun. Since our calculations show that 
the companion has only about 1.4 times 
the mass of the sun, the companion is 
unlikely to be a black hole. 

As a third possibility, the companion 
I\. could be a white-dwarf star. Such 
an object is the remnant of a dying star, 
not more than 1.4 times as massive as 
the sun, that has collapsed to roughly 
the size of the earth. If the mass of the 
dying star is more than 1.4 times the 
mass of the sun, the collapse cannot be 
stabilized at the size of a white dwarf 
because the star's constituent atoms 
cannot resist being crushed by gravita
tional pressures to the next-smallest sta
ble configuration, that of a neutron star. 
Since our estimate of the companion's 
mass is close to the instability point of 
1.4 solar masses, a white dwarf cannot 
absolutely be ruled out, although pres
ent theories of stellar evolution indicate 
that it is unlikely for a system to form 
with a neutron star and a white dwarf 

DIAMETER OF THE SUN 

SHRINKING OF PULSAR'S ORBIT is projected on the basis of 
evidence that orbital energy is being converted into gravitational ra
diation, as is predicted by the general theory of relativity. According 
to the theory, the orbit of PSR 1913 + 16 should shrink by 3.1 milli
meters per orbital revolution, or 3.5 meters per year. The orbital pe
riod should decrease accordingly by 6.7 X 10-8 second per orbit, or 

7.6 X 10 -5 second per year. This tiny change is measurable because it 
leads to a constantly accumUlating deviation in the time of periastron 
passage. Here the orbit is drawn to scale as it will appear every 50 
million years in the future until the two stars coalesce 300 million 
years from now. For comparison the sun is shown at the same scale. 
PSR 1913 + 16 is thought to be a 50,000th the diameter of the sun. 
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in such a tight orbital configuration. A 
white dwarf, like a neutron star, would 
be too faint to be observed with cur
rent optical telescopes at the estimated 
distance of the binary pulsar system: 
15,000 light-years. 

The fourth possible companion is a 
helium-core star. This rare kind of star 
consists of roughly one solar mass of 
matter compressed to a few tenths of a 
solar diameter. A helium-core star is the 
remnant, consisting mostly of helium, of 
a star that was originally much more 
massive. The helium, created by the 
thermonuclear fusion of hydrogen dur
ing the star's active lifetime, is left be
hind when the outer layers of the aging 
star expand tremendously and are either 
lost into space or are captured by the 
other member of a binary system. If the 
companion of the binary pulsar were a 
helium-core star, it might be visible with 
optical telescopes and might also give 
rise to measurable orbital effects. In 
fact, optical astronomers have recently 
detected a faint star close to the position 
of the binary pulsar that could be a heli
um-star companion. So far the only evi
dence linking the optical object with the 
binary pulsar system is the near coinci
dence in position. This coincidence may, 
of course, be accidental. Observations 
are continuing in an effort to clarify the 
nature of the optical object, which is 
near the limit of detectability for even 
the largest telescopes. 

If the companion is indeed a helium 
star, its shape should be distorted by the 
pulsar's strong gravitational field. That 
distortion in turn could account for all 
or part of the observed advance in the 
pulsar's periastron, in the same way that 
an oblateness of the sun could theoreti
cally account for part of the anomalous 
advance in the perihelion of Mercury. In 
addition the frictional energy loss asso
ciated with the distortion of a helium 
star might shorten the pulsar's orbital 
period, thereby mimicking the energy 
loss that we attribute to the emission 
of gravitational waves. Little is known, 
however, about the internal structure 
of helium stars, and estimates of the 
amount of change in orbital period that 
would be induced by a distorted he
lium star vary tremendously. It seems 
most unlikely that the dissipation of en
ergy owing to a helium-star companion 
would just happen to equal the dissipa
tion expected from gravitational radia
tion. We therefore consider it unlikely 
that the companion is a helium star. 

Until 1979, PSR 19 13 + 16 was the 
only binary pulsar known. Since 

then only two more binary pulsars have 
been discovered, so that such systems 
represent about 1 percent of the 330 pul
sars now identified. It is estimated that 
approximately half of all the ordinary 
stars in our galaxy are members of bi
nary systems (or systems consisting of 
rhore than two stars). Since pulsars are 
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EMISSION OF GRAVITATIONAL RADIATION BY PSR 1913 + 16 leads to an increas
ing deviation in tbe time of periastron passage compared witb a bypotbetical system wbose or
bital period remains constant. Solid curve corresponds to tbe deviation predicted by tbe gener
al tbeory of relativity. Colored dots represent tbe deviation. Tbe pulsar now reacbes periastron 
more tban a second earlier tban it would if its period bad remained constant since 1974. Tbe 
data provide tbe strongest evidence now available for tbe existence of gravitational radiation. 

thought to represent a late stage in the 
evolution of ordinary stars in the range 
of masses from intermediate to large, 
one must explain why it is that roughly 
half of all pulsars are not found to be 
members of binary or other multiple
star systems. We shall first describe 
briefly what we consider a plausible his
tory of the PSR 1913 + 16 system, one 
of the few systems that remained binary 
into the pulsar stage. Then we shall be 
able to comment on the general scarcity 
of binary pulsars. 

We suggest that the system now ob
served as PSR 1913 + 16 began as a pair 
of ordinary stars, one star considerably 
more massive than the other and both 
together about 20 times as massive as 
the sun. The more massive of the two 
stars depleted its supply of nuclear fuel, 
chiefly hydrogen, much sooner than its 
companion did. With the depletion of 
fuel the outer layers of the more massive 
star expanded greatly and were cap
tured by the less massive companion, 
leaving behind a helium-core star. After 
the star had consumed all its thermonu
clear fuel it collapsed to an object a few 
tens of kilometers across and its outer 
layers rebounded in the tremendous ex
plosion of a supernova. (The luminosity 
of such an explosion can rival that of the 
entire galaxy for a week or so.) Left be
hind as a remnant of the explosion was a 
spinning neutron star. 

The companion star continued its ev
olution, eventually also expanding to 
the point where some of its matter was 
being pulled down onto the neutron 
star's surface, being heated in the proc-

ess to temperatures so high that X rays 
were emitted. At that stage in the sys
tem's life it would have been observable 
as a binary X-ray pulsar, similar to those 
pulsars that have been observed by X-

. ray telescopes aboard artificial satellites 
in orbit around the earth. The outer lay
ers of the companion continued to ex
pand until they enveloped the neutron 
star. The friction of the neutron star 
plowing through the extended atmo
sphere of the companion was so great 
that orbital energy was rapidly dissipat
ed and the orbit shrank drastically. As 
the companion's outer layers were heat
ed by friction they were driven off into 
space, leaving behind a neutron star and 
a helium-core star circling each other in 
a very tight orbit. Finally the helium
core star exploded as a second superno
va, leaving as a remnant a second neu
tron star. 

We now observe one neutron star as a 
pulsar. The other neutron star may or 
may not emit radio waves; if it does, 
they apparently are not directed to
ward the solar system. The present high
ly eccentric orbit is evidence that the 
second explosion almost disrupted the 
system. Apparently most normal multi
ple-star systems are blown apart when 
one member explodes as a supernova, 
which explains the scarcity of pulsars 
in binary systems. 

T et us now describe more fully the 
L observational evidence that PSR 
19 13 + 16 is emitting gravitational radi
ation: the previously un testable predic
tion about accelerating masses made by 
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FIVE THOUSAND CONSECUTIVE PULSES from the pulsar are added together every 
five minutes, yielding a pulse profile such as the one shown here. The absolute time of arrival 
of the pulses at the Arecibo Ionospheric Observatory in Puerto Rico can be measured from the 
profile with an accuracy of 20 millionths of a second. The double peak suggests that the pulsar 
beam is a hollow cone; the peaks could be the two sides of the cone sweeping past the earth. 

Einstein's general theory of relativity. 
Although gravitational radiation from 
the binary pulsar system is far too weak 
to be detected directly with present tech
nology, the phenomenon should none
theless be detectable indirectly. 

The source of energy for gravitational 
radiation from the binary pulsar is the 
energy of orbital motion. Therefore if 
gravitational waves exist and carry ener
gy away from the binary system, the or
bital energy should gradually decrease, 
causing the pulsar and its companion to 
spiral closer to each other and the or
bital period to decrease. The orbit of 
an artificial earth satellite decays in the 

same way, although the satellite loses 
orbital energy not through the emission 
of gravitational radiation but through 
collisions with molecules in the upper 
atmosphere. (Strictly speaking, the sat
ellite must also emit gravitational ra
diation, but it does so in negligible 
amounts.) 

With our knowledge of the masses 
and orbital parameters of the binary 
pulsar system we can draw on the equa
tions of general relativity to calculate 
the exact strength of expected gravita
tional radiation and hence the precise 
rate of contraction of the orbit and the 
decrease in the orbital period. We find 

INSTRUMENT USED IN DISCOVERY OF PSR 1913 + 16 is the 1,000-foot radio telescope 
at Arecibo. The pulsar system was found in 1974 in a survey conducted by Russell A. Hulse, 
then a graduate student at the University of Massachusetts at Amherst, and one of the authors 
(Taylor). The survey also turned up 39 other pulsars, none of them a binary. Of the 300-odd 
pulsars observed since the first one was discovered in 1967 only three are in binary systems. 
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that on each orbit the orbit should 
shrink by 3.1 millimeters and the orbital 
period should decrease by 6.7 X 10-8 
second. There is no possibility of detect
ing the orbital shrinkage, amounting to 
3.5 meters per year, even if the pulsar 
and its companion were as close to the 
earth as the sun and Mercury are and 
as readily observed. We can, however, 
measure the decrease in orbital period 
because it leads to an accumulating shift 
in the time of periastron passage com
pared with a hypothetical system whose 
orbital period remains constant. At the 
end of a year the pulsar should arrive at 
periastron .04 second early, and after six 
years it should arrive niore than a sec
ond early. Thus the pulsar behaves like 
a poorly regulated clock that at first 
displays the correct time but begins to 
gain and then continues to do so at an 
ever faster rate. The cumulative error 
builds up quite rapidly: for the binary 
pulsar the shift should accumulate in 
proportion to the square of the elapsed 
time interval. 

After six years of measurements we 
have found that the binary pulsar is in
deed "gaining" in its orbit and that the 
acceleration is proceeding at almost pre
cisely the rate predicted by general rela
tivity [see illustration on preceding page]. 
This observation provides the strongest 
evidence now available for the existence 
of gravitational radiation. Moreover, 
the rate of decrease in the orbital peri
od is not consistent with the predictions 
of several other modern gravitational 
theories that have been put forward 
as alternatives to Einstein's theory. We 
believe these alternative theories must 
now be rejected. 

Hence 66 years after Einstein predict
ed the existence of gravitational waves 
an experiment has been done that yields 
clear evidence for their existence. Al
though the waves themselves remain 
elusive and undetected, their signature is 
plainly written in the orbital behavior of 
PSR 1913 + 16. A number of laborato
ry experiments designed to detect extra
terrestrial gravitational waves are now 
in progress or being prepared, but even 
the best of them are not nearly sensitive 
enough to detect the waves from the bi
nary pulsar. The experimenters seek in
stead to observe such cataclysmic (and 
rare) astronomical events as supernova 
explosions and the presumed formation 
of black holes. 

The reason for the difficulty of di
rectly observing gravitational waves 
is straightforward: the interaction be
tween the waves and any detector is so 
weak that it is overwhelmed by many 
possible contaminating effects, not least 
the unavoidable thermal motions of the 
atoms of the detector. Nevertheless, the 
binary-pulsar experiment should en
courage the investigators who are devel
oping gravitational-wave experiments. 
It now seems assured that what they are 
looking for does in fact exist. 
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SCIENCE AND THE CITIZEN 
National Titer of Antibodies �ong the innovations in medical 

technology that have contribut
ed to lengthening the human life 

span, perhaps the most significant has 
been the practice of vaccination. It has 
been 185 years since Edward Jenner in
troduced a smallpox vaccine. (The word 
vaccine is derived from vaccinia, or 
cowpox, the active agent in Jenner's in
oculant.) Since then smallpox has been 
permanently eradicated worldwide, and 
other vaccines have greatly reduced the 
incidence in the industrialized countries 
of diphtheria, measles, mumps, pertus
sis (whooping cough), poliomyelitis, ru
bella and tetanus. 

The current status of immunization 
programs in the U.S. is evaluated in a 
recent review issued by the U.S. Public 
Health Service. The review, which is 
part of a report titled Promoting Health/ 
Preventing Disease: Objectives for the Na
tion, catalogues the achievements of 
immunization in the U.S. Diphtheria 
has been reduced from approximately 
160,000 cases and 10,000 deaths annu
ally in the early 1920's to 59 cases in 
1979 and four deaths in 1978. (These are 
the most recent years for which the data 
are available . )  Pertussis was diagnosed 
in some 200,000 cases and caused 5,000 
deaths per year in the early 1930's; there 
were 1,617 cases in 1979 and six deaths 
in 1978. Some 21,000 cases of paralytic 
poliomyelitis were reported in 1952, an 
epidemic year for the disease; 26 new 
cases arose in 1979. Vaccines for mea
sles, mumps and rubella have been in
troduced more recently, and the reduc
tion in the incidence of these diseases is 
not yet as great. At various times in the 
1960's there were 480,000 cases per 
year of measles, 152,000 of mumps and 
60,000 of rubella. In 1979 between 
about 12,000 and about 14,000 cases of 
each disease were reported. 

One of the most effective measures 
for ensuring an adequate level of immu
nity in the population has been the re
quirement that children show evidence 
of immunization before they can be ad
mitted to school. Such legal require
ments are now in force in all 50 states. 
One potential deficiency of relying on 
school enforcement is that it could leave 
a susceptible population of preschool 
children. The report therefore recom
mends extending the immunization re
quirement to "organized preschool set
tings, " such as kindergartens and day
care centers. By 1990, it is suggested, at 
least 90 percent of all children should 
have completed a basic series of immu
nizations by the age of two. 

Certain other legal and economic is
sues can have an influence on immuni
zation practices. The report points out 
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that as protection against disease has 
become more widespread "the rare ad
verse effects of immunization have be
come increasingly visible.... Liability 
associated with vaccines, and compen
sation of those injured as a result of im
munization, have emerged as issues in 
the effective delivery of services." Eco
nomic measures that might encourage 
immunization include payment for vac
cination as a Medicare benefit and sup
plying vaccine free to physicians if the 
physicians in turn will agree not to 
charge their patients for it. 

The review sets several objectives for 
improving the health status of the U.S.  
population, which the Public Health 
Service suggests could be achieved by 
1990 or sooner. The incidence of mea
sles should be fewer than 500 cases per 
year, all of them imported by travelers. 
Mumps, rubella and pertussis should 
each be below 1,000 cases per year. 
Diphtheria and tetanus should each be 
reduced to fewer than 50 cases per year 
and poliomyelitis to fewer than 10. 

A somewhat different account of im
munization practices is presented by Al
bert B. Sabin of the Medical University 
of South Carolina, who developed the 
oral vaccine for poliomyelitis. Writing 
in Journal of the American Medical Asso
ciation, he notes that "the almost com
plete elimination of paralytic poliomye
litis in the U.S." has been achieved even 
though "virulent polioviruses continue 
to be imported ... and ... a large pro
portion of economically disadvantaged 
children receive either no vaccine or not 
more than one dose." One explanation 
of the effectiveness of the immuniza
tion program, he suggests, is that "the 
oral polio vaccine strains spread from 
vaccinated to unvaccinated children and 
to others in the home and community 
and thereby immunize a significant pro
portion of unvaccinated persons." 

Sabin thinks it should be possible to 
eradicate measles in the U.S. and in 
other developed countries. The strategy 
that would have to be adopted, however, 
is not the present one of routinely vac
cinating each child at a specified age. 
What is needed instead is mass vaccina
tion of all children within a short period 
of time in order to break the chain of 
transmission of the virus. Sabin is pessi
mistic about the possibility of greatly 
reducing the incidence of influenza by 
vaccination, since during an epidemic 
"the vaccines that are available contain 
the viruses of previous years and not the 
viruses that are causing the epidemic." 

Sabin also discusses viral vaccines 
that are under investigation for certain 
diarrheal diseases of infancy, for hepati
tis and for herpes zoster, the virus that 
causes both varicella, or chickenpox, in 
childhood and shingles in later life. He is 

optimistic about the prospects for a live
virus vaccine for varicella developed in 
Japan. He thinks, however, "the effort to 
confirm the excellent results reported by 
the Japanese investigators has been too 
small, and too slow and uncoordinated 
when one considers how much misery 
could be prevented by the eradication of 
this disease." 

The Neutrino Shortage 

Neutrinos, the elementary particles 
with no electric charge and little or 

no mass, radiate from the sun in such a 
copious flux that some 1014 neutrinos 
pass through the human body every sec
ond. The' neutrinos are generated deep 
within the sun by the thermonuclear re
actions that transmute hydrogen into 
helium. Indeed, the neutrinos may offer 
the only direct information about the 
reactions in the sun's core. Up to now, 
however, the information obtained has 
been ambiguous. Since 1968 a detector 
has been counting the highest-energy 
solar neutrinos and has consistently re
corded fewer than were expected. Now 
certain theoretical innovations suggest 
new w

'
ays of interpreting the discrepan

cy, and experiments under consideration 
promise to resolve the problem. 

The detector that has been operating 
since 1968 was designed by Raymond 
Davis, Jr . ,  and his colleagues at the 
Brookhaven National Laboratory. It is a 
tank filled with 615 tons of the cleaning 
fluid tetrachloroethylene, a substance 
chosen because it is rich in chlorine. 
About 25 percent of all natural chlorine 
consists of the isotope chlorine 37, and it 
is this isotope that serves as the neutri
no-sensitive medium of the detector. An 
atom of chlorine 37 can capture an ener
getic neutrino, whereupon the atom is 
transformed into an atom of the radio
active isotope argon 37. The argon is 
isolated by flushing it out of the tank 
with helium gas, and the transformed 
atoms are counted by detecting the elec
tron that is emitted when an argon-37 
atom decays. The entire apparatus is in
stalled almost a mile underground in a 
mine in South Dakota. 

The great mass of the detector is need
ed because even in the deluge of neutri
nos from the sun a neutrino is only rare
ly captured. The detector includes some 
1030 atoms of chlorine 37, and yet only 
two or three atoms per week are con
verted into argon 37. Calculations made 
by John N. Bahcall of the Institute for 
Advanced Study, based on the standard 
model of the sun's internal structure, in
dicate that the flux of solar neutrinos 
should be great enough to cause four 
times as many events. 

M any proposed explanations of the 
missing neutrinos have cited possible 
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flaws in the standard solar model; some 
30 modifications of the model have been 
suggested in the past decade. For exam
ple, the theoretical flux might be made 
to match the observed flux if the abun
dance of heavy elements in the core of 
the sun were assumed to be less than it is 
in the standard model, or if the tempera
ture were assumed to be lower. It has 
even been suggested that the discrepan
cy might be accounted for if the sun 
were now "coasting," without ongoing 
nuclear fusion, or if there were a black 
hole at its center. 

More recently attention has shifted 
from the complexities of neutrino emis
sion in the sun to the properties of the 
neutrinos themselves. Neutrinos are 
known to come in three flavors, or types; 
one flavor is associated with the elec
tron, one with the muon and one with 
the tau particle (a massive cousin of the 
electron and the muon). It once seemed 
that the flavor of a neutrino could never 
be changed; an electron-type neutrino 
was destined always to remain an elec
tron-type neutrino. This assumption has 
become less secure with the emergence 
of unified theories of the interactions of 
elementary particles. The theories sug
gest that the identity of a neutrino may 
oscillate, or change continuously. 

The highest-energy solar neutrinos, 
which are the ones detected in Davis' 
experiment, are emitted as electron-type 
neutrinos .  During one step in the solar 

synthesis of helium, boron 8 is created 
and quickly decays by the mechanism 
called beta decay. A proton in the bo
ron-8 nucleus is converted into a neu
tron with the release of a positron (or 
antielectron) and an electron-type neu
trino. The neutrino-induced reaction in 
Davis' detector is inverse beta decay: a 
neutron in chlorine 37 absorbs an elec
tron-type neutrino and is thereby con
verted into a proton in argon 37. At the 
same time an electron is emitted. 

The fact that the inverse beta decay of 
chlorine 37 can be ind uced only by an 
electron-type neutrino suggests a pos
sible explanation of the solar-neutrino 
deficit. The flavor of an electron-type 
neutrino could change d uring its transit 
from the sun to the earth, so that it 
would arrive at the detector as a muon
type neutrino or a tau-type neutrino, 
which would not be counted. If the three 
known neutrino flavors oscillate maxi
mally, the observed flux at Davis' detec
tor should be one-third the flux predict
ed in the absence of oscillations. If  there 
is a fourth neutrino flavor, a possibility 
that is not excluded by theory, the flux 
might be reduced t{) one-fourth the cur
rently predicted value, which would be 
consistent with Davis' observations. 

The true magnitude of the solar-neu
trino flux may ultimately be determined 
only through the construction of more 
sensitive detectors. The drawback of 
Davis' experiment is that the high-ener-

gy neutrinos it primarily aims to detect 
constitute less than a ten-thousandth of 
all solar neutrinos. Only neutrinos with 
an energy of more than 814 kiloelec
tron volts (keY) can convert chlorine 
37 into argon 37. What is needed is a de
tector with a lower threshold, sensitive 
to the less energetic neutrinos generat
ed more prolifically in the solar reac
tions. The construction of such a detec
tor has been proposed by a consortium 
of investigators from Brookhaven, the 
University of Pennsylvania, the Institute 
for Advanced Study, the M ax Planck 
Institute for N uclear Physics in Heidel
berg and the Weizmann Institute of Sci
ence in Israel.  The active medium of the 
detector would be 50 tons of the isotope 
gallium 71. The gallium would be em
ployed as a solution of gallium chloride 
in order to benefit from Davis' experi
ence with a liquid target medium. 

The properties of the gallium nucleus 
make.it a good candidate for a neutrino 
detector. The capture of a neutrino by 
gallium 71 is well understood. As in 
chlorine 37, the process is an inverse 
beta decay: a neutron absorbs a neutri
no, emits an electron and thereby be
comes a proton, converting gallium 71 
into the radioactive isotope germanium 
71. The advantage of gallium is that the 
neutrino energy needed to trigger the 
conversion is only 236 keY. As a result a 
gallium detector would be sensitive to 
virtually all solar neutrinos. It is expect-
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ed that a 50-ton gallium detector wouid 
record one solar neutrino per day, or 
about two and a half times the event 
rate of the chlorine detector. 

The economics of the gallium detec
tor seem more problematical than the 
physics. The Department of Energy, 
which is considering funding the project, 
estimates that 25 tons of gallium is pro
duced annually in the non-Communist 
countries, chiefly from aluminum ores; 
the detector calls for twice the annual 
tonnage. In acquiring the gallium the 
project would compete with the semi
conductor industry, where gallium ar
senide is a substrate for electronic devic
es. The gallium would cost roughly $25 
million. Although it  would not be de
graded in the detector and could be re
sold, its price could fluctuate widely. 

One stage of the gallium-detector 
project has already been completed. For 
the past year the investigators have been 
extracting germanium from 4,000 liters 
of a gallium'chloride solution in which 
the gallium content is 1 .3  tons. The next 
stage is to measure the rate at which 
neutrinos convert gallium 7 1  into ger
manium 7 1 .  The plan is to bring 12 tons 
of gallium into contact with 70 kilo
grams of the highly radioactive isotope 
chromium 5 1 , which emits neutrinos at 
a known rate. 

The Department of Energy has ap
pointed a committee of physicists, head
ed by Glenn T. Seaborg of the Lawrence 

Berkeley Laboratory. to evaluate the 
merits of the plan to build a gallium 
detector. The committee is expected to 
issue a favorable report. If the Depart
ment of Energy decides to fund the full
scale project, money could be appropri
ated for it as early as fiscal year 1 983 .  
The Max Planck Institute for N uclear 
Physics has agreed to buy 25 percent of 
the gallium for the project. 

Work along similar lines is under way 
in the U.S.S.R., where an underground 
neutrino laboratory is being constructed 
in the Caucasus. The plan calls for a 50-
ton gallium detector and for a chlorine 
detector five times the size of the one in 
the U.S. 

A limitation of both chlorine and gal
lium detectors is that they register neu
trinos only by counting them, without 
measuring any of their properties. A de
tector based on the isotope indium 1 1 5 ,  
proposed by Ramaswamy Raghavan of 
Bell Laboratories and Martin Deutsch 
of the Massachusetts Institute of Tech
nology, could measure the energy of a 
neutrino and perhaps even its direction. 
The observation of the direction might 
determine whether a detected neutrino 
actually came from the sun and hence 
might eliminate some extraneous, back
ground events. 

The neutrino-induced reaction in an 
indium detector would also be an in
verse beta decay. When a nucleus of in
dium 1 1 5 captures a neutrino, a neutron 

in the nucleus becomes a proton and so 
the indium 1 1 5  is transmuted into tin 
1 1 5 ;  simultaneously an electron is re
leased. The neutrino needs to have an 
energy of only 1 2 8  keY to trigger the 
reaction. The electron carries away any 
energy above the threshold value, and so 
the energy of the neutrino can in princi
ple be determined from the energy of 
the electron. 

The chief difficulty in constructing an 
indium detector is a technological one. 
The electron whose energy is to be mea
sured often has an energy of only a few 
tens of thousands of electron volts, 
which is below the range of energies in 
which most electron counters are sensi
tive. Raghavan and Deutsch have devd
oped a new electron counter based on a 
hollow quartz fiber filled with a liquid 
scintillator. The counter will be tested 
soon. If it functions as expected, work 
can proceed on the full-scale detector, 
which will consist of four tons of indium 
and will cost roughly $2 million. 

Dinner at the Rift 
The discovery of dense populations of 

animals living on the sea floor near 
vents of hot water was a considerable 
surprise. Food is scarce deep in the 
ocean, largely because photosynthesis, 
the ultimate source of food in every 
other ecosystem known, is impossible 
in the darkness that prevails at a depth 
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of some 2,500 meters. Nevertheless, col
onies have been found at widely sepa
rated sites, all of them associated with 
hydrothermal vents along mid-ocean 
ridges, where plates of the earth's crust 
are separating and new ocean floor is 
forming. It was suspected from the out
set that the vents supply a source of nu
trition for the organisms, but it was not 
immediately apparent how. 

For the bivalve mollusks in the popu
lations near the vents the source of nour
ishment was soon understood. The wa
ter issuing from the vents is rich in hy
drogen sulfide, which certain types of 
bacteria oxidize to yield sulfate com
pounds and elemental sulfur. By this 
means the bacteria obtain the energy 
needed to liberate carbon atoms from 
carbon dioxide and manufacture or
ganic molecules. The bivalves are filter 
feeders that ingest the bacteria. 

The oddest organisms in the popula
tions near the vents are giant worms, up 
to 1. 5 meters long and 3.8 centimeters in 
diameter, with a flowerlike plume at one 
end. Identifying their. food supply has 
proved to be much more difficult than it 
was for the mollusks. Indeed, before one 
could address the question of what the 
worms eat it was necessary to determine 
how they eat: they lack a mouth, a gut 
and an anus. 

The worms cannot ingest bacteria. 
Moreover, it appears they cannot ab
sorb organic molecules directly from 
seawater fast enough for sustenance. 
Laboratory experiments imply that the 
rate of such absorption is insufficient 
even for smaller worms. How then do 
the worms near the vents get their food? 
The work of a number of investigators 
now centers on the trophosome, a tissue 
composing more than half of the body 
of the worm. It is proposed that the tro
phosome is actually a colony of symbi
otic bacteria. Like the free-living bacte
ria at the vents, the symbiotic ones are 
chemoautotrophic: they sustain them
selves on inorganic substances, and 
thereby they sustain the worm. 

Several lines of evidence combine in 
suggesting that the trophosome is the 
source of food for the worm. The evi
dence begins with measurements of the 
relative abundance of the two stable iso
topes of carbon (carbon 12 and carbon 
13) in tissues from various marine or
ganisms. The ratio of the isotopes in fil
ter-feeding clams and mussels near the 
vents differs from the ratio in animals 
living elsewhere in the sea. Each meta
bolic pathway by which carbon from 
carbon dioxide is incorporated into or
ganic matter gives rise to a slightly dif
ferent ratio of carbon 12 to carbon 13. 
Hence the observation of different iso
topic ratios in two organisms suggests 
they have different sources of organic 
molecules. The ratio in tissue from the 
worms near [he vents is reported by 
Greg H. Rau of the University of Cali
fornia at Los Angeles to be different 
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from the ratio in ,he ciams and mussels 
with which the worms share their habi
tat. The discrepancy could be explained 
if the mollusks and the worms are nour
ished by different kinds of bacteria, and 
so Rau proposes "that more than one 
type of autotrophy exists at the vents." 

A second line of evidence comes from 
chemical assays of specimens of the tro
phosome done by Horst Felbeck of the 
Scripps Institution of Oceanography: 
the assays reveal the activity of five en
zymes. Three of the enzymes chemically 
reduce sulfur compounds and store the 
energy released in molecules of adeno
sine triphosphate (A TP), which serves 
for energy storage in a multitude of or
ganisms. The other two enzymes have 
previously been found in plants, where 
they take part in a biochemical cycle 
that exploits the energy of photosynthe
sis for the manufacture of organic mole
cules. Frequently the trophosome con
tains particles of sulfur, a fact that at
tracted Felbeck's attention. Electron mi
croscopy of the tissue of the trophosome 
shows that it consists of densely packed 
spherical cells, which resemble bacte
ria in that they have no nucleus. 

The third finding in support of the hy
pothetical symbiosis was made by Alis
sa J. Arp and James J. Childress of the 
University of California at Santa Barba
ra. They found that the hemoglobin in 
the blood of the worms has a higher af
finity for oxygen than that of most inver
tebrate animals. The affinity depends 
only moderately on the ambient temper
ature and is almost unaffected by the 
ambient concentration of carbon diox
ide. If the worms are to support an inter
nal colony of bacteria, the worms must 
supply the bacteria with both oxygen 
(for reducing sulfur compounds) and 
carbon dioxide (as a source of carbon 
for organic molecules). The worms' he
moglobin seems to be well suited to car
rying out both tasks in a place where the 
temperature varies erratically between 
22 degrees Celsius, the temperature of 
the water issuing from the vents, and 
2 degrees, the temperat ure of the sur
rounding seawater. 

The extensive findings on the physiol
ogy of the worms are reported in Science 
in a series of articles by 12 investigators 
from eight institutions, including M ere
dith L. Jones of the Smithsonian Insti
tution, who named the worm Ri/tia 
pachyptila. What now remains to be 
determined is how a colony of auto
trophic bacteria becomes established in 
a newborn worm whose body surface 
is closed. Electron microscopy of the 
eggs of the female worm show that no 
such bacteria are inside them. 

Xaser Beam 
Devices that emit coherent electro

magnetic radiation have been ex
tended to ever higher frequencies in the 
past few decades. The first such devices, 

the masers, operated at microwave fre
quencies. In 1960 laser light, or coherent 
radiation at optical frequencies, was 
generated for the first time. Because 
higher-frequency radiation carries high
er energy there have been efforts recent
ly to stimulate coherent radiation in the 
far-ultraviolet and X-ray regions of the 
electromagnetic spectrum. Workers at 
the University of Hull in England have 
now achieved some success in the far-ul
traviolet region, and there have been un
confirmed reports that a group at the 
Lawrence Livermore National Labora
tory has built a xaser, a device capable 
of producing coherent radiation at X
ray frequencies. 

Radiation is temporally coherent 
when all its waves are in phase, so that 
the crests coincide with crests and the 
troughs with troughs. An instrument ca
pable of generating coherent radiation 
at X-ray frequencies could profound
ly alter the scientific understanding of 
the structure of matter, particularly 
the structure of biological macromole
cules. The standard technique for de
termining the structure of such a mol
ecule is to pass a beam of X rays through 
a crystallized specimen of the substance 
and to record the interference pattern 
formed as the beam is diffracted by the 
atoms in the crystal. For the structure to 
be resolved in atomic detail the radia
tion in the beam must have a wavelength 
not much longer than the diameter of an 
atom; it is for this reason that X rays are 
employed. 

In ordinary X-ray diffraction the 
phase of the incident waves is random 
and the information carried by the 
phase of the diffracted waves is lost. The 
diffraction pattern that results can be 
likened to a shadow of the atoms cast on 
a two-dimensional screen. The three
dimensional structure of the molecule 
must be guessed from the shadow, 
which is often highly ambiguous. Re
constructing the third spatial dimension 
therefOl:e calls for great ingenuity; 
moreover, the ambiguities must be re
solved anew for every molecule investi
gated. Information about the phase of 
the diffracted X rays could make the re
construction a routine matter. 

According to George Chap line and 
Lowell Wood of the Lawrence Liver
more National Laboratory, an X-ray la
ser, like an ordinary laser, could be em
ployed to record a hologram: a pattern 
created when radiation reflected from 
an object is allowed to interfere with 
a reference beam that has not been 
reflected. The X-ray hologram could 
then be illuminated by light from a la
ser operating at a visible wavelength 
and viewed through a microscope. The 
three-dimensional form of the object 
would be seen, magnified by a factor 
equal to the ratio of the optical wave
length to the X-ray wavelength. Biologi
cal structures such as DNA in the celi 
nucleus could thus be observed in three 
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dimensions. In principle a holographic 
motion picture could be made of DNA 
in the process of replication or of pro
teins being synthesized by the ribosomes 
of the cell. 

The impediment to such applications 
is that coherent X-radiation is extraordi
narily difficult to produce. In a maser 
or a laser a population of atoms is 
"pumped" into an excited state; each 
atom can then fall to a lower-energy 
state by emitting a photon, or quantum 
of electromagnetic radiation. The pho
ton can be emitted spontaneously, but 
coherent radiation is observed only 
when the emission is stimulated by an 
incident photon of the same wavelength 
as the emitted one. In the maser and 
the laser stimulated emission is ensured 
by an arrangement of mirrors, which 
reflect the photons so that they pass 
through the active medium many times. 

For an atom to emit an X-ray photon 
it must first be raised to an excited state 
of very high energy. The lifetime of such 
a state is brief, however. Spontaneous 
X-ray emission takes place within about 
10-15 second; during that interval a 
photon moves less than a micrometer. 
Moreover, no efficient X-ray mirror is 
known, so that the multiplication of 
photons must take place during a single 
transit of the initial photon. For these 
reasons the population of excited atoms 
must be quite dense. An extreme con
centration of energy is needed to main
tain such a population. 

To pump a far-ultraviolet laser to the 
necessary energy density the group at 
the University of Hull employs a maser 
that emits a strong flux of microwave 
radiation. The microwave pulse vapor
izes a fiber of carbon, and some of the 
carbon atoms are stripped of all but one 
of their electrons. As the plasma of car
bon ions expands, the ions recapture 
electrons and emit ultraviolet photons 
at a wavelength of 18.2 nanometers.  
Some amplification of the ultraviolet 
photons along the axis of the fiber has 
been detected, but the investigators do 
not yet claim to have succeeded in stim
ulating true laser emission. 

The reports concerning the Lawrence 
Livermore National Laboratory proj
ect (which have not been confirmed by 
the laboratory) describe an X-ray laser 
pumped by the energy released from a 
small nuclear explosion. Apart from the 
question of whether or not such a pump
ing method has actually been demon
strated to work, there remains the ques
tion of its cost, practicality and proprie
ty in scientific applications. Of course, 
the intended applications may be mili
tary rather than scientific. 

Menarcheal Misunderstanding 

Ademographic finding that has lately 
seemed to be gaining the status of 

folk wisdom holds that children have 
been reaching sexual maturity at a pro-

gressively earlier age for more than a 
century. The apparent trend is based on 
historical estimates of the average age at 
menarche, or first menstruation. It has 
occasionally been cited in explanation 
of a supposed increase in the sexual ac 
tivity of adolescents. Now the consisten
cy of the trend itself is being called into 
question. It has been pointed out that 
individual variation in the age of puber
ty is so great that a trend attributed to 
the human population in general may 
have little meaning. 

Many of the data supporting the ear
lier-maturation hypothesis were com
piled by 1. M. Tanner of the Institute 
of Child Health of the University of 
London. A graph published by Tanner 
gives the age at menarche as 17.1 years 
in 1840 and 12.5 years in the 1960's. 
A simple interpretation of the graph 
would be that the average age at menar
che has decreased by from three to four 
months per decade since the mid-19th 
century. 

Tanner estimates that the data given 
in the graph are "accurate to within 1.1 
years" for the populations studied. Not 
all interpretations of Tanner's findings, 
however, have been confined to the pop
ulations represented in the data. Those 
populations are drawn exclusively from 
northern European countries and the 
U.S. Tanner did not intend the graph to 
show the rate at which the world menar
cheal age has declined but rather to give 
an indication of general trends in some 
European and American populations. 
Indeed, he points out that there is much 
more information available on the age 
of menarche, but he adds that "other 
European and American data, though 
not quite so regular, agree well with 
these fig ures. " 

Even the reliability of inferences ap
plied to the populations included in the 
data has now been questioned by Vern 
L.  Bullough of the New York State Uni
versity College at Buffalo. Writing in 
Science, Bullough points out that 19th
century methods of data collection were 
highly subjective. He later added that 
"even modern data collection is not so 
accurate ."  

The earliest datum on the graph, and 
the only one to give an average age of 
more than 17 years, is from Norway in 
1840. According to Bullough, this age is 
based on the report of a single physician. 
Most of the other pre-20th-century data 
are similarly based on individual obser
vations. Moreover, almost all the 19th
century data come from the Scandinavi
an countries, largely because more com
plete health records were kept there. On 
the average Scandinavians mature lat
er than Americans and therefore 19th
century Scandinavian data and modern 
American data cannot be compared on 
the same basis. 

Bullough also notes that 1840 was a 
famine year in Norway. It has been es
tablished that menarche is delayed by 

You'll probably have as 
much fun with these fas
cinating, illustrated paper
back project books as 
the young would-be en
gineers or architects in 
your house. Each book 
does more than trace 
the history of skyscrap
er or bridge building. 
Readers can build their 
own skyscraper model 
or three different bridge 
models and, in so 
doing, learn the basic 
engineering and archi
tectural principles 
behind each structure. 

Putyaur 
tawarkana 
skYSEraper. 
Or a bridge. 

5HY5ERAPER5 
A Project Book 

BRIDliE5 
A Project Boo� 

Anne and Scott MacGregor 
"A welcome introduction .... There's 
enough here to start a potential bridge 
buff on his or her young way'.' 
-New York Times Book Review 
':Attractive and informative .... Materials 
for the projects are inexpensive, step
by-step directions are clear, and dia
grams are helpful."-Horn Book 
':A fine combination of fact and craft 
book ... large, precisely executed 
drawings sweep across the page, 
providing a panoramic view as well 
as historical and architectural points 
of reference ... :'-ALA Booklist 
Ages 9 up $5.95 each paperback 

At bookstores or order from: 

Lothrop,L.ee& 
Shepard Books 

A division of William Morrow & Co., Inc. 
105 Madison Avenue, New York, NY 10016 
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How to use tax exempt 
municipal bonds as a tool 
in tax planning 

High interest rates have pushed the yields on tax-free 
municipal bonds to record levels. 

We have recently prepared a booklet , "Planning with 
Tax-Exempt Bonds�' which every holder of municipal bonds 
must read. 

To receive yours, call Richard S. Bookbinder 
collect at 212-952-7953 or send the coupon below. 

----------------------

Bear, Stearns & Co. 
Members New York Stock Exchange, Inc. 

55 Water Street 
New York, New York 10041 
Atlanta/Boston/Chicago/Dallas/Los Angeles/New York/San Francisco 
Amsterdam/Geneva/London/Paris 

Please send me the Bear, Stearns "Planning with 
Tax-Exempt Bonds" report. 

Name ________________________________________________________ __ 

Company ________________ ________________ Phonl' ______________ _ 

Address ____________________________________________________ __ 

Ci ty _ _____________________ State __________________ Z i \1-----------

Attn: Richard s. Bookbinder Membl'r slPe 
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poor nutrition, and so the 1840 Norwe
gian average of 17 years is likely to be 
skewed. Bullough cites other data from 
Germany, Scotland and England that 
give a substantially lower average men
archeal age of from 14 to 15 years for 
the same period. 

At the modern end of the graph the 
statistical reliability of a part of the sam
ple is also dubious. All the data on the 
graph for the U.S. in the 1950's and 
1960's come from a sample of women 
students at the University of North Car
olina. The sample may not be represen
tative of the population as a whole. Fur
thermore, the results of such a survey 
could be distorted by errors of recall, 
since most college-age women are well 
beyond the age of menarche. 

Another impediment to the interpre
tation of historical records of menarche
al age has been pointed out by Rose 
E. Frisch of the Center for Papulation 
Studies of Harvard University. The dif
ficulty is that the data are not usually 
correlated with environmental factors, 
such as level of nutrition, to which men
archeal age is sensitive. For example, 
Frisch has shown that for every year a 
young female athlete is in training (do
ing strenuous physical exercise for more 
than an hour a day) her first menstrua
tion is delayed by five months. Stress has 
also been linked to delayed menarche, 
whereas greater consumption of foods 
high in fat may cause earlier menarche. 
Frisch concludes that age at menarche is 
so dependent on the environment that it 
is of little use in characterizing a popu
lation but can serve as a sensitive indi
cator of an individ ual's state of health 
and growth. 

Cold Tooth, Hot Tooth 
Among the processes of decay and deg

I\. radation that commence with the 
death of an organism, one distinctive 
chemical transformation provides a 
means of assaying the age of biological 
materials. Every amino acid has two 
stereoisomers, or mirror-image forms, 
designated L (for levo, or left-handed) 
and D (for dextro, or right-handed). In 
life only the L forms are incorporated 
into proteins, but after death the isomers 
are randomly interconverted. If the ran
dom exchanges are allowed to continue 
long enough, the L and D amino acids 
come to be present in equal quantities. 
The process is called racemization, a 
name taken from racemic acid, a form 
of tartaric acid made up of L and D 
isomers in equal proportions, 

The speed of amino acid racemiza
tion depends mainly on two factors: the 
chemical nature of the amino acid in 
question and the temperature of the 
postmortem environment. The rate is 
measured in terms of the racemization 
half-life; because the interconversion 
proceeds in both directions at once the 
half-life is defined as the time required 
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This November, you'll learn about 
new products and processes that could make 
some people very rich. 

Here's one. It's called nuclear 
magnetic resonance 
tomography, It's the basis of a non
invasive imaging device that can 
actually "see" inside everything 

from the human body to plant 
machinery, Next year it will make 
headlines, But you can learn all 
about it now in TECHNOLOGY 
magazine, 

NUCLEAR MAGNETIC RESo.NANCE IMAGE OF HUMAN HEAD. 

ANNOUNCING 
TECHNOLOGY MAGAZINE 

Technology, It's probably the 
toughest free enterprise arena in the 
world. You either win or lose, , , seize 

opportunities or face obsolescence. 
And, to stay competitive, you've got to 

stay on top of all the new developments, 
Know when to commit to a new process or 
application, , , and when you'd be 
smarter to lay back and learn from 
someone 'else's mistakes, 

And now there's a magazine that gives 
you, all in one place, the vital intelligence 
you need to make those decisiOns, 

TECHNo.Lo.GY. A new kind of magazine 
that lets you peek into R&D labs around 
the world. So you can learn what's working, 
What's not, And what's the coming state-of
the-art in everything from ceramics that 
can replace metals and plastics to 
enzymes that could provide a bio
industrial alternative to high priced 
petroleum, 

You won't read TECHNOLOGY. 

You'll use It! 
While TECHNo.Lo.GY will be edited to 
deliver the most information in the most 
accessible style - and will be a joy to read 
- it is not intended for the hobbyist or the 

merely curious, 
It will be a tool to be used by people 

who have a tangible stake in technology, 
Each major article will appear in a unique 
5-part format consisting of a general 
interest overview, a business outlook 
report, a core article for professionals and 
specialists, an applications side bar, and 

(You can sample the first Issue FREE) 

an extensive bibliography. You'll see 
quickly and precisely . 
• How a specific technology originated 

and in response to what needs 
• How it works 
• Its potential uses and limitations 
• Who (and where) the experts are 
• What applications are practical right 

now and what they cost 
• How it fits or connects with other 

techniques, methods, processes and 
systems 
To find out everything you need, you 

could comb through the dozens of 

magazines, trade journals, and newsletters 
on the subject of technology - at 
considerable time and expense. 

Or you can subscribe to TECHNOLOGY 
and hook into one of the most extensive 
networks of information and technological 
expertise ever assembled. So that whether 
you are a t.echnology executive, a 
specialist seeking new breakthroughs, an 
entrepreneur or investor, . ,TECHNOLOGY 
will bring you the information you need -
ahead of the crowd. So you can act on it 
profitably 

GetTECHNOLOGY's first Issue FREE! 
TECHNo.LOGY will be available only by 
subscription - it will not be sold on 
newsstands. 

But you can receive the premiere issue 
FREE simply by returning the 
accompanying card or the coupon 
below. 

We'll send you Vol. 1, No.1 of 
TECHNo.LOGY for a free examination. 
and reserve a Charter Subscription in your 
name at the special rate of only S18 for 1 
year (that's 6 bi-monthly issues at a saving 
of S6 off the regular yearly rate). If, after 
evaluating your first issue, you don't wish to 
continue, just write "cancel" on your bill 
and mail it back. You'll owe nothing and 
may keep TECHNOLOGY's first issue with 
our compliments. 

Return the coupon below or the 
accompanying card to receive 
TECHNo.LOGY's first issue FREEl 

r----------------------------------------------i 
Send me the 
Premiere Issue of 
TECHNOLOGY 

FREE --------------------

And enter my 1-year Charter Subscription 
(6 bi-monthly issues) for only S18 .. a 56 
saving off the regular subscription rate. 
(TECHNOLOGY will not be sold on 
newsstands.) I understand that if I'm not 
satisfied with my first issue, I need only write 
"cancel" on my bill. I may keep Vol. 1, No, 1 
ofTECHNOLOGY and I'll owe nothing. 
Otherwise, I'll return your invoice with 
payment and receive 5 more issues. 

Name ______ �����-----------(PLEASE PRINT) 

Address ________________________ __ 

City ____________________________ _ 

State ____________ Zip, _____ _ 

MAIL TO.: TECHNOLo.GY Magazine, p.0. Box 2528, Boulder, Co. 80321 5101 
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! Sp�ak e�rman : I likq a i'iplomat! I 
I What sort of p e o p l e  need to l earn a your own pace testing yourself ,  c orre c t ing I I foreign l a n g u a g e  as q u i c kly and effect ive· errors, reinforcing a c c urate responses.  I 

I Iy as possib le? Foreign service person ne l ,  The F S I ' s Programmed German Course I 
I 

t h a t ' s  w h o .  comes in two vol u me s :  You m a y  order one 
Now you can make a start on learning or both c ourses: I 

I to speak German with t h e  same mate - 0 Volume I .  Programmed i ntroduction to I 

I 
ria l s  used by t h e  U . S .  Department of German, 9 cassettes,  1 2  h o u r s  a n d  
S t a t e  - t h e  Foreign Serv i c e  Inst i tut e ' s  647·page text ,  $ 1 1 5. I I Programmed In troduction to German and :J Volume I I . Ba sic Course, Conti nued I 

I Basic Course, Con tinued. (More Advanced) 8 cassettes,  8 '/, 

I T h e  F S I  spent t h o u sands of d o l lars and h o urs and a 333·page tex t ,  $ 98. 

I many years developing t hese materials S h i p ped from New Y o r k  via a i r m a i l  I I for  use by m e m bers of A m e r i c a ' s  onl y : A d d  $ 17 postage f o r  V o l .  I ,  $ 29 f o ( 

I d iplomatic corps. Today people in a l l  both v o l u m e s .  

I walks of l ife w h o  n e e d  t o  learn to s p e a k  a I I foreign lang uage are turning to t h is Your cassettes are s h ipped to you in 
I outstanding audio cassette program. handsome l ibrary binders. 

I The Foreign Service Inst i tute ' s  German TO O R D ER, J U ST C LI P TH I S AD a nd mail I 
I Course is by far t h e  most effec t ive way to with your name and address,  and a check I learn German at y our convenience and at or money order. Or c h arge to your  credit  

I your own pace,  It con sists of a series of card (A merican Express, V I S A ,  Master I I tape c assettes and a c c o m panying text·  Charge,  Diners C l u b) by e n c losing card 

I book. You s i m p l y  fol low t h e  spoken and n u m ber,  e x p ir a t i o n  d a t e ,  and y o ur 

I written instruc t ions, l istening and learn· sign a t ure. I I ing.  By t h e  end of t h e  c ourse y o u ' l l  f ind The Foreign Service Institute's German I I yourse l f  learning and speaking entirely in course Is unconditional ly guara nteed. Try 
I German ! A nat ive German speaker, c learly it for three weeks. I f  y o u 're n o t  c onvin c e d  

I recorded on the cassettes,  provides an ex·  it's t h e  most convenient and most painless I I 
cellent model  to h e l p  you develop your way t o learn German,  return it an d  we' l l  reo I 
skills.  fund every penny you paid ! Order today ! 
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I IAn ingenious 
and tantalizing 

col lection" * 
of 36 delightfully perplexing 
mathematical problems posed 
in the form of entertaining 
science fiction narratives
each with at least two solutions. 

"A flnt-rate puzzle bookl . . .  
Fascinating r_dlng."-PROF. 
R. PENROSE. Univ. of Oxford 
(England) 
·S.M. UL AM  (one of the 
most eminent living 
mathematlctans) 

SCIENCE 
F 
PUZZLE 
TALES 
by Martin 
Gardner 
Foreword by 
ISAAC ASI MOV 
��t!!;��; ��� !�!'c��� ��:� r,:b: lishers, One Park Ave. ,  N.Y, 10016, Please add $1.40 posta6e and handling charge, 
N.Y. and N,J, re.sldents, add sales tax, 

@ Clarkson N. Potter, Inc, 

T H E 
H E B R EW 
U N I V E RS ITY 
O F  
J E R U SA L E M  
Jerusalem 9 1 000, Israel 

The H e brew U n ivers ity of 
J e r u s a l e m  o f f e r s  a s m a l l  
number of post-doctoral Fel
lowships for the 1 982-83 aca
demic year in  the H umanities, 
Social Sciences, Natural Sci
ences, Agriculture and Medi
cine. 

C a n d i d at e s  m ay a p p l y  at 
an early stage of their profes
sional career (not later than 3 
years after completion of their 
doctoral dissertation) to P.O.  
Box 1 2 5 5  J er u s a l e m  9 1 000,  
I srael .  

C o m p l e t e d  a p p l i c a t i o n  
f o r m s  m u st b e  r e t u r n e d  by 
December 1 ,  1 98 1 . 

to attain a D-tO-L ratio of .33, The half
life is a few thousand years for aspartic 
acid at 25 degrees Celsius, but it is many 
millions of years for isole ucine at zero 
degrees C.  The sensitivity of the process 
to changes in the ambient temperature 
adds to the difficulty of ded uc ing the age 
of a biological material from the extent 
of racemization, 

Racemization actually begins as soon 
as a protein is synthesized, but most pro
tein molecules are replaced continually, 
so that no significant degree of race
mization can be detected in living tis
sues. A few prote ins, however, are not 
regenerated throughout life. In mam
mals the commonest such stable pro
teins are found in the enamel and den
tine of teeth, 

Perhaps the most remarkable of all . 
mammalian teeth is the "tusk" of the 
male narwhaL The tusk is actually an 
upper canine tooth that grows through 
the whale's lip in a counterclockwise 
spiral; it can reach a length of two 
meters. Because the narwhal's habitat 
is the Arctic the tusk is continuously ex
posed to water at a temperature close 
to zero degrees C.  The narwhal's other 
upper canine tooth develops at the same 
time as the tusk but remains inside the 
mouth, where it is exposed to a body 
temperature of 37 degrees C.  The two 
teeth might therefore offer a means of 
calibrating the racemization age scale, 
The effect of the temperature difference 
has recently been investigated by Jeffrey 
L Bada of the Scripps Institution of 
Oceanography and his colleagues Ste
ven Brown and Patricia M, M asters, 

The three investigators summarize 
their findings in a recent issue of Report 
of the International Whaling Commission 
that was devoted to problems of cetace
an age determination. Their analysis be
gan with a tusk that had 40 concentric 
layers; each layer was presumed to rep
resent one year's growth. Samples were 
taken from the tip of the tusk (the first 
part of the canine to erupt), from the 
base of the tusk (which developed later) 
and from individual layers (which de
veloped successively). The ratio of D- to 
L-aspartic acid was determined for each 
sample. No racemization and thus no 
clue to the narwhal's age could be de
tected.  When Bada and his colleagues 
analyzed enamel from the tip of the 
same whale's other canine, the D-tO-L 
ratio indicated that the animal was ap
proximately 40 years old. 

The current whalers' method of esti
mating narwhal age, which is done in 
order to conserve the younger animals, 
is to j udge by the length of the tusk. 
Because females do not grow tusks it has 
heretofore been impossible to estimate 
their age accurately. The work of Bada 
and his colleagues suggests that a race
mization study of narwhal teeth from 
female specimens of different sizes and 
weights could lead to improvement in 
age estimation. 
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MATSUSHITA TECHNOLOGY TODAY: 

The brain that helps our robots feel, helps 
our video systems think,our microwave ovens 
talk and our eyeglasses hear. 

Care to take a tour of the future? Then take 
a look at some of the wonders unveiled by 
Japan's largest consumer electronics company, 
Matsushita Electric. You' ll discover a Micro 
Video recorder with a built-in camera. The en
tire unit weighs just a bit more than 4 lbs., yet 
can record up to 2 hours. At the other end of 
the scale is a projection 1V with a screen that 
measures 14 feet diagonally. And in between are 
a lot more surprises. 

"Welcome. Let's shake hands. Wow! What a grip!" An inter
esting comment, you say, but hardly anything startling. 
Perhaps you' d be right if that were a human talking, but 
that quote came from 500 lbs. of metal with a TV camera for 
eyes and an assortment of sophisticated sensors for brains
the Robo Sensor. These sensors, developed by Matsushita 
(pronounced Mot-soosh-ta) Electric, let this robot measure 
everything from room or body temperature, to the power of 
your handshake, to gas leaks. 

While the Robo Sensor will spend its time at exhibitions 
and industrial fairs, Matsushita makes other robots. An Arc 
Welding robot, when combined with a CO2 gas laser ma
chine, can handle large volume production jobs including 
complex multiple welding. Other robots are also hard at work 
in the manufacture of TV sets. That's one reason why 
Matsushita is one of the world's largest manufacturers ofTY, 
with over 68 million sets made since 1952. Yet none are quite 
like the TVs planned for tomorrow. 

TV: FROM SATELLITES TO MOUS TACHES 
Imagine a TV set with a picture that looks as good as a 
35mm color slide. That's the promise of Matsushita High 
Definition TV. This new system has double the number of 
scanning lines (11 25) of today's standard system. The 
result is picture quality that's breathtakingly sharp and rea\. 

As TV technology gets better, screen sizes seem to get 
bigger. And Matsushita's biggest is a blockbuster measur
ing in at a colossal 8 Y2 by 11 feet. This projection TV has 
remarkable brightness and edge-to-edge sharpness thanks 
to a new Cathode Ray Tube and lens system. A bit smaller, 
but equally interesting, are: Matsushita's 3-D TV; Teletext 
IV, which displays news and other graphic information; and 

Stylesetter TV, which shows how you'll look in a different 
hairstyle or with a moustache. Yet even with all these 
developments, IV is only part of the Matsushita video story. 

4.2 LBS. OF VIDEO RECORDER MAGIC 
As the world's leading maker of home video tape recorders, 
you would expect Matsushita to come up with the big news 
in video taping. But this time the big news is small-Micro 
Video. A combination video tape recorder and video cam
era that's about the same size as today's Super 8mm home
movie cameras. The entire unit weighs under Sibs. yet can 
record for up to 2 hours, thanks to yet another Matsushita 
breakthrough -metal evaporated magnetic video tape in a 
cassette that's actually smaller than today's audio cassettes. 

Video and the robot-like sensors also play an important 
part in Matsushita Electric's newest microwave oven. 

A TALKING OVEN THAT ALSO SEES 
The new "Show and Talk" microwave oven does just about 
everything but go out and do the shopping. At the press of 
a button its built-in 5" TV (meas diag) shows you a selec
tion of recipes and the ingredients needed (it will also give 
you a printout), responds to your verbal instructions, and 
announces in its own voice when the meal is completed. The 
built-in TV can show you how your recipe will look or let 
you watch your favorite IV show.It can even be hooked up to 
a closed-circuit TV system so you can see what's happening 
in the children's bedroom or at the front door. But there's 
still another side to Matsushita miracles-medicine. 

EYEGLASSES TO HELP THE DEAF HEAR 
One development is the Bone Conduction Hearing Aid. 
It combines a microphone and an amplifier-vibration 
mechanism so tiny the entire device fits into the stem of 
an eyeglass frame. It's so sensitive that even some people 
without an eardrum can "hear" sound vibrations through 
the bone at the back of the ear. Other medical advances from 
Matsushita are a low-cost Braille Duplication System, a 
simple Fluoric Ion Applicator to help prevent tooth decay 
and a Digital Sphygmomanometer that measures blood 
pressure and pulse readings quickly and accurately. 

In all, Matsushita produces more than 10,000 different 
products, made by more than 130,000 people, for sale in 
over 130 different countries. That makes Matsushita one 
of the world's largest electronics manufacturers. In 1980, 
consolidated worldwide sales for its Panasonic, Technics, 
Quasar and National brands were $13.7 billion. And the 
future looks even brighter. 

MATSUSHITA ELECTRIC 
PANASONIC TECHNICS QUASAR NATIONAL 
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"Quality is something very difficult to define," says noted 
composer John Williams, "but I know it when I hear it." 

Millions of moviegoers around the world would agree. 
For twenty years, Williams' Academy Award-winning 

scores have perfectly complemented a host of memorable films. 
With his masterful compositions, he has heightened the tension 
in Jaws, underscored the heroics in Star Wars and Superman, 
and given meaning to the phrase, "music of the spheres," in 
Close Encounters of the Third Kind. 

And an important reason why Williams' music is synony
mous with quality is because it satisfies the standards 
of his most exacting critic. Says the composer, 
"A score, first and foremost, has to please me." 

Quality-just another good reason 
you should look to JVC for your 
audio-video needs. 
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At JVC, the toughest standards we have to meet are our 
very own. That's why, over the years, we have maintained our 
position in the forefront of the world's audio-video electronics 
industry. With technical innovations like-to name just a few
the VHS videocassette system, the VHD videodisc system, the 
world's first cassette decks capable of handling metal tapes 
and the Super-A hi-fi amplifiers free of traditional switching 
and crossover distortion. 

Examples of what we're talking about are the state-of
the-art hi-fi components shown here. They certainly prove 

that while quality may sometimes be difficult to 
define, you'll know it when you hear it. 
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THE AUTHORS 

GENE ADRIAN GREGORY and AKIO 
ETORI are, respectively, Professor of In
ternational Business in the Department 
of Comparative Culture at Sophia Uni
versity, Tokyo, and managing editor of 
Saiensu, the Japanese-language edition 
of Scientific American. 

Gregory received his BS in Foreign 
Service, Georgetown University in 
1948, his MA in International Studies, 
Johns Hopkins University in 1950. He is 
a former associate editor of U. S. News 
& World Report, a contributor to 
Far East Economic Review, author of 
The japanese Challenge in Europe. 

Etori, an award-winning writer on 
science and technology, has covered 
these areas for over 20 years in Japan. 

THE COVER 

Photographer Masaaki Nakagawa 
has contrasted ancient and modern Ja
pan by placing a milestone in VLSI tech
nology in the hand of Japan's famous 
Kabuki actor, Tokizo Nakamura V. The 
64K Static RAM from Matsushita Elec
tric, Japan's largest consumer electron
ics company, has been achieved by su
perimposing the load resistors on the 
MOS transistors. This circuit has 
402,500 elements integrated into an 
area of 31 .6mm2. 

Art direction, supervisi6n of text and 
illustration and coordination of produc
tion were provided by Ted Bates Adver
tising/New York. 

