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In Tegucigalpa-the right bank in the right place 
Always a producer of fine agricultural products, Honduras is now producing 
many new opportunities for trade as a member of the Central American Com
mon Market. The 137 people who staff this Citibank subsidiary, Banco de 
Honduras, are on hand to lend knowledgeable assistance in the development 
of business through four branches in the capital city area and two others in key 
cities of the Republic. Throughout Central America, Citibank meets your 
banking needs with a total of seventeen fully-staffed branches. Wherever your 
interests lie, Citibank ... with complete banks-on-the-scene in 49 countries on 5 
continents ... is the right bank in the right place to serve you. 

FIRST NATIONAL CITY BANK 
� AR T N E R S  IN P R O G R E S S A R O U N D T H E WO R L D  

Member Federal Deposit Insurance Corporation 
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"Sure, we've made a major . 
breakthrough in the integrated circuit 
world. Our customers say we're the 
first company in this circus industry 

to operate like a responsible business�' 

SIGNETICS INTEGRATED CIRCUITS 
SIGNETICS CORPORATION 

THE RESPONSE/ABILITY COMPANY 
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Zeiss opens 
the doors of 
_knowledge 

This photomicrograph of a diatom 

was taken through a regular Zeiss 

research microscope with built-in 

automatic camera and Nomarski 

interference contrast attachment. 

No other optics can provide such 

clarity and definition_ 

Zeiss constantly opens doors of 

knowledge in every field _ _ _  in sci-

ence, research, and industry. 

Doesn't your work justify the ulti

mate in optical performance? What

ever your requirements, you can 

depend on ... 

Zlll __ 
THE GREAT NAME IN OPTICS 

Carl Zeiss, Inc .• 444 Fifth Avenue. New York. New York 10018. Telephone: 212 736-6070 
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A quick summary 

of the four new 

GARRARD 

SYNCHRO-LAB SERIES™ 
Automatic Turntables 

- and their 

differences 

Garrard's new Synchro-Lab 
MotorTM cannot vary in speed 
... locks in to cycles of elec
tric current! A revolutionary 
advancement with the best 
features of both induction 
and synchronous types. Induc

tion feature provides high starting torque, 
instant acceleration; synchronous action 
insures perfect record speed regardless of 
variations in voltage, temperature, stylUS 
pressure or record load-plus freedom from 
rumble. 

SL 95 In addition to the Synchro-Lab 
synchronous motor, it features the most ad
vanced tone arm system with gyroscopical1y 
gimballed pivots, auto-rise safety platform 
for automatic play, adjustable counterweight, 
new manual-cueing-pause control, and many 
other advancements. $129.50 

SL 75 Companion to the SL 95. Has the 
same Synchro-Lab Motor, turntable, auto
rise safety platform for records, but a 
unique tone arm system all its own, with 
twin braced, extruded aluminum construc
tion for Jight weight precision tracking. The 
aristocrat of its field. $109.50 

SL 65 With Synchro-Lab synchronous mo
tor, completely adjustable dynamically bal
anced tone arm that tracks flawlessly as low 
as Vz gram. Built-in stylus pressure gauge, 
anti-skating and cueing features. popular 
over-arm record changing system. $79.50 

SL 55 Synchronous Synchro-Lab Motor 
makes it incomparable in its field. Has light 
weight, tubular arm, manual cueing and 
pause lever, low mass shell and stylus 
pressure adjustment. The ideal automatic 
turntable for medium cost systems. $59.50 
For complimentary Comparator Guide, write 
Garrard. Dept. AA·16, Westbury, N.Y. 11590. 

Cj� ® = .1 , - :'l; ' 
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W01'ld's Finest 

British Industries Corp., a division of Avnet,�lnc. 

THE COVER 

The photograph on the cover shows a portion of the San Pablo reservoir 
near Berkeley, Calif., as recorded on a film that is sensitive to infrared ener
gy. The technique is designed to enhance the ability of an experienced in
terpreter to identify the natural resources that appear in such a photograph 
(see "Remote Sensing of Natural Resources," page 54). Like other color 
RIm, this RIm has layers dyed blue, green and red. The blue and green 
layers respond to wavelengths in the visible-light portion of the spectrum: 
the blue to green light and the green to red light. The red dye responds to 
wavelengths of between .7 and .9 micron in the very near infrared portion 
of the spech-um. The effect is that the infrared energy of highest intensity 
produces the brightest reds in the photograph. Little infrared energy is 
reaching the camera from areas that appear blue in the photograph. The 
San Pablo reservoir area is a test site used by the National Aeronautics and 
Space Administration in its Earth Resources Program to determine what 
kind of "tone signature" is produced on different kinds of fihn by known 
resources, such as the various trees in the photograph. With data thus estab
lished from areas with known resources, NASA hopes that resources can 
be identified in other areas by remote sensing from airplanes or spacecraft. 
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You don't have to write 
your own computer programs 
to benefit from the 
PL/I programming system. 

The performance of a computer 
installation is dependent upon the pro
gramming systems as well as upon the 
typcs and configurations of machines. 

But, how do we measure installation 
pcrformance? 

In the past, throughput, the amount 
of work handled, was often used as a 
measurement of the performance. But 
it doesn't measure the utilization of all 
of a computer installation's resources. 
To do so requires the measurement of 
total problem-solving time. Simply de
fined, it's the total amount of time it 
takes the installation to give you the 
answer you want after you've presented 
your problem. 

In effect, it includes the entire se
quence of man-machine actions: rec
ognition and definition of the problem 
-testing and debugging of the program 
-execution (throughput) of the pro-
gram- additions to the program-and, 
continued maintenance of thc program. 

In the past, it was also possible to de
scribe an installation as either com
mercial or scientific/ engineering. 

Today, as the scope of both typcs of 
installations expands, their computing 
needs are beginning to overlap. This 
was whyIBMSYSTEM/360 was designed 
with general-purpose capabilities to 
serve both. But what about the lan
guages we use to communicate with 
computers? Don't they have to serve 
both needs too if we are to shorten the 
total problem-solving time? This was 

the question wewere faced with in 1963. 

During the SHARE (an organization 
whose members use IBM systems) meet
ing in Miami in August 1963 a group 
got together informally to discuss what 
they were going to do about languages 
in the future. FORTRAN, for example, 
the first really successful scientific pro
gramming language had already gone 
through two major overhauls to in
crease its usefulness and extend its 
areas of application. Could it be ex
tended further? A committee consist
ing of SHARE and IBM members was 
formed to survey the situation and rec
ommend a course of action. 

Its goal was to determine the state 
of the art, evaluate the existing lan
guage technology and to survey the 
work done in language development 
in both scientific and commcrcial ;reas 
during the previous five years. 

By no means a simple task! 
As the committee studicd the needs 

of computer users, it became apparent 
that existing languages like FORTRAN 

and COBOL had structural liinitations. 
But what would happen if we cre

ated a new language? Take the very 
best features of FORTRAN and COBOL 

and combine them in a general struc
ture? The idea was attractive. 

And so the committee recommended 

that such a language be developed. IBM 

then asked the committee to outline 
its structure. 

The committee, now consisting of 

members of the SHARE and GUIDE user 
organizations and IBM, set several goals 
in its design of the new language. 

First, it wanted to increase the range 
of problems which could be coded in 
this language. 

Second, it wanted additional facili
ties which had rarely been considered 
for coding in a scientific / engineering 
compiler language. The reason for this 
is that as scientific and engineering ap
plications become more sophisticated 
they require broader data manipula
tion capabilities. 

Third, and extremely important as 
more and more scientists and engineers 
write their own programs, the commit
tee wanted a clear and consistent lan
guage that could carry out more func
tions than existing languages yet have 
a simpler syntax. 

The Basic level consists of a part of 
the language which is as easy to learn 
as any of the languages known today. 

In effect, the committee designed a 
language that offered facility and prom
ised less problem-solving time. That 
language, PL/I, has evolved with the 
help of the GUIDE and SHARE organi
zations and is now available to users of 
SYSTEM/360. 

For a copy of a new booklet which 
describes the benefits of PL/I in more 
detail, write to: Director, Scientific De
velopment, IBM Corporation, Depart
ment 805-015, 112 East Post Road, 
White Plains, New York 10601. 
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LETTERS 

Sirs: 
It seems a bit unfair of Professor \Vil

liams to use his review of Sir Harold 
Hartley's Humphry Davy [SCIENTIFIC 

AMQucAN, October, 1967], which he 
states to be a good book, to promote his 
own differing views on the style of 
Davy's work. Williams rejects Hartley's 
implicit thesis "that Davy's science was 
purely and exclusively formed from ex
periments and flashes of insight." Instead 
he insists that the author should have in
terpreted Davy as a committed follower 
of Roger Boscovich's theory of point 
atoms .... 

Further, the burden of the available 
evidence is that Hartley's interpretation 
of Davy as an empiricist is sounder than 
\ Villiams' view that he was secretly a 
metaphysical Boscovichean. Although 
Williams may not be the only scholar 
who seriously believes in the Boscovich 
influence on Davy, I trust that his views 
on how the historialYof science ought to 
compensate for the lack of supporting 
evidence are not widely shared. 

Allowing for some differences of in
terpretation, I would agree with Wil
liams that it is "the task of the historian 
of science ... to re-create the minds of his 
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subjects" from all the available evidence. 
In this case the evidence consists of 
about 3,500 pag«s of Davy's Collected 
W'orks and several dozen personal and 
laboratory notebooks. In all of this there 
are three known references to Boscovich 
occupying no more than the equivalent 
of two printed pages. 

On the basis of these brief and rather 
equivocal references, Williams has for 
several years urged the validi ty of a 
strong Boscovichean influence on Davy. 
He admits that he knows of "no docu
ments ... that provide the essential in
formation" that would show how Davy 
used Boscovichean ideas in his scientific 
work, but he still asks us to believe it 
with sufficient conviction to reconstruct 
Davy's mind in the Boscovichean mold! 

On the other hand, Davy's Collect
ed 'Vorks contain countless warnings 
against commitment to false hypotheses 
and hasty generalizations. As he told his 
Royal Institution audience in 1809, con
jecture "except when it has its source in 
facts, and its termination in experiments, 
ought to be rejected as dangerous and 
unprofitable," and he added, "To be at
tracted to mere speculation is to be di
rected by a dream." 

I agree with Professor Williams that 
we must attempt to reconstruct the paths 
by which a creative scientist arrived at 
his discoveries and inventions, since this 
is a very important part of "our under
standing of this greatest of all human in
ventions," modern science. But we must 
temper our desire for understanding 
with enough discipline to ensure that the 
understanding we acquire not only is 
believable but also bears as rigorous a 
relationship to the evidence as it is pos
sible to establish. History is not so dif
ferent from science that it can invent 
freely in the absence of the hoped-for 
facts .... 

I wish Professor Williams would give 
up his dream of a direct line of influence 
from Boscovich through Davy to Fara
day, because it is not adequately sup
ported. His persistent urging of this ten
uous conjecture has already caused it 
to be mistaken for historical truth, and 
ought now to be "rejected as dangerous 
and unprofitable." 

ROBERT SIEGFRIED 

The Royal Institution 
London 

Sirs: 
I fail to see anything methodological

ly reprehensible in seizing on Davy's ad
mittedly rare references to Boscovich. 

Surely Professor Siegfried's peculiar 
quantitative criterion is irrelevant. vVhen 
a man goes to the trouble to reveal his 
fundamental ideas on the nature of mat
ter, to provide his readers with an exact 
source of these ideas and then to de
scribe the work in which these ideas ap
pear as his last philosophical will and 
testament, is it asking too much of the 
historian that he pay some attention? 
Does Davy's scientific work make sense 
within the Boscovichean framework? We 
shall certainly never know if no one 
looks. 

There is another point that seems to 
me to be of central importance. There 
is a world of difference between specu
lation in science and in history. In sci
ence lack of evidence ultimately destroys 
the speculation; in history this is not al
ways true, since the evidence may have 
been destroyed by fortuitous events. The 
value of historical speculation is not to 
provide a guide for the search for evi
dence but, rather, to give a coherence, a 
depth and a unity that a mere reporting 
of facts cannot provide. This kind of 
speculative interpretation is a common
place in the writing of history. My essay 
was addressed to those who write the 
history of science without having had the 
benefit of rigorous training in history in 
the belief that the history of science can 
only benefit from contact with general 
history. Professor Siegfried's letter rein
forces my belief. 

L. PEARCE VVILLJAMS 

Department of History 
Cornell University 
Ithaca, N.Y. 

Sirs: 
Some corrections of a paragraph or 

two of Charles F. Hockett's review of 
Biological Foundations of Language 
[SCIENTIFIC AMERICAN, November, 
1967] are obviously called for: 

1. Noam Chomsky, described as a 
"neomedieval philosopher" in the re
view, is also among other things a pro
fessor of modern languages at the Mas
sachusetts Institute of Technology, in 
which capacity one would think he 
would be perfectly fitted to advise the 
author of this book. The "tragedy" of 
which the reviewer melodramatically 
speaks in this connection must mean, if 
anything, that the author consulted one 
kind of linguist rather than another, but 
there is very little to be made of that un
less one has some private quarrel with 
the leader of the M.LT. schoo!. 

2. The account we are given by the 
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The F.A.A. has to know 
the location of every 
controlled aircraft in 
the Oberlin sector, 
every minute of the day. 

Easy, when 

you talk Kleinschmidt! 

Kleinschmidt is the new language 
of modern telecommunications. 

Computers talk to warehouses. 
Headquarters talks to branch offices. 
And in the case of the Federal 
Aviation Administration, 
Kleinschmidt data printers help 
Flight Controllers keep track of the 
position of every plane under 
their control. 

Working in communications systems 
like the F.A.A.'s, the Kleinschmidt 
311 T>l Data Printer "talks" with 
unbelievable speed and simplicity. 
It prints-out up to four times as fast 
as most other teleprinters. Operates 
with far fewer moving parts and far 
more reliability. Outperforms 

. 

all competition. 

And like other Kleinschmidt data 
printers, the 311 is compatible with 
telecommunications equipment of aU 
makes. It can fit directly into the 
system you now have, or the one you 
are having designed for you. 

Of course, Kleinschmidt is a language 
most original systems manufacturers 
already understand. 

But we're always glad to repeat 
the message. 
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• 

preClse exposure 
control is no longer 
a professional secret 

Bright sky, dark subject? Tricky, high
contrast light situations like this make 
precise exposure difficult, even for pro
fessional photographers. But now, the 
new Minolta SR-T 101 35mm single lens 
reflex, with exclusive "Contrast Light 
Compensator", measures exposure 
through the lens for perfect control 
under any light conditions. This 
precision instrument assures 

superb picture quality with a world
famed Rokkor lens. And with unmatched 
handling ease, it's no wonder the ex· 
perts at Modern Photography call the 
SR·r 101 "a hard-to-beat combination of 
quality and convenience". Prices start 
under $270, plus case. See your Minolta 
dealer or write for free literature to 

Minolta Corp., 200 Park Avenue 
South, New York, N. Y. 10003. 

Until now the only way you could get the world's 
most advanced stereo receiver was to build it 
yourself ... with the famous Heathkit AR-15. 
Now you can buy it completely factory assem
bled and tested, ready to deliver incomparable 
performance; 

ill our experience. No other tuner we have used 
call compare with it ill sensitivity. We know of 
Jew amplifiers that can match or surpass the 
AR-i5 in power or ultra-low distortion." 
Advanced Circuitry For Finest Listening. Like 
the use of crystal filters (an exclusive with 
Heath) and integrated circuits for completely 
silent backgrounds, and peak stereo perform
ance at all times, with no alignment ever re
quired. All silicon transistor circuitry. Field Ef
fect Transistor (FET) FM tuner. Unique noise
operated squelch and many more advanced fea
tures. Get full details in FREE Catalog! 

Audio Experts Agree It's The World's Most Ad
vanced Receiver. Experts like Julian D. Hirsch 
who wrote in the May '67 Hi-FilSterGo Review: 
"Its enormous reserves oj clean power (150 watts) 
make Jor effortless listellillg at allY level, and 
the FM tUller brought ill more listellable FM 
broadcasts thall we had realized existed ill our 
area. We were also able to receive stereo broad
casts Jrom a distance oj 70 miles, ollly 200 kHz 
from a powerful local station, without inter
ference, a feat /lot matched by allY otlter tuner 

Assembled ARW-15, (less cab.). 34 Ibs ... . $50 dn., 
as low as $30 mo . . . . .. . . ... . .... . ... . . . . $499.50 
Kit AR-15, (less cab.). 34 Ibs .. . .  $33 dn .• 
$28 mo ... . . .. . . . . . . . . . . . . . .. ... .... .. . . . . $329.95 
AE-16, walnut cabinet. 10 Ibs . . . . ......... .. $19.95 
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reviewer of Chomsky's "weird notions" 
narrows his whole contribution to Amer
ican linguistics down to the one question 
of mentalism, which is dismissed in a 
paragraph, as if, having got rid of this 
aberration, one could henceforth forget 
about the rest of Chomsky's work. As is 
well known, mentalism is something that 
most Bloomfieldians will not talk about, 
because it seems they cannot even think 
about it, but no reader of your magazine 
should be left with the impression that 
Chomsky's philosophical preoccupations 
are such that they have somehow pre
vented him, as the reviewer suggests, 
from accounting for the "empirical evi
dence" of language. A glance at his work 
on syntax and more recently phonology 
will correct this misimpression, which 
the reviewer has tried to foster by mak
ing Chomsky out to be an ordinary-lan
guage philosopher rather than a linguist 
of any description. 

3. Lastly, anyone who has heard, 
however dimly, the uproar raised over 
the methods and results of the M.LT. 
school of linguistics-and an echo of this 
is sounded through Professor Hockett's 
review-must smile to hear in these dis
tracted days of "our calm and quietly 
growing tradition of scientific linguis
tics." So the faithful caretakers of the 
Bloomfieldian tradition may speak, but 
meanwhile it is high time that at least an 
accurate report of what is going on in 
the embattled camp on the other side 
were forthcoming from the pages of your 
magazine. 

FREDERIC AMORY 

Department of English 
Mills College 
Oakland, Cal. 

ERRATUM 

An illustration in the article 
"The Climate of Cities" (SCIEN

TIFIC AMERICAN, August, 1937) 
gave the impression that tempera
tures rose during the night as re
corded in traverses through north
east London. In the illustration, 
which is on page 23, the solid 
black line should have been a bro
ken one, and vice versa. The tEm
perature traverses and the findings 
depicted in the top illustration on 
page 22, relating to loss of sun
shine in London, were the work of 
T. J. Chandler of University Col
lege London. 
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SOIBNOB/SOOPB 

"The perfect Surveyor mission" is the accolade the project team gave Surveyor 
VI, which had returned more than 30, 027 pictures of best-yet quality when it was 
shut down for the lunar night that began November 24. Soft- landing within four 
miles of its midcourse target on crater-pocked Central Bay, almost in the center 
of the moon's visible face, Surveyor VI completed NASA's survey of potential 
astronaut landing sites. 