Less than thirty years ago the electronics 
industry was very much an Atlantic affair. 
Few national leaders paid much attention 
to it, except in wartime when radio com
munications and radar became vital to na
tional interests, and what might pass for 
electronic equipment was hardly identifia
ble in the foreign trade accounts of the 
advanced industrial nations. In most coun
tries, effort was devoted to the design of 
communications systems, whose terminal 
equipment and transmission networks con
stituted the measurable whole of the indus
try. Much of the effort went to assure au
tarchical exclusivity to national manufac
turers, and what could not be attained 
through technological design was achieved 
by intricate cartel arrangements. Quietly, 
between themselves, national communica
tions organizations and their main suppliers 
agreed on what equipment to manufac
ture, at what prices; and equipment manu
facturers on both sides of the Atlantic con
trived, through patent pools and marketing 
arrangements, to satisfy those require
ments. Consumers took what was available 
from their respective national industries, 
and manufacturers exported only to their 
own country's preferential markets. 

Now all that has changed. Electronics 
has moved to the forefront of industrial 
activity, replacing steel as the keystone of 
the industrial system and the symbol of na
tional economic prowess. Development of 
the electronics industry has thus been 
granted priority on the agenda of industrial 
policy-making in advanced and developing 
countries alike. New technology has oblit
erated old monopolistic structures. The epi
center of electronics manufacture and in
novation has shifted convulsively from the 
Atlantic to the Pacific Basin, with the emer
gence of Silicon Valley and Japan as the 
bipodal foci of a protean technological rev
olution. Among the momentous aspects of 
this revolution has been the emergence of 
Japanese manufacturers as leaders in new 
product development and in production 
systems which combine advanced micro
electronics and highly developed human 
resources with cooperative institutional ar
rangements to set consummate standards 
of quality, reliability and efficiency for the 
industry. A country reputed for the ability 
of its industry to imitate modern technolo
gy has now emerged as a major source of 
innovation in advanced electronics. 

Three signal developments in July 1981 
underscore this revolutionary change in 
the configuration of the global industrial 
and technological order. During high level 
consultations on security matters, the U.S. 
government asked Japan to provide ad
vanced very large scale integration (VLSI) 
technology to enhance air and anti-subma
rine defense capabilities. A week later, it 
was revealed in Tokyo that General Motors 
had requested the Toshiba Corporation to 
help in developing an electronic control 
system for automobile engines; compared 
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with GM's best device using nearly 20 
large-scale integration elements, the T oshi
ba system performs as well or better with 
only four or five more highly integrated 
circuits. At the same time, it was learned 
that General Electric was negotiating with 
Hitachi, Ltd. for extensive technological as
sistance in the manufacture of VLSI circuits 
in pursuance of its strategy to make a full
scale reentry into the semiconductor busi
ness, from which it had withdrawn ten 
years previously. According to informed 
sources, GE was seeking not only Hitachi's 
advanced technology, but the formation 
of a joint VLSI manufacturing company 
in the U.S. 

Evidence that Japan was overtaking the 
American lead in integrated circuit (Ie) 
technology had been mounting ever'Since 
Japanese semiconductor manufacturers 
came from nowhere in 1976 to take a 40 
percent share of the world market for 16K 
random access memories (RAM), the then
ultimate in the art of packing circuits onto 
the 31-square-millimeter standard chip. In 
1978, Fujitsu Ltd. was the first to announce 
the commercial production of 64K RAM 
circuits, which pack 4 times as many·cir
cuits on the standard chip. The Japanese 
industry thereupon grasped the lead in 
global competition in this new generation 
of devices, with Hitachi, Nippon Electric, 
Toshiba, Matsushita and Mitsubishi follow
ing in force, all bidding with Fujitsu for a 
share of the action. (See Matsushita Elec
tric's 64K RAM chip on finger of Kabuki 
actor in the cover picture of this report on 
"Japanese Technology Today.") 

Some industry observers have predicted 
that Japanese makers will take anywhere 
from 60 to 70 percent of the world market, 
given their ability to deliver reliable parts in 
quantity; and even U.S. industry executives 
have stated that it will be difficult to hold 
the Japanese industry's world market share 
below 40 percent. 

Any lingering doubts that Japan had 
caught up with the American semiconduc
tor industry in key areas of advanced semi
conductor technology were dispelled early 
in 1980 when representatives of Matsushi
ta, NEC-Toshiba and Nippon Telephone 
and Telegraph's Musashino Laboratory 
provided a solid-state-electronics confer
ence in San Francisco with detailed de
scriptions of memory chips that could store 
still another four times as many bits of in
formation-256K-as the 64K RAM chip. 
At a time when U.S. semiconductor firms 
were wrestling with 64K RAM production 
problems, Japanese manufacturers were 
gearing up for the next generation of 256K 
dynamic RAMs. Although there is no hard 
evidence that Japanese semiconductor. 
makers will begin production before 1984-
85, indications are that market demand, 
rather than technical restraints in manufac
turing, will dictate the timing for introduc
tion of these new lightly packed VLSI mi
crocircuits. 
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It is in th is  transit ion to the stage of VLS I  
production that  the cu rrent lead of J apa
nese manufacturers w i l l  assume crit ical im
portance. Their  advance i n  64K RAM pro
duction,  and the strong market posit ion 
which this assures J apanese makers, s igni
fies more than j ust another i n  a ser ies of 
industrial tri umphs dat ing back to the 
1 950's  when Sony i ntroduced the fi rst 
commercia l ly produced trans istor rad ios. 
This combi nation  of production and mar
ket prowess i s  expected to play a pivotal 
role i n  determi n i ng the strength of the Japa
nese i ndustry throughout the VLSI era, 
which wi l l  extend th rough the 1 980's and 
wel l i nto the 1 990's. 

The probable consequences of th i s  
structural change i n  the global electron ics 
industry are of epochal i mport. If the J apa
nese e lectronics industry has been so suc
cessfu l i n  product and production i nnova
tion duri ng the 1 960's and 1 970's-a peri
od when it  was largely dependent on for
eign sources of technology-there are rea
sons to expect that leadersh ip  in advanced 
microelectron ics technology wi l l  enable 
Japanese f irms to move even further out in 
front, p ioneering the substitution of e lec
tron ics for mechanical systems in a broad
en ing range of products, i ntroducing en
t i re ly new product generat ions and gain i ng 
global market share in the process. 

Reasons for th is  expectation are not 
based upon logic a lone, however compel
l i ng that may be. In th is  case, syl logism is 
dramatica l ly  buttressed by past experience 
as wel l as by the observable dynamics of 
tech nological and i ndustrial change. 
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EXTRAO R D I NARY 
M EAS U RES 

Especia l ly sign ificant i s  the Japanese rec
ord of industrial pol icy-making in th i s  crit
ical sector. As early as 1 95 7, pol icy-makers 
identified the e lectronics industry as a pri
ority sector for development, passi ng i nto 
law what was appropriately called Extraor
d inary M easures for the Promotion of the 
E lectron ics I ndustry. At the ti me, few Japa
nese f irms could be c lassified as e lectron ic 
equ ipment manufacturers, and not  one 
among them had d ist inguished itself as an 
exporter of e lectron ic products. Total pro
d uction of the industry, such as it  was, had 
reached barely 60 b i l l ion yen ( U S$1 6 7  
m i l l ion)  a t  t h e  e n d  o f  fiscal 1 95 5 ,  and 
growth rates had not yet reached the point 
of takeoff. 

The record s i nce then i s  now legendary. 
The J apanese e lectronics industry emerged 
as the world ' s  leader in the production of 
color televis ion sets and a broad range of 
home enterta inment products, e lectron ic 
organs, e lectron ic watches, electron ic cal
cu lators, numerical controls for mach ine  
tools, robots, automotive control systems, 
medical e lectronics and v i rtua l ly  every 
component used in these various types of 
equ ipment. By the mid- 1 9 70's, J apan's 
output of computers, commun icat ions 
equ ipment, office mach i nes and semicon
d uctors was second only to that of the 
U n ited States. Opto-electronics was 
emerging as a new field for J apanese spe
cial development, and an i ncreasi ng num
ber  of products such as video tape record
ers (VTRs) were the creatures of a newly 
d iscovered-or red iscovered-genius  for 
i nnovation. 

S ignificantly, dur ing the last half of the 
1 9 70's, when other industries were lan
guishing i n  the doldrums of cyc l ical reces
sion or  suffer ing from structural depress ion, 
the output of the J apanese e lectronics in
dustry continued to develop at a fast pace. 
The total value of its production, second 
on ly  to that of the U.s., reached 8,683 
b i l l ion yen i n  1 980-or al most 1 50 t imes 
that of 1 95 5-making e lectronics one of 
Japan's major  industrial sectors, on  a par 
with the automotive industry. 

Present parity appears, however, to be 
prel im i nary to tomorrow's preeminence. 
S ince with each successive generation of 
more h igh ly integrated c i rcu its the d iffus ion 
of electron ic technology i s  extended to 
new products and appl ications, permeat
i ng one sector of the industrial system after 
another, the e lectronics i ndustry wi l l  soon 
su rpass a l l  trad it ional industries i n  s ize and 
divers ity. 

Duri ng the post-oi l-shock recession 
years of 1 9 75- 1 9 78, for example, output of 
e lectronic products increased 50  percent, 
compared with a 3 3.5 percent rise in auto
mobi le production. At the same t ime, the 
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automotive industry became an i mportant 
new market for e lectron ic products: With 
the increasing i mportance of fuel econo
mies, e lectron ical ly contro l led fuel in jec
tion systems were developed us ing new 
generat ions of microcomputers . And to 
save both energy and labor i n  manufactu r
i ng processes, the automotive industry in 
vested massively i n  robots and other  auto
matic-production equ i pment with micro
computer controls. 

I f  not to the same extent, the steel indus
try-which e lectronics is rapid ly  replac ing 
as the basic sector of Japan's industrial edi
fice-also became an i mportant market for 
electron ic equ ipment during the latter 
1 9 70's. 

Toshio Ikeshima, executive vice presi
dent of Sumitomo Metal Industries re
views the introduction of computer and 
electronics technology into post-war Jap
anese steel operations: 

"It was 20 years ago tha t we started 
studying computer utiliza tion both for 
handling of clerical work and plant opera
tion. The first introduction of computers 
was made in 1968 for controlling of basic 
oxygen furnaces. The technology was ac
quired from the United Sta tes, where 
computer control technology was almost 
monopolized by General Electric. Appli
cation of domestically developed tech
nology was considered when work on 
construction of the Kashima steel mill was 
started in 1969. We decided to computer
ize the plant's operation as much as possi
ble and assigned hundreds of systems en
gineers to develop the control technolo
gy while the plant was in the making. The 
difference from the United Sta tes in this 
respect was tha t we developed the system 
entirely on our own. In the United States, 
such work would usually be commis
sioned to a computer company, which 
often fails to fully recognize the plant's 
potentials. 

"Today, computers are serving to sys
temize all sorts of work in steel-making, 
ranging from control to energy-saving to 
labor-sa ving. To date we ha ve invested 30 
billion yen in computers. In a ddition, we 
annually spend about 6 billion yen for 
leasing of computers plus 8. 4 billion in 
other related expenses. The sum amounts 
to 1. 2 percent of annual sales. On the 
other hand, the annual amount of benefit 
from all this is calcula ted to be 50 billion 
yen, of which 40 percent is from labor
sa ving (reduction of workforce), 23 per
cent from improvement in product yield, 
and 3 7 percent from improved efficiency, 
energy-saving, reduction of inventories 
and other factors. 

"Computeriza tion proved relatively 
easy for producing sheets and plates, but 
not so for operation of basic oxygen fur
naces and blast furnaces, of which the 
workings are not scientifically clarified. 

"Cost reduction remains a principal 
£onsidera tion-over new product de vel-
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T O  BE A LEADER IN THE VIDEO INDUSTRY TAKES THE VISION OF A PIONEER. 
we have led the way in Laser
Disc, a medium we are con
vinced will be the future of 
home entertainment. Because 
LaserDisc combines not only 
remarkable picture and sound 

Ordinary People' The Muppet Movie' fidelity, it truly opens the door 
to information storage and 
education. 

A LaserDisc player, how
ever, is only as good as the 
discs available for it. So 
Pioneer has begun to produce 
and distribute discs of our 

The Elephant Man' The China Syndrome' own. We have indeed begun 
There was a time not so long to become our own source of 

ago when the audio industry supply. We have already begun 
was far less tha.n an industry. distributing discs for several 
'A'hen hi-fi was for a handful of major motion picture 
afficionados rather than millions companies and have 
of music lovers. And along came produced a number of 
Pioneer to change all that. music discs from rock to 

We bring that same vision, opera. 
that same commitment, that We believe, too, that 
same determination to the video given the sound and pic-
industry today. ture quality now avail-

After thirty years of television able, people will no longer 
in America, we see the begin- content themselves with a 
nings of change. From mass small screen. The experi-
entertainment to personal ence demands a larger 
entertainment. Which is why scale. So we introduced a 

50- inch projection TV. For 
the first time, seeing a con-

cert at home offers a picture as 
big as the sound. It's a projection 
TV that will finally put an end 
to "wait till it's perfected." 

This is just the beginning. 
Video is in its infancy. But you 
can be sure as video grows, 
Pioneer will be there leading in 
its innovation and development. 
It's the way we have always been. 
It's the way we'll alway s be. 
l-Paramountl-fome Video 2-Magnctic Video 3-Columbia 
Pkturcs Home Entertainment 4-Pioneer Artists nl 

.£, 1981 Pioneer Video, Inc. All rig/Its reserved 

(y.) PIONE ER® 
We bring it back alive. 

"This LaserVlluon 
markcerlifies 
t:umpatabilitywith 
otherlaser-optical 
proc:lucisbearing 
the mark © 1981 SCIENTIFIC AMERICAN, INC© 1981 SCIENTIFIC AMERICAN, INC
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opment, for example-in our industry. A 
cost cutback of 0.7 percent means a lot in 
terms of profit performance. Improve
ment of product yield and energy-saving 
carry big weight in cost reduction. In this 
respect, we are a ttaching importance to 
the continuous casting technology, which 
could not be managed at all without com
puterized control. " 

LONG RAN G E  
V IS ION 

As obvious as these benefits might seem, 
diffus ion of e lectronics technology and 
products i n  J apan has not been left entirely 
to the mechanics of the market.  I n  1 9 74, 
after the o i l  cr is is  had made clear the ne
cessity of reassess ing Japan's industrial pol
icy, the I nd ustrial Structures Counci l  pub
l i shed its revised L ong Range Vision of J ap
anese industry, designating the e lectron ics 
industry as the key sector around which 
v i rtua l ly  the ent ire future production struc
ture was to be developed . S ince J apan is 
almost whol ly dependent upon i mported 
energy and other raw materials suppl ies, 
rising crude oil prices and the uncertai nties 
which fo l lowed i n  commodity markets se
r iously endangered the competitiveness of 
many key export products. Continued 
competitive power requ i red a massive, co
ordinated effort to a l locate and use re
sources more efficiently, and to achieve 
economies i n  production through in
creased productivity as wel l  as improved 
qual ity. As e lectron ics technology i s  "ener
gy-savi ng, resource-savi ng, labor-saving 
and space-savi ng, " i n  the words of M ich i 
yuk i  Uenohara, sen ior  v ice president of  
N i ppon E lectric Co. Ltd . ,  i t s  rapid develop
ment was catapu lted to the highest levels 
of national  priority. 

Not only was the e lectronics i ndustry of 
central i mportance for increasing value
added in industry to susta in  higher stan
dards of l iv ing in an ever more aff luent 
Japan, but competitiveness i n  world mar
kets became more dependent upon i nno
vation i n  advanced electron ic export prod
ucts and the most rapid possib le  d iffus ion 
of effic iency- inducing e lectronic technolo
gies throughout the i nd ustrial system.  In the 
apt words of S ingapore's Premier Lee 
Kuan-Yew: "There i s  noth i ng l i ke the th reat 
of hanging in the morning to concentrate 
one's attention the night before . "  It was 
j u st such a perception of danger that gave a 
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massive added th rust to the dynamic de
velopment of the J apanese e lectronics in
dustry in the post-oi l -cr is is  period . 

But cr is is  was not the sole impetus to the 
now-renowned cooperative VLS I  research 
and development project which was 
launched in 1 9 75 ,  fo l lowing the d i rect ions 
ind icated i n  the new industrial "vis ion . "  
Nor was necessity itself sufficient cloth 
from which to fash ion success i n  the in
tended bid for technological leadersh ip  in 
advanced electronics technology. 

In the two decades s i nce its b i rth,  the 
J apanese e lectronics industry had, of 
course, accumulated a vast stock of tech
nology. I n novation had come ear ly and 
often from the industry, largely as the re
su l t  of cooperative research and devel
opment-al beit mostly i n  appl ied technol
ogy-with i n  enterprises and industrial 
groups.  I t  was main ly  because of this in
tense pursuit of product and production 
i nnovation that J apan had become the 
world's leader i n  consumer e lectronics and 
was moving out front i n  other product l i nes 
as wel l .  

Makoto Kikuchi; director a n d  manager 
of the Research Center of the Sony Cor
poration, has these reflections on the role 
of the japanese home market in preparing 
japanese manufacturers for ventures 
abroad: 

"We first of all should be a ware that, 
while japan is ahead in certain areas, ja
pan is lagging in some others. I reckon the 
U.S. and japanese levels are pretty close 
to each other. For example, japan is 
ahead of the U. S. in reliability so far as 
many semiconductor devices and elec
tronic circuits are concerned. When it 
comes to pioneering research in areas 
rarely taken up by others, however, the 
U.S. continues to strongly lead japan. 50 it 
is hard to say simply which country is 
ahead of the other, although it is a fact 
tha t the gap between the two countries 
has become so narrow that it is difficult to 
make a simple comparison. 

"When Sony tried to make the transis
tor radio, the idea was laughed off in the 
United States. A t  that time, the potential 
of transistors was still totally uncertain. 
But the top management of Sony has al
ways been quick in making such deci
sions. Once a decision is made, however, 
the company forges toward the goal. Set
ting a goal at an early poin t  encourages 
everybody to devote himself to a ttain
ment of th7! goal. 

"When the target is clearly defined and 
zeroed in on, japanese workmanship 
flourishes in that specific area. The tape 
recorder and video tape recorder are ex
amples. A long with electronics, good 
technology for machinery is importan t  to 
a chieve results. A combination of tech
nologies in the two areas holds the key to 
production of good products. 

"I suppose there is better communica
tion and harmony in work among japa-

Advertisement 

300 

200 

100 

LABOR PRODUCT I V I TY I N DEX 
(1975=100) 

I 

257 Electron ics 
Industry 

195 Mach inery 
Industry 

156 
Manufactur
ing Industry 

Year '75 76 77 78 79 '80 
Calculation Method: 

= Mining and Man. Prod. Index 

Average of Total Actual Manpower 

Figures for manufacturing from Japan Productivity 
Center. 1980 figures for manufacturing are averages 
from January to October. 

Source: Electronics Industries Association of Japan. 

nese technicians than among their West
ern counterparts. Provided tha t motiva
tion is adequate, the japanese tend to 
willingly do the same work tha t other 
people do. This means tha t the more tech
nology becomes ma ture, the easier it be
comes to develop technology. In Europe, 
on the contrary, if someone is engaged in 
work A ,  he feels tha t he must take up 
work B at  all costs because otherwise he 
cannot maintain his identity. In japan, ev
eryone will take up work A because of the 
strong inclina tion to join other people in 
work in the most current area. It's hard to 
say which way is better, but the japanese 
way seems to be advantageous from the 
viewpoint of commercial technology. 

"For a long time, the struggle to catch 
up with the international level constitut
ed a major motivation for the japanese. 
To this end, mastering technology tha t 
played a key role in that ca tch-up process 
has been highly valued. The result is tha t a 
great number of people in this country 
become engrossed in mastering new 
technology, even before they bother 
themselves about how such technology 
can be utilized for practical purposes. This 
is a tendency which is a ttributed to the 
japanese situation and the en vironment 
in which japan has been placed, and un
less this point is properly understood, it 
will be difficult for foreigners to under
stand why the whole na tion of japan 
rushes to develop LSI 's, for example. 

"To give you another example, French 
intellectuals say they don 't understand 
why the japanese habitually turn on the 
television every morning and watch it to 
know the time. 'They ha ve watches and 
clocks to know time, don 't they?, ' the 
French ask. I think this represents the 
coldness of the European market toward 
television. 

"The japanese society is warm, in every 
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Forming 
perfect dodecahedrons 

Below, the earth looms • and imperfections caused 
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And in weightless silence, molten molecules large-scale integration, increasingly powerful 
coalesce slowly into a multitude of solar batteries-and more. 
crystalline shapes-cubes, octahedrons, And NEC will be there. The National 
dodecahedrons, and even more complex Space Development Agency of Japan will 
forms. Unfettered by gravity, the atom-by- place a special NEC image furnace aboard 
atom structure of these crystals grows in an early spacelab. This furnace, carried 
perfect replication of the geometric lattice of into orbit by the Space Shuttle, will grow 
the original seed. crystals and create alloys free of the forces 

At NEC, we're already working to turn on earth. 
this scenario into reality. In fact, the weight- Development of advanced techniques 
lessness of space may make possible a new such as manufacturing and "farming" in 
world for progress: alloys, such as lead- space is just another reason why NEC has 
aluminum, which cannot be produced on achieved such a remarkably effective synthe-
earth. Completely new drugs and chemicals. sis of computers and communications. And 
And, yes, acres of astonishingly perfect why we have a following in over 130 countries 
crystals, growing free of the disturbances around the world. 

THE COMPUTER & COMMUNICATIONS COMPANY. NEe 
Nippon Electric Co . .ltd. 
P.O. Box 1, Takanawa. Tokyo. Japan 
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aspect-be it either research or consum
ers. Mental temperature is an expression 
which I frequently use, and this men tal  
temperature, it  seems to me, is high 
among the japanese. This is a factor tha t 
makes japan a market of tremendous 
strength and scale. The booming discount 
trade at camera and microcomputer 
shows, packed to capacity, are good ex
amples of that. Hot markets like these are 
something you don 't find outside japan. If 
such enthusiasm on the part of consumers 
disappears, japanese technology may in
stantly die away. There exists such a hot 
market a t  home and consumers there 
ha ve a high mental temperature, with ev
erybody con vinced tha t using something 
new is a virtue-these are factors of ex
traordinary importance. " 

The japanese consumer has played an 
equally centrol role in the fortunes of  
Suwa Seikosha Co. , L td. ,  and its Seiko 
watch line, as Hideaki Yasukawa,  direc
tor, sta tes: 

"If japan now surpasses the United 
States when it comes to technology to 
turn out consumer goods, that is becaus.e 
japanese industry must compete for the 
fa vor, in the first place, of japanese con
sumers. The users of electronic products, 
be they manufacturers or ultimate con
sumers, are more demanding customers 
than their counterparts in Europe and the 

United States. This is an advantage of ja
pan not often mentioned. But the exis
tence of knowledgeable and demanding 
users must lead to high-quality products. 

"japanese electronics would not ha ve 
a chieved such a phenomenal growth if 
the level of consumers ' utilization of 
products had not been so high or so de
manding. It is japan 's great strength that it 
has a big domestic market. 

"By contrast, Switzerland, for example, 
lacks a domestic market, and product us
ers lack basic knowledge of electronics. 
Under the circumstances it often happens 
that a japanese IC manufa cturer negotia t
ing with a Swiss watchmaker about speci
fications of products to be supplied faces 
difficulties in reaching conclusions be
cause the Swiss tend to leave everything 
to the discretion of the japanese IC manu
facturer. " 

If th is  is becoming i ncreasingly apparent 
even to the casual observer of the Japanese 
scene, the dynamic processes which have 
made i t  so remain somewhat more e lusive. 
The crit ical i nteractive factors which deter
m ine  that process, and which go far 
towards explai n i ng the J apanese advance 
in VLSI technology, are not, however, d iffi 
cu l t  to identify. The bas ic  i ngred ients of 
progress i n  microelectronics tech nology in 
Japan-simply stated-are: men, money 
and enterprise function ing i n  a f iercely 
competitive business environment.  These, 
in turn, have fash ioned part icu lar corpo
rate strategies and structures which serve 
to accelerate the pace of technological 
change and assure the efficient manage
ment of scarce resou rces. 

STRENGTH 
IN H U MAN RESO U RCES 

H i story i s  eloquent witness that the e lec
tronics industry i s  one that wi l l  spread o n  a 

VTR PRICE TRENDS IN THE 1980s . 
( i n  10 thousand yen) 

25 23.1 
20 

1 5  

10 
5 

74 75 

16 .5  

76 77 78 

---..... _,�1.8 10.1 
-_____ I ______ �O 

79 '80 '81 
I '82 '83 '84 '85 

Source: Japan Electronics Industry Development Association. 

Advertisement 

J 10 

global scale i n  the quest of h igh-ca l ibre hu
man resources most adept at efficient en
terprise. I n  br ief, h igh ly educated people  
who work wel l  together are  the sine qua 
non of e lectron ic tech nology. Herein l ies 
the principal explanation of J apanese as
cendancy to leadership i n  consumer e lec
tronics producticin, the rapid overtaking of 
the American industry in LSI production, 
and the advantage so far attai ned i n  VLSI 
technology. It is l i ke ly to be the prime de
terminant of the role of Japanese firms i n  
t h e  industry for decades t o  come. 

G iven the paucity of J apan's  natural  re
sources, the aff in ity of Japanese industr ial
i sts for a knowledge- and sk i l l - i ntensive in
dustry such as e lectronics i s  derived from 
no special i ns ight. I t  i s  p la in common 
sense. J ust as comparative advantage was 
origina l ly  obtained by wise use of abundant 
sources of educated low-cost manpower in 
the earl ier stages of Japan's  industr ial iza
tion, the prospect for conti nued technolog
ical and industrial progress in its advanced 
stages i s  to be found only in technologies 
and production which requ i re abundant 
sources of educated h igh-cost manpower. 

E lectronics technology i s  appropriate to 
J apan not on ly  because of the relative 
scarcit ies of natural resources and the 
abundance of manpower, however. The 
qual ity of human resources makes the d if
ference. Tradit ional arts and crafts, as wel l  
as the l ight industries typical of J apan's  pre
World War I I  economic development, re
l ied heavi ly  upon dexterity of hand, con
cern for deta i l ,  a penchant for i ntricacy and 
a quest for perfection .  Ski l ls  which found 
their  supreme manifestat ion i n  the carving 
of ideographs on ind ividual gra ins  of rice 
(as many as 5 000 kanj i characters have 
been i n scribed on a s i ngle rice gra in) ,  were 
idea l ly  su i ted to the tedious tasks of design
i ng and produci ng high-density microelec
tron ic devices. 

For a country tota l ly  rel iant o n  its human 
resources for survival and welfare, educa
tion commands primacy of place among 
societal values. I t  fol lows, too, that for in
dustry i n  such a country, education-the 
development of human resources-is of 
foremost concern . Not by accident does 
Japanese industry recruit workers d i rectly 
and systematical ly from h igh schools, the 
fast-growing and most techn ical ly ad
vanced firms h i r ing the best graduates from 
the best schools .  Nor i s  i t  accidental that 
managers and engineers are j ust as system
atica l ly  recru ited at graduation from un i 
versity. And s ince the reputat ion and 
strength of educational i n stitutions  de
pends to a great extent on their  ab i l ity to 
place their  graduates in posit ions with lead
ing companies, there i s  competit ion among 
schools to prepare students for 
l ifet ime employment i n  the best i ndustrial, 
f inancial and commercial enterprises. 

Minoru Suzuk� managing director of 
Asahi Optical Co. L td. ,  has this to say 
about the role of japan 's educational sys-
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tem in the country's accelera ting eco
nomic development: 

"Of basic importance is populariza tion 
of educa tion. Today most youngsters go 
to high school where they acquire a fairly 
high level of knowledge on an a verage. As 
a result of an increase in the number of 
universities in the postwar period, more 
people receive higher educa tion. A nother 
important factor is the japanese hunger 
for advancement and willingness to work. 
A factor behind such a na tional trait is 
perhaps the existence of a number of en
terprises of a similar size in each area of 
industry and subsequent severe competi
tion in a na tion of limited physical size. 
japanese enterprises ha ve been undertak
ing technical development and innova
tion while competing hard with each oth
er. Before they are aware, they ha ve gone 
ahead of foreign competitors. 

"There is the need for greater coopera
tion between na tional research organiza
tions and private enterprises in the area of 
basic research. Research budgets for japa
nese universities are too small-the sta te 
should provide more financial assistance 
to them. Since japan has a scarcity of na t
ural resources, development of technolo
gies geared to efficient use of such re
sources ought to be stressed. In terms of 
flow of economic wealth, japan has 
grown rich at all levels-individuals, en
terprises and sta te-but it still lags behind 
in many raw ma terials. " 

S i nce the electron ics  i ndustry offers the 
best opportun it ies for human knowledge 
and sk i l l  development, as wel l as for rapid 

VTR OUTPUT I N  THE 1980s . 
( i n  100 m i l l io n  yen )  
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advance i n  companies having the fastest 
growth, students show a strong preference 
for work in e lectron ics, and e lectron ics  
manufacturers can select the best students. 
I t  only remains  for educat ional  i n st itut ions 
to make the selection process poss ib le, and 
the most fru itfu l ,  for both students and em
ployers . 

It is not surpr is i ng, therefore, that Japa
nese u n iversit ies graduate about 50 per
cent more e lectronics engineers than un i 
versit ies i n  the U n i ted States, which works 
out to approximately three t i mes as many 
per capita.  In the i nformation industry par 
excellence-electron ics-people are the 
crit ical i ngred ient, the more so the more 
knowledge-i ntensive electronics tech nolo
gy becomes. There is, therefore, a keen,  
and q u ite u n ique, recogn it ion i n  Japan that 
microelectron ics  and its progeny-com
puters, automated equ ipment, robots-do 
not i n  fact replace people .  E lectron ics  
makes people more essentia l .  I t  renders the 
development of their  most i m portant at
tr ibutes-bra inpower and cooperative en
deavor-i mperative. In  software a lone,  
Japanese industry sees the need for h ighly 
trai ned manpower as i n satiable .  

On this point, Sakae Shimizu, direc
tor of Toshiba Corporation, observes: 

"If we have to increase the number of 
software engineers at the present rate, all 
the people on the planet will ha ve to be 
turned into software engineers in a few 
years. This, of course, is impossible, and 50 
we ha ve to develop software technology 
to a void it. We already ha ve made signifi
cant headway in this field. 

"Technologies developed 50 far include 
application of pattern recognition. It is al
ready in practical use to sort out postal 
codes and bills. A lso, machines can read 
kana (japanese alphabet) with a 99. 9999 
percent accuracy and a limited number of 
the kanji (Chinese) characters as used in 
newspapers. 

"Research is also progressing on voice 
recognition, demand for which has been 
rising recently. An a dvantage of voice rec
ognition is that it makes interaction be
tween man and machine easier, allowing 
anybody to make use of machines. Man
machine interface made easier will con
tribute to further popularization of elec
tronics technology. 

"Electronics is a very effective means of 
providing homes with comfortable and 
safe living conditions. The use of built
in microcomputers in air conditioners, 
washing machines and microwave o vens 
is just one example. If further progress 
is made in sensor technology, a com
pletely automa tic control of room tem
perature and humidity will be a reality. 
It will also bring about better burglar
and fire-prevention systems. Another pos
sibility is a broad range of communica
tions between the inside and outside of 
homes, pending the completion of com
munications and information processing 

Advertisement 

systems for home use. This will provide a 
free access to outside information, sf1tisfy
ing intellectual desires and closing the dis
tance between residence and work, even 
making it possible to do one 's job without 
reporting to the office. " 

Obviously, given the pace of technologi
cal change i n  microelectron ics  with a new 
generat ion of Ie  devices emerging every 
two to five years, the requ is i te perpetual 
development of human resources can not 
be left to the un iversit ies, however eff ic ient 
they might be i n  provid ing raw, i nexperi
enced recruits .  I t  i s  i n  meeting this v ita l ly  
important need for conti n u i ng education or  
trai n i ng that J apanese industry exce ls  over 
all others. 

L ife long employment makes perpetual 
and i ntensive i nvestment in human re
sources poss ib le .  J apanese companies can 
provide trai n i ng to their employees without 
fear that they w i l l  l eave the f irm in response 
to offers of h igher remuneration  by com
petitors . Workers, engineers and manag
ers, for their  part, can devote the i r  fu l l  ener
gies to self-development, knowing that 
they w i l l  have an opportun ity to use their  
acq u i red knowledge to good advantage
their  own, their  company's and their  na
t ion's-for the whole of their worki ng ca
reers . And, of course, j u st as technological 
i nnovat ion i n  the e lectronics industry is  the 
key to competitive advantage, technologi
cal ski l l s  are a vital e lement i n  career ad
vancement, even i n  companies where sen
iority sets the order in which employees 
mount the corporate ladder. 

A vivid insight into the "tenure" system 
in japanese industrial companies is sup
plied by Minoru Morita, managing direc
tor, Corporate Production Engineering 
Division of Matsushita Electric Industrial 
Co. , L td. :  

"The lifetime employment system may 
give foreigners the impression tha t a man. 
is bound to a company all through his life, 
but it is never 50. It does not mean tha t 
you are not allowed to quit. The truth is 
that  you can stay with the company all 
through life if you 50 wish. Thus the man
agements do not resort to layoff at  such 
difficult times, for example, as the oil 
shock, nor does your company expect 
you to stay all through your life. 

"New college graduates who join the 
company each year are not hired as an 
immediate workforce. They are first put 
through a long orienta tion-lasting six 
months or one year-aimed a t  versing 
them in the organization of the company. 
During this period, those with an engi
neering background, for example, learn 
marketing on the job, while researchers 
experience jobs on the line. They are paid 
full salaries and other benefits, including 
transportation expenses for commuting, 
which means a big investment from the 
standpoint of the company. But this in
vestment pays off in years to come, as 
these employees, thanks to the orienta-
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The most famous name 
in Japanese quality control 

is American. 

His name is 
Dr. W. Edwards 
Deming, and he's a 
quality control expert. 

In 1950, the Union of 
Japanese Scientists and 
Engineers (JUSE) invited 
Dr. Deming to lecture several times in 
Japan, events that turned out to be 
overwhelmingl y successful. 

To commemorate Dr. Deming's visit 
and to further Japan's development of 
quality control, JUSE shortly thereafter 
established the Deming Prizes, to be 
presented each y ear to the Japanese 
companies with the most outstanding 
achievements in quality control. 

Today, Dr. Deming's name is well 
known within Japan's industrial 
community, and companies compete 
fiercely to win the prestigious Demings. 

In 1953, 
. tomo Metals 

fortunate 
to win the 

Prize For 
Application. In retrospect, 

we believe it may have been 
the single most important event in the 
history of quality control at Sumitomo. 
By inspiring us to even greater efforts, it 
helped us to eventually become one of 
the world's largest and most advanced 
steel-makers. 

Sumitomo Metals owes a great deal to 
the American quality control expert who 
became one of Japan's greatest inspira
tions. On that point, the management 
and employees of Sumitomo Metals 
would like to take this opportunity to 
say simply, 'Thanks, Dr. Deming, for 
helping to start it all!' 

• SUMITOMO METALS 

a BUMrTDMO METAC INI:JUS"TRES,CTD. Tokyo & Osaka, Japan 
Sumitomo Metal America, Inc. Head Office: 420 Lexington Ave .. New York, NY 10017, U.S.A Phone: 12121949-4760 Offices in Los Angeles, Chicago, Houston 

MAIN PRODUCTS: Tubes & pipe. flat rolled products, bars, shapes & wire rods, rolling stock parts, steel castings & forgings, and a wide range of steel products 
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tion training, develop the ability to under
stand each other in immediate communi
cation and broaden the sphere of a ctivi
ties in accordance with competence. 

"To use the metaphor of a Co (oriental 
game) board covered by stones, the sys
tem of a European or American enterprise 
assigns each stone a job which is neatly 
defined, with the entire work parcelled 
out, man by man. In the case of a japa
nese company, however, stones are 
placed on every third line or every other 
line, and the space left vacant is taken 
care of by surrounding stones in coopera
tion. Such a system leaves room for free
dom of action, enabling a capable, posi
tive-minded person to make full use of his 
competence. 

"Such an environment exists also for 
low-level workers. Since room is left for 
freely expanding one's job within the or
ganiza tion, it seems tha t individual capa
bilities ha ve a good chance of being de
veloped. 

"A t one point in the past, we tried to 
learn the rational personnel organization 
system of foreign countries. It seems to 
ha ve turned out, however, that in the jap
anese environment, the lifetime employ-

ment system-this sort of 'roomy' person
nel allocation system-fits better, despite 
the ambiguity as to where responsibility 
rests. 

"A dditional proof of the superiority of 
the japanese system is japan 's success in 
adopting Deming's quality control sys
tem, which was unsuccessful in the Unit
ed States. This quality control system now 
contributes greatly to the enhancement 
of workers ' morale, not to speak of im
provement of product quality. 

"A major problem a t  present is white 
collar workers. There is no accumula tion 
of know-how for technology develop
ment and design which can be utilized by 
these workers. We need to work out a 
system tha t bonds white collar workers 
better. " 

Lifelong employment adds a further d if
ferential factor to the equation of human 
resource development i n  J apanese i ndus
try, a factor which has special i mport for 
prowess in microelectronics production .  I n  
the economics o f  a l l  semiconductor device 
production, experience i s  a crit ical i ngredi
ent of competitive power. Each t ime a 
company doubles its production of a given 
device, cumu latively over t ime, it does the 
job better, achieving cost reductions of 
from 2 0  to 30 percent. I t  i s  i mportant to 
note that the experience invo lved here i s  
col lective: the experience of a group work
i ng together at a given task .  I t  fol lows, 
therefore, that those companies in which 
the members work together the longest 
have the most cumulative experience and 
the most cooperative systems of working 
together, are l i ke ly to move down the ex
perience/ cost curve faster and further than 
their  competitors. 

COMPARATIVE D I F F US ION RATES OF VTR A N D  OTH ER 
CONSUMER DU RABLES. 
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As Shou Masujima, managing director of 
TDK Electronics Co. ,  L td. ,  explairis tha t 
company is able to set itself the seeming 
utopian goal of zero-defect quality con
trol: 

"To supervise and encourage workers 
to minimize errors is wha t Zero Defect 
Quality Control-ZQC-is all about. The 
point here is to see how far we can go in 
trimming human errors. 

"We are nearing the limit in the present 
approach. This means tha t if we try to 
continue to reduce errors to a point close 
to zero on the basis of existing equipment, 
a vast amount of additional cost will be 
required. 

"The capabilities of the japanese in a 
sense, we may say, ha ve reached their 
limit. Machinery will ha ve to be intro
duced to a chieve quality control beyond 
this point. 

"Let me explain: Suppose there are two 
products which belong to the same cate
gory in the existing product control sys
tem. Suppose the products are examined 
at the level of molecule and atom through 
an electron microscope. One of them is 
found with a normal distribution of size of 
crystal structure and the other with a 
broad difference in the size of crystal 
structure. Yet the two are the same in 
terms of product character. The product 
with varying sizes of crysta! structure is 
likely, however, to undergo changes in 
crystal structure, hence in product char
acter under a slight impact from outside, 
such as exposure to hea t. In other words, 
such a product is easily affected by a mi
nor human error in the production proc
ess. By contrast, the product with a nor
mal distribution of crystal structure size is 
less liable to be affected. 

"The basic concept of ZQC is to go as 
far upstream as possible in effecting quali
ty control. In the example just cited, it 
means employment of machinery to 
check products on the level of molecule 
and a tom. If quality control is strictly per
formed at an upstream level, human er
rors are permissible to some extent with
out worrying about their effects on the 
quality of products. 

"In a total system of ZQC the first thing 
required is to put machinery of the high
est precision in the production line and 
allow as much time as possible for adjust
ment. Moreover, measuring instruments 
at the final stage should be arranged in 
such a way as to make double and triple 
checks possible. 

"A t present, TDK Electronics is experi
menting with a thorough use of ZQC 
quality control system in one section of 
production. The system will be employed 
in the entire company in the future. 

"Manpower reduction is not the a pri
mary objective of ZQC. But, if it is pushed, 
the number of workers will certainly de
crease. " 

But, however appropriate the i nstitut ion-
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ADVANCED AND EVER ADVANCING MITSUBISHI ELECTRIC 

The 64K-bit Dynamic RAM is just 
a sampler of our electronics expertise. 

Soon the whole world will be talking 
about the 64K-bit RAM . Because this 
remarkable semiconductor development 
promises to revolutionize the computer 
industry. And Mitsubishi Electric intends 
to lead the way. 

Our 64K RAM has 65,536 independent 
memory cells - four times the storage 
capacity of the previous generation of 
memory chips. Ultimately that will lead 
to a host of new electronics products that are 
smaller, more powerful and more dependable. And 
production of Mitsubishi Electric's precision 64K 
memory has begun. 

Naturally Mitsubishi Electric is just one of the 
companies involved in the production of the "super 
chip." But we're responding to the challenge with 
flawlessly accurate processing equipment, newly 
improved techniques and stringent quality control. 
And we must admit that we feel our vast experience 

..... gives us an edge over much of the 
competition. 

You see, we're more than just a 
semiconductor manufacturer. A lot 
more. Mitsubishi Electric's diverse 
products and vital programs have for 

... .... decades been advancing the state 
of contemporary electronics. The 
incorporation of this versatile chip 
into more of our innovative products 

is bound to produce stunning results. 
It's no wonder we think the development of the 

64K RAM is sweet indeed. After all, it's going to 
further increase the Mitsubishi Electric capability 
for excellence. 

• MITSUBISHI " ELECTRIC 
Mitsubishi Electronics America, Inc. 2200 West Artesia Blvd . ,  Compton,  Cal ifornia 90220 Tel :  (2 1 3 )  979-6055 

Mitsubishi Electric Corporation : 2-3, Maru n o u c h i  2-chome,  Ch iyoda-ku, Tokyo 100 TELEX : J24532 CABLE: M ELCO TOKYO 
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al arrangements, they do not work by 
themselves. L i ke a symphony orchestra, a 
company's performance depends u lt imate
ly on the qual ity of its d i rector .  The f inest 
music ians badly d i rected cannot render 
great performances. L ikewise, the most 
highly tra ined human resources cannot 
produce qual ity e lectronic products with
out expert d i rection .  

Th i s  would seem self-evident, and  wou ld  
not  mer i t  attention here  were it not  for  the 
fact that i n  many advanced countries, the  
managers of manufacturing enterprises are 
more concerned with managing assets than 
i n  managing people and technology. Man
agement tends to be impersonal; people 
and technology are expendables, traded in 
the marketplace of corporate assets by 
wizard-conglomerators. But manufactu r
ing is people working together to optimize 
the resu lts obtainable from a given stock of 
technology and to develop new tech nolo
gies which wi l l  y ield better results from 
those common endeavors. This being so, 
J apanese manufacturing firms tend to be 
managed by engineers who have had a 
l i fetime of experience in working together 
with col leagues i n  the same enterprise, and 
one i s  usual ly chosen to manage the corpo
rate team for his sk i l l s  in  lead ing coopera
tive effort i n  the management and develop
ment of the company's technological 
stock, sk i l l s  he  has manifested over a 2 5-30 
year period . As a resu lt, J apanese e lectron
ics companies have been less prone than 
some others to lose their  technological 
way. They are l i ke ly to be more responsive 
to changes in technology, and to changes 
i n  needs for technology. As H ideo 5ugiura, 
executive vice-president at Honda M otor, 
puts it :  "Our ph i losophy of technology puts 

needs above anyth ing else-technology i s  
subordinate to needs .  N eeds here means 
not on ly users' needs but those of workers 
and dealers . "  As for Honda, so for most 
J apanese e lectronics companies:  corporate 
'ph i losophy is a vita l ly  i mportant aspect of 
management which states the common 
purposes of the men and women working 
together i n  the enterprise and the role of 
technology i n  that endeavor .  Tech nologi
cal advance, human development and so
cial  progress are perceived as being consis
tent and essential aspects of corporate pur
pose. And the effect tends to be synergistic, 
provid ing the main th rust for rapid tech no
logical change in futu re-oriented industries 
such as electronics .  

M O N EY 
A N D  M ICROELECTRO N ICS 

I f  the J apanese e lectronics industry has 
been successfu l i n  mobi l iz ing and develop
i ng h uman resources, it i s  i n  no small part 
because the f inancial  system has worked to 
provide the necessary capital resources on 
terms which are conducive to sustai ned 
growth and rapid technological change. 
H igh savings and i nvestments have been a 
major  factor in the phenomenal growth of 
a l l  J apanese industry, especia l ly  s i nce 
1 960; from 1 960 to 1 9 77,  accordi ng to the 
American Productivity Center, gross pri
vate i nvestment averaged 3 5  percent i n  Ja
pan, compared to 25 percent in  West Ger
many and about 1 7  percent i n  the U nited 
States.  Moreover, f inancial  resources have 
been avai lable to Japanese manufactu rers 
on terms and condit ions which are particu
lar ly conducive to conti nu ing i nvestment 
over longer t ime frames. And for no i ndus
try has adequate and appropriate f inancing 
been more i mportant than for the semicon
ductor industry, where, as a U .S .  industry 
leader puts it, "You al most have to invest a 
dol lar  to se l l  a dol lar's worth of integrated 
c i rcu its ."  

I n  the  years 1 966- 1 9 70, when  Japanese 
semiconductor manufactu rers undertook 
heavy i nvestments to beg in  IC production, 
their  plant and equ ipment i nvestments to
taled 43 . 2  b i l l ion yen, or  59 percent of total 
IC  sales in that period . At the same ti me, 

VTR MARKET G ROWTH IN TH E 1 9BOs . 
( i n  thousands of u n its) 

1979 1981 1983 1985 1990 

.� -g 
Fresh-buying demand 480 1 ,360 1 . 780 2,310 1 ,480 

OJ '" Carryover & add .  
E E buying demand - 40 1 20 230 1 ,090 o OJ 
0 "  Total 480 1 ,400 1 ,900 2,540 2,570 

Diffusion ratio (%) 459 1 0.4 1 9.3 30.0 51 .9 

Exports 1 , 720 2,650 3,800. 4,300 3,500 

Gross demand 2,200 4,050 5,700 6,840 6,070 

Source: Japan Electronics Industry Development Association. 
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R&D outlays for the development of IC 
technology ran as high as 21  b i l l ion yen ,  or 
an addit ional 2 9  percent of revenues from 
sales. 

While production of i ntegrated c i rcu its 
in J apan grew tenfold during the 1 9 70's 
and the race for innovation i ntensified, the 
cost of s i l icon wafer fabrication l i nes rose 
five or six t imes and R&D costs increased 
proportionately .  A recent M i n istry of I nter
national  Trade and I nd ustry ( M IT ! )  su rvey 
shows that between 1 9 73 and 1 9 78 Japa
nese IC makers reinvested an average of 
1 7 . 8  percent of their  sales in plant and ma
ch inery. Then, in fiscal 1 9 79, total capital 
spending of the nine major  I C  makers in
creased by 77.5 percent compared with 
the previous year, rising to 1 09 .4  b i l l ion  
yen,  or more than twice the total amount 
invested by the industry i n  startup 1 966-70 
period . I n  fiscal 1 980, i nvestment of the 
nation's  top 1 1  semiconductor manufac
tu rers rose another 5 2 . 2  percent to 1 69 . 5  
b i l l ion yen, most o f  w h i c h  was for new 
i ntegrated c i rcuit production fac i l it ies. I n  
the meantime, R & D  expenditu res b y  I C  
manufactu rers rose 1 00 percent from 1 7  
b i l l ion yen i n  1 9 73 to 38  b i l l ion  yen i n  
1 9 78, and  conti nued advanc ing at  a high 
rate i nto the 1 980's as the industry geared 
for entry i nto VLS I  production .  

By way of  comparison-one wh ich  ex
pla ins the closing of the gap between the 
American and Japanese industries-U . 5 . 
semiconductor manufactu rers i nvested on 
the average only about 1 2  percent of their 
gross revenues from sales of i ntegrated c i r
cu its between 1 973 and 1 9 78; between 
1 9 79 and 1 980 U .S .  manufacturers in
creased their  outlays by j ust over 2 0  per
cent. The reasons for the higher rate i nvest
ments in Japan are to be fou nd in lower 
costs of capital and in the avai lab i l ity of 
bank loans which are relatively i nsensitive 
to i rrational money market forces and the 
epicycle of savings i n  the busi ness cycle .  
The typical J apanese semiconductor manu
facturer's cost of capital i n  1 9 79 was 9 . 3  
percent, or about half the 1 7 . 5  percent cost 
confronting U .S .  cou nterparts. Moreover, 
the J apanese capital market's demands i n  
t h e  form o f  profit margi ns or return on i n 
vestments were more i n  keeping with long
term financial  requ i rements and perform
ance of industry. Profits of N i ppon E lectric, 
the lead i ng Japanese IC maker, were 1 . 2 
percent on a consol idated basis in 1 9 78, 
compared with 5 . 5  percent for Texas I n
struments and 5 . 6  percent for M otorola .  
Dur ing the same period, F uj itsu 's  consol i
dated profits of 2 . 6  percent were a smal l  
fraction of I B M 's 1 4 .8 percent. These low
er returns on sales del iver an entirely sati s
factory rate of return, however, on the 
highly leveraged stockholders'  equ ity in 
the Japanese firms. 

But greater avai lab i l ity and lower cost of 
capital are not the only reasons why Japa
nese manufacturers are able to i nvest more 
heavi ly in semiconductor technology and 
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SOMET IMES ALL IT TAKES IS A MO MENT OF VISION. 
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There's an instant of inspiration that turns the long years of research into 

enlightenment. When, suddenly, problem gives way to solution. 
At TDK those moments produce breakthroughs that have changed record

ing tape dramatically. From the first high fidelity cassettes to today's high 

density 6-hour video recording tapes. The future is always close enough to 

touch. For those with the vision to see it. 

THE FUTURE IN SOUND AND PICTURES. 
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production fac i l it ies. A l l  major  j apanese 
semiconductor makers are also h igh ly d i 
versified, vertical ly  i ntegrated e lectronic 
equ ipment manufacturers, inc luding i n  
their  various product mixes a w i d e  variety 
of home appl iances, data processing, tele
commun ications, automotive e lectronics 
and medical  equ ipment. Semiconductor 
sales account for less than 20 percent for 
N i ppon E lectric and far less than 1 0  per
cent for other major makers; th is  compares 
to approxi mately 30 percent for Texas I n
struments and M otorola and over 70 per
cent for special ized semiconductor manu
factu rers i n  S i l icon Valley. Because of their  
vertical i ntegration, j apanese makers can 
draw on cash f low generated by down
stream products to susta in  heavy capital 
requ i rements and R&D costs of the I C  op
erations .  At the same time, highly d ivers i
f ied downstream production provides a 
ready in-house demand for Ie's,  which re
duces r isks of capital outlays, assures scale 

economies of production and enables firms 
to obta in  learning-curve economies more 
rapid ly .  

The net  result-in an industry where cap
ital costs are high and product l ife cycles of 
successive generations of i ntegrated c i r
cu its are q u ite short-is  some very i mpor
tant advantages for d iversif ied j apanese 
manufacturers over cash-hungry, man
power-short special ized U .S .  manufactur
ers. Economies of scale and learning, p lus  
lower capital costs, enabled japanese man
ufacturers to sel l  1 6K RAMs i n  the U .S .  
market a t  20-30 percent below t h e  prices 
asked by American makers, accord i ng to 
test imony before the U .S .  Senate F inance 
Committee. Dur ing the post-o i l-cr is is re
cession, whi le  U .S .  semiconductor makers 
cut back sharply on capital spending, 
japanese manufacturers could continue 
to i nvest i n  new plant, equ ipment and 
technology. 

The more rapid product d iffus ion as a 
result  of integrated production, combined 
with these advantages, gives japanese 
makers greater f lex ib i l ity in responding to 
changing market needs, competitive pres
sures and technological change. Thus at 
the end of fiscal 1 98 1 ,  seven japanese 
companies wil l be manufacturing a total of 
2 .5 m i l l ion 64K dynamic RAM ch ips 
monthly, or about three ti mes the output in 
j u ne 1 98 1 . Th is  monthly production vol
ume compares with the total world pro
duction for all of 1 980 of a mere 440,000 

JAPANESE CONSUMER-ELECTRON I CS PRODUCTION IN THE 1980s. 
( i n  100 m i l l io n  yen )  
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64K dynamic RAM ch ips .  
S u c h  d ramatic increases i n  production 

have far-reach i ng i m pl ications for' down
stream appl ications and u pstream supply of 
mater ia ls and mach inery. Whi le  the d i ffu
sion rate of 64K dynamic RAM s  remains  
sti l l  largely a matter of conjecture, the 
heavy i nvestment by japanese makers i n  
new plant a n d  equ ipment t o  produce th is  
new generation of devices has a l ready 
been a boon to makers of IC manufacturing 
mach inery and specia l ized mater ia ls sup
p l iers, catapult ing an enti re new generation 
of export industries i nto world markets 
which unt i l  now have been v i rtual ly  the 
exclusive domain of American manufac
turers. 

TH E ENTERPR ISE  
AND TEC H NO LOG ICAL CHANGE 

Formidable as a re  the  advantages which 
accrue separately from a f inely tuned in
dustrial pol icy, superior human resou rces 
and higher capital i nvestment, it i s  the ca
pacity of the japanese enterprise to com
bine these forces i n  cooperative endeavor 
which gives it its u lt imate synergistic pow
er.  Yet, although it i s  widely appreciated 
that there are many aspects of japanese 
corporate culture which give to the man
agement system it has produced some es
pecia l ly effective features, worthy of emu
lat ion,  the fundamental d i fference between 
the japanese and Western enterprise 
which wil l  u lt imately determine  the rate of 
progress i n  high-technology industries such 
as e lectronics i s  general ly  given scant at
tention .  

I f, for example, japanese electronics 
manufactu rers have succeeded i n  atta in ing 
higher productivity than their  American or 
European counterparts, it has been found 
that th is  competitive advantage cannot be 
co-opted s imply through h igher  i nvestment 
i n  robots and other automated equ ipment. 
There are f irms abroad which are as auto
mated as those in  japan, but they usual ly 
do not get the same results .  S im i larly, a l
though japanese semiconductor makers 
have obtained a strong competitive advan
tage from higher q ua l ity products, the 
American and European firms have fai led 
to obta in  the same h igh degree of rel iabi l ity 
in the end product. 

The d i stingu i sh ing featu re of the japa
nese corporate enterprise which has made 
poss ib le the combination of men and mon
ey for h igher productivity, better qual ity 
and more rapid tech nological change i s  its 
cooperative mode of management, as op
posed to the zero-sum management sys
tems characteristic of most Western enter
prises. This cooperative management sys
tem, in turn, i s  derived from the absence of 
those dichotomous adversary relationsh ips 
which pit capital and labor, management 
and workers, against each other i n  eternal 
confl ict with in  Western enterprise. 

U lt imately, the japanese cooperative 
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We think you' ll agree, it's a real 
pleasure to look at. 

But our sportiest Honda also 
sports the kind of features that 
make it a thrill to drive. 

THE POWER-OPERATED MOON ROOF. 
FOR OPENERS, IT'S STANDARD. 

At the push of a bu tton, the 
tinted-glass moonroof slides back. 
At the same time, an automatic 
deflector helps keep the wind out. 

When you're behind the 
wheel , you'll be pleased at what 
you see in front of it.This year, the 
instrument panel houses a sepa
rate tachometer and speedometer, 
a quartz digital clock, a mainte
nance reminder and an electronic 
warning system. 

Of course, the Prelude is 
just as much of a pleasure to sit in.  

1C1980 American Honda �Ioror Co., Inc. 

Its luxurious interior features 
comfortable bucket seats and ad
justable headrests . 

SOME SIMPLE ENGINEERING FACTS. 

Our sportiest car has front
wheel drive , four-wheel indepen
dent suspension, rack and pinion 
steering and a responsive 175lcc 
CVC(;® engine.The fact is, the 
Honda Prelude is designed to give 
you years of good performance. 

POWER STEERING COMES 
AUTOMATICALLY WITH 

THE AUTOMATIC TRANSMISSION. 

The 5-speed stick shift is 
standard . But with the optional 
automatic 3-speed, you also get 
variable-assist power steering. 

And after you've weighed all 
your options, we hope you drive 
off in the Honda Prelude. 

mm�E:lm 
We make it simple. 
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management system and its underlying 
ph i losophy i s  an expression of fundamental 
corporate purpose. U n l i ke Western enter
prise, the pr imary pu rpose of which is seen 
as profit maxim ization, the Japanese enter
prise has as its pr inc ipa l  objective the crea
tion of wealth, adding value through pro
duction .  S i nce from added value must 
come a l l  rewards to capital and labor, the 
"social partners" i n  the Japanese enterprise 
share a common i nterest i n  maximiz ing its 
performance. 

Workers, managers and shareholders 
are all duly i nformed through regular de
tai led statistical reporti ng services of the 
performance of their company, as wel l  as 
of the performance of competitors at home 
and abroad, i n  terms of value added in 
production.  A l l  recognize that if they take 
more than their share from the wealth cre
ated, either someone e lse must pay or the 
strength of the enterprise wi l l  be d iss ipated 
as a result of i nadequate i nvestment. A lso, 
there i s  common recognit ion that higher 
i nvestment i n  new technology and new 
production fac i l it ies means higher produc
tivity, higher value added, and ult i mately 
higher rewards to all members of the enter
prise i n  an equitable sharing of the results of 
futu re performance. 

To attai n  th is  objective, resort to external 
organizational power i s  unneces�ary. S ince 
there i s  general agreement and shared in
terest i n  the pu rpose of enterprise, compa
ny un ions dedicated to those same purpos
es are at once adequate and desirable as 
appropriate instru ments of communica
tions and negotiation between managers 
and workers . Workers, as wel l  as manage
ment and shareholders, have a stake i n  
qual ity control and i n  the  mechanization of 
production, and wi l l  voluntari ly  devote 
much of their  own t ime and effort to those 
ends without immediate or d i rect compen
sation .  N ot surpris i ngly, therefore, today's 
labor un ion leaders i n  most companies are 
l i ke ly to be found among tomorrow's man
agers. 

The impl ications of such an enterprise 
system for the electronics industry i s  imme
d iately apparent. N ot only does the result
ant cooperative management mode assure 
higher qual ity and productivity, which pro
vide the fine cutt ing edge of competitive 
power, but it provides the appropriate en
vironment for maxi mum expression of cre
ative forces with i n  the enterprise. I nnova
tion, therefore, flows natural l y, producing 
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a steady stream o f  n e w  electron ic prod
ucts. M oreover, s i nce rapid tech nological 
d iffus ion with i n  the enterprise i s  essential 
for maximal  wealth creation, appl ication of 
microelectronics where savi ngs of labor, 
energy, materials,  space or time are possi
ble, meets l ittle resistance. Qu ite to the 
contrary, reason d ictates that it be promot
ed vigorously as a common good . 

At the same time, s i nce higher value
added increases the tax take, the state has a 
vested i nterest in enterprise efficiency and 
rapid technological i nnovation .  I t  i s  a lso 
true, of course, that the gross national 
product i s  noth i ng more than the sum of 
the value-added by a l l  enterprises, which 
means that there i s  an  identity of publ ic and 
private i nterest i n  enterprise performance. 

Japanese bus iness leaders are quick to 
cite the qual ity of their domestic, home 
market as an  element i n  their  d i sc ip l i n ing 
for competition in markets overseas.  To 
this effect Michiyuki Uenohara, senior 
vice president of National Electric Co., 
L td., testifies: 

"The japanese masses are of a very high 
quality. Their a verage level of education is 
the highest in the world. Consequently, 
competition in our home market is se
vere. This is a vital factor in the marvelous 
development of technologies for consum
er electronics in japan. " 

To the same effect, Hideo 5ugiura, ex
ecutive vice president of Honda Motor 
Co., L td., declares: 

"If there is any gap between the a uto 
industry of japan and those of the United 
States and Europe, it may be a ttributable 
to differences in how much thought car
makers give to wha t  consumers expect of 
cars. The technological gap is negligible. 
The key point is which area of existing 
consumer demand manufacturers choose 
to zero in on and care to try to meet. 