Surveyor VI was relaunched November 17, becoming the first spacecraft ever 
launched from another heavenly body. The three vernier engines burned only 2� 
seconds and exerted 150 pounds of thrust to lift the 6l6-lb. spacecraft 10 feet 
and move it laterally 8 feet. 

Four new shipboard radar-computer systems - -three of them earmarked for war
ships of the Federal Republic of Germany -- were delivered recently to the U. S. 
Navy. Used on guided-missile ships, the advanced systems scan the sky with a 
high- frequency, narrow pencil beam to determine target's height, range, and 
bearing. Three systems built under an earlier contract are already operational 
on Australian destroyers, and others are being installed on U.S. destroyers. 

From its synchronous station above the Amazon, NASA's Applications Technology 
Satellite III has successfully carried out several major experiments. Its 
"spin- scan" camera (developed by Santa Barbara Research Center, a Hughes sub
sidiary) is returning high- resolution color photos of the earth's full face. 
Their accurate color will make it possible to determine height of clouds, width 
and location of ocean currents, and moisture content of soil. 

The mechanically despun antenna aboard ATS- III is receiving signals from earth 
10 times more effectively than antennas presently used on communications satel
lites. Its new VHF transponder is providing high quality two-way radio commun
ications between ground stations and aircraft thousands of miles apart. 

Several advanced programs at Hughes offer immediate and important opportunities 
for engineers, especially in missile systems, circuit design, data processing, 
computer design, and displays. If you have an accredited degree and at least 
two years of applicable experience, and are a U.S. citizen, please send your 
resume to Mr. J. C. Cox, Hughes Aircraft Company, Culver City, California. 
Hughes is an equal opportunity employer. 

New commercial products from Hughes: a broadband high-power pulsed traveling
wave tube by the electron dynamics division; it has 40% efficiency at the 25-
30kw level in X-band, and is the only commercially available TWT in X-band 
offering both cross-field amplifier efficiency and TWT gain . • • •  an expanded line 
of MOS products at Hughes/Newport Beach, which recently acquired Raytheon's 
line of metal-oxide silicon CMOSFET) discrete devices and integrated circuits. 

Creating 4 new world with electronics r------------------, 
, , 

: HUGHES: , I 
L __________________ J 
HUGHES AIRCRAFT COMPANY 
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A fish census 
depends on 
how you slice it. 

In California they slice it 
with diamond saw blades 

These fish otoliths-ear bones-are sectioned 
by biologists at the California State Fisheries 
laboratory to aid them in determining the age of 
important sport and commercial fish much 
the way tree age is determined by counting rings. 

The age composition of random fish samples 
permits marine biologists to assess the 
structure of exploited fish populations. This plus 
other life history information guides California 
authorities in the conservation and 
regulation of the marine fish harvest. 

A 4-inch diameter Felker diamond blade 
with .0lO-inch cutting width rotates at 3,450 
surface feet per minute to slice four or five 
sections from each otolith. The sections can be 
as thin as .007 inch. Versatility, essential in 
so delicate a technique, is provided by the 
360-degree rotation of the Felker precision 
cutoff machine. This table tilts in any 
plane from the horizontal. 

Biologist Jack Schott says, "In the past, 
the general practice was to break the otolith, 
then grind down the surface to expose the rings. 
This technique can be a slow, tedious and 
not quite accurate process." 

In marine biology, as in optics, metalworking 
and road building, diamonds make for a fast, 
versatile and extremely accurate process. 

Frightened by the high cost of diamond tools? 
Don't be. If you cut, sharpen or smooth 
anything in your business, you can use 
diamonds profitably. Your tool and wheel 
manufacturer can show you how. 

De Bee�s � World's leading source of 
natural and synthetic diamonds 

for industry ... backed by 

the Diamond Research Laboratory 

Shannon, Ireland .. 
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PAPERS TO MAKE TAPE FROM 
or filter coffee, or carton milk, or interleave 

steel, or inhibit soap mold. Papers that coat, 

or laminate, or release, or insulate, or filter, 

or saturate. Papers that perform a specific 

function at lowest possible cost. These are the 

VALUE-ENGINEERED PAPERS FROM 

THE MILLS OF MOSINEE. We'll be glad 

to specify ... or make ... one to your need. 

Just call us. 

MOSINEE PAPER MILLS COMPANY 

MOSINEE, WISCONSIN 54455 
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50 AND 100 
YEARS AGO 

JANUARY, 1918: "It is probable that 
when the history of the world war comes 
to be written, the year 1917 will be 
named the most dramatic of the war
unless indeed the opening year of the 
war be so designated. The first of the 
great dramatic happenings of the year 
was the startling Russian revolution. The 
collapse of Russia has enabled the Teu
tons to throw their whole strength 
against the western line. The first result 
of this was seen in the collapse of the 
Italian armies and their retreat to the 
Piave River, where the issue of battle is 
yet in the balance. The absolute certainty 
of German defeat is found in the other 
great dramatic happening of the year
namely the entry of the United States 
into the war on April 6, 1917. The 
months which must elapse before the 
American army reaches the front in suf
ficient force seriously to affect the situa
tion will witness the most critical and 
fierce fighting of the whole war, for un
questionably Germany will make a last 
supreme effort to regain the initiative 
and break through the western front." 

"The radioactivity of meteorites, a 
subject hitherto almost completely ne
glected, is discussed by Messrs. J. T. 
Quirke and L. Finkelstein in a recent 
number of the American Journal of Sci
ence. The writers determined by an in
genious method of analysis the radium 
content of 22 meteorites of various types, 
furnished by the Field Museum of Nat
ural History. The results appear to show 
that the average stony meteorite is con
siderably less radioactive than the av
erage igneous rock, and probably less 
than one-fourth as radioactive as an av
erage granite; also that metallic meteor
ites are almost free from radioactivity." 

"One of the surprises of the present 
war has been the great explosive power 
of tri-nitro-toluene, better known under 
its abbreviated form of T.N.T. The ex
plosive used in the Boer War was princi
pally lyddite, and the basis of this and 
many other similar explosives was picric 
acid. T.N.T. is the next step upward in 

the same chemical series. The power of 
the modern torpedo, which has had so 
great an effect on naval tactics, is due to 
T.N.T., and probably much of the high 
explosives used to pulverize trenches and 

. dugouts and create the great shell-cra
ters consists of the same substance." 

"One of the most notable events of the 
past year has been the installation of the 
great telescope on Mt. Wilson. This is a 
100-inch reHector-by far the largest in 
the world. The mounting of the telescope 
has been under construction for sever
al years and was much delayed by the 
war. The parts were so large that they 
required the machinery of a shipyard 
for their construction. The telescope is 
mounted in a dome 100 feet in diameter 
and 100 feet high. The hauling of the 
huge glass mirror and of the heavy sec
tions of the telescope mounting up the 
steep mountain road to the summit of 
Mt. Wilson, 6,000 feet high, and the 
erection of the mammoth but highly sen
sitive instrument without mishap was an 
engineering accomplishment of no small 
importance." 

JANUARY, 1868: "It has been an
nounced that the Suez Canal is in such 
an advanced stage of completion that al
ready an English vessel has passed 
through to the Red Sea. It appears that 
the vessel was a Government tug-boat, 
which was to assist in the embarkation 
of the Indian troops at Suez, and that 
after being lightened as much as possible 
even to the removal of the paddle 
wheels, a number of empty casks were 
placed under her, and in this manner 
she reached Suez." 

"Mr. R. W. Thompson, C.E., Edin
burgh, has invented and patented a new 
locomotive for common roads, which 
was lately tried in the neighborhood of 
Edinburgh. The tires are made of bands 
of vulcanized india-rubber, about 12 
inches wide and five inches thick. In
credible as it may appear, this soft and 
elastic substance not only carries the 
great weight of the road steamer with
out injury but also passes over newly 
broken road, metal, broken Hints and all 
kinds of sharp things without leaving 
even a mark on the india-rubber. The 
tires do not sink into the road in the least 
degree. They pass over stones lying on 
the surface without crushing them. The 
bite on the road is something marvelous, 
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Report from 

BELL 
LABORATORIES Equations for plowing 

Soil dynamics laboratory at the Bell Telephone Laboratories location in Chester, 
N. J. Test soils of various kinds are placed in the long bin (foreground). A plow 
blade, not visible in this photo, rides under the carriage frame. The blade can 
be vibrated over a wide range of frequencies and amplitudes as the carriage 
is driven along the length of the bin. 

� R[]f-----,":-:-,\ 
MOTION ) 

According to Bell Laboratories' mathematical model, soil reacts to a vibrating 
plow blade much like an elastic object being pushed against friction over a sur· 
face (sketch above). The hand moves sinusoidally and, during part of each 
cycle, contacts the spring. The resulting theoretical force-time plot (dashed line 
in the graph below) shows how vibration reduces plowing force. Superimposed 
is a solid line showing typical test results with a vibrating blade in a test bin 
(photo above) filled with silty sand. The blade vibrates front to back 30 times 
per second. The mathematical model, based on the above analogy, has allowed 
computer simulation of such soil·plowing systems. 
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It has long been known that 

vibrating a plow blade makes it 

easier to force through soil. But 

what kind of vibration is most ef

fective? That is, how much power 

should be applied to the blade 

and in what manner should the 

blade be vibrated? 

We at Bell Telephone Labora

tories are accumulating consid

erable information on this sub

ject because we need a small, 

highly efficient plow that will bury 

telephone wi res across lawns and 

up to houses with minimum draw

bar pull. Unlike agricultural 

plows, which are built for maxi

mum disturbance of the earth, 

Bell System plows must bury 

cable and wires with least possi

ble marring of the property. 

Recently, this work has been 

aided by a mathematical model 

of plow blade-soil interaction. 

Bell Laboratories engineers R. J. 
Boyd and C. L. Nalezny found that 

forcing a vibrating blade through 

the ground is analogous to push

ing periodically on a spring, at

tached to a block on a frictional 

surface (left). 

This simple model has helped 

us design a prototype plow that 

buries telephone wires two feet 

deep at speeds up to 75 feet per 

minute. With most of its power 

applied to the blade, it can cut 

through rocky soil and tree roots 

where conventional machines 

might stall. 

@ Bell Telephone Laboratories 
:"'"T"": Research and Development Unit 01 the 8ell System 
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TV special 
in X-ray room B 
This radiologist, using a TV monitor, 
is viewing an X-ray image of Jimmy's 
heart 5,000 times brighter than that 
displayed by a standard fluoroscopic 
screen. What makes the difference? 
An X-ray image intensifier tube that 
is lifting fluoroscopy out of the dark 
ages and lighting the way for doctors 
to use revolutionary new techniques. 

Today, heart specialists can ac
curately position cardiac catheters 
within the heart chamber to pinpoint 
defects and provide precise diagnosis. 
Using a similar technique, other spe
cialists can examine in detail the func-

FIGURE 1 - TYPICAL SYSTEM USING TV MONITOR 

X-RAY X-RAY IMAGE TELEVISION MONITOR 
TUBE INTENSIFIER TUBE CAMERA 

tion of the kidneys and other vital 
organs. Orthopedic surgeons can ac
tually see fractures being set. Even 
routine procedures, such as gastro
intestinal examinations, are improved 
by the radiologist's ability to see a 

brighter image. 

The red goggles are gone 

As recently as eight years ago, a 

radiologist preparing to fluoroscope a 

patient donned red goggles at least 
twenty minutes in advance of the ex
amination to adapt his eyes to the 
darkened fluoroscopic room. Even 
then, his vision was so limited that 
images on the fluoroscopic screen ap-

14 

peared dim and hazy. Thus, he was 
unable to make full use of the inher
ent potential of fluoroscopy. 

Now, using an X-ray image inten
sifier tube, the radiologist views a 
bright, clear image displayed on a 
TV monitor (or other optical display) 
in a normally-lighted room (Fig. 1). 
Not only can he see more, but he 
now has a wide choice of readout 
methods. He can record the examina
tion on motion picture film or video 
tape for later consultation or review. 
And, for training and remote, instan
taneous consultation, he can feed the 
display to other locations via closed 
circuit TV. 

How an X-ray image intensifier works 

X-rays emerging from the patient's 
body pass through the input end of 
the tube (Fig. 2) and strike a glass 
plate coated on one side with an X-ray 
sensitive, zinc-cadmium-sulfide phos
phor. 

FIGURE 2 - SCHEMATIC DIAGRAM 
OF X-RAY IMAGE INTENSIFIER TUBE 

FOCUSING ELECTRODES HIGH VOLTAGE 
ANODE CONNECTION 

INPUT X-RAY PHOSPHOR SCREEN 
& PHOTOCATHODE ASSEMBLY 

OUTPUT 
PHOSPHOR 
SCREEN 

These rays, attenuated in varying 
degrees by the portion of the body they 
have just penetrated, cause the phos
phor to fluoresce in a pattern identical 
to that of the penetrated structure. 

�AYTHEO� 

Light from the fluorescing phosphor 
then strikes a photocathode layer on 
the opposite side of the glass plate 
causing it to emit electrons in a simi
lar pattern. These electrons are accel
erated and focused on a small phos
phor screen at the output end of the 
tube. The output screen converts the 
electron beam into a small light image 
which is 5,000 times brighter than 
the original X-ray image on the input 
screen. 

This phenomenal gain in brightness 
is accomplished in three separate 
ways: First, the photocathode is a 

highly efficient converter of light en
ergy. Second, the energy of the elec
trons from the photocathode is in
creased by the application of high 
voltage to the anode. And, finally, re
duction of the image greatly increases 
the brightness. 

These image intensifier tubes are 
produced by Machlett Laboratories, a 
Raytheon subsidiary and the world's 
largest manufacturer of X-ray tubes. 
The same basic technology is being 
applied to enable our soldiers to see 
in the dark and may someday find 
widespread use in industry and in 
everyday life. 

This is typical of how Raytheon is 
finding better ways to serve people 
and the nation . . . in space and de
fense systems, and in such commer
cial areas as natural resources explo
ration, education, home appliances, 
components, marine electronics and 
communications. Raytheon Company, 
Lexington, Massachusetts. 
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and the easy way in which the road 
steamer Roated along on its soft and elas
tic tires was very curious. When riding 
on the steamer, the feeling is like what 
would be experienced in driving over a 
soft grass lawn. The engine is destined 
for Java, where it will be employed in 
drawing trains of wagons between two 
ports. The steamer that was the subject 
of the experiments had another specialty 
besides the wheels, it being fitted with 
one of Mr. Thompson's patent vertical 
boilers." 

"The New York Lyceum of Natural 
History were addressed at a late meet
ing by Prof. J. H. McChesney of the 
University of Chicago, formerly U.S. 
consul at Newcastle, England, who, just 
returning from a visit to the different 
European localities where evidences of 
great antiquity of the human race have 
chieRy been found, was enabled from 
personal investigation to present some 
new and interesting facts relative to this 
subject. After referring to the Rint im
plements found in the drift at Kempston 
and Biddenham, England, and at Saint
Acheul, near Amiens, France, he spoke 
at some length of a locality in Italy not so 
well known as the preceding but which 
furnishes almost indisputable proof of 
the presence of man upon the earth long 
ages anterior to the 6,000 years which 
has generally been considered as limit
ing the period of his existence here." 

"The Moscow Gazette publishes a 
telegram from M. Bogdanywitch, a pros
pector now making a journey of ex
ploration in Siberia to look into the ex
pediency of building a railway in that 
immense province. The adventurer is 
very favorably impressed and asserts 
that information he has gathered shows 
by facts the brilliant future reserved 
for the Siberian railway. It is now an
nounced that on the commencement of 
spring operations will begin upon the 
first division of the great Russia-China
Taschkent Railway." 

"A reader in Helena, Montana, writes: 
'Please hurry up your prospectus. Our 
club was euchred out of six numbers of 
Scientific American by being so far away 
that we were not in time, and we cannot 
afford it again; besides, the "Noble Red 
Man" was in quest of science and over
hauled the mails, depriving us of eight or 
ten more copies. Scientific American is 
just as welcome a visitor out here in the 
Rocky Mountains as it was back in 
"America." Our prayers are for our week
ly Scientific American, as well as for our 
daily grub.' " 

profile 
of a deterrent 

Although much effort at the Los Alamos 

Scientific Laboratory is directed toward 

basic research and peaceful applica· 

tions of nuclear energy, the primary 

m i s s i o n  of t h e  Lab o r a t o r y  is t h e  

en h a n c e m e n t  o f  n a t i o n a l  s e c u r i t y  

through the development and engineer' 

ing of nuclear weapons. 

The hope of the Laboratory is for peace. 

It is our belief that the best guarantee 

of peace is appropriate force in the 

hands of those who truly want peace. 

The science of nuclear weapon develop· 

los 

ment has advanced far beyond the 

primative designs of World War II. To 

meet the demands of this nationally 

important and exacting field requires a 

well trained and dedicated staff of phys· 

iCists, chemists, mathematicians, engi· 

neers, and technicians. 

A limited number of opportunities exist 

for highly qualified scientists and engi· 

neers in Los Alamos research programs. 

Interested individuals are invited to 

send resume to: 

Director of Personnel 
Dicision 68-10 

alaD1.os 
SCIENTIFIC LABORATORY 
Of lH( ' • •  (IIS'hOfC.\lfCR\A 
tOSALA�!, � M.'. '.I("CO 

An Equal Opportunity Employer. U.S. Citizenship Required 
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Maybe the seas off Florida have always meant just sailfish 

and pompano to you. 

Times have changed. Because of the science of oceanogra

phy, there's no telling what you might hook into these days. 

Today, the treasure you can pull from the sea is only 

limited by your imagination and your skill. And Florida

the Oceanographic Center of the World is the place to do it. 

Here you will find everything - right at your elbow - to 

you may 
be sitting on 

something big 
help you do the job right in the field of oceanography. From 

its university training centers and laboratories to the Conti

nental Shelf and nearby Tongue-of-the-Ocean, Florida has 

everything - including the newly planned ESSA Institute 

of Oceanography. 

When you get ready to drop the hook, let us know. We'll 

take you around and show you why, if you are in oceanog

raphy, there's only one place to be- Florida! 