"Nowadays it is quite popular to use 
robots in car production. But I don't think 
the use of robots is the secret of high pro
ductivity in the japanese a uto industry. If 
the robot is the answer for high productiv
ity, it would be easy for General Motors 
and Ford to catch up with the japanese
all they need is to invest in robots and 
bring them in on factory floors in large 
numbers. It 's not tha t simple, however. 

"Our philosophy of technology puts 
needs above anything else-technology is 
subordina te to needs. Needs here means 
not only users ' needs but also those of 
workers and dealers. We must always be 
careful to see that technology does not 
ha ve its way and disregard needs it is sup
posed to serve. 

"Booming electronics and computers 
are meaningless unless technology in 
these areas is directed a t  clearly defined 
needs. Yet advanced technology tends to 
be toyed with in the absence of such con
siderations. 

"This viewpoint is important particular
ly for us manufacturers of a utomobiles-

Advertisement 

products for use by a large number of 
people. " 

There is noth ing u nnatural or ' contrived 
in the manifest cooperation between gov
ernment and business in the jo int  promo
tion ofthe electronics industry. The resu ltant 
higher value-added i s  necessary for the at
tai n ment of the respective pu rposes of 
both .  And, as it is recognized that higher 
value-added by industry i s  the prerequ isite 
of higher wages, there i s  a broad consensus 
among a l l  social partners of the i n herent 
wisdom of devoting all needed resources 
to the rapid development of the e lectronics 
industry. 

This broad consensus gives to the con
t inu ing e lectronics revolution in Japan its 
special qual ity, and its dynamic th rust 
which makes poss ib le much greater effi
ciency in  i nnovation as wel l  as i n  produc
tion .  

In one respect, however, Hiroshi Wa ta
nabe, executive managing director of Hita
chi, L td., finds the industry-university
government consensus lacking: 

"The edge japanese industry has over 
the rest of the world at the moment boils 
down to high productivity and reliabili
ty-not only in electronics but also in oth
er areas. On these two points, we are defi
nitely in the lead. If we go one step inside, 
however, japanese ability seems still very 
shallow-as in the design of and basic re
search on circuits and subsystems, for ex
ample. 

"By basic research I mean to include ar
eas which belong to sciences, such as ma
terials and properties of matter, which 
provide significant support to technology 
development. One area of industry tha t  
sustained the high economic growth from 
mid-7 950 's through mid-7 960's was nu
clear energy, and its growth was the result 
of the nuclear fission science tha t was de
veloped in the mid-7 930 's. 

"Thus, also, quantum mechanics was 
the science tha t emerged in the mid-
7 920 's; it provided the foundation for 
electronics that made its debut around 
7 945, developing into today's prosperity. 

"These cases show that it takes 20-30 
years for a science to develop into a big 
industry. 50 when we look ahead for an 
age beyond electronics, the first impor
tant thing is to identify sciences which will 
be supporting the post-electronics era. 

"Unfortunately, japanese universities 
today keep themselves in many respects 
within the tradition of the Melli Era. A t  
present there is not a single university in 
japan tha t has facilities for college and 
graduate students to make L5/'s. This is in 
sharp contrast with A merican institutions 
where students can design and make LSI's 
as they like and use them for their experi
ments. 

"Electronics is a hot area, and the VL51 
is dra wing keen a ttention today. Yet our 
universities are quite indifferent about 
providing help to basic research in these 
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THIS IS A camera with a combination of features you won't , 
find on any other 3 5 mm SLR in its class. 

A camera so extraordinary that in just a few short 
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FOR NOT . More than a camera. An achievement. The 
Minolta XG-M.  
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preciSion for sharp, 
clear pIctures. 

Convenience features like 
automatic exposure to make THE taking pictures as easy as point focus, shoot. 

Important features like metered manual and exposure override that let 
you give full rein to your creative instincts. 

CROWD Electronic features to help prevent mistakes. 
Handling features like a built-in, textured grip 

shaped to fit the curve of your hand. 
• Even professional features like the optional motor 

drive that automatically advances the film. One frame at a time. Or at a blister-
ing 3 . 5 frames per second to capture fast action. Uke a touchdown pass rifling 
into the end zone. 

And when you want to unleash your imagination. there are more than 4 5  
Minolta computer-designed interchangeable lenses to help you d o  it. Along 

with a full system of accessories. 
The Minolta XG-M is only the latest in our over 

50-year tradition of creating cameras that are not 
simply cameras, but outstanding achievements. 

See it at your Minolta dealer. To find 
the XG-M, just follow the crowd. 

WAIT 'TIL YOU SEE 
HOW GOOD YOU CAN BE. 

� 
. 

� 
MINOLTA 

For more information. write Minolta Corporation. 
1 0 1  Williams Drive. Ramsey. NJ 0 7 4 46.  
In Canada: Minolta. Ontario. L4W I A4.  
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fields. This fact demonstrates more than 
anything else how shallow japan 's base in 
electronics technology is. University pro
fessors seem to be scoffing at the manu
facture of LSI's as something for crafts
men, not a serious subject of academic 
learning. As compared especially to 
A merica, academia and technology are 
too removed from each other in japan. 

"The government's contribution to the 
advanced research that  breaks ground for 
practical development is much too small. 
A ccording to the white paper on science 
and technology, 60-70 percent of devel
opment costs for a project commissioned 
and subsidized by the sta te is provided by 
the government in the United Sta tes, but 
the proportion is reversed in japan for a 
similar project, with only 30 percent pro
vided by the government. We a t  Hitachi 
spend 100 billion to 120 bilion yen a year 
for research; of this sum, government sub
sidies and entrusted public money 
amounts to less than 1 billion yen. Finan
cial assistance from the sta te for research 
and development is meager. " 

M A RKET S IZE ,  
STRATEG I ES AND STRUCT U R ES 

If men, money and enterprise are cr it ical  
i ngred ients i n  the development of the japa
nese e lectronics i ndustry, fierce competi
tion at home and abroad has been the force 
fash ion i ng corporate strategies and struc
tu res to obta in  fu l l  advantage of these basic 
assets . Although mainstream economic 
theory suggests that capital i ntensiveness, 
large fund requ i rements, and rapid techno
logical change which characterize the in 
dustry shou ld  lead to  ol igopo l i st ic market 
structures, th i s  has not been the case in the 
japanese e lectronics i ndustry. Rather, the 
nature of i ndustrial groupi ngs i n  japan and 
the rapid d iffusion of e lectron ic  techno logy 
in advanced, newly i ndustr ia l ized and de
veloping countries throughout the world 
have made the global e lectronics market
p lace the scene of increas ing competition .  

Essentia l ly  a large-scale tec h nology, re
q u i ring the mobi l izat ion of massive re
sources for development, e lectron ics  re
q u i res opt imal  markets for fu l l est ut i l ity. 
The market for most e lectron ic  products is, 
perforce, i nherently g lobal ,  and the appl i 
cat ion of bas ic e lectron ic  technologies w i l l  
tend t o  seek those products for w h i c h  there 
is the h ighest i ncome e lasticity of demand 
i n  the global marketplace. To com pete in 
th i s  market, l arge-scale organ ization i s  i m
perative, not on ly  to assure maxima l  econ
omies of scale and learn ing in prod uction 
or to sustai n the heavy outlays necessary 
for cont inued i nnovat ion, but because 
g lobal structu res are necessary to sel l the 

output of large production u n its and to 
manage i nformation flows which enable 
the f ine-tu n i ng of i n novation and prod uc
t ion to catch the fu l l  force of market de
mand on each successive product up
swi ng. 

Lead ing japanese e lectron ics  manufac
turers are, therefore, character ist ica l ly  
large-scale enterprises. Although there is  a 
vast nu mber of smal ler  e lectronics f irms i n  
japan, most of  these are  subcontracti ng 
production which is  i nherently smal l-scale 
and has been less conducive to mechani
zat ion i n  the past. Others fi l l  spec ia l  n iches, 
some in global markets which requ i re cus
tom or batch labor-intensive production 
technologies. In the main, however, major 
electronics f irms i n  japan are more diver
sif ied and h igh ly i ntegrated than their  
com petitors abroad . 

Th is  is espec ia l ly  remarkable i n  semicon
ductor manufacture.  japanese f irms com
peting i n  this sector are s ign if icant ly larger 
in tota l sales and assets than their  U .S .  
counterparts, rough ly  two t o  fou r  t imes 
larger than Texas I n struments and Motoro
la, and much larger than Nat ional  Semi
conductor, Fa irch i ld  and I ntel i n  both sales 
and assets . 

But, as important as corporate s ize and 
the extent of d iversif ication and vert ical in
tegrat ion are for fund i ng capital needs, 
these structural features have other equal ly 
important advantages . Not on ly  do they 
great ly fac i l i tate f inancing of capita l - inten
s ive microelectron ic  and computer opera
t ions, they also speed the process of tech
nological  d iffus ion and en hance the re
active mechanisms which keep technologi-

OUTLOOK FOR CONSUMER-ELECTRON ICS PRODUCT ION IN TH E 1 980s . 

Units :  in thousands 

Avera�e annual 
grow! rate %) 

Value: i n  b i l l ions o f  yen 1 976 1977 1978 1979 1980 1981 1983 1985 1990 1985/ 1990/ 1990/ 1978 1985 1978 
Un its 1 , 1 1 5  987 888 941 930 940 950 950 950 1 .0 0 0.6 

Color TVs !Value 7,681 7,008 6,1 73 6,1 80 6, 1 75 6,430 6,897 7,31 5 8,480 2 . 5  3 . 0  2 .7 

Un its 540 534 505 392 361 320 307 280 1 80 8 8 .1  88.5 8 8.2 
B/W TVs !Value 1 ,035 1 ,064 973 689 650 595 61 0 596 452 e 6 .8  85 .4  e 6.2  

Tape recorders 
Un i ts 2,961 2 ,91 9 2,793 2 ,863 2,809 2, 752 2 ,609 2,476 2,256 8 1 . 7 81 .8 8 1 .8 [value 5,044 5,079 4,71 6 4,305 4,354 4,431 4,540 4,680 5 ,1 66 8 0.1 2 .0 0.8 

Combi nation stereos Val ue 3,91 9 4,076 4, 1 37 3, 700 3,91 2 4,299 4,937 5,575 6,741 4.4 3.9 4.2 

Units 895 909 793 514  420 371 349 335 31 4 8 1 1 .6 81 .3  8 7.4 
Radios !Value 21 2 216  234 810 .4  1 .6 590 526 467 277 233 21 2 - 5 .6  

Un its 1 ,871 1 , 879 1 ,957 1 ,953 2,044 2,067 2,096 2,099 2,022 1 .0 80.7 8 0.3 
Car audio !Value 2,71 3 2,931 3,438 5 .2  3 . 2  1 , 868 1 , 994 2,056 2 , 144 2,353 2,477 4.4 

Un its 29 76 1 47 21 5 306 408 583 71 5 701 25 .4  80.4 1 3 .9 
VTRs Val ue 607 1 ,3 10  2,1 1 3  2 ,881 3,978 4,81 4 5,888 6,464 6,996 1 7 . 3  1 .6 1 0 .5 

Un its 1 7  25 90 1 40 1 90 6 .3  
Video d iscs !Value 3 .0  1 45 1 98 625 820 950 

Other �alue 1 , 700 1 , 531 1 ,407 1 ,624 1 , 768 1 ,91 2 2 , 142 2,31 9 2,632 4.3 2 .6  5 .5  

Total value of consumer electronics 22,408 22,538 21 ,970 21 ,800 23,568 25,368 28,564 30,91 6 35,089 5 .0  2 .6  4.0 

( Domestic supply & export) (1 4,079) (1 4,625) (1 3,627) (1 4,770) ( 15 ,008) (1 5,71 0) (1 7,591 ) (1 8, 1 82) (1 8,677) (3 .9) (0 .5)  (2 .2) 

Source: Japan E lectronics I ndustry Development Association 
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cal change i n  tune with market demand . 
These i n  turn have the synergistic effect of 
pr iming the processes of downstream 
product i n novation, thus provid ing an im
mediate i n-house market for new microe
lectron ic devices, new materials,  new au
tomated mach inery and new software. 

Thus "mechatron ics" has emerged in Ja
pan as a new field of technological man
agement. Committees with i n  enterprises, 
with i n  industry associations, and with i n  
a n d  among government agencies, system
atical ly examine the poss ib i l it ies for appl i 
cation of new generations of microelec
tronics th roughout the broad but shri n ki ng 
range of mechan ical devices. Once again ,  
the results tend to be synergistic .  On the 
one hand, added impetus i s  g iven to the 
market for new microelectronic devices, 
maki ng poss ib le ear l ier market entry and 
more rapid return on i nvestment, which i n  
turn make contin u i ng technological change 
the more feasib le  and t imely.  On the other 
hand, the broader and more rapid i ntro
duction of microelectronics in mechanical 
equ ipment saves vast amounts of energy, 
materials,  manpower, t ime and money-al l  
resources i n  scarce supply.  The effect i s  to 
reduce cost, improve functions and en
hance the rel iab i l ity of end products-with 
all this means for competitive power i n  
world markets for soph isticated h igh value
added products. 

japan 's new command of microelec
tronics technology goes to the enhance
ment of the value of those products them
selves. For Asahi Optical Co., L td., Minoru 
Suzuki says: 

"We aspire to make the camera more 
of a precision and multi-functional ma
chine. To achieve this, electronic circuits 
must be used abundantly. There are fears 
tha t multi-functional cameras may be 
costly and be more cumbersome opera
tiona lly. But pursuit of greater conve
nience is a human instinct which will nev
er be sa tisfied. " 

Shigeo Ono, general manager of the 
camera designing department of Nippon 
Kogaku K.K., says of the electronics in 
present and future Nikon cameras: 

"From the viewpoint of camera-mak
ing, the electronics technology in which 
we are interested concerns such areas as 
fixed image sensor, LSI 's as fine electron
ics, and hybrid technology for a very high 
degree of integra tion. Sooner or later, a 
microcomputer will be fully utilized in a 
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camera. There are already some such 
cameras, but they are being produced 
only on a minor scale and for limited pur
poses, such as advertising. If a microcom
puter is to be built into a camera, the 
existing technology is not enough to ac
commodate peripheral mechanisms and 
circuits into compact space. Therefore, 
the time when camera-makers buy pack
aged Ie's from IC makers will soon be 
over. I mean tha t the IC's used in cameras 
will mostly be customized in the near fu
ture. 

"Installing various elements within a 
compact mechanism is an area in which 
japan has advantages. Such compound 
technology ma y be considered peculiar to 
japan. Japanese dexterity in manual work 
has a lot to do with this. " 

With microelectronics Olympus Opti
cal Co., L td., has developed an entirely 
new kind of "camera, " the ultrasonic mi
croscope tha t looks into the insides of 
things. Tsunesaburo Wa tanabe, managing 
director of the company, says: 

"The ultrasonic microscope was made 
primarily for use in research work by a ver
age users. Ultrasonic waves differ from 
electromagnetic waves in tha t they arise 
from mechanical vibrations of ma tter. A n  
image shows up a s  a result o f  interaction 
between them and waves of ma tter. 
Wha t  these images ha ve to tell us is itself a 
new subject of study. In the case of semi
conductors, a coating of aluminum gives 
off a strong reflection which makes it to
tally impossible for an optical microscope 
to see anything below the coa ting. But, 
using an ultrasonic microscope, you can 
see below the aluminum coa ting. A n  opti
cal microscope provides informa tion con
cerning the surface, while, by contrast, an 
ultrasonic microscope can present infor
ma tion concerning the inside. " 

Microelectronics has, of course, 
brought Japan a t  least abreast of Switzer
land in the world watch market. Hideaki 
Yasuka wa, director of Suwa Seikosha Co., 
L td., says: 

"When Seiko first marketed quartz 
watches over 70 years ago, we joined In
tercel of the United States to develop 
semiconductors. A t  tha t  time we import
ed hundreds of thousands of semiconduc
tors from the United States. But these 
days all are supplied domestically. japan 's 
semiconductor technology has become 
advanced enough and domestic products 
are easier to get. 

"The key item is the semiconductor. 
Technology in this area is at the top level 
in japan and the United States. Other im
portant things are crystal oscillators, ma
terials for super-small magnets (used for 
motors) and condensers. japan 's technol
ogy is advanced in all these areas. 

"You see: a watch consists of a part that 
moves things and generates motion and a 
part that controls these moves and mo
tions. The latter part also used to depend 
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on mechanics and therefore was not reli
able enough. It is into this part-the 
equivalent of the brain in a man-that 
electronics has been introduced. The ac
curacy of watches thus has been ensured. 

"Now the VLSI technology opens up 
unlimited possibilities. To give an extreme 
example, it may go as far as putting every
thing conceivable into such a tiny mecha
nism as a watch. But the question is 
whether a verage consumers can make full 
use of such watches. Will they not be too 
complex and made only for the sake of 
the technicians '  own pleasure? 

"Should tha t happen, consumers may 
turn their backs on them. Such a possibili
ty represents a problem we may face in 
making adequate use of VLSl's. Technolo
gy assessment will become. necessary. If 
additional functions increase difficulties 
for users, the product will not be wel
comed. Even among existing watches, 
some digital types are faulty in this re
spect. " 

N ot only does th is  spur investment i n  
advanced electronics a t  home, but, with 
the increasi ng soph istication of technology 
and markets and given the mounting forces 
of protection, major Japanese e lectronics 
compan ies have sh i fted their strategies to 
increasi ng i nvestments i n  overseas produc
tion fac i l it ies. Fo l lowing a decade of i nvest
ment in offshore fac i l it ies in low-labor-cost 
developing countries, after 1 9 75 ,  Japanese 
consumer e lectronics equ ipment makers 
began manufacturing color televis ion re
ceivers in the U nited States and Western 
Europe. More recently, s i nce the end of the 
1 9 70's, some of these same firms, along 
with communications equ ipment and com
puter manufactu rers such as Fuj itsu and 
N EC, have begun to move integrated c i r
cuit manufactu re to both advanced and de
velop ing countries to better meet the de
mand of local markets and avoid trade 
confl icts which were experienced over 
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Mitsubish i  puts high technology to work 
to br ing you the k inds of cars and trucks 
you want. 

For example, Mitsubish i  bu i lds the 
car rated #1 in gasol i ne fuel economy 
i n  the s ize America wants most, the 
subcompact. 

Mitsubishi  a lso bu i lds a peppy sma l l  
p ickup  with p lenty of  power, payload 
and personal  comfort. 

Then, for those who want a l uxury sports 
sedan, Mitsubish i  bu i lds one with standard 
h igh-technology l uxury features not avai l 
able i n  any other car. 

No maker of cars and trucks is more 
aware of the practical needs of drivers i n  
the  1 980's. Yet Mitsubish i  designers and 
engineers rea l ize that people a l so want J.& performance, hand l i ng and 

comfort. 
, ' At Mitsubish i ,  our 

, 
� 

answer is to put h igh tech-
nology to work-with 

MITSUBISHI i nnovation from the 
MOTORS i n side out. 

EXCLUSIVE MeA·JET SYSTEM 

9 ,  , , 
(�-- . . . . .. .... � /  . . . - . . . . . ) 

PLYMOUTH ARROW PICKUP 
DODGE Re.M 50 

37EST. MPG SOHWY. EST. 
COLT/CHAMP 

� Standard on a l l  Mitsubish i·bu i l t  veh ic les, th i s  
eng ine des ign features a th i rd ,  or " jet;' va lve that 
in jects an extra swir l  of air into the combust ion 
chamber to provide l ively performance wh i le  
a l lowing us to  exceed today's tough emiss ion , '-' ::alb standards .  Noth ing  l i ke it  exists in any other '::: 7# ?3P car or truck. 

� _ OS 
EXCLUSIVE SILENT SHAFT ENGINE 

Standard on Mitsubish i·bu i l t  p ickup truck and 
sports sedan,  th i s  eng ine  features two cou nter· 
ba lanc ing shafts which rotate in opposite d i rec· 
t ions to cancel out noise and v i bration i n herent 
i n  conventional  four·cy l i nder engines, for a 
smooth ,  qu iet ride. 

MITSUBISHIIS HIGH-TECHNOLOGY CARS AND TRUCKS. SOLD AT CHRYSLER-PLYMOUTH AND DODGE DEALERSHIPS. 
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color televis ion receivers. 
Ear ly this year, japan's fou r  largest semi

conductor manufactu rers-Ni ppon E lec-' 
tr ic, H i tachi ,  Tosh iba and Fuj i tsu-began 
strengthen i ng their  production operat ions 
i n  the U .S .  to cope with the coming VLSI  
era. I n  j u ly, M itsub ish i  E lectric revealed 
that it, too, was consider ing erect ing a VLS I  
production fac i l ity i n  the U.s . ,  as a jo int  
venture wi th  Westi nghouse E lectric .  I n  
each of  these fac i l it ies, production w i l l  fo
cus i mmediately on the 64K dynamic 
RAM ,  consol idating and add i ng to the sub
stantial  power the industry has a l ready ob
tained in the market for this new generat ion 
of devices and sett ing the stage for the 
t imely i ntroduction of the fi rst generat ion 
of VLS I  devices. 

S im i lar ly,  in Western Eu rope, these ma
jor semiconductor makers are fol lowing 
the strategies and experience developed in 
color televis ion manufactu re with manu
factu r ing fac i l it ies strategica l ly  located for 
opti mal resu l ts i n  regional  markets . N EC, 
Fuj itsu and H itach i  have all f ina l ized plans 
for Eu ropean production and wi l l  soon be 
producing 64K dynamic RAMs to strength
en thei r pos it ion in the UK and throughout 
the Conti nent. 

In sum, the japanese e lectron ics ind ustry 
has strong structural and strategic advan
tages ca lcu lated to assu re a posit ion of 
l eadersh ip  i n  world markets for a wide 
range of m icroelectron ic  devices and the 
new generat ions of e lectron ic  products 
which w i l l  emerge during the remai nder of 
the 1 980's and i n  the 1 990's .  M ajor  japa
nese f i rms have the necessary size to man
age effectively and competitively large
scale e lectron ic  technologies. Thei r degree 
of d iversificat ion and vertical i ntegrat ion is 
matched by few competitors throughout 
the world. And they have the added power 
which comes from appropriate global stra
tegies and structu res in v i rtua l ly  a l l  product 
areas . 

To a very large degree, the success of 
japanese e lectron ics  manufactu rers de
pends on th is  g lobal out look, supp lement
ed by an imp l ic i t  if not a lways expl ic i t  com
mitment to adapt both strategies and struc
tu res to the real it ies of world markets i n  
order t o  opti m ize avai lab le mater ia l  and 
human resou rces. As markets change, 
techno logy changes to meet new needs, 
new resou rces are developed and experi
ence gained .  Strategies and structures are 
being a l tered accord ingly to opt im ize new 
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real it ies .  
Opti mal advantages from large-sca le  

e lectron ics  techno logy are  c lear ly not  to be 
obtai ned through national techno logical i n 
dependence or  superior ity, but  by the de
velopment of global objectives pursued 
through what Dr .  M ich iyuk i  Uenohara, 
senior vice-pres ident of N i ppon E lectr ic 
and long-t ime general manager of Central 
Research Laboratories at N i ppon E lectr ic, 
l i kes to cal l "symbiot ic cooperat io n . "  

With i n  an i nc reas i ng ly i nterdependent 
technological system, f i rms and nations  are 
cha l lenged to f ind and develop new modes 
of cooperat ion which w i l l  permit fu l l  ex
p loitat ion of production economies .  U lt i 
mately, of cou rse, the main sti mu lus  for th is  
i nternational izat ion of p roduction i s  com
petition .  But  competition and symbiotic 
cooperat ion (with i n  enterpri ses, national  
markets or  the world marketp lace), rather 
than being opposites, are very much two 
sides of the same coin .  The very natu re of 
e lectronics techno logy i s  such that compe
tit ion must i nevitably beget new patterns of 
cooperat ion .  The autarch ic  opt ion i s  tant
amount to tec h nological isolat ion and eco
nomic su ic ide.  

Espec ia l ly  i n  consumer e lectronics, j apa
nese manufactu rers have in the past p layed 
a key role in sett i ng the mode of both com
petit ion and cooperat ion,  and they are l i ke
ly  to cont inue to do so for the foreseeable 
futu re. I n  response to i nternat ional  com
petitive forces and nat ional  pr iorit ies in 
host countries, j apanese consumer product 
makers have extended techn ical  assistance 
to, and invested in, the e lectron ics  i ndus
tr ies of developing cou ntries throughout 
Asia, the M iddle East, Africa and Lat in  
America. Moreover, through com petit ion, 
fol l owed by cooperat ion,  j apanese makers 
have contributed to the restructu r ing of 
consumer e lectronics industries in Western 
E u rope and the U n ited States, with remark
able resu l ts in i nc reased productivity, qua l 
i ty and export potentia l . 

But as they have advanced techno logi
ca l ly  and thei r weight i n  the global e lec
tron ics  industr ia l  system i n creases, japa
nese e lectron ics manufactu rers have been 
cal led upon to devise new organ izational  
approaches which,  whi le assur ing the ben
efits of cooperat ion,  are designed to 
ach ieve a h igher level  of cooperat ion in 
world markets, i nc lud ing, of cou rse, the 
japanese market itself .  

Th is  wi l l  become stead i l y  more impor
tant s i  nce, for the reasons advanced above, 
the japanese e lectron ics  i ndustry w i l l  con
t inue to progress more rap id ly  than most 
others in advanced countr ies .  Social  and 
economic i nstitut ions, cu l tural  values, and 
a pervasive recognit ion of economic de
pendence al l  conspire with geopo l it ical  
i mperatives to assu re a remarkably h igh 
structural adaptabi l ity to the opportu n i 
t ies  of  technological change and conti n
gent changes i n  comparative advantage in 
the marketplace. 

Advert isement 

S i nce industr ia l  structural  change i s  l i ke ly 
to be more rapid i n  japan than i n  other 
advanced countr ies, where ossif icat ion of 
structu res i s  i nduced by soc ia l  trends 
toward o l igarch ies and by the reduced ca
pabi l ity of governments to manage eco
nomic and soc ial  pol ic ies, i t  fo l lows that 
the focal point of i n novat ion and i nvention 
w i l l  conti nue to sh i ft gradua l ly  to Japan
espec ia l ly  in key technologies such as e lec
tron ics .  

There are clear i nd ications that th i s  sh ift 
is wel l under way. Whi le  R & D  investment 
i n  e lectron ics  in advanced ind ustr ial  coun
tr ies has genera l ly  been dec l i n i ng i n  recent 
years, i t  has been r i s ing stead i ly  i n  japan . 
More important sti l l ,  dur ing th i s  period an 
i nc reas ing share of R&D expendi tures by 
other i ndustries i n  j apan has been devoted 
to appl ications of e lectronics and e lectron
ic  capital equipment i n  their respective 
sectors . 

The J apanese automobi le  i ndustry has 
taken the world lead i n  the appl ication of 
advanced e lectron ics  techno logy to the 
manufactu re and operat ion of this pivotal 
artifact of industr ia l  c iv i l izatio n .  Hideo Sug
iura, executive vice president of Honda 
Motors Co., L td., noting tha t japanese 
manufacturers ha ve been the first to put 
programmable robots to work on their 
production lines, declares: 

"When we put robots to use, we do not 
simply mean to replace human workers 
with robots. We first of all divide work 
into what can best be done by man and 
wha t  is better left to robots. We then cal
cula te how many workers ' jobs can be 
taken over by robots, by putting together 
a workload to be done by robots. E fficien
cy never rises if robots are simply placed 
where men work. We give serious study 
to ways of making the best use of robots, 
in regard to arrangement of space and 
procedure of work. Introducing robots to 
the work floor after such careful examina
tion and study makes a difference not 
only in the amount, but also in the quality, 
of the work done. If we establish a lead in 
quality, competitors behind will find it dif
ficult to catch up. N 

For Mitsubishi Motors Shinji Seki; man
aging director, reports: 

"A t our Okazaki plant, all stages of pro
duction are thoroughly labor-sa ving
from press lines to body welding, painting 
and assembly. These areas are equipped 
with the most modern facilities and inte
grated in a linear layout. Thanks also to 
use of robot welders and painters, 75 per
cent of the process is automa ted. The 
plant is capable of turning out four types 
of passenger cars in an integra ted produc
tion system. 

"The current monthly output is 7 6, 000 
vehicles (which means one car is turned 
out every one and a half minutes), but sur
prisingly, a plant of such capacity has no 
warehouses for parts. All the parts are de
livered from subcontractor factories at  
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scheduled times. Parts made by distant 
suppliers are first transported to a depot 
near our plant. Smooth production con
trol is possible, thanks to cooperation 
from these suppliers. 

"When it comes to installing electron
ics in the a utomobile, however, the pace 
has been slow primarily beca use of high 
costs and reliability problems. 

"For example, quartz watches brought 
about cost reduction of crystal oscillators 
and this enabled us to install quartz clocks 
in cars. Since quartz can function as a tim
er, it can also be used for flashers and 
alarm devices. The process to this point 
has been considerably slower than the ap
plication of electronics in other industries. 

Use of microcomputers in cars is still limit
ed to control of fuel injection aimed a t  
pollution control. A lot is yet t o  be done. 

"The future direction is focused on two 
goals. One is greater safety and pollution 
control to meet various regulations, 
which are getting tighter, as in exhaust 
control and anti-skidding. Fuel economy 
is also a factor. The other is greater com
fort and convenience, as in air condition
ing, and a system of wha t  may be called 
service-free mechanism for conducting 
fine adjustments when the car's mileage 
increases, or the possibility of disorder or 
breakdown emerges. " 

Hiroshi Takahashi, executive vice presi
dent of Nissan Motor Co., L td., sees some 
acceleration in the building of electronic 
technology into the a utomobile: 

"Electronic control of fuel consump
tion, which at the moment is confined to 
gasoline engines, will spread in the future 
to diesel engines as well. A lso, if electron
ic control of a utomatic transmission is 
made possible, a utoma tic cars can be 
kept in a most fuel efficient condition all 
the time. 

"Next, safety devices such as brakes 
with an anti-skid system, are still very sim-

EFF ECTIVE DEMAND FOR ELECTRONIC COMPUTERS 1%5-1990. 
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pIe and leave ample room for improve
ment. In the future, electronics is expect
ed to make it possible for a car to detect 
an obstacle and warn the driver or even 
brake a utomatically. Detecting an obsta
cle is very difficult, though. Steering is an
other area which will be electronically 
controllable. This involves a concept of 
adjusting the response of the steering 
wheel in accordance with varying condi
tions under which it is turned. For exam
ple, when you are driving a t  a high speed, 
a wheel with too light a response is dan
gerous, because it may turn too quickly 
and excessively. Suspension and rela ted 
parts can also be electronically operable. 

"In addition, voice synthesis and recog
nition are of significant importance. An
other requirement is streamlining of wir
ing, for which optical communications 
will be convenient. 

"If voice recognition is perfected, you 
simply say 'wiper, ' when you want to 
move wipers. It also enables the driver to 
use a car telephone (which only recently 
has been put into practical use in lapan, 
but for safety reasons, the driver is legally 
prohibited from using it while the car is in 
motion). 

"It is certain that electronics will play a 
big role in car technology in the future. " 

Masatoshi Morita, senior managing di
rector of Toyota Motor Co. L td., declares: 

"Application of electronics ought to be 
made in such a way as to maintain bal
ance among three factors-man, a utomo
bile, and environment. For example, use 
of microcomputers to provide the driver 
with certain informa tion is justifiable if it 
lessens burdens on him and increases safe
ty. It is unacceptable if information made 
a vailable is more than necessary and adds 
to psychological and physiological bur
dens on the part of the driver. 

"Electronics to reduce burdens on the 
driver and increase the fun of driving is 
correct usage of technology in cars. Wha t  
is important about car technology is the 
ends it serves. Car technology is a synthe
sis of various branches of technology, 
with electronics being just one of them. 

"One problem about electronics at the 
moment is a shortage of software engi
neers. Unless software development is 
stepped up, application of electronics to 
a utomobiles will not really make head
way. " 

Although much sti l l  remains  to be done 
i n  the domain of basic research,  the con
sensus necessary for i nnovation and tech
nological progress i s  present i n  Japan to an 
extent to which it no longer exists i n  other 
advanced industrial countries. 

Back i n  the mid- 1 950's, Japan's industri
al pol icy-makers targeted the 1 980's as the 
decade when the I nformation Age would 
emerge i n  fu l l  bloom, with e lectronics as 
the basic technology that would power the 
economy i nto the 21 st Century. Right on 
schedu le, i n  1 980 the Japanese e lectronics 
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It's called a HEMT. A High Elec
tron Mobil ity Transistor. Permitting 
an electron mobi l ity 30 times 
greater than a conventional si l icon 
device, and 5 times greater than 
a GaAs MESFET (at 77K), it will 
be used in future LSls to create a 
new generation of "super com
puters" - revolutionary systems 
that will process vast volumes of 
data at undreamed of speeds. 
This remarkable HEMT was devel
oped by the company that makes 
the technology that shapes the 
future. By Fuj itsu. 

Who is Fujitsu? 
Fujitsu is the n umber one com
puter maker in the second largest 
computer market in the world -

Japan. Fuj itsu is also one of the 
world's leading manufacturers of 
telecommunications systems. And 
a major producer of semicond uc
tors and advanced electronic 
components. Fujitsu is, in  short, a 
high technology company; with 
the resources and the proven 
capacity to develop tomorrow 
today. It has more than 34,000 
employees, operations all over the 
globe, and annual sales of over 
$2.7 bil l ion.  It is a company that 
in the future you wil l  be hearing 

TIMES FASTER much more about. 

than conventional silicon devices 

Fujitsu brings you 
the fastest transistor on earth! 

This ring oscil lator integrates 27 
n_L�<::.'T� (Depletion Mode High Electron 
Mobility Transistors) and 27 E-HEMTs 
(Enhancement Mode HEMTs) . The 
O-HEMT, the first HEMT we created to 
demonstrate theoretical feasibi lity, fea
tures fast speeds but somewhat higher 
power dissipation characteristics than 
the E-HEMT, which we developed for 
practical application. The E-HEMTs 
power dissipation characteristics are 
extremely low - two orders of magni
tude lower than those of sil icon transis
tors. Which means that very large-scale 
integration is possible; HEMTs will be 
used in the high-speed, low-power VLSls 
of the coming generation of super com
puters. HEMTs will also find many appli
cations i n  the telecommunications field. 
They make a low-noise amplifier, which 
is particularly important in microwave 
technology. 
HEMT technology is not yet mature. To 
date, only smal l-scale integration, such 
as that of the ring oscillator, has been 
achieved. We are working rapidly toward 
large-scale integration, however, and 
the future for HEMT looks bright. 

s 
O-HEMT 

G D == ........ = 
Si-doped AI x Ga , _ x As 

Non·doped GaAs "r-

Semi·i nsu lating 

G aAs S u bstrate 

No = 6 x l O'7/cm3 

X = O.3 

E l ectron Layer 

D The HEMT epi layers, which con
sist of non-doped GaAs and Si-doped 
AIGaAs, are grown on a semi-insulating 
GaAs substrate by molecular beam 
epitaxy. 
The key feature of the HEMT is the 
heteroju nction composed of the two 
epilayers. The high mobility electrons 
come from the Si-doped AIGaAs donor. 
Because the electrons and the donor 
impurities do not inhabit the same 
space, impurity scattering is almost 
totally el iminated. Thus the electron tra-

E-HEMT 
r--=-D-Recessed Structu re 

Si·doped Al x Ga , _xAs 

Sem i· insulating 

G aAs Su bstrate 

No = 1 .8 X l O'8/crp3 

X = O.3 

E l ectron Layer 

jectory becomes straight. High speeds 
result. 
At room temperature the switching delay 
time of the E-HEMT is 56.5 picoseconds. 
As a result, power disSipation charac
teristics are one order of magnitude 
lower than those of GaAs MESFETs. At 
77K, the switching delay time is 1 7.1 
picoseconds - making the E-HEMT 
faster than any conventional semicon
ductor device on earth. 

Computers. Communications. 
The thrust of technology into tomorrow. 
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i ndustry soared i nto orbit as the lead ing 
growth sector i n  a d i st inct ly new stage of  
Japan's  industrial revolut ion . 

Mitsubishi Electric Corpora tion is a 
company tha t has led japan into the Infor
ma tion Age, and its managing director, 
Takashi Kitsurega wa, observes: 

"The products of an electrical equip
ment manufacturer ha ve traditionally 
been of an energy conversion type. The 
potential energy of water is con verted 
into electricity and electric energy is con
verted into kinetic energy which runs ma
chine tools, or into (hermal energy which 
is used to make various things. The emer
gence of electronics has opened up the 
new business of transmitting and process
ing information. In the past, communica
tions were limited to transmission, but to
day they involve processing as well. Proc
essing even seems to be the area where 
electronics is the most useful. More re
cently, electronics is being applied to the 
function of control on the strength, 
among other things, of the progress in the 
technology of the sensors which, al
though transducers, are aimed at the 
communication of signals, not the con
version of energy. 

"My reservation about our success is 
tha t the development of japanese elec
tronics has been due primarily to infor
ma tion processing and consumer elec
tronics; our industry lags behind foreign 
countries in the area of pure science. 
Thus, while our exports of consumer ap

pliances ha ve been running quite strong-

Iy, as in the case of TVs and VTRs, the 
original basic inventions tha t produced 
these devices in the first place were all 
developed in foreign countries. 

"Under such circumstances, should ja
pan be forbidden to use foreign patents, it 
would be dead. 

"The Informa tion Age opens up whole 
new frontiers for basic research. Building 
on its strength in existing technologies, 
japanese industry must develop a com
prehensive scientific base for creation of 
the next gener'ltion of technologies. " 

As had become i ncreasingly apparent 
duri ng the 1 9 70's, and as was fu l l y  demon
strated by last year's performance, the Jap
anese e lectron ics industry i s  not on ly  des
t ined to play a lead i ng role i n  sustai n i ng 
Japan's continued economic growth,  but 
has also emerged as an i mportant part ic i
pant i n  the revita l ization of economic 
structures around the g lobe.  

Overa l l ,  the japanese e lectronics i ndus
try grew by an i mpressive 2 2 . 9  percent in 
1 980 as output reached 8 . 7  tri l l ion yen
al most twice the total production of the 
industry i n  1 975  and three t imes that of 
1 9 7 1 . Despite world recessions which fol 
lowed the o i l  cr ises of 1 974 and 1 978-9, 
japan's output of electron ic products con
t inued to expand i n  al l  sectors at double 
digit  rates, demonstrat ing a remarkable re
s istance to downswings in the business cy
c le .  Sign ificantly, too, th is  growth was sus
tai ned i n  the face of creeping protect ion ist 
measures i n  advanced countries that 
forced major  changes i n  patterns of the 
i ndustry's exports. Moreover, th i s  in 
creased home output reflects on ly  ind i rect
ly the recent rapid  extens ion of manufac
tur ing to major  overseas markets for con
sumer products and components-a devel
opment which over the past five years has 
entai led global reorgan ization of produc
t ion and real l ocat ion of resources o n  a 
massive scale .  

However, throughout th is  period, in 
home production a lone, the japanese elec
tron ics industry outpaced the American in -

DEMA N D  FOR ELECTRON I C  COMPUTERS I N  T H E  1 980s. 
( i n  bi l l i ons of yen )  

� 1 978 1 981 1983 1 985 1990 
Average growth rate (%)  

Items 1 985/1978 1990/1985 1990/1978 

Gross demand 
1 0,21 2 1 6,680 20,940 26,000 46,300 1 4.3 1 2 .2 1 3.4 (gross supply) 

Domestic demand 9,51 6 1 5,060 1 8,510 22,670 39,890 1 3 .2 1 2.0 1 2 .7 

Overseas demand 
697 1 ,620 2,430 3,330 6,41 0 25.0 1 4.0 20.3 (exports) 

Domestic 
9,1 02 1 5,260 1 9,260 23,960 42,71 0 1 4.8 1 2 .3 1 3. 7  production 

I mports 1 , 1 1 1  1 ,420 1 , 680 2,040 3,590 9.1 1 2 .0 1 0.3 

Source: Japan Electronics Industry Development Association. 
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dustry a n d  i n  1 980 grew twice a s  fast i n  a l l  
sectors except computers, m i scel laneous 
semiconductor devices and m i l itary e lec
tronics .  

By the most conservative est imates, tota l 
output of e lectron ic products w i l l  at least 
double duri ng the 1 980's, but ind ications 
are that the industry wi l l  conti nue to grow 
at the pace of 1 97 5 - 1 980 which would 
mean production i n  the range of 35 tri l l ion 
yen . 

japanese IC output, spurred by rapid 
technological advance and a strong com
petit ive position i n  world markets for 1 6 K 
RAM c i rcu its, rose a phenomenal 48 .9  per
cent in 1 980, which was a lmost 2 . 5  t imes 
the growth i n  U .s .  product ion . Admitted ly, 
the japanese growth was from a smal ler  
base, and, more i mportant, exports were 
largely concentrated in  the high growth 
segments of the markets . Total production 
of al l  semiconductors by Japan's  1 1  lead i ng 
manufacturers rose 3 7 . 1  percent to 939  
b i l l ion yen  i n  1 980 and wi l l  su rpass the 1 
tri l l ion  yen level duri ng the current year.  

Among the 1 1  majors, O·ki E lectric I n 
dustry Co.  has  emerged as the  most aggres
s ive, with a new plant on stream in August 
1 98 1  expected to produce 3 00,000 of its 
64K dynamic RAM s  each month . On the 
strength of this plan, Oki 's  semiconductor 
production i s  expected to rise 62 percent i n  
fiscal 1 985 t o  3 5  b i l l ion  y e n .  H itach i  w i l l  
i ncrease i t s  6 4 K  dynamic R A M  production 
capacity 3 . 5  t imes to 700,000 per month in 
the second half of fiscal year 1 98 1 ;  Tosh iba 
wi l l  boost its monthly output of the same 
device fou r  t imes to 3 00,000 and N EC wi l l  
tr ip le i t s  production to the same 3 00,000 
leve l .  Texas I nstruments, the sole foreign
affi l iated semiconductor company having 
production fac i l it ies in japan, has complet
ed a 64K production plant in M i ho, I baraki 
Prefectu re, from which i t  w i l l  export part of 
its production to the U n ited States.  The 
M i ko works has a rated capacity of 
1 00,000 ch ips monthly .  

More i mportant, the 1 1  leading japanese 
semiconductor manufacturers have sched
u led huge plant and equ ipment i nvest
ments in fiscal 1 98 1  , amount ing to approx
i mate ly 200 b i l l ion  yen .  These new fac i l i 
ties are  designed to swing i nto VLS I  pro
duction with m i n i mal alterat ions once the 
new generation of 2 5 6 K  RAM ch ips i s  mar
ketable.  M eanwhi le, the five leading IC 
makers are contin u i ng to expand their  pro
duction fac i l it ies in Europe and the U n ited 
States. 

Assuming an average growth rate of 2 5  
percent per annum for the remainder o f  the 
1 980's, total I C  production i n  japan wi l l  
reach 900 b i l l ion  yen  by 1 985 (or  approxi
mately the 1 980 level for al l semiconduc
tor devices) and 1 ,900-2, 000 b i l l ion  yeri 
i n  1 990.  

I n  japan itself, i ntegrated c i rcu it  con
sumption wil l  cont inue to be spurred by 
sharp i ncreases in output of end products 
us ing large quantit ies of advanced semi-
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The a l l -new Toyota Cress ida .  
Lavis h .  Extravagant.  Un ique ly  
European i n  look. Th is  is  a sedan 
d i fferent from any Toyota you have 
seen before .  

I ns i d e ,  t h e  n e w  Cress ida offers 
every comfort and convenience fea
t u re you cou ld expect in the wor ld 's 
h i g h est-p riced automobi les-and 
then some. Power windows , cru ise 
contro l ,  c l i mate contro l  and AM/FM 
MPX 4-speaker stereo are standard 

equ i pment ,  of course.  
But C ressida's state-of-the-art 

eng i neeri ng inc ludes m u c h  more .  
L ike a u n i q u e  automat ic shou l d e r
seat belt system . The belt is g u i d e d  
arou n d  you b y  an e lectr ic moto r l  And 
an opt ional  cassette p l ayer wi th  am
p l i f ier  and g raphic equal izer, for the 
u lt i mate i n  automot ive sou n d .  

Performance of the Cress i d a  i s  
a l s o  i m p ressive . Both t h e  C ress ida 
Sedan and 5- Door Wagon feat u re 

e lectron ic fuel  i nject ion and an i n 
novat ive 4-speed automat i c  over
d rive transmission , to enhance the 
new 2 .8 l i ter eng i ne's eff ic iency. 
MacPherson strut front suspens ion 
assures a soft , contro l l ed ri d e .  

T h e  Toyota C ress ida.  I f  you 're 
wonder ing why you shou ld buy a 
luxury car from a company famou s  
for economy cars ,  you n e e d  do on ly 
one th ing . Dr ive a Cress ida ,  and fee l 
how sumptuous a Toyota can be .  

INTRODUCING THE 1981 CRESSIDA. 
THE SUMPTUOUS 

TOYOTA. 
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conductor devices. I n  1 980, for example, 
VTR production rose by a dramatic 2 . 2 3  
t i mes, robot output b y  85 percent, and 
medical e lectronic equ ipment by 2 2 . 2  per
cent, whi le mechanical systems were in
creasi ngly replaced by microcomputers in 
e lectrical appl iances, cameras and auto
mobi les .  

Contrary to predictions that consumer 
e lectronic product ion i n  Japan has substan
t ia l ly  reached maturity and wi I I therefore 
level off, total output of home enterta in
ment equipment rose 2 8 . 1  percent to a l
most 3 0  b i l l ion yen i n  1 980.  

The takeoff of  VTR sales was, to be sure, 
a major factor prope l l i ng the conti nued 
h igh growth of this sector. Last year, 1 1  
Japanese VTR producers tu rned out a total 
of 4.4 m i l l ion un its, more than twice as 
many as in 1 9 79 .  Demand, which has con
t inued to grow at a h igh rate i n  1 98 1 , i s  
expected to reach 8 .4  m i l l ion un its th is  
year, making VTR a tri l l ion yen busi ness. 
N ot only al l  major  consumer e lectronics 
manufacturers, but also camera and sew
i ng mach ine makers, have entered the VTR 
market or have annou nced their  i ntentions 
to do so. 

With th is  success ion of new entrants, Ja
pan's month ly production of VTRs w i l l  be 
i ncreased to a m i l l ion un its by the end of 
th i s  year. At the same t ime, to avoid possi
b le  trade friction wh i le  expanding overseas 
sales, lead ing Japanese makers are p lan
n ing jo int  prod uction i n  several Eu ropean 
countries. Japan Victor plans to jo in  with 
AEG-Telefu nken, Thomson-Brandt and 
Thorn- E M I i n  a regional production 
scheme. And Matsush ita E lectric has been 
negotiati ng with Robert Bosch to manufac
ture VTR's jo int ly in Germany. 

The out look for VTR production for the 
remainder of the 1 980's can be described 
in nothing less than superlative terms .  Pro
duction has a l ready far su rpassed industry 
projections, pub l i shed less than one year 
ago. Among other developments, i ntro
duction of new m i n iature VTR gear re
q u i res a total revis ion of market estimates. 
Whereas the industry had previous ly as
sumed a d i ffusion ratio l i mit  of 60 per
cent-since VTR's were considered to be 
non-essential to dai ly  l i fe-new min iature 
models raise the poss ib i l ity of m u lt ip le sets 
per household .  

With the i ntroduction of  VLS I ,  further 
refinements i n  VTR functions are expected 
whi le  size may be further reduced and 
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prices are l i ke ly t o  fa l l  below t h e  or ig inal  
forecast of under $ 5 00 as economies of 
sca le and r is ing competit ion combine with 
technological i nnovation to force produc
t ion costs downward . 

Moves to i nvest in overseas man ufactu r
i ng early in the product l i fe-cyc le, a rad ical 
new departure from past practices of f irms 
i n  the industry, wi l l  change the pattern of 
production fol l owed by other consumer 
e lectronics products. During the 1 960's  
and 1 9 70's,  Japanese consumer e lectron
ics equ ipment makers sh ifted production 
overseas only after govern ments had im
posed restrictions on i m ports or production 
i n  Japan had lost its comparative advantage 
due to matu ring technology and r is ing la
bor costs . I n  the case of VTRs, however, 
rapid growth of demand abroad makes it 
d ifficu l t  to supply markets exc lusively from 
Japan-based output, and pol it ical rea l it ies 
m i l i tate against such a strategy. 

Thus, overseas prod uction i s  not l i ke ly to 
imp inge on domestic output for the fore
seeable future. Rather, s i nce VTR's use 
from 3 , 000 to 5 , 000 e lectron ic parts, many 
of which are not made abroad, i ncreased 
production abroad wi l l  be an addit ional 
boon to semiconductor and other compo
nent output i n  Japan.  

But VTR production was by no means 
the sole sti mu lus  to the consumer e lectron
ics sector i n  1 980, nor wi l l  it  be a lone 
among the rapid growth products for the 
remainder of the 1 980's .  Tape recorder 
production rose 3 1 . 5 percent, i n  terms of 
val ue, over the previous year's level due to 
new stereo record ing and playback fea
tures and the appl ication of h igh val ue
added components such as microcompu
ters . For s im i lar  reasons, output of compo
nent stereo sets a lso rose 2 5 . 8  percent dur
i ng the year. 

Mean while another home-entertain
ment product, the videodisc, makes its 
entrance from off-stage. Whether it will 
collide in competition with the VTR or be 
accepted in parallel (because the disc 
proper is so inexpensive), two kinds of 
videodisc are aimed by their makers head
on at each other. Speaking first for the 
needle-activated disc, Toshiya Inoue, sen
ior managing director of Victor Co. of ja 
pan, L td., says: 

"We cannot yet predict whether the 
videodisc is going to succeed in the mar
ketplace. Whether it will become popular 
or not depends on software. In japan, the 
populariza tion of television was touched 
off by the wedding of Crown Prince A kihi
to and by pro wrestling. For videodiscs to 
be accepted widely by the public, it is 
essential to develop software which only 
videodiscs can make the best use of 

"The hardware is already completed. 
Our schedule is to put it on the market in 
October in japan, in january next year in 
the United States and in june in Europe. In 
the beginning, the optical and needle 
types will coexist while competing, and 

Advertisement 

the better one will gradually overwhelm 
the other and survive. 

. 

"Electronics is already playing a signifi
cant role in a udio records. First of all, it is 
electronics tha t picks up delica te sounds 
from the record, and technology for proc
essing of such a mechanism must be on a 
high level. The videodisc may be said to 
be VLSI technology itself. While the disc 
measures as much as 30 centimeters in 
diameter, precision required is to the or
der of 0. 5 micron-something surprising 
even by semiconductor standards. " 

Speaking for the laser-activated "opti
cal" disc, Teruhiko Isobe, director of Pio
neer Electronics Corpora tion, says: 

"Generally speaking, the feature of the 
optical type is the reliability of discs. Since 
a surface containing signals of several 
tenths of a micron is tra cked, scouring it 
with a needle could cause wear. The con
sequences of wear ma y not be serious be
cause the needle runs on a very smooth 
surface, but the optical type may ha ve 
greater assurance of reliability. 

"The great question is software: what is 
a vailable on the disc. Software for the 
time being will center on old movies and 
television programs but they will not be 
really appealing. Development of soft
ware tha t best suits videodiscs is the fu
ture problem. We plan to set up a subsidi
ary to develop and market such soft
ware. 1/ 

Even production of color televis ion sets 
rose by 1 8 . 1  percent in vo lume to a record
breaking 1 1 . 7 m i l l ion un its, desp ite protec
t ionist measures in some key markets and 
apparent satu rat ion of the market i n  Japan . 
I n  addit ion, output rose abroad, where the 
industry now operates 45 manufacturing or 
assembly fac i l it ies . I n  the U .S .  a lone, sub
sid iaries of Japanese man ufactu rers ac
counted for 30 percent of total color televi
s ion prod uction,  or 3 m i l l ion sets, 
bri ngi ng the total worldwide output of the 
industry to wel l over the 1 5  m i l l ion mark .  

Thus, i ron ical ly, protect ionism abroad 
seems to be good for the Japanese e lec
tronics industry. I ndeed, the main effects of 
protection ist measures in the U .S .  have 
been to give American consu mers the priv
i l ege of paying more for television receiv
ers, to force the Japanese industry to be 
more efficient through extensive automa
t ion and to hasten the pace of rational iz ing 
production on a g lobal sca le  by major  Japa
nese makers. 

Protect ionism has also served to speed 
the processes of technological change, giv
i ng to the Japanese consumer e lectronics 
sector a renewed vita l i ty, catapu lt ing pro
duction into a new stage of h igh growth .  I n  
t h e  past, lead ing Japanese consumer e lec
tronic products-part icu lar ly transistor ra
d ios, monochrome TV receivers and color 
TV receivers-were manufactured with 
technology orig ina l ly  i mported from 
abroad and sold i n  world markets in  d i rect 
competition with the origi nal U . S .  or Euro-
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No matter what you want to record, you're 
going to re cord  it better working with Maxell. Be
cause when it comes to magnetic media, no one is 
more demanding than we are. 

For example, at Maxell we weren't satisfied 
with just making regular videotape. So we came 
out with the first high grade, Maxell Epi taxial HG. 
Which not only delivers better color resolution, 
sharper images and cleaner sound than any regu
lar videotape, but also drastically reduces video 
re corder head wear. 

Another case in point are floppy discs, where 
durability and reliability are so critical. Maxell 
floppy discs have been trouble-free in the field be
cause we take every precaution. From the begin
ning to the end of manufacture. We even test 
every track of every disc and ce rtify them to be 

free of error before we'l1 ship our floppies from 
the factory. 

And then there's our audio tape. Music lovers 
have come to rely on us for clean, distortion-free 
sound. Not only because we produce an exception
al tape like our XLS, but because we put all our 
tape in superior cassette shells, built to standards 
that are as much as 60% higher than the industry 
calls for. 

So if you expect a lot when it comes to record
ing on magnetic media, don't settle for anything 
less than Maxell. After all, the best way to get a 
perfect recording is to work with a perfectionist 

maxel l  
IT'S WORTH IT. 
Moxell Corporation , 60 Oxford Drive. Moonachie, N.J 07074 
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pean makers. Now the lead ing consumer 
e lectron ic  products-as wel l  as advanced 
microelectron ic  devices and i ndustrial 
e lectron ic  eq u ipment-manufactured by 
Japanese industry are origi na l ,  home
grown products of Japanese tech nology. 

The im med iate effect has been to give 
Japanese manufacturers a major  lead in 
world markets at the outset, when new 
products are fi rst i ntroduced, with compe
tit ion confined largely among J apanese 
makers themselves. In the case of VTR, 
Japanese makers cu rrently account for 90-
9 5  percent of total world output, with the 
Matsush ita VHS format accou nting for 
most of that output. As yet there are rela
tively few signs of anxiety abroad s imply 
because there is  v i rtua l ly  no production to 
be protected . 

But an i ncreased tempo of product d i 
versificat ion and i n novation has  been ac
compan ied by a th i rd major strategic re
sponse of Japanese manufactu rers of con
sumer e lectron ic  products to r i s ing protec
t ion ism.  A concerted effort has been made 
to d iversify markets, with resu ltant rapid 

increases i n  sh ipments to Asian, Lat in  
American and European cou ntries. By  
1 980, As ia  was the largest market for  Japa
nese color televis ion sets, accou nt ing for 
3 3 . 2  percent of tota l exports, or 1 . 5 m i l l ion  
u n its. 

I n para l le l  with the d iversificat ion of ex
port markets, production has undergone a 
major relocatio n .  Manufacture of products 
losing i nternat ional  pr ice competit iveness 
has been moved to developing cou ntries 
from which both the Japanese and world 
markets are i ncreas ing ly supp l ied .  And, be
g inn ing i n  1 9 74, manufacture of products 
which have evoked trade friction has been 
sh ifted to i m port substitut ion production i n  
t h e  U n ited States, regional  supp ly produc
t ion i n  Western Europe, and export-orient
ed production i n  developing countr ies .  

Throughout the 1 980's,  domestic and 
overseas market expansion for audio and 
video equ ipment i s  expected to cont inue 
strong, with v ideodisc sa les mount ing 
sharply after 1 98 2 .  A lso, by 1 985 ,  personal 
computers and word processors are ex
pected to become i mportant consumer du
rab le  i tems,  with growth rates determ i ned 
by cost reductions ach ieved through VLS I  
appl icat ion and production vo lume at
ta ined as a resu l t  of the g lobal marketi ng 
potential  of major manufactu rers . 

The success of the Japanese e lectron ics  
ind ustry's mu lt i-d i rectional  strategies and 
the emerging g lobal structu res is  the stuff of 
which epoch-making i ndustr ial change is  
made. As a resu lt, Japan has entered the 
I nformation Age as the epicenter of the 
wor ld's  consumer e lectron ics  i ndustry and 

ELECTRON IC CALCU LATOR OUTPUT AND PR ICES, 1 965-1 990. 
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is  better equipped than any othe( country 
to p lay a leading role in the d i ffus ion 
of soph isticated i nformation techno logies 
from the factory, to office, to home.  

And the t i m i ng cou ld hard ly be better .  
As the boom i n  home computer usage 
gathers momentum, the Japanese e lectron
ics i ndustry is  posit ioned to move i nto the 
vanguard of this vast new market. S i nce the 
development of VLSI integrated c i rcu it  
techno logy, v i rtua l ly  every major  Japanese 
consumer e lectron ics  equipment and com
puter man ufacturer has i ntroduced person
al  computers to the market with an explo
sive bu rst of manufactu ring and market ing 
zeal  remin i scent of the advent of e lectron ic  
ca lcu lators a decade ago . 

N EC, the Japanese leader in microcom
puters, expects to sel l  1 2 0,000 personal  
computers i n  1 98 1 -ten t imes i ts  1 9 79 
sa les vo lume.  N ot a l l  of these sa les wi l l  be 
made i n  the domestic market, of course. 
N EC has a l ready exported 5 , 000 of its best 
sel l i ng model to the U .S .  market in the fi rst 
half of th i s  year and expects to se l l  1 5 ,000 
here before year's end .  

Fo l lowing rap id ly  on the hee l s  of  N Ee, 
s ix more lead ing manufacturers-Canon, 
H itach i ,  Oki ,  Sharp, Tosh iba and Matsush i
ta E lectric-are entering the U . S .  personal  
com puter market th i s  year .  I n dustry sour
ces est imate that the U .S .  market for per
sonal computers has a l ready su rpassed 
the $2 b i l l ion level, with annua l  sales of 
5 00,000 u n its .  And by 1 982 ,  the U .S .  De
partment of Commerce pred icts, Japanese 
manufactu rers w i l l  accou nt for 3 0-40 per
cent of that market. I f  th i s  forecast proves 
accu rate, sales by Japanese makers i n  the 
U .S .  market next year w i l l  skyrocket seven 
t imes over the expected 30,000 un its to be 
sh i pped in 1 98 1 . And th is  i s  but a foretaste 
of expected expans ion of th is  market for 
the remainder of the decade. Nothi ng bet
ter i l l ustrates the magnitude of the Japanese 
electron ics industry's potentia l  for f lex ib le  
and rap id response to market opportu n it ies 
created by the inc ipient generation of VLS I  
techno logy. 

J ust two years ago, Japanese personal 
computer makers were barely able to hold 
2 0  percent of their  own domestic market in 
the face of U .S .  competition .  By 1 980, Jap
an.ese personal  computer sales accou nted 
for 80 percent of the home market. I n  
1 9 8 1 ,  Japanese manufactu rers entered the 
U .S .  market, and with in  a year's t ime they 
are expected to capture a su bstantial  share 
of that market in the face of fierce com peti
t ion from al ready estab l i shed suppl iers.  

The explanation of th is  d ramatic sh ift in 
market share is  qu ite c lear.  The potential  
market for personal  computers is  great and 
global ,  and Japanese electron ic  eq u i pment 
makers are better posit ioned than others to 
take advantage of th is  new potentia l .  Not 
on ly  is the mass prod uction techno logy re
qu i red for prod uction of personal comput
ers, the strong suit  of the Japanese e lectron
ics i ndustry, but the extensive global mar-
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Why the OlymQus OM-IO should be 
your first quality automatic SLR. 