© 1967 SCIENTIFIC AMERICAN, INC



THE AUTHORS 
J. M. TANNER ("Earlier Maturation 

in Man") is professor of child health and 
growth at the Institute of Child Health 
of the University of London. He attend
ed Marlborough College, University 
College of the South-West and St. 
Mary's Hospital Medical School before 
coming to the U.S. in 1941 to study med
icine as a wartime Rockefeller Student, 
obtaining his M.D. from the University 
of Pennsylvania Medical School in 1944. 
He has since acquired three more de
grees from the University of London: a 
D.P.M. in 1946, a Ph.D. in 1953 and 
a D.Sc. in 1957. From 1946 to 1948 he 
taught human anatomy at the University 
of Oxford, and from 1948 to 1955 he was 
a lecturer in physiology at the Sherring
ton School of Physiology of the Univer
sity of London. He joined the Institute 
of Child Health in 1956. For the past 15 
years, he writes, "I have been conduct
ing two longitudinal studies of growth 
of healthy children, with particular em
phasis on change in body composition 
during growth and on the development 
of endocrine function. I am currently en
gaged in an extensive study of growth 
disorders in children, in particular with 
a clinical trial of growth hormone admin
istration in children with dwarfism." 

M. M. FINE ("The Beneficiation of 
Iron Ores") supervises a research group 
in pyrometallurgy at the U.S. Bureau of 
Mines Research Center in Minneapolis. 
A graduate of Washington University 
with a B.S. in chemical engineering, 
Fine has been employed by the Bureau 
of Mines since 1935 as a chemist and 
metallurgist. He joined the staff of the 
bureau's research center in 1959. 

BRIAN F. C. CLARK and KJELD A. 
MARCKER ("How Proteins Start") work 
together at the British Medical Research 
Council's Laboratory of Molecular Biolo
gy in Cambridge. Clark has a Ph.D. in 
organic chemistry from the University of 
Cambridge. He has also done research in 
biochemistry at the Massachusetts In
stitute of Technology and in biochemical 
genetics at the National Heart Institute 
in Bethesda, Md. Marcker has a Ph.D. in 
biochemistry from the University of Co
penhagen. He is at Cambridge on a 
Carlsberg-Wellcome Fellowship. 

ROBERT N. COLWELL ("Remote 
Sensing of Natural Resources") is pro
fessor of forestry at the University of 

California at Berkeley. A native of Idaho, 
he did his undergraduate work at Berke
ley and acquired a Ph.D. in plant physi
ology there in 1942. During World War 
II and the Korean war he served as a 
photo-interpreter with various branches 
of the armed forces. He has also been 
active in the photo-interpretation aspects 
of the SAM OS and VELA UNIFORM mili
tary-satellite projects. Since joining the 
Berkeley faculty in 1947 Colwell has 
taught courses in photo-interpretation 
and photogrammetry and has conducted 
research on the civil uses of aerial pho
to-interpretation. He is currently chief of 
the Forestry Remote Sensing Laboratory 
(jOintly supported by the National Aero
nautics and Space Administration and 
the U.S. Department of Agriculture) and 
chairman of the National Research 
Council's Committee on Crop Geogra
phy and Vegetation Analysis. 

H. R. CRANE ("The g Factor of the 
Electron") is professor and chairman 
of the department of physics at the 
University of Michigan. He obtained a 
B.S. in 1930 and a Ph.D. in 1934 from 
the California Institute of Technology, 
where he worked with Charles C. Lau
ritsen in building one of the early high
voltage ion accelerators. Throughout his 
academic career-all at Michigan-elec
trons have held a special fascination for 
him. In the 1930's, long before he began 
his work on the g factor of the electron, 
he investigated the scattering and polar
ization of electrons, the emission of elec
trons (beta rays) by nuclei and the part 
played by the neutrino in the emission 
process. In the late 1940's he devised 
and built a new type of electron accel
erator, called the "racetrack" synchro
tron, which served as a prototype for 
several of the very large accelerators. 
His invention of the unique method of 
measuring the g factor described in this 
article brought him the 1967 Davisson
Germer Prize, which is awarded every 
two years by the American Physical So
ciety with the support of the Bell Tele
phone Laboratories. The g-factor experi
ments have been supported since their 
inception in 1950 by the U.S. Atomic 
Energy Commission. 

J. EDWIN WOOD ("The Venous 
System") is professor of medicine and 
Virginia Heart Association Professor of 
Cardiology at the University of Virginia. 
A graduate of Virginia, he received an 
M.D. from the Harvard Medical School 
in 1949. In 1950 he joined the faculty 
of Boston University, where he began 
his study of veins. He served in the U.S. 
Air Force from 1951 to 1953, during 

which time he investigated the effects of 
high-altitude pressure suits on the circu
lation. He returned to Boston, where he 
continued his work until 1958, when he 
went to the Medical College of Georgia 
to do cardiovascular research. He joined 
the Virginia faculty in 1964. Wood has 
also worked as a consultant to the U.S. 
Army on problems of excessive environ
mental heat and cold at its Natick, Mass., 
laboratories. He is currently chairman of 
the Council on Circulation of the Amer
ican Heart Association. 

VICTOR P. STARR and PETER A. 
GILMAN ("The Circulation of the Sun's 
Atmosphere") are respectively professor 
of meteorology at the Massachusetts In
stitute of Technology and assistant pro
fessor of astrogeophysics at the Univer
sity of Colorado. Starr is a graduate of 
M.I.T. and the University of Chicago 
and was for many years a professional 
meteorologist in the U.S. Weather Bu
reau. He is the author of a forthcoming 
book entitled Physics of Negative Vis
COSity Phenomena and of many research 
papers on the circulation of planetary at
mospheres and related topics. His article 
"The General Circulation of the Atmo
sphere" appeared in the December 1956 
issue of SCIENTIFIC AMERICAN. Gilman 
was an undergraduate at Harvard Uni
versity and did his doctoral work under 
Starr at M.I.T. They have continued 
their collaboration ever since on the 
study of planetary atmospheres. 

STANLEY W. ANGRIST ("Perpetual 
Motion Machines") is associate professor 
of mechanical engineering at Carnegie
Mellon University. He obtained a B.S. 
at Texas Agricultural and Mechanical 
College in 1955 and an M.S. and a Ph.D. 
from Ohio State University in 1958 and 
1961 respectively. His first book, Direct 
Energy Conversion, was published in 
1965; a second book, Order and Chaos, 
written in collaboration with Loren G. 
Hepler, appeared last year. Angrist 
writes: "My interest in perpetual motion 
machines has been fostered by my teach
ing of thermodynamics to undergradu
ate engineering students. I find that they 
grasp the concepts of the first two laws 
much more readily when presented with 
devices that at first glance appear to 
offer something for nothing." This is his 
third article for SCIENTIFIC AMERICAN. 

I. BERNARD COHEN, who in this 
issue reviews The Mathematical Papers 
of Isaac Newton, Volume I: 1664-1666, 

edited by D. T. Whiteside, is professor 
of the history of science at Harvard Uni
versity. 
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Selling a scientist his first computer involves certain re
sponsibilities. To educate, for example, not only on the 
specific machine that he buys, but on computers in the 
laboratory in general. The scientist must learn how to use 

them, what may be expected of the machine, what is ex

pected of him, and how the methods of the laboratory are 

changed by the very fact that he can now handle data at 
computer speeds. 

Because we have made scientific computers for 8 years now 
-thousands of them -and, frankly, because we sell scien
tists their second, third and fourth computers as well, we 
have accepted these responsibilities with gusto. 

We publish books -more books than some small book pub
lishers - and not just the handbooks that go with the ma
chines, either. Primers in scientific computers. Scientific 

applications papers. "How to ... " books for putting labora

tory instrumentation together. 

We give courses, not only on how to work with a specific 

machine, but on how to use scientific computers, how to 

connect an experiment to a machine, how to hook up the 

instrumentation, how to analyze the results. And we give 

lectures, not only in Maynard, but at universities, at the invi

tation of universities, in our field offices, and at users group 

meetings. 

DECUSCOPE speaks for the second most active computer

user's society in the world, where the exchange of informa

tion, techniques, and even programs is an exciting tribute to 

the cooperation among scientists everywhere. 

Our commitment to help educate is a serious one, and also 

one of the most rewarding aspects of our business. We're 

doing more of it, and will do still more in the future. 

mamaomo 
COMPUTEFIS . MODULES 

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897-8821 • Cambridge, Mass . • New Haven · Washington, D.C . •  
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Earlier Maturation in Man 

Over the past J 00 'years people have been not onl.y· getting 

bigger but also getting bigger earlier. B'y the Sal11e token 

there has been a clralnatic dechne In the age of puber�y 

It is often remarked that children seem 
to be bigger than they used to be. 
It is true; measurements of boys and 

girls made in various parts of the world 
over the past 100 years show that the 
average size of children at all ages has 
increased markedly. It is perhaps not 
so widely recognized that children also 
reach physical maturity at an earlier age. 
Here again the facts are clear: during the 
past 50 to 100 years children in North 
America, Europe, Japan and at least 
parts of China have come to pubertv 
progressively earlier. Today children in 
many communities are reaching puberty 
three years sooner-in some communities 
five years sooner-than they once did. 
The average age at which growth stops 

by .J. M. Tanner 

is also lower; it is exceptional nowadays 
for a man to grow more than a small 
fraction of an inch after he is 19. The 
worldwide trend toward earlier maturity 
may be leveling off in the U.S. ; else
where it shows little sign of doing so. 

One naturally wants to know what 
factors of heredity and environment have 
given rise to this trend. There are strong 
indications of the causes. As with all 
trends in human biology, however, the 
causes are complex. Ordering them into 
those that are more important and those 
that are less so is still largely a matter of 
personal judgment. 

The evidence for the earlier matura
tion of children comes from two sources: 
records of the age at which girls have 

first menstruated and records of chil
dren's height and weight. A demonstra
tion that the children of today are larger 
than children in the past could simply 
mean that today adults are proportion
ately bigger. Indeed, there is evidence 
that the fully grown adults of the present 
are larger than the fully grown adults of 
100 years ago. The increase in adult size, 
however, is much less than the increase 
we find in children. The increase in the 
size of children must therefore also be 
related to earlier maturation. 

The records documenting the change 
in children's size between 1880 and 
1960 come from several European coun
tries, the U. S., Canada, Japan, Hong 
Kong, New Zealand and New South 
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INCREASED SIZE OF CHILDREN stems mainly from earlier mat

uration. A hoy and girl aged five in 1965, and of average economic 

circumstances, were taller by about two inches than their counter-

parts of a half.century ago; nine-year-olds of 1965 averaged some 

three inches taller and ll-year-olds nearly four inches taller. The 

figures are based on measurements made in the U.S. and Europe. 
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Wales in Australia. There are also fig
ures for London and Glasgow and much 
earlier but also scrappier data on the 
height of English boys. Extensive rec
ords have been kept in Sweden; for ex
ample, we can compare measurements 
made there in 1883 with those made in 

1938. For 1938 we have measurements 
of 8,500 Swedish schoolchildren be
tween the ages of seven and 19. As is 
usually the case, the children receiving 
only elementary education (as judged by 
their course of study) were slightly small
er than children of the same ages who 

continued in school. These differences 
appear very small, however, when the 
height and weight of the 1938 group are 
compared with the height and weight 
of Swedish children of the same ages 
in 1883. The 15-year-old boys of 1938 
were on the average some five inches 

65 � __________ � __ --------�� __ ------� 

(jj Lu 
I 60 
U 
Z 

f-
I 
S2 55 w 
I / " 

/ / 

I , 50 / 

fI / 
.. ." ,.-.-

.-
45 

7 11 15 19 
AGE (YEARS) 

HEIGHT GAIN is exemplified hy measurements of Swedish 

schoolchildren in 1938 (black lines) compared with a like group 

in 1883 (colored lines). By 18 the girls (le/t) had stopped growing; 

125 r-__________ �----------�----��--� 

(jj � 100 r-____ ______ -1 ____ -,�----�-------- --� 
:J 
o 
eo. 
f
I 
l') 
w 
S 

25 ;.--------:l----7 11 
AGE (YEARS) 

15 19 

WEIGHT GAIN of the same girls (left) and boys (right) was ap. 

proximately proportional to the gain in height between 1883 (col. 
or) and 1938 (black). Body proportions have not altered; the 

22 

(jj w 60 I 
U 
Z 

f-
I 
S2 55 w 
I / / 

� .-
/ ,II 50 I 

� ." 
.J1' 

/ .-
45 

7 11 15 19 
AGE (YEARS) 

the boys (right) had not. Some of the children did not continue 

in school after the age of 14. As is usually the case, these chilo 

dren did not grow quite as tall as those whose education continued. 

150 

125 

(jj � 100 f-----------+------y<��--%_-----� 
:J 
o 
eo. 
f
I � 75 �-----��-���---�--------� 
S 

.. " 

" .. " ..... - ..... 
... .K' 

50 ��"------�-------�f__------� 

25 �-----------L----------� __ --------� 
7 11 15 19 

AGE (YEARS) 

change has been in the size of children rather than tbeir shape. The 
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taller than their 1883 counterparts. By 
the age of seven the 1938 children have 
an edge corresponding to about a year 
and a half's growth. The difference 
between the two groups is less when 
growth is completed than it is in the 
growing period; it nevertheless exists. 
The girls of 18 in 1938 were nearly two 
inches taller than the girls of 18 in 1883. 
(It should be said that the last compari
son, between groups still in school at 18, 
involves the best-off part of the popu
lation and is therefore a rather special 
case.) 

The trend in size that is apparent in 
the Swedish data also appears in the 
records from other countries. The data 
from Europe and North America are all 
in good agreement; they indicate that 
beginning in 1900 or a little earlier chil
dren in average economic circumstances 
aged five to seven have increased in 
height between half an inch and three
quarters of an inch per decade. For those 
10 to 14 the increase in height has been 
between an inch and an inch and a half 
per decade. In Glasgow, for example, 
present-day five-year-olds are about two 
inches taller than the five-year-olds of 
1906; nine-year-olds are some three 
inches taller than their 1906 counter
parts and ll-year-olds nearly four 
inches taller. In Iowa nine-year-old girls 
are also about three inches taller now 
than they were in 1900. The gain in 
weight and in other bodily dimensions 
is approximately proportional to the gain 
in height. Thus there has been little or 
no change in overall shape. 

Only scanty measurements exist of 
children of preschool age. The last large 
series of measurements from London 
(between 1954 and 1959) shows most of 
the change concentrated between ages 
eight and 14, with little difFerence at 
five, six or seven. Otherwise the data, 
such as they are, indicate that in Europe 
and America the increase in size shows 
up directly after birth and may even be 
greater from ages two to five than it is 
later on. 

The upward trend in size has been 
slowed from time to time by the fam

ines of economic crisis and, to a greater 
extent, the famines of war. In Moscow 
during the 1940's the height of 13-year
old boys declined as much as an inch 
as an effect of the war. Apart from such 
interruptions the trend has been steady. 
It apparently began, at least in England, 
quite some time before 1880. Charles 
Roberts, writing in 1876, said that "a 
factory child of the present day at the 
age of nine years weighs as much as one 
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HISTORICAL TREND shows itself in the height of English boys who were measnred at dif· 

ferent times during the 19th and 20th centuries. The largest boys are those of the upper class 

(from Birmingham) in 1955 (A). They were slightly taller than the average for all boys in 

Britain in 1958 (8). Students of 1878 from the upper classes were somewhat shorter (C). 
They surpass boys of 1874 in the nonlaboring class (D), who were taller than those of 1874 

in the laboring class (E). The shortest of all were factory boys of 1833 (F). The figure is 

based on the data of E. M. B. Clements for 1955; the author for 1958; Charles Roberts, 

W. Fergus, G. F. Rodwell and Francis Galton for 1874 and 1878, and S. Stanway for 1833. 

of 10 years did in 1833 .... Each age has 
gained one year in forty years." Near
ly all data agree in indicating that the 
trend in Europe not only is continuing 
but also has in most areas been more 
marked in the past 20 years than in the 
preceding 40. In Japan it seems that, 
whereas the school-age gain is nearly up 
to the European values, the gain before 
age six has been less than in Europe. 

The fact that the trend is leveling off 
in the U.S. may indicate that the best
off children are maturing at something 
approaching the maximum rate. The 
children studied at the Fels Research 
Institute for the Study of Human De
velopment in Yellow Springs, Ohio, be
tween 1946 and 1966 showed only a 
small gain in height compared with the 
historical trend; among eight-year-olds 
the increase was only .1 inch per dec
ade for the girls and .2 inch per decade 
for the boys. In other data as well as 
these there is a difference between the 
sexes. Probably this is because boys re
act more than girls to various stresses, 
ranging from malnutrition in Central 
Europe to the effects of radiation at 
Hiroshima. When circumstances im
prove, boys therefore tend to respond 
more than girls. 

If the stature of full-grown people 

had remained constant over the years, 
Roberts' implied interpretation of the 
size increase of children would be cor
rect: the en tire gain in the children's 
height would be due to earlier matura
tion. The Glasgow five-year-old of 1950 
would be (not look like, but be) the 
Glasgow six-year-old of 1900 and the 
ll-year-old of 1950 would be the 12)�
year-old of 1900. Since the size of adults 
has increased, however, factors other 
than earlier maturation must enter in. 

There has been some dispute about 
the adult height increase. At the turn 
of the century men reached their full 
height at around 26, whereas in Europe 
and America today they do so at 18 or 
19. Quite recent data show that univer
sity students in France attain full growth 
at an even earlier age. The students who 
were Qorn in 1925 were still growing be
tween 17 and 18, and those born in 1933 
had nearly stopped growing at that age. 
(At 17 the difference in height between 
the two groups was an inch and a half; 
at 20 the difference was only a quarter 
of an inch.) Since growth now stops at a 
different age, one cannot compare the 
height of 20-year-olds in 1960 with those 
in 1900. One must either use the 26-
year-olds of 1900 for comparison or at 
least make allowance for the gain in 
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height between ages 20 and 26 at that 
time. Fortunately there are sets of mea
surements that make this possible. 

The classic serif;(s of measurements is 
- from Norway, and it was reported in 

1939 by Vilhelm Kiil of Oslo. This su
perb archive makes it clear that in Nor
way final adult height increased little 
(less than .4 inch) during the 70 years 
from 1760 to 1830. During the next 45 
years, from 1830 to 1875, the gain was 
somewhat greater, around .6 inch, or 
about an eighth of an inch per decade. 
From 1875 to 1935 the gain per decade 
doubled, to a quarter of an inch. The 
tradition of the Norwegian archive has 
been continued by Ludwig Udjus of the 
Norwegian army medical corps, whose 
figures show a still greater gain, about a 
third of an inch per decade, from 1922 
to 1962. In Norway, then, the trend in 
adult size seems to be continuing. Fig
ures for Sweden show about the same 
increase for the 20th century. 

In Holland records have been kept 
of the height of men called up at 19 
or 20 for the civil militia and remea
sured at the age of 25. This series of 
measurements extends from 18 19 to 
1902. The adult (25-year-old) height 

actually dropped slightly from 1820 to 
1860, but in the 100 years since 1860 it 
is estimated to have risen to about the 
same extent as it has in Norway and 
Sweden. 