1 . Ease of operation . I t 's th is  
s imp le :  No 3 5 m m  S i ng le  Lens 
Ref lex camera is  eas ier  to use 
than the fu l ly a utomatic Olympus 
OM-lO.  The gen i u s  of  C h i ef De
signer Ma ita n i  has created a cam
era so easy, so a utomati c ,  that 
you ' l l  see su perb res u l ts the very 
f i rst t ime you use i t .  

2 . Great p ictures, automati
cal ly. You ' l l  take bri l l i ant  3 5 m m  
photogra phs w i t h  the O M - l O  . . .  
a utomatica l ly. Beca use the 
OM- lO's state-of-the-a rt e l ec
tron ics set the correct exposu re 
for you ,  noth i ng is l eft to chance.  
And you ' re left free to s i m p ly 
focus and shoot . 

3 . Off-the-f i l m  meteri ng. OTF 
sou nds d eeply tech n ica l but i t  
mea ns s imply th is :  The O M - l O  
measu res the l ight d u ri ng t h e  ex
posu re off the film itself. And it  
conti n u es to measu re a n d  adjust 
exposu re even after you press the 
shutter rel ease. O lympus made 
the worl d 's  f i rst 35mm S LR that 
keeps worki ng-a utomati ca I ly
when you need it most. 

4. Room to grow. When you wa nt 
the creat iv ity that comes with fu l l  
exposu re contro l ,  you r  O M - I O  is  
ready. With the manua l  ada pter 
you ca n select a ny com b i nation 

of sh utter speed and a pertu re-to 
get the exact effect desired . 

5. The right price. The f u l l y  a u 
tomatic O M - lO offers features 
unava i lab le  on many of the h igh
est- priced S LR 's . . .  features you 
wou Id n't expect at any price.  

6 . The right size and weight. 
B u l ky, heavy cameras have 
caused many people to decide 
aga i nst stepp i ng u p  to a n  S L R .  
These problems don't  exist with 
the OM-lO,  a camera that 's part 
of the wor ld 's  f i rst com pact 
3 5 m m  S L R  system .  Olympus 
started the move to sma l ler, 
I ighter, s i mpler  cameras. 

7 . Flash exposu re i n d icator. 
More va l uab le  tec h n ical  i n nova
t ion . A l ight i ns ide the O M - lO's 
v iewf i nder te l l s  you if you 've 
ta ken a correct ly exposed photo 
with you r  Olympus f lash . That's a 
feature j ust not found on most 
cameras. 

8. More room to grow. U n l  i ke 
many S LR ' s ,  the O M - lO gives you 
a choice of 33 q u a l ity O lympus 
l enses. These l enses are the 
sa me lenses designed for the 
most expensive Olympus 
cameras. 

9 . The OM Syste m .  The lenses 
mentioned a bove a re j u st a part 
of the remarka b l e  OM System . . .  

the world 's  l a rgest a rray of com
pact accessories made to f i t  a 
3 5 m m  S L R .  From f lashes to car
ryi ng cases, lenses to a uto . 
wi nders, more than 300 accesso
r ies in the OM System a re ready 
for you r  O M - l O .  

10 . I nterchangeabl i ty. I f  y o u  d o  
d e c i d e  t o  move u p  t o  a n  O M - l or 
O M - 2 ,  you ' l l  be a b l e  to ta ke a long 
v i rtua l ly  every accessory-and all 
the lenses-you ' ve bought for your  
O M - l O .  

1 1 . Fai l safe electron ic opera
tion . A comprehensive gro u p  of 
safety devices I i n ked to a pa i r  of 
h i gh-capac ity e l ectron ic bra i ns 
make t he prospect of spo i l ed 
photos and wasted f i l m  u n l i ke ly. 
More than a dozen of these safety 
d evices work a utomatica l ly 
toward one goa l :  H e l p i n g  you take 
terri f ic  photogra phs .  

12. The best reason of  a l l .  Be
cause it's an O lympus .  Designed 
from a c lea n sheet of pa per to be 
a brea kthrough in camera engi
neeri ng, to be a n  i ntegra l part of 
the Olympus trad it ion of excel
lence by design . . .  a trad it ion we 
i nv ite you to share. For com p l ete 
information on the O M - l O ,  see 
you r  dea ler. Or write Olympus,  
Wood bury, NY 1 1 797. 

OLYMPUS� __ .....-..-
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keting networks developed for the sale of 
calculators and other office equ ipment are 
tai lor-made for a rapid takeoff in the race 
for worldwide market share. M oreover, 
Japanese semiconductor manufacturers 
that supply the i ntegrated c i rcu its for per
sonal computers have the mu lt ip le advan
tages of massive IC output capabi l ities, ver
tica l ly  i ntegrated production from chips to 
f inal  products, and the lower costs which 
accrue from moving rapid ly down the 
learning curve as production i ncreases 
over t ime. 

The industry's strength is  not confined to 
mass-produced consumer products, how
ever. In fact, s ince 1 978, production of 
industrial e lectronic equ ipment has sur
passed output of mass-produced consum
er e lectronic products, reflecti ng the stead
ily growing demand at home for automa
tion and rational ization of both factory and 
office operations .  By 1 990, i ndustrial e lec
tronics output-led by double-digit growth 
rates of computers and periphera l  equ ip
ment, office automation equ ipment and in-' 
dustria l  robots-is expected to be more 
than double that of consumer electronics .  

S ince the o i l  cr is is,  the use of computers 
i n  manufacturing has increased sharply, re
sult ing i n  a rapid prol iferation of robots, 
automated production systems and un
manned warehouses . I n  1 980, designated 
by the Japan I ndustrial Robot Association 

E LECTRON IC CALCU LATOR EXPORT 
RATES, 1%5-1 990. 
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O I RA) a s  " Robot Diffusion Year One, " pro
duction of robots i ncreased 80 percent i n  
value over t h e  previous year, adding 
1 9,900 new un its to Japan's burgeon ing 
robot park. 

Of the rapid progress in the diffusion of 
robots in japanese industry, Hiroshi Wa
tanabe, executive managing director of 
Hitachi L td., says: 

"A mong the kinds of work left to hu
man beings today, those consuming the 
most manpower are for sorting things out 
by recognizing anything tha t can be read. 
There is strong social demand for labor

sa ving in this kind of work-as in the me
chanical processing of postal codes, office 
computers in place of card punchers, or 
the assessment of a photograph of an eye
ground or the evaluation of an electrocar
diogram. Success in pattern recognition is 
bound to ha ve a far-reaching impact on 
the entire sotiety. 

"As a manufa cturing concern we ha ve 
never experienced trouble about the in
troduction of robots in our factories. They 
ha ve always been welcomed. In view of 
the fact tha t factory jobs consist of repeti
tive work which ignores human nature, 
use of robots that take o ver such work is a 
humane considera tion. I don 't see why 
this is opposed in Western countries. " 

J I RA and the Nomura Research I nstitute 
predict that Japan's robot market wi l l  con
t inue to grow at least 20 percent annual ly, 
which wi l l  mean instal lations of 5 5 , 000 
new un its worth 290 b i l l ion yen i n  1 985 ,  
and as many as 94,000 un its valued at  600 
b i l l ion yen i n  1 990.  

COM PUTER'S PROG E N Y :  
T H E  ROBOTS 

Employi ng the latest developments i n  
microcomputers, lower cost robots ap
peared on the Japanese market this year, 
opening a vast new potential for thei r use 
by med ium- and smal l-scale manufacturing 
companies. The cheapest robot avai lable 
on the Japanese market previously sold for 
about 1 5  m i l l ion yen, which is beyond the 
reach of most firms. Now San kyo Seiko 
Manufactur ing Co. ,  an electronics parts 
maker, has developed a new compact as
sembly robot priced as low as 3 . 6  m i l l ion 
yen, and Okamoto Seisakusho Co.,  a steel 
furniture maker, is  offering a relatively inex
pensive model sel l i ng for j ust 3 m i l l ion yen 
for use in load ing metal sheets on press 
mach ines. 

Although the fastest growing segment of 
industrial e lectronics production, robots 
sti l l  represent a smal l  proportion of total 
output. Computers, of which robots are but 
the progeny, accounted for 42 . 1  percent of 
last year's production of industrial e lec
tronic equipment and 1 4 .9 percent of the 
overa l l  e lectronics industry. 

Despite substantial growth- in  computer 
output i n  1 980, the 1 5 .2  percent growth 
rate was conSiderably lower than that of 

Advertisement 

the larger U .S .  industry. Japanese comput
er output is  sti l l  a l most entirely' d i rected 
toward the domestic market, which re
mains dependent on i mports to a relatively 
high degree. In 1 980, computer i mports 
rose to 1 6  b i l l ion yen, exceed i ng exports 
by 25 percent. 

I nd ications are that this p icture wi l l  
change rad ical ly i n  the  1 980's, however, as  
Japan's major computer makers have been 
steadi ly  expanding their share of overseas 
markets with increasing i nvestments and 
new l i nks with foreign partners. As a result, 
exports of computers rose 3 1 . 1  percent in 
1 980 and are expected to grow at higher 
rates i n  coming years. 

Shoichi Ninomiya, director and general 
manager of Fujitsu L td., says of their cam
paign to claim a place in the van of com
puter progress: 

"For 15 years, we ha ve strived to catch 
up with IBM and at long last, somehow, 
we ha ve achieved the target. But my hon
est feeling is that our victory is only on the 
surface. Commercialized products repre
sent only the tip of an iceberg of accumu
lated technologies. IBM's hidden techno
logical resources are still no small consid
eration. We ha ve many things to learn 
from them. 

"We may say semiconductors are what  
computer technology is all about. A t  pres
ent, we are in an age of silicon so far as 
semiconductors are concerned and are 
headed for a higher level of integration. 
This means tha t semiconductors in them

selves are becoming computers, rather 
than being parts of computers. This in turn 
requires a maximum degree of refinement 
in the original design of LSI's and VLSl's, 
because it is impossible to modify them 
later. " 

Exports of low cost computer pri nters, 
which have risen meteorica l ly  in recent 
years, promise to remain strong th roughout 
the 1 980's .  Japanese makers have been es
pecia l ly strong in  the market for pri nters 
that cost less than $ 1 , 000 in the U .S .  Once 
again,  U .S .  companies created a market for 
dot-matrix pri nters used pr imar i ly with per
sonal computers; but began losing market 
share when production problems and sub
sequent delayed del iveries gave Japanese 
makers the opportun ity to show their met
tle once again in the mastery of high-tech
nology mass production .  F rom v i rtual ly 
zero-base i n  1 9 79, Japanese manufactur
ers such as Ricoh, Okidata, Sh inshu Sei ko 
and Itoh were supplying half of a l l  un its 
sel l i ng in the U .S .  by mid- 1 9 8 1  and were 
expected to raise their share of the $ 2 00 
m i l l ion U .S .  market to 75 percent by the 
end of the year. By 1 985,  Dataquest esti
mates this market wil l be push ing $1 b i l l ion 
and sti l l  r is ing sharply. 

A s im i lar pattern can be expected in 
wh ite-col lar, office-function products, 
such as word processors, especia l ly once 
Japanese manufacturers overcome some of 
the remain ing techn ical barriers to low-
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, This is Seikds proudest hour: 
The new Seiko Lassale. 

To inaugurate its second cen tl..lI)) Seiko introduces the 
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cost voice recognit ion systems .  H ere 
again,  Japanese makers can be expected to 
excel with their  strength in manufacture 
and d i str ibution of mass products . The key 
technology in this sector wi l l  be mass pro
duction with bu i lt- in  qual ity control ,  a f ield 
i n  which Japanese performance is  without 
peer .  

THE LANGUAGE 
I NTERFACE 

The competitive strength of Japan's 
computer i ndustry i s  therefore expected to 
increase further with the recent lead it has 
taken i n  the development of VLSI technolo
gy. During the 1 960's and 1 9 70's, the in i 
t ia l  phase of Japan's  i nformation revolu
t ion ,  computers were used mai n ly  i n  the 
industrial  sector, confined largely to  manu
factur ing purposes and operated main ly  by 
experts, and were l i m ited i n  appl ication be
cause computers are sti l l  designed to use 
Western languages. But th is  pattern i s  now 

undergoing a rad ical change. New genera
t ions of computers, us ing advanced semi
conductor technology cu rrently avai lable, 
wi l l  be faster, smal ler, cheaper and easier 
to use, being operated by voice i nstruction .  
Vast new areas of  uti l ity w i l l  be opened 
once the language i nterface problem has 
been resolved . I mproved versati l ity and 
greater access ib i l ity wi l l  accelerate d iffu
s ion of computer usage to broad new seg
ments of Japanese society. 

japanese computer manufacturers are 
working hard at teaching computers their 
language. A mong them is Fujitsu, L td., for 
which Shoichi Ninomiya speaks: 

"It is an absolute necessity to develop 
computers to handle the japanese lan
guage. This is difficult if we depend on 
English for internal processing and use 
japanese only for the output. We should 
use japanese for internal processing as 
well. We are doing research on this prob
lem. 

"If processing of japanese becomes 
possible, however, voice recognition may 
be easily done, given the phonetic struc
ture of japanese which consists entirely of 
a combination of a vowel and a conso
nant. " 

For Nippon Electric Co., L td., Michiyuki 
Uenohara dec/ares: 

"People using European languages can 
engage in da ta-exchange and dialogue 
with machinery through typing with al
most the speed of conversation. But this is 
impossible in the japanese language. If 

THE ELECTRONIC CALCULATOR REVOLUTION, 1 965-1990. 

Gross production Ratio to Ratio to Ratio to 
Year quantity preceding Exports preceding Imports preceding 

(in thousands) year (%)  ( in  thousands) year (%)  ( in  thousands) year (%) 

1 965 4 - 0.8 - - -

1966 25 625 6 750 - -

1 967 63 252 20 333 - -

1968 1 63 259 74 370 - -

1 969 454 279 237 320 - -

1 970 1 ,423 31 3 731 308 - -

1 971 2,040 1 43 '1 ,267 1 73 - -

1 972 3, 866 1 90  2,61 2 206 9 -

1 973 9,960 258 6,366 244 54 600 
1 974 1 5,453 1 55 1 0,21 5 1 60  1 45 269 

1 975 30,040 1 94 25,727 252 88 61 

1 976 40,426 1 35 35,1 92 1 37 43 49 

1 977 31 ,835 79 28, 1 68  80 458 1 ,065 

1 978 42,31 9 1 33 32,549 1 1 6  677 1 48 

1 979 49,500 1 1 7  36,000 1 1 1  1 ,600 236 

1 981 52,000 - 38,000 - 2,000 -

1 983 60,000 - 47,000 - 2,200 -

1 985 63,000 - 49,000 - 2,500 -

1990 66,500 - 52,000 - 4,000 -

Source: Production -Mill "Dynamic Statistics of Production:' 
Imports & exports-Finance Ministry "Customs Clearance Statistics:' 

Advertisement 
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oral input becomes possible, the handicap 
will be totally elimina ted. Because of the 
phonetic simplicity of the japanese lan
guage relative to European languages, 
oral input will give the japanese an advan
tage, reversing the present situation. The 
world is made in such a way tha t advan
tages and disadvantages are always offset
ting relationships. 

"The ultima te mission of technology is 
to make up for disadvantages of human 
beings and society and bring them prog
ress. If it ruins advantages tha t  human be
ings ha ve, it does not deserve to be called 
technology. 

"A local culture is something tha t has 
been developed through the long history 
of the region and human life itself It 
should not be altered because of technol
ogy. Ra ther technology must be altered to 
fit the local culture. If the japanese lan
guage is abolished for the sake of con ve
nience of usage of computers, the japa
nese will be deprived of their identity. I 
know there is an idea of a world federa
tion (world federalism), and I should hope 
it embraces the idea of the coexistence of 
a variety of cultures ha ving different geo
graphical and historical roots. This is a 
source of charm of the human world. 

"On this assumption only can technol
ogy of japan 's own, with ample creativity, 
ha ve a true meaning. Up to the present 
time, scientific technologies ha ve not 
been really ma ture. For tha t reason man 
has given way to machinery in an attempt 
to make the best use of ma chinery and 
raise the standard of living. In other 
words, man has had to accept the trouble 
and sacrifice himself in using ma chinery. 
From now on, however, it must be tha t 
machinery adapts itself to man, not the 
other way around. 

"Reasons for the recently controversial 
trade frictions between japan and the 
United States may be traced to this prob
lem. Civen its economic and social setup, 
it has been possible for japan to develop 
its industries only on the basis of technolo
gies that cater to needs of the masses of 
consumers, first of all. By contrast, Euro
pean countries and the United States 
ha ve been able to do a good deal of busi
ness in the limited areas of advanced tech
nologies or high technologies because of 
the existence of huge military, industry 
and government procurement markets. 
For technicians and engineers, advanced 
and high technology areas are far more 
exciting to work in than those ca tering to 
the masses ' needs. But the ultima te objec
tive of technical progress is to enable the 
masses to make use of and benefit from 
new technologies. Discovery of a new 
thing is only the beginning. The essence of 
technological advancement is to impro ve 
the new thing in such a way as to make it 
economically and socially acceptable to 
the public. In this reasoning. if japan limits 
itself to production technologies and Eu-
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rope and the United States limit them
selves to development technologies, both 
sides lack balance. 

"It seems to me tha t progress of tech
nology requires a sense of balance. " 

In a rela ted development Ma tsushita 
Electric has announced a voice synthesiz
er incorporated in a single LSI chip. 
Shunkichi Kisaka, senior managing direc
tor, says: 

"We feel machines tha t can talk will 
personalize and facilita te the use of prod
ucts for the consumer. The potential for 
consumers includes home appliances giv
ing verbal instructions, educational games 
and equipment, monitoring and alarm 
systems-a variety of home electronic 
products. " 

T H E  N EW WAVE 
OF CO M PUTER D E M A N D 

I n  its most recent report, pub l ished i n  
j u ne, t h e  I nformation I nd ustry Com m ittee 

of the I ndustr ia l  Structu res Cou nc i l ,  de
scri bed in considerable deta i l  the forth
coming explos ion of computer use in of
fices, education, medical  care and the 
home. Ant ic i pating th is  new wave of de
mand, which is expected to r ise at an annu
a l  rate of  40-60 percent i n  the coming 
years to become a mu lti-tr i l l ion-yen bus i 
ness i n  1 990, a l l  computer bu i lders have 
developed a variety of new office automa
tion equ ipment, i nc lud ing persona l  com
puters, smal l  bus i ness com puters and word 
processors.  

A pacesetter i n  th i s  new open f ie ld,  To
sh iba i nc reased its sales of computers by 
5 9 . 3  percent i n  1 980 by concentrat ing 
main ly on office computers and expects to 
increase del iveries to the market by anoth
er 43 percent i n  1 98 1 . M itsub ish i  E lectr ic 
a lso hopes to boost sales of office com put
ers by 30 percent this year, and both N EC 
and H itach i  ' have i ntroduced new low
priced desk-top bus i ness computers, wh i le  
M atsush ita E lectric w i l l  i ntroduce a un ique  
portable computer later th i s  year, a l l  i n  a 
b id for market share in what promises to be 
the fastest growing segment of the bus i
ness .  

japanese l anguage word processors are 
l i ke ly  to be another product l eader in the 
office automation market. Th is  year Tosh i 
ba p lans to sel l 2 , 1 00 word processors i n  
t h e  h o m e  market, up  1 02 percent from 
1 980, and a rash of new products have 
been i ntroduced by Canon, H itach i ,  M at
sush ita E lectric, N EC, N ippon U n ivac, 

JAPANESE OVERSEAS COLOR TELEV IS ION PRODUCT ION 
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Source: Annual  Reports 

1 42 

x x 

x 

x 

x x 

x 

x 

x 

x x 

x 

x 

x 

x x 

x 

x 

x x x 

x 

x x 

x x 

x 

x x 

x 

x 

x x x x x 

x 

x x 

x 

x x x x 

x 

Advert isement 

Sharp and Ricoh . 
Prospects are that as computer produc

t ion moves from c ustom and batch systems 
su itable for a narrow industr ia l  market at 
home to a mass market with g lobal  d i men
sions, the j apanese computer ind ustry w i l l  
i n  a l l  probab i l ity c lose the growth-rate gap 
with the U .S .  i ndustry by the end of the 
decade, eras ing the last major  advantage 
left to American e lectron ic  equ i pment 
manufacturers.  

Although the American e lectronics in
dustry i s  considerably la rger than the j apa
nese ind ustry in terms of tota l output, as 
much as 45 percent of its production is 
geared to specia l  m i l itary requ i rements.  
The j apanese industry, on the other hand, 
is  tota l l y  market-oriented, offer ing a far 
wider range of products-ranging from 
electron ic  games to super com puters and 
robots-than the more narrow-based U .S .  
i ndustry. T h i s  broad a n d  balanced mix  of 
consu mer, office, i ndustr ia l  and medical  
e lectron ic  products provides the japanese 
i ndustry with extraord i nary f lex ib i l ity in the 
marketplace and enables the industry to 
susta i n  relat ively h igh R&D expenditu res 
focused on the needs of specific market 
segments.  

Norio Tashima, director of the research 
division of Minolta Camera Co., L td., re
flects on the "segmenting " of the Japa
nese home market for his company's 
products: 

"Competition for the market requires 
flexibility to meet special demands. Toyo
ta, for example, uses the term 'limited 
production of a· large number of varieties. ' 
The idea is tha t flexibility of design is in
creasingly required in meeting demands. 
This is reflected in the arrangement of 
production lines, which nowadays tend to 
be short. If the production line is long, 
mass production becomes mandatory. So 
the line is cut short in fa vor of the so
called flexible manufacturing system 
which can turn out a wide variety of mod
els. 

"Of course, this seems to run counter to 
the so-called ideal of mass-production 
and lowest cost. But, in fact, by good 
management the flexible or variable pro
duction line can show competitive costs. 
We may even call it 'labor sa ving ' in view 
of the fa ct tha t the workers employed are 
not increasing in proportion to the in
crease in the variety of models. I think 
workers involved in production will fur
ther decrease in the future if we start 
product designing which incorporates the 
entire stages of production. Such a design
ing system, which will soon become pop
ular, depends on a computer-aided design 
and simulation. 

"Surplus manpower thus made a vail
able then will be put into such new areas 
as microfilm and video equipment into 
which we plan to branch out in the fu
ture. These areas will require more elec
tronics technology, but this will not nec-
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THE PENTAX 

Sixty years of research 
. and human engineering 

have given rise to a 
remarkable photographic 

instrument. 

The Pentax LX is a photographic instru
ment of such quality that it will exhilarate 
you. In your work. In your art. 

Integrated Direct Metering 
means less-than-perfect expo
sures are a thing of the past. 
The LX system's advanced metering sys
tem changes shutter s peed as light changes 
- automatically. Even during exposure. 

In the automatic mode, the IDM system 
measures light directly off the film plane. 
An advanced Silicon Photo Diode com
putes the initial shutter speed. 

During exposure, if there is a light change, 
the IDM system can adjust shutter speed 
through an infinitely variable range from 
125 seconds to 1I2000th second. 

Flash is also integrated with the IDM 
system. In addition to  flash synchroniz
ation at lI75th of a second, the LX offers 
through-the- lens measured automatic 
flash control with two dedicated TTL 
automatic electronic flash units. 

to read both ambient light and elec
tronic flash at the film plane. The system 
is so advanced that with sufficient 
ambient light, the flash won't fire. 

The hard-working camera for 
the hard-working pro. 
The LX operates under some of the 
roughest location conditions. That's 
because gaskets at all points and panels 
where controls enter the LX body help 
prevent the passage of sand, dirt, dust, 
and moisture. Even the film advance has 
sealed ball bearings. If you work on loca
tion, this is the camera to take to work. 

Another in-the-middle-of-nowhere ad
vantage: Even with battery failure, the 
LX operates at all manual speed settings, 
from 2000th to 1175th, plus B. 

Here's more than you and your colleagues 
have asked for:  

Six interchangeable viewfinders and nine 
focusing screens. One is a waist-level, 
conventional finder and sports finder all 
in one. Five others let you choose among: 
built-in diopter correction, waist-level 
viewing with high magnification, and 
compact, fold-up waist-level viewing. 

The Winder LX, with speeds up to 2 fps, 
rewinding a 36-exposure cassette in less 
than 10 seconds. 

The Motor Drive LX, to shoot sequential 
photographs at speeds up to 5 fps, re 
winding a 36-exposure cassette in less 
than 10 seconds. 

But enough of features. Now . . .  

. . .  Feel the excitement. 
The Pentax LX is available now at your 
camera dealer's. Get your hands on one, 
and feel the excitement. 

THE PENTAX 
INSTRUMENT 

PENTAX 
I IL� I 

O 
COMMEMORATING 
THE TEN MILLIONTH 
PENTAX CAMERA. 
PENTAX HAS MADE 
MORE 35 MM SLR'S � THAN ANY OTHER !I!!!!!II CAMERA COMPANY. 
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essarily mean development of new tech
nology. Impro vement on existing technol
ogies and more of a systematic thinking 
will result in a major change ten years 
from now. " 

At the same t i me, as the wor ld's  most 
h igh ly i ntegrated e lectronics man ufactu r
ers, japanese f i rms have demonstrated a 
un ique capacity for rapid d iffus ion of new 
techno logies.  Vert ical i ntegration from 
semiconductors to end consumer and i n 
dustr ia l  e lectron ic  products enables manu
factu rers to obta in  much faster return on 
i nvestment i n  bas ic  i ntegrated c i rcu i t  R & D, 
for example, by rapid appl ication of new 
devices in all products of the company for 
which they are su itab le .  S i nce retu rns on 
i nvestment i n  new techno logy are genera l 
l y  greater and faster, i ntegrated japanese 
e lectronics manufactu rers are able to a l lo
cate massive resou rces to i nvestments in  
R&D as wel l as new plant and eq u ipment.  

M itsub ish i  E lectric, thus,  regu lar ly 
spends 1 2  percent of integrated c i rcu i t  
sa les  on R&D.  And during the recent wave 
of new VLS I  research and development, 
some makers spent as h igh as 2 1  percent of 
cu rrent sales of semiconductors on R&D 
and another 2 2  percent on new p lant  and  
equ ipment.  Th is  k ind of  capital com mit
ment, even with a f inancia l  system reputed 
for its capacity to susta in  long-term i nvest
ment, can on ly  be made by widely d iversi
fied and vertical ly i ntegrated manufactu r
ers which can assu re the rapid d iffus ion of 
a l l  new techno logy once it  has become 
operat ional . 

Mitsubishi's Takashi Kitsuregawa re
mains concerned, however, by the thin
ness of japan 's base in fundamental re
search and the need to build tha t base for 
the renewal of the country's technologi
cal initia tive: 

"In this pioneering task, government 
agencies and priva te enterprises must co
opera te closely. Each side is as important 
as the other. It 's fine tha t government 
agencies lead priva te industries, but a t  the 
same time the priva te sector should in
spire the government. Although it may 
seem to foreigners that  'japan, Inc. ' is 
domina ted by the government, in reality 
public and priva te sectors are supple
men ting each other. It is in the best inter
est of the na tion tha t such close coopera
tive relationship continues in the future. 

"On the other hand, however, as much 
as we rely upon cooperative relationships, 
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we must reckon with the bet tha t  people 
are inherently disposed to competition. 
One evidence of this is the fact tha t when 
all ma terial needs are sa tisfied people will 
still compete for decorations. Generally 
speaking moreover, the japanese do not 
like to praise fellow members of the 
group. When a japanese invention is held 
in great esteem abroad, it may be given an 
entirely cool reception in japan. The Vagi 
antenna and magnetron are good exam
ples. 

"One reason for this is the tendency to 
put down anybody who is likely to distin
guish himself and come above the others. 
An old proverb says: 'A nail tha t sticks out 
is hammered down. ' A nother factor is in
sufficient japanese capability for judg
ment and evaluation. Perhaps the japa
nese ha ve not been psychologically able 
to afford to take interest in creative as
pects, although they ha ve been keen 
about raising productivity. It also has been 
more economical to buy technologies 
from abroad. 

"Given the historical fact tha t the japa
nese were an agricultural people, it has 
been difficult for any individual member 
of a social group to differ from others. If 
you look back at history, emergence of 
unique chara cters took place at times of 
uphea vals when the society had to de
pend upon unique brains for survival. On 
the other hand, when peace prevailed, 
somewha t ec centric figures were tolera t
ed. On balance, throughout most of histo
ry, the japanese people ha ve had to be 
a verage to be socially acceptable. 

"A lthough japanese productivity and 
quality control are given a high mark to
day, the reputation of japanese goods in 
the past was very poor. It has taken the 
japanese a long time to win worldwide 
praise for their products. By the same to
ken, if they are allowed a little more time, 
they surely will come to be recognized for 
their inventiveness and creativeness as 
well. " 

T H E  ADVANTAG E 
OF V E RTICAL I NTEG RATION 

At  Matsush ita E lectric, 1 0,000 research
ers and engineers worki ng i n  2 4  research 
laboratories, beg inn ing  with the most fun
damental level of mater ia ls  development 
and embracing a l l  aspects of the produc
t ion process, provide techno logical backup 
for  1 1 0 operat ing d iv is ions prod ucing a 
wide range of home appl iances, i nd ustr ial 
equi pment, components and basic mater i
a ls .  As a resu lt, Matsush ita E lectric is  ja
pan 's  s i ngle largest patent holder with 
more than 98, 745 i ndustr ia l  property rights 
at home and abroad . To susta in  this level of 
activ ity, i n  1 980 Matsush ita's i nvestment in 
R&D exceeded 1 00 b i l l ion yen, adding 
8, 6 7 1  patent and other industr ia l  rights 
cover ing 65 countries throughout the 
wor ld .  

Advert isement 

S ign if icantly, at Matsush ita, d iversif ied 
and in tegrated production  is a bas ic  organi
zat ional  and operat ing pr inc ip le .  More
over, th i s  basic pr inc ip le  has been given a 
vita l ly  i mportant global d i mens ion .  Typical 
of the ent i re japanese e lectron ics  industry, 
M atsush ita E lectric a l locates production of 
its broad range of products among some 40 
manufactur ing d iv is ions at home and 3 9  
manufactur i ng compan ies abroad . 

U n l i ke the e lectron ics industry in the 
U n ited States, where global production is  
main ly practiced by semicond uctor and 
computer manufactu rers, d iversified and 
i ntegrated japanese e lectron ics  f i rms have 
developed worldwide manufactu r ing and 
sales networks for a broad spectrum of f ina l  
products, components and mater ia ls .  

Thus Nippon Electric Co., L td., long-es
tablished in communications found a na t
ural place in its labora tories for computer 
technology and its under/ying solid-sta te 
physics for the development of a new syn
thesis of computer and communications 
technology. As Michiyuki Uenohara said 
recently: 

"Combining computers and communi
cations (C & CJ was conceived as a form of 
business best suited for our expansion into 
new areas, making the most of technolog
ical resources we ha ve as a company tha t 
started out as a communications equip
ment maker. It was in 1 9 75 tha t the con
cept was put into practical business pro
grams, and in 1 9 77, we came up with a 
clear-cut expression of 'C & c. ' 

"First of all, we achieved the ability to 
put on the market a digital switching sys
tem which can serve as a link between the 
communications and computer networks. 
Digital switching has made the combina
tion of computers and communications 
not only possible, but na tural. NEC an
nounced its digital switching system in 
1 977, one year after Northern Telecom 
did. 

"A technical problem tha t had to be 
overcome in commercializing a digital 
switching system was tha t of continuity 
with exi,ting analogue devices of tele
phone communications. Since the switch
board plays an integral role as the control 
center of a communica tions system, it has 
a decisive influence on the mode of oper
a tion of the entire system. 

"Now communications systems them
selves must become increasingly digital. 
This means they will ha ve greater compat
ibility with computers which are digital 
ma chines. Indeed, the switching system 
itself is close to being a computer. Multi
faceted communications services will be
come possible. This development will also 
lead to labor-sa ving. Wha t 's more, a digi
tal switching system is capable of per
forming services for clerical work which 
hitherto ha ve been handled by separate 
computers, such as computa tion of 
charges and other accoun ting services, 
while simultaneously performing da ta 
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communica tions, image communica tions 
or exchange services. In this way, com
puter technology and switching system 
technology are beginning to advance 
hand in hand. " 

A t  Hitachi L td. microelectronics similar
ly found its place in a diversified electrical 
and electronics manufacturing company, 
as described by Hiroshi Wa tanabe: 

"What we term our electronics sec
tor-computers, semiconductors, elec
tronic parts, measuring instruments and 
communica tions equipment-a ccounts 
for one third of sales, with hea vy electric 
machinery and home appliances account
ing for another third, each. But since elec
tronics is used in almost all home appli
ances, electronics products ' share runs to 
70 percent of all when they are included. 
A mong hea vy electrical machinery, con
trol panels, for example, are also electron
ics. Control panels are installed in power 
genera ting equipment, and in the process 
of manufacture of power generators, vari
ous devices involving electronics technol
ogy are used. 

"Hitachi's two major target areas are 
energy and electronics and one specific 
challenge we fa ce is to apply electronics 
to areas where it has been little utilized so 
far and revolutionize things there. 

"Innova tion of products which ha ve 
been in existence already will also be im
portant. To this end, we will raise techni
cians with perfect command of use of per-

sonal computers. Personal computers will 
play an ever growing role in future prod
uct development. " 

F RO M  E L ECTRO N S  
T O  PHOTO N S  

I t  i s  t h i s  g lobal organ ization o f  h i g h l y  d i 
versified a n d  integrated manufactur ing and 
marketing operations that g ives to j apanese 
e lectronics firms the opti mal  market size 
and the versat i l ity which w i l l  be c r it ical  to 
success i n  the development of coming gen
erat ions of VLSI techno logy. As com puters 
change i n  basic character, function and de
sign from ind ustr ia l  products ma in ly  used 
by spec ia l i sts to mass-produced consumer 
prod ucts, the global  structu res and strate
gies of j apanese e lectron ic  compan ies w i l l  
give t h e m  a decided advantage over more 
spec ia l ized American manufactu rers . At 
the same t ime, the appl ication of VLS I  to 
consumer e lectron ic  products w i l l  conti n
ue to reduce their  cost and i nc rease thei r 
function, with extens ive use of m ic rocom
puters strengthening the posit ion of the 
consumer e lectronics i ndustry i n  world 
markets . S im i lar ly,  VLS I  techno logy w i l l  
prol iferate t h e  appl ications o f  e lectron ics  i n  
automobi les, medical  equ ipment a n d  new 
generat ions of robots, and al l areas where 
japanese i ndustry has a l ready taken an im
pressive lead . 

Beyond the territory already encom
passed by command of the electron there 

beckons for all of these en terprises anoth
er frontier, here described by Hitachi's 
Hiroshi Wa tanabe: 

"Optical technology, centering on la
ser, has the potential to grow dimensions 
on a scale with solid-sta te electronics, in
volving for example, applica tion to nu
clear fusion. At the moment, its growth 
has been taking place primarily in the field 
of electrical transmission, capitalizing on 
its capability of transmitting large quanti
ties of informa tion a t  a relatively low cost. 
The growth, moreover, has been quite 
rapid. 

"A nother application area of optical 
technology which is now dra wing keenest 
interest is linkage of computers and office 
automa tion-both quite close to every
da y business life. The technology is al
ready in practical use for control of indus
trial plants and a community informa tion 
system. In sum, optical technology ap
pears to ha ve great potentiality in such 
areas as signal transmission from the com
puter. 

"Thanks to the semiconductor laser, 
the con version device tha t transduces sig
nals from electrons to photons can be 
manufactured very easily and cheaply, 
and be compact in size. Con version 
would be difficult with the gas laser of the 
past. It will become cheaper and handier 
in the future. If, moreo ver, electrical sig
nals with which computers opera te now 
are replaced entirely by optical pulses, op-
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tical computers and optical switching sys
tems will no longer be a dream. 

"Light has various advantages o ver 

The publ i sher, authors and Ted Bates 
Advertis ing/ New York would l i ke to ac
knowledge the important contributions of 
the members of the i nternational business 
community whose messages appear on 
these pages : 

Aiwa America, I nc .  

American Honda M otor Co . ,  I nc .  

Canon U SA, I nc .  

Fuj i  Photo F i l m  U SA, I nc .  

Fuj itsu, Ltd . 

M atsush i ta E lectric I ndustrial Co. ,  Ltd . 

M axel l  Corporat ion of America 

M azda Motors of America, I nc .  

M inolta Corporat ion 

M itsubish i  E lectric Corp. 

M itsubish i  Motors Corp. 

N i kon I nc .  

N ippon E lectric C o . ,  Ltd . 

N issan Motor Corporation in U .S .A .  

Olympus Camera Corporat ion 

Pentax Corporation 

Pioneer Video I nc .  

Sei ko Corporation of  America 

Sony Corporation of America 

Sumitomo M etal I ndustries, Ltd . 

TDK E lectron ics Corporation 

Tosh iba America, I nc .  

Toyota Motor Sales U .S .A . ,  I nc .  

U S  JVC Corp. 

electricity, like being stronger against 
noise and faster in speed. I think an opti
cal LSI, as against the LSI we ha ve at pres
ent, is a possibility in the future. 

"Light is highly advantageous as a trans
mission medium. The most significant 
point is tha t the ra w ma terial for LSls is 
silicon, which exists on the earth virtually 
without limit. While electricity requires 
metal as the carrier, light can do with fiber 
glass or crystal, which is quite an a dvan
tage from the viewpoint of resources and 
costs. Lighter weight and greater noise
proof capability are also significant. As for 
elements, electricity uses silicon, while 

I n  addit ion, we acknowledge the s ignifi
cant contributions to this sect ion by the 
fol lowing d isti nguished busi ness leaders 
who were i nterviewed : 

Mr .  A. Harada 
Matsushita E lectric 

Dr .  T.  I kesh ima 
Sumitomo Metal I ndustries 

Mr. T.  I noue 
Victor Co. of j apan 

Mr. T .  I nouye 
Anelva Corporation 

Mr .  T .  I sobe 
Pioneer E lectronics 

M r. M. jablow 
N i hon Teksel Co. 

Dr .  M. K ikuchi  
Sony Corporat ion 

Dr.  S .  K isaka 
M atsushita E lectric 

Dr .  T.  Kitsu regawa 
M itsub ish i  E lectric 

M r. A .  Kohno 
Daiwa Secu rities Co. 

Mr. S .  M asuj ima 
TDK E lectronics 

Mr .  T.  Matsumura 
N ippon E lectric Co. 

M r. M. Morita 
Toyota Motor Co. 

Mr. M. Morita 
Matsush ita E lectric 

Mr. S .  N i nomiya 
Fuj itsu 

M r . K .  Ogawa 
Daiwa Secu rities Co. 

Mr. S .  Ono 
N ippon Kogaku 

Dr. A. Ouchi  
N ippon E lectric Co. 

Advertisement 

light requires a semiconductor compound 
of elements in the so-called III, .v groups, 
or one of the elements in the II, VI groups, 
which are less advantageous than silicon. 
But since the crucial factor in an electric 
transmission is weight, light will ha ve 
greater advantages on balance. 

"Whatever the case, optical technolo
gy is an extension of electronics and its 
areas of application will coexist with those 
of electronics, with neither side totally re
placing the other. It should be construed 
tha t  light is added to the conventional 
silicon technology, broadening the field 
of electronics. " 

M r. S. Seki 
M itsubish i  M otors 

M r .  S. Sh i mizu 
Toshiba 

Dr.  M.  Sh i noda 
Fuj itsu 

Mr. H. Sugiu ra 
Honda Motor Co. 

Mr .  M. Suzuki 
Asahi Optical Co. 

Mr. H. Takahashi  
N i ssan M otor Co. 

Dr. N. Tash ima 
M i nolta Camera Co. 

Dr.  M. Uenohara 
N ippon E lectric Co. 

Dr.  j. U j i ie  
The Nomura Secu rities Co.  

Mr .  A .  Watanabe 
Systems Formu late Corp. 

Dr.  H. Watanabe 
H itach i  

Mr .  T.  Watanabe 
Olympus Optical Co. 

Mr. T.  Yanase 
Sanyo E lectric Trad ing Co. 

Mr. H. Yasu kawa 
Suwa Seikosha Co. 

Special acknowledgement to the officers 
and staff of j apan Society for their contribu
t ions to "japanese Technology Today." 
Founded in  1 907, the japan Society i s  the 
pr imary organization i n  the U n ited States 
dedicated to enr ich ing and strengthen ing 
the ties between japan and the U .S .  by 
provid i ng a bi national forum for the ex
change of views and dia logue. For more 
i nformation about j apan Society write to 
3 3 3  East 47 Street, New York, N .Y.  1 00 1 7 
or cal l  (2 1 2 ) 8 3 2 - 1 1 5 5 .  
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The new Mazda RX-7. Just one look and you'll see its incredible value versus Porsche 924 or Datsun 280 ZXo 
Think for a moment of all 

you expect in a fine sports car. 
Then compare your expecta
tions with all you get in the 
new Mazda RX-Z 

The sleek style you expect 
is all there. Including many 
new exterior refinements. The 
look is clean and functional. In 
fact, the RX-7's aerodynamics 
have never been better. Inside, 
there's a new instrument 
cluster and more-convenient 
gear-shift lever. 

The performance you expect 
is also there. 0 to 60 happens in 
a quick 8.6 seconds. Handling 

is superb, too. The compact 
rotary engine is placed behind 
the front axle, for ideal weight 
distribution. 

You expect good. mileage. 
Instead, the front, mid-engine 
RX-7 offers great mileage. 24% 
better than last year. 

12111 EST. 30 EST. • 

mpg hwy mpg 
Of course, you also expect 

a lot of features.  And our long 
list won't disappoint you in 
the least. 

The new RX-7 does, how
ever, come with one thing most 
people don't expect. A price 
that makes it an absolutely 
astonishing value. 

The RX-7 GS comes with all 
this. And more. 
o 2-speaker AWFM stereo 
radio 0 Power antenna 0 5-
speed overdrive transmission o Steel-belted radials 0 Dual re
mote-control sideview mirrors o Halogen headlights 0 Front 
and rear stabilizer bars 0 Ana
logue quartz clock 0 Tachometer 
o Remote-control fuel filler 
door release 0 Electric remote 
hatch release 0 Power-assisted 
front disc, self-adjusting rear 
drum brakes 

1981 Mazda 
RX-7 GS 

'EPA estimates for comparison purposes. 
Your mileage may vary with trip length, 
speed and weather. The actual highway 
mileage will probably be less. California, 
� Est. mpg.,  30 Est. hwy. mpg. 
25% better than 'BO. 

� 

The more you look, 
the more you like. 
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r-ood for Thought 
Study every crystal-clear detail at Super Slow and 

Super Still with Toshiba's unique 4-head VTR. 

Head B'---H-��""cl. Faster than the eye can see, churning at almost 1 00 beats 
per second, the t iny hummingbird's wi ngs are just a whizz and a blur. 

But not on a Toshiba VTR. 
Head A ---!--....."r:-F--"-----''!f--�p",----'C''''" Because Toshiba knew that to catch every movement Head B -----!--:--If-''<.�9>-

i n  p inpoint focus, especial ly at the tricky modes of slow motion and 
freeze frame, something out of the ord i nary had to be done. 

Their  extraord i nary solution was 4 heads in the video drum.  
Two ( l ike most other VTR's) to p ick up signals at  normal playback, 

and two more (u n l i ke anyone else) for special ����11111111 ____ � 
playback effects only. 

So when you slow the action to any speed 
down to a min imum of 1 /30, or stop it altogether, 

i nstead of two different A and B heads 
picking up cross-signals from two d ifferent A and B 

tracks, the two new B' and B" heads 
read the B track on ly. 

You get a razor-sharp i mage, 
with none of the j iggles or fuzzi ness 

or bar-noise so annoyi ng with most convenient 2-head video 
recorders. At every video mode, including frame-by-frame reverse 
and 30X speedier Picture Search. In fact, you get such clear i nsight 
i nto the very nature of thi ngs, it may make you pause to thi nk. 

J ust exactly how can a hummingbird remai n sti l l  in mid-ai r 
whi le its wi ngs are beating so fast? 
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STRUCTURE OF THE UNITED STATES ECONOMY 

WHAT MAKES TH E U . S .  ECO N O MY TI C K? 
The editors of SCIENTIF IC AMER ICAN have prepa red a wal l  c h a rt d i splayi n g  for the 1 9 8 0 ' s  the I n put/Output Structu re of the U.S . 
Economy based on the latest i nteri n d u stry study f r o m  the U.S . Depa rtment o f  Commerce. 

The SCIENTIF IC AMER ICAN I n put/Output wa l l  c h a rt does for economics what the table of e lements does for c h e m i stry. It a n swers at 
a gla nce q uest ions about the l i n kage betwee n  the m i c roeconomics of the firm and the macroeconomics of the system ;  a bout the 
web of tec h nological  i nterdependencies that t ie i n d u stry to i n d u stry; a bout the i n d u stry-by- i n d u stry d i rect and i n d i rect conse
q uences of swi n gs in p u b l i c  and pr ivate spend i n g; a bout the i m pact of change in technology. and a bout any other topic you can 
th ink of .  You a re rewarded by su rpr ise as wel l  a s  by confi rmation of you r  hu nches.  For teac h i n g  and p ract ica l  a n d  theoret ica l  
stud i es .  here i s  a powerf u l .  gra p h i c  too l .  

I n  t h e  fa m i l i a r  format o f  t h e  SCIENTIF IC AMER ICAN I n put/Output 

wa l l  charts for the 1 9 6 0 ' s  and 1 9 7 0·s.  the wa l l  c h a rt for the 

1 9 8 0 ' s  measu res 65" X 5 2 "  and is  pri nted i n  eight colors. Each 

of the nearly 1 0 . 0 0 0  cel is  in  the 9 7 -sector i nteri ndustry matrix 

shows ( 1 )  the i nteri ndustry com mod ity flow. (2)  the d i rect i n put/ 

output coeff ic ient and (3) the " i nverse" coeff ic ient. Where the 

d i rect i n put/output coeff ic ient exceed s .0 1 .  the cel l  is  t i nted in 

the color code of the i ndustr ia l  bloc from which the i n put comes. 

This device. combi ned with tr iangulat ion of the matrix. br i ngs the 

structu re of i nteri ndustry transactions i nto graphic  v is ib i l ity. 

A supplementary table d isplays. industry by industry. the capital  

stock employed; the em ployment of manageri a l .  tec h n ica l -pro

fessional .  white-co l l a r  and bl ue-co l lar  personnel ;  the energy con

s u m ption by major categories of fuel .  and envi ronmental stress 

measu red by tons of pol l utants. 

The editors of SCIENTIFIC AMERICAN are happy to acknowledge the col· 
laboration, in  the prepa ration of this wall chart, of Wassily Leontief, origi· 
nator of in put/output ana lysis-for which contribution to the intel lectual 
apparatus of economics he received the 1 9 7 3 Nobel prize--and d irector 
of the Institute for Economic Analysis at New York Un iversity. 

Packaged with the chart is  an  index showing the BEA and SIC code indus· 
tries aggregated in each of the 97 sectors. 

,-----------------, 
I SCIENTIFIC I 
I AMERICAN I 
I 

4 1 5  Madison Avenue.  Dept. I/O. New York. N .Y .  1 00 1 7  

I 
YES. send me the new SCIENTIF IC AMER ICAN 1 9 8 0 ' s  I NPUT/OUTPUT wal l  

I c h a rt-pri nted i n  eight colors on heavy paper measur ing 65"  X 5 2 " . I 
I I understa nd my c h a rt(s) w i l l  be s h i pped prepa id.  u n c reased ' .  flat- I rol led and in a stu rdy m a i l i ng tu be. (Al low 4-6 weeks for de l ivery) 

I I enclose a check for $ ___ for ___ chart(s) at $ 3 5  each.  saving I me $ 5  each in hand l i ng cha rges. 

I B i l l  me for $--- for ___ c h a rt(s) at $40 each. I 
�� I I Company ____________________________________________ _ 

I Street Add ress I 
I City. State. Z i p  Code I 'Charts s h i pped i nternational  req u i re one fold.  

10/81 

I Make check paya ble to SCIENTIFIC AMERICAN. Please add sales tax for I 
L:::rn ia •  l:: i�a�c:.:t� i Ch ig�O� � N.: �._.J 

1 45 
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Wir sprechen 
die Sprache 
derer, die unsere 
lukunft priigen. 
The German- language edition of SC I ENTI F I C  A M E R I CAN, 
S P E KT R U M  D E R  W I S S E N S C H AFT, has a fu l ly pa id 
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German i nd ustry has evolved as a form idable 
competitor to lead i ng American, J apanese a nd other 
European companies because its technology i s  of the 
h ighest cal iber. The wel l -educated, aff luent professionals 
that read S P E KTR U M  D E R  W I S S E N S C H A FT are 
making the decis ions and shapi ng the opi n ions of 
German busi nesses th roug h the i r  techn ical experti se. 

In busi ness, ind ustry, government and pub l ic  l ife, 
S P E KTRU M ' s  readers are emerg i ng as the most 
inf luent ia l  members of their  nation' s professional
manager ia l  populat ion.  

We speak the language of more than 3 ,000 ,000 wor ld 
shakers i n  140 countr ies each month. We reach the 
people who make the future happen i n  German, F rench, 
Spanish, I ta l ian, Japanese, Ch i nese and Eng l i sh. 

For more i nformation contact: 

S P E KTR U M  D E R  W I SS E N SCHAFT 
Anzeigendi rektion Deutschland 
Monchhofstr. 1 5  
D-6900 He ide l berg 
West Germany 
Telephone (0 1 1 -49) 6 2 21 -46037/3 8 
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Selected Methods 
in Cellular Immunology 
Edited by 
Barbara B .  Mishell, University of California, Berkeley 

Stanley M. Shiigi, Oregon Regional Pri mate Research Center 

"Selected Methods in Cellular Immunology by B .  Mishell and S .  Shiigi is almost 
all that one could ask from a methods book . . . .  This is a book that every labo
ratory doing or planning to do in vitro cellular immunology will want to have, 
and don ' t  bother finding a spot for it on your shelf; this book will be on the bench 
being used. " -Cell 

"An excellent book . . . No laboratory with an interest in cellular immunology 
should be without it . "  -Bioscience 

"An added bonus is that the book is written with such style that it is quite enjoy
able to read for general knowledge, as well as for specific procedures . "  
-American Society for Microbiology News 

1980, 486 pages , 36 illustrations 

Plasmids 
Paul Broda, U M. I. S. T., Manchester, England 

"An up-to-date, comprehensive and comprehensible guide to the subject was 
badly needed . . . .  Here it is-Paul Broda has provided just the thing, and it is not 
only newcomers to the subject who will welcome his Plasm ids. " -Nature 

" This book satisfies a real need for current information on plasm ids for university 
lecturers , as a reference text in libraries and for use in advanced graduate student 
courses on microbial genetics . The author' s  writing style makes easy reading and 
his experimental familiarity with plasmids is clearly displayed. "  -Search 

1979, 197 pages, 26 illustrations 
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N europeptides 

They are short chains of amino acids that are active in 
the nervous system. In some cases they transmit signals 
between nerve cells and also serve the body as a hormone 

The two major systems that coordi
nate the activity of cells with the 
needs of the body have long been 

thought to function in quite different 
ways. In the nervous system each nerve 
cell has been taken to affect its set of 
target cells at synapses: specialized sites 
at which a chemical messenger-a neu
rotransmitter-is released by one cell 
and received by another. In many in
stances the neurotransmitter is a mono
amine: a substance the nerve cell syn
thesizes by making minor changes in an 
amino acid. Sometimes the neurotrans
mitter is the amino acid itself. In any 
case its release and reception take mil
liseconds. In short, such communica
tion is point-to-point and fast. In the 
endocrine system, on the other hand, 
each gland cell has long been known 
to release its chemical product-a hor
mone-into the circulating blood. The 
hormone is often a peptide: a short chain 
of amino acids .. The release of the hor
mone, its circulation in the blood and its 
influence on its target cells throughout 
the body takes minutes or hours. 

These distinctions between the two 
systems are now in disarray. For one 
thing norepinephrine, a monoamine ne u
rotransmitter, turns out to be also a hor
mone: it is released by gland cells in 
the medulla of the adrenal gland. Con
versely, vasopressin, a peptide hormone, 
turns out to be also a neurotransmitter: 
nerve cells in the hypothalamus, a part 
of the brain, rely on vasopressin to sig
nal other nerve cells in the brain. Today 
more than a dozen cell-to-cell messen
gers are known to be capable of relaying 
signals either between nerve cells or be
tween gland cells and their targets. Typi
cally each messenger is discovered first 
as a factor: a substance of unknown 
chemical composition that has a physio
logical effect such as the dilation of ar
teries or the contraction of muscle. Of
ten it emerges that the factor is made up 
of amino acids. Then it emerges that the 
factor is active in the brain. Thus the 
factor is revealed as a neuropeptide. 

The discovery of a peptide messenger 
begins with the suspicion that a chemi
cal substance is responsible for the inter-
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action of two groups of cells. For exam
ple, it has long been known that if an 
animal is anesthetized with ether, the 
cortex of the adrenal gland releases ster
oid hormones in quantity. If the anterior 
lobe of the pituitary gland is first re
moved, no such release is measured. 
Presumably, therefore, a substance re
leased by the anterior lobe causes the 
adrepal cortex to act. The substance 
turns out to be adrenocorticotrophic 
hormone, or ACTH, also called corti
cotropin. In a different experiment the 
blood vessels linking the hypothalamus 
to the anterior lobe of the pituitary are 
interrupted. 

-
Again the etherization of 

the animal does not give rise to the re
lease of steroids. Evidently the hypo
thalamus governs the release of pitui
tary corticotropin. The substance by 
which it does so is called corticotropin 
releasing factor. Its molecular structure 
has not yet been worked out. 

The Process of Discovery 

The suspicion that two groups of cells 
interact by means of a chemical messen
ger motivates a sequence of experiments 
that is well established today. The se
quence was devised largely by Vincent 
du Vigneaud of the Cornell University 
Medical College as he worked in the 
1940's and 1950's to identify the hor
mones secreted by the posterior lobe of 
the pituitary. It was elaborated in the 
1960's and 1970's by Roger Guillemin, 
who is now at the Salk Institute for 
Biological Studies, and by Andrew V. 
Schally, who is now at the New Or
leans Veterans Administration Hospi
tal. The objects of their search were 
the hormones by which the hypothala
mus regulates the anterior lobe of the 

pituitary. 
First an extract is prepared from the 

group of cells that presumably release a 
factor. This can be done, for example, 
by homogenizing the cells. The extract is 
applied to the tissue whose cells the fac
tor controls. The potency of the extract 
is noted; then the extract can be refined 
by passing it through a chemical sieve 
consisting of a gel that selectively filters 

molecules on the basis of their size or 
their electric charge. The refined extract 
is applied to the tissue. With skill, and 
often with luck, one finds that it now has 
greater potency than the original extract 
had. The factor has therefore been con
centrated. Further refinements of the ex
tract are tested for potency. Ultimately 
the factor is purified. In some instances 
the process begins with extracts from 
hundreds of thousands of fragments of 
brain and ends with a few nanograms of 
an unknown chemical substance. 

At this point a different technology is 
applied to the factor to determine its 
chemical structure. Suppose the factor 
is inferred to be a peptide because it los
es its biological activity when it is treat
ed with enzymes that cleave peptide 
chains at the linkages between two suc
cessive amino acids. A chemical assay 
then shows the proportions of the vari
ous amino acids. The precise sequence 
of amino acids remains to be deter
mined. The classical technique is to treat 
the factor with a number of enzymes 
each of which cleaves the peptide chain 
at the linkages between two specific ami
no acids. 

The resulting fragments are collected. 
Individual amino acids are successively 
cleaved from each one and identified by 
properties such as the rate at which they 
travel in a column of gel that filters mol
ecules according to their electric charge. 
In this way the sequence of amino acids 
in each fragment is worked out. Next the 
order of the fragments themselves is 
determined by finding overlapping se
quences of amino acids in the sets of 
fragments cleaved from the factor by 
enzymes that cleave a peptide at differ
ent sites. The newest techniq ue removes 
amino acids from the full peptide chain 
one by one; a mass spectrometer then 
identifies each amino acid in the se
q uence by its weight. 

When a sequence has been deter
mined, its proportional content of the 
various amino acids is matched against 
the composition of the factor as it has 
been determined by chemical assay. 
Then the peptide is synthesized. To
day this can be done readily; indeed, a 
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PRESENCE OF ENKEPHALIN in the organ of sight of several spe
cies is demonstrated hy a technique that tags the enkephalin with an 
antibody and then tags the antibody with a second antibody to which 
a fluorescent molecule is bound. The enkephalin itself is a neuropep
tide consisting of five amino acids. The upper photograph shows a 
retinula, or sight organ, of the lobster. The fluorescence marks sprays 
of cells. Each 

'
spray is an ommatidium, a cluster of light receptors 

some 10 micrometers in diameter. The photograph was made hy Jorge 
Mancillas and Jacqueline F. McGinty of the Salk Institute. The low-

er photograph shows a cross section of the retina of a chick. Here the 
cells containing en kephalin are nerve cells, not light receptors. Each 
cell belongs to the class of neurons called amacrine cells, which make 
local connections in the retina by means of filaments that the tech
nique also renders fluorescent. Some of the amacrine cells not marked 
by fluorescence in this preparation turn out to contain other neuro
peptides: neurotensin, substance P, somatostatin or vasoactive intesti
nal peptide. The photograph was made by Nicholas Brecha and Har
vey J. Karten at the State University of New York at Stony Brook. 
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GI) PIOI\IEEJt STEREO CASSETTE TAPE OECK CT-SA 

Anyone who records on tape knows what a pain it is 
to run out of tape before running out of music. 

Pioneer has relieved this pain. Along with quite a few 
others inherent in the designs of practically all components 
being built today. 

We've done it through a concept we call High Fidelity 
for Humans. A design and engineering idea so far 
reaching, that for the first time components are as pleasant 
to live with as they are to listen to. 

For example, our new CT-9R cassette deck shows you 
a digital readout of the precise amount of recording time 
left on a tape. 

Touch a button and find your favorite song. Because 
the CT-9R Index Scan breezes through your tape, 
automatically stopping to play the first five seconds of 
each piece of music. 

If you want to hear a song over, you don't press 
REVERSE. STOP. PLAY REVERSE. STOP. PLAY, 
until you find the beginning. Instead, you simply press the 
Music Repeat button. The deck does the rest. 

The CT-9R even plays both sides of a cassette, 
automatically. 

But don't get the idea that we've produced a cassette 
deck that is just a lot of fun to play with. It's also a lot of 
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fun to listen to. 
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Our signal-to-noise ratio and high frequency response 
set a standard in state of the art electronics due to the 
creation of totally unique record and play heads. They're 
called RIBBON SEN DUST heads and they're only on 
Pioneer cassette decks. 

We've also attained extraordinary record and playback 
accuracy. Because we've seen to it that the drive capstan 
and both the take up and supply spindles are driven 
directly by their own motors. We call it our 3 Direct Drive 
motor transport and it, too, is exclusively Pioneer's. 

Plus, we have Dolby C. The latest in Dolby engineering, 
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designed to once and for all rid you and your tape of hiss. 
If you're the least bit skeptical that a cassette deck could 

do so much so well, we suggest you visit your nearest 
Pioneer dealer. 

You can see the CT-9R for yourself, as well as an entire 
line of new Pioneer cassette decks. 

But be forewarned. After seeing these, you'll begin to 
see cassette decks that just play music for exactly what 
they are. 

11 1\  PIONEER® Somewhat �'fJ - -
less than We bring it back alive. 
adequate. 
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PRESENCE OF BETA-ENDORPHIN, a n europeptide consisting of a chain of 31 amino ac
ids, is demonstrated in the cell group in the rat hypothalamus called the arcuate nucleus by a 
technique that employs antibodies to tag the cells containing beta-endorphin with the enzym e 
horseradish peroxidase. The enzyme catalyzes the polymerization of the brown pigment diami
nobenzidine. The upper photograph shows the preparation under the light microscope. The 
brown pigment marks num erous nerve cells. They appear to be the only cells in the brain of the 
rat that contain beta-endorphin. Each cell is some 25 microm eters across. The space at the top 
of the field is the third ventricle, a fluid-filled chamber inside the brain. The lower photograph 
shows the sam e tissue under dark-field illumination. Light passes obliquely through the tissue 
and is deflected onto the photographic film by the particles of the pigment. The varicosities 
that show up in gold are axons and dendrites: the filam entous extensions of the cells marked 
by the staining technique. The cell bodies themselves are small, elongated triangles. Bluish pin
points of light are irregularities at the tissue's surface. Some of them are capillaries cut in cross 
section. The photographs were made by Elena Battenberg and the author at the Salk Institute. 
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peptide is often commercially available 
within weeks of its discovery. The quan
tity of the synthetic replicate is much 
greater than the quantity investigators 
could hope to produce by progressive 
purifications of a cell extract. Hence 
the replicate can be tested to see if it 
matches th(: purified natural peptide in 
both action and potency. Moreover, the 
replicate can be tested for biological ac
tivity on tissues other than the one it is 
known to act on. 