The British data are not as useful as 
these. Nonetheless, Joan Ward of the 
Loughborough University of Technol
ogy has shown that miners of the 1950's 
were some 1. 18 inches taller than a simi-

58� 

lar group in 1943. The increase from 
about 1930 to 1960 in this occupational 
group approaches one inch per decade. 
This is almost certainly greater than the 
increase in the better-off segments of the 
population. In most western European 
countries, however, the data are in ex
cellent agreement; they point to an in
crease in adult height of between a quar
ter and a third of an inch per decade 
from about 1870 to the present. day. In 
general, adults are from 2)� to 3); inches 
taller now than they were in 1870. 

In the U. S. between 1940 and 1960 
the increase in size was greater for adult 
Negroes than it was for adult whites: a 
quarter of an inch per decade compared 
with an eighth of an inch. During the 
25 years prior to 1940 the gain for whites 
was probably nearer a quarter of an inch 
per decade. It is of much interest that 
the data from Norway, the Netherlands 
and Denmark show little gain in height 
until 1860, and an accelerated gain from 
1880 up to the present. We shall discuss 
the possible reasons for the trend below; 
suffice it here to say that it is believed 
that in France the real wages of laborers 
began to rise around 1850, and that in 
England the diet of laborers began to 
improve around 18 15 but progressed 
very slowly until around 1850, after 
which it rapidly got better. Mortality 
in England began declining around 
1840; the decline became marked after 
1860. European laborers of the 16th and 
17th centuries may well have been short
er than village people of medieval times. 
When the population expansion started 
(around 1750 in England), it seems likely 
that the social conditions of most man-
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ual workers grew worse for at least 100 
years. 

The size of full-grown people is still 
increasing, at least in Europe. For ex
ample, French university students in 
195 1 were a quarter of an inch taller 
than the 194 1 group. In the U. S. this 
trend, like the trend toward earlier mat
uration, may be flattening out, at least in 
the better-off segments of the commu
nity. It has been shown that students en
tering Harvard University from private 
schools in 1958 were only a quarter of an 
inch taller than the group from private 
schools entering Harvard in the 1930's. 
On the other hand, 1958 entrants from 
public schools, a group not as well off on 
the average, were taller by nearly lJ� 
inches than their 1930's counterparts. 
When the stature of public school and 
private school entrants of the same year 
are compared, however, one finds a 
smaller difference between the groups in 
1958 than those in the 1930's: .4 inch 
compared with 1.6 inches. No difference 
at all is found between girls from public 
schools and girls from private schools 
entering Wellesley College in 1958. 
They were only .2 inch taller than girls 
entering in the 1930's. 

}\lthough the uptrend in adult size ac-
counts for a part of the increase we 

find in children, it is clear that a far 
grea ter part of the in crease is reI a ted to 
the earlier age at which children mature. 
The trend toward earlier maturation is 
perhaps best shown by statistics on the 
age of menarche, or first menstrual pe
riod. (The age of the first appearance of 
pubic hair in boys is a less reliable index 

19 20 
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SLOWED TREND accompanies the famine of war. The height 

(top) and weight (bottom) of Moscow boys (at age 13) dropped 

after 1940. The figure is based on data of V. G. Vlastovsky of the 

Institute of Health of Children and Young Persons in Moscow. 

CHANGED TREND emerges from measurements of university stu

dents in France, divided according to birth date. The more recent

ly born are closer to maximal height at 17. Data are taken from 

Maurice Aubenque of the National Institute of Statistics in Paris. 
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of puberty.) It is known from studies in 
which individuals were followed through 
childhood until menarche that, in a giv
en population, age at menarche is dis
tributed in the bell-shaped curve called 
the normal distribution. This makes it 
possible to estimate the mean age of 
menarche on a "cross-sectional" basis. 
What one does is select a proper sam
ple-for instance a sample of all the 
schools in a certain area-and then ask 
every girl in the sample group whether 
or not she has experienced her first men
strual period. Ideally all girls between 
the ages of nine and 17 should be inter
rogated. Most large-scale modern stud
ies are carried out in this way. An equal
ly valid procedure is the "longitudinal" 
study, in which every child is checked 
repeatedly until menarche. 

A procedure that may not give a valid 
estimate of the mean in cross-sectional 
data, but that has been much used in 
the past, is to inquire of all girls in a 
school at what age they first menstru
ated. Apart from the difficulty of exact 
recollection by those who had attained 
menarche several years earlier, a more 
important bias is introduced if there re
main any girls who have not yet men
struated. Such girls will exhibit high val
ues for menarcheal age, and if these 
values are omitted the mean age ob
tained is spuriously low. 

The early studies of the age of men
arche suffered from disadvantages of 
both sampling and technique. Most rec
ords prior to 1920 concern hospital pa
tients, who may be a biased sample of 
the population at large. Worse, these 
data give the age at which menarche 
was thought to have occurred by women 
interrogated five, 10 or even 20 years 
after the event. It is true that some wom
en are able to recall fairly accurately the 
age of menarche even when they are 
over 30, but many state frankly that they 
may be in error by a year or more. 

In spite of such defects, the data we 
have on menarcheal age are impressive
ly consistent. Records are available for 
Britain, many other European countries 
and parts of America. The main conclu
sion is perfectly clear: girls have experi
enced menarche progressively earlier 
during the past 100 years by between 
three and four months per decade. On 
this basis puberty is attained 2% to 3)f 
years earlier today than it was a century 
ago. The trend in height and weight at 
the age of puberty is in good agreement 
with this figure, the ll-year-old children 
of today having the size of 12-year-olds 
30 or 40 years ago. 

The decline in menarcheal age over 
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CHANGE IN MAXIMUM SIZE is illustrated by the height of conscripts in the Dutch civil 

militia at the age of 18 (bottom line), 19 (center line) and 25 (top line), when they had 

reached full growth. Between 1820 and 1860 the height of conscripts dropped; during the 

century since then it is ·estimated (dotted line) to have risen. The figure is based on data 

analyzed by V. M. Oppers of the Department of Health Statistics of the city of Amsterdam. 

the years is exemplified by figures for 
various groups in Britain beginning 
about 1820. At that time the mean age 
of menarche for working-class women in 
Manchester was 15.7 years. In 1830 ob
stetric patients in London's University 
College Hospital gave a mean age of 15.4 
years. In 1880 girls of the London "mid
dle class" yielded a mean age of 15.0. It 
is particularly interesting that in 1820 
the mean age of menarche for the girls 
of Manchester who had completed their 
education, and thus represent the middle 
and upper class, was 14.6; for this group 
menstruation began more than a year 
earlier than for working-class women of 
the same place and time. Today middle
and upper-class women have an average 
age at menarche of 12.9 years. For this 
economic group, then, the rate of change 
is about half the rate for the general 
population. 

In Poland a similar difference appears 
between women in Warsaw, who were 
and are relatively well off, and women 
in rural areas, whose diet, hygiene and 
general circumstances are poor by com
parison. The vVarsaw women show a 
per-decade decline in the age of men
arche of only 2.8 months. The country 
women, on the other hand, had a very 
late menarche in 1890, and since then it 

has become earlier by 5.4 months per 
decade. Even so, there remains a differ
ence of nearly two years between the 
two economic groups. 

The earliest menarche that has been 
recorded is for girls in Cuba. In 1963 

the mean age for girls mainly of Negro 
descent was 12.3 years; the figure for 
girls mainly of white descent was 12.4. 
The authors of the study from which 
these figures are taken remark that the 
Negro girls live under poorer economic 
circumstances than the whites; if cir
cumstances were matched, the menar
che of Negro Cubans might be even 
more advanced. It has recently been 
shown that Chinese girls in Hong Kong 
also begin menstruation early; even the 
very poor attain menarche as early as 
most Europeans, whose circumstances 
are far better. Among Europeans, Italian 
girls appear to have the earliest menar
che, but the data for this group are not 
extensive. Apparently eastern Europeans 
mature somewhat earlier than western 
Europeans, distinctly so when economic 
circumstances are matched. Comfort
ably-off Americans are slightly ahead 
of western Europeans. Well-off Africans 
are not much later than Europeans. Bad
ly-off Africans (the South African Bantu) 
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are certainly later. The only known 
group that nowadays experiences men
arche as late as many Europeans of a 
century ago did are the Bundi of New 
Guinea, with an average menarcheal age 
of 18.8 and no g[rl menstruating before 
the age of 17. 

There is at present little sign that girls 
are maturing at something like the ear
liest possible age. It appears that the 
140-year trend toward earlier menarche 
may continue for at least another decade 
or 

'
two. Extrapolation backward, how

ever, is clearly an impossibility. There is 
scant real information available for dates 
before 1800. Nonetheless, Hippolitus 
Quarinonius, writing in 1610 of Austria 
at that time, says: "The peasant girls in 
the landschaft in general menstruate 
much later than the daughters of the 
townsfolk or the aristocracy, and seldom 
before their seventeenth, eighteenth or 
even twentieth year. For this reason they 
also live much longer than the townsfolk 
and aristocratic children and do not be
come old so early. The townsfolk have 
usually borne several children before the 
peasant girls have yet menstruated. The 
cause seems to be that the inhabitants of 
the town consume more fat food and 
drink and so their bodies become soft, 
weak and fat and come early to menstru-
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ation in the same way as a tree which 
one waters too early produces earlier but 
less well-formed fruit than another. " 

What is it that has caused the trend 
toward earlier puberty and larg

er size? In seeking causal factors we 
must first distinguish between the trend 
toward greater height and weight in 
children and the lesser trend seen in 
adults. It is probable that environmen
tal changes of various kinds are chieHy 
responsible for the change in menarcheal 
age and for that portion of the larger size 
in children that reHects earlier matura
tion. The trend in adult height, on the 
other hand, may be due at least as much 
to genetic factors as to environmental 
ones. 

Of the environmental factors better 
nutrition is the most obvious. In periods 
of acute starvation growth is certainly 
delaycd and puberty temporarily post
poned. vVhen such starvation ends, the 
child's rate of growth accelerates. He 
may or may not reach his normal growth 
curve, depending on the severity ancl 
duration of the malnutrition. Where 
there is chronic malnutrition it is fairly 
certain that there is not only a great de
lay in maturation but also a stunting of 
adult height. 
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If better nutrition is the major cause, 
then one would expect that the trend 
toward greater size in childhood and 
earlier puberty would be weaker for bet
ter-oil children than for poor ones, on 
the grounds that in most industrialized 
countries the circumstances of the poor 
have altered more than those of the rich 
during the past 100 years. As we have 
seen, this expectation is confirmed by 
the course of menarcheal age in England 
and Poland. The most recent data from 
England and Scotland indicate no sig
nificant differences in the age of menar
che of girls whose fathers are in different 
occupational groups (which reHect, at 
least approximately, differences in in
come). Yet the recent data on menar
cheal age from Hong Kong show a dif
ference of nine months between rich and 
poor. Presumably this discrepancy is due 
to the fact that the poor in Hong Kong 
are much worse off than the poor in 
England and Scotland. 

vVhy is menarcheal age so early in 
Hong Kong and Cuba? It has been 
shown (by studies of sisters and identical 
and nonidentical twins) that when the 
environment is good, the age at menar
che is controlled by genetic factors. We 
must therefore suppose that unless some 
unidentified climatic difference is re
sponsible, the genetic threshold for Chi
nese and perhaps Cubans is below that 
for the English and by the same token 
that the threshold for eastern Europeans 
is perhaps below that for western Euro
peans . 

One of the most convincing arguments 
for nutritional causes is the example of 
the Lapps, who had virtually the same 
average age of menarche ( 16.5 years ) 
from 1870 to 1930 while maintaining in
tact their nomadic way of life. During 
the same period the age of menarche 
among the neighboring settled farmers 
declined by nearly two years. 

In the past a hot climate was consid
ered a potent cause of early menstrua
tion. The evidence for this seems chiefly 
anecdotal, and nobody nowadays sup
poses that climate exerts more than a 
very minor inHuence, if any at all. Little 
more can be said until equally well-nour
ished groups living under greatly dif
ferent climatic conditions are available 
for study. At present Eskimos and Ni
gerians have the same menarcheal age. 
Their diets are perhaps too dissimilar, 
however, for a difference related to cli
mate to be distinguished. The studies of 
Phyllis Eveleth in Brazil indicate that 
American girls growing up in the hot en
vironment of Rio de Janeiro but retain
ing their American nutritional habits 
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have a mean menarcheal age strictly 
comparable to that of the same socioeco
nomic group in the U.S. To be sure, the 
mean world temperature has been rising 
since the 185Q's (until, it would seem, 
about 1940, when the trend began to re
verse). It nevertheless seems unlikely on 
present evidence that this warming-up 
process has contributed significantly to 
the trend toward earlier menarche. 

It has also been suggested that an in
creasing emphasis on sex is responSible 
for the earlier menarche, presumably as 
a result of some kind of psychosocial 
stimulation. Again there is no evidence 
to support this dubious view. In Sweden 
and in Hungary girls educated in coedu
cational schools have been compared 
with girls educated at single-sex schools, 
with absolutely no difference detected. 
Whether this constitutes a fair test of 
school-days sex activity, however, re
mains to be established. Should psycho
sexual stimulation actually be the cause, 
it would have to start in nursery school. 

The one thing that all authors find 
significantly related to age at menar

che is the number of children in the fam
ily. The larger the number, the later the 
menarche and the less the height and 
weight at all ages, both of the earlier
and the later-born children. In Czecho
slovakia the age of menarche for girls 
with one sibling or none is 14.3 years; 
for those with six or more siblings it 
is 14.6. In England the same relation 
holds. 

The most obvious explanation for this 
sibling-number effect is nutritional; the 
more mouths there are to feed and chil
dren there are to care for, the less well 
the feeding (and perhaps the general 
care) may be done. An alternative or 
supplementary explanation might be that 
children with more siblings get more dis
eases. The effect of childhood disease 
on growth, however, is uncertain. Most 
childhood diseases are without effect on 
the growth of well-nourished children. 
Chronic disease in malnourished chil
dren may be another matter; possibly 
the decline of chronic disease may have 
helped to create the trend in children's 
growth. Even here the evidence is large
ly negative; the suppression of malaria 
in heavily parasitized populations has 
not noticeably increased the rate or 
amount of growth. Until we have much 
more evidence we can hardly lay the 
trend, either in children or in adults, at 
the door of the decline in disease. 

In circumstances where severe malnu
trition is chronic, the final height chil
dren attain is undoubtedly affected. Nev-
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URBAN·RURAL VARIATION in menarcheal age is displayed in Poland. For ahout a centu· 

ry the mean age of menarche has been earlier for girls in Warsaw (solid line) than for girls 

in rural areas (broken line), where diet and general circumstances are poorer. The figure is 
based on data from Halina Milicer of the Physical Education Research Institute in Warsaw. 

ertheless, the trend in adult height may 
have in whole or in part a genetic expla
nation, as was first suggested by Gunnar 
Dahlberg of the University of Uppsala. 
Suppose there exists some degree of 
dominance in the genes governing hu
man stature, so that on the average the 
offspring of a tall parent and a short one 
have a height that is not halfway be
tween the two parental heights but a 
little closer to the height of the tall par
en t. If there is such a genetic domi
nance, people with a variety of the genes 
influencing height (heterozygotes) would 
on the average be slightly taller than 
people without such variety (homozy
gotes). A trend that gave rise to an in
crease of heterozygotes in the popula
tion would then give rise to an increase 
in height. Such a trend may exist in the 
gradual decline of intermarriage of 
members of the same village community. 
In western European communities, at 
least, outbreeding has increased at a 
fairly steady rate ever since the intro
duction of the bicycle. 

There is some direct evidence, al
though it is perhaps not completely con
clusive, that outbreeding does lead to 
increased stature in man. Frederick S. 
Hulse of the University of Arizona found 
in 1957 that the full-grown sons of par
ents who had come from different Swiss 

villages were taller than the sons of par
ents from the same village. The dif
ference was nearly an inch. Similarly, 
Arthur P. Mange of the University of 
Massachusetts has shown that among the 
Hutterites, an inbred religiOUS sect in 
North America, persons whose parents 
represented the degree of inbreeding of 
first cousins were on the average about 
1.4 inches shorter than persons whose 
parents were unrelated. In different re
gions of France the height of adults also 
was found to be significantly and in
versely correlated with the degree of in
breeding in the region. Genetic causes 
can explain at least part of the trend in 
adult height, but whether they can ex
plain all of it is doubtful. On the basis of 
the figures given above, the change 
toward outbreeding seems unlikely to be 
responsible for an increase of more than 
.8 inch per generation. Natural selection, 
on the assumption that tall people have 
more marriageable offspring than short 
people, operates too slowly to account 
for this trend, and in any case such evi
dence as we have indicates that tall peo
ple have fewer children rather than 
more. Thus the trend toward larger size 
and earlier maturation in man has been 
firmly established, and although some of 
its causes are known, some remain to be 
investigated. 
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The Beneficiation of Iron Ores 

As JVorth America's high-grade 
steel production Z l1cre a s es . The 
to the developlnent of zngenzous 

zron deposits appruach exhaustion 
appare nt po rado.c zs due I argel'y 
(va'ys to enrich lower-grade ores 

A s recently as two decades ago most ft of the iron ore fed to blast fur-
naces in the U.S. was raw ore just 

as it came from the mines. Of the 87 mil
lion long tons of ore delivered to the fur
naces in 194.5, only about 22 percent 
had to be "beneficiated," that is, treated 
to remove some of the waste material. 
Now the situation has been reversed: 

by "'I. "I. Fin e 

most of the iron ore mined in the U.S. 
(77 percent in 1964) is beneficiated be
fore it is sent to market. In part this is 
necessitated by improvements in iron
making technology that demand a high
er quality of ore (and that increase the 
output of a blast furnace). But primarily 
the need for beneficiation arises from the 
depletion of high-grade reserves. The 

IRON·ORE PRODUCTION in North America excluding Mexico extends from the Gulf 

states to beyond Hudson Bay and from coast to coast (color). More than 80 percent of annu· 
al production cOlnes from the areas shown in the strongest color; areas shown in 111edium cola 

or are next in importance. Most ores arc now beneficiated before shipment to the smelters. 
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rich ores of the J\Iesabi Range in Minne
sota and of the iron-bearing ranges in 
:\lichigan are now gone, and the iron 
industry today depends on medium
grade orcs and low-grade ores such as 
taconite. Beneficiation itself has there
fore become essential to the industry. 

\ Vhat is the quality of the raw materi
als now available, and how much bene
ficiation is required? The natural iron 
ores mined in the Lake Superior region 
(including ranges in Minnesota, Michi
gan and Canada) today run about 40 to 
.50 percent .in iron COJltent (by weight in 
the wet ore). The low-grade taconites are 
mainly rock and have an iron content of 
2.5 to 3.5 percent. l\'lodern blast furnaces 
prefer ore that assays well above 60 per
cent iron. Obviously, then, a consider
able amount of "gangue" (waste materi
al) must be removed from the raw ores 
in order to obtain the necessary iron con
centration. In addition, for efficient COJl
version of the are to iron in the blast 
furnace, certain intrinsic qualities are 
important; these include the size and 
other physical properties of the iron
bearing particles and the readiness with 
which the mineral can be deoxidized. 
Beneficiation processes can be applied to 
improve some of these qualities. 