Further still, the replicate can be in
jected into an animal of a species other 
than the one from which the peptide was 
purified. The immune system of the ani
mal will prime antibodies against the 
peptide. The peptide itself can be quite 
short; thus its sequence of amino acids 
may be nearly identical in many species. 
In such instances the priming of anti
bodies is encouraged by linking the pep
tide to a large carrier molecule before 
it is injected. In any case the antibod
ies have several uses. In the technique 
called the radio-imm unoassay, devel
oped by Solomon A. Berson and Rosa
lyn S. Yalow of the Bronx Veterans Ad
ministration Hospital, they are mixed 
with a replicate of the peptide in which 
some of the atoms are radioactive. The 
antibodies bind to the replicate. Then a 
tissue extract is added to the mixture. 
The native peptide in the extract will 
displace a certain amount of the rep
licate. The degree of displaced radio
activity is a sensitive measure of the 
amount of native peptide. 

The antibodies can also serve as a mi
croscopic stain to reveal the location 
of cells that store the peptide and pre
sumably utilize it. In some techniques 
the antibody is labeled with a chemical 
group that is fluorescent or one that is 
radioactive. In still other techniq ues the 
antibody is linked to an enzyme that 
can manufacture a pigment inside cells. 
The most elaborate staining technique 
calls for animals of three different spe
cies. Suppose a peptide has been purified 
from the brain of a rat and a synthetic 
replicate of the peptide has been pre
pared. The replicate is injected into a 
rabbit. The resulting rabbit antibodies 
are applied to sections of the brain of a 
rat. There they bind to the native pep
tide. The rabbit antibodies are also in
jected into a goat. The result is goat anti
bodies that act against rabbit antibodies. 
These goat molecules are labeled and 
applied to the sectioned rat brain. They 
bind to the rabbit antibody, which is al
ready bound to the peptide. The double
antibody technique has the advantage 
that the antibody prepared against the 
synthetic peptide is not subjected to a 
chemical labeling reaction, which might 
alter its ability to react with the native 
peptide molecule. 

The employment of antibodies to seek 
out the peptide often reveals that many 
more cells contain the peptide than had 
been thought. Indeed, certain peptides 
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Ala Alanine 
Arg Arginine 
Asn Asparagine 
Asp Aspartate 
Cys Cysteine 
Gin Glutamine 
Glu Glutamate 
Gly Glycine 
His Histidine 
lie Isoleucine 
Leu Leucine 
Lys Lysine 
Met Methionine 
Phe Phenylalanine 
Pro Proline 
Ser Serine 
Thr T hreonine 
Trp Tryptophan 
Tyr Tyrosine 
Val Valine 

SEVERAL PEPTIDE MESSENGERS lie in the single 
protein (a long peptide chain) whose amino acid sequence 
in cattle is diagrammed. The protein, pro-opiomelano
cortin, is synthesized by cells in the arcuate nucleus of 
the hypothalamus and also by cells in an endocrine gland: 
the anterior lobe of the pituitary. Evidently it serves as a 
precursor from which any of several intercellular messen
ger substances can be cleaved. Specifically the pro-opio
melanocortin chain incorporates the chain of corticotro
pin (1-39), a hormone released by the anterior lobe that 
stimulates the cortex of the adrenal gland to release other 
hormones, and the chain of beta-Iipotropin (42-132), a 
weak hormone released by the anterior lobe that caus
es fat cells to break down their lipids. The corticotropin 
chain in turn incorporates the chain of alpha-melano
cyte-stimulating hormone, or alpha-MSH (1-13), which 
in the frog is known to change the color of the skin. It 
also incorporates the chain of CLIP, or corticotropin-like 

intermediate-lobe peptide (18-39), a weak form of cor
ticotropin. At the same time beta-Iipotropin incorporates 
gamma-Iipotropin (42-99), a weak form of beta-Iipotro
pin. It also incorporates a version of MSH: beta-MSH 
(82-99). Further still, it incorporates endorphins. Beta
endorphin (102-132) is thought to be a neurotransmitter: 
a substance by which a nerve cell signals other cells. Five 
amino acids at one end of the endorphin chain (102-106) 
duplicate the sequence of an en kephalin. A third version 
of MSH (gamma-MSH) lies in a part of pro-opiomelano
cortin not identified as a messenger. The ends of gamma
MSH may lie at a bond between the amino acids arginine 
and lysine (-57 and -56) and a bond between two argi
nines (-43 and -42), places where enzymes that cleave 
peptide chains typically act. The amino acid sequence in 
pro-opiomelanocortin was deduced by Stanley N. Cohen 
of the Stanford University School of Medicine and Shosa
ku Numa and Shigetada Nakanishi of Kyoto University. 
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nter 
t e in rmation 

age. 
- From the beginning, knowledge has shaped the future. 

Now, America is entering a new age, the Information Age. Bell scientists have 
used their knowledge to invent the tools for managing information in this new age: 
the transistor, magnetic bubbles and other breakthroughs shown above in blue. We apply 
this knowledge to advanced systems for business by drawing on our knowledge of 
information networks and of each industry's specific information management needs. 
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This knowledge can be applied to your business with the help of your local Bell 
Account Executive, an industry specialist, to produce a single, integrated system. This 
unique system can add to your profits by increasing productivity, saving energy, improving 
quality of life for your employees. 

A typical example is our Dimension® PBX system for managing information in 
hospitals. In addition to updating voice communications, it distributes timely information 
on patient bills, medical records, prescribed diets. It reports bed status, staff availability,· 
department inventories. A special feature transmits energy,saving information to heating, 
cooling and lighting units, reducing energy costs as much as 20 percent. 

The system we design for you will be part of our nationwide network, the· 
largest and most advanced system in the world for managing information. You can make 
your own changes as your business changes and grows. Your system will be flexible, to 
accommodate further advances in technology; it will be backed by and integrated with the 
Bell System. 

The knowledge business can help you move into the Information Age. -

The knowledge business 

@ 
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THIS IS THE NEW 

WITH ALL THIS STANDARD ... IT'S AN EXTRAORDINARY VALUE. 

EVERYTHING LISTED ABOVE IS 
STANDARD, AS WELL AS THE FOLLOWING: 

• Air conditioning. • Transverse-mounted engine 
to help provide interior 
roominess. 

• Side and rear window 
defoggers. • Front seat console with 
stowage compartment and 
coin holder. 

• Tachometer and engine 
gauges. 

·And more. 
Only Cimarron has all this ... all 
standard. Before you buy-or 
lease-any car, test-drive 
Cimarron by Cadillac. Now 

available at all Cadillac dealers. 

·Use estimated mpg for com· 
parison. Your mileage may 
differ depending on speed, 
distance, weather. Actual 
highway mileage lower. 
Some Cadillacs are equipped 
with engines produced by 
other GM divisions, 
subsidiaries, or affiliated 
companies worldwide. See 
your dealer for details. 

... '" Manufacturer's Suggested 
Retail Price including dealer 
prep. Tax, license, destination 
charges and optional equip
ment additional. 

A NEW KIND OF CADILLAC 

FOR A NEW KIND OF CADILLAC OWNER. 
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have been found in neurons that were 
known to contain a monoamine and so 
had been taken to be specialized for the 
release of that neurotransmitter alone. 
At the same time the elucidation of the 
chemical structure of the factor often 
makes possible an improvement in the 
method used to purify the natural factor 
from the cells that contain it. If the fac
tor is a peptide, for example, and the 
original method of purification began 
with a homogenate of brain tissue, it 
may well be that the disruption of the 
cells by the homogenization allowed the 
peptide to be attacked by the enzymes 
called peptidases. A method can then be 
devised in which such enzymes are in
activated before the peptide is extract
ed. Sometimes the result is surprising: a 
larger form of the peptide is discovered. 
It had gone undetected because the first 
extraction procedure had destroyed it. 
In some instances the larger peptide is 
more potent than the smaller one. 

Vasopressin and Oxytocin 

As more and more pep tides have been 
purified and their structure has been de
termined several groups of chemically 
related substances have emerged. Two 
types of group can be distinguished. In 
one type the pep tides purified from cells 
across a wide range of species include 
almost identical long sequences of ami
no acids. In the second type a number of 
different large pep tides purified from 
the cells of a single species include iden
tical short sequences of amino acids. 
Presumably the sequences that are iden
tical have proved particularly well suit
ed for intercellular signaling through 
long periods of evolution. 

Consider the peptide messengers first 
identified by du Vigneaud and his col
leagues as factors released by the poste
rior lobe of the pituitary gland, an ap
pendage to the brain. They can be seen 
in the gland as fatty droplets inside the 
terminals of the axons, or long fibers, 
of nerve cells in the hypothalamus. To 
Ernst A. Scharrer, who was then at the 
University of Colorado School of Medi
cine, the cells seemed to be typical neu
rons: they appeared to get information 
from their synapses with other cells. 
Scharrer thus advanced the surprising 
hypothesis that the cells were neurose
cretory neurons: like any other nerve 
cell they were controlled by synaptic 
connections, and yet on suitable com
mand they could secrete a hormone into 
the bloodstream. It is now recognized 
that their axons also project to several 
levels of the brain. Hence they evidently 
rely on the hormone as a neurotransmit
ter. Working at the Albert Einstein Col
lege of Medicine in New York, Berta V. 
Scharrer, Ernst's widow, found similar 
neurons in the nervous system of a num
ber of invertebrate species. 

Du Vigneaud named the factors in 
accord with their physiological action. 

Specifically, he distinguished a factor he 
called antidiuretic hormone, which acts 
on the kidneys of an animal deprived of 
drinking water to lessen the loss of water 
in the urine, and a factor called oxyto
cin, which promotes the contraction of 
the muscle of the uterus and thereby 
speeds birth. When it emerged that an
tidiuretic hormone could elevate the 
blood pressure by causing certain arter
ies to constrict, the factor was given the 
second name vasopressin. 

Vasopressin and oxytocin turn out, 
then, to be an example of a family of 
pep tides whose structure is well con
served across a wide range of species. In 
most vertebrate animals less advanced 
than the mammals the family is repre
sented by a single substance, which is 
called arginine-vasotocin because of the 

presence of the amino acid argmme at 
position No. 8 in its chain of amino ac
ids. In mammals the hormones oxyto
cin and vasopressin appear. Oxytocin is 
identical with vasotocin except that the 
amino acid leucine takes the place of 
arginine at position No. 8. Vasopres
sin is slightly more idiosyncratic. In all 
mammals except the pig it is identical 
with vasotocin except that phenylala
nine substitutes for isoleucine at posi
tion No.3. In the pig one finds two sub
stitutions: lysine takes the place of argi
nine at position No.8 and phenylalanine 
takes the place of isoleucine at position 
No.3. 

Wilbur H. Sawyer of the Columbia 
University College of Physicians and 
Surgeons has conjectured that a gene 
duplication may have allowed a peptide 

MESOTOCIN (FROGS) 

Gin 

Cya Cys NH, 

ISOTOCIN (FISH) 

NH2 

VASOTOCIN (OTHER NON MAMMALIAN VERTEBRATES) 

lie 

lVr 
Cys 

Gin 

IIAsn 
Cys Pro " I Arg 1 Gly NH2 

Lys-VASOPRESSIN (PIGS) \. OXYTOCIN (MAMMALS) 

Phe Gin 

1Yr IIAsn II 
Cya Cys Pro I Lys II Gly NH2 

Arg-VASOPRESSIN (OTHER MAMMALS) 

Phe Gin 

lVr Asn 

Cys Cys Pro! ArgT G� 
NH2 

lie Gin 
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VASOPRESSIN AND OXYTOCIN are the peptide hormones synthesized by nerve cells in 
the hypothalamus of mammals and then released by those cells.from the ends of their axons in 
the posterior lobe of the pituitary gland. Vasopressin (lower left) constricts arteries and causes 
the kidneys to recapture water from the urine. Oxytocin (lower right) differs only slightly in 
structure from vasopressin, yet its action is quite different: it promotes contractions of the uter
us and thereby speeds birth. Both vasopressin and oxytocin are almost identical in structure 
with vasotocin, mesotocin or isotocin (top), the hormones released from the posterior lobe 
of the pituitary gland in nonmammalian vertebrate animals. The similarities (color) suggest 
that vasopressin and oxytocin arose through mutations in duplicate copies of a single gene. 
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modified at positIOn No. 8 to evolve 
from arginine-vasotocin. The modifica
tion would lessen the peptide's antidiu
retic action and enhance its oxytocic ac
tion. In any case the alteration in the ac
tion of a peptide hormone because of a 
minor change in the structure of the 
peptide shows that each peptide acts on 
different target cells in spite of the small 
degree of difference. It follows that the 
receptors on the target cells (that is, the 
sites on the membrane of the target cells 
that "recognize" the messenger) must 
be precise enough to accept the one 
molecule and reject the other. Perhaps 
some further minor modifications of the 
molecules will yield synthetic pep tides 
whose specificity of action is greatly en
hanced. Such substances might well be 
valuable pharmaceuticals. 

Endorphins and Enkephalins 

Perhaps the most striking example of 
the second type of family relationship 

a GLUCAGON 

b GASTRIC INHIBITORY PEPTIDE' 

d VASOACTIVE INTESTINAL PEPTIDE 

among peptide messengers-the pres
ence of certain short sequences of amino 
acids common to several coexistent pep
tides-is provided by the endorphins 
and the enkephalins. The terms have 
emerged from a decade of almost fren
zied research; they are now taken to sig
nify classes of brain peptides whose ef
fects on cells resemble those of opiates 
such as morphine. (The word endorphin 
is a contraction of endogenous mor
phine.) The saga of the endorphins and 
the enkephalins began with the discov
ery in several laboratories, including 
those of Solomon H. Snyder at the Johns 
Hopkins University Medical School, 
Eric J. Simon at the New York Universi
ty School of Medicine and Lars Tereni
us at the University of Uppsala, that 
certain cells in the brain have receptors 
that bind opiates. Some of the cells lie 
in brain structures implicated in the 
perception of pain; others, however, do 
not. Then Hans W. Kosterlitz and John 
R. Hughes of the University of Aber-

deen purified from brain-cell extracts 
a fraction that occurs naturally in the 
brain and suppresses the contraction of 
muscle tissue from the intestine, much 
like morphine itself. The molecules with 
this action turned out to be two pen
tapeptides. One of them has the se
q uence tyrosine-glycine-glycine-phen
ylalanine-methionine; it is known as 
met-enkephalin. The other, which is 
identical except that leucine substitutes 
for methionine, is leu-enkephalin. 

Soon the met-en kephalin sequence 
was found in a number of longer pep
tides purified from an endocrine gland: 
the anterior lobe of the pituitary. Then 
the longer peptides-the endorphins
were found also in nerve cells. Some 
investigators surmised that such nerve 
cells shorten an endorphin to make an 
en kephalin. The hypothesis was contra
dicted, however, by the preparation of 
antibodies to the endorphins and the en
kephalins and the subsequent mapping 
of the nerve cells that contain them. The 

PEPTIDES RESEMBLING GLUCAGON form a family of four. 
Glucagon (a) is a hormone synthesized by the alpha cells of the islets of 
the pancreas. It stimulates the liver to break down glycogen into glu
cose; hence it counteracts insulin. Gastric inhibitory peptide (b) has 
been purified from the lining of the stomach. It inhibits the contrac
tion of smooth muscle in the small intestine, perhaps to allow tim e 
for intestinal enzymes to act on food. Secretin (c) has been purified 
from the lining of the small intestine. It causes the acinar cells of the 

pancreas to secrete fluid that neutralizes the acidity of gastric secre
tions. Vasoactive intestinal peptide, VIP (d), was first purified from 
the lining of the small intestine. Evidently it dilates the blood vessels 
there; thus it increases the flow of blood in the intestinal wall. Re
cently VIP has turned up in nerve fibers that innervate the intestine. 
It has also been found in the brain. The amino acid sequences shown 
in the illustration are those of peptides purified from the pig. Du
plications of amino acids in the glucagon family are shown in color. 
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WHAT'S BETTER 
THAN SPEED READING? 

SPEED LEARNING 
(SPEED PLUS COMPREHENSION) 

Speed Learning is replacing speed reading. It's easy to learn ... lasts a lifetime ... applies to everything 
you read ... and is the only accredited course with the option of college or continuing education credits. 

Do you have too much to read and too 
little time to read it? Do you mentally 
pronounce each word as you read? Do 
you frequently have to go back and re
read words or whole paragraphs you just 
finished reading? Do you have trouble 
concentrating? Do you quickly forget 
most of what you read? 

If you answer "yes" to any of these 
questions - then here at last is the prac
tical help you've been waiting for. 

Whether you read for business or plea
sure, school or college, you will build excep
tional skills from this major breakthrough 
in effective reading, created by Dr. Russell 
Stauffer at the University of Delaware. 

Not just "speed reading" - but speed 
reading-thinking-understanding

remembering-and-Iearning 

The new Speed Learning Program 
shows you step-by-proven-step how to 
increase your reading skill and speed, so 
you understand more, remember more 
and use more of everything you read. 
The typical remark made by the 75,000 
slow readers who completed the Speed 
Learning Program was: "Why didn't 
someone teach me this a long time ago?" 
They were no longer held back by the 
lack of skills and poor reading habits. 
They could read almost as fast as they 
could think. 

What makes Speed Learning so successful? 

The new Speed Learning Program does 
not offer you a rehash of the usual eye
exercises, timing deVices, costly gadgets 
you've probably heard about in connec
tion with speed reading courses or even 
tried and found ineffective. 

In just a few spare minutes a day of 
easy reading and exciting listening,. you 
discover an entirely new way to read and 
think - a radical departure from any-

COllEGE CREOITS � You may obtain 2 full semester hour credits for course '{A.) completion, wherever you reside. Credits offered C through Whittier College (California). Details included 

in your program. 

CONTINUING EDUCATION UNITS 
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Electronics Engineers and dozens more. Consult your Education 
Director for information. 
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Many companies and government agencies offer Speed Learning as a wholly-paid or tuition reimbursement program. Consult 
your Training or Personnel Director for details. 

thing you have ever seen or heard about. 
Research shows that reading is 95% 
thinking and only 5% eye movement. Yet 
most of today's speed reading programs 
spend their time teaching you rapid eye 
movement (5% of the problem) and· ig
nore the most important part (95%) think
ing . In brief, Speed Learning gives you 
what speed reading can't. 

Imagine the new freedom you'll have 
when you learn how to dash through all 
types of reading material at least twice as 
fast as you do now, and with greater 
comprehension. Think of being able to 
get on top of the avalanche of newspa
pers, magazines and correspondence you 
have to read ... finishing a stimulating 
book and retaining facts and details more 
clearly and with greater accuracy than 
ever before. 

L isten-and-Iearn at your own pace 

This is a practical, easy-to-Iearn pro
gram that will work for you - no matter 
how slow a reader you think you are 
now. The Speed Learning Program'is sci
entifically planned to get you started 
quickly ... to help you in spare minutes 
a day. It brings you a "teacher-on
cassettes" who guides you, instructs, en
courages you, explain
ing material as you 

read. Interesting items taken from Time 
Magazine, Bu siness Week, Wall Street 
Journal, Family Circle, N. Y. Times and 
many others, make the program 
stimulating, easy and fun and so 
much more effective. 

Executives, students, professional 
people, men and women in all walks of 
life from 15 to 70 have benefited from this 
program. Speed Learning is a fully accred
ited course ... costing only 1/5 the price 
of less effective speed reading classroom 
courses. Now rou can examine the same, 
easy, practica and proven methods at 
home . in spare time without 
risking a penny 

Examine Speed Learning 
FREE for 15 days 

You will be thrilled at how quickly this 
program will begin to develop new 
thinking and reading skills. After Iisten
.ng to just one cassette and reading the 
preface you will quickly see how you can 
achieve increases in both the speed at 
which you read and in the amount you 
understand and remember 

You must be delighted with what you 
see or you pay nothing. Examine this 
remarkable program for 15 days. If, at 
the end of that time you are not con
vinced that you would like to master 
Speed Learning, simply return the pro

gram and owe nothing. 
See the coupon for low 
p r i ce and conveni ent 
credit terms. 

Note: Many companies and gOY· 
ernment agencies have tuition 
assistance plans for employees 
providing full or partial payment 
for college credit programs. 

In most cases, the entire cost of 
your Speed Learning Program 
is Tax Deductible. 
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staining patterns reported for the en
kephalins by Tomas G. M. Hokfelt and 
his associates at the Karolinska Institute 
in Sweden show that cells containing en
kephalins are widespread in the brain. 
They lie, for example, in the spinal cord, 
the brain stem, the hippocampus and the 
corpus striatum. In contrast the staining 
patterns my colleagues and I at the Salk 
Institute have found for the endorphins 
place them exclusively in nerve cells at 
the base of the hypothalamus and in en
docrine cells in the anterior lobe of the 
pituitary. 

The family relations being discovered 
within the endorphins and within the 
enkephalins are becoming complex and 
distinctive. For the endorphins the first 
hint of complexity came when Richard 
Mains and Betty Eipper of the Universi
ty of Colorado and Nicholas Ling of 
the Salk Institute discovered why endor
phins are found in the cells of the ante
rior pituitary that release the hormone 
corticotropin. Each such cell makes a 
long precursor peptide from which a 
molecule of endorphin and a molecule 
of corticotropin are cleaved. The pre
cursor was given the provisional name 
pro-opiocortin. Yet it was twice as long 
as it would be if it consisted of a mole
cule of corticotropin joined to a mole
cule of endorphin. 

Quite recently the entire sequence of 
amino acids that make up the precursor 
has been determined by Stanley N. Co
hen of the Stanford University School 

a PHYSAElEMIN - I pGlu I Ala I Asp I Pro 

b ElEIDOSIN I I, pGlu I Pro Ser lys 

C SUBSTANCE P 

Arg Pro Ly. Pro 

d BOMBESIN 

e NEUROTENSIN 

of Medicine and Shosaku Numa and 
Shigetada Nakanishi of the Kyoto Uni
versity Faculty of Medicine. These 
workers determined the sequence with
out attempting to purify the peptide as 
in the orthodox process of discovery. In
stead they employed the new techniques 
of genetic engineering to produce mul
tiple copies of the messenger RN A 
that specifies the sequence. Then they 
worked out the structure of the messen
ger RNA. The RNA is a strand of the 
units called nucleotides. A particular 
triplet of nucleotides encodes the identi
ty of a particular amino acid. 

In the wake of the work of this group 
it proved advisable to call the precursor 
pro-opiomelanocortin. The added term 
melano refers to a sequence of seven 
amino acids. One copy of the sequence 
is included in corticotropin; it is called 
alpha-melanocyte stimulating hormone 
(alpha-MSH) because it is known to dis
perse the pigment melanin in the pig
ment cells (melanocytes) in the skin of 
the frog. It thereby modulates the color 
of the skin. (When a green frog is placed 
in the dark, its skin turns brown.) A 
nearly identical sequence lies next to the 
endorphin sequence in pro-opiomelano
cortin; it is called beta-MSH. It was dis
covered by Choh Hao Li of the Univer
sity of California at San Francisco, who 
purified a number of pituitary pep tides 
and determined their sequences of ami
no acids by classical methods in the late 
1950's and early 1960's. 

Asn I Lys I Phe I �r Gly I Leu I � I 
Asp I A_ I Phe I lie I Gly I Leu I Met I 
Gin I Gin I Phe I Phe I Gly I Leu I Met I 

PEPTIDES RESEMBLING PHYSAELEMIN form a family of perhaps as many as five. 
Physaelemin (a) has been purified from the skin of the frog. Eleidosin (b) has been purified 
from the salivary glands of the octopus. The other three peptides-substance P (c), bombesin 
(d) and neurotensin (e)-have been purified from the nervous system of mammals. Although 
all five substances promote the contraction of muscle tissue taken from the viscera, it is not 
known whether they act in that way in the body. Again the sequences are those of peptides in 
the pig, and color denotes duplications of amino acids. The abbreviation pGlu stands for pyro
glutamate, a form of glutamate in which a side chain on the amino acid binds to one end of the 
amino acid to form a small ring. Pyroglutamate appears at the same end of four of the peptides. 

160 

What Cohen, Numa and Nakanishi 
discovered was a third sequence almost 
identical with the other two. It lies in 
the section of the pro-opiomelanocortin 
chain whose sequence of amino acids 
had not previously been determined. 
The third sequence was named gamma
MSH in advance of any evidence that it 
has its own action in the body. Work 
done at the Salk Institute by Ling and 
Guillemin and their colleagues and by 
my colleagues and me suggests, how
ever, that gamma-MSH is stored in cells 
of the anterior lobe of the pituitary. 
Moreover, when gamma-MSH is inject
ed into a cerebral ventricle of an experi
mental animal (a fluid-filled space in the 
brain), the animal's body temperature 
decreases. Evidence is also accumulat
ing that certain cells of the hypothala
mus rely on gamma-MSH as a neuro
transmitter. 

Molecules Incorporating Enkephalin 

The complexities in the enkephalin 
branch of the family are also increasing 
now that investigators in the U.S. and 
Japan have begun to detect en kephalin 
sequences in longer molecules that are 
otherwise unlike the endorphins. The 
differences lie in the amino acids next to 
the end of the enkephalin pentapeptide 
designated the C terminus. Specifically, 
the endorphins in pro-opiomelanocortin 
have serine and threonine in that posi
tion, whereas the recently discovered 
molecules that incorporate the enkepha
lin sequence have lysine and arginine 
there. Lysine and arginine are special 
amino acids in that they each have two 
amino (NH2) groups, one of which pro
jects from the amino acid's molecular 
structure. Studies of a large number of 
peptides show that the sites where two 
such amino acids are adjacent in the 
peptide chain are the places where en
zymes most often cleave the peptide. 
The two adjacent amino groups protrud
ing from the peptide chain may well be 
the feature the enzyme recognizes when 
it binds to the peptide and cleaves it. 
The occurrence of the feature next to 
the enkephalin penta peptide suggests 
that the large molecules are precursors 
of enkephalin. 

One version of a large molecule that 
includes leu-enkephalin was discovered 
recently by A vram S. Goldstein and his 
colleagues at the Stanford School of 
Medicine. They call it dynorphin be
cause it is more potent than enkephalin 
in the standard biological assay for the 
effect of an opiate. (In the standard as
say the substance is applied to a sample 
of smooth muscle from the intestine of 
a guinea pig. The muscle is induced to 
contract by electrical stimulation, and 
the degree of the substance's ability to 
suppress the contraction constitutes the 
assay.) Other large molecules that in
clude enkephalins are also reported to 
be more potent than the enkephalin se-
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America's energy future doesn't depend on miracles. 
Just smart choices. 
By making the right choices in five 
critical areas, America can significantly 
reduce oil imports by 1990. 

than preemption-of private develop
ment of a commercial synthetic fuels 
industry. 

The choices to be made allow for more 
energy from federal lands, a more care
ful balance between the environment 
and domestic energy development, 
reasonable growth in nuclear power, 
increased reliance on the market 
system, and encouragement-rather 

If America makes common sense deci
sions on these issues, our country will 
be in better control of its energy future. 
And the energy needed to keep America 
growing will be available in the year 
2 000 and beyond . You expect more from a leader. 
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LISTENING CAN IMPROVE because t� hear a:uI understand more 
facts and poznts of vzew. YOUR VISION. They rrlflke better innovators. Because 

Few, we've found, see as far or as clearly as listeners look at problems ttpith fresh eyes, 
those who listen well. combine what they learn in more unlikely ways, 

Good listeners think more broadly- they're more apt to hit upon truly startling ideas. 
Ultimately, good listeners attune 
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themselves more closely to where the 
world is going - and the products, talents, and 
techniques it needs to get there. 

That's the selfish reason Sperry's committed 
to listeni ng. ' . 

To lead, you need a lucid vision of the future. 

, +5PE�Y 
We understand how important it is to listen. 

Sperry is Sperry Univac computers. Sperry New Holland farm equipment. 
Sperry Vickers fluid power systems. and defense and aerospace systems • from Sperry division and Sperry Flight Systems. 

For a booklet on listening. write to Sperry. Dept. H4 . 1290 Avenue of the Americas. New York. N.Y lO104. 
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quence itself. Thus it is conceivable that 
the first estimates of the potency of the 
enkephalins were based on studies of the 
partially degraded larger forms. 

Still another complication in the en
kephalins arose when Hokfelt and his 
colleagues applied the immunohisto
chemical stains for the enkephalins to 
the cells of the adrenal medulla. The 
cells were previously )mown to secrete 
only the monoamines epinephrine and 
norepinephrine. Now Hokfelt's group 
found that these cells show a large de
gree of what Hokfelt was careful to call 
"enkephalin-like" reactivity to the stain. 
He was cautious in his conclusions be
cause he considered it possible that the 
antibody employed for the staining pro
cedure had bound itself not to enkepha
lin but to a similar sequence in some 
undiscovered peptide. 

The caution was well placed. A series 
of discoveries made in laboratories in
cluding that of Sidney Udenfriend at the 
Roche Institute of Molecular Biology 
has now revealed that several large pep
tides from extracts of the adrenal me
dulla include the enkephalin sequence. 
One of them is at least 1 0  times larger 
than enkephalin. It has several copies 
of the met-enkephalin sequence and at 
least one copy of leu-enkephalin. The 
large polyenkephalin peptides seem to 
be secreted in tandem with epinephrine 
and norepinephrine but at less than 
a hundredth the concentration. More
over, no interaction between the peptide 
messengers and the monoamine mes
sengers on a common target cell has yet 
been discovered. 

Gut Peptides in the Brain 

The nerve cells that include the pro
opiome lanocortin peptide present a spe-

cial problem; Do they pare that precur
sor down into an endorphin, into corti
cotropin or into gamma- MSH, or do 
they pare it down into other peptide 
molecules not yet known to be messen
gers? Perhaps the signals arriving at 
such a cell can direct the cleaving of the 
precursor so that certain axon terminals 
release specific prod ucts. 

A related problem then arises. The en
kephalins and some of the endorphins 
suppress the perception of pain. Hence 
it has sometimes been advanced that the 
modulation of the perception of pain is 
their primary function. The enkephalins 
and the endorphins are now found, how
ever, in brain circuits that are implicated 
in a wide range of functions, including 
the control of blood pressure and body 
temperature, the regulation of the secre
tion of hormones and the governance 
of body movement. This wide range of 
functions has confounded the effort to 
attribute to the messengers a single do
main of function. 

To be sure, it might be advanced that 
several independent systems depend on 
messengers that share the amino acid 
sequence of an enkephalin. Presumably 
the messengers share the sequence be
cause they evolved from some single 
messenger early in animal evolution. 
Today each such system would act on a 
different set of target cells; thus each set 
of target cells would req uire its own type 
of receptor, and a given type of receptor 
would have to be able to distinguish be
tween two molecules that differ only 
slightly in structure. 

The view that the various systems 
exploiting enkephalins and endorphins 
might be independent was presaged by 
William D. Martin of the University of 
Kentucky Medical Center well before 
the endorphins were discovered. His 

study of the actions of opiates on the 
spinal cord of the dog had shown that 
different actions of morphine are simu
lated or blocked by different drugs. This 
suggested distinct classes of opiate re
ceptors. More recently the work of Kos
terlitz at Aberdeen, Albert Herz at the 
Max Planck Institute for Psychiatry in 
Munich, Goldstein at Stanford and sev
eral other investigators shows that the 
various peptides containing an enkeph
alin penta peptide differ considerably 
in their potency in suppressing the per
ception of pain or the contractility of 
smooth muscle. This too suggests sever
al classes of receptors. 

Adopting (at least for the moment) 
the view that the cells secreting structur
ally similar peptides need not be func
tionally related may help to explain why 
many peptides once thought to serve 
only the gut or the endocrine system are 
also detected in the brain. Often they are 
found in parts of the brain that have 
nothing to do with the realm in w hit h 
the substance acts in the periphery of the 
body. Among these substances are the 
pep tides of the gut (and now the brain) 
called substance p, vasoactive intestinal 
peptide and cholecystokinin. Each one 
has been found in neurons that make 
local synaptic connections ("local-cir
cuit neurons") in the cerebral cortex and 
in the hippocampus. Moreover, nerve 
fibers containing substance P or vasoac
tive intestinal peptide have been found 
innervating visceral tissues such as parts 
of the lung. They have even been found 
innervating the thyroid gland, where no 
nerve fibers were known to terminate. 

A still more striking example of an 
almost ubiquitous peptide messenger is 
somatostatin. It is a substance that Paul 
Brazeau, Wyley Vale, Roger C. Burgus 
and Ling and Guillemin of the Salk Insti-

CEREBRAL CORPUS THIRD PARABRACHIAL CEREBRAL CEREBELLUM 
CORTEX CALLOSUM VENTRICLE NUCLEI AQUEDUCT 
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THALAMUS 

OLFACTORY 
BULB 

ANTERIOR 
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PREOPTIC 
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OPTIC 
CHIASM 
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THALAMUS 

ANTERIOR POSTERIOR 

I LOBE LOBE 

PITUITARY GLAND 

FOURTH 
VENTRICLE 

CENTRAL CANAL 

NERVE CELLS EMPLOYING OXYTOCIN (evidently) as their 
neurotransmitter are found in the rat in the cell groups of the hypo
thalamus called the supraoptic nucleus and the paraventricular nu-

cleus. The axons of the cells project into the posterior lobe of the pitu
itary gland, from which they release the oxytocin as a hormone. They 
also project, however, into cell groups in the brain and the spinal cord. 
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If you own or use a micro-computer, then chances are that 
from time to time, you've wished that someone could simplify 
progr arnrnmg. 

Because as useful as micro-computers are, they can only ever 
be as good as the programs they run. 

Well then, how does this sound? 
No more program-coding. No more debugging. And no more 

time wasting. 
Arguably more comprehensive and advanced than anything else 

of its kind, The Last One is a computer program that writes computer 
programs. Programs that work first time, every time. 

By asking you questions in plain English about what you want 
your program to do, The Last One uses your answers to generate a 
ready-to-use program in BASIC. 

What's more, with The Last One, you can change or modify 
your program as often as you wish. Without effort, fuss or any 
additional cost. So as your requirements change, your programs 
can too. 

And if, because of the difficulties and costs of buying, writing 
and customising software, you've put off purchasing a computer 
system up to now, you need delay no longer. 

Available now. 
The Last One costs $600 plus local taxes where applicable and is 

now available from better computer stores. 
For further information, write to D.J. 'AI' Systems Ltd., 

Two Century Plaza, Suite 480, 
2049 Century Park East, 

THE IAsr �E@J Los Angeles, CA 90067. 
Tel: (213) 203 0851. 
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ARE A  CHIASM THALAMUS EMINENCE 

POSTERIOR 
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LOCUS COERULEUS 

NERVE CELLS CONTAINING ENDORPHIN are found in the 
rat in the arcuate nucleus of the hypothalamus. The axons of the cells 
(also showlI ill the photographs 011 page 152) project along pathways 

in the brain similar to those of the cells containing oxytocin. The pat
tern shown em erges also for corticotropin and gamma-MSH, two 
other peptide m essengers in the precursor pro-opiom elanocortin. 

tute discovered by applying the classi
cal process of discovery to extracts from 
the hypothalamus. The biological assay 
they resorted to as a criterion for succes
sive purification of the extract was the 
ability of each successive extract to sup
press the secretion of growth hormone 
by cells these workers had cultured from 
the anterior lobe of the pituitary. Soon 
it was determined that somatostatin is 
a peptide consisting of 1 4  amino acids. 
Then a replicate of somatostatin was 
synthesized and antibodies to it were de
veloped. The employment of the anti
bodies as a stain placed somatostatin in 
certain cells of the hypothalamus posi
tioned so that they can secrete the sub
stance into a system of capillaries that 
carries it into the anterior lobe. 

Further studies of the distribution of 
somatostatin have been little less than 
astounding. In the nervous system so
matostatin is found in nerve cells in al
most every neural tissue from the cere
bral cortex to the autonomic ganglia: the 
nests of nerve cells in the periphery that 
govern the tissues of the viscera. In the 
gut somatostatin is found in the cells 
that line the intestine. In the endocrine 
system somatostatin is found in the del
ta cells of the islets of Langerhans. Its 
action in the pancreas appears to sup
press the secretion of the hormones in
s ulin and glucagon. Quite recently larg
er forms of somatostatin have been ex
tracted from the pancreas and the brain 
that are more potent than the sequence 
of 1 4  amino acids. 

Pep tides as Neurotransmitters 

The utilization of a peptide by a nerve 
cell as a ne urotransmitter differs from 
the utilization of an amino acid or a 
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monoamine in a fundamental respect: 
the way the nerve cell synthesizes the 
substance and conserves it. A neuro
transmitter such as gamma-aminobuty
rate, serotonin or dopamine is made in a 
short series of steps from an amino acid 
in the diet. For each step an enzyme in 
the cytoplasm of the cell acts as a cat
alyst. In general each nerve cell in
cludes the enzymes that synthesize a 
single transmitter. The active form of 
the transmitter molecule is stored in the 
sacs called synaptic vesicles until the 
nerve cell is called on to release it. Af
ter the transmitter is released the cell 
can reabsorb some of it. In that way the 
need for the synthesis of the transmitter 
is somewhat reduced. 

In a cell that releases a peptide the 
process is more involved. In the first 
place the peptide can ' be synthesized 
only by ribosomes, the specialized intra
cellular organelles that synthesize all 
peptides, including the long ones: pro
teins. This means the sequence of amino 
acids that make up the peptide must be 
encoded by a gene, a strand of DNA in 
the nucleus of the cell. The gene must be 
transcribed into a strand of messenger 
RNA, which carries the code to the ri
bosome. In the second place all the pep
tide neurotransmitters examined so far 
appear to follow the pattern of the en
dorphins in that it seems they are syn
thesized first as a larger peptide. Then 
the active form of the molecule is pro
duced through progressive cleavings by 
enzymes. 

The ribosomes in a nerve cell lie only 
in the cell body and in the filamentous 
extensions of the cell body called den
drites. In general, however, the dendrites 
and the cell body of a nerve cell receive 
signals from other cells. A longer fila-

ment, the axon, transmits signals to oth
er cells. Hence the release of a peptide 
neurotransmitter from an axon terminal 
is remote from the place where the pep
tide is made. The active form of the pep
tide (stored in synaptic vesicles) must be 
transported, then, to the place of release. 
It may follow that a cell releasing a pep
tide is unable to act on another cell re
peatedly in a short span of time. In con
trast, the axon terminals of a cell that 
releases an amino acid or a monoamine 
may well be satellite factories that make 
their own transmitter. Such terminals 
may stand less in need of replenished 
supplies of fresh neurotransmitter from 
moment to moment. 

A further way in which a peptide neu
rotransmitter may differ from a monoa
mine neurotransmitter lies in the mo
lecular details of how the transmitter 
inti uences its target cells. The classical 
neurotransmitters are said to be excita
tory or inhibitory. The arrival of mole
cules of an excitatory neurotransmitter 
makes the target cell more likely to re
lease its own neurotransmitter from its 
own axon terminals; the arrival of an in
hibitory neurotransmitter has the oppo
site effect. Investigators who have stud
ied these actions emphasize that the neu
rotransmitter alters the permeability of 
the target cell's membrane to ions of po
tassium, sodium or calcium. As a result 
of such changes the concentration of 
these ions inside the target cell changes 
with respect to their concentration out
side the cell. The differing concentra
tions give rise to a voltage gradient 
across the membrane. The action of an 
excitatory neurotransmitter tends to di
minish the voltage gradient; it "depolar
izes" the membrane. The action of an 
inhibitory transmitter tends to increase 
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the voltage gradient; it " hyperpolarizes" 
the membrane. 

In experiments with the enkephalins, 
substance P and other peptide messen
gers a different action appears. The pep
tide makes the target cell less likely to 
respond to other signals. One might con
sider this to be an example of inhibition. 
In some instances, however, the peptide 
messenger keeps an excitatory transmit
ter from depolarizing the membrane; 
in other instances it keeps an inhibito
ry transmitter from hyperpolarizing it. 
Moreover, the arrival of the peptide it
self often produces no notable change in 
the voltage gradient across the mem
brane. This curious effect of a peptide 
messenger is one I like to call disena
bling. It has now been reported by Roger 
Nicoll of the University of California at 
San Francisco, who studied peptides in 
the spinal cord of the frog; by Jeffrey L. 
Barker and his colleagues at the Nation
al Institute of Neurological and Com
municative Disorders and Stroke, who 
studied enkephalin in the mammalian 
neurons they cultured from the spinal 
cord; by Walter Zieglgansberger and his 
colleagues at the Max Planck Institute 
for Psychiatry, who studied enkephalin 
in the spinal cord of the cat, and by Zie
glgansberger and George R. Siggins at 
the Salk Institute, who studied enkepha
lin in slices of hippocampus of the rat. 

Since the peptide and the disenabled 
transmitter must each act on the target 
cell at a different set of receptors, one 
imagines the two sets of receptors might 
interact. Indeed, it seems that certain 
small populations of nerve cells can re
lease both a monoamine and a peptide. 
Some are thought to release both acetyl
choline and vasoactive intestinal pep
tide, others to release both dopamine 

and cholecystokinin and still others to 
release both serotonin and substance P. 
The arrival of such a pair of messengers 
at a target cell might give rise to a com
plex sequence of effects. 

The Mediation of Behavior 

The ultimate question about any in
tercellular messenger is how it inte
grates the activities of cells in a way that 
is appropriate to the circumstances in 
which the organism finds itself. Briefly, 
how does it mediate behavior? One an
swer is suggested by

' 
the work of Donald 

Pfaff and his colleagues at Rockefeller 
University and that of Robert L. Moss 
and Samuel M. McCann at the South
western Medical School of the Univer
sity of Texas Health Science Center 
in Dallas. In each case the work con
cerns the decapeptide called luteinizing 
hormone releasing hormone (LHRH). 
LHRH is a substance purified from the 
hypothalamus that causes the release of 
luteinizing hormone from the anterior 
lobe of the pituitary. Luteinizing hor
mone in turn induces ovulation. LHRH 
has now been found in nerve cells in the 
autonomic ganglion that innervates the 
reproductive organs. Its utilization there 
instead of some other messenger may be 
fortuitous. As it happens, however, the 
injection of LHRH into a male or fe
male rat either subcutaneously or into 
a cerebral ventricle evokes the posture 
required for copulation. It is as if sev
eral activities that constitute reproduc
tive behavior were coordinated by the 
same peptide messenger. 

A further example of the mediation of 
behavior by a peptide is the ability of 
angiotensin II to bring on drinking be
havior. The work of James T. Fitzsi-

mons and his colleagues at the Univer
sity of Cambridge shows that the injec
tion of a few nanograms of angiotensin 
II under the skin or the injection of a 
few picograms into a cerebral ventricle 
causes behavior indistinguishable from 
spontaneous drinking in species ranging 
from lizards to primates. The animal's 
water balance or salt balance seems not 
to matter. 

The discovery of angiotensin's behav
ioral effect adds to a considerable list of 
its physiological effects. Basically the 
events that activate angiotensin begin 
when any of three circumstances (low 
blood pressure, a low local concentra
tion of sodium or direct stimulation by 
nerve fibers) causes certain cells in the 
kidney to secrete the enzyme renin. In 
the bloodstream renin acts on a protein 
manufactured in the liver and liberates a 
decapeptide called angiotensin I. In the 
bloodstream or in any of several organs 
including the brain a second enzyme 
cleaves two amino acids off from angio
tensin I. An octapeptide remains. It is 
angiotensin II. Its physiological effects 
include the constriction of blood vessels 
supplying the skin and the kidneys, the 
dilation of blood vessels supplying mus
cles and the brain and an increase in 
blood pressure. 

In addition angiotensin II causes the 
adrenal cortex to increase its output of 
aldosterone, a hormone that acts in turn 
on the kidneys to cause the reabsorption 
of sodium from the urine. Further still, 
angiotensin II increases the secretion 
of vasopressin from the posterior lobe 
of the pituitary. Vasopressin then pro
motes the reabso�ption of water from 
the urine. All these actions tend to re
verse the trends that triggered the secre
tion of renin. Thus they regulate three 
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aspects of the blood: its volume, its pres
sure and its content of sodium. The fact 
that angiotensin II elicits drinking be
havior is consistent with all its other 
effects. 

According to the findings of Ian R. 
Phillips, who is now at the University of 
Florida, the cells in the brain that detect 
angiotensin are curious neurons in the 
hypothalamus and the brain stem that 
line the ventricles. Each one sends an 
extension of its cell body into a ventricle 
and yet each maintains typical synaptic 
connections with other neurons. The 
neurons they contact presumably in
clude the neurons in the hypothalamus 
that secrete vasopressin. Remarkably, 
the subcutaneous or intraventricular in· 
jection of vasopressin does not elicit 
drinking behavior even when the experi· 
mental animal is dehydrated and pre
sumably thirsty. On the other hand, the 
effects of circulating angiotensin do not 
account for every episode of drinking 
behavior. If they did, the behavior and 
the blood level of angiotensin would be 
linked. The work of Edward M. Stricker 
of the University of Pittsburgh suggests 
that this correlation is sometimes lack
ing. Doubtless the motivation to drink 
and the motor acts involved in seek
ing water and drinking it call for the si
multaneous activity of several linked 
brain systems. 

Although vasopressin does not cause 
animals to drink, it is reported to have 
effects on behavior that are even more 
dramatic. Over the past decade David 
de Wied and his colleagues at the State 
University of Utrecht and Abba J. Kas
tin and his colleagues at the New Or
leans Veterans Administration Hospital 
have reported observations that vaso
pressin and other peptides affect learn· 
ing and memory. In one experimental 
arrangement rats were taught not to en
ter a dark box by being given an electric 
shock whenever they did. They were re
ported to continue to avoid the box for a 
longer period after the end of the train
ing if they were given a subcutaneous 
injection of a minute amount of vaso
pressin. Molecular segments of cortico
tropin or of endorphin that have no 
known neural or endocrine actions were 
said to have the same property. 

A Test of Yasopressin 

Together with Michel Le Moal of 
the University of Bordeaux, George F. 
Koob and I set out three years ago to test 
the effects of vasopressin and other pep
tides on behavior. We resorted to an ar
rangement of de Wied's in which rats 
were trained to jump onto a pole when
ever a light bulb lit up in warning that a 
painful electric shock was about to be 
delivered through the floor. When the 
training was complete, the light would 
be lit from time to time but no shock 
would be delivered. Before the training 
began we gave one group of rats an in-

traventricular injection of a saline solu
tion; in general they stopped jumping 
onto the pole within four hours after the 
end of the training. We injected a second 
group of rats with a solution containing 
a nanogram of vasopressin; they contin
ued to jump for eight to 1 0  hours after 
the end of the training. Strangely, a third 
group of rats, each given 50 nanograms 
of vasopressin, stopped jumping before 
the control group. It was as if the extra 
vasopressin had helped them to see 
through our ruse. 

The change in behavior brought on by 
vasopressin seems, then, to be unques
tionable. It is not yet clear, however, 
that the change represents the action of 
vasopressin on the unknown cellular 
processes that underlie learning and 
memory. The change may have a sim
pler explanation. In view of the effects 
of vasopressin on the circulatory system 
we were not surprised to find that even 
low doses of vasopressin caused brief 
but immediate elevations of blood pres· 
sure. We were sent a synthetic analogue 
of vasopressin by Sawyer of the Colum
bia College of Physicians and Surgeons 
and Maurice Manning of the Medical 
College of Ohio in Cincinnati. The ana· 
logue prevents vasopressin from elevat
ing blood pressure. The rats to which the 
analogue was administered along with 
vasopressin showed no change in blood 
pressure, and they behaved like the con
trol group. 

The altered performance of the rats 
under the influence of vasopressin could 
mean, therefore, that the rats were 
aroused by an unnatural and unneces
sary elevation of blood pressure and re
mained tense and alert for hours. The 
rats were aroused, that is, by a change in 
the body that the brain did not request. 
This seems less impressive than the 
hypothesis that vasopressin mediates 
learning and memory directly. On the 
other hand, a mismatch between the 
brain's commands and the body's re
sponses may be sufficient to invoke be
havioral strategies for dealing with 
novel situations. People given long-last
ing analogues of vasopressin report en· 
hanced attention to their surroundings, 
and their performance on tests of mem
ory improves. 

Moreover, even on the simpler hy
pothesis a neuropeptide apparently 
serves to signal that the survival of the 
animal is challenged and that the animal 
had best be attentive to its surroundings. 
Conversely, the absence of such a signal 
may suggest that the animal is momen
tarily safe. Survival signals such as these 
could represent a means by which the 
neuropeptides guide the evolution of 
complex forms of behavior. Surely the 
various aspects of research on peptide 
messengers are likely to advance under· 
standing both of cellular regulation and 
of the means by which certain types of 
animal behavior result from decipher
able cell-to-cell interactions. 
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TOP AND BACK of a finished violin made by the author are shown 
from the outside, as opposed to the painting on the cover, which por
trays the inside of nnattached top and back plates being tested acous
tically. A top plate for an instrument of the violin family is tradition-

170 

ally made from two pieces of straight-grain, quarter-cut spruce. A 
back plate is usually made from two joined pieces or a single piece of 
curly maple. The outer surfaces of the plates are treated with sealer 
and varnish, but the insides are left "in the white," that is, untreated. 
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The Acoustics of Violin Plates 
Modern tests of the vibrational properties of the un assembled top 

and back plates of a violin reveal something of what violinmakers 

do by "feel" and lead to the making of consistently good violins 

One of the great mysteries of music 
is how the renowned violinmak
ers of past centuries, apparently 

having had no more than a practical 
knowledge of the physics and acoustics 
of their instrument, could turn out vio
lins that are still cherished today for the 
beauty of their sound. For some 30 
years a small but worldwide group of us 
in an organization named the Catgut 
Acoustical Society have applied modern 
methods to the study of the physics and 
acoustics of violins and other stringed 
instruments. I described the early stages 
of the work in these pages nearly 20 
years ago [see "The Physics of Violins," 
by Carleen Maley Hutchins; SCIENTIFIC 
AMERICAN, November, 1962]. Now the 
work has progressed to the point where 
a good deal can be said about the prop
erties of the top and back plates (the 
"belly" and the "back") of a violin be
fore they are assembled into an instru
ment. Moreover, it is possible on the ba
sis of these findings to construct violins 
and other members of the violin family 
with consistently fine tone and playing 
qualities. 

"' 

The two plates are carved tradition
ally from solid blocks of wood, the 
top plate from two adjacent pieces of 
straight-grain spruce (Picea abies) joined 
down the middle, and the back plate 
from either a single piece or joined 
pieces of maple (Acer platanoides) that 
usually have a "flame," or curl, across 
the grain of the wood. Yet because of 
the variations in wood, even between 
two adjacent pieces from the same tree, 
it is not possible to reproduce measure
ment for measurement the parts of a 
fine-sounding violin and so to create an 
instrument with the tone and playing 
qualities of the original. The way to du
plicate a fine violin lies not in geometri
cal measurements alone but must in
clude measurements related to the vi
brational properties of the wood. 

The long-term investigation described 
here draws heavily on the experience of 
violinmakers and provides some new 
answers to a question asked in 1830 by 
Felix Savart, a physician and physicist: 

by Carleen Maley Hutchins 

"What sounds ought the top and back of 
a violin have before they are joined?" 
Through the generosity of the eminent 
French luthier Jean Baptiste Vuillaume, 
Savart was able to test the disassembled 
top and back plates of a dozen or so 
violins that had been made by Anto
nio Stradivari and Giuseppe Guarnieri. 
(Imagine!) He applied a measuring ma
chine he had devised, together with a 
technique worked out by his friend 
Ernst F. F. Chladni. By the Chladni 
method the eigenmodes, or normal 
mode patterns of vibration, of a hori
zontally mounted flat plate can be dem
onstrated by sprinkling the plate with a 
fine powder and causing the plate to vi
brate. At certain frequencies (the eigen
frequencies) the vibration bounces the 
powder into the nonvibrating nodal ar
eas, thereby outlining the nodal and 
antinodal configurations of the plate at 
its specific resonance frequencies. These 
plate resonances, or normal modes, are 
created by the physical properties of 
stiffness and mass, which cause stand
ing-wave patterns to be formed in re
sponse to vibration at discrete frequen
cies unique to each plate. In answer to 
Savart's question he reported: "We have 
found that the sound varies in good vio
lins between C# 3 [the 3 indicates the 
octave] and D 3 for the belly, and for the 
back between D 3 and D# 3, so that 
there is always a difference between 
them of a half or a whole tone." 

Over the years other investigators 
have made vibrational measure

ments of violin plates, both free and in 
the assembled violin, and have assessed 
the resulting tonal characteristics. Par
ticularly notable is the work of the 
acoustician and violinmaker Hermann 
F. Meinel in Berlin during the 1930's, 
which documents the correlation be
tween the thickness of the plates and the 
vibrational modes, the volume of sound 
and the timbre of sound. Meinel also 
recognized the limits of constructing vi
olins on an empirical basis and noted the 
effects of the properties of the wood, the 
arching of the plates and the varnish. He 

explored the possibility of improving a 
particular violin in a given frequency 
range by removing wood from a specific 
area, following the work of Hermann 
Backhaus, but concluded that improve
ment does not always result because it 
depends on the physical state of the vio
lin. This early work highlights a ba
sic problem in violinmaking: a small 
change that will markedly improve one 
instrument may adversely affect another 
owing to the widely varying configura
tion of the vibrational modes and the 
stiffnesses throughout the plates. 

In 1950 the Harvard physicist Freder
ick A. Saunders and I began a collabora
tive study aimed at verifying Savart's 
findings and at developing other vi
brational measurements that relate the 
unique bending characteristics of each 
pair of free top and back plates to the 
particular tone and playing qualities of 
the assembled instrument. By 1960 the 
results of some 200 tests on violins and 
violas in the course of construction had 
confirmed Savart's main finding: the 
instrument has good musical qualities 
when the principal plate tone of the top 
and of the back are from a tone to a 
semitone apart. Violinmakers call the 
principal plate tone the tap tone because 
it is the principal tone heard when the 
plate is tapped. Our findings showed 
in addition that the actual frequencies 
can vary considerably and that the top 
plate's tap tone can be higher than the 
back's or vice versa and still result in an 
instrument with good tone. 

These observations did not go far 
enough toward explaining our finding 
that when the pairs of free plates were 
assembled, the resulting instruments did 
not always possess the expected tone 
and playing qualities. Every now and 
then an instrument proved without ap
parent reason to be much better than the 
others or worse. Seeking to explain these 
inconsistent results, I have continued the 
research since Saunders' death in 1963, 
building and testing 160 more instru
ments of the violin family. (The family 
includes the traditional violin, viola, cel
lo and bass. Some new and revised in-
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for the Eighties. Unanimously. 
Ho hum, a few cynics might 

say, having been inundated 
with Car of the Year, Car of the 
Month, Car of the Century 
designations over the last few 
years: 

Resist the urge to join the 
cymcs. 

First of ail, the category 
Road & Track considered is the 
very category where discrimi
nating car buyers are heading in 
droves. 

Because Sports Sedans are! 
the only cars that seem to com
bine the imperatives (economy, 
room, reliability, safety) with 
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the discretionaries (perfor 
mance, handling, enj oyment). 

Second of all, the editors 
did have to go out on the limb a 
little. Nobody's eyebrows 
would have been raised if they 
had chosen Audi or BMW or 
Mercedes or Alta. 

But Saab? The cult car? 

The car with the ignition key on 
the floor? The car that offered 
front-wheel drive when it was 
an oddity? The car that pio
neered turbocharging before 
OPEC made it a necessity for 
rational performance? 

At the very least, a long 
and thoughtful test drive would 

seem to be indicated. 
Either that, or resign your

self to never knowing just what 
came over those Road & Track 
editors when they got behind 
the wheel of a Saab. 

SAAB 
THE MOST INTELLIGENT CAR 

EVER Bun.:r. 
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COMPONENTS OF A VIOLIN are depicted in views from the top, in cross section and from 
the side. The colored line in the view of the top shows the location of the cross section. Except 
for size and proportions the components of a violin, a viola and a cello are much the same. 
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struments, developed with the test meth
ods described here, make up the "violin 
octet," all designated as violins: treble, 
soprano, mezzo, alto, tenor, baritone, 
small bass and contrabass.) I have exam
ined the instruments not only by the 
Chladni method but also by such new 
techniques as hologram interferometry 
and real-time analysis. It cannot be em
phasized too strongly that before one 
can apply such methods one must learn 
the violinmaker's craft, so that the basic 
instrument is built according to the prin
ciples of fine violinmaking. I learned vi
olinmaking in the 1950's under the tute
lage first of Karl A. Berger and then of 
Simone F. Sacconi with Rembert Wur
litzer's encouragement. It was eight 
years of slow, painstaking work. 

The vibrational properties of each fin
ished top and back plate are the result of 
the life history of that particular piece of 
wood. (The care and lore a violinmaker 
brings to the selection of a suitable tree 
are a story in themselves.) Tradition also 
calls for long seasoning of the flitches 
(log-size pieces of wood of appropriate 
length split or sawed longitudinally in 
"quartered" sections from the trunk) in 
stacks in outdoor sheds, spruce for from 
five to 10 years and maple somewhat 
longer. Some makers maintain that the 
wood should be seasoned for at least 50 
years. This judgment may be supported 
by the suggestion of several wood tech
nologists that the ratio of crystalline ar
eas to amorphous areas in the cell struc
ture of wood seems to increase as the 
wood seasons. This concept fits nice
ly into violinmaking traditions, because 
amorphous material absorbs and loses 
water readily but crystalline material 
does not. Perhaps the relation helps to 
explain why many older instruments are 
less susceptible to changes in moisture 
than new ones. 

What physical properties of top anJ 
back wood, so carefully selected 

by the violinmaker, are most important 
to the sound of a fine instrument? Tech
nical workers in this area generally 
agree on five: elasticity along and across 
the grain; shear; internal friction (damp
ing) resulting in the dissipation of ener
gy; density, and the velocity of sound in 
the wood. 

The most important aspects of elas
ticity are the values of Young's modu
lus along and across the grain. Young's 
modulus is a measure of the material's 
resistance to local bending and stretch
ing; it is the ratio of the local force ap
plied per unit area to the resulting rela
tive change in length. Shear is a measure 
of resistance to angular distortion of the 
kind one sees when the top of a thick 
book lying on a flat surface is pushed 
sideways, shifting· the upper surface 
with respect to the lower one. 

Internal friction or damping is a mea
sure of the ratio of energy dissipated to 
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"Our reputation rests on 
digits, decimal points, and details. 

We wouldn't trust them to anything less 
than ScotcH Brand Data Cartridges:' 

Bill Birkett, Vice President, 
Trade Graphics, Inc., 
Livonia, Michigan 

T he unique design of a data 
cartridge provides great reliability, 
high storage capacity and long 
tape life. And where could you 
possibly get better data 
cartridges than Scotch Brand, 
made by 3M, the people who 
invented the data cartridge 
system itself? 

3M controls every step in manu
facturing. Top quality magnetic 
tape and precision components 
are part of every Scotch Data 
Cartridge. Over twenty-five years 
of service to the computer in
dustry assure you of the utmost 
reliability. 

Scotch Data Cartridges are 
available in miniature DC 100A, 
the standard-size DC 300A and 
now, an extra-length DC 300XL 
with 50% more storage capacity. 
T hey are compatible with most 
cartridge systems including 
Hewlett-Packard, IBM, NCR, 
Tektronix anq TI. 

To find out where you can find 
Scotch Data Cartridges or virtually 
any other data recording medi
um, call toll-free: 800-328-1300. 
(In Minnesota, call collect: 
612-736-9625.) Ask for the 
Data Recording Products Division. 

If it's worth remembering, 
it's worth Scotch 
Data Recording Products. 
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VIBRATIONAL PATTERNS of a pair of unattached top and back 
plates for a violin (the top complete with f-holes and bass-bar) are 
made visible by hologram interferometry. Starting with the mode of 
lowest frequency, they are designated mode 1, mode 2 and so on. The 
upper row of interferograms shows the mode shapes at the particular 
frequencies where they occur in this top plate: respectively 80, 147, 

222, 304 and 349 hertz. (Mode 4 is missing.) The lower row shows 
the first six modes in the back plate at 116, 167, 222, 230, 349 and 
403 hertz. Many other resonance modes occur at higher frequen
cies. In all the instruments of the violin family the configuration of 
the lower resonance modes is quite consistent, but the frequencies 
differ depending on the dimensions, mass and stiffness of the plate. 

energy stored elastically. It can be ex
pressed in several ways. One is by the 
decay time, or the time during which 
vibration persists after excitation is cut 
off; a violinmaker listens for a long de
cay time in the tap tone as he tunes 
a violin plate. Another is by the width 
of the frequency interval within which 
there is a response to continuous excita
tion as the frequency is varied about a 
resonance. Damping is often expressed 
as the "quality factor," or Q. The higher 
the Q value, the lower the damping. 

Density is weight per unit volume 
and is found by multiplying the length, 
width and thickness of a rectangular 
strip of wood and dividing the product 
into the weight of the strip. Velocity is 
found by dividing Young's modulus by 
the density arid taking the square root. 
One of the desirable characteristics of 
spruce for the sound board of a musical 
instrument is its high ratio of stiffness to 
density, reflecting a high sound velocity. 

Two main problems arise in the scien
tific investigation of violin plates. First, 
what physical mechanisms are activated 
in free top and back plates as they are 
flexed, held and tapped? Second, can 
measurement of these mechanisms and 
their component factors yield practi
cal information about the resulting tone 
and playing qualities when a given pair 

of plates is assembled into a finished in
strument? 

In our effort to find answers to these 
questions we have explored the plate 
mechanisms and made several thousand 
comparisons of the eigenmodes of free 
plates with the tone and playing quali
ties of the instrument assembled from 
each pair of plates. The main character
istics of the eigenmodes are easily made 
visible by our modified Chladni tech
nique. A free plate is placed horizontal
ly over a loudspeaker, with the inside 
of the plate facing upward like a dish. 
A sine-wave signal (a single-frequency 
signal) is directed through the speaker, 
sweeping across the frequency range of 
interest and causing powder sprinkled 
on the plate to assume characteristic 
patterns at discrete frequencies that are 
unique to each plate. 

An even clearer understanding of the 
configurations of the modes emerged 
when lasers made it possible to ap
ply hologram interferometry to violin 
plates. This line of experimentation was 
first pursued with free violin plates in 
the late 1 960's by Karl A. Stetson, who 
made interferograms showing the bend
ing modes (some with amplitudes of 
only a few micrometers) as the plates 
were vibrated at their discrete frequen
cies of resonance. 

By each method the mode shapes 
for instruments of the violin family are 
found to follow a similar sequence in all 
sizes of free plates. They have therefore 
been designated mode 1 ,  mode 2 and so 
on, starting with the mode of the lowest 
frequency. Although the mode shapes 
are similar throughout the violin family, 
the frequencies at which they occur are 
unique to each plate. In general the larg
er the plate, the lower the mode frequen
cy, but even between plates of the same 
size there is considerable variation in the 
mode frequencies. 

The modes that have so far been 
found to be most important in tun

ing violin plates are 1 ,  2 and 5. Mode I 
entails a twisting of the plate, with one 
corner up and the other down in op
posite phase. Thus when a violinmaker 
holds a plate at each end, twisting it be
tween his hands to feel its "resistance," 
he is actually sensing the main stiffness 
characteristics of mode 1 .  

When a maker holds one end o f  a 
plate in both hands with thumbs on 
top and fingers spread out underneath 
across the wood, squeezing it and bend
ing it slightly to assess the cross-grain 
stiffness of first one end and then the 
other, he is comparing the relative stiff
ness of mode 2 in the two ends. Some 
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makers achieve essentially the same re
sult by laying a plate arch side up (the 
plates are arched outward in the finished 
instrument) on a fiat surface and putting 
a shallow dish of water first on the upper 
area of the plate and then on the lower 
area, pushing gently on the plate to com
pare how much the water in the dish 
moves in each case. 

When a luthier holds a plate around 
the two ends in his fingertips and pushes 
down in the middle with his thumbs, he 

. is actually checking the principal stiff
ness of mode 5. The same test can be 
made by holding the plate around the 
edges and gently pressing the top of the 
arch against a fiat surface to feel the 
bending. 

Holding the plate at the midpoint of 
one end and tapping with the soft part of 
a finger around the upper and lower 
edges will activate the sound of mode 1 
quite clearly, because the holding point 
is a node and the curves of the upper and 
lower edges are antinodes for that mode. 
Holding at one of the four points where 
the nodal lines of mode 2 intersect the 
edges and tapping on the antinodal area 
near the midline of either end of the 
plate activates primarily mode 2. Hold
ing at a point along the nearly oval nod
al line of mode 5 and tapping in the cen
ter of the plate causes the sound of mode 
5 to predominate. 

All the modes, however, contribute 
in greater or lesser degree to the sound 
heard when the plate is tapped, depend
ing on the place of excitation and the 
effect of holding. For example, when 
a violinmaker holds a plate between 
thumb and forefinger near one end just 
off the midline and taps it in the center, 
listening for a clear and full ring, he of
ten finds it necessary to move his hold
ing point a bit to attain optimum sound. 
The best holding point is at the crossing 
of the nodal lines of modes 2 and 5; then 
tapping in the center activates primarily 
mode 5 and tapping at the lower or up
per end of the plate activates primarily 
mode 2. In a well-tuned plate contribu
tions are heard from both modes at each 
tapping place, with the resulting sound's 
being particularly clear if modes 2 and 5 
are an octave apart. In a plate that is not 
well tuned it is often difficult to identify 
by ear the pitch of the sound that pre
dominates. These variations can help to 
explain why there are so many different 

TWO TECHNIQUES for demonstrating the eigenmodes of a free violin plate are compared. 
In the photographs at the top the Chladni patterns of a back plate are shown at frequencies of 
165,225 and 357 hertz. Laser interferograms of the same plate at a different relative humidity 
are shown in the photographs at the bottom at frequencies of 165, 222 and 348 hertz. The nod
al patterns, which show in the interferograms as wide white areas, are indicated by the quite 
similar dark shapes in the Chladni patterns. The laser technique not only is more sensitive than 
the Chladni one to small vibrations of a top or back plate but also indicates motion in the anti
nodal areas of a plate by the narrow and dark lines of the characteristic interference fringes. 

interpretations among violinmakers of 
the sounds in a violin plate and so many 
views of what to do about them. 

The process of tracing the evolution 
of the eigenmode characteristics 

from a pair of free violin plates to the 
assembled instrument in playing condi
tion is extremely complicated and not 
yet clearly understood. The theoretical 
analysis of even one free violin plate 
must take account of at least nine 

CHLADNI METHOD of displaying the eigenmodes of a free (unattached) violin plate is dem
onstrated in the author's workshop. In the photographs on the opposite page t�e plate, a violin 
back, is mounted inside upward on four soft foam pads over a loudspeaker. Each pad is adjust
ed to support the plate at a nodal (nonvibrating) point and the speaker is centered under an 
antinode for the mode being testtd. Particles of thin aluminum Hake or some other powder are 
sprinkled on the plate (top). When the plate mode resonates in response to the appropriate sin
gle-frequency sound from the speaker, the particles begin to bounce (middle). The vigorous 
bending motion of the antinodal areas bounces the particles into the nonvibrating nodal areas 
of the plate, thereby outlining the nodal and antinodal configurations characteristic of that 
particular mode. In these photographs one sees the development of a mode-2 pattern (bottom). 
The technique, a modified version of a testing method devised in the 18th century by Ernst 
F. F. Chladni, was also used to make the patterns of modes 1, 2 and 5 shown on the cover. 

parameters, the calculation of which 
would take a great deal of technical 
skill, to say nothing of more time and 
money than are currently available. 

In the assembled violin the two plates 
are glued to the ribs (sides) of the instru
ment. The resulting edge constraints al
ter the modes of the plates in many 
ways. Moreover, a new set of coupled 
resonances is created from the interac
tion of the two plates through the ribs 
and the sound post (a pencil-size rod of 
spruce held by friction between the top 
and the back and positioned almost 
under the foot of the treble side of the 
bridge). Additional resonances are cre
ated by couplings between the wood of 
the box and the modes of vibration of 
the air mass within the box. 

To discover the effect of various free
plate mode characteristics on these 
complicated constraints and couplings 
we have employed the long, slow proc
ess of making violin-family instruments 
of all sizes. One carefully selects the 
wood, forms it into plates, tunes the 
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WELL-TUNED AND POORLY TUNED PLATES are revealed by means of the Chladni 
technique. Each pair of photographs, top and bottom, shows modes 2 and 5 respectively of 
a violin back plate. In the plate at the left both modes are well tuned. In the plate at the center 
the nodal areas of mode 2 are too wide in the upper section, indicating that the entire upper area 
of the plate is too stiff. In the plate at the right the nodal areas of mode 5 extend straight to the 
upper edge instead of closing into a ring shape. This usually happens when the plates are too 
thick through the upper section of the center between the C-bouts and inside the upper corner. 

EFFECT OF VARNISH on the outer surface of the detached top plate of a viola is evident 
from the change in the Chladni pattern of mode 5 on its inner surface. The colored lines show 
the pattern of mode 5 in the tuned plate before assembly, when it already had sealer and two 
coats of varnish on it. The gray lines show the pattern in the detached plate after the viola had 
been completely finished (with a total of seven coats of oil varnish) and had been played for two 
years. Varnish and sealer help to protect the wood and reduce somewhat the effects of varying 
humidity, but they also change the tonal characteristics of the instrument. The tonal charac
teristics continue to change over a period of approximately two years as the varnish hardens. 
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eigenmodes of the plates, assembles 
the instrument, evaluates it and then in 
many cases takes the plates off, retunes 
them and reassembles the instrument, 
repeating the technical and musical 
evaluations. 

The possibility of testing the free 
plates of a fine concert violin always 
looms large as a way to obtain informa
tion on the free-plate eigenmodes that 
are coupled into such instruments. It is 
highly desirable to test the top and back 
plates at the same time because of 
changes in the wood with changes in 
temperature and relative humidity, but 
obtaining the detached top and back 
plates of a fine violin simultaneously is 
almost impossible. Even in an exten
sive repair job a violinmaker seldom 
removes both top and back unless the 
instrument is in very bad condition. 

Through the kindness of two violin
makers, however, we have been able to 
test the free-plate pairs of two concert 
violins, a Stradivarius of 1713 and a 
Guarnerius del Gesu of 1737, with com
parison tests after the instruments were 
reassembled. Considerable information 
was gained from these two violins, but in 
each case the repairs were so extensive 
that gaining any knowledge of their 
original condition was out of the ques
tion. Moreover, in view of the changes 
that have been made in violins built be
fore 1800 in order to increase their tonal 
output (longer neck, increased finger
board angle, higher bridge and appro
priately heavier bass-bar, with invari
ably some scraping of the inside of the 
top plate) there is little chance of as
certaining what their original makers 
intended. 

In the course of our studies we have 
tested (in playing condition) many fine 
modern instruments as well as early 
ones, thanks to the interest and coop
eration of their owners. In this way we 
have accumulated a body of knowledge 
based on more than 800 tests of all types 
of instruments of the violin family with 
a wide variety of musical potential. For 
example, the response curve of a fa
mous Guarnerius del Gesu violin made 
in 1731 and that of a violin recently con
structed on a Stradivarius pattern show 
quite similar characteristics. The curves 
reflect a decrease in amplitude of the 
resonances through the 1.5-kilohertz 
range and an increase in the range from 
two to three kilohertz. This characteris
tic has been reported by Meinel and oth
ers as being typical of the response 
curves of some of the most musically 
desirable violins. 

Our tuning process for free plates 
starts with a pair of nearly finished top 
and back plates for an instrument of 
the violin family. The outside archings 
are planed and scraped to their final con
tours. For the top plate the f-holes are 
cut and the bass-bar is installed (but not 
shaped); the purfling (the three strips of 
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The thrust of a spacecraft ion engine has been increased fivefold through simple 
modifications. Hughes scientists, working under a NASA contract, made the 
improvements on a model of the 8-centimeter thruster built for flight test on 
the U.S. Air Force SAMSO-601 spacecraft beginning in 1983. The increased thrust 
was obtained by raising the discharge power from 18 to 124 watts and slightly 
increasing the beam voltage. Thermally conductive attachments were added to the 
vaporizers to provide heats inking in the more severe thermal environment. Also, 
the diameter of the electron baffle was increased to stabilize the discharge 
voltage during operation at high beam current. 

A military laser device manufactured in areas as clean as a hospital operating 
r oom is designed for rugged use in swamps, desert, or snow. The U.S. Army's 
Laser Target Designator enables ground troops to pinpoint targets for aircraft 
and laser-homing weapons. The designator's invisible beam of laser pulses 
reflect from the target like a beacon and are detected by laser sensors in air
craft or by laser-homing missiles, bombs, and projectiles. Hughes manufactured 
the devices with stringent cleaning measures because laser optics can be 
contaminated easily by microscopic chemical compounds. The designators are 
hermetically sealed and built to withstand rough treatment in the field. 

Cable TV subscribers will have access to more programs with the advent of a 
satellite "shopping center" developed expressly to meet the needs of the cable 
TV industry. The satellite, called Galaxy I, will distribute 24 channels of 
programming services simultaneously on its 24 transponders. Programming compa
nies will purchase the transponders and offer their services to cable system 
operators. Galaxy I is one of the three satellites being built by Hughes f or 
operation by its subsidiary Hughes Communications, Inc. It is scheduled to be 
launched in May 1983, followed by Galaxy II in September. 

Hughes Ground Systems Group, the world's leader in ground-based automated air 
defense control systems, is currently staffing for- opportunities in the field of 
automated large-scale command and control information systems. Immediate chal
lenging positions exist for systems engineers, software engineers, operational 
requirements analysts, telecommunications systems engineers, and programmers. 
If you are interested in advancing your career, please send your resume to 
Hughes Ground Systems Group, CCIS Employment, Dept. SSA, P.O. Box 4275, Fuller
ton, CA 92634. Equal opportunity employer. U.S. citizenship required. 

A new satellite is monitoring weather over eastern N orth America, Central and 
South America, and a large section of the Atlantic. Like its predecessors, the 
new GOES-5 spacecraft provides the weather pictures seen on TV newscasts and in 
newspapers. The picture-taking instrument aboard the satellite is a Visible In
frared Spin-Scan Radiometer Atmospheric Sounder (VAS) built by the Santa Barbara 
Research Center, a Hughes subsidiary.- VAS provides images every 30 minutes with
resolution of 0.6 miles in daylight and 4.3 miles at night with infrared. 
GOES-5 is the second of three Geostationary Operational Environmental Satellites 
built by Hughes for the National Oceanic and Atmospheric Administration. 

Creating a new worfel with electronics 
r------------------, 
I I 

i HUGHES i 
I I 
L __________________ J 
HUGHES AIRCRAFT COMPANY 
CULVER CITY. CALIFORNIA 90230 

(213) 670-1515 EXTENSION 5964 
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Wonders of the Universe 
1982 Calendar 

Galaxies, nebulae, star clusters, planets, 
the aurora, even the liery launch 01 Space 
Shuttle. Every page a large color photo
graph 01 an astronomical spectacular Irom 
the world's greatest observatories includ
ing: Anglo-Australian, Kit! Peak, Lick, 
Palomar, U.K. Schmidt, U.S. Naval Observ
atories, and NASA spaceprobes. 

These calendars make wonderful gifts: 
photographs are suitable for framing. 

o Enclosed is $7.95 (6.95 plus 
$1 postage) lor one calendar 

o Enclosed Is $7.50 each for 2 or 
more calendars 

o Enclosed Is $1.00 for complete 
astronomical catalogs 

SHIPPED FIRST CLASS POSTAGE 
ADD $5.00 PER CALENDAR FOR FOREIGN 
AIRMAIL POSTAGE 

Send check or money order to: 

Hansen Planetarium 
15 South State Street, Dept. SAH-l0 

Salt Lake City, Utah 84111 
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is now available 
to the blind and 
physically handi, 
capped on cassette 
tapes. 
All inquiries should be 

made directly to RE

CORDED PERIODI

CALS, Division of 

Volunteer Services for 

the Blind, 919 Walnut 

Street, 8th Floor, 

Philadelphia, PA 19107. 
ONLY the blind or 

handicapped should 

apply for this service. 

There is a nominal 

charge. 

black and white wood inlaid around the 
edges of the two plates) is glued in, and 
the edges are finished. It has also been 
found desirable for the sealer, or filler, 
and at least two coats of varnish to have 
been on the outside of each plate for 
several months. 

As the violinmaker planes and scrapes 
away the wood from the inside of a pair 
of violin plates so that the top is from 
three to four millimeters thick and the 
back from three to six millimeters thick, 
he begins to flex each plate in his fingers, 
holding it and tapping it in various ways. 

MANUAL TESTING for the characteristics of wood that give rise to modes 1,2 and 5 entails 
a flexing of the plate in various ways by the violinmaker. When the maker holds the plate at 
each end and twists one corner up and the other down several times (top), he is testing for the 
stiffnesses that produce mode 1. When he holds one end of the plate in both hands with his 
thumbs on the top and his fingers spread out underneath (middle), squeezing and bending the 
wood slightly across first one end and then the other, he is checking and comparing some of 
the stiffness characteristics of mode 2 in the upper and lower areas. When he holds the plate 
in his fingertips and pushes down in the middle with his thumbs (bottom), he is checking some 
of the bending characteristics of mode 5. The hands in these photographs are the author's. 
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He feels the stiffnesses of the wood and 
listens for certain sounds as he continues 
to thin the wood in different areas a few 
tenths of a millimeter at a time. The 
process of learning the proper feel of 
the wood and the sounds to listen for in 
the two free plates is crucial to the art of 
fine violinmaking; years of experience 
are needed to become good at it. 

As an aid to understanding what the 
Il.. violinmaker feels and hears in his 
beautifully carved plates our tests of 
free plates explore modes I, 2 and 5, 
mainly with the Chladni-pattern meth
od. In a given pair of top and back plates 
each mode is checked for frequency, 
amplitude, Q and the conformation of 
its nodal pattern, with adjustments of 
the frequencies of the three modes to 
certain relations as far as is possible in 
each plate and between the two plates. 
We test the finished instrument by 
means of the response curve, the loud
ness curve and comments by players. 

Five findings stand out in our results. 
First, an instrument of good quality re
sults when mode 5 has a relatively large 
amplitude and its frequency in the top 
plate lies within a tone of the frequen
cy in the back plate. If the frequency 
of mode 5 in the top is higher than that 
in the back, the tone quality is usually 
"brighter." If this relation is reversed, 
the tone is somewhat "darker." 

Second, smooth, easy playing charac
teristics result when the frequency of 
mode 2 in the top plate lies within 1.4 
percent (about five hertz in violin and 
viola plates) of that of mode 2 in the 
back plate. Third, if mode 5 is at the 
same frequency in a pair of top and back 
plates, the frequency of mode 2 in the 
top should be within 1.4 percent of that 
in the back, otherwise the resulting in
strument is hard to play and has a harsh, 
gritty tone. Fourth, violins of exception
al quality have resulted when modes 2 
and 5 are placed approximately an oc
tave apart in each plate and at corre
sponding frequencies with high ampli
tudes in both plates. Fifth, a further re
finement is to place the frequency of 
mode 1 in the top plate an octave below 
that of mode 2, so that modes 1, 2 and 5 
are in a harmonic series. It is possible 
but difficult to adj ust the frequency of 
mode 1 to this relation in the top plate; 
the adjustment cannot be made in the 
back plate because of the different struc
tures of the two plates. 

It is easier to state these conclusions 
than it is to achieve them in the actual 
tuning of plates. Many problems arise in 
attaining optimum eigenmode and ei
genfrequency relations. The problems 
are largely related to four factors: the 
selective thinning of the plate to adjust 
for desired mode characteristics; the ef
fects of the coatings (the sealer and the 
varnish); changes in relative humidity 
and temperature, and certain physical 
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properties of the wood selected for the 
top and back plates. 

Shaving the surface of a wood plate 
clearly reduces both mass and stiffness 
and also alters the plate's capacity for 
absorbing energy. Thus the frequency 
and shape of a given mode can be ad
justed selectively to a limited extent by 
thinning the plate a few tenths of a milli
meter at a time on the inside of the arch 
when it is within a millimeter or so of its 
final thickness. The general rule is that 
removing wood from a region of pro
nounced bending of a particular mode 
will tend to lower its frequency; remov
al from an area of little bending will 
raise the frequency. Thinning the wood 
in an area of pronounced bending re
duces stiffness more than mass, so that 
the frequency goes down. Removing 
wood from an area of little bending re
duces mass more than stiffness, so 
that the frequency goes up. 

The bending areas (areas of strong 
curvature of motion) of a violin plate 
can be identified on the interferograms 
by lines that change from close to wider 
spacing. The process is somewhat like 
reading a topographical map where the 
curved slope of a hill is indicated by 
contour lines of equal elevation that be
come" more closely spaced as the slope 
gets steeper. A straight slope is indicated 
by lines of equal spacing. In the interfer
ograms the evenly spaced lines of the 
interference fringes indicate translation, 

or motion without pronounced curva
ture, just as the two ends of a seesaw 
move up and down without bend·ing. 

Hence removing wood a few tenths of 
a millimeter at a time from a crescent-· 
shaped area around the two ends of the 
plate beginning just inside each corner 
will tend to lower the frequency of mode 
5 more than it does that of mode 2. Re
moving wood from the center of the 
plate, reducing mass where the ampli
tude of motion of mode 5 is high, will 
tend to raise the freq uency of the mode 
slightly. On the other hand, thinning the 
wood through the center of the upper 
and lower areas of a plate tends to lower 
the frequency of mode 2 because they 
are usually the bending areas for mode 
2. Since the effective stiffnesses of a par
ticular mode in one plate are not neces
sarily the same as those in another, it is 
important to assess them by the violin
maker's methods of feeling the bending 
areas as well as by observing the charac
teristics of the nodal patterns. 

The sealer and the varnish influence 
plate tuning because they add mass, 

stiffen the outermost fibers of the wood 
and increase the damping. The lower the 
Young's modulus of the bare wood is, 
the more pronounced the increases in 
stiffness and damping are with added 
coatings. The effects are somewhat dif
ferent for spruce and maple, with the 
result that the addition of sealer and var-

CARVING INSIDE OF PLATE after the outside archings have been shaped is the means by 
which the violinmaker achieves the desired acoustical characteristics. At the left a back plate 
for a violin is shown at an early stage of carving; at the right a different plate is shown in a 
nearly finished state. The marks were made by toothed planes. The plate is now ready for final 
scraping and acoustical testing by the Chladni method. A finished !oP. plate for a violin usu
ally varies in thickness from two to 3.5 millimeters, a back plate from two to six millimeters. 
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nish tends to detune the modes of the top 
plate considerably more than those of 
the back plate. Daniel W. Haines has 
reported that sealer and varnish increase 
Young's modulus and damping in cross
grain spruce much more than they do in 
cross-grain maple, with an associated 
rise in frequencies. Maple is two and 
a half times stiffer in cross grain than 
spruce. 

Our tests indicate that sealer and var
nish can indeed be detrimental to the 
sound of an instrument but that precau
tionary measures can be taken in the 
tuning of the free plates. For example, if 
the aim is to match the frequency of 
mode 2 in the top and back plates of 
a violin or a viola, mode 2 in the top 
should be left from five to 10 hertz lower 
before varnishing than it is in the back. 
Thus the varnish can help the sound of 
the instrument. If, however, the frequen
cy of mode 2 in the top plate matches or 
is higher than that in the back plate 
when the plates are "in the white" (be
fore varnishing), the discrepancy will be 
even greater after the addition of the 
coatings, and the instrument will proba
bly have a harsh, gritty playing quality. 

Violinmakers often say that a violin 
sounds better in the white than it does 
after it is varnished, and many of them 
have learned to compensate for the ef
fect. Louis Condax, who experimented 
with sealers and varnishes for years, re
ported that when he removed the var
nish from a violin that had a "harsh, 
gritty, tight sound, " the instrument 
"came to life. " The late John C. Schel
leng showed that the acoustical prop
erties of varnish coatings continue to 
change over a period of more than two 
years, which is doubtless one of the rea
sons it takes a newly varnished violin 
several years to settle into its true play
ing qualities. 

Violinmakers have long been trou
bled by the complaints of players whose 
instruments begin to sound dull and 
unresponsive in hot, humid summer 
weather and those whose instruments 
get harsh and gritty In the dry, heated 
houses of the Temperate Zone in winter. 
Adjustments of the bridge and the sound 
post can help to mitigate these prob
lems, but a given instrument will gener
ally sound best under the conditions of 
temperature and relative humidity in 
which it was made. 

Wood is a hygroscopic material, tak
ing on water and losing it readily in re
sponse to ambient conditions. The coat
ings of sealer and varnish on the outer 
surfaces of the violin help to retard this 
process somewhat, but to our knowl
edge there is no satisfactory treatment 
of the bare inner surfaces that is not 
detrimental to the tonal qualities of the 
instrument. 

Experiments done in recent years by 
Robert E. Fryxell indicate that wood of 
various ages (as well as varnished and 
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unvarnished violin plates) absorbs mois
ture quite slowly over a period of sever
al months but loses it in a few hours, 
with maple slightly more absorbent than 
spruce. He also found that plates coated 
with sealer and varnish showed appreci
ably more stability than those in the 
white. Rex P. Thompson in Australia 
has found that the frequencies of mode 
5 in a pair of varnished (for two years) 
and tuned plates varied as much as 1 8  
hertz in the back and 2 3  hertz in the top 
over the range from 1 5  to 79 percent 
relative humidity. At a constant relative 
humidity the difference did not exceed 
five hertz. He also found that at a con
stant relative humidity of 50 percent the 
variations in frequency were only about 
1 percent at temperatures from 1 5  to 2 5  
degrees Celsius ( 5 9  to 77 degrees Fahr
enheit). He concludes that for precise 
plate tuning either the temperature and 
humidity should be controlled or the 
humidity should be at 50 percent if the 
temperature cannot be controlled. 

Our study has entailed work with 
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many kinds of wood and many sizes of 
violin plate. We have found that careful
ly selected spruce of both European and 
American varieties can be employed 
successfully in making top plates. It is 
important, however, that the cross-grain 
stiffness be high enough to help main
tain the desirable relation of an octave 
between modes 2 and 5 .  Various species 
of American maple have been tuned 
effectively by the Chladni method to 
make back plates for instruments with 
excellent tone and playing qualities. We 
have also found that other species of 
wood with characteristics fairly close to 
those of maple (pear, apple, cherry, syc
amore and teak) can serve effectively for 
violin and viola backs, although the 
resulting tone qualities differ slightly 
from one instrument to another depend
ing mostly on the high-frequency prop
erties of the wood. 

In the light of the understanding that 
our group and others have gained of 
the enormous number of variables en
compassed in the making of a fine con-
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FREQUENCY (KILOHERTZ) 

RESPONSE CURVES of a famous Guarnerius del Gesil violin made in 1731 and a violin 
made by the author in 1979 are compared. The curves reflect the same test procedure: a con
stant-current sine wave to the bridge, with the response of the violin (hung on rubber bands) 
picked up by a microphone 14 inches away in a fairly nonreverberant room. The upper curve 
is from the Guarnerius, the lower one from the modern instrument, which was made according 
to the plate-tuning principles described in this article. Note the decrease in the amplitude of 
the resonances through the 1.S-kilohertz range and the marked increase in amplitude from 
two to three kilohertz. This characteristic has been reported by Hermann F. Meinel and oth
er investigators as typical of the responses of some of the most musically desirable violins. 
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cert violin it is even harder than before 
to comprehend how the early luthiers 
managed to build instruments that were 
sophisticated and beautiful in both tone 
and appearance. The work I have de
scribed indicates that it is most desirable 
(but often quite difficult) to have the 
free-plate modes 1 , 2 and 5 of a finished 
violin top lie in a harmonic series, with 
mode 5 having a large amplitude and a 
frequency near 3 70 hertz, and to have 
the frequencies of modes 2 and 5 in 
the top plate match those in the back. 
The shape, arching contours and thick
ness distributions of the top and back 
plates are crucial in achieving these re
lations. Moreover, the physical charac
teristics of the wood must lie within a 
narrow range of variables, and many 
other components of expert violinmak
ing must be held to close tolerances. In 
these conditions, and with the applica
tion of the Chladni method to aid in the 

. determination of desirable eigenmode 
and eigenfrequency relations in each 
pair of unassembled top and back plates, 
violins and other members of the violin 
family can be made with consistently 
fine tone and playing qualities. 

Although the knowledge of certain 
I\. characteristic relations in the eigen
modes and eigenfrequencies of free vio
lin plates makes possible the construc
tion of consistently fine instruments, it 
does not explain what happens to those 
modes when the plate pairs are assem
bled into the extremely complex vibra
tory system of the completed violin. In 
an analytical sense, however, the eigen
modes and eigenfrequencies of the parts 
fully define those parts. Therefore one 
can hope for the eventual recognition of 
a thread of generic information that will 
link the known vibratory characteristics 
of the free plates to the vibratory char
acteristics of the completed instrument. 

Any structure such as a violin can be 
considered as essentially an arrange
ment of materials with its own charac
teristics of geometry, stiffness, mass and 
dissipation of energy. The assembly of 
the various parts into a completed in
strument creates an additional set of po
tentially recognizable properties, name
ly the eigenmodes and eigenfrequencies 
of the instrument itself, each mode with 
its associated damping. Even though the 
process is a highly complex one, the ei
genmodes of the parts can be regarded 
as elements that will ultimately deter
mine the eigenmodes of the whole. The 
challenge this investigation presents for 
future investigators is: Can the tools and 
methods of measuring and analyzing vi
brations be applied to a study of how the 
characteristics of free violin plates affect 
the vibrations of the coupled top and 
back plates and the enclosed air mass 
of the violin body as they respond to 
the forces generated by the bowed vio
lin string? 
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Vi tru vi us' Odometer 

A machine for measuring mileage that the Roman engineer described 

but nlay never have seen proved puzzling to Leonardo 1,500 years later. 

It may have been invented by Archimedes during the first Punic War 

W
hat links Archimedes, the Syr
acusan wizard of mechanics 
of the early Punic Wars, with 

Marcus Vitruvius Pollio, the military 
engineer and architect of the Caesars, 
and Leonardo da Vinci? It may be a 
wheeled device for measuring road dis
tances, invented by the first of these 
three, described by the second and un
successfully reconstructed by the third. 
To demonstrate this possibility I shall 
begin by showing how a description 
of the device, written in about 20 B.C. 
by Vitruvius, apparently left Leonardo 
puzzled and at a loss when he read it 
some 1,500 years later. Then, profiting 
from Leonardo's incomplete analysis, I 
shall show how the measuring device 
can indeed be reconstructed according 
to Vitruvius' description. Finally, I shall 
argue that the device, which Vitruvius 
himself rather faintly praised as one 
"made in times of peace and quiet for 
profit and enjoyment," had at least in 
part a military origin and purpose and 
that it can be traced to none other than 
Archimedes. 

The measuring device is known as an 
odometer (from the Greek hodos, way, 
and metron, measure). A similar mecha
nism is found in every automobile to
day. Before the advent of motorized 
transportation, however, the odometer 
served only special purposes. For exam
ple, during the Peninsular War of 1808-
14 the British general Arthur Weilesley 
(later the Duke of Wellington) insisted 
on having his army's marches measured 
in this way, and similar mile measurers 
were often attached to hired coaches in 
order to determine what fare should be 
charged. Indeed, once gearing had been 
invented the essential simplicity of such 
devices would have offered little chal
lenge to the engineers of antiquity. In the 
first century A.D. Hero of Alexandria de
scribed one. His account has come down 
to us in an Arabic translation of the 
original Greek: actuated by the turning 
of a chariot wheel, a series of worm 
gears moved a pointer along a scale 
that showed the distance traveled. The 
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by Andre Wegener Sleeswyk 

odometer described by Vitruvius, how
ever, was not quite as simple. Let us turn 
to his text (which we find in that volume 
of his Ten Books 0/ Architecture devoted 
to machinery) to see what gave Leonar
do in the late 15th century and succes
sive generations of commentators and 
translators so much trouble. 

Some of Vitruvius' obscurity is minor. 
For example, his Latin is not the easiest 
and his style is uneven. Sometimes he is 
verbose; at other times he is so succinct 
that one has to guess at his meaning. A 
larger difficulty comes from the fact that 
in his day technical terminology was 
not well developed. To him gears are 
"drums" with teeth, and the gears are 
held in place by a localumentum. Now, 
localumentum was a general word in 
Latin (we have no exact equivalent of 
it) for a structure of planks designed to 
keep things in their place. The word 
might describe anything from a book
shelf to an open box for storing grain. 
Here I shall translate localumentum as 
"container. " 

The invention of the odometer must 
predate the time of Vitruvius. Indeed, it 
is not even certain that he ever actually 
saw the device he describes; he starts his 
account with the statement that he is 
now turning "to a matter transmitted by 
our forebears." The late A. G. Drach
mann, both a classical philologist and a 
student of ancient technology, drew my 
attention to the fact that Vitruvius cus
tomarily wrote in the indicative mood in 
his other descriptions of machinery but 
wrote in the sUbjunctive mood through
out his description of the odometer. He 
may have done so to show that he was 
quoting from an earlier source. 

In Book X, Chapter IX, of Vitruvius' 
Architecture he describes two versions 

of the odometer. One version is for serv
ice on land and is actuated by one of the 
rear wheels of a four-wheeled carriage, 
a raeda. The other, a marine version, is 
driven by a paddle wheel mounted on 
shipboard. This forerunner of a ship's 
log will not concern liS here. As for the 

land odometer, Vitruvius, having told us 
that the wheels of the raeda were four 
feet in diameter and would advance 12.5 
feet per revolution, goes on to describe 
the gearing and the counting mecha
nism as follows: 

"A drum is firmly mounted on the hub 
on the inside of the [carriage] wheel, 
having a single little tooth beyond the 
rim of its circumference. But above it is 
a container, firmly attached to the car
riage box, with a drum that can turn, 
standing on edge and held in position 
on a little axle. In the rim of this drum 
400 equally spaced teeth have been cut 
that engage the little tooth on the low
er drum. Furthermore, to the side of 
the upper drum another little tooth is 
attached, projecting beyond the [400] 
teeth. 

"Above it stands another horizontal 
[drum], toothed in the same way, held 
by another container. The teeth engage 
the small tooth that has been attached to 
the side of the second drum. Holes are 
made in this [horizontal] drum, as many 
as the number of miles the carriage can 
go in a lengthy journey. More or less 
does not matter. And in all these holes 
small round pebbles are placed. And in 
the drum's cover, or rather container, 
a single hole is made that has a tube 
through which, when they have come to 
this position, the small pebbles that were 
placed in the drum can fall one by one 
into the carriage box and the bronze ves
sel placed underneath. 

"When the [carriage] wheel goes for
ward, it takes the lower drum with it, 
and its little tooth causes the teeth of the 
upper drum to go forward by pushing 
them at every turn. [Thus] it is brought 
about that when the lower drum has 
been turned 400 times, the upper one 
has turned once, and the small tooth at
tached to its side will turn the horizontal 
drum one tooth forward. So that when 
by 400 turns of the lower drum the up
per one rotates once, the distance cov
ered will have a length of 5,000 feet, 
which is 1,000 passus. It follows that the 
falling pebbles will mark by their sound 
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every [Roman] mile that has been ac
complished. The number of pebbles col
lected below gives the total number of 
miles in a day." 

Let me add a few words of explana
tion. The "carriage box" is a box that 
was fastened to the rear axle of some 
Roman carriages; its lid extended on 
both sides over the rear wheels. One 
would suspect from the description that 
both 400-tooth gears were mounted on 
the carriage box, the vertical gear on one 
of its sides and the horizontal gear on 
top of the lid. To repeat the sequence of 
events, the gear with the single tooth 
moved the vertical 400-tooth gear for
ward one tooth with every turn of the 
carriage wheel. By the same token, the 
single tooth mounted on the side of 
the vertical 400-tooth gear moved the 
horizontal 400-tooth gear forward one 
tooth with every 400 turns of the car
riage wheel (a distance of 5,000 feet), 
causing one of the pebbles stored in the 
holes provided in the horizontal gear to 

fall with a clang into the bronze beaker 
inside the carriage box. 

Now let us move forward to Leonar
do. His famous odometer sketches 

appear on the first page of the Codex 
At/anticus. Leonardo notes that he has 
adapted the mechanism to the measure
ments of his day. He required the cir
cumference of the wheel to be 10 yards 
and the number of teeth in the two large 
gears to be 300 because the mile of his 
day was 3,000 yards. In all other re
spects, however, he seems to have fol
lowed Vitruvius' description. 

Of the two odometer sketches, the 
left-handed Leonardo presumably first 
drew the one at the right side of the page: 
an odometer of the wheelbarrow type. 
Here a small tooth on the hub of the 
wheel intermittently advances the verti
cal gear at the right (which for the sake 
of simplicity he drew with some 40 teeth 
rather than 300). For every full turn of 
the vertical gear the horizontal gear ad-

vanced one step and dropped a pebble 
into the rectangular box at the left side 
of the wheel. 

With its elegantly drawn 40-tooth 
gears Leonardo's odometer might have 
worked. With 300-tooth gears, however, 
the device would have been mechanical
ly hopeless. This seems to have been first 
pointed out in print by Claude Perrault, 
a 17th-century French physician, the ar
chitect of the Louvre and incidentally a 
brother of the author of Puss ill Boots. It 
would have been hopeless because with 
such a large number of teeth (whether it 
was 300 or 400 does not matter) the 
spacing between them becomes so small 
that the single tooth supposed to move 
the large gear forward simply cannot 
mesh effectively. Perrault, who pub
lished his commentary in 1673, estimat
ed that a 400-tooth gear would have to 
be at least two feet in diameter (and 
hence more than six feet in circumfer
ence) to have teeth strong enough to 
support the stress of meshing. Even at 

TWO ODOMETERS, sketched by Leonardo da Vinci on the basis of 
a description written some 1,500 years earlier by the Roman engi
neer Vitruvius, appear on the first page of the Codex Atlallticl/s. The 
wheelbarrow version was shown for the sake of clarity with vertical 
and horizontal gears having only 40 teeth rather than the 400 re-

quired by Vitruvius' description. The "single tooth" gear on the axle, 
which would advance the vertical gear one step with each turn of 
the wheel, is shown near the hub in the wheelbarrow version but is 
a worm gear at the center of the axle in the two-wheel version at 
the left. The details of both versions are illustrated on the next page. 
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SINGLE-TOOTH GEAR (color) attached to the rotating wheelbarrow hub might have 
meshed successfully with a 40-tooth vertical gear but, as was pointed out two centuries after 
Leonardo's time, could not have meshed with a 300- or a 400-tooth gear. The worm-gear "sin
gle tooth" of the two-wheel odometer (color) might have meshed successfully with a 400-
tooth gear, but the rest of the gear train, particularly the single tooth on the axle of the ver
tical gear (color), does not match Vitruvius' description. Dissatisfied, Leonardo stopped here. 

190 

that circumference the meshing ,depth 
would be only half a millimeter. This 
was obviously not a workable gear train. 

The problem seems to have escaped 
the attention of many later commenta
tors, but there is reason to believe Leo
nardo became aware of it after he had 
sketched the wheelbarrow odometer. In 
his second drawing he circumvented the 
meshing difficulty with characteristic in
genuity. He chose to assume that the 
first "single tooth" of Vitruvius' descrip
tion meant an endless screw, or worm 
gear (which may indeed be regarded 
as an elongated single tooth wrapped 
around a cylinder), Leonardo knew that 
Vitruvius was familiar with the end
less screw, an invention of Archimedes', 
Thus in his second sketch he fitted the 
axle of the two-wheel vehicle with a 
worm gear to drive the vertical gear. In 
addition he mounted the second single 
tooth on the axle of the vertical gear in 
order to drive the horizontal gear. This 
tooth, at least, rotated on a very small 
radius, so that the meshing depth at
tained a realistic value, Both innova
tions were geometrically correct ways 
out of the gear-train difficulty, and Leo
nardo's second reconstruction of the Vi
truvian odometer might have been a 
workable device even if it had had gears 
with 400 teeth, 

Teonardo's two-wheel odometer de
L parts considerably, however, from 
Vitruvius' description. The two large 
gears are no longer "toothed in the same 
way." The horizontal gear has been giv
en contrate teeth, that is, teeth that lie 
parallel to the gear axle; only the verti
cal gear has retained radial teeth. What 
is worse, one can by no stretch of the 
imagination make the single tooth at
tached to the axle of the vertical gear 
project "beyond the teeth" of that gear. 
It is therefore not surprising that classi
cal scholars, with their regard for the 
written evidence, did not accept Leonar
do's proposal. Their rejection was per
haps most clearly formulated by Drach
mann, who in 1963 declared that he con
sidered the Vitruvian odometer to be 
the ancient Roman's "armchair inven
tion" rather than a description of a work
able machine. Drachmann's judgment 
seemed at the time the only one possible 
for a serious scholar; no one had gone 
further than Leonardo in search of a 
valid interpretation of Vitruvius' words. 

Must Drachmann's verdict be the fi
nal one? Once I began to look into the 
matter I came to doubt it. Whatever 
shortcomings Vitruvius had as a stylist, 
he was certainly a practical and thor
oughly realistic engineer, not given to 
armchair inventions. Moreover, nowa
days Leonardo's reconstructions, for all 
their ingenuity, cannot be regarded as 
exhaustive explorations of the possibili
ties implicit in Vitruvius' text. After aU, 
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Leonardo lived at a time when machine 
technology was only first unfolding; to
day we have the advantage of half a mil
lennium of further progress. What is 
'more, in these five centuries our knowl
edge of the past has also greatly in
creased. For example, neither Leonardo 
nor Perrault knew that gears made of 
thin bronze plates were not uncommon 
around the beginning of the Christian 
Era. This has been demonstrated only 
by 20th-century archaeological finds, 
such as the fragment of a large bronze 
disk made in the second century A.D., 
found at Salzburg, and the remains of a 
complex train of gears made in the first 
century B.C., found by sponge divers off 
the Greek island of Antikythera. 

The spectacular Antikythera mecha
nism, successfully reconstructed in 1974 
by Derek J. de Solla Price of Yale Uni
versity, was an analogue computer for 
calendrical calculations that employed 
more than 30 bronze gears. Its gear teeth 
were in the shape of equilateral trian
gles, a configuration that continued in 
use well into the Renaissance for "spur" 
gears, named after their resemblance 
to the rowels of spurs [see "An An
cient Greek Computer," by Derek J. de 
Solla Price; SCIENTIFIC AMERICAN, June, 
1959]. 

A comparison of Vitruvius' text with 
Leonardo's interpretations of it shows 
clearly that Leonardo was aware of the 
gaps in the description. For example, 
Vitruvius does not mention whether the 
vertical 400-tooth gear was mounted 
parallel to the carriage wheel or perpen
dicular to it. To cover both possibilities 
Leonardo showed the gear parallel to 
the wheel in his first drawing and per
pendicular to it in his second. 

Actually, when Vitruvius says that the 
horizontal 400-tooth gear was "toothed 
in the same way," he does provide a hint, 
although not much more, about the 
mounting of the 400-tooth vertical gear. 
The single tooth attached to the side of 
the vertical gear rotates in a plane per
pendicular to the horizontal gear. One 
would then expect that if the gears were 
toothed in the same way, the vertical 
gear would in turn be perpendicular to 
the plane of rotation of the single tooth 
on the wheel hub, that is, perpendicular 
to the carriage wheel. 

Some tangible information about the 
gears themselves is also hidden in Vitru
vi us' text. This emerges when one com
pares his description of the marine 
odometer with the description of the 
carriage-mounted one. In the carriage
mounted device the single tooth at
tached to the vertical gear is said to pro
ject "beyond" the gear's 400 teeth. The 
text describing the single tooth in the 
marine odometer is more specific; it 
states that the tooth projects "beyond 
the circumference." One may infer that 
the single tooth could only have pointed 
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FOUR MEANS OF GEAR MESHING, three of them perpendicular and one in the.same 
plane, are shown schematically. The spur-gear mesh (1) is the one proposed by Leonardo for 
the wheelharrow odometer and the right-angle worm-gear mesh (2) is the one he proposed for 
the two-wheel odometer; its offset angle is 90 degrees. A conventional right-angle mesh (3) 
has a zero offset angle; the radius perpendicular to the intersection of the gear planes and the 
radius to the point of interaction are identical. The right-angle mesh with a 30-degree offset (4) 
is the arrangement tested with a scale model. It was proposed by the author to fit Vitruvius' de
scription and at the same time to allow a single-tooth gear to mesh with a 400-tooth one. 

in a radial direction; the gears were spur 
gears, as apparently all ancient bronze 
gears were. 

This is as far as Vitruvius and Leonar
do can take us. What is missing is 

information about the geometry of the 
interaction of the single-tooth gears and 
the 400-tooth gears. That information in 
turn would determine how the gears fit
ted on the carriage box. The dimensions 
of the carriage box, and hence the space 
available for the gears, may be estimat
ed on the basis first of the four-foot di
ameter of the carriage wheels and sec
ond of the wheel gauge. The gauge can 
be estimated on the basis of paired ruts 
in Roman roads; in the excavated ruins 
of Pompeii, for example, the ruts are 
from four and a quarter to four and a 
half feet apart. 

The missing link in all of this is pro
vided by an elementary but systematic 
exploration of the geometry of gear in-

teraction. To keep the number of dif
ferent possibilities within manageable 
bounds certain reasonable simplifying 
assumptions must be introduced. For 
one, let the exploration be limited to 
right-angled pairs of gears. For another, 
assume that the gears are disks with 
their rims touching at the point of inter
action. Assume further that the tooth 
shapes of the interacting gears are the 
same; therefore the interacting gears 
will have the same offset angle. Finally, 
on the basis of the archaeological infor
mation, assume that the tooth has the 
shape of an equilateral triangle. Given 
all of this, the number of independent 
variables has been reduced to only two: 
the offset angle and the ratio of gear
disk diameters. On this set of assump
tions one obtains the basic geometry of a 
range of gearing that includes the bevel, 
hypoid and worm gears of today. 

Of course these modern gears, with 
their sophisticated tooth shapes, are 
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INTERACTION OF A SINGLE TOOTH with a 400-tooth gear, the 
practical difficulty first pointed out by Claude Perrault in 1673, is 
sbown schematically at the left. In order to clear tooth a before engag
ing tooth b (which must then be advanced to the position now occu
pied by tooth c) the single tooth must be so short that it cannot effect 

SINGLE-TOOTH GEAR of substantial dimensions can drive a 400-
tooth gear in a way that agrees with Vitruvius' description, as this se
quential illustration shows. At the upper left the rim of the gear is 
seen to pass between teeth c and b as the single tooth approaches 
tooth b. At the upper right the interaction of the single tooth with 
tooth b begins; the faces of the two teeth are approximately parallel 
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D D D [J 
the desired movement. Leonardo's solution, as shown in his two
wheeler sketch, appears schematically at the right. Fixed to the end 
of the rotating axle of the vertical gear (1) is a larger single tooth. Be
cause the total radius is very small the tooth clears tooth a of the hor
izontal gear, successfully engages tooth b and advances it as desired. 

when they touch because of the 30-degree offset of the single-tooth 
gear. At the lower left the single tooth is advancing tooth b toward 
the position formerly occupied by tooth c; the cutout in the gear rim 
behind the single tooth prevents interference with tooth a. At the low
er right the advance of tooth b is completed; now the rim of the gear 
will pass between teeth b and a until a full turn brings the tooth to a. 
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beyond consideration here. One must 
think rather about the interaction of 
elementary spur gears, very simply cut 
or filed around the circumference of 
bronze disks. A good workman would 
have striven for minimum wear, which 
calls for a maximum area of contact at 
the point of interaction. It would have 
been achieved by having the faces of the 
two gear teeth approximately parallel 
where they touched. Given equilateral 
triangular teeth, this requirement would 
have been met if the offset angle was 
30 degrees. The resulting arrangement 
would leave the single-tooth gear on the 
hub close to the carriage wheel. This 
position is in marked contrast to Leo
nardo's second arrangement, where the 
worm gear is most inconveniently situ
ated in the middle of the axle, at an off
set angle of 90 degrees. 

Having arrived at this point in my rea
soning I decided to test my gear-train 
deductions by building a simple model 
with gears cut out of thick paper. The 
single-tooth gear was positioned to drive 
a gear with 120 teeth when both were 
pinned to a piece of Styrofoam. Pro
vided the multi tooth gear was guided 
in a slot near the point of interaction, it 
proved entirely feasible for the single
tooth gear to advance the multitooth 
gear one step with each revolution. 

In the absence of such a slot, however, 
the teeth of the multitooth gear tend

ed to be deflected sideways when they 
were in contact with the single tooth. 
Suddenly this deflection made clear to 
me what the purpose of the localumen
tum might have been. Each of the con
tainers would have provided the guiding 
slot essential for the proper functioning 
of the Vitruvian gear train. 

Other variables, such as the ratio of 
gear diameters, remained to be selected. 
In order to have adequate ground clear
ance the gear attached to the hub of 
the carriage wheel must have been ap
proximately a fourth the diameter of the 
wheel. And if the horizontal multitooth 
gear was to lie on the lid of the carriage 
box above the wheels, the diameter of 
the vertical multitooth gear would have 
to be at least 2.7 feet. Other constraints 
included the need for the two multitooth 
gears to clear each other and the need 
for the single tooth attached to the verti
cal gear to clear both the carriage wheel 
and the single tooth attached to the 
hub. On paper the geometry of all of 
this proved to be just feasible. 

To determine the validity of my paper 
reconstruction of the Vitruvian odome
ter I built a quarter-size scale model. In 
the large horizontal gear I drilled two 
concentric arrays of 200 holes each, to 
hold ball bearings in lieu of pebbles. The 
steel balls fell one at a time through an 
oblong hole in the lid of the carriage 
box, making an audible thump every 
quarter mile as they landed in a plastic 
beaker inside. Because my model agrees 
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well with the details of Vitruvius' text 
and also because no equally probable 
alternatives presented themselves in the 
course of the reconstruction I do not 
think my odometer can be much differ
ent from the one Vitruvius may never 
have seen but painstakingly described. 

Even if this successful reconstruction 
settles the question of whether Vitru
vius was describing a real mechanism 
or an imaginary one, many other ques
tions remain. As Drachmann had re
marked earlier, why trouble oneself with 
a 400-tooth gear when a gear train with 
two successive I: 20 reductions would 
achieve the same effect? (This, by the 
way, is surely how Leonardo would 
have designed an odometer if he had 

started from scratch rather than trying 
to follow Vitruvius.) Again, to what pur
pose was this curious device put, consid
ering that in the time of Vitruvius the 
distances along all the highways in Italy 
were well marked by milestones? The 
practice of setting up milestones goes 
back at least to 252 B.C. and was made 
compulsory by the tribune Caius Sem
pronius Gracchus in 123 B.C. This leads 
to still another question: Just when was 
it that the "forebears" cited by Vitruvius 
as the inventors of the odometer actual
ly lived? 

I shall return to these last questions 
below. As for the 400-tooth gears, I 
think the large size of the gear mounted 
on top of the carriage box could actually 

have been advantageous to the operator 
of the odometer. If the central part of 
the big disk was coated with black wax, 
as Roman writing tablets were, it could 
have provided a convenient informal 
note pad for jotting down particulars 
observed along the road. This infor
mation might have been used to com
pile the kind of classical travel guide 
of which a few, such as the Tabula Peu
teringiana, still survive. 

As for the when and the why of the 
Vitruvian odometer, answers to these 
questions cannot, of course, be given 
with any certainty. I shall nonetheless 
venture my own answer. It suggests a 
possibility that agrees with what we 
know about early Roman history, at-

RECONSTRUCTION of the carriage-box odometer described by 
Vitruvius is seen in this drawing; for the sake of clarity fewer than 
400 teeth are shown on the two large gears. The single-tooth gear (a, 
color), fixed to the hub of the carriage wheel, advances the vertical 

gear fixed to the back of the carriage box one step with each rotation 
of the wheel. Another single tooth (b, color), attached to the vertical 
gear, advances the horizontal gear one step at every 400th rotation of 
the carriage wheel; this is a distance of 5,000 feet (one Roman mile). 
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QUARTER-SCALE MODEL of the carriage-box odometer, built by the author with 400 
teeth on each gear, dropped a ball bearing (in lieu of a pebble) into a beaker every quarter mile. 

PEBBLE-DROPPING CLOCK, attributed to Archimedes, is seen in part in a version drafted 
by Donald R. Hill, based on E. Wiedemann and F. Hauser's 1918 reconstruction. The drum, 
with contrate triangular teeth at its right end, is turned by a float (not shown) that follows 
the level of a descending water column. The drum teeth drive a second gear that is set at a riglit 
angle above the drum. Set above the second gear on the same axle is a disk with 12 holes, each 
hole containing a pebble. One hole aligns with a release tube each hour and the pebble falls out, 
to roll down the tube and drop, on the exterior of the clock, from a bird's beak into a vase. 
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though such agreement does not r.ule 
out equally valid alternative answers. 
Mine is largely based on the fact that the 
unusual method of marking the miles
releasing pebbles from a storage disk to 
fall into a resonant container-is identi
cal with the one employed in a water 
clock attributed to Archimedes (287-
212 B.C.). 

The clock is known to us because it is 
described in an Arabic manuscript that 
was probably composed in its final form 
in about A.D. 1150. Several copies of this 
treatise, Kitab Arshimldasfl 'amal al-bin
kamat (The Book 0/ Archimedes on the 
Construction 0/ Water Clocks), exist. Al
though the title attributes the treatise to 
Archimedes, that surely cannot be true 
of the entire work because many of its 
details date from later times. For this 
reason the author is known to scholars 
as pseudO-Archimedes. 

Donald R. Hill, a student of early 
Arab mechanics who translated and 
commented on the treatise a few years 
ago, came to the conclusion that it 
marks an important stage in the de
velopment of machine technology. He 
sees it as probably the earliest synthesis 
of Greek, Byzantine, Persian and Arab 
ideas about mechanical devices. In addi
tion it provided a source of inspiration 
for later Arab writers on technology. 

Hill points our that Arab commenta
tors unanimously attribute the wa

ter machinery and reckoning by the re
lease of pebbles to Archimedes, and he 
too believes this attribution is the most 
likely one. Pebble-release mechanisms 
for marking the time were at least mod
erately common in the Islamic world. 
The remains of a water clock of the 14th 
century A.D. that employed this system 
still stand at Fez in Morocco. Price, who 
investigated the device in 1961, found 
that some of the pebbles used to mark 
the time were still present. They were 
irregular spheres of pyrite, each one 
about five millimeters in diameter. In 
the Roman world, however, this me
chanical recording system seems to have 
been limited to the two odometers de
scribed by Vitruvius. Was Archimedes 
the inventor of the Vitruvian odometer? 
Is there other evidence for or against 
that conclusion? 

To me such a conclusion appears to fit 
the internal evidence remarkably well. 
Archimedes is known as the inventor of 
the endless screw, and as we have seen 
the method of gear meshing employed 
in the odometer is halfway between the 
endless screw and the meshing of spur 
gears at right angles to each other. This 
offset meshing system would not seem 
out of place among the other known in
ventions of Archimedes. The fact that 
Vitruvius failed to credit Archimedes 
with having invented the odometer is 
not strong evidence that Archimedes did 
not invent it; in the section of Architec
ture that deals with water-raising ma-
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sections, it moves step by step from a basic explanation 
of how the market works to more sophisticated areas 
familiar to professionals, but usually beyond the ken of 
the average investor. A tab index is provided to make the 

course convenient for easy and repeated 
reference. The 332 pages are easily removable 
section by section from the ring binders. 

Examine the Course for 10 days . 

Free. 
Originally conceived as a 

multi-volume correspondence course, 
Forbes Stock Market Course has 
been refined into a single manual. You are 
invited to examine the newly updated 
edition to satisfy yourself that it can assist 
you in your investment decisions. 

To receive the Course for a lO-day 
inspection period, fill out and mail the 
coupon. When you receive the 
course, see for yourself how it can help 

you protect your money and make it grow, how it can help 
prevent expensive mistakes, how valuable it can be as .a 
standby reference. Only then need you send a check 
for $57.50 plus postage and handling. If, for any 
reason, you are not satisfied, return it and owe noth
ing. The risk is ours and we know from the few 
manuals returned how satisfied most buyers are. Before 
you invest another dollar, mail the coupon right away. 

• Sturdy ring binder and tab index 
• Actual size: 11112" x 103/4" 
• 332 pages 
• 41 graphic charts, graphs 

and tabulations 
• Self-evaluating"Financiallnventory and 

Stock Analysis Guide" 
• Fully indexed 
• Investors kit of supplementary 

materials: charting materials, 
list of long-term dividend payers, 
the Forbes Wall Chart of Business 
and Securities Trends, glossary of 
investment terms etc. 

r----�=�������----l 
I FORBESINe. I 
I 60 Fifth Avenue, New York, NY 10011 I 
I Please send me the IS-lesson Forbes Stock Market Course I for 10 days free examination. After 10 days I will remit I $57.50 plus postage and handling, or return the course and I l owe nothing. I 
I �me I 
I Address I 
I I 
I City State Zip I 
I 0 Check here if you enclosed $57.50 to save postage and I handling costs. Same lO-day refund guarantee. 

I (N. Y.c. order add 8%-and other N. Y.S. 4% to 8% as required by I 
L1aw.) Offer valid only in U.S. and Canada. 2012 .J 
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Get more from your 
microcomputer. 

State-of-the-art hardware and 
software articles in MICRO help you 
• Understand your computer's 

inner workings 
• Keep up with high-level 

language developments 
• Exploit the full capabilities 

of your microcomputer 
Read the monthly that thousands of profes
sionals use to get the most out of their 
Apple, Atari, AIM, PET, 051, or other 
6502-or 6809-based system. 518 in U.S. 
1521 elsewhere). 

CALL TOLL-FREE :.=. l"l 
800-227 -1617, ext. 564 
(in Calif: 800-772-3545, ext. 564) 

34 Chelmsford St. 
P.O. Box 6502 
Chelmsford, I.�""W.'''''''I 
MA 01824 

Objectivism 
�s an advocate if reason, 

egoism and capitalism, 
I seek to reach the men if 

the intellect-wherever such 
mqy still beJound." 

AynRand 
Dr. Leonard Peikoff offers a 

12 lecture course on Ayn Rand's 
philosophy, Objectivism. 

Miss Rand participates in most 
of the question periods. Recorded 

live in New York, this course 
is now being given on tape in 

60 N.American cities. Please call 
or write for details, including 

descriptive brochure. 

---contact --

Leonard Peikoff 
86 Bloor Street West 

Suite 765, 
Toronto, Ontario, Canada 

M5S1M50r 
call toll free: 1-800-257-7850 

in N.}.: 1-800-322-8650 
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RO MAN HIGHWAY SYSTEM, shown here as it existed at the time of Archimedes' death in 
212 D.C., had undergone a great expansion foUowing the outbreak of the first Punic War. The 
Via Appia, which then went only from Rome to Vennsia, was extended to Tarentum and Bruno 
disium in 264 D.C. The Via Aurelia was extended in 241 D.C. and the Via Flaminia in 220 
D.C. Archimedes may have invented the odometer for setting milestones along the extensions. 

chinery Vitruvius does not mention Ar
chimedes in a detailed description of 
what is otherwise universally known as 
"the screw of Archimedes." 