Chemically the Jlatural iron ores are 
a highly complex mixture. The principal 
iron mineral in the ore is hematite 
(FeeO:;), often accompanied by a fair 
amount of the hydrated form of the oxide 
called goethite (FeeO:1 • HeO). The con
taminating substances that need to be 
removed from the ore include silica 
(mainly in the form of quartz), which 
is the major contaminant, and smaller 
quantities of alumina, lime, magnesia, 
sulfur, phosphorus, manganese, clays, 
carbonates and silicates. In magnetic 
taconite the recoverable iron mineral 
is magnetite (Fe:;04)' There are also 
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BENEfiCIA TION PLANT of the Quebec Cartier Mining Com· 

pany Ltd. at Lac Jeannine processes ore from the southern end of 

the Labrador geosyncline (see map on opposite page). Drum.shaped 

MOUNTAIN OF PELLETS awaits shipment to steel mills at a 
beneficiating plant in Upper Michigan operated by the Cleveland· 

Cliffs Iron Company. Starting as wet spherical aggregates of bene· 

mills (center) first grind the ore to a powder. A multiple array of 

Humphreys "spirals," occupying a two·story bay (left), then sepa

rates a slurry of ore and water into its light and heavy components. 

ficiated ore and clay, the half·inch pellets have been dried and 

kiln.hardened (see bottom illustration on pages 32 and 33), Pellets 

are superior in blast furnaces to either natural or sintered ores. 
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MOVEMENT OF IRON ORE from mine to smelter formerly took 

the direct route seen at the top of the flow chart. One result was 

that mining was confined to high-grade ores. Today low.grade ores, 

as well as some high.grade ones, are first crushed, screened and 

nonmagnetic taconites, in which the 
principal iron mineral is hematite, or on 
occasion a mixture of hematite and mag
netite. The separation problem for the 
natural ores and taconite alike is usually 
complicated by the fact that the iron 
mineral itseU and the gangue materials 
may be present in both earthy and crys
talline forms, and they may be intimate
ly mixed throughout the ore body. 

There are still some deposits of iron 
ore that can be beneficiated to satisfac
tory quality by the relatively simple sys
tem known as "washing" or "scrubbing." 
In these ores much of the iron-bearing 
mineral is already somewhat concentrat
ed in grains that are larger than the fine 
particles of the waste material (sand and 
clay). The mine-run ore is first fed into 
crushers that break the rock down to 
fragments an inch and a half to three 
inches in diameter. The crushed rock is 
then slurried with water and run through 
a scrubbing device that washes the sand 
and clay particles from the rock frag
ments. The scrubbers are of various 
types: they churn, lift, tumble and rub 
the fragments of rock to dislodge the 
particles from their surfaces. 

In a typical installation of this kind 
raw ore that assays only 42 percent iron 
can be upgraded in one pass to 57 per
cent iron. The tailings that are removed 

30 

contain as much as 30 percent iron in 
the form of fine grains. Some of this iron 
can be recovered in "hydraulic sizers." 
There a slurry of the tailings moves 
against an opposing flow of clear water, 
which impedes the light waste particles 
much more than the heavier iron grains. 

Obviously the scrubbing system will 
not work for ores in which the grains of 
the unwanted minerals are as large as 
those of the iron mineral. In that case, 
however, it is possible to employ certain 
beneficiation methods that depend on 
the difference in density, rather than 
size, between the grains of iron and those 
of the contaminants. 

One of these methods employs a ma-
chine called a jig, a device of consid

erable antiquity that for many years has 
been used to separate various coarse ma
terials. The iron-bearing rock is crushed 
into fragments (ranging from about an 
eighth of an inch to two inches across) 
and deposited on a screen in a box. By 
means of a piston or some other oscillat
ing device pulses of water travel rapidly 
upward through this bed of material. 
Each pulse lifts the mineral fragments, 
but the heavy fragments of course are 
not lifted as far as the lighter ones. In 
this way the bed of material is gradually 
stratified, with the heaviest pieces set-

tling to the bottom and the lightest be
ing rafted to the top, where they are 
washed over the sides of the box [see il
lustration at top left on page 32]. Since 
the specific gravity of the iron mineral 
(hematite) is about five, whereas that of 
the silica crystals (quartz and chert) is 
only 2.7, this method is fairly effective in 
removing silica from the ore. 

A more positive means of concentrat
ing coarse particles of iron ore by gravity 
has recently won favor. This is based on 
using a fluid that is heavy enough to 
float silica but that lets the iron mineral 
sink to the bottom. The specific gravity 
of the fluid must be somewhat greater 
than silica's 2.7. Such a fluid can be 
created by suspending fine particles of 
a heavy solid in water. For processing 
iron ore it has been found that a sus
pension of particles of ferro silicon or 
magnetite will serve very well as the sep
arating medium. It is essential to agitate 
the fluid gently to keep these particles in 
suspension. 

The ore is first crushed into fragments 
from a quarter of an inch to three inches 
in size to free the iron minerals. Then, 
as in the other methods, it is scrubbed 
and screened to remove fine particles 
before it and the separating medium are 
fed into the gravity-separation vessel. 
This can be a rotating drum or some oth-
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pulverized before being concentrated by a variety of techniques described by the author. 

After the ore "fines" have been concentrated they are agglomerated and shipped for smelting. 

er agitating device. In this vessel the 
silica floats off on the surface, and the 
iron-bearing material, sinking to the bot
tom, is collected separately. The heavy
medium separation process (HMS), as it 
is called, has proved to be capable of 
producing a concentrate approaching 60 
percent iron. 

The heavy-fluid medium can also be 
used to concen trate fine iron particles, 
provided that centrifugation is added to 
gravity as the mechanism for separation 
of the mineral from the lighter wastes. A 
small machine of the cyclone type, de
veloped in the Netherlands, is now in 
wide use for this purpose. It resembles 
the large cyclone separators that are in
stalled to rEmove dust from the air in 
some industrial centers. The vessel, from 
three to 16 inches in diameter, consists 
of a vertical cylinder with an inverted 
cone at the bottom [see illustration at 
left on page 34). The ore fed into this 
system has been scrubbed, wa�hed and 
sized to eliminate extremely fine particles 
and coarse ones, so that the particles are 
all smaller than a quarter-inch and larg
er than the size defined as 65-mesh. This 
material, slurried in a fluid made heavy 
by a suspension of much finer magnetite 
particles, is pumped into the cyclone at a 
pressure of 15 pounds per square inch. 
In a matter of seconds the heavy mineral 

particles are driven by the cen trifugal 
force to the wall of the conical section 
and from there to the outlet at the bot
tom; the lighter wastes are swept up 
along the axis of the cyclone and pass out 
through an overflow at the top. The mag
netite that serves to load the fluid me
dium is recovered from both discharges 
by magnetic means. 

Another popular gravitational device 
now in use for concentrating fine-particle 
ores is the "spiral concentrator," a sim
ple system that has no moving parts, oc
cupies little floor space and can treat 
ores that have not been screened. Spiral 
concentrators have won a place in the 
beneficiation of both natural ores and 
the low-grade taconites. The concen
trator takes the form of a vertical spiral 
trough, or chute, so arranged that as the 
slurry flows down the spiral the heavier 
particles collect on the inner surfaces of 
the spiral and are removed through ap
propriate openings. The lighter wastes 
travel all the way to the bottom of the 
spiral [see illustration at right on page 
34). Large complexes of these units have 
been built; one in Canada is reported to 
contain 3,450 spirals. 

Most of the devices I have been de
scribing are adequate for beneficiating 
medium-grade ores to an acceptable lev
el of quality. When all is said and done, 

however, it is mainly the low-grade ores, 
such as the taconite of Minnesota, that 
will sustain the iron and steel industries 
of North America. These ores now ac
count for 40 percent of the iron pro
duced in the U. S. and this proportion 
will increase to 75 percent within 10 
years. The use of the low-grade re
sources, which gave new life to the al
most finished iron-mining industry of 
Minnesota, was made possible by the de
velopment of a highly complex technol
ogy, including a number of sophisticated 
practices that supplement the operations 
I have described. 

Among these techniques one of the most 
important is magnetic separation. In 

much of the Minnesota taconite the eco
nomically important iron mineral is mag
netite, which particularly lends itself to 
the magnetic method. Magnetized belts 
or drums, energized either by permanent 
magnets or by electromagnets, are used 
to separate the magnetite from the non
magnetic materials in the ore. For maxi
mal extraction of the magnetite the ore 
rock must be pulverized to particles 
of extremely small size-finer than 325-
mesh. To save on grinding costs, how
ever, the process is carried out in stages. 
The rock is first crushed into coarse frag
ments and fed to magnetic separators 
called "cobbers"; the magnetic frag
ments collected by these machines are 
then ground down to very fine grains 
and these are passed on to "finisher" 
machines that remove more of the sil
ica [see top illustration on page 35). The 
final concentrate from these machines 
may analyze as high as 64 percent iron 
(compared with 25 to 35 percent in the 
original taconite). 

Another separation method now used 
as a finishing step takes advantage of the 
electrical conductivity of the iron min
eraI [see illustration at top right on page 
33). The pretreated mixture of ore 
grains, fed onto a rotating cylinder, is 
sprayed with a high-voltage discharge 
of up to 50,000 volts. The poor conduc
tors in the mixture, principally grains of 
silica, retain the charge and as a result 
are pinned to the surface of the ground
ed cylinder. The conducting iron-oxide 
grains, on the other hand, do not hold 
the charge and are propelled from the 
walls of the rapidly rotating container to 
collectors. At the Wabush Mines in Can
ada units of this kind, called "high ten
sion" separators, remove all but 2 per
cent of the silica and upgrade the feed 
to a concentrate of 67 percent iron in two 
passes. The units at the Wabush instal
lation can turn out six million long 
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GRAVITY CONCENTRATION, by means of a "jig," is a time·honored beneficiation meth· 

od often applied to hematite ores. Agitated water "rafts" lightweight quartz waste up· 

ward until the waste spills out the top overflow, while the heavier hematite collects below. 

tons of high-grade concentrate a year. 
In Michigan several mines have adopt

ed the well-known process of flotation to 
beneficiate their low-grade ores. This 
process depends primarily on surface 
characteristics of the mineral that are 
enhanced by chemical treatment. The 

mixture of granular material is suspend
ed in water and certain chemicals are 
introduced to make the desired mineral 
non wettable by water but avid for air. 
Air is then drawn through the suspen
sion; the target grains attach themselves 
to the bubbles and rise to the top, where 

DUST COLLECTORS 

HEAVY MEDIUM £.:':;:. 

ORE 1f�.!.:.�.i.;.,.�;.��jt�.:)� ?':� 
- . ' : -. -. - : . 
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CONCENTRATION with a heavy medium 

oceurs in a revolving drum. The ore's waste 

components "float" briefly hut the heavier 

they are collected in the froth floating on 
the surface [see "Separating Solids with 
Bubbles," by A. M. Gaudin; SCIENTIFIC 
AMERICAN, December, 1956]. 

In flotation plants the ore is ground 
very fine; a slurry of the are consisting 
of about 50 to 75 percent water is then 

GAS 
FLOW 

GRA TE AND KILN, used in combination to dry and heat.harden 

pellets of beneficiated iron ore, are key elements in a system devel. 

oped by the Allis·Chalmers Manufacturing Company. "Green balls," 

as the spheres of ore and clay are called, are dumped (A, left) onto 

an endless belt that forms the grate, while hot gases from the kiln he· 

gin the hardening process. Next the pellets travel the lengt.h of the 
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iron sinks. Both ore and heavy medium en· 

ter at left; waste is expelled at water level, 

right, and lifters collect the sunken ore. 

agitated with chemicals that accentuate 
the wettability differences between the 
iron oxides and silica, and a reagen t 
called "collector" is added to render the 
target iron mineral hydrophobic and 
aerophilic. The conditioned slurry is then 
fed to a series of flotation cells that suc-

COOLER 

CONTROL 
ROOM 

high.temperature, rotating kiln (B, center), 

enter a cooling area (C, right) and finally 

are transported by belt to the shipping point. 

GROUNDED ROTOR 

o 
HEMATITE 

•• : 0. QUARTZ WASTE 

ELECTROSTATIC CON CENTRA TION is accomplished by means of a device built by the 

Carpco Corporation. A high.voltage spray (top right) pins the nonconducting components 

of a low.grade hematite ore to a spinning drum but the conductive hematite particles fly free. 

cessively separate the target material 
until the desired iron concentration is 
achieved. 

Various other finishing processes be
sides those already mentioned have been 
adopted to reduce the silica content of 
the ore (and hence the amount of slag 
that must be eliminated in the blast fur
nace) to the lowest possible value. One 
device is called the "siphon sizer." A wa
tery slurry of the ore is fed into a central 
well in a tank where a rising flow of wa
ter is produced from fine nozzles in the 
bottom. The gently rising water tends to 
carry the light grains of silica-bearing 
material upward while the heavier iron 
mineral settles; the latter is periodically 
removed by siphons. This device is par
ticularly effective in lowering the silica 
content of partially concentrated mag
netite and is used in taconite operations 
in both Michigan and Minnesota. 

The Erie Mining Company of Minne
sota has developed a very simple method 
of separating silica from magnetite as a 
final step in the beneficiation of taconite. 
The process depends on the fact that 
the larger grains in the fine semiconcen
trate have a much higher silica content 
than the smaller ones, and an effective 
separation can be made by means of a 

screen with holes as small as .004 inch. 
A dilute slurry of the semiconcentrate is 
spread over two-by-four-foot screens of 
this fine mesh and the screens are rapped 
at the rate of seven hammer blows 
a minute to shake the small grains 
through. The material falling through 
the mesh has a silica content of only 5.7 
percent, whereas the material remain
ing on the screen is 20.5 percent silica. 
The oversize material is then reground 
and the process is repeated. The meth
od has been so successful that it is to be 
applied to the entire output of this plant, 
which has a capacity of 10 million long 
tons of iron concentrate a year. 

J\i(any of the separation processes now 
in use, although successful in rais

ing the iron to a high concentration, end 
up with a powdery material that is much 
too fine for feeding to the blast furnace. 
Consequently the small grains must be 
agglomerated to larger sizes. The quasi
fusion process known as sintering, long 
used in industry, can be applied to ag
glomerate beneficiated ores in which the 
particles are not extremely small. The 
moist ore is mixed with coke or coal and 
deposited on a moving grate, where the 
fuel is ignited and air is sucked through 
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CYCLONE CONCENTRATION METHOD is one means of sepa· 

rating finely divided hematite from accompanying waste. The pul. 

verized ore is combined with a heavy medium (usually magnetite 

and water) and fed into the cone·shaped accumulator at high pres· 

sure. As it whirls, the ore moves outward, sinks and is drawn off. 

The cyclone illustrated is made by the Dorr·Oliver Corporation. 
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WASTE 
OUT t CONCENTRATE OUT 

SPIRAL CONCENTRATION METHOD is also used with finely 

divided ores. As a slurry runs down the spiral trough most of the 

waste and water gathers along the spiral's outer edge. The heavier 

ore particles, concentrated near the inner edge, are washed by a 

second stream of water and are then diverted into collecting pipes 

by the "splitters." A Humphreys Engineering Co. spiral is shown. 
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the bed of material to maintain com
bustion. This process combines the ore 
grains into cinder-like particles. The sin
ter is then cooled and the particles are 
crushed to a specified size. Sized sinter 
makes an excellen t feed for the blast fur-
nace. 

For the very fine concentrates pro
duced from taconite, which do not lend 
themselves to sintering, another agglom
eration method has been developed. The 
fine ore is mixed with bentonite clay and 
rolled in a rotating machine; seeds form 
quickly and grow in size by a snowball
ing effect. vVhen they have beccme 
one-half to three-quarters of an inch 
in diameter, the pellets are fed to a 
heating apparatus that dries and calcines 
them at a temperature of about 2,400 
degrees Fahrenheit. The hardened pel
lets, capable of withstanding a compres
sive load of more than 300 pounds, are 
durable enough to be transported from 
the mine site to the blast furnace with 
little degradation due to crushing. Pel
letizing is credited with being the most 
important single factor in the success
ful mining and beneficiation of taco
nite. It has been found that the ore in 
pellet form is superior to both natural 
ore and sinter as a feed for the blast fur
nace. The iron-making industry now 
prefers it, and within a few years the 
production of pellets at mines in North 
America is expected to total some 110 
million tons a year. 

In short, it can be said that thanks to 
beneficiation the iron-mining industry 

of the continent has not merely survived 
the near exhaustion of high-grade nat
ural ores but has actually risen to greater 
heights both of productivity and of qual
ity, based on the recovery of iron from 
low-grade rock. The iron pellets derived 
from taconite by the present processes 
assay well above 60 percent iron and as 
little as 4 percent or less silica. And it 
appears that even this performance may 
soon be improved. 

The principal contaminant remaining 
in the ore after it has been beneficiated 
is now oxygen. In hematite, for example, 
oxygen constitutes 30 percent of the 
mineral by weight, and in magnetite it 
amounts to nearly 28 percent. Studies 
are now under way on the possibility of 
removing the oxygen chemically during 
the pelletizing treatment. Successes in 
partial deoxygenation of the mineral at 
that stage have already been achieved 
in the laboratory and in pilot plants. 
They suggest that by this further bene
ficiation the taconite mines may eventu
ally be able to deliver iron pellets of 90 
percen t purity or better. 

MAGNETIC SEPARATORS are vital to the task of concentrating the 25 to 35 percent of 

iron contained in the dense silica matrix that forms the bulk of taconite ores. The battery 

of magnetic separators at the Hoyt Lakes, Minn., complex of the Erie Mining Company 

produces a beneficiated powder tbat is 64 percent iron, a proportion higher in iron than 

many high.grade ores that were once shipped to smelters without further preparation. 

ROTATING KILN, the second element in the grate.kiln method of heat.hardening pellets 

of iron ore, was photographed at the Eveleth Taconite Company beneficiation plant at 

Forbes, Minn. The Eveleth grate·kiln unit, the first to be installed in the Mesabi Range, 

was designed and built by the Allis·Chalmers Manufacturing Company and has an annual capac

ity of 1.6 million tons. In 1966,49 million tons of pellets were produced in North America. 
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HOW PROTEINS START 

The chain of amIno acid units that constitutes a protein ITIolecule 

begins to gro\v when a variant of one of the standard an1Ino acids 

IS delivered to the site of synthesis by a specific transfer agent 

by Bri.an F. C. Clark and Kjeld A. Marcker 

O ver the past 15 years a tremen
dous amount of information has 
been amassed on how the living 

cell makes protein molecules. Step by 
step investigators in laboratories all over 
the world are clarifying the architecture 
of specific proteins, the nature of the ge
netic material that incorporates the in
structions for building them, the code in 
which the instructions are written and 
the processes that translate the insh'uc
tions into the work of construction. vVith 
the information now available experi
menters have already synthesized a num
ber of protein-like molecules from cell
free materials, and the day seems not far 
off when we shall be able to describe, 
and perhaps control, every step in the 
making of a protein. 