This conclusion, furthermore, ties in 
well with a reasonable guess about when 
and where the odometer was put to use. 
What originally was a local network of 
roads around Rome underwent its first 
major expansion when Archimedes was 
still a young man. That was in 264 B.C., 
when the first Punic War began. At that 
time the great southeastern highway, the 
Via Appia, already reached Venusia, 
some 320 kilometers from Rome. In 
that same year the Via Appia was ex
tended an additional 140 kilometers 
through Apulia to Tarentum in Calabria 
and then another 70 kilometers across 
the heel of the Italian boot to Brundisi
urn on the Adriatic. This brought the 
total length of the great highway, from 
Rome to Brundisium, up to 530 kilome
ters' (358 Roman miles). Similar exten
sions were soon undertaken elsewhere. 

Archimedes was a citizen of Syracuse, 
n a powerful Greek city-state in Sici
ly, and was reputedly a kinsman of its 
king, Hiero II (306-215 B.C.). At the out
break of the war between Carthage and 
Rome, Hiero first chose the Carthagin
ian side. Two years later, however, Syra
cuse went over to the Romans, and for 
the remainder of Hiero's long reign he 
was one of Rome'S most loyal allies. 

Thus for 36 years of Archimedes' 
adult life he worked in a city-state close
ly allied with the Roman Republic. Dur
ing this same period the Romans built 
an unprecedented 750 kilometers of 
major highways. If the odometer was a 
tool for measuring distances along these 
roads, I think its original purpose was to 
ensure the correct emplacement of mile
stones along the Via Appia. For ex
ample, this would explain the correla
tion between the length of the Appian 
Way and the odometer's 400-mile "ra
dius of action." 

All of this further implies that Archi
medes, one of the most ingenious inven
tors of antiquity, designed the odome
ter for this specific purpose in order to 
help his Roman allies. Historically that 
seems entirely plausible. Archimedes' 
hand in the matter seems all the more 
probable when one considers that the 
odometer design, as reconstructed ac
cording to Vitruvius' description, not 
only occupies a logical place among Ar
chimedes' known inventions but also re
corded distances by a system of pebble 
dropping that is persistently attributed 
to Archimedes in the ancient Arabic lit
erature. It seems to me, however, that 
the odometer is more interesting for its 
ingenuity than for its practical utility 
and most interesting of all for the evi
dence associating it with great engineers 
of the past: Leonardo, Vitruvius and, so 
it now seems, Archimedes. 
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D�IGN AUfOMATION H ELPS  US 
CRFATE VERY LARGE SCALE 

INfEGRATED CIRCUITS ftS DENSELY 
POPUlATED ftS MANHATIAN. 

WITHom DESIGN 
AUfOMATION, DESIGNING 
A VISI CHIP WOULD BE 
ASDImCULTASCRFATING 
A WO RKING MODEL OF 
AMAJOR MEfROPOUfAN 

ARFAIN THE SPACE 
OF A POSfAGE Sf AMP. 

At Honeywell, we use 
computers to design integrated cir
cuit chips for computers. In fact, 
design automation has played a key 
role in the development of Honeywell 
computers, from the smallest to 
the largest. But our research in very 
large scale integrated circuits has 
presented some new challenges to 
our design automation capabilities. 

Our design automation 
system is one of the tools we're using 
to populate a CMOS chip with close 
to a million features which form 
300,000 transistors. Design automa
tion is also helping us develop a 

bipolar microcircuit with 1.25 
micron feature size and 30,000 gates 
for Phase 1 of the Department of 
Defense's YHSIC program. 

But in order to develop 
YHSIC chips with sub-micron feature 
size, our researchers will need 
the support of even more sophisti
cated design automation tools. 
So, we're in the process of building 
an Advanced Integrated Design 
Automation (AIDA) system to answer 
those needs. 

By late 1984, AIDA will give 
Hon eywell engineers access to a total 
electronics design and documen
tation system that will free them to 
create complex circuits with im
mense functionality at a relatively 
low cost per function. 

We're working on a symbolic 
layout module that will allow de
signers to place and interconnect 
transistors and small logic functions 
in symbolic representation, without 

concern for physical design rules. 
Computer simulation will let 

Honeywell designers analyze dense 
chip design in the future without 
the astronomical investment of time 
and money that breadboard simu
lation would require. 

And the module we're de
veloping for synthesis at the logic 
block and logic gate level is ex
pected to dramatically reduce the 
time and cost of designing both chips 
and systems. 

Automatic test generation is 
another one of the capabilities we're 
developing for the AIDA system. 
The challenge is devising a module 
that will automatically generate 
tests, not only at the chip level, but 
at the printed circuit board and 
systems level as well. 

Soon our Advanced Integrated 
Design Automation system will 
be used throughout Honeywell to 
support electronic design. The 
development of this capability is vital 
to the continued advancement of 
control and computer technologies 
and the creation of the new products 
on which our future depends. 

If you have a degree and 
experience in solid state electronics, 
mathematics, integrated circuit 
design, design automation develop
ment, or computer sciences, oppor
tunities exist in Minneapolis, Boston, 
Phoenix, and Santa Clara. 

For more information on 
this challenging assignment, write to 
Dr. Eugene E. Yore, Corporate Dir
ector, Design Automation, Honeywell 
Plaza, Minneapolis, MN 55408. 

Honeywell 

The research environment at seminars with Berkeley, MIT, Stanford, 
Honeywell is further enhanced by our affil- Carnegie Mellon, the University of Ill inois, 
iations with universities across the Cornell, Purdue, Oregon Graduate Center, 
country. We have an ongoing program of and the University of Minnesota. 
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Quantum Logic 
In the quantum theory classical patterns of inference break down. 

Mathematical structures called lattices can model alternative roles 

for the words ({and" and ({or" that may fit the world more coherently 

I
f Aunt Agatha is dead and either the 

butler did it or the gardener did it, 
then surely either Aunt Agatha is 

dead and the butler did it or Aunt Aga
tha is dead and the gardener did it. If a 
quarter is in a box and it shows either 
heads or tails, then either the quarter is 
in the box and it shows heads or the 
quarter is in the box and it shows tails. 
The reasoning in such sentences com
pels assent, although the conclusions 
seem rather trivial, given the premises. 
Moreover, the subject matter appears to 
be entirely incidental to the validity of 
the inferences. Neither the wealth of 
Aunt Agatha nor the greed of the butler 
nor the concept of death has any bearing 
on the conclusion reached in the first 
argument; neither the monetary value of 
a quarter nor the definition of heads or 
tails could alter the conclusion of the 
second argument. Because of the irrele
vance of the subject matter the validity 
of the inferences depends only on the 
rules of logic. In particular it depends 
only on the structural patterns displayed 
by connectives such as and and or. 

Consider now certain physical phe
nomena of microscopic scale as they are 
described by the quantum theory. Ac
cording to the theory, the electron (like a 
number of other elementary particles) 
has an intrinsic angular momentum, or 
spin. The spin is quantized: it is always 
found to assume one of only two values, 
either up or down, along any direction in 
which it is measured .  It is impossible, 
however, to specify the spin of an elec
tron along two spatial axes simulta
neously. For example, if the spin of an 
electron measured along the x axis is up, 
it is not possible to assign any definite 
val ue to the spin along the y axis. 

Suppose a beam of electrons is com
pletely spin-polarized along the x axis, 
which means that all the electrons in the 
beam are found to have the same spin 
value (say spin-up) whenever the spin is 
measured along the x aXIs. Because the 
beam has not been polanzed along the )
axis, one can say of each electron in the 
prepared beam that its spin along the x 
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axis is up and that its spin along the y 
axis is either up or down. Following the 
pattern of reasoning I employed in ana
lyzing Aunt Agatha's murder, the state
ment about the electron implies either 
that the spin along the x axis is up and 
the spin along the y axis is up or that the 
spin along the x axis is up and the spin 
along the y axis is down. 

Both clauses of this assertion, how
ever, violate the principle of quan
tum mechanics stating that spin cannot 
be specified simultaneously along two 
axes. Since neither clause can be accept
ed, the assertion itself must be rejected. 
One must therefore either reject the ini
tial statement about the prepared beam 
of electrons or disallow a logical proce
dure for defining the consequences of 
the statement, a procedure that seemed 
quite innocuous in ordinary reasoning. 
There is no motive at hand for rejecting 
the initial statement, and so it seems at 
least one law of classical logic cannot be 
applied to quantum phenomena. 

Any proposal to revise the laws of log
£\. ic, or even to regard them as being 
open to revision, runs counter to central
ly and universally held beliefs. Never
theless, the alternative of retaining clas
sical logic by denying the validity of the 
quantum theory has little appeal. Fifty 
years after its inception quantum me
chanics is one of the most successful of 
scientific theories. Its versatility and its 
predictive power are such that it has no 
serious rivals. It is applied routinely and 
with high precision to the understanding 
of the interactions of elementary parti
cles. The theory also provides a means 
of describing a wide range of other phe
nomena, including the physics and the 
chemistry of atoms, molecules and solid 
materials .

. 

In the opinion of some philosophers 
01 science there is precedent in the hIsto
ry of physics for the kmd of conceptual 
shift entailed by a modification of clas
sical logic. It is now commonplace 
to point out that in the development 
of physics since Einstein the notions 

of space, time, energy, momentum and 
mass have been profoundly altered.  The 
change can be expressed in what philos
ophers call the formal mode of speech 
by stating that the roles of words such as 
space, time, energy, momentum and mass 
are different in the language of modern 
physics from what they were in the lan
gua

'
ge of classical physics. Similarly, 

one might suggest that if the conceptual 
structure of physics is embodied in the 
language of physics, then even the roles 
of words such as and, or and not are not 
exempt from revision. Because these 
words have traditionally been associat
ed with logical investigations, and be
cause the shift in their roles is motivated 
by the development of quantum me
chanics, it makes sense to call the result 
of the shift quantum logic. 

How might one characterize the role 
played in a language by the words that 
serve as logical connectives? Suppose P 
designates the sentence "Aunt Agatha is 
dead," Q designates the sentence "The 
butler did it" and R designates the sen
tence "The gardener did it." Then the 
logical structure of my first inference 
can be set forth as follow,S :  

From Pand(Qor R) 
one infers (P and Q) or (P and R). 

Writing the logical form of the reason
ing in this way is meant to indicate that 
the inference is valid no matter what 
simple declarative sentences are substi
tuted for the letters p, Q and R. The 
formula is called a distributive law of 
logic. In another distributive law of 
logic the words and and or are in
terchanged. Such laws of logic closely 
resemble the distributive law of arith
metic, which states, for instance, that 
the expression 2 X (3 + 4) is equal to 
(2 X 3) + (2 X 4). 

In classical logic the roles of the logi
cal connectives and and or are at least 
partially and impliCitly defined by the 
patterns they form in the distrIbutive 
law. In the quantum-mechanical de
script ion of electron spin, however, the 

© 1981 SCIENTIFIC AMERICAN, INC



logical step from the first line of the dis
tributive law to the second line is disal
lowed. Suppose P designates the sen
tence "The spin along the x axis is up," Q 
designates the sentence "The spin along 
the y axis is up" and R designates the 
sentence "The spin along the y axis is 
down." The formula P alld (Qor R) may 
then be true, but the formula (P alld Q) 

or (P alld R) cannot be maintained. 
Hence the suggestion that quantum me
chanics may demand the revision of a 
law of logic amounts to the proposal 
that the roles of the connectives and and 
or must be altered so that statements 
about quantum mechanics no longer 
combine logically to satisfy the distribu
tive law. 

How can one be sure that such a 
change in the language preserves some 
sense of the traditional logical structure 
and does not lead to inconsistency or 
paradox? The traditional response to the 
question has been to build a mathemati
cal model that incorporates the change 
but still exhibits reasonable behavior. 
(What is meant by "reasonable behav-

a c 

X-JOIN-Z T-JOIN-Z U-JOIN-Z 

b 

o 

X-MEET-(Y- JOINZ) 

o 
(X-MEET-Y)- JOIN(X-MEET-Z) 

/' 

d 

X-JOIN-Z T-JOIN-Z 

DISTRIBUTIVE LA W OF LOGIC states that for any sentences P, 
Q and R, if the compound sentence P alld (Q or R) is true, then the 

compound sentence (P alld Q) or (P alld R) must also be true. The dis· 
tributive law can be modeled by a lattice: an array of points and a net

work of lines that connect lower points with upper ones. The points 

represent sentences and the lines represent entailment relations. A 
sentence represented by a given point entails all the sentences repre

sented by points higher in the lattice that can be reached from the giv

en point along upward-moving lines. Two operations called lIIeel 

and joill can be defined on the lattice. The lIIeel of two points is the high
est point to which they are both connected by lines moving down

ward from at least one of them. The joill of two points is the lowest 
point to which they are both connected by lines moving upward from 

o 

S-MEET-(U- JOIN V) 

o 
(S-MEET-U)- JOIN(S-MEET-V) 

U-JOIN-Z 

at least one of them. If the operation lIIeel is identified with the word 

alld and the operation joill is identified with the word or, the lattice 

can model the logical relations among sentences. The structure of the 
lattice determines whether or not distributive relations hold for the 

operations lIIee1 (black arrows) and joill (colored arrows). For the lat

tice in panels a and b the operations x-Illeel-(y-joill-z) and (x-Illeel

y)-joill-(x-Illeel-Z) lead to the same point, so that the operations sat

isfy a 'form of the distributive law. Such a lattice models classical, or 

distributive, logic. For the lattice in panels c and d the two operations 

do not lead to the same point. The lattice models the nondistributive 

logic that seems to be required for the description of quantum-me
chanical phenomena. (Thejoill operation in panels band d is not shown 
by an arrow because it does not lead away from the bottom point, 0.) 
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a 

ELECTRON 

SOURCE 
COLLIMATING 

SCREEN 
ELECTROMAGNET 

X SPIN-DOWN 

OBSERVED PROPERTIES OF SPIN, or intrinsic angular momen
tum, suggest that the distributive law of logic cannot be applied to 
the description of an atomic or a subatomic particle. According to 
classical mechanics, particles whose spins are randomly oriented 
should be deflected along a continuous range of paths by a magnetic 
field that varies from point to point. Otto Stern and Walther Gerlach 
found in 1921 that such a field deflects particles along only two 
paths, indicating that the spin is quantized (a); the component of the 
spin measured along any designated axis is invariably either up or 
down. In each of the deflected beams all the particles have a spin-up 
component along the axis of the magnetic field (say the x axis), and 
they have either a spin-up or a spin-down component along an axis 
perpendicular to the field (say the y axis). In classical logic this is equiva-

204 

/ 
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Y SPIN-DOWN 

Y SPIN-DOWN 

RESULT EXPECTED 

ACCORDING TO 

CLASSICAL LOGIC 

OBSERVED 

RESULT 

lent to saying that some particles in the deflected beam are x spin-up 
and y spin-up and some are x spin-up and )' spin-down. A second 
magnetic field at right angles to the first field can split one of the 
beams into its two)' components. One would expect that a third mag
netic field, oriented along the x axis like the first field, would give rise 
to only one beam, since the particles had previously been exposed to 
spin-polarizing fields first along the x axis and then along the), axis 
(b). Instead two beams emerge from the third field; each beam is po
larized along the x axis, but the)' component is randomly oriented (c). 

The result indicates it is impossible to simultaneously assign exact 
values to the x and)' components of the spin of a particle. The equiva
lence derived from the distributive law of classical logic does not 
hold because the x and the)' spins cannot be defined simultaneously. 
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ior" probably cannot be specified in ad
vance.) An instructive example of this 
process is provided by the development 
of non-Euclidean geometry. 

The development began when mathe
maticians came to doubt the self-evi
dence of the fifth postulate of Euclid. 
The fifth postulate states that through 
any point in a plane that does not lie on a 
given line one and only one line can be 
dra\-\rn that is parallel to the given line. 
By denying the fifth postulate and as
suming instead that either many parallel 
lines or no parallel lines can be drawn 
through the given point, 19th-century 
geometers were able to construct rich 
formal systems. The systems were com
posed of postulates and theorems that at 
first could not be interpreted as state
ments about geometry at all. 

In spite of the intrinsic interest of such 
formal systems to mathematicians, it 

is difficult to work with the systems if 
there is no way to interpret their theo
rems and postulates. Initially geometers 
could not guarantee that all their results 
were free of inconsistencies, nor did 
they perceive that the various formal 
systems are deeply related. After some 
time, however, it was recognized that 
statements in the formal systems could 
be interpreted as statements about the 
geometry of curved surfaces, such as the 
surface of a sphere or the saddle-shaped 
infinite hyperbolic surface. 

The construction of geometric models 
made possible a more intuitive under
standing. Abstract patterns in the for
mal systems could be visualized as geo
metric relations, and one could see at a 
glance whether or not a theorem made 
sense. Moreover, mathematicians came 
to regard each geometric model as being 
merely one case in the more general 
study of curved surfaces; the geometry 
of a particular model could be charac
terized by specifying the curvature of 
the surface. Euclidean geometry, for ex
ample, is the study of flat surfaces, that 
is, surfaces whose curvature is zero. In 
this way the geometric interpretation of 
the various formal systems showed that 
they are not unrelated but are members 
of a single family. The theorems within 
each system came to be understood as 
analogues of one another, playing simi
lar roles in the geometries of different 
surfaces. 

In 1932, in order to construct a similar 
interpretive model for quantum logic, 
John von Neumann of the Institute for 
Advanced Study began investigating the 
properties of mathematical structures 
called lattices. Von Neumann elaborat
ed his approach in 1936 in an article 
written with Garrett Birkhoff of Har
vard University. They showed that the 
lattice structure of a physical theory can 
be regarded as a mathematical model of 
the system of logic appropriate to the 
theory. The notion of a lattice is quite 
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PROBABILITY 

AMPLITUDE 

SPIN STATE OF 

Y COMPONENT 

I 

SPIN-UP 

PROBABILITY 

AMPLITUDE 

SPIN STATE OF A PARTICLE gives the probability that the spin measured along a given 
spatial axis is either up or down. By convention, if the fingers of the right hand curl in the same 
sense as tbe spin, tbe right tbumb points in the spin-up direction. The probability of finding 
tbat tbe particle is spin-up along a given axis is the square of the magnitude of a vector called 
tbe spin-up probability amplitude. Similarly, the probability of finding that the particle is spin
down along a given axis is the square of the spin-down probability amplitude. The probability 
that the particle is eitber spin-up or spin-down is 1, so that the sum of the squares of the two 
probability amplitudes is also 1. If the probability amplitudes are graphed at right angles to 
each other, tbeir vector sum is the bypotenuse of a right triangle; tbe lengtb of tbe bypotenuse 
is 1. Hence any spin state of a particle can be represented by a vector that is the vector sum of 
the two probability amplitudes, and the set of all possible spin states corresponds to a circle of 
radius 1 in an abstract space called phase space. A complete analysis of spin states requires 
the introduction of complex numbers, that is, numbers with both a real and an imaginary part. 
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X SPIN-DOWN 

-+---------:�--..... --__:::�-t__ Y SPIN-UP 

X COMPONENT 

UNCERTAINTY PRINCIPLE of Werner Heisenberg states that the values of specified pairs 
of variables that characterize tbe state of a particle cannot be known simultaneously with un
limited precision. The x and y components of the spin of a particle form such a pair: they are 
said to be incompatible. Here the spin-up and spin-down probability amplitudes are given for 
the x and y components of the spin (a). The spin-state vector (gray arrow) can be treated as a 
vector sum of either the two x-component amplitudes (black arrows) or the two y-component 
amplitudes (colored arrows). Tbe diagram is only an approximation; a full representation of 
the spin state would have to include tbe z component and could be drawn only in a space whose 
points represent complex numbers. As the vector rotates away from the y spin-up axis to the x 
spin-up axis the probability of finding that the x component of spin is up increases, but the re
sult of any measurement of the y component becomes more uncertain. By imagining that the 
spin-state vector continues to be rotated counterclockwise, a graph of the uncertainties asso
ciated with the two spin components can be constructed (b). Wben the uncertainty in the value 
of one component falls to zero, the uncertainty in the value of the other component is maximal. 
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general. Here I shall apply it to the logi
cal structure of a simple theory con
trived for the purpose of illustration, but 
it can also capture the structures of clas
sical physics and quantum mechanics. 
In the past dozen years physicists and 
philosophers have been returning to the 
lattice analysis introduced by von Neu
mann and Birkhoff. 

The interpretation of a logical struc
ture by means of a lattice is analogous to 
the interpretation of a formal system by 
means of a particular geometry. The 
roles of logical connectives in the phys-

ical theory can be identified with the 
roles of some of the operations and rela
tions defined on the lattice associated 
with the theory. The result is a compre
hensive view analogous to the more gen
eral understanding of geometry attained 
by introducing the idea of curvature. 
The abstract logic modeled by differ
ent lattices in different physical theories 
can encompass the change in the distribu
tive law required by quantum mechan
ics while retaining the distributive law 
for the theories of classical physics. 

Before proceeding with a description 

PENNY 
HEADS 

i 
� 

PENNY 
TAilS 

QUARTER � � QUARTER 
TAilS HEADS 

SIMPLE PHYSICAL SYSTEM made up of a box, a penny and a quarter has four states: both 
coins heads, both coins tails, penny tails and quarter heads, and penny heads and quarter tails. 
Each state can be represented by a quadrant of a disk, labeled by a four-digit binary number. 
Areas of the disk made up of various combinations of the quadrants correspond to every pos
sible collection of the system's states and so to every "theoretical expression" that makes refer
ence to some state or some combination of states. The disk is the phase space of the system. 
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of lattice structures it is useful to exam
ine more closely the assertions of the 
quantum theory that have precipitat
ed such abstract logical investigations. 
Although quantum mechanics makes 
a number of puzzling assertions about 
physical events at microscopic scale, 
such as the duality of waves and parti
cles, I shall confine my exposition to the 
effects of spin. The concepts req uired 
for an understanding of the quantum 
nature of spin reflect in an uncomplicat
ed but nontrivial way the basic concep
tual structure needed throughout quan
tum mechanics. 

The quantum-mechanical spin of a 
particle is analogous to the rotation 

of an ordinary object such as a top. The 
spin has a component along each of the 
three axes of three-dimensional space; 
the components are called the x, y and z 
components. By convention, if the fin
gers of the right hand curl in the same 
sense as the spin, the right thumb points 
in the spin-up direction. 

The spin of a particle that carries an 
electric charge can be detected and ma
nipulated by means of the magnetic mo
ment generated by the spinning charge. 
The method of detection consists in 
passing the particle through a region in 
which a magnetic field varies greatly 
from point to point. According to classi
cal physics, such a field gradient will de
flect a moving particle by an amount 
that depends on the magnetic moment 
of the particle. 

In an experiment done by Otto Stern 
and Walther Gerlach in 192 1 silver was 
vaporized in a furnace and the silver at
oms were directed by a series of baffles 
into a strongly varying magnetic field. 
Because the magnetic moment of the sil
ver atoms is effectively randomized by 
the experimental procedure, Stern and 
Gerlach expected the atoms to be spread 
out uniformly by the magnetic-field gra
dient and to be detected as a smear on 
a photosensitive plate. They found in
stead that the plate recorded two well
defined patches where most of the atoms 
were concentrated. The magnetic mo
ment of the atoms appeared to take on 
only two distinct values. The result has 
since been verified in many other experi
ments with more sensitive apparatus; in 
all cases the magnetic moment of an el
ementary particle or of a composite 
structure such as an atom is found to be 
quantized. 

Because of the quantization of mag
netic moment it is possible to segregate 
particles whose spins have a certain ori
entation by selecting just one of the 
beams that emerge from the magnetic 
field. The selected beam is spin-polar
ized in a direction parallel to the field 
gradient. For convenience I shall as
sume that the beam is moving along the 
z axis and that after passing through the 
magnetic field all the particles have their 
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Mr. Yang 
Zhiding of 
the People's 
Republic of 
China is saying 
''The Allied Fibers 
and Plastics Com-
pany trained engineers and 
technicians from my country in 
Moncure, North Carolina for a 
large polyester complex to be 
built by China near Beijing." 

Mr. Yang and his associates 
traveled around the world to us 
for training because in polyester 
technology, we're a world leader. 
And that's because, as Jim Dun
bar of Allied is explaining, when 
we do something, we mean 
business. 

But pioneering in polyester 
technology is only one way we 
mean business. 

Carpets that hate dirt. 
We meant business when we 

invented the first carpet fiber 
that actually rejects stains and 
spills. It's named Anso® IV. A 
carpet made with it is easier to 
keep clean because liquids just 
bead up on the surface. Which 

"He means, we mean business:' 

sales. It's been 
one of the most 

consistently 
profitable com

panies of its kind 

means no more 
crying over spilt milk. 

We can stand the heat. 
We meant business when we 

invented Halar® plastic wire 
insulation. It's a fire-resistant 
alternative to costly metal
encased wiring, and it can warm 
a contractor's heart by bringing 
down the cost of wiring buildings 
by up t050%. 

Victory at sea. 
The old salts at Allied meant 

business when they produced 
polyester fiber so seaworthy it 
was chosen to be woven into the 
official foul-weather gear and 
lines aboard the America's Cup 
racing yachts. 

We mean g ood  business. 
Last year, Allied Fibers and 

Plastics had over $1 billion in 

in the U.S., earning 
an average return 

on assets of over 
20% for the past 

5 years. See what 
we mean? 

We are not alone. 
We're woven 

together with other 
major businesses 

like chemicals, elec
trical products, and oil 

and gas to form the fabric of 
Allied Corporation. 

You'll find Allied's technology 
threaded through everything 
from firemen's rope to high fash
ions. When we say fibers and 
plastics, we mean business. Or, 
as Mr. Yang puts it:·ftfm�iA.;· 

�!�!?n 
We mean business. 

© 1981 SCIENTIFIC AMERICAN, INC



spin component along the x axis point
ing up. The spin-polarized beam can 
then be passed through a second mag
netic field at right angles to the first one 
and parallel to the y axis. One would 
suppose the beam would thereafter be 
polarized in both the x and the y direc
tions. If either of the beams emerging 
from the second magnetic field were 
passed through a third field oriented in 
the x direction, oQe would expect to de
tect only the up value for the x compo
nent of the spin. Instead two patches 
again appear on the screen. The beam 
has somehow lost its spin-polarization 
along the x axis, and the measurement 
yields a random mixture of up and down 
values [see illustration on page 204]. 

This somewhat idealized experiment 
illustrates several fundamental prin

ciples of quantum mechanics. The pas
sage of a beam polarized along the x axis 
through a magnetic field oriented so that 
it polarizes the y component destroys 
the polarization of the x component. It 
can be stated more generally that any 
operation on an elementary particle that 
determines the value of some quantum
mechanical variable must simultane
ously randomize the value of at least 
one other variable; two variables that 
are linked in this way are said to be in
compatible. If the y component of the 
spin is known with certainty, the value 
of the x component must remain com
pletely unknown: it is therefore a max
imally randomized quantity, with an 
equal probability (namely 112) of being 
either up or down. 

In general as the probability of mea
suring a particular value of one variable 
increases, the probability of measuring 
a particular value of an incompatible 
variable decreases. For example, if the y 
component of the spin became only par
tially polarized by the passage of the 
beam through the second magnetic field, 
the probability that the x component is 
up would be less than I but greater than 
112. The uncertainty principle formu
lated by Werner Heisenberg specifies in 
a quantitative way how the probability 
of detecting a particular value of a vari
able depends on the probability assigned 
to an incompatible variable. 

I shall now describe how the theoreti
cal structure of a simple physical system 
can be represented by a lattice and how 
a logical structure can be grafted onto 
the lattice. Imagine a box containing a 
penny and a quarter and covered by a 
transparent lid. One can regard the box 
as a physical system whose state is deter
mined by the upper face of each coin. 
The system can be in any one of four 
states: both coins heads, both coins tails, 
the penny heads and the quarter tails 
and the penny tails and the quarter 
heads. (The idea of discussing a system 
with just four possible states, although 
not this example, lowe to Ariadna 
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P 0 P AND NOT-P P 0 NOT-O 
a a 

a a a 

a 1 a a a 

a a a a a 

0000 0101 

P 0 P AND O P 0 
(P AND NOT-O) OR 

(NOT-P AND 0) 
a 

a a a 

a a a 

a a a a a a 

1000 0110 

P 0 P AND NOT-O P 0 NOT-P 
a a 

a a a 

a a a 

a a a a a 

0100 0011 

P 0 NOT-P AND NOT-O P 0 P OR NOT-O 
a 

1 a a a 

a a a a 

a a a a 

0001 1101 

P 0 NOT-P AND 0 P 0 NOT-P OR NOT-O 
a a 

1 a a a 

a a 

a a a a a 

P 0 P P 0 NOT-P OR 0 

a a a 

a a a 

a a a a a 

1100 

P 0 (P AND 0) OR 
(NOT-P AND NOT-O) P 0 P OR O  

a a a 

a a a 

a a a a a 

1001 

P 0 0 P 0 P OR NOT-P 

1 a a a 

a a 

a a a a a 

1010 1111 

TRUTH TABLES show how the truth values of sentences can be nectives depends on the truth or the falsity of P and Q alone. There 
associated one to one with the binary numbers that correspond to are four ways in which the sentences P and Q, taken together, can be 
areas of a disk. Each quadrant of the disk represents a single state either true or false. For each of the four ways the derived sentence 
of the penny-quarter system, and every possible area is represented can be either true or false. Hence there are 24, or 16, possibl� truth 
uniquely by the binary sum of the numbers assigned to the quadrants tables. For each truth table it is possible to find a sentence whose de-
that constitute the disk. For any sentences P and Q a truth table pendence on the truth values of P and Q is given by the table. For ex-
shows how the truth (represented by a 1) or the falsity (represented ample, the sentence P or Q is true when either P or Q is true or both 
by a 0) of a derived sentence composed of P, Q and certain logical con- P and Q are true; it is false only if both sentences P and Q are false. 
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P OR NOT-P 

1111 

0000 
PANDNOT-P 

Chernavska of the University of British 
Columbia.) 

In a simple representation each possi
ble state of the system can be assigned a 
quadrant of a disk. If the disk is divided 
by a horizontal and a vertical line, the 
upper right quadrant can correspond to 
the state in which both coins are heads, 
the upper left to the state in which the 
penny is heads and the quarter is tails, 
the lower left to the state in which both 
coins are tails and the lower right to the 
state in which the penny is tails and the 
quarter is heads. The quadrants can be 
labeled in this sequence with the binary 
numbers 1000, 0 100, 000 1 and 00 10. 
Any area of the disk that includes an 
integral number of quadrants can also 
be designated by a four-place binary 
number. In each place the digit is a 1 if 
any quadrant included in the area has a 
1 in that place; otherwise the digit is a O. 
For example, the area of the disk that 
includes all but the lower right quadrant 
is labeled 1 10 1. Each quadrant must be 
defined so that it has no points in com
mon with the other quadrants except the 
point at the center of the disk. I shall 
therefore assume that only the radius on 
the clockwise side of each quadrant be
longs to that quadrant. 

Any physical theory can be viewed as a 
I\. statement about the possible or the 
actual states of a physical system. The 
theory may single out states or collec
tions of states for commentary. In the 
penny-q uarter system I shall suppose 
any combination of the four states can 
be referred to by a "physical theory" 
pertaining to the system. There are 16 
combinations of the states, formed by 
combining the quadrants of the disk in 
all possible ways. 

Suppose each combination of states is 
represented by a point. The 16 points 
can then be connected by a network of 

LATTICE OF POINTS AND LINES dis
plays the subset relations among the areas of 
the four-part disk. Each point represents a 
distinct area of the disk. The colors of the con
centric circles around each point match the 
colors of the disk quadraJlts that make up the 
corresponding area (see il/ustratioll 011 pre
cedillg page). Points in the lattice that lie in a 
given plane all represent areas of the disk that 
include the same number of disk quadrants. 
The area represented by a lower point is a sub
set of any area represented by a higher point 
to which the lower point is connected by up
ward-moving lines. Binary numbers associat
ed with the points correspond to the areas of 
the disk and to the truth tables of the sen
tences that label the points (see illustratioll 011 
precedillg page). The lines in the lattice also 
have a logical interpretation. Wherever they 
represent subset relations for the areas of the 
disk, they also represent entailment relations. 
A sentence represented by a lower point en
tails all sentences represented by higher points 
that can be reached by upward-moving lines. 
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lines to show how some areas of the disk 
can be considered subsets of other areas 
[see illustration on opposite page]. A line 
connecting two points indicates that the 
lower point is a subset of the higher 
point. More precisely, the area repre
sented by the lower point is included in 
the area represented by the higher point. 

The lowest point in the network repre
sents the zero area (0000), the area of the 
point at the center of the disk that all the 
quadrants have in common. From the 
zero point, lines in the network travel 
upward to the four points (1000, 0100, 
0001 and 0010) that represent the areas 
of each of the four quadrants of the disk. 
As the connecting lines indicate, each of 
these areas includes the central point as 
a subset. Above the four points repre
senting the quadrants are points repre
senting larger areas of the disk, each of 
which includes at least two quadrants 
and the central point. At the top of the 
network is the point 1111, which repre
sents the area of the entire disk. Subset 
relations can be indicated not only by 
a direct upward line but also by a line 
that passes through intermediate points. 
Thus the uppermost point is linked to all 
the points below it. One can also think of 
each point as being connected to itself. 

It is now possible to define two opera
tions on the network of points and lines 
that make the network a lattice of the 
kind defined by von Neumann and Birk
hoff. Given any two points a and b in the 
network, the lowest point in the lattice 
to which a and b are both connected by 
lines moving upward from at least one 
of them is referred to as a-join-b. If both 
a and b are directly linked to the same 
higher point, that point is a-join-b. If a 
and b are connected to each other, then 
a-join-b is the higher of the two points. 
For the lattice representing areas of the 
disk the join of two areas is the point 
representing the smallest area that in
cludes both of them; in set theory the 
same concept is called the union. The 
join of 0000 (the central point of the 
disk) and 1000 (the upper right quad
rant) is 1000, since the quadrant in
cludes the central point. The join of 
1000 and 0100 (the upper left quadrant) 
is 1100: the upper half of the disk. 

A second operation on the lattice is 
defined by selecting the highest point to 
which both a and b are connected by 
lines moving downward from at least 
one of them; such a point is called a
meet-b. On the disk the meet of two areas 
is the largest area they have in common; 
in set theory it is called the intersection. 
The meet of 1100 (the upper half) and 
1010 (the right half) is 1000: the upper 
right quadrant. The meet of 1000 and 
0000 is the point 0000. 

The lattices I shall discuss are called 
complemented ones: for any point a in 
the.network it must be possible to find its 
complement a', which has the property 
that a-join-a' is the top point of the net-

work (1111) and a-meet-a' is the bottom 
point (0000). On the disk the comple
ment of an area is another area that has 
no points except the center of the disk in 
common with the first area, but whose 
area taken together with the first area 
makes up the entire area of the disk. The 
points 0100 (the upper left quadrant) 
and 1011 (the area composed of the up
per right, lower right and lower left 
quadrants) are complements of each 
other. The analogous operation in set 
theory is also called complementation. 

The behavior of the lattice operations 
join and meet depends on the lattice on 
which they are defined. For the lat
tice representing the areas of the disk, 
however, they function in a familiar 
way. They obey the same laws as their 
counterparts in set theory: union and 
intersection. In particular the distrib
utive laws hold. For any points a, b 
and c in the lattice, a-meet-(b-join-c) 
is the same point as (a-meet-b)-join-(a-

a 

v = 2A 

b 

v 

c 

V INDEPENDENT 
OFA 

meet-c). Similarly, a-join-(b-meet-c) is 
the same point as (a-join-b)-meet-(a
join-c). The resulting mathematical 
structure is called a complemented dis
tributive lattice; it is also known as a 
Boolean algebra, after the 19th-centu
ry British logician George Boole. 

I have described the properties of an 
abstract representation of the penny

quarter system, namely the set relations 
among the areas of a disk. What kinds of 
statement might be employed to de
scribe the physical system itself? Sup
pose P stands for the statement "The 
penny is heads," Qstands for "The quar
ter is heads," not-P stands for "The pen
ny is tails" and not-Q stands for "The 
quarter is tails." Any property of the 
penny-quarter system that a physicist 
might want to describe by means of a 
theory about the system can then be de
fined by writing a compound sentence. 
For example, the compound sentence P 

d 

e 

f 

V=A+B 

v = V2A + 2B 

V : xA + yB 

SPAN OF 
A ANDB 

SPAN OF A VECTOR SPACE is the set of all vectors that can be obtained by adding any 
vectors in the space or by multiplying them by a scalar quantity (a quantity that has only a 
magnitude and not a direction). The span of the single vector A (blue arrows) is a straight line 
passing through A, because additional vectors (red arrows) can be generated only by scalar 
multiplication or by the addition of vectors pointing along the line (panels a and b). Vectors that 
cannot be generated by such operations are independent vectors (panel c). Two independent 
vectors A and B combine by vector addition and scalar multiplication according to the paral
lelogram law (panels d and e). Their span is a plane because any point in the plane can be 
reached by vectorially adding some scalar multiple of A to some scalar multiple of B (panel f). 
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INCLUSION RELATIONS among vector snbspaces of the three-dimensional physical space 
(R3) can be represented by lattices. In a the subspaces represented by the lines s and t span the 
subspace represented by the plane s-join-t. Similarly, the lines s and z span the plane s-joill-z 
and the lines t and z span the plane t-join-z. In b the lines u, v and z span corresponding planes, 
where the lines u and v are in the same plane as the lines s and t. The points in lattices c and d 
represent the vector subspaces formed by the lines and planes, by the zero subspace (the single 
point where the three lines in each diagram intersect) and by the vector space R3 itself. Vectors 
in a subspace represented by a lower point in a lattice also lie in any subspace represented by a 
higher point to which the lower point is connected by upward-moving lattice lines. The two lat
tices can be linked at points that represent the same subspaces, namely the points R3, s-join-t 
(equivalent to the point u-join-v), z and O. The resulting lattice (e) is a nondistributive one, 
identical with the lattices at the right in the illustration on page 203. The compound lattice 
displays the inclusion relations that would hold among the vector subspaces if the two planes 
S-jOill-t and u-jOill-v were coincident and the lines s, t, u, v and z all crossed at the origin. 
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and Q makes the assertion "Both coins 
show heads." The sentence not-P or Q 
says that in the present state of the sys
tem "Either the penny is showing tails or 
the quarter is showing heads"; in other 
words, it specifies that the state is any
thing but the penny showing heads and 
the quarter showing tails. 

In ordinary circumstances (unlike 
those encountered in quantum mechan
ics) logical intuition is a fairly reliable 
guide to the ways in which the truth or 
falsity of a compound sentence depends 
on the truth or falsity of its constituents. 
The sentence P and Q is true only if both 
P is true and Q is true, and hence only if 
both coins show heads; otherwise the 
compound sentence is false. The truth 
value of the compound sentence must 
be evaluated separately for each possi
ble combination of truth and falsity of 
the constituent sentences. 

A complete account of how the truth 
value of a compound sentence is deter
mined by its constituent sentences is 
called a truth function, and logicians 
customarily display the evaluation of 
the truth function in an array called a 
truth table. Suppose 1 stands for true 
and 0 for false. Then any compound 
sentence made up of the two constituent 
sentences P and Q can be represented as 
a four-digit binary number in the same 
way as the areas of the disk were classi
fied. There is a r or a 0 in the truth table 
for each of the four possible pairs of 
truth values for P and Q. Thus the truth 
function for every possible sentence 
having two constituents is given by one 
of 16 possible truth tables. The truth 
values of the sentence P and Q, for ex
ample, are given by the truth function 
1000; the sentence is true only in the 
quadrant of the disk labeled 1000. 

The relation between the truth func
tion of a compound sentence and the 
number for the area of the disk in which 
the compound sentence is true is a gen
eral one. The binary numbers are the 
same [see illustration on page 207]. Hence 
to each area of the disk, and so to each 
point on the lattice, one can attach some 
sentence made up of the elements p, Q, 
not, and and or. More strictly one can 
associate with each point in the lattice 
an equivalence class of sentences, made 
up of all the sentences that have the 
same truth table. The sentence not-(P 
and Q), for example, is associated with 
the same point in the lattice as the sen
tence not-P or not-Q. 

The most important outcome of the 
association of sentences with lattice 
points is that it shows how the lattice can 
display logical relations. If the sentences 
A and B are represented by the points a 
and b in the lattice, then the sentences A 
and B and A or B are represented respec
tively by the points a-meet-b and a-join
b. Moreover, the lines connecting lower 
points in the lattice to higher points rep
resent the logical relation of entailment. 
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Sentence A entails sentence B provided 
that B is true whenever A is true. The 
truth table for B must include a I on 
every line where a I appears in the truth 
table for A. (The truth table for B may 
include other I 's as well . )  Therefore en
tailment on the lattice that describes the 
logical structure of the penny-quarter 
system is represented by the same lines 
that represent the subset relation. 

The lattice for the penny-quarter sys
tem shows the same logical relations 

as the lattice that corresponds to Newto
nian, or classical, mechanics. The state 
of a Newtonian particle is characterized 
by the position of the particle at a spec
ified time and by its momentum (the 
product of its mass and its velocity) .  For 
simplicity suppose the Newtonian sys
tem consists of a single particle con
strained to move in only one dimension. 
Just as a state of the penny-quarter sys
tem can be represented by an area on a 
disk, so the state of the Newtonian parti
cle can be represented by a point on a 
plane. The coordinate axes of the plane 
are labeled with values of position and 
momentum, so that every point on the 
plane corresponds to some pair of val
ues for position and momentum. The 
plane is called the phase space of the 
system. 

What is the mathematical structure of 
the phase space to which the simplified 
Newtonian theory conforms? The state
ments of Newtonian physics make refer
ence to regions, or subsets, of the phase 
space, just as statements about the pen
ny-quarter system make reference to ar
eas of the disk. A statement corresponds 
to a region of the plane whenever the 
statement holds true for every point in 
the region and for no other points. For 
example, the statement that a particle 
has position a corresponds to a line of 
points in the phase space; the line is a 
units from the origin along the position 
axis and parallel to the momentum axis. 

The class of regions of Newtonian 
phase space is an infinite class, and so 
the corresponding lattice has an infinite 
number of points. In other respects, 
however, the mathematical structure of 
the lattice is the same as the structure of 
the lattice for the penny-quarter system. 
The regions of the phase space and 
hence the points in the Newtonian lat
tice are ordered by set inclusion, and as 
before the operations on the lattice are 
equivalent to set union and set intersec
tion. Moreover, the logical relations de
fined by the structure of the lattice and 
by the operations meet and join remain 
the relations of classical logic. The dis
tributive laws are valid. The extension 
of the phase space and the lattice to 
three-dimensional Newtonian systems 
with many particles is complicated but 
not different in principle from the one
dimensional, single-particle case. 

In quantum mechanics the situation is 

altogether different. The state of a parti
cle is no longer specified by its position 
and its momentum because position and 
momentum are incompatible variables, 
which cannot be determined simulta
neously. Instead the state of a particle 
is defined by the theoretical construct 
called a wave function, which gives the 
probability of finding that the particle 
has a certain value of a physical varia
ble . For example, the spin state of an 
electron is given by a wave function that 
specifies the probabilities that the x. y 
and z components of the spin are either 
up or down. 

Consider the y component of the spin. 
The probability that the y component is 
spin-up can vary from I to 0 while the 
probability that it is spin-down varies 
from 0 to 1. For any spin state the sum 
of the two probabilities is equal to 1. It is 
mathematically convenient to represent 
the spin state as a vector: a quantity that 
has both a magnitude and a direction. 
The spin vector is the vector sum, calcu
lated according to the parallelogram 
law of vector addition, of two other vec
tors. The latter two vectors lie along two 
perpendicular lines that represent the 
two possible values the spin can assume 
along the y axis. They are called the 
spin-up and the spin-down probability 
amplitudes. The square of the magni
tude of the vector representing the spin
up probability amplitude gives the prob
ability of finding the y component of the 
spin in the up state. Similarly, the square 
of the magnitude of the vector corre
sponding to the spin-down probability 
amplitude gives the probability of find
ing that the y component of the spin
state vector points down [see top illustra
tion on page 205]. 

The abstract vector space with its per
pendicular axes labeled "spin-up 

probability amplitude" and "spin-down 
probability amplitude" is a phase space 
of quantum mechanics. By superposing 
on the phase space an additional pair of 
perpendicular axes at a 45-degree angle 
to the first pair, it is possible to represent 
the essential features of the uncertainty 
principle as it applies to spin [see bottom 
illustration on page 205]. The additional 
axes can be designated the spin-up and 
spin-down probability amplitudes for 
the x component of the spin, j ust as the 
original axes designate the amplitude of 
the y component. If the spin-state vector 
lies along the spin-up axis for the x com
ponent (and so predicts the result of a 
measurement of the x component with 
certainty), the vector lies halfway be
tween the spin-up and the spin-down 
axes for the y component. The length of 
the projection of the vector onto the 
spin-up axis for the y component is 
therefore v'2/2, and so the probability 
of finding that the y component of the 
spin is up is the square of v'2/2, or 1/2. 
Similarly, the probability of finding that 

the y component of the spin is down is 
also 1/2 .  Thus, in accord with the prin
ciple of uncertainty, there is no spin 
state in which a probability of I .can be 
assigned both to some value of the x 
component and to some value of the y 
component. 

The kind of inclusion relation that is 
defined on a vector space is the relation 
of being a subspace, rather than of be
ing merely a subset, of the given vector 
space. It is the subspaces of a vector 
space that correspond to the proposi
tions of the quantum theory. 

What is a vector subspace? The sub
space must itself be a vector space. 

The most important property of a vec
tor space is that adding any two vectors 
in the space generates a third vector that 
lies in the same space. Similarly, multi
plying any vector by a scalar quantity 
(one that has only a magnitude, not a 
direction) also yields another vector in 
the space. In mathematical terms the 
vector space is said to be closed under 
vector addition and the multiplication 
of a scalar. 

The closure criterion can be em
ployed to construct a vector space. The 
complete vector space can be generated 
from vectors called basis vectors if ev
ery vector in the space can be obtained 
by adding the basis vectors according to 
the parallelogram rule, perhaps after 
each basis vector has been multiplied by 
a suitable constant. (Scalar multiplica
tion can lengthen or shorten a vector 
and can make it point in the diametrical
ly opposite direction, but it cannot oth
erwise alter its direction.)  The vector 
space generated in this way by two basis 
vectors A and B is called the span of A 
and B [see illustration on page 209]. 

A subspace is said to be a proper sub
space if there is at least one vector in the 
vector space that does not lie within the 
span of any basis vectors of the sub
space. For example, the u-v plane is a 
vector space that can be spanned by two 
vectors directed along the positive u and 
v axes. There is no way to add the two 
vectors to get a third vector that points 
out of the u-v plane. Hence the u-v plane 
is a proper subspace of the vector space 
constituted by three-dimensional space. 

In order to form a lattice whose points 
correspond to the propositions of quan
tum mechanics one must form the lat
tice of vector spaces and their proper 
subspaces. Consider three-dimensional 
physical space with a designated point 0 
as the origin. The subspaces of the space 
incl ude the origin itself, all straight lines 
that can be drawn through 0, all planes 
that include 0 and the entire three-di
mensional space. Some of the subspaces 
are ordered by inclusion, so that logical 
entailment on the lattice can still be a 
matter of subspace inclusion. 

A crucial difference, however, is that 
the join operation on the lattice of sub-
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spaces is not the union operation of set 
theory but rather the span of two sub
spaces. For example, the u axis and the 
v axis are both one-dimensional sub
spaces. Their union is the set of all the 
vectors that begin at the origin and ter
minate at any point on one of the two 
lines. The set is not a subspace, however, 
because it is not closed under vector ad
dition. Therefore the union of the axes 
cannot be represented by a point in the 
lattice of subspaces. The u-v plane is a 
subspace, namely the span of the two 
one-dimensional subspaces. Moreover, 
the span of u and v is the smallest sub
space that includes all the vectors on 
both lines. The point in the lattice of 
subspaces that is the result of the opera
tion u-join-v is therefore the point that 
represents the u-v plane. 

Because of the peculiar properties of 
the operation of vector spanning, 

the lattice of subspaces is not distribu
tive. Suppose the lattice includes points 
representing the four lines s, t, u and v; all 
the lines lie in the u-v plane and they all 
pass through the origin. Then s-join-t 
and u-join-v are both represented by the 
same point in the lattice, namely the 
point that corresponds to the u-v plane. 

The point s-meet-(u-join-v) is by defi
nition the largest subspace that s and 
u-join-v have in common; since u-join
v is the u-v plane and s lies in the plane, 
the largest subspace they have in com
mon is the line s itself. On the other 
hand, s-meet-u and s-meet-v both in
clude only the origin, or point 0 on the 
lattice, and the join or span of these 
expressions-that is, (s-meet-u)-join-(s
meet-v)-is also the point O. It follows 
that the point designated s-meet-(u-join
v) and the point (s-meet-u)-join-(s-meet-v) 
are not identical in the lattice of vector 
subspaces. 

If the logical connectives and and or 
and the relation of entailment are de
fined on the lattice of subspaces as they 
were on the lattice of subsets for the 
penny-quarter system, the structure of 
the lattice is the same as the structure of 
nondistributive quantum logic. The sub
space s can be identified with the sen
tence "The x component of the spin is 
up" and the subspace t with the sentence 
"The x component of the spin is down." 
Similarly, the subspaces u and v corre
spond to the analogous sentences for the 
y component. The compound sentence 
"The x component of the spin is up and 
the y component is either up or down" is 

X SPIN - UP AND X SPIN - DO WN 

X SPIN · 

UP 

X COMPONENT IS UP AND Y COMPONENT IS EITHER UP OR DO WN 

Y SPIN - UP OR Y SPIN - DO WN 

X SPIN - UP AND X SPIN - DO WN 

EITHER X COMPONENT IS UP AND Y COMPONENT IS UP 

OR X COMPONENT IS UP AND Y COMPONENT IS DO WN 

Y SPIN 
DOWN 

LOGICAL RELATIONS among the statements describing the spin of a particle can be mod
eled in a highly simplified form by lattices identical with the one outlined in heavy black lines 
at the bottom of the illustration on page 210. The lattice points correspond to sentences de
scribing pure spin states. On each lattice the word and is identified with the meet of two points 
(black arrows), and the word or is identified with the join of two points (colored arrows). The 
sentences below the lattices, which are logically equivalent according to the distributive law, 
are modeled by the operations shown by the arrows. Because the structure of the lattices de
rives from the structure of the inclusion relation for vector spaces, the lattices are nondistribu
tive. The two compound sentences are not represented by the same point in the lattice. Hence 
the lattices model the failure of the distributive law of logic to hold for statements about spin. 

2 1 2  

associated with the point in the lattice s
meet-(u-join-v). The compound sentence 
"Either the x component of the spin is 
up and the y component is up or the x 
component of the spin is up and the y 
component is down" is associated with 
the point (s-meet-u)-join-(s-meet-v). Since 
these lattice points are not identical, the 
logical structure associated with the lat
tice is nondistributive. Moreover, the 
lattice shows that (s-meet-u)-join-(s-meet
v) entails s-meet-(u-join-v) but not vice 
versa [see illustration on this page]. 

Confronted by the success of lattice 
theory in modeling logical relations 

within various physical theories, one 
tends to forget that the approach pre
supposes the resolution of an important 
philosophical issue. A dominant theme 
in philosophy during the past 200 years 
has been the thesis that there are two 
kinds of true statement: contingent facts 
about the world and truths of logic that 
would hold no matter what the condi
tion of the world. The Scottish philoso
pher David Hume called the two kinds 
of statement "matters of fact" and "re
lations of ideas." The notion that the 
quantum theory might call for a revision 
of logic presupposes a denial of Hume's 
thesis that there are two kinds of truth. 

Nevertheless, philosophers are now 
inclined to agree with Willard Van Or
man Quine of Harvard University that 
no sharp distinction of this kind can be 
maintained. The laws of logic, Quine ar
gues, have a central place in our web of 
beliefs, but a strong pull on that web at 
the periphery of observation can cause 
even the center of the web to become 
distorted. Logical considerations cannot 
themselves justify a revision of logic 
(how could they?), but one can (again to 
adopt a metaphor of Quine's) gerryman
der the language when the fit becomes 
too strained between the natural world 
and the language we have inherited to 
describe it. 

Even if it is granted that logic can 
be revised, there are many possible re
sponses to quantum logic. One extreme 
is to deny that quantum logic is a logic 
and to say that what is going on is mere
ly algebra under another name. The oth
er extreme is to say that because quan
tum mechanics deals with particles that 
are the fundamental constituents of the 
universe, one should replace classical 
logic with quantum logic and learn to 
"think quantum logically," hard though 
that might be. 

With respect to the first response one 
can say the following. Logic, although 
notoriously hard to define, deals with 
certain kinds of relations between sen
tences: what follows from what, what is 
consistent with what, and so on. Quan
tum logic does this too. What makes 
quantum logic peculiar is that it deals 
entirely with sentences stating that some 
vector lies in some subspace. The oddi-
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CLASSICAL TWO-VALUED LOG IC 

P T T F F 

Q T F T F 

NOT-P F F T T 

NOT-Q F T F T 

P OR Q  T T T F 

P AND Q T F F F 

P IMPLIES Q T F T T 

P IS EQUIVALENT TO Q T F F T 

REICHENBACH'S THREE-VALUED LOG I C  

P T T T I I I F F F 

Q T I F T I F T I F 

NOT-P (CYCLICAL) I I I F F F T T T 

NOT-P (DIAMETRICAL) F F F I I I T T T 

NOT-P (COMPLETE) I I I T T T T T T 

P OR Q  T T T T I I T I F 

P AND Q T I F I I F F F F 

P IMPLIES Q 
T F F T T T T T T 

(STANDARD) 

P IMPLIES Q 
T F F T T T T T T 

(ALTE RNATIVE) 

P IMPLIES Q T I F I I I I I I 
(QUASI) 

P IS EQUIVALENT TO Q 
T I F I T I F I T 

(STANDARD) 

P IS EQUIVALENT TO Q 
T F F F T F F F T 

(ALTERNATIVE) 

THREE-VALUED LOGIC proposed by Hans Reichenbach in 1944 maintains that some sen-
tences describing quantum-mechanical phenomena are neither true nor false but indetermi-
nate. For example, if the x component of the spin of a particl� is known to be up, a statement 
asserting that the y component has a specific value would be classified as indeterminate in 
Reichenbach's scheme. Instead of focusing on the distributive law, Reichenbach defined en-
riched patterns of logical connectives by means of truth tables. The tables assign one of the 
three truth values-true ( T), false ( F) or indeterminate (I)--to each of the nine possible com-
binations of truth values for the sentences P and Q. Ten truth functions are designated as hav-
ing a special place in the logic of quantum mechanics. The truth functions of ordinary two-
valued logic are special cases of the extended truth functions (color). In three-valued logic 
there are 39, or 19,683, possible truth functions for derived sentences with two constituents. 

ties of quantum logic are consequences of the overall theory of the world; it 
of two requirements that must be met by is doubtful that such a simplification 
any sentence to which the logic' pertains. would be achieved. Even within quan-
First, the sentences must be among tum mechanics the logico-algebraic ap-
those that ascribe quantum-mechanical proach, although valuable, has not 
properties to individual systems. Sec- cleared away all the perplexities. Fur-
ond, when two such sentences are linked thermore, even if quantum logic were 
by means of the quantum-mechanical totally successful in its own domain, the 
analogues of and and or, the resulting extension of it to other realms would 
sentence must still be descriptive of the seem peculiar. One arrives at quantum 
physical system. In dealing with this logic by considering the mathematical 
closed set of sentences the logical rela- structure of the formalism of quantum 
tions among them are not those of clas- mechanics. That mathematical struc-
sical logic. ture, however, is based on the deductive 

Is one therefore forced to adopt the patterns of classical logic. Hence classi-
second stance and think quantum logi- cal logic is presupposed in the develop-
cally? In part the answer is yes. Certain ment of quantum logic. 
kinds of statements met with in a physi- One is left, therefore, with a family of 
cal theory fit together in ways that do logics that includes classical logic, quan-
not conform to classical logic. By no tum logic and perhaps other logics as 
means, however, does this finding imply welL Among them one logic still has pri-
that classical logic should everywhere ority. Although the nonclassical logics 
be replaced by quantum logic. Such a may have specialized applications, the 
drastic revision of everyday ways of logic employed for abstract reasoning, 
thinking could be justified only if it including reasoning about logic, will 
brought with it a vast simplification probably continue to be classical logic. 
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Image Processing by Computer 
When the information in an image is expressed in digital form, it 
can be manipulated mathematically rather than optically. By such 
methods a blurred photograph can sometimes be restored to clarity 

Deaders of Scientific American are faft miliar with some of the more 
spectacular products of digital 

image processing: enhanced satellite 
photographs of the planets (including 
the earth), colorful representations of 
more distant celestial objects and im
ages assembled from X-ray data to show 
a cross section of the human body. The 
digital computer is now an essential tool 
in other areas of image processing as 
well. For example, an out-of-focus pho
tograph or one streaked by movement 
of the camera can now be digitally proc
essed to improve its resolution and to 
restore lost details; in many cases the 
cause of the blur can be determined 
from the blurred image itself. The tech
niques for deblurring images can be ap
plied not only in scientific research and 
medicine but also in fields such as crimi
nology and military intelligence. In ad
dition investigators are currently work
ing on digital methods for compressing 
the information in an image, a capabili
ty that could lead to greater efficiency in 
television transmission. Another poten
tial application is the automatic recog
nition of certain recurrent patterns in 
large numbers of images, which would 
make it possible, for instance, to extract 
more information from satellite images 
of the earth. 

What is responsible for the recent 
surge of activity in digital image proc
essing? First, an image embodies a pro
digious amount of information, and so 
most image processing is done with a 
large and powerful computer. As the 
continuing revolution in microelectron
ics has reduced the cost of such ma
chines while increasing their capacity 
they have become more widely avail
able. Second, the same advances in,mi
croelectronic technology have also led 
to the construction of improved devices 
for converting an image into digital data 
and vice versa. Third, the development 
of sophisticated algorithms, or mathe
matical procedures that can be executed 
by a computer, has made it possible to 
carry out image-processing operations 
that once would have been impossible 
or impractical. 
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by T. M. Cannon and B. R. Hunt 

We shall review here the basic prin
ciples of digital image processing and 
describe several of the more important 
techniques currently employed for the 
enhancement and the restoration of dig
itized images. In so doing we shall give 
particular attention to our own area of 
interest: the formulation of more effec
tive algorithms for the deblurring of 
photographs that are out of focus or 
streaked by camera motion. 

A
digital computer processes informa
tion in discrete numerical units: 

digits. Most images, of course, do not 
come in such units. An ordinary photo
graph is an analogue representation of 
a scene; the information is recorded in 
continuous gradations of tone (and in 
some cases of color) across the two-di
mensional surface of the film. Process
ing a photograph by means of a com
puter therefore requires that the ana
logue image first be converted into a 
digital one. (Certain photographs, such 
as Landsat images of the earth, are re
corded digitally and so are already in a 
form suitable for computer processing.) 

One method of converting an ana
logue image into a digital one is em
ployed in broadcast television. In a tele
vision camera the image formed by a 
system of lenses is broken down into a 
set of horizontal scan lines. The changes 
in brightness along each scan line are 
transmitted as a continuous electrical 
signal. Hence a television image is par
tially digitized: it is reduced to discrete 
information in one dimension but not in 
the other. To go from this representa-

tion of the information in the image to 
one that can serve as the input to a digi
tal computer requires one further step: 
each horizontal scan line must be bro
ken down into a set of discrete values. In 
this way the entire area of the image is 
represented by an array of picture el
ements, which are called pixels. The 
brightness of each pixel is set equal 
to the average brightness of the corre
sponding area in the original image. 

A number of more direct ways of digi
tizing an image are now available. A 
photographic image can be sampled by 
a scanning microdensitometer. In this 
device a small spot of light is projected 
onto the photograph (or through it in the 
case of a transparency) and a photomul
tiplier tube collects the light reflected 
from or transmitted through the film. 
The electrical output of the photomulti
plier is compared with the output re
corded when no image is in place, and 
the relative brightness of the image at 
each sampled point is calculated. 