How is the building of a protein ini
tiated? Until recently this question 
seemed to create no special problems. 
Given a supply of the amino acids from 
which a protein is made, the cell assem
bles them into a polypeptide chain that 
grows into a protein molecule, and it did 
not appear that the cell used any special 
machinery to start the construction of the 
chain. We have now learned, however, 
that the cell does indeed possess a start
ing mechanism. With the discovery of 
this mechanism it has become possible 
to study in detail the first step in the pro
duction of a protein molecule. 

In order to discuss this new develop
ment we must first review the general 
features of protein synthesis by the cell. 
Proteins are made up of some 20 va
rieties of amino acid. A protein molecule 
consists of a long chain of amino acid 
units, typically from 100 to 500 or more 
of them, linked together in a specific 
sequence. The instructions for the par
ticular order in each protein (the cell 
manufactures hundreds of different pro
teins) reside in the chainlike molecule of 
deoxyribonucleic acid (DNA). The DNA 

36 

molecule consists of units called nucleo
tides; each nucleotide contains a side 
group of atoms called a base, and the se
quence of bases along the DNA chain 
specifies the sequence for amino acids in 
the protein. There are four differen t 
bases in DNA: adenine (A), guanine 
(G), thymine (T) and cytosine (C). A 
"triplet" (a sequence of three bases) con
stitutes the "codon" that specifies a par
ticular amino acid. The four bases taken 
three at a time in various sequences pro
vide 64 possible codons; thus the four
letter language of DNA provides a vo
cabulary that is more than sufficient to 
designate the 20 amino acids. (In fact, 
some amino acids can be indicated by 
more than one codon.) 

DNA does not guide the construction 
of the protein directly. Its message is 
first transcribed into the daughter mole
cule called messenger ribonucleic acid 
(mRNA). Messenger RNA also has four 
bases; three of them (A, G and C) are the 
same as in DNA, but the .fourth, taking 
the place of thymine, is uracil (U). The 
RNA molecule is generated from DNA 
by a coupling process based on the fact 
that U couples to A and G couples to C. 
Thus during the transcription of DNA 
into RNA the four bases A, G, T and C 
in DNA give rise respectively to U, C, A 
and G in RNA [see illustration on oppo
site page J. 

The coded message is then read off the 
messenger RNA and translated into the 
construction of a protein molecule. This 
process takes place on the cell particles 
known as ribosomes, and it requires the 
assistance of smaller RNA molecules 
called transfer RNA (tRNA) that bring 
amino acids to the indicated sites. Each 
transfer RNA is specific for a particular 
amino acid, to which it attaches itself 
with the aid of an enzyme. It possesses 
an "anticodon" corresponding to a par
ticular codon on the messenger RNA 

molecule. The ribosome moves along the 
messenger RNA molecule, reading off 
each codon in succession, and in this way 
it mediates the placement of the appro
priate amino acids as they are delivered. 
As the amino acids join the chain they 
are linked together through peptide 
bonds formed by means of enzymes. 

The decipherment of the genetic code 
- for protein synthesis began in 1961 

when Marshall W. Nirenberg and J. 
Heinrich Matthaei of the National Insti
tutes of Health synthesized a simplified 
fOlm of messenger RNA, composed of 
just one type of nucleotide, and found 
that it could generate the formation of a 
protein-like chain molecule made up of 
one variety of amino acid. Their artifi
cial messenger RNA was the polynucleo
tide called "poly-U," containing uracil as 
the base. vVhen it was added to a mixture 
of amino acids, extracts from cells of the 
bacterium Escherichia coli and energy
supplying compounds, it caused the syn
thesis of a polypeptide chain composed 
of the amino acid phenylalanine. Thus 
the poly-U codon (UUU) was found to 
specify phenylalanine. 

This breakthrough quickly led to the 
identification of the codons for a number 
of other amino acids by means of the 
same device: using synthetic forms of 
messenger RNA. The experiments sug
gested that the initiation of synthesis of 
a protein was a perfectly straightforward 
matter. It appeared that the first codon 
in the messenger RNA chain simply 
called forth the delivery and placement 
of the specified amino acid and that no 
special starting signal was required. In 
1964, however, Frederick Sanger and 
one of the authors of this article (Marck
er) discovered a peculiar form of an 
amino acid, in combination with its 
transfer RNA, that threw entirely new 
light on the situation. 
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Using extracts from the E. coli bac
terium, we were studying the chemical 
characteristics of the combination of the 
amino acid methionine with its specific 
tRNA. In the course of this study we de
cided to investigate the breakdown of 
the compound by pancreatic ribonu-

cIease, an enzyme known to split HNA 
chains at certain specific bonds [see t0J! 
illustration on page 39]. In order to fa
cilitate identification of the products we 
labeled the methionine in advance with 
radioactive sulfur, and after treatment of 
the methionine-tHNA compound with 

• CARBON 

o OXYGEN 

• HYDROGEN 

® NITROGEN 

o SULFUR 

A ADENINE 

T THYMINE 

G GUANINE 
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U URACIL 
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MESSENGER RNA 
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PROTEIN 

N-FORMYL METHIONINE 

TRANSMISSION OF GENETIC INFORMATION takes place in 
two main steps. First the linear code specifying a particular pro
tein is transcribed from deoxY"ibonucleic acid (DNA) into mes
senger ribonucleic acid (RNA). The code letters in DNA are the 
four bases adenine (A), thymine (T), guanine (G) and cytosine 
(C). Hydrogen bonds (broken lilies) between the complementary 
bases A-T and G-C hold the two strands of the DNA molecule 
together. The strands, which run anti parallel, consist of alternating 
units of deoxyribose sngar (pentagons) and phosphate (POsH). 
The code letters in messenger RNA duplicate those attached to one 

• PHOSPHORUS 

METHIONINE VALINE 

strand of the DNA except that uracil (U) replaces thymine. In 
RNA the sugar is ribose. In the second step of the process mes
senger RNA is translated into protein. The code letters in RNA are 
read in triplets, or codons, each of which specifies one (or some
times more) of the 20 amino acids that form protein molecules. It 
has now heen found that the codon AUG can specify a modification 
of methionine known as formyl methionine, which signals the start 
of a protein chain. Inside the chain AUG specifies ordinary me
thionine. The codon GUG, which codes for valine inside the chain 
can also specify formyl methionine ancl initiate chain synthesis: 
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the enzyme we separated the prod
ucts by means of electrophoresis, the 
technique that segregates electrically 
charged molecules according to their 
charge, size and shape. As was to be ex
pected, one of the products was the com
pound known as methionyl-adenosine, a 
combination of methionine with the ter
minal adenosine portion of the tRNA 
molecule. But we also found, to our sur
prise, that the products included a con
siderable amount of a formylated variety 
of this compound, that is, a variation in 
which a formyl group (CHQ) replaced 
a hydrogen atom in the amino group 

F-METHIONINE 

:> 

(NH�) of the molecule. It turned out that 
this was by no means an artifact of the 
treatment to which the original com
pound had been subjected; growing cells 
proved to contain a high proportion of 
formylated methionine tRNA. 

It was immediately evident that for
mylated methionine must occupy a spe
cial position in the protein molecule. The 
attachment of the fOtmyl group to the 
amino group would prevent the amino 
group from forming a peptide bond [see 
illustration below]. Consequently the 
formylated amino acid must be an end 
unit in the protein molecule. Since an 

METHIONINE 

+ 

\ 
FORMYL METHIONINE, abbreviated F-Met,has a formyl group (CHO) where metbionine 
(Met) has a hydrogen atom as part of a terminal amino (NH.,) group. When an amino 
acid enters a protein chain, one of the hydrogens from the amin'; end of one molecule com
bines with an OH group from the carboxyl (COOH) end of another molecule to form a 
molecule of water. The two molecules are then linked by a peptide bond. The formyl group 
!,revents this reaction, hence F-Met can appear only at the beginning of a protein chain. 
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amino group forms the "front" end of 
protein molecules when they are being 
assembled, formylated methionine must 
constitute the initial unit of the mole
cule. 

We were able to separate the methi
onine tRNA of E. coli into two distinct 
species, and found that only one can be 
formylated. The formylatable species 
constitutes about 70 percent of the bac
terium's methionine tRNA [see bottom 
illustration on opposite page]. Recent 
work in our laboratory at the Medical Re
search Council in Cambridge has estab
lished that the compound is formylated 
(at methionine's amino group) only after 
the amino acid has become attached to 
the tRNA molecule. The donor of the 
formyl group is 10-formyl tetrahydro
folic acid, and the reaction is catalyzed 
by a specific enzyme that acts exclusive
ly on the combination of methionine 
with the formylatable species of tRNA. 

Our laboratory and others have pro
ceeded to analyze the initiation of pro
tein formation by several experimental 
techniques. We began by testing a num
ber of differen t synthetic messenger 
RNA's for their ability to bring about 
synthesis of a polypeptide incorporating 
methionine. Only two of the synthetic 
polynucleotides we tried proved to be ca
pable of doing this. One contained the 
bases uracil, adenine and guanine (poly
UAC); the other had only uracil and 
guanine (poly-UC). We found that in a 
mixture of amino acids and other cell
free materials where only the formyl
atable species of methionine tRNA was 
present, either poly-UAC or poly-UC 
would cause the synthesis of a polypep
tide with methionine in the starting posi
tion-and only in that position. Surpris
ingly, this was true even when no formyl 
group was attached to the methionine
tRNA compound. 'vVe had to conclude 
that the formylatable version of the 
tRNA for methionine possessed a spe
cial adaptation that helped it to function 
as a polypeptide-chain initiator. 

A thorough search was made for for
mylated varieties of other tRNA's: that 
is, of tRNA's for amino acids other than 
methionine. None were found. This 
raised an interesting question. In the 
proteins produced by E. coli cells the 
amino acid at the "front" end of the pro
tein molecule is not always methionine; 
often it is alanine or serine. These amino 
acids are never found to be formylated. 
How, then, does either of them become 
the initial member of the protein chain? 

Experiments with natural messenger 
RNA's (rather than synthetic polynucleo
tides) have suggested an explanation. 
Jerry Adams and Mario Capecchi, work-
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ADENYLIC ACID (A) CYTIDILIC ACID (C) CYTIDILIC ACID (C) 

BY RNase 

--- METHIONINE ---::>�<E<:-----------METHIONINE TRANSFER RNA -----------

TRANSFER OF AMINO ACID to the site of protein synthesis is 
accomplished by molecules of transfer RNA (tRNA). There is at 
least one species of transfer RNA for each amino acid. All transfer 
RNA molecules contain the base sequence CCA at the terminal that 
holds the amino acid. Such a terminal is diagrammed here and 

shown coupled to methionine. Methionine that subsequently can be 
converted to formyl methionine is transferred by a different tRNA. 
When treated with the enzyme ribonuclease (RNase), the final base 
(adenine) and its coupled amino acid are split off from the rest of 
the transfer RNA. The fragment is called an aminoacyl adenosine. 

ing in the laboratory of James D. Wat
son at Harvard University, and Norton 
D. Zinder and his collaborators at Rock
efeller University have used messenger 
RNA's extracted from bacterial viruses. 
These RNA's direct the synthesis of the 
proteins that form the coat of the virus. 
The experimenters in Watson's and Zin-

n V J 
tRNAF 

n V J 
tRNAM 

+ 

+ 

METHIONINE 

METHIONINE 

der's laboratories found that when such 
an RNA was added to cell-free materials 
in the test tube, formylated methionine 
turned up at the starting end of the coat 
proteins that were synthesized. This was 
most surprising, because normally in liv
ing systems the initial amino acid of the 
viruses' coat protein is alanine. A signifi-

:> 

n V J 
METHIONINE tRNAF 

n V J 
METHIONINE tRNAM 

+ 

cant clue was found, however, in the fact 
that the coat proteins synthesized in the 
cell-free systems invariably had an ala
nine in the second position, following the 
formyl methionine. From this it seems 
reasonable to deduce that in living sys
tems, as in the cell-free system, the for
mation of the protein starts with formyl 

OHC 

n V J 
F-METHIONINE tRNAF 

TWO METHIONINE tRNA's, designated 
tRNAp and tRNAM, exhibit different char· 
acteristics. In the presence of an energy 
source (adenosine triphosphate) and a spe· 
cial coupling enzyme, both tRNA's combine 
with methionine. Only tRNAp, however, 
forms a complex that is recognized by an. 
other enzyme that can convert methionine 
to formyl methionine. The formyl group is 
provided by lO-formyl tetrahydrofolic acid. 
The complex that results is F-Met.tRNAF• 
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tRNA CO DONS 

MET-tRNAM AUG 

MET-tRNAF }{ AUG 

F MET-tRNAF GUG 

CODON ASSIGNMENTS show the bases in 
messenger RNA that cause the two Met
tRNA's to deliver methionine or formyl 
nlcthionine for insertion in a protein chain. 

methionine, and that thc bacterial cells 
supply an enzyme that chops off the for
myl methionine latcr, leaving alanine in 
the first position. 

Experiments with E. coli RNA in our 
laboratory and others have produced 
similar results. Messenger RNA extract
ed from these bacteria, like that extracted 
from bacterial viruses, causes cell-free 
systems to syn thcsize proteins with for
myl methionine in the first position. On 
the other hand, the proteins extracted 
from living E. coli cells usually have un
formylated methionine or alanine or ser
ine in the lead position. It therefore 
seems likely that the living cells remove 
the formyl group from methionine or 
split off the entire formyl methionine 
unit after synthesis of the protein chain 
has got under way. The significance of 
the frequent appearance of alanine and 
serine at the front end of E. coli proteins 
is not clear; no satisfactory explanation 
has yet been found for the cell's selection 
of alanine and serine to follow formyl 
methionine. At all events, what does 
seem plausible now is that in E. coli the 
syn thesis of all proteins starts with for
myl methionine as the first unit. 

I-I ow does the messenger RNA convey 
the message calling for formyl me

thionine as the starting unit? Does it use 

a special codon addressed specifically to 
the formylatable variety of methionine 
tRNA? \;\1e tested various codons for 
their ability to bring about the delivery 
of formyl methionine to the protein-syn
thesizing ribosomes. A codon for methio
nine was already known: it is AUC. \Ve 
found that A UC was "read" by both va
rieties of methionine tRNA-the formyl
atable and the unformylatable. Either 
variety of tRNA delivered and bound 
methionine to the ribosome in response 
to AUC. We found that the formylatable 
tRNA (but not the other variety) also 
recognized and responded to another 
codon: CUC. 

These findings were consistent with 
our earlier observation that either poly
UAC or poly-UC could effect the in
corporation of methionine into a poly
peptide in a cell-free system. Poly-UAC, 
of course, can contain the codons AUC 
and CUC, depending on the sequence in 
which the bases happen to be arranged 
in this polynucleotide; poly-UC provides 
the codon CUC. That both AUC and 
CUC can initiate the synthesiS of a 
methionine polypeptide was confirmed 
and clearly spelled out in detail by ex
periments in the laboratory of H. Cobind 
Khorana at the University of vVisconsin. 
Using synthetic messenger RNA's in 
which the bases were arranged only in 
these triplet sequences (AUC and CUC), 
Khorana's group showed that both co
dons led to the formation of a chain with 
formyl methionine in the starting posi
tion. AUC also placed methionine in in
ternal positions in the chain, but CUC, 
which can code only for the formylatable 
version of the tRNA, incorporated me
thionine only at the starting end [see il
lustration belou; J. 

Investigators in the laboratories of 
Severo Ochoa at New York University 
and Paul :VI. Doty at Harvard obtained 
the same results. They also noted that 

both codons possess a certain versatility 
as signals, depending on their .location in 
the messenger RNA. Located at or near 
the beginning of the messenger RNA 
chain, the A UC triplet is recognized by 
the formylatable variety of tRNA and 
leads to the placement of formylated 
methionine at the starting end of the 
polypeptide; farther on in the messen
ger RNA chain the same triplet is rec
ognized by unformylatable tRNA and 
causes the placement of unformylated 
methionine in the internal part of the 
polypeptide. In short, at the "front" end 
of the RNA message the AUC codon 
says to the cell's synthesizing machinery, 
"Start the formation of a protein"; when 
it is located internally in the message, 
AUC simply says, "Place a methionine 
here." Similarly, the codon CUC was 
found to have two possible meanings: lo
cated at the beginning of the message, 
it orders the initiation of a protein with 
formylated methionine; in an internal po
sition in the message it is the code word 
for placement not of methionine but of 
the amino acid valine. 

I low is it that each of these codons 
signifies a starting signal in one po

sition and has a different meaning in an
other? Obviously this question will have 
to be answered in order to clarify the 
language of the protein-starting mech
anism. Indeed, we cannot be sure that 
a codon in itself constitutes the entire 
message for the initiation of a protein. 
The signaling mechanism may be more 
complex than one might ass lime from the 
findings developed so far. Those findings 
are based almost entirely on work done 
with artificial messenger RNA's, and it 
is possible that the messages they pro
vide are only approximations-meaning
ful enough to stimulate the cell machin
ery but not the full story. 

\Vhen we consider how important the 

SYNTHETIC MESSENGER SOURCE OF METHIONINE POSITION OF METHIONINE CODONS USED 

MET-tRNAM 
{ MET-tRNAF 

F METIRNAF 

RANDOM POLY-UG - + 

RANDOM POLY-AUG + + 

POLY-(UG)n - + 

POLY-(AUG)n + + 

INCORPORATION OF' METHIONINE in protein·like chains has 
been studied with synthetic messenger RNA's and the two species 
�f methionine 

.
tran

.
sfer RNA: tRNA)[ and tRNAF• The plus sign 

lIl(heates combmatlons that lead to incorporation. In random poly-
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IN POLYPEPTIDE 

INTERNAL N-TERMINAL 

- + GUG 

+ + AUG. GUG 

-
- + GUG 

+ + AUG 
i 

UG and random poly·AUG the bases can occur in any sequence, 
but presumably the only effective sequences are GUG and AUG. 
Poly-(UG)" and poly-IAUG)" are synthetic chains of RNA "on
sisting of 30 or more repetitions of the base sequences indicated. 
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codons AUe and cue are in initiating 
the synthesis of polypeptides, it is cer
tainly odd that a synthetic messenger 
RNA such as poly-U, which of course 
cannot supply those codons, neverthe
less manages to cause the ribosomes to 
produce a polypeptide. We can only 
conclude that they do so by mistake, so 
to speak, that is, by acting in a way not 
entirely specified by the available infor
mation. (It is ironic that the genetic code 
was broken because artificial systems 
were able to make the right kind of mis
take!) Are there circumstances that tend 
to assist these systems in accomplishing 
proper mistakes? One inHuential factor 
has been found. It is the concentration 
of magnesium in the cell-free system of 
building materials. A high magnesium 
concentration makes it possible for many 
kinds of synthetic messenger RNA to 
generate polypeptides; when the mag
nesium concentration is lowered, only 
the RNA's that contain AUG or cue 
succeed in doing so. "Vhat magnesium 
may have to do with polypeptide initia
tion is still unclear. 