A similar device, the flying-spot scan
ner, differs from the micro densitometer 
only in certain mechanical details. In the 
micro densitometer the spot of light is 
stationary and the film moves back and 
forth on a gear-driven table. In the fly
ing-spot scanner the film is stationary 
and the spot of light moves in a raster 
pattern. In the flying-spot scanner the 
light spot is usually generated on the 
face of a cathode-ray tube, and an opti
cal system focuses an image of the mov
ing spot onto the film as the electron 
beam sweeps back and forth inside the 
tube. More advanced image-sampling 

LANDSAT VIEW of the Jemez Caldera in northern New Mexico, recorded on November 26, 
1974, is presented in three strikingly different versions in a demonstration of digital image 
processing. The three photographs were prepared by workers at the Earth Satellite Corpora
tion. The unenhanced image at the top is a photographic color composite made by combining 
data collected at three wavelengths by the satellite's multispectral scanning system. In such a 
false-color composite growing vegetation usually appears red. The digitally enhanced false
color image in the middle has been processed by a computer to correct certain defects in the 
original data (such as the gaps between scan lines) and to sharpen the edges of objects in the 
scene. The enhanced image at the bottom has been subjected to a color "ratioing" process to 
accentuate the contrast between features of the landscape. Santa Fe is in the lower right-hand 
corner. The river running from the top to the bottom of each image is the Rio Grande. The 
Los Alamos National Laboratory is in the eastern foothills of the ancient collapsed volcano. 
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COMPUTER 
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DIGITAL SIGNAL 

systems, based on semiconductor tech
nology, have been devised in recent 
years. In a charge-coupled device, for 
example, the entire image falls directly 
on a rectangular array of sensors. Each 
sensor records the brightness of its own 
sample of the image for transmission di
rectly to the computer. 

Semiconductor image-sampling de
vices offer another advantage besides 
their direct digital output. It is usually 
possible to make the response of the de
vice linearly proportional to the inten
sity of the light falling on the semicon
ductor array. A linear response is not 
characteristic of a photographically re
corded image. In photography the den
sity of the silver grains in the developed 
film is proportional to the logarithm of 
the intensity of the incident light. The 
logarithmic response must sometimes 
be taken into account in the digital proc
essing of a photographic image. 

T
he process of sampling divides the 
image into discrete pixels, but the 

brightness of each pixel is still continu
ously variable; it must be quantized, that 
is, converted into a discrete numerical 
value. In this step the possible range of 
sample values is divided into a number 
of adjoining intervals called quantiza
tion levels. All sample values that fall 
within a given interval are replaced by 
the value assigned to that quantization 
level. The total number of quantization 
levels defines the gray scale: the number 
of shades that can be represented. If the 
gray scale has only two levels, every pix
el must be either black or white. A gray 
scale with 64 levels can yield a fairly 
realistic reproduction. 

An image that has been reduced to 
a set of binary numbers can be stored 
on magnetic tape or transmitted directly 
to the computer. The data can then be 
processed to obtain a new set of digital 
values, which in turn can generate a re
vised image. The new image- is usually 
displayed on a cathode-ray tube, where 

DIGITAL PROCESSING of an image such 
as a photographic transparency requires that 
the image first he conveded from an analogue 
form into a digital one. This can be accom
plished by the device called a scanning mi
crodensitometer, shown here in a schematic 
diagram. A small spot of light is projected 
through the transparency, which moves in a 
raster pattern on a gear-driven table. A pho
tomultiplier tube collects the light transmitted 
through the film and generates an electrical 
analogue signal proportional in amplitude to 
the sampled brightuess of the image. The ana
logue signal is digitized in a device known as 
a quantizer before being transmitted to the 
computer, where the digital signal is processed. 
The processed signal can in turn modulate the 
light source of the microdensitometer; in this 
way the device can be operated in reverse to 
make a new photographic image, exposing the 
film one pixel, or picture element, at a time. 
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it is either viewed directly or photo
graphed. Alternatively, an image-sam
pling device such as a microdensitom
eter or a fiying-spot scanner can be 
operated in reverse to make a new pho
tographic image. For the reverse oper
ation an unexposed piece of film is 
mounted in place of the image to be 
scanned. The data from the computer 
modulate the light source, which expos
es the film pixel by pixel. In general the 
reproduction quality of the resulting 
photograph is superior to that of a pho
tograph made from the screen of a cath
ode-ray tube. 

A display on a cathode-ray tube is cre
ated by transferring the data to a digital 
"refresh memory." All the data in such a 
memory can be extracted 30 times per 
second, which is the rate at which a com
plete image is "repainted" on a televi
sion screen. A series of digital values 
is extracted from the refresh memory, 
converted into an electrical signal and 
made to generate a scan line on the 
screen. The refresh memory provides a 

way of converting a static entity-the 
fixed values of the digital data in the 
sampled image-into the continuously 
varying signal required for viewing on 
a cathode-ray tube. One advantage of 
such an arrangement is that the im
age can benefit from interaction with 
the viewer; processing routines in the 
computer can be invoked to produce a 
new image, and the effect of the change 
can become visible on the screen in a 
few seconds. 

Accurate and reliable devices for 
sampling and quantizing an image or for 
displaying an image reconstructed from 
digital data have been commercially 
available for more than a decade. With
out them digital image processing 
would not be the active field it is today. 
Indeed, one way to gauge the growth of 
the field is to plot the increase in the 
number of companies that specialize in 
the manufacture of devices for getting 
images into and out of a computer. 

O
nce an image has been digitized and 

transmitted to a computer, various 
mathematical operations can be carried 
out on the data in order to enhance the 
visual quality of the image. The opera
tions generally fall into two categories: 
point-by-point processes and Fourier
domain processes. 

A point-by-point operation on the ele
ments of a picture is one in which the 
operation on any given point is done 
without reference to the surrounding 
points. The simplest operation of this 
kind consists in adding a constant value 
of brightness to each pixel. If the origi
nal image was a photograph, the addi
tion of such a constant corresponds to 
increasing the exposure time or (equiva
lently) increasing the brightness of the 
illumination. Accordingly such an oper
ation might be performed to compen-

E FFECTS OF DIGIT AL PROCESSING on the visual quality of a black-and-white photo
graph can be seen by comparing this pair of digitized images. Because of the high contrast of 
the original photograph, shown in its unenhanced digital form at the top, it is difficult to print 
it without losing either fine detail or visual highlights. Computer processing can separate the 
two components that determine the brightness of each element of the scene: its illumination 
and its refl ectance. It is therefore possible to apply a different degree of amplification to each 
component. The result of such a "crispening" procedure is shown in the enhanced image at the 
bottom. Some differences between the two images are readily noticeable, such as the apparent 
increase in illumination in the tnnnel Other differences are subtler, such as the added sharp
ness of the shingled roof and the increased clarity of the scrap-iron pile behind the fence. 
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sate for underexposure of the film. Con
versely, the subtraction of a constant 
value of brightness from each pixel 
would compensate for overexposure. 

Another point-by-point process is 
called image stretching. Suppose the 
brightness values of the pixels in a digi
tized image all lie in a narrow range (as 
is sometimes the case with certain X-ray 
images, for example). A narrow range of 
digital values means the original film 
lacked adequate contrast. By subtract
ing the minimum brightness value from 
each pixel and then mUltiplying the 
brightness of each pixel by a constant, 
the digital data are spread over a wider 
range and the resulting image has great
er contrast. In this way subtle variations 

in brightness that were barely percepti
ble in the original film become more 
readily apparent. 

A closely related point-by-point proc
ess is known as pseudocoloring. Instead 
of stretching the data to make fine vari
ations in film density more noticeable, 
one assigns a different color to each 
shade of gray in the digital image. Areas 
that could be distinguished only by a 
subtle difference between two shades of 
gray may now be strikingly different col
ors. This technique, which has found ap
plication in fields as diverse as galactic 
astronomy and cell biology, is becoming 
so popular that several manufacturers 
are making modified closed-circuit tele
vision systems that do the pseudocolor-

ing without the aid of a general-purpose 
computer. 

A final example of point-by-point 
processing consists in calculating the 
antilogarithm of the brightness of each 
pixel. This operation essentially undoes 
the logarithmic encoding of information 
in photographic film and returns a mea
sure of the actual light intensity that ex
posed the film. It is the digitized record 
of light intensities that is most often of 
value, since it is the light intensity that 
might have been altered by passage 
through the atmosphere or through a 
maladjusted optical system, resulting in 
a degraded image. In order to correct 
the degradation one must represent the 
image by the set of light intensities that 

COMPUTER-ENHANCED COLOR IMAGE was processed by a 
technique similar to the one employed to make the enhanced black
and-white image on the preceding page. In this case the color and the 

brightness components of the digitized version of the original photo
graph (left) were processed separately, just as the reflectance and the 
illumination components of the black-and-white image were. The 
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formed it rather than by the response of 
a recording medium. Because most of 
the computer processing needed to cor
rect such degradations is not of the sim
ple point-by-point type we shall post
pone our explanation of the methods 
until after we have introduced the con
cept of Fourier-domain processing. 

Fourier-domain processing is perhaps 
most easily understood by consid

ering what one hears when listening to 
a phonograph record. The music being 
played may be perceived as the sounds 
of many independent instruments, but it 
must all be embodied in a one-dimen
sional time signal generated by the mo
tion of the stylus in the record groove. 

Although the listener may not be aware 
of it, he is making use of a theorem put 
forward in 1822 by Baron Jean Baptiste 
Joseph Fourier. The theorem states that 
any signal (in this case the music) can 
be represented by a sum of sine waves 
and cosine waves of various frequencies 
and amplitudes. The listener has some 
control over the amplitudes of the com
ponent waves. Turning the bass con
trol changes the amplitude of the low
frequency sine and cosine variations in 
the music; the treble control affects the 
high-frequency components in a similar 
way. The volume control uniformly al
ters the amplitudes of all the sine and 
cosine components, regardless of their 
frequency. 

Fourier introduced a mathematical 
procedure, now called the Fourier trans
form, for analyzing a signal into its fun
damental frequency components. When 
the Fourier transform is applied to a 
time-varying signal such as music, it 
returns the amplitudes of the sine and 
cosine components of which the sig
nal is composed in the frequency do
main. These amplitudes, or Fourier co
efficients, uniq uely define the signal, 
and by adjusting them one can alter the 
makeup of the signal. 

Just as a musical signal is made up of 
differences in air pressure that vary in 
time, so a picture is made up of differ
ences in brightness that vary in space. 
The Fourier transform can be applied to 

enhanced product (right) also benefits from a digital color-balanc
ing process. For this demonstration the pixels of the images were 
made large enough for them to be seen individually. The images were 

"painted" on a cathode-ray tube and transferred to photographic 
film. These images and the ones on the preceding page were prepared 
by Brent S. Baxter and Oliver Faugeras of the University of Utah. 
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Lockheed knows how. 

Advances in research tend to make headlines, but break
throughs in manufacturing can be as important. The scene 
above depicts a manufacturing breakthrough that can result 
in easily fabricated buildings in space. That ingenious 
advance and others more Earth-bound are reported below. 

Making building blocks for space. 
Someday, astronauts will build a structure in space, and 

they may well use a new Lockheed manufacturing process. 
Light and very strong, composites-fibers of graphite 

embedded in epoxy-are gaining increasing use in aircraft 
and spacecraft. But making composites usually involves 
costly "cooking" in a huge oven called an autoclave. 
However, Lockheed now eliminates that process. It winds 
graphite fibers around a tube that tapers from 4 to 2 inches 
over its 8-foot length. Then the tube is heated-this avoids 
autoclaving-and epoxy is injected around the fibers. Result: 
an 8-foot structure weighing about 1 Y2 pounds, V3 the weight 
of an aluminum structure of equal strength. 

These tapered structures can be packaged inside one 
another like paper cups to save precious space when 
transported in the Space Shuttle. A special automated 
assembly machine designed by Lockheed under contract to 
the NASA Langley Research Center will enable astronauts to 
assemble them in space without tools. 

Aspiration? Far from it. Lockheed has tested, proven and 
manufactured dozens of these remarkable structures. 

Adding a work force by wire. 
To increase productivity-virtually a nationwide goal

you simply make more efficient use of existing staffs and 

facilities. So logical, yet so difficult. However, Lockheed 
has invented a remarkable new computerized system that 
does just that. 

It begins with another unique Lockheed System
CADAM. The computer-based CADAM basically gives 
engineers a three-dimensional drawing board as big as 48 

football fields on which to design parts. CADAM's computer 
then electronically transmits the design to the plant's manu
facturing experts. 

Now Lockheed has linked CADAM computers at divisions 
across the country by a telecommunications network
COMCAM. 

If one plant is overloaded, it calls on COMCAM and 
transmits a CADAM design to another division that can 
free staff and tools to make the part. This eliminates the 
cumbersome task of physically moving actual drawings, 
specifications and tapes from plant to plant. Changes in the 
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Astronauts could assemble buildings in space without using any tools, thanks to a Lockheed process described below. 

design can be made at one plant and instantly transmitted to 
another. Put simply, COMCAM makes better use of people, 
machines and time-increased productivity. 

Calling up the best brains in manufacturing. 
The CADAM system, which was 'invented at Lockheed, 

enables engineers to design aircraft parts on a computer 
terminal with greater precision and imagination than 
ever before. 

To help its manufacturing experts translate those designs 
into actual airframes, Lockheed has given them an even 
more remarkable computer-based system-GENPLAN. 

Exclusive to Lockheed, GENPLAN actually makes 
decisions such as which tools and manufacturing processes 
should be used. It determines the best manufacturing 
sequence. It considers factors such as labor standards and 

� 

factory rules. Within GENPLAN's huge data base, Lockheed 
has captured the accumulated knowledge of thousands of 
manufacturing experts. Moreover, Lockheed divisions 
thousands of miles apart can share this knowledge. 

Working at a computer terminal, the manufacturing 
planner can create, review and edit the manufacturing plan. 

The time savings of GENPLAN are immense. Plans that 
took hours now are made in minutes. The steps required 
to release the plan to the assembly line have been reduced 
by 75%. Another key benefit flows from GENPLAN. The 
increase in precision and reliability of manufactured parts 
is as dramatic as the time savings. 

Robots roll up their sleeves. 
The extended "arm" that you 

see in motion is a robot being 
"trained" to place rivets with 
great speed and precision. Once 
programmed-and programming 
is critical in the effective use of a 
robot -it may cut riveti ng costs 
50%. Other robots are at work at 
Lockheed, including machines that 
handle onerous painting duties and 
that can "see" and choose among 
different parts. 

�lockheed 
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COMPUTER-GENERATED GRAPHS correspond to the Fourier transforms of an in-focus 
photograph (a), the optical transfer function of a defocused lens system (b) and an out-of
focus photograph of the same scene made through the defocused lens system (c). A Fourier 
transform represents the spatial variations in the brightness of an image as the sum of the am
plitndes of the sine waves and cosine waves that constitute the image in the spatial-frequency 
domain. In such a two-dimensional graph of the spatial frequencies in an image the low-fre
quency Fourier coefficients are at the center and the high-frequency coefficients are farther 
out. The magnitude of each coefficient corresponds to the height of the surface above the base 
plane. The pattern in c can be obtained by multiplying a and b; in the process some of the Fou
rier coefficients of the blurred image go to zero and others are attenuated, particularly at high
er frequencies. The digital restoration of the image is effected essentially by multiplying c by 
the reciprocal of b to obtain a. The degree to which the lens system was defocused can be de
duced from the concentric rings of zeros in the frequency-domain representation of tbe image. 
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the image to yield a set of spatial fre
quencies that indicate how rapidly the 
brightness changes from one pixel to 
the next. The Fourier coefficients define 
the amplitudes of these two-dimension
al, spatial sine and cosine waves. More
over, in the same way as one can vary 
the high- and low-frequency compo
nents of a musical signal, one can also 
vary the frequency components of an 
image. 

One of the simplest Fourier-domain 
image-processing techniques is edge 
enhancement. Edges are usually char
acterized by an abrupt change in the 
brightness of an image, and hence they 
are represented by the high-frequency 
coefficients in the Fourier transform. In
creasing the magnitude of these coeffi
cients increases the sharpness of the 
edges of objects in the image. The sharp
ening process consists in computing the 
Fourier transform of the image, chang
ing the Fourier coefficients and then re
generating an image by means of an in
verse Fourier transform. 

Thomas G. Stockham, Jr., working at 
the Lincoln Laboratory of the Massa
chusetts Institute of Technology, incor
porated many of the enhancement tech
niques mentioned above into a process 
known as crispening. Stockham con
siders an image to be the product of 
two quantities: the reflectance of the 
objects in the scene and the illumina
tion falling on the scene. The computer 
is programmed to calculate the loga
rithm of the brightness of each pixel 
in the image. Because mUltiplying two 
numbers corresponds to adding their 
logarithms, the value obtained by this 
procedure represents the sum of the log
arithms of the reflectance and the illu
mination. It has been determined empir
ically that the Fourier transform sep
arates these two quantities (roughly 
speaking) into two sets of Fourier coeffi
cients. The variation of the illumination 
from place to place tends to be rather 
slow, and so it is represented by the low
frequency Fourier coefficients. The re
flectance of the scene tends to include 
rapid spatial variations such as changes 
in color and surface texture that are 
embodied in the high-frequency coeffi
cients. By altering the magnitudes of the 
coefficients in the two groups one can, 
for instance, moderate changes in illu
mination while simultaneously causing 
the reflective properties of the scene to 
be more sharply defined. Earlier tech
niques usually achieved one of these 
goals at the expense of the other. 

The crispening technique is particu
larly interesting in that it parallels a sim
ilar process carried out by the human 
visual system. The eye responds in an 
approximately logarithmic way to the 
intensity of the light that stimulate!l, it. In 
addition the visual system is more sensi
tive to higher spatial frequencies than 
it is to lower ones. Therefore when one 
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OUT-OF-FOCUS PHOTOGRAPH of a test chart was deblurred 
with the aid of a computer algorithm. The algorithm first determined 
from a digital version of tbe blurred image (left) the extent to which 
the camera lens was defocused when the photograph was made. The 

algorithm then proceeded to generate the restored image (right). In 
the blurred image some groups of five bars appear to have only four 
bars; in the restored image the five bars show clearly. The restoration 
was done by Joel Trussell of the Los Alamos National Laboratory. 

looks at a scene, what one sees is the 
logarithm of the scene with the higher 
frequencies emphasized. Digital crisp
ening does the same thing, and so it 
assists the human visual system. 

The crispening technique has also 
been employed to improve the color 
quality of an image. The procedure con
sists in separating the image into bright
ness and color components, which are 
then processed in a manner analogous to 
that employed for the illumination and 
reflectance components of a black-and
white image [see illustration on pages 218 
and 219]. 

Up to now we have been concerned 
exclusively with computer-process

ing techniques that enhance an image 
and thereby allow the information in 
the image to be more readily and accu
rately perceived by the human visual 
system. Enhancement may be carried 
out even though there is nothing inher
ently wrong with the image; it is not nec
essarily a corrective operation. 

Image restoration is undertaken as 
a remedial measure. Some images are 
created under adverse circumstances; 
for example, a scene might be pho
tographed through a turbulent atmo
sphere or through an out-of-focus lens 
system resulting in a blurred image. In 
such cases the task is to restore rather 
than merely to enhance the image. The 
key to a successful restoration of a 
blurred image is an adequate mathemat
ical description of what is wrong with 
the image; without such prior knowl
edge computer processing is usually of 
little val ue. 

Some blurs are easy to describe math
ematically. For example, many near
sighted people may have noticed that 
when they remove their glasses, a small 
point of light such as a star becomes a 
small disk of light. A defocus blur of this 
type is described by a point-spread func
tion: each point of light entering the op
tical system emerges as a spread-out 
disk of light. If an image is passed 
through a defocused lens system (either 
in the human eye or in a camera), each 
point in the image is spread out over 
neighboring points. The analytic de
scription of the result, which mathema
ticians call a convolution, is beyond the 
scope of this article, but there is a Fouri
er-domain representation that is fairly 
easy to understand. 

The Fourier transform of the point
spread function is referred to by optical 
designers as the optical transfer function 
of the lens system. The Fourier trans
form of an image that passes through 
such a system is multiplied by the opti
cal transfer function (which is equiva
lent to the image itself being convolved 
with the point-spread function). The 
product of the mUltiplication is the Fou
rier representation of the blurred image. 
When the optical transfer function is 
that of an out-of-focus lens system, 
some of the Fourier coefficients of the 
blurred image may be zero, which 
means that some information has been 
irretrievably lost. Other Fourier coeffi
cients are attenuated, particularly at 
higher frequencies, which accounts for 
the lack of sharpness in an out-of-focus 
image. The attenuation is mathemati
cally similar to having adjusted the tre-

ble control of an amplifier to muffle the 
higher frequencies of a musical signal. 
Many other image blurs have a similar 
mathematical description and a corre
sponding loss of high-frequency image 
information. 

Let us now return to the problem of 
restoring a bl urred image. If the image is 
out of focus and the degree of defocus is 
known, one can effect a restoration by 
multiplying the Fourier transform of 
the blurred image by the reciprocal of 
the optical transfer function of the defo
cused lens system. The result should be 
the Fourier representation of the un
blurred image. Since some of the points 
of the optical transfer function may be 
zero, however, the reciprocal is unde
fined at those points. A possible solu
tion to this problem is to modify the re
ciprocal to eliminate the zeros. This ap
proach is conceptually simple, but it re
quires much trial and error. 

Most successful restoration methods 
take into account not only the optical 
transfer function but also other forms of 
degradation, such as visual noise. (A 
good example of visual noise is what is 
seen on a television set tuned to a chan
nel where no signal is received.) The fine 
grains of silver that constitute a photo
graphic image contribute a noise com
ponent to the image. The problem often 
encountered in de blurring such an im
age is that part of it, namely the noise, 
did not pass through the degrading sys
tem and therefore is not blurred. The 
noise is particularly troublesome at spa
tial frequencies where the transfer func
tion approaches zero. At these frequen
cies the blurred picture may receive a 
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greater contribution from the noise than 
it does from the original scene. It is at 
precisely these frequencies that the re
ciprocal of the transfer function has 
very large values and hence gives rise to 
great amplification. 

A
restoration procedure that does 
not take this fact into account will 

excessively amplify the unblurred noise 
and produce a restored image that may 
well resemble the aforementioned tele
vision image. Because of these difficul
ties and others most rest9ration meth
ods rely on three sources of informa
tion: the original scene, the noise and 
the transfer function. The resulting for
mulations can sometimes be solved only 
by advanced methods of numerical 
analysis based on iterative computer al
gorithms, but they yield a restoration 
that is optimal in a statistical sense. 

The procedure outlined above for re
storing an out-of-focus image relied on 

the subtle assumption that the degree of 
defocus is known. If one did not have the 
aid of a digital computer, this would be 
a difficult item of information to obtain. 
It would require painstaking measure
ments of the camera, assuming that it 
had not been readjusted since the defo
cused photograph was made. It would 
also require that one have access to 
the camera, which in some instances is 
impractical. For example, the camera 
might be on board a space vehicle. In the 
case of a blur caused by movement of 
the camera one must know not only the 
extent of the camera motion but also the 
direction. 

Fortunately clues to the type and se
verity of the blur can be obtained from 
the Fourier transform of the blurred 
photograph. The clues are found in the 
areas where the Fourier coefficients are 
zero. Such zeros in the Fourier trans
form, it will be remembered, result in a 
loss of information in the image, but 

MOTION-BLURRED PHOTOGRAPH was made by intentionally moving the camera dur
ing the exposure. A computer program determined the direction and the extent of the camera's 
motion from the digitized photograph (lop) and then produced the restored image (boltom). 
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they also enable the cause of the loss to 
be determined. 

The illustration on page 222 is a two
dimensional graph of the Fourier trans
form of an in-focus photograph, a graph 
of the optical transfer function of a typi
cal maladjusted lens system and a graph 
of the Fourier transform of an out-of
focus photograph. The valleys in the 
transfer function are concentric rings of • 

zeros. It can be seen that the Fourier 
transform of the blurred photograph 
resembles the product of the transfer 
function and the Fourier transform of 
the original image. In particular the 
rings of zeros are reproduced in the 
transform of the blurred image. If one 
knows that the photograph was made 
with an out-of-focus lens, the spacing of 
the rings of zeros indicates the degree of 
the defocus. A camera-motion blur also 
leaves a telltale signature in the form of 
zeroed information in the Fourier do
main. In this case the zeros in the Fouri-
er domain form parallel lines. 

Utilizing the zeroed spatial frequen
cies in the Fourier domain to determine 
the cause of a blur is analogous to find
ing a faulty piano key by listening to 
a sonata. Information at certain sound 
frequencies will be missing from the so
nata, and from the missing frequencies 
one can identify the defective key. Simi
larly, the missing spatial-frequency in
formation in a blurred photograph re
veals the cause of the blur. 

Detecting a pattern of zeros in the 
Fourier domain can be difficult. Indeed, 
the clarity of the rings in the illustration 
on page 222 is exceptional. Usually the 
rings are obscured by random fluctua
tions in the Fourier transform, and iden
tifying them calls for a more sophisticat
ed approach. Suffice it to say, however, 
that when blurring is caused by defocus
ing or by movement of the camera, a 
generally accurate description of the 
cause of the degradation can be ob
tained by digital processing. Methods of 
correcting other kinds of blur remain 
more elusive. For example, it is usually 
not possible to restore a picture that has 
been degraded by atmospheric turbu
lence. The reason is that it is not yet 
possible to obtain an accurate descrip
tion of the blur. Indeed, one of the most 
active areas of investigation in digital 
image processing is the attempt to de
vise a general method of determining 
the nature of a blur from the degraded 
image itself. 

Perhaps the most important applica
tion of digital image processing is in 

the area of remote sensing, particularly 
in the analysis of satellite images of the 
earth. Consider the images transmitted 
back to the earth by the satellites in 
the Landsat series. The satellites are 
equipped with scanning devices that re
cord images of the earth passing under 
them in a series of strips. Each strip is 
185 kilometers wide, and it is usually 
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DENTAL X-RAY IMAGE was enhanced with the aid of a com
puter in this demonstration of the applicability of digital image proc-

essing to medicine. Deficiencies such as low resolution and a narrow 
gray scale (or lack of contrast) are alleviated by the enhancement. 

subdivided (by computer processing on 
the ground after the data are received) 
into a series of images 185 kilometers on 
a side. The rotation of the earth brings 
new ground coverage into view on each 
successive orbit, with each satellite re
turning to its initial point of coverage 
every 18 days. The first two satellites in 
the series, Landsat 1 and Landsat 2. are 
nine days apart; in other words, nine 
days after a point on the earth is photo
graphed by Landsat 1 it is photographed 
by Landsat 2. The volume of images 
produced by the satellites is impressive: 
as many as 1,500 scenes per week may 
be processed, with each scene being rep
resented by a matrix of more than 7.5 
million pixels. The images have a reso
lution of 57 by 79 meters (the area of 
a single pixel). More than 90 percent of 
the earth's surface has been surveyed 
under cloud-free conditions at this res
olution. 

The great volume of data in the Land
sat images would require computer 
processing even for strictly clerical 
functions such as the annotation of the 
time and geographical position of each 
observation. Clearly it is desirable to ex
plore ways of enlisting computer proc
essing to present the images with the 
greatest possible efficiency and to en
hance them for the extraction of the 
maximum amount of information. 

A demonstration of the visual in
formation that can be gained through 
computer processing is provided by 
the Landsat multispectral images. Each 
ground area photographed by the Land
sat satellites is recorded through a series 
of narrow-band color filters. The multi
spectral scanner records two images at 
wavelengths in the visible spectrum and 
two in the infrared spectrum. Areas of 
the terrain that differ in certain physical 

properties reflect different amounts of 
radiation in each of the four wavelength 
bands of the multispectral scanner. 
Thus a forest yields a strong signal in the 
green band, whereas a desert yields a 
weak green signal. 

By combining images made at differ
ent wavelengths it is possible to enhance 
the information display. For instance. 
consider an image of a forest growing in 
partially open and rocky land. An image 
made with green light shows intense re
flections from the vegetation. An image 
in the red region may be more sensitive 
to the earth tones and rocks, and it will 
show these details. A computer can be 
programmed to divide the brightness of 
each point in the green image by the 
brightness of the corresponding point in 
the red image; the result is a "ratioed" 
image that accentuates the forest more 
than either of the original images did. 
Points with a strong signal in the green 
band (the trees) are divided by points 
with a weak signal in the red band (also 
trees) and hence their brightness is mag
nified. Weak signals in the green im
age (the rocks) are decreased further in 
strength by dividing them by strong sig
nal values (the rocks) in the red image. 
The illustration at the bottom of page 
2 15 shows the result of such a ratioing 
process. Three pairs of multispectral 
Landsat images were ratioed, and the 
three quotient images served as color 
primaries for a pseudocolor composite 
image. The color combinations in the 
composite may assist geologists and ag
ricultural scientists in identifying areas 
of interest. 

The potential of remote sensing for 
helping to solve human problems is 
great. For example, the growth of a crop 
such as wheat is accompanied by pre
dictable changes in its multispectral im-

age. The onset of various crop diseases, 
such as blight in corn or rust in wheat, 
can be detected from changes in the 
multispectral image. Experiments of 
this kind have led to the suggestion that 
it might be possible to monitor food 
crops throughout the world and to pre
dict the world harvest from satellite im· 
ages. Testing this hypothesis is the pur
pose of the Large Area Crop Inventory 
Experiment, which is currently being 
undertaken by the U.S. 

The volume of images from a fully 
operational series of satellites could 
overwhelm a team of human interpret
ers. Ultimately the successful utilization 
of such photographs may depend on the 
development of methods for automati
cally extracting pertinent information 
from the images. Accordingly there is 
much interest in the development of 
computer programs for the recognition 
of patterns in images. Programs have 
already been demonstrated in which the 
computer processes multispectral im
ages of an urban area and classifies the 
environment into various categories of 
land use such as streets and parking lots, 
parks and greenbelts, factories and in
dustrial districts. Similar work is under 
way on the automatic recognition of 
various crops and land uses in rural ar
eas. Because most deposits of mineral 
resources are associated with character
istic geological features, efforts are also 
being made to automatically isolate and 
extract from remotely sensed images 
such geological details as faults and es
carpments. The natural-resource com
panies have asked for more Landsat 
images than any other group has. The 
expectation is that the automatic extrac
tion of information from such images 
will someday be one of the most active 
areas of digital image processing. 
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THE AMATEUR 
SCIENTIST 

The aerodynamics of the samara: winged 
seed of the maple, the ash and other trees 

by] earl Walker 

The winged seeds that spin so grace
fully to the ground from ash, elm 
and maple trees are called sa

maras. Watching them in flight might 
arouse your curiosity about their aero
dynamics. It is not as simple as it looks. 

The first detailed analysis of the aero
dynamics of single-wing samaras such 
as those of the maRie was done in the 
early 1970's by R. Ake Norberg of the 
University of Goteborg. Further stud
ies were carried out by Charles W. 
McCutchen of the National Institute of 
Arthritis, Metabolism, and Digestive 
Diseases and by F. M. Burrows of the 
University of North Wales. I shall first 
follow the work by. Norberg, who ap
plied to samaras the aerodynamics of 
helicopters. Then I shall briefly review 
McCutchen's studies of samaras other 
than the maple's. 

Norberg made two major assump
tions. One was that the samara is a flat 
wing. The other was that the mass of the 
wing can be considered as lying on the 
long axis from the seed to the wing tip. 

A spinning maple samara does not ac
celerate downward, in spite of the effect 
of gravity, because an aerodynamic 
force is applied by the air through which 
it falls. For a simple explanation of the 
force one can regard the samara as spin
ning about its center of mass, which 
falls along a vertical axis. (The center of 
rotation is actually slightly off the center 
of mass.) The wing is essentially hori
zontal and sweeps out a disk in which 
the flow of air is uniform. One can visu
alize the flight from either of two view
points: the usual one of an observer 
watching the seed fall or one in which 
the observer imagines himself falling 
along with the samara. 

In the first viewpoint the samara 
drops into a column of still air. Each 
horizontal layer of air in the column 
is accelerated downward as the samara 
passes through it. The column of air left 
above the samara is moving with a final 
downward speed lower than the sinking 
speed of the samara. The air in the col
umn reflects the effects of a downward 
force because it has been accelerated 
from a stationary state to a final down-

226 

ward speed. The corresponding reaction 
force on the samara is upward. 

From the viewpoint of the observer 
falling with the samara the column of 
air below the samara moves upward 
with a speed equal to the samara's true 
sinking speed. Each layer of air is accel
erated downward as it passes through 
the disk swept out by the spinning wing. 
After the acceleration a layer of air is 
moving upward at a lower speed. Thus 
the layer reflects the effects of a down
ward force that has decreased the lay
er's ascent. The corresponding reaction 
force on the samara is upward. In each 
case the samara is affected by an up
ward force. 

This aerodynamic force cancels the 
weight of the samara, preventing it from 
accelerating downward. For the observ
er on the ground the samara moves 
downward at a constant speed. For the 
observer falling with the samara the up
ward-moving column of air approaches 
at a constant speed equal to the true 
sinking speed of the samara. The sinking 
speed is proportional to the square root 
of a ratio called the disk loading. This 
ratio is equal to the weight of the samara 
divided by the area of the disk swept out 
by the wing during a full spin about the 
vertical axis of the fall. 

Different maple samaras descend at 
different speeds because they do not 
have the same disk loading. One obvious 
reason for the difference in disk loading 
is the variation in the size and weight of 
the samaras. A less obvious reason is 
that a spinning samara does not actually 
have a horizontal wing. The angle be
tween the plane of the wi.ng and the hori
zontal differs from one samara to anoth
er. Some seeds descend with their wing 
almost flat; in others the wing is tilted 
upward at an angle of 45 degrees or 
more to the horizontal. The disk loading 
is larger for a tilted wing than it is for a 
more horizontal one, and the samara 
falls faster. 

Analyzing the aerodynamic force on a 
maple samara with a tilted wing is diffi
cult for an observer on the ground, and 
so I shall take the viewpoint of the fall
ing observer. It is portrayed in the ill us-

tration on page 230; the relative motion 
of the air passing the wing is upward 
and toward the thinner trailing edge of 
the wing. This motion provides the aer
odynamic force to counter the sama
ra's weight. 

From the viewpoint of the falling ob
server several types of data are needed 
to study the force on the wing. The verti
cal axis about which the samara is truly 
spinning is the axis of rotation. I shall 
assume that it passes through the overall 
center of mass of the samara, which is 
near the end containing the seed. The 
span of the wing is the long axis that 
runs from the seed to the outer tip of 
the wing. The chord is a shorter axis be
tween the leading edge and the trailing 
edge of the wing; it is perpendicular to 
the span. The angle the span forms with 
the horizontal is called the coning angle. 

The aerodynamic force can be calcu
lated by assuming that the wing is divid
ed into thin strips running from the lead
ing edge to the trailing edge. The force 
on each strip is computed by multiply
ing the area of the strip by the square of 
the speed of the air moving past it. The 
net force on the wing is found by adding 
the forces on the individual strips. 

The air moving vertically past the 
wing can be divided into two compo
nents, one perpendicular to the span and 
one parallel to it. Only the perpendicu
lar component contributes to the aero
dynamic force supporting the wing. The 
movement of air parallel to a chord 
from the leading edge to the trailing 
edge of the wing is more difficult to eval
uate because its speed depends on the 
distance between the axis of rotation 
and the strip being considered. The air 
moving along the chord of a strip near 
the axis of rotation has a relatively low 
speed. (The reason is that such a strip 
moves comparatively slowly as the wing 
spins.) The air moving along the chord 
of a strip farther from the axis has a 
higher speed. To demonstrate the effect 
of the movement of air along a chord I 
shall concentrate on only one strip posi
tioned about midway on the wing. 

Air moves past this strip both vertical
ly and backward along a chord. Of the 
vertical motion only the component per
pendicular to the wing matters. The net 
velocity vector of the air moving past 
the strip lies somewhere- between a line 
perpendicular to the wing and the chord 
running through the strip. 

If the contribution from the vertical 
motion of air is relatively large (if the 
samara is sinking fairly fast), the net ve
locity vector is nearly vertical. If instead 
it is relatively small, the net velocity vec
tor is closer to being parallel to the 
chord. A subtle shift between these two 
possibilities is a key to some of the sta
bility of a descending samara. 

The magnitude of the net -velocity 
vector determines the magnitude of the 
aerodynamic force on the strip. Most of 
the force on the wing as a whole arises 
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Falling maple samaras photographed by repetitive flash 
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from the strips farther out on the wing. 
One reason is that the chords are longer 
there, and so the strips have more area. 
Moreover, the net velocity of the pass
ing air is larger because the speed of the 
air moving parallel to the chord is great
er. Hence a properly designed samara is 
narrow in chord near the center of mass, 
where little aerodynamic force is avail
able, and wider in chord farther out. 

The net aerodynamic force on the 
wing is perpendicular to the wing and 
also lies in a vertical plane that passes 
through the span. The vertical compo
nent of the force balances the downward 
weight of the samara. If you toss a ma
ple samara into the air, it must somehow 
adjust the orientation of its wing so that 
the vertical component of the aerody
namic force matches its weight. It is im
pressive to discover that a descending 
samara achieves this adjustment auto
matically. 

Once a samara has achieved the prop
er orientation it must rapidly counter 
any chance perturbations by breezes. 
Most samaras are inherently stable in at 
least four respects: the wing's angle of 
attack, the coning angle, the tilt of the 
circle traced out by the outer tip in rela-

I 
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I 
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I Wing 5pins around samara':;, cenk.r 
of mas:;" whic.h falls vertic.olly. 
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tion to the horizontal, and the possibility 
of sideways motion. 

The angle between the chord of a 
wing and the velocity vector of the pass
ing air stream is called the angle of 
attack. The bottom illustration on page 
233 shows a cross section of a samara's 
wing at about the midpoint of the span. 
The net aerodynamic force on this sec
tion of the wing is indicated by a single 
force vector operating through a point 
called the center of pressure. The effects 
of the aerodynamic forces on each small 
part of the section are the same as is 
indicated by this one vector. The posi
tion of the center of pressure is deter
mined by the shape of the section and 
the direction of the passing air. 

The section also has a center of mass 
reflecting the weight of the section. The 
weight is insignificant, however, com
pared with the centrifugal force on 
the section. This force, resulting from 
the spin of the samara, also operates 
through the section's center of mass. 

The orientation of the section with re
spect to the velocity vector of the pass
ing air is stable if the center of pressure 
coincides with the center of mass. Thus 
a certain angle of attack is desirable for 

stability. Suppose the wing is shifted 
suddenly in such a way that the center of 
pressure moves toward the trailing edge 
of the wing. This nose-up orientation re
sults in a larger angle of attack, which 
generates a different aerodynamic force 
on the wing. The vertical portion of the 
force no longer balances the samara's 
weight as is needed for a stable, pro
longed flight. 

The samara is designed to correct this 
situation by regaining the proper angle 
of attack. The force operating through 
the center of pressure creates a torque 
that rotates the wing section about the 
center of mass and back to its original 
orientation. The center of pressure re
turns to the center of mass and the sa
mara is again stable. Something similar 
happens if the perturbation reduces the 
angle of attack from its optimum value, 
moving the center of pressure forward 
from the center of mass and sending the 
wing into a nose-down orientation. 
Again the force through the center of 
pressure rotates the section about the 
center of mass until the proper orienta
tion is regained. 

According to research on the aerody
namics of gliding flat plates, such an au-

Wing spins I 
around samora's � 
center of moss. 

�- ) i 
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tomatic adjustment of a wing's angle of 
attack is possible if the mass is distribut
ed in a certain way along the chord of 
the wing. Consider again a cross section 
through the wing. The center of mass of 
this section must be behind the leading 
edge by a distance that is between 27 
and 35 percent of the chord length of 
the section. The center of mass must 
also be behind the most forward posi
tion to which the center of pressure 
could move, otherwise the wing would 
not survive a nose-down perturbation. 
The samara has evolved with just such 
a distribution of mass along the chord. 
The ribbing in the wing is bundled near 
the leading edge and spread near the 
trailing edge. 

Another stability requirement has to 
do with the angle between the horizontal 
and the glide path of the wing. The sa
mara actually spirals, but the angle can 
still be defined if the glide path is taken 
as a tangent to the downward spiral at 
any given instant. The glide angle is im
portant because it determines the orien
tation of the aerodynamic force on the 
wing. At the proper angle, called the nat
ural glide angle, the force is in a vertical 
plane that passes through the span of the 
wing. If the glide path is too steep, the 
force vector inclines toward the leading 
edge of the wing. If the path is too shal
low, the force vector inclines toward 
the trailing edge of the wing. Neither of 
these orientations will give rise to a sta
ble flight. 

As a samara begins its fall to the 
ground it must rapidly achieve the prop
er glide angle so that the aerodynamic 
force on it lies in a vertical plane. Only 
then is the vertical component of the 
force able to cancel the weight of the 
samara to provide a constant speed of 
descent. If in the early stages of descent 
the vertical component of the force is 
smaller than the weight (because the ve-

locity of the passing air is lower than it 
should be), the samara must adjust its 
glide angle accordingly or it will acceler
ate all the way to the ground. 

The steps in the correction are as fol
lows. Since the samara is now acceler
ating downward, the passing air has 
a velocity vector that is more vertical 
than it should be. The angle of attack is 
too large; the wing of the samara noses 
down to gain the proper angle of attack. 
The aerodynamic force shifts from be
ing vertical (as it should be) to being 
canted toward the leading edge of the 
wing. This leaning of the force vector 
propels the wing into a greater spin 
about the axis of rotation. 

From the viewpoint of the observer 
falling with the samara the extra spin 
amounts to an increase in the speed of 
the air moving along a chord toward the 
trailing edge of the wing. The net veloci
ty vector of the passing air (which in
cludes both the vertically moving air be
cause the samara is falling and the air 
moving along the chord because the sa
mara is spinning) was initially too verti
cal. With the increase in airspeed along 
the chord the velocity vector becomes 
less vertical. Now the angle of attack is 
too shallow. The wing noses up. The 
movement restores the aerodynamic 
force to a vertical plane, and the spin 
no longer increases. 

In the process of adjustment the sama
ra has increased its speed of descent (be
cause it initially was accelerating down
ward) and its rate of spin (because the 
tilt of the aerodynamic force during the 
early part of the adjustment propelled 
the wing around the axis of rotation). 
Hence the velocity of the passing air is 
now higher and the force is stronger, just 
strong enough for the vertical compo
nent of the force to match the weight of 
the samara. Thereafter the samara falls 
with a constant speed and spin, with the 

Important Velocity of 
component" '/'/�l. vertically moving air 

�\ / ,// 
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proper angle of attack and with a suit
able glide angle. 

If the initial glide path results in too 
high a velocity for the passing air, the 
vertical component of the aerodynamic 
force exceeds the weight. The samara 
executes a similar kind of adjustment to 
reduce the aerodynamic force. As the 
samara continues to fall the excessive 
force reduces the rate of descent. From 
the viewpoint of the falling observer this 
reduction amounts not only to a de
crease in the velocity of the passing air 
but also to a shift in the net velocity 
vector so that it is more nearly paral
lel to the chord. The angle of attack is 
then wrong, being too shallow. The wing 
noses upward to stabilize. 

This movement tilts the aerodynamic 
force back toward the rear of the wing. 
The tilt opposes the spin of the sama
ra, and the spin begins to decrease. To 
the falling observer the decrease in spin 
amounts to a reduction in the speed of 
the air that moves parallel to the chord. 
Again the overall velocity vector of the 
passing air is reduced. Its direction is 
changed too; it is now more vertical. The 
angle of attack is now too steep, and so 
the samara noses down to reduce it. This 
shift brings the force back to a vertical 
plane through the span, and the reduc
tion in the spin ceases. 

The net result is a reduction in the rate 
of descent (because the initially overly 
large aerodynamic force slowed the de
scent) and a decrease in the spin (be
cause of the backward tilt of the force 
during the first part of the adjustment). 
The overall velocity vector of the pass
ing air is now lower and therefore so is 
the force. The vertical component of the 
force now equals the samara's weight. 
Thereafter the samara falls with con
stant speed and spin and with an appro
priate angle of attack and an appropri
ate glide angle. 

A chance perturbation of the glide an
gle is countered by similar responses. 
For example, if the glide path sudden
ly gets too steep, the net velocity vector 
of the passing air is too vertical. Since 
the angle of attack is then wrong, the 
wing noses down to correct it. The aero
dynamic-force vector tilts forward. The 
spin rate increases and makes the net 
velocity vector more horizontal. Again 
the attack angle must be corrected; this 
time the wing must nose upward, mov
ing the force vector back to the vertical 
plane. In principle the samara should 
now have the proper angle of attack and 
glide angle. It probably overshoots the 
proper glide angle, however, and must 
make several progressively smaller cor
rections in its spin, rate of descent and 
angles of orientation before it finally 
gains the proper values. 

The coning angle too is automatical
ly adjusteO against small perturbations. 
The angle is set by a balancing of two 
kinds of torque. One torque results from 
the centrifugal force on the strips along 
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Hood sails. Rolex watches. Ultimates each. 
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Frederick E. "Ted" Hood 
has designed and 
manufactured the most 
desirable, durable and 
efficient sails ever to 
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the world. 

He's raced and won 
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Mechanically unequaled. 
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should be. 

Indeed, Mr. Hood and Rolex have 
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Write for brochure. Rolex Watch. U.S.A .. Inc .. Dept.403, Rolex Building. 665 Fifth Avenue. New York, New York 10022. 
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the span of the wing. Consider a strip 
about midway along the span. The cen
trifugal force is outward from the axis 
about which the samara is rotating. The 
torque generated by this force tends to 
rotate the wing about its overall center 
of mass to decrease the coning angle. 
The same force affects all the strips in 
the wing. 

The wing does not become horizontal 
because another torque, arising from 
the aerodynamic force on each strip, 
tends to increase the coning angle. At 
one optimum value of coning angle the 
two opposing sets of torques balance 
each other. If the wing is deflected into 
a different coning angle, these torques 
bring it back to the proper angle. 

In general the coning angle should be 
shallow, so that the wing is more nearly 
horizontal. Then the disk loading is low
er (since the wing sweeps out a larg
er disk) and the sinking speed of the sa
mara is also lower. I have two maple 
samaras that are approximately the 
same in weight and overall appearance 
but descend at different coning angles. 
The one with the shallower coning angle 
falls slower. 

Finally, a stability is related to the di
rection of travel of the samara. Most of 
my samaras spin while falling along a 
vertical axis. A falling observer could 
describe a plane traced out by the outer 
tip of the wing. The majority of my sam
ples trace out a horizontal plane. If I 
blow against a samara to deflect it mo
mentarily from the horizontal, it quick
ly adjusts its motion to bring the low 
side upward so that the plane is again 
horizontal. 

Some of my prize samaras do some
thing else. Even when I do not disturb 
their descent, they move in a large helix 
while still spinning in the normal way. 
Norberg calls this additional motion 
sideslip. The aerodynamic force on one 
of the peculiar samaras causes it to tilt 
the plane traced by the outer wing tip. 
Once the plane has been tilted it is forced 

Aerodynamic force 

Center 
_____ of pre:;,:;,ure � Center of ma:;,:;, \(� 

of wing ::,edion Angle 
of attack 

Portion of � 
centrifugal Net velocity force vector of 

pa.s.sing air 
(a) 

proper angle of attack 

not back up, as with most samaras, but 
rather to the side, so that the samara's 
center of mass follows a helical path to 
the ground. The sense of rotation of the 
center of mass in this path is opposite to 
the sense of spin of the samara about its 
axis of rotation. If from an overhead 
viewpoint the samara spins clockwise, 
the center of mass moves around in a 
helix in a counterclockwise direction. 
The helical motion is much slower than 
the spin. 

If a maple samara is dropped with its 
center of mass downward and its flat 
wing vertical, it may not spin at all. If the 
wing is initially tilted from the vertical 
or is indented, it will begin to spin after a 
short drop. Consider a flat wing tilted 
from the vertical. As the fall begins, the 
aerodynamic force causes the wing to 
lag behind the descent of the center of 
mass, with the result that the wing ro
tates toward the vertical over the center 
of mass. Continuously adjusting its an
gles of attack, gliding and coning, the 
wing eventually reaches the equilibrium 
values. Thereafter the samara spins as it 
descends. When I toss a samara into the 
air with the center of mass leading, it 
almost always starts to spin once it stops 
moving upward and begins to fall. It is 
then unlikely to be exactly vertical, and 
spin is almost certain to begin. 

In a good samara the distance of the 
center of mass from one end is between 
zero and 30 percent of the full length of 
the span. The distance of the center of 
mass of maple samaras is usually be
tween 10 and 20 percent. The center of 
mass along the chord of a strip on the 
wing must be at a distance from the 
leading edge that is approximately 27 to 
35 percent of the chord's length. The 
disk loading must be low, and so a thin 
wing that sweeps out a large disk is a de
sirable combination of properties. Most 
of the aerodynamic force is generated 
at the outer end of the wing because the· 
relative velocity of the passing air is 
larger there. Since the force also de-

Center of pre:).sure 
behind center 
of moss - /7 �,� 

Cross 5ection/ �� 
of wing 

Large angle 
of attack. 

(b) 
Nose up 

Angles of attock of a falling and spinning wing 

Aerodynamic Vertical portion 
force balances weight. 

�/ 
Weight 

The balance of vertical forces 

pends on the area of a strip on the wing, 
the strips at the outer end of the wing 
should have the longest chords. 

An astute observer might disagree 
with this last because the outer tips of 
maple samaras are somewhat tapered 
and flared toward the trailing edge. This 
natural design takes into account the 
vortexes shed by the outer tip as the sa
mara spins about the vertical. The vor
texes decrease the lift and increase the 
drag on the wing tip. The taper and the 
flare at the tip minimize the strength of 
the vortexes. 

Most of my samples of maple sama
ras are several centimeters long in the 
span and about a centimeter wide in the 
chord. A few of them follow wide heli
cal paths to the ground, but most fall 
with the center of mass moving along 
a vertical line. I cannot distinguish any 
physical difference between the two sets 
of samaras. The difference in flight pat
tern must be the result of subtle differ
ences in the samaras. 

The illustration at the lower right on 
page 235 summarizes my analysis of 
the mass distribution of a typical sama
ra. To find the overall center of mass I 

(c) 
Nose. down 

Center of 
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A Boeing 727 is washed 
down after construction. 

This glistening bird could use less fuel than 
ever before-thanks to a sleek aluminum skin 

developed by Alcoa. 

Alcoa's glistening bright-skin sheet 
can be left unpainted to increase 
fuel savings. And more airlines are 
doing just that. One has estimated 
that the additional savings in elimi
nating downtime for repainting 

their fleet of 130 727's is equiv
alent to having an extra plane. 
In addition, the new energy 
efficient Boeing 767 will increase 
fuel savings even more, helped by 
lightweight, strong Alcoa® alloy s, 
rolled or extruded in giant one-

We can't wait for tomorrow. r11ALCOA 

piece shapes. One more way 
Alcoa's unmatched production 
capability in aluminum is helping 
America conserve energy today. 
For more information, write Alcoa, 
523·K Alcoa Building, Pittsburgh, 
PA 15219. 
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balanced the samara on a sharp edge, 
positioning it so that the span was per
pendicular to the edge. When the sama
ra was in balance, I drew a line on it just 
above the edge. Then I balanced the sa
mara with a chord perpendicular to the 
edge and drew a line j ust above the 
edge. The intersection of the two lines 
marked the overall center of mass. 

I was also interested in the distribu
tion of mass along individual strips in 
the wing. I traced the outline of the sa
mara on a sheet of graph paper. With a 
razor blade I sliced the wing into strips 
that ran parallel to chords through the 
wing. The position of each strip was in-
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dicated on the traced outline. To deter
mine the approximate center of mass of 
a strip I balanced it on a sharp edge with 
the chord perpendicular to the edge. 

Having achieved a balance, I marked 
the position of the edge of the strip. 
Then I measured the distance between 
the mark and the leading edge of

' 
the 

strip. I also measured the average chord 
length of the strip. (Since the trailing 
edge of the samara curves, the strip had 
a small range of chord lengths.) My re
sui ts are shown in the ill ustration of 
mass distribution. The distance between 
the center of mass of a strip and the 
leading edge of the wing is given as a 
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QUESTAR® 12 'on the QlJESTAR® MOUNT 
The Questar 12, latest addition to the Questar family of fine optical 
instruments, now has its own Questar-designed mount. A German 
equatorial type, it is notable for its 360· continuous tracking in A.A. 
with precision tracking to better than 4 arc seconds. The Questar 
Mount is designed with over-sized components so that it can 
accommodate any Questar up to 18' inches. The standard mount 
shown is straightforward in deSign but can be modified so as to be 
compatible with more sophisticated tracking devices or other 
special equipment. 

The Questar 12 is a superb instrument for the serious astronomer, for 
the university astronomy department or the engineer seeking 
sophisticated tracking and surveillance equipment for which Questar 
Corporation has a noted reputation. 

Questar Corporation Box C, Dept. 20, New Hope, Pa. 18938 (215) 862-5277 

Observing domes suitable for 
housing the Queslar 12 or 
larger telescopes are also 
available at Questar. 

C Questar Corporation t 981 
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percentage of the average chord length 
of the strip. 

If the samara were a flat wing, the 
distance of the center of mass along 
the chord of a strip should be between 
27 and 35 percent of the chord length 
in order for the wing to be stable as it 
glides. The samara I analyzed had strips 
in which this distance was between 26 
and 38 percent. 

To measure the spin rate of a sample I 
directed a stroboscopic light downward 
on the path taken by a falling seed. With 
the room lights off I varied the flash 
rate of the stroboscope until each flash 
revealed approximately the same orien
tation of the descending samara. This 
effective freezing of motion can be 
accomplished by many settings of fre
quency on the stroboscope, including 
the frequency that matches the spin fre
quency of the samara. For example, a 
flash frequency of half the spin frequen
cy reveals the same orientation on every 
other rotation of the samara. A flash 
frequency of a third the spin frequency 
reveals the same orientation on every 
third rotation. 

To determine the spin frequency I 
begin at a low flash frequency and grad
ually increase the rate. The highest 
frequency that effectively freezes the 
motion of the samara is the one that 
matches the spin frequency. Any higher 
flash freq uency does not freeze the mo
tion. Instead I see images of the samara 
at various stages of each rotation. I 
found that most of my samples had a 
spin frequency of between 10 and 12 
hertz (cycles per second). If I want to see 
the samara at, say, four stages during 
each rotation, I set the flash rate at about 
40 hertz. 

A stroboscope can be employed to 
make a photograph of a descending, 
spinning samara. With the room lights 
off the repetitive flashing of the strobo
scope will illuminate the samara at vari
ous stages of its descent, leaving a per
manent record of the stages on film. 
McCutchen made a similar photograph 
with a continuous light that shone up
ward into the path of a falling tulip-tree 
samara. That type of samara not only 
spins about the vertical axis along which 
its center of mass descends but also 
spins about the axis of its span. As the 
samara fell in the beam of light it ex
posed to the camera alternately an illu
minated bottom surface and a darker 
top surface. The succession of separate 
images on the film recorded the fall. 
Contrast between the two sides can be 
obtained if one side is painted white. 

I have discussed only the common 
maple samara. You might want to fol
low up McCutchen's work with other 
kinds of samara. Tulip-tree and ash sa
maras are particularly interesting. You 
could also experiment with cardboard 
models of samaras that you could modi
fy in various ways to see how the chang
es affect the flight patterns. 

© 1981 SCIENTIFIC AMERICAN, INC



Picking options for your 
new car? 

Don't forget Ford's Ultimate Option. 
The only one 

that could pay for itself. 

FORD'S ULTIMATE OPTION-E.S.P. 
EXTENDED 
SERVICE 
PLAN 

Ferd Metor Ce mpa ny's Extended 
, Service Plan is designed to, effer yeu leng
term pretectien a gainst rising service cests. 

E.S.P. offers long-term car repair protec
tien. There are three plans to, che ese frem. 
Yeu can purchase a mqximum cever
age pl an ef 3 y e ars/ 36,OOO mil es  
er 5 years/50,000 miles. The third 
plan is the pewer train plan ef 
5 ,{ears/50,OOO , miles. 

WhatE.s.P. 
pretects. E.S.P. 
guards against the 
cest ef majer repair 
bills e n  yeur Ferd-built 
car er light truck. Yeur Dealer 
can give yeu s pecific" info�matien 
abeut each p lan: 

How E.S.P' works fer you. Yeu pay just a 
$25 deductible per eligible repair visit 
under either ef the twO, maximum cever-'age plans, er $50 under the power train 
plan ... regardless ef the cest ef all labor ' 
and parts needed. 
And if yeur car needs to, be kept 
fer repair under the eriginal neW vehicle 

warran1y er the repair ef E.S.P.-cevered 
cempenents thereafter, yeu're previded a 
rental car reimbursement allewance ef up 
to, $20 per day (exclu ding mileage) fer up 
to, five days. 

How E.S.P. helps at resale time. Fer a small 
fee, the remaining ceverage is transfera
Ble to, the new owner. This ca n be a streng 
selling point 

Where E.S.P' Is in effect. Tbe Ferd Extended 
Service Plan is the ene and enly plan thafs 
hene red by mere trian 6400 Ferd and 
Ul1coln-Mercury Dealers threughe,ut the 

U.S. af)d Canada . That can mean real 
peace ef,mind wher:ever yeu are. ""'. 

f; 
E.S.P' offer� low-cost pretectlen fer your 
Ford or Lincel(l-Mercury vehicl�. The 

cest ef E.S.P. is surprisingly lew. And it 
can , be added to, yeur me n thly 
payment if yeu finance yew new 
vehiC le. When yeu consider -, the 

low cost ef pretectien en yeur 
initial ipvestment and hew leng 

yeLlIl probably keep yeur car, it just 
rpa kes3 ge ed sense to, buy Ferd's 

Ultimate Optien . . . E.S.P. 

Ask for Ford Motor Company's 
Extended Service Plan by name. 
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WHEN THERE IS A C AR  
FROM A COUNTRY T l-IAT 

DESIGNED THE 

CONCORDE ... 
.... a car designed by the hrst people to fly so far 
into the future .... a car engineered and crafted 
with a rare feeling for luxury. .. why drive an ordi
nary car? When you can drive the remarkable 
Renault 18i. 

It begins with a design philosophy that has 
made Renault Europes leading builder of cars: 
a hne automobile is not a collection of parts; it 
is a series of interdependent systems based on 
total system desigg. 

Example: Renault designed the 18i indepen
dent front suspension as part of a system that includes chassis design, front-to-rear axle 

,-------------------, weight ratio and passenger seating. And 
even the passenger himself. Every com
ponent of that system - from bio-mechan
ically tuned seats (that are "inhnitely" 
reclining), to long-travel suspension, to 

F--r-1....:;:..u...-.+.......-::....r--'--..�'-f'---+-_ff�__tr_n_--'--+--;i front and rear anti-sway bars and rack and 
\--':;t9�r-+h���t--HCJ....{-.�m'_f_t_b=::i_--;-___'I pinion steering -all component matched 

i-FRJ�"'fm?>f---;-c¥_��J.l;t-,-.-+-...L...fP----"'-'II-----f""9 for driver comfort, fatigue resistance and 
1-\-1'--li#-F�r-=====-=*f��""----;""'++____.ittl't__f--l.,..f___'t road control. 

Example: The 18i total system design 
_. . . __ . :" matches a lightweight front wheel 

.. t£. + drive system to a four-cylinder, 1.6 liter 
engine with pressure cast aluminum alloy block, hemispherical combustion ch ambers, 
pistons matched to within 7/100 of an ounce and a Bosch L-Jetronic fuel injection system. 
The result is surprisingly responsive performance with remarkable fuel efhciency* 

To complete the total system design, no one outdoes the \37 HWY' tZ6' EST \ 
French in their command of interior luxury. From Renault's . EST � MPG . 
optional nutmeg leather seating and full color- • Compare these 1981 EPA es timdtes with estimated 

k d ti· t th t t ful d ·  f th mpg for other cars. Your actual mileage depends on eye carpe ng 0 e as e eSlgn 0 e speed. trtp length. and weather. Actual highway 

instrumentation. mileage will pro bably be l ower. 

And now every Renault is covered by 
American Motors' exclusive Buyer Protection 
Plan� -the plan with the only full 12-monthl 
12,OOO-mile warranty 

Knowing these facts, theres no excuse for 
you to drive an ordinary f amily car when you· 
could drive the Renault 18i, the newest achieve
ment from Europes leader. Remarkable. 

o RENAULT 
American Motors n 

Where great engineering lives in great design 
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