Let us come back to the placement of 
the initial methionine as the normal first 
step in the construction of a protein. "Ve 
have noted that the methionine-tRNA 
complex that places the amino acid in 
the initial position does not necessarily 
contain a formyl group. Evidently under 
conditions of a relatively high concen
tration of magnesium the formyl group 
of itself plays no essential role in the in
stallation of the amino acid. "Vhat seems 
to be important is the character of the 
tRNA: only the formylatable variety of 
methionine tRNA can initiate the syn
thesis, and it can do so even when it is 
not formylated. \Vhat, then, are the spe
cific properties that account for its role 
as an initiator? 

A rea�onable supposition is that this 
vanety of tRNA has a special shape 

or configuration that helps it to fit into 
a particular site on the ribosome. As a 
matter of fact there is evidence that ribo
somes possess two kinds of site for the 
attachment of tRNA's. One kind, called 
an amino acid site, simply receives and 
positions the tHNA when it arrives with 
its amino acid; the other kind, called 
a peptide site, holds the tHNA while 
a peptide bond is formed between its 
amino acid and an adjacent neighbor 
[see illustration at rightJ. It is therefore 
plausible to suppose that the formyl
atable variety of the tHNA for methio
nine may have a shape that helps it to 
fit into a peptide site on the ribosome 
and thus be in a position to start the 
linking together of amino acids. 

Evidence in support of this hypothe
sis has been obtained in our laboratory 
by Mark S. Bretscher and one of us 
(Marcker) and by Philip Leder and his 
associates at the National Institutes of 
Health in experiments using the antibi
otic puromycin. The structure of puro
mycin is similar to that of the end of a 
tRNA molecule that attaches to an amino 
acid [see illustmtion 011 l1ext page J. Be
cause it has an NH:! group, puromycin 
can form a peptide bond with an amino 
acid, but since it lacks the free carboxyl 
(COOl-I) group of a normal amino acid 
it cannot form a second peptide bond. 

RIBOSOME 

Thus it cannot partiCipate in chain elon
gation. Various experiments indicate that 
puromycin will add on to-and termi
nate-a growing polypeptide chain only 
when the tRNA holding the chain is 
bound in the peptide site. 

In other experiments it has been found 
that the formylatable variety of methio
nine tRNA, when bound to a ribosome, 
will ccmbine with puromycin; the un
formylatable variety of the tHNA, on the 
other hand, will not react with puromy
cin. The experimental results therefore 
indicate that there are indeed two kinds 
of ribosomal site or state: one where a 

J
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MESSENGER RNA 

DIRECTION OF RIBOSOMAL MOVEMENT :;;. 

PROTEIN SYNTHESIS takes place on cellular particles called ribosomes, which travel 
along the "instruction tape" of messenger RNA, reading off the genetic message. The ribo
some evidently has two sites for accommodating molecules of transfer RNA: a peptide site 
and an amino acid site. It appears that the structure of tRNAp enables it to go directly to 
the peptide site, thereby initiating the protein chain. This special structure is symbolized 
by a notch in tRNAp• Other tRNA's may acquire the configuration needed for the peptide 
site after first occupying the amino acid site. In step 1 (top) the codon AUG at the front 
end (S'-phosphate end) of messenger RNA pairs with the anticodon CAU that is believed 
to exist on tRNAp, which delivers a molecule of formyl methionine to start the protein 
chain. The codon AUG in the second position is paired with the CAU anticodon of tRNAM• 
which delivers a molecule of ordinary methionine. In step 2 (bottom) the tRNAr mole
cule has moved away and the peptide site has been occupied by tRNAM• which is now cou
pled \0 the growing protein chain. Valine transfer RNA has moved into the amino acid site_ 
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peptide bond cannot be formed between 
the peptide chain and puromycin and 
one where it can. Most likely the latter is 
the peptide site. Furthermore, the ex
periments have strengthened the suspi
cion that the formylatable tRNA pos
sesses a unique structure that somehow 
helps it to move into the peptide site on a 
ribosome. Apparently the structure of 
the formylatable tRNA has been pmticu
larly tailor-made for its function as a 
chain initiator. 

The question therefore arises: What is 
the precise role of the formyl group? If 

the formyl group per se has nothing to 
do with placing methionine in the start
ing position, what function does it have? 
Our earlier experiments, in which we 
used a relatively high magnesium con
centration, suggested that the formyl 
group is involved somehow in the forma
tion of the first peptide bond, which 
launches the building of the polypeptide 
chain. When the methionine tRNA com
plex is formylated, synthesis of the poly
peptide proceeds much faster than when 
it is not. This effect can be ascribed to 
the fact that the presence of the formyl 

-------{ 2��� ] 
TYROSINE tRNA 

PUROMYCIN 

PROTEIN·CHAIN TERMINATION can be induced by adding puromycin, an antibiotic, to 
a protein·synthesizing system. The structure of puromycin closely resembles tbe structure 
formed by the amino acid tyrosine and the terminal base of tRNA. Colored disks mark 
the atomic differences. Tyrosine can be inserted in a protein chain because it can form two 
peptide bonds. Puromycin can form only one peptide bond because the -CONH-linkage 
(inside broken line) is less reactive than the -COO- linkage in tyrosine tRNA. 
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group somehow facilitates the entry into 
the peptide site. It still remains to be 
determined just how the formyl group 
helps to promote such an effect. 

Further light has been shed on the 
problem of protein-chain initiation in the 
past year by the work of several labora
tories, including our own. Special pro
tein agents, still poorly defined, have 
been implicated together with a cofactor 
in the formation of the initiation com
plex on the ribosome. When these new 
components are present and the supply 
of magnesium is low, the formyl group 
is necessary if the formylatable methio
nine tRNA is to be attached to the ribo
somal peptide site by a messenger. Quite 
recently the cofactor has been identified 
as being a nucleotide derivative: guano
sine triphosphate. Hence we are coming 
to the view that the conditions prevail
ing within the living cell are approached 
by these low-magnesium conditions, 
where there is strict specificity for form
ing the initiation complex and for un
ambiguous polypeptide formation. In 
our present state of knowledge, however, 
it is still unclear how these new compo
nents help to ensure the placement of the 
formylated methionine tRNA in the pep
tide site on the ribosome. 

1'he specific findings concerning the 
initiation of protein synthesis that we 

have discussed in this article apply only 
to bacterial cells. So far no such form of 
tRNA (containing the formyl group or 
any other blocking agent) has been 
found in the cells of mammals. Accord
ingly the mechanism of protein-chain 
initiation is possibly different in mam
malian cells from the mechanism dis
cussed here. The process of polypeptide 
initiation in the cells of higher organisms 
is currently under study in several lab
oratories. 

Meanwhile the investigation of the 
E. coli system is being pursued with ex
periments that promise to yield further 
insights. The way in which the vaguely 
characterized protein agents and guano
sine triphosphate are involved in the ini
tiation of a polypeptide chain is being 
explored. Much work is under way on 
analyzing the sequence of nucleotides in 
natural messenger RNA's, with a view 
to determining whether or not AUe or 
eue constitutes a complete coding sig
nal for protein initiation. We are search
ing for differences between the formyl
atable and unformylatable varieties of 
methionine tRNA, in their nucleotide 
sequences and in their three-dimen
sional structures, that may throw light on 
their' respective interactions with the 
ribosomes. 
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The hope of doing each other some good 
prompts these advertisements 

The education market 
In addition to the very bright and fictitious young man with 
whom we exchange correspondence below, we know a very 
real and alert young citizen from the center of our city who 
can scarcely read the simplest words, though she is almost 9. 
It comes so hard because in the lives of the parents she loves 
and who surely love her, reading and writing play hardly any 
part. That leaves only school to give these capabilities inter
est and importance. Philosophical argument won't sway 
Helen but something had better work. 

Some 80 kids from Helen's part of town are bussed 20 
miles east each morning to join the other pupils in the Dem
onstration School of State University College at Brockport. 
The Demonstration School serves its usual functions in a 
teacher-training institution and is furthermore examining 
approaches to prepare suburban educators for integrated 
education. Troubles with reading as bad as Helen's can turn 
up in college faculty offspring, even if differently caused. 

An office in the Demonstration School is occupied this 
academic year by a man who is on the payroll not of the 
State University of New York but of the Kodak Research 
Laboratories, which have been concentrating for the past 
55 years almost exclusively on the application of chemistry 
and physics to photography. It is a strange move on our part, 
isn't it? The man has been instructed to observe new educa
tional concepts at work and find projects where Kodak's 
resources might be further utilized in solving the present
day problems of education. We hope he finds some. 

* * * * * 

Two other men from the Kodak Research Laboratories have 
successfully completed a more familiar and easier project. 
They have announced discovery of a new screen material 
that makes projected images at least six times brighter than 

screens currently available. Remarkable changes can be 
effected in the microstructure of certain sheet aluminum 
alloys to deliver the high reflectance only in the solid 
angle wanted. * * * * * 

An ad that has just appeared in a teachers' magazine says 
" ... Brighter than you can imagine. We call it the KODAK 
Projection SUNSCREEN. Leave room lights on, windows un
covered, and still watch sharp, bright movies. There'll be no 
more squirming and giggles in the dark. This high-intensity 
screen makes both color and black-and-white movies abso
lutely brilliant. it's built into the cover of every KODAK 
EKTAGRAPHIC 8 and Sound 8 Projector. For details, write 
for Bulletins V3-8 and V3-9 [to Eastman Kodak Company, 
Motion Picture and Education Markets Division, Rochester, 
N.Y. 14650]." * * * * * 

The question still remains: will Helen learn to care about the 
difference between "MEAT" and "BEAT"? 

Doesn't everybody know this? 
Although KODACHROME Film and EKTACHROME Film in 135, 
126 (such as you need for the KODAK INSTATECH Close-Up 
Camera) and roll film sizes are primarily for processing to 
color slides, we also offer a service in making color prints 
and enlargements from them in sizes up to 11 x 14". 

On the other hand. KODACOLOR-X Film in these same 
camera sizes is primarily for prints and enlargements. If you 
like what you see in the prints, we can make you projection
mounted slides from any of them. 

The various options quickly grow most complex, but it seems 
to be something of a service to remind you that they exist. It is 
our earnest hope that the dealer will do a good job of explaining 
them if you should find a need to take all interest ill the subject. 

Dear Mr. Small: 
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d ,.w-O.te.& .6pf rfn /,,u, � -""'j";fU';'" �we4.?rn<-nZ � 

� �u-a.t. � ,  ,; """" � � 
�;t/.d Z0>u-,.d<.,;., � �1n-arl.<.A-� 
CVita.0'L � ok.<d:. � � 
;tkd � ;6Ju � .  a, J .!u.x- t< .... � Pc 

pI� ,p � J.Ju.;& � � �w "I"'" � 
� � ".d � .Je..;,.M � �Ar � � 
�£.gU�06- � �,�o.i.t.<r�k�. 

���-A<Mf����.u...k.k-r 
.w/..y � M.,.'.( � � � ;tf... � ha..,.,... � 
� <m. .it... pt." �.;. �'4.� � � ;th � � 
� .tI ....... pI�� .d<.a.t. 

� M/V'( .i;w.ty. 
� kJ..e 

You sound like the sort of person who is going to be taking charge of 
things in the comparatively near future and we had better not kid around 
with you. 

As a matter of fact we have been working hard for years on film for 
direct electron recording of cathode-ray images. We have even sold a 
little of it, but not much. It seems to be a very good way to pack infor
mation at megacycle frequencies into far more compact form than mag
netic recording permits. (We assume you are familiar with megacycles.) 
Sale is still small because there is as yet very little equipment around that 
can make use of such film. To the extent that this development is in
volved in the planning of the financial program that you intend to launch 
in 1975, we wish you luck. It may be big then or it may have died. If we 
knew, we'd be bolder now. 

On films for use in the laser art, it is the same old question of how bold 
to be with funds such as you yourself might have already entrusted to 
us (if it had not been for the matter of consent). It seems fairly clear 
that by the time you settle down into the driver's seat, much more of 
what we have already learned in making the film that has kept you 
interested in personal photography will have moved from that area into 
the use of color film technology in dealing with modulated optical fre
quencies. We have the color film technology in pretty good shape, but 
we can't afford to bet it on every horse in the race. It costs an awful lot 
of money to make a few feet of new color film not made before, even if 
you have a pretty good idea of how to make it. Lots of ideas will doubt
less be brought to us in hope of film. We too need a little luck in picking 
winners. 

Very truly yours, 
EASTMAN KODAK COMPANY 
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Leaders are Headline Makers: 
Headline Makers are 

Important TMI Customers 
Tl\ II jet age experience in the art of 
cold-drawing is in a class all by it
self. It is research oriented; it is 
improvement-minded even with the 
most effective methods; it is head
and-shoulders deep into techniques 
and plans that make this new year 
one of exceptional promise. But al
ways, in the service of headline 
makers, Tl\ll stays brimful with ac
tion behind the scene. 

What do we forecast for 1968? 
The most amazing advances in the 
use of slllall diameter stainless and 
special temperature-corrosion resist
ant alloy tubing in more than two 
decades. We are intent on being 
your most dependable tubing source 
so that you can set the best produc
tion-accomplishment goals for the 
new year. 1\Iake those tubing specs 
tough: the tougher the better, by 
the mile or by the foot. Let's show 
America what jet-ability tubing can 

really do in 1968! 

One-Upmanship 

W
ithin the past two months the 
U.S. and the U.S.S.R. have le
vealed that they have taken 

three more steps toward a nuclear holo
caust. Almost seeming to respond to 
the earlier announcement that the U.S. 
would proceed with a "light" antimissile 
defense, Russian sources spoke of a new 
offensive missile delivery system. U.S. 
sources thereupon described first a new 
type of antimissile warhead and then a 
new multi-city missile system. 

The Russian weapon is an orbital 
bombing system. A nuclear warhead is 
fired into a low orbit around the earth. 
At some point-presumably before the 
first orbit is complete-a retrorocket 
slows the warhead, which thereupon 
follows a ballistic trajectory to its target. 
This "Fractional Orbital Bombardment 
System" (FOBS) had been foreshadowed 
by Russian statements as long ago as 
1965 and by Russian rocket tests that in
volved low orbits and early reentry. Sec
retary of Defense Robert S. McNamara 
pointed out that the FOBS trajectory 
would avoid detection by the U.S. early
warning radar system and would make it 
impossible to determine the intended 
target until the "deboosting" rocket fires 
about three minutes before impact. On 
the other hand, he said, accuracy and 
payload size are substantially decreased 
in the FOBS compared with conventional 
missiles, and the U.S. had decided some 
time ago not to develop such a system. 

The first U.S. development is an anti
missile warhead that emits a broad spec
trum of X rays calculated to destroy in
coming missiles outside the atmosphere. 

SCIENCE AND 
Thermonuclear weapons emit large 
amounts of X radiation, and in the vac
uum of space X rays can travel virtually 
without hindrance. If enough of the radi
ation is absorbed by the casing or inter
nal workings of an offensive warhead, 
its electromagnetic energy is converted 
into heat that can destroy the warhead. 
The hitch has been that X rays of differ
ent wavelengths are optimally absorbed 
by different materials; knowing the char
acteristic emissions of a thermonuclear 
explosion, one could supply a shield that 
would soak up the radiation and protect 
the warhead proper. The claim is that 
l'fle proposed "spectrum bomb" will emit 
X rays across a band of frequencies, so 
that no feasible shield would be able to 
absorb them all. 

The second U.S. development, nick
named a "space bus," is a single vehicle 
that can drop off a number of warheads 
one after the other, each aimed at a dif
ferent enelllY city. Such a vehicle repre
sents a step beyond the multiple-war
head missiles discussed in the past, 
which would have delivered several 
thermonuclear weapons in one general 
area. 

The spectrum bomb lends credibility 
to the U.S. decision to establish a light 
antimissile defense. The Russian ad
vance provides a new argument for pro
ponents of a "new generation" of U.S. 
offensive weapons, and the multi-city 
missile promises to be one such new 
weapon. In The New York Times Maga
;:;ine former Deputy Secretary of Defense 
Roswell L. Gilpatric called attention to 
the "inexorable rhythm" of measures and 
countermeasures in the arms race. In 
view of this country's clear present nu
clear superiority any initiative to slow 
the race will probably have to come from 
the U.S., he said, and this is unlikely in 
an election year. 

Ecological Waffare 

Defoliation and crop destruction by 
U.S. forces in Vietnam lllay cause 

civilian casualties and result in long
term agricultural and ecological damage, 
according to Arthur W. Galston of Yale 
University. His article on herbicides is 
part of a special issue on chemical and 
biological warfare of Scientist and Citi
zen, the journal of the Scientists' Insti
tute for Public Information. Galston's 
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THE CITIZEN 
major concern is that widespread spray
ing of herbicides "can affect the land, 
water and living things" that support a 

population. Little is known even of the 
direct effects of herbicides on specific 
plants, and far less of the complex and 
interrelated effects on the ecological 
chains in which the affected plants are 
links. 

Galston reports that some 1.5 million 
acres of land may have been sprayed 
during 1967, including perhaps 5 per
cent of South Vietnam's cultivated acre
age. The primary weapons are two hor
monal preparations, 2,4-D and 2,4,5-T, 
and cacodylic acid, an arsenic com
pound. Aerosols of the first two sub
stances, which are applied extensively 
as jungle defoliants, have often drifted 
and caused inadvertent damage to food 
crops. The cacodylic acid is more dan- -
gerous to man: it is persistent, arsenic 
toxicity is cumulative and arsenic may be 
concentrated in plants. Any herbicide, 
moreover, can have unforeseen effects 
on the biosphere by affecting a food 
chain. For example, derivatives of cer
tain herbicides could kill microorganisms 
on which marine life-an important ele
ment in the Vietnamese diet-feeds. 

As for the direct effects of crop de
struction (with herbicides or by con
taminating or dispersing harvested 
grain), Jean Mayer of the Harvard 
School of Public Health points out that 
in any wartime famine situation a major 
effort is made to keep the armed forces 
decently nourished. Crop destruction is 
therefore unlikely to affect the Vietcong 
militarily. It is a weapon "whose target is 
the weakest element of the civilian pop
ulation": children, the elderly, and preg
nant and lactating women. 

Milton Leitenberg, a biochemist on 
the Scientist and Citizen staff, considers 
a different form of biological warfare: 
the delivery of disease-producing or
ganisms such as bacteria and viruses. He 
reviews the U.S. military research pro
gram in this area and in particular the 
implications of new discoveries concern
ing the transfer of multiple drug re
sistance from one strain of bacteria to 
another (see "Infectious Drug Resist
ance," by Tsutomu vVatanabe; SCIEN
TIFIC AMERICAN, December, 1967). Lei
tenberg states that workers at the U.S. 
Army Chemical Corps' center at Fort 
Detrick in Maryland have succeeded in 

ROLAMITES - A combination of the basic roller and band into a startlingly 
simple suspension geometry - promising dramatic effects upon mechanical 
and electromechanical design and application. 

ROLAMITES - A product of responsible individual initiative in an atmosphere 
of team project work at Sandia. 

Recent outstanding graduates interested in v.:0rking in �his kind of creative 
atmosphere, write Employment Division, Sandia Corporation, P.O. Box 5800, 
Albuquerque, New Mexico 87115. Sandia is an equal opportunity employer. U.S. 
citizenship is required. 

If you want more information about Rolamite, write AEC/Sandia Office of Indus· 
trial Cooperation, P.O. Box 5800, Albuquerque, New Mexico 87115. 

We assist America in the pursuit of peace - We serve Science in its pursuit of 
new knowledge. 

SANDIA LABORATORIES 

OPERATED FOR THE U.S. ATOMIC ENERGY COMMISSION BY SANDIA CORPORATION 

@ A BELL SYSTEM SUBSIDIARY I ALBUQUERQUE. NEW MEXICO; LIVERMORE. CALIFORNIA; TONOPAH. NEVADA 
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transferring extrachromosomal resistance 
factors into a number of militarily sig
nifican t bacterial strains. 

Third Second 

H ow long is a second? Putting aside 
poetical and other subjective assess

ments, this fundamental unit of time is 
now defined in terms of induced atomic 
oscillation as "the duration of 9,192,631,-
770 periods of the radiation correspond
ing to the transition between two hy
perfine levels of the fundamental state 
of an atom of cesium 133." The defini
tion was adopted in October at the 13th 
meeting of the General Conference on 
Weights and Measures to convene since 
uniform international standards of mea
surement were first established in 1875. 

As a matter of convention, time is mea
sured in terms of the daily rotation of 
the earth. Thus the first sCientifically 
defined second was declared to be one 
86,400th of a mean solar day. The 
earth's rotation soon proved too erratic 
to serve as a useful standard; since the 
year 1900, for example, cumulative er
ror on the order of about one part per 
100 million has made the time told by 
counting the earth's rotations lag 30 sec
onds behind the time told by counting 
its annual revolutions around the sun. 
Plagued for decades by this inconsist
ency, the International Committee on 
Weights and Measures in 1956 revised 
the formal definition of a second from a 
sizable fraction of a solar day to a very 
small fraction (1/31,556,925.9747) of 
the tropical year. 

The 1956 second, known as the 
ephemeris second, is accurate within a 
few parts per billion, but because it is 
based on astronomical observations av
eraged over several years it is not easy to 
use for the measurement of unknown 
time intervals by direct comparison. Be
cause the duration of the third, or atom
ic, second is measured in units of fre
quency, it can readily be compared with 
laboratory oscillators, and the precision 
of such comparisons is better than one 
part per 10 billion. Indeed, a pair of ce
sium resonators built in separate labora
tories will agree to within a few parts per 
100 billion-equivalent to a cumulative 
error of only one second per 3,000 years. 

Yes, No, Don't TVant to Know 

A strong ca�tion against attaching too 
much weIght to polls of public opin

ion, particularly concerning political is
sues, has been expressed by Leo Bogart, 
president of the American Association 
for Public Opinion Research. His presi-
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dential address to the group is published 
in Public Opinion Quarterly. Bogart 
suggests that many of the people ap
proached by pollers really have no opin
ion on the issue in question and indeed 
often do not want to have one. "'Don't 
know' in response to a survey question," 
he writes, "often means 'Don't want to 
know,' which is another way of saying, 
'I don't want to get involved.' " In many 
such cases the attitude reflects the re
spondent's feeling that the issue is no 
responsibility of his. 

Even when a respondent does give an 
opinion, Bogart continues, it is quite 
likely to have been formed on the spot 
and to be based on limited or erroneous 
knowledge of the factors involved in the 
issue. The question then arises, he says, 
of how sensitive a public official should 
be to polls, knowing that they reflect 
many hastily formed and readily change
able opinions that in numerous cases are 
based on fragmentary knowledge. Bo
gart's answer is that "if, as is often the 
case, a substantial percentage of the 
public is uninformed about and uninter
ested in a subject, then actions contrary 
to the apparent will of the polled ma
jority may nonetheless fall within the 
latitude that a compliant body politic 
permits its leaders." 

Bogart sees a valuable role for surveys 
in ascertaining the extent of public ig
norance on matters of fact. "We measure 
public opinion for and against various 
causes, with the 'undecided' as the resi
due," he says. "Often what we should be 
doing instead is measuring the degrees 
of apathy, indecision or conflict on the 
part of the great majority, with the opin
ionated -as the residual left over." 

Holography by Sound 

For the past 18 months or so workers 
at a number of research laboratories 

have been trying-with varying degrees 
of success-to extend the optical tech
nique of holography, or photography by 
wave-front reconstruction, to the realm of 
sound waves. The results of one such 
investigation are reported in a recent 
article in The Journal of the Acoustical 
Society of America by Alexander F. 
Metherell, Hussein M. A. EI-Sum, John 
J. Dreher and Lewis Larmore of the Ad
vanced Research Laboratories of the 
Douglas Aircraft Co. 

In the experiments performed by 
Metherell and his colleagues the object 
to be "photographed" was placed be
tween a high-frequency sound source 
and a scanning microphone, which was 
moved in a plane at right angles to the 
object and the sound source. The sound 

energy picked up by the scanning micro
phone was converted to light energy by 
connecting the microphone to a cathode
ray tube. The hologram, or interfer
ence pattern, produced on the tube by 
the disturbed sound wave from the ob
ject was then photographed. When the 
resulting photographic transparency was 
"developed" by shining coherent laser 
light through it, a three-dimensional 
image of the object was produced. 

Although such acoustical holograms 
taken in air do not show as much detail 
as optical holograms, the acoustical tech
nique may be more useful in special sit
uations-such as under water, where 
sound waves can penetrate much farther 
than light waves. According to Metherell 
and his colleagues, the advantages of 
acoustical holography over other acous
tical image-formation techniques (such 
as sonar) are "simplicity, the reconstruc
tion of the image in three-dimensional 
form, the enormous depth of field, the 
insensitivity to the turbulence and tur
bidity of the medium, and the capability 
of retrieving the information about the 
target from discrete sampling points. " 

Other possible applications of acous
tical holography include medical diag
nosis (instead of X rays), geological pros
pecting and nondestructive testing. The 
Douglas group has also outlined a meth
od for making acoustical holograms in 
color. 

Interlocked DNA 

It has been known for some time that 
the genetic material deoxyribonucleic 

acid (DNA) occurs not only in the nu
cleus of the cell but also, in small 
amounts, in the extranuclear bodies 
called mitochondria, which provide ani
mal and plant cells with most of their 
energy. Although the function of the 
mitochondrial DNA is unknown, it pre
sumably has the same role as nuclear 
DNA: to provide instructions for the 
synthesis of protein. Normally the DNA 
extracted from mitochondria is in the 
form of a ring. It has now been discov
ered by Jerome R. Vinograd and his as
sociates at the California Institute of 
Technology that molecules of DNA from 
mitochondria sometimes form chains con
sisting of two or more interlocking rings. 

These catenate, or chainlike, forms of 
DNA have been isolated from the mi
tochondria of several species, but the 
best-studied examples have been ob
tained from two kinds of human cell, 
both associated with cancer. The first 
chains were obtained from a widely cul
tivated laboratory strain of human cells 
known as HeLa cells. Subsequently 
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Type S 

All components 
shown actual size 

Only the new 
Allen-Bradley Type S cermet trimming 

resistors have all these features 
• VIRTUALLY NO BACKLASH 

shown twice actual size 

The Allen-Bradley Type S is a one turn 
cermet trimmer in which you will find 
incorporated a wider range of features 
than in any other trimmer now on the 
market. Here are a few of the more 
important features. 

• WIDE TEMPERATURE RANGE from 
-65'C to +150'C 

".-.-.. , 

• COMPACT-body is %" dia. 

• BUILT FOR EITHER TOP OR SIDE 

ADJUSTMENT 

• 50 OHMS THRU 1 MEGOHM 

• TH E SEALED U NIT is immersion-proof 

• TEMPERATURE COEFFICIENT less 

than 250 ppm/"C over all resistance values 
and complete temperature range 

• UNIQUE ROTOR DESIGN provides ex

ceptional stability of setting under shock 

and vibration 

• SMOOTH CONTROL, approaches infi

nite resolution 

• PIN TYPE TERMINALS for use on 

printed circuit boards with a 1/10" pattern 

• RATED Y, watt @ 85'C 
• EXCEPTIONAL STABILITY under high 

temperature or high humidity 

• MEETS OR EXCEEDS ALL APPLICA

BLE MIL SPECS 

• COMPETITIVELY PRICED! 

You'll find the new Type S trimmer 
equal to the traditional Allen-Bradley 
quality. You really ought to know 
more about the Type S. Won' t you 
write for detailed specifications? Allen
Bradley Co., 222 W. Greenfield Ave., 
1\ (ilwaukee, Wis. 53204. In Canada: 
Allen-Bradley Canada Limited. Ex
port Office: 630 Third Ave., New York, 
N. Y., U.S.A. 10017. 

• ALLEN - BRADLEY � QUALITY ELECTRONIC COMPONENTS 
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This IBM physicist is working to 

reduce the cost of 

data processing even more

before some other company does a 

Back in 1950, the cost of processing 35 thousand computer instructions 

was one dollar. Today, one dollar processes 35 million instructions. 

What has driven the cost down? The work being done by IBM's 

Dr. Sol Triebwasser and his associates may give us a clue. 

In an oven and camera-filled laboratory, physicist Triebwasser 

and his colleagues are developing new methods to make the micro

scopic parts inside a computer even smaller. 

"Smaller parts mean faster computer speeds because the elec

tronic impulses travel a shorter distance-more work in less time. 

"In the last ten years," says Dr. Triebwasser, "competitive research 

in the industry has taken computers from bulky vacuum tubes to tran

sistors so tiny that 50,000 of them would fit in a thimble. As the 

parts have shrunk, so have processing costs. 

"And we must find ways to make data process

ing even more economical. In today's compet

itive world, we can't afford not to." 

IBM 
® 
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Joseph PriestleJI 
11733-/804) 

Woodcan'illg by William Rallsom 
Photographed by Max Ym",o 

" ... whenever a new property of any substance is discovered, it appears to have 
connections with other properties, and other things, of which we could have no 
idea at all before; and which are, by this means, but imperfectly announced to us. 
Indeed, every doubt implies some degree of kllowledge; and while nature is a 
field of such amazing, perhaps boundless extent, it may be expected that the more 
knowledge we gain, the more doubts and difficulties we shall have; but still, since 
every advance in knowledge is a real and valuable acquisition to mankind, in 
consequence of its enabling us to apply the powers of nature to render our situa
tion in life more happy, we have reason to rejoice at every new difficulty that is 
started; because it informs us that more knowledge, and more advantage are yet 
unattained, and should serve to quicken our diligence in the pursuit of them. Every 
desideratum is an imperfect disco\'ery,'" 

I Joseph Priestley, The History alld Presellt State of Discovl'fies Relatillg to 
Visioll, Light, alld Colollrs, London, 1772, p. 773. 

INTERAC TIONS OF DIVERSE DISCIPLINES 
The interrelations of properties and the implications of the interrelations, which Priestley 

wrote about in the 18th century, are found in 20th century systems. Alternative combina

tions of the elements of systems-equipments, procedures, or people-are frequently so 

numerous that the optimal combination may elude discovery by any means other than sys

tems analysis. 

More than half of Planning Research Corporation's 700 professional staff members 

are experienced systems analysts in addition to their separate disciplines in the sciences, 

engineering, economics, and mathematics. On mullidisciplined teams they are finding solu

tions to the most complex social, technical, and economic problems of our day; solutions 

that result in ordered systems and that do so within the limits of widely varying constraints. 

For further information on Planning Research, one of the oldest and largest systems 

analysis organizations in the nation, write to Mr. Stuart A. Krieger, Executive Vice President. 

PLANNING RE SEAR CH COR POR ATION 
Home office: 1100 Glendon Avenue, Los Angeles, California 90024 
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similar chains were found in white blood 
cells obtained from three patients with 
leukemia. 

In an article in Nature describing 
these unusual structures, Vinograd and 
David A. Clayton propose that the in
terlocking rings are produced when the 
DNA molecule is being replicated, or 
perhaps during recombination, a proc
ess in which two molecules of DNA 
exchange parts. Vinograd and Clay
ton visualize several simple schemes in 
which two rings of DNA could become 
intertwined as a result of breaking and 
recombining. The interlocked structures 
show up clearly in electron micrographs. 
Although structures containing two 
interlocked rings have been found in 
the mitochondria of normal human sub
jects, the investigation to date suggests 
that the DNA catenates, particularly 
those with several rings, are more fre
quent in the leukemic patients. 

Cells of Mice and Men 

The Rrst hybridization of normal hu
man cells with those of another ani

mal has been demonstrated by Mary C. 
Weiss and Howard Creen of the New 
York University School of Medicine. The 
hybrid cells developed spontaneously 
when human Rbroblast cells were grown 
together with mouse Rbroblast cells in 
a special culture medium. Limited suc
cess had been achieved earlier in hy
bridizing the cells of man and mouse 
by using cultures of cancer cells and em
ploying a virus to fuse the two species of 
cell together. These fused hybrids under
went only a few cell divisions and thus 
did not yield established lines of hybrid 
cells. 

The N.Y.U. workers report in Pro
ceedings of the National Academy of 
Sciences that their hybrid colonies 
of man-mouse cells grew successfully 
through more than 100 generations over 
a period of four to six months. All or 
nearly all the mouse chromosomes ( 51) 
were duplicated in the hybrid cells gen
eration after generation, but the number 
of human chromosomes (normally 46) 
dropped after several generations to be
tween three and 12. From the viewpoint 
of the investigator this is an advantage 
because it reduces the complexity of the 
biochemical reactions that are potential
ly traceable to the human genes. Thus 
in the N.Y.U. experiment the original hu
man cells had the ability to synthesize 
the enzyme known as thymidine kinase, 
whereas the mouse cells lacked that 
ability. Since the hybrid cells grew suc
cessfully in a culture that required thy
midine kinase, the N.Y.U. workers con-

cluded that the human gene (or genes) 
responsible for making thymidine kinase 
must be located in a small number of hu
man chromosomes present in the hy
brids. By the same token, the hybrid 
cells resisted infection by poliomyelitis 
virus, indicating that the virus was un
able to penetrate the cell membrane, be
cause of either a lack of essential human
cell elements or interference by mouse 
cell elements. 

Altitude and Athletics 

�hletes planning to compete in the 
Olympics in Mexico City this year 

may need months of acclimatization to 
the thin air of the city if they hope to 
be at their best for the games. The pos
sibility is indicated by Rndings involving 
six middle-distance runners who under
went four weeks of tests at sea level in 
England followed by four weeks of simi
lar tests in Mexico City, where the al
titude is 7,4 50 feet. The work is report
ed in the Journal of Physiology by L. C. 
C. E. Pugh of the National Institute for 
Medical Research in London. 

The tests included time trials at dis
tances of a mile and three miles and Rve
minute periods of heavy exercise on an 
ergometer, an apparatus on which the 
men pedaled while various physiological 
measurements were made. During the 
Rrst week of tests in Mexico City the men 
were 8.5 percent slower on the three
mile run than they had been in England 
and 3.6 percent slower on the one-mile 
run. At the end of the four weeks in Mex
ico City the differences were 5.7 percent 
and 1.5 percent respectively. On the 
ergometer the maximum intake of oxy
gen was 14.6 percent lower on the sec
ond day in Mexico City than it had been 
in England; on the 27th day the differ
ence was 9.5 percent. 

Pugh found that the reduced density 
of the air in Mexico City conferred one 
benefit: the resistance it presented to 
the runners was less than they had to 
overcome at sea level, and so they were 
able to counteract slightly the otherwise 
adverse effect of the reduced oxygen 
content of the air on their running times. 
Nonetheless, Pugh said, "an athlete's 
chances of success in international games 
at an altitude of 2,270 meters would de
pend to an important degree on ... the 
time allowed for acclimatization; what 
the end point in acclimatization would 
be, and how long it would take to reach 
it, are matters for further investigation, 
but the present results are in line with 
the accepted physiological view that the 
time required for full acclimatization is 
a matter of months rather than weeks." 
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With sound under 10,000 ft. of water. 
Mooring buoys go overboard to help position a 
giant-size Bendix transducer above the ocean floor, 
almost 2 miles down, It will receive or respond to 
signals for research in acoustic navigation. 

With a finished part in 36 sec. It's typical of the 
way Crushtrue® grinders reduce machining time on 
metal parts. And Bendix abrasive machining methods 
eliminate preforming operations and the need for 
finish grinding-with one plunge of the wheel. 

Photo: Northrop Corporation 

With automatic altitude reporting. 
New Bendix airborne computer systems 
help close the information gap in air traffic 
control. They instantly correct for errors in 
measured pressure and provide the correct 
altitude data forthe pilot and ground control. 

With circuits that can run on air. Bendix is a pioneer in 

fluidics, the new technology in which gases and liquids 

are forced through channels to perform electronic-like 

functions. More and more sophisticated fluidic circuits, 

like this art master 50 times actual size being checked by 

a Bendix technician, are being developed for cars, ma

chine tools, power plants, aircraft and other applications. 

They're tough, reliable, maintenance-free, spark-free 

and inexpensive when mass-produced from low-cost 

materials. Today Bendix is making fluidic systems so 

rugged you can heat them to 1,200°F.-so small you can 

hold them in your hand. The technology is new. Our role 

in it isn't. The heart of our business is creating ideas and 

developing them to maximum usefulness - whether 

we're serving as manufacturers, creative engineers or 

professional problem-solvers for industry and govern

ment. The Bendix Corporation / Fisher Bldg. / Detroit, 

Michigan 48202. 

With full power hydraulic brak
ing. This Bendix advancement, 10 
years in development, gives trucks a 
complete dual brake system. It retains 
front-wheel hydraulic pressure if there's 
a failure in the circuit to the rear-and 
vice versa. Other advantages over pres
ent systems include faster response 
time, reduced driver fatigue and less 
maintenance, 

Where ideas unlock the future 
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Remote Sensing of Natural Resources 
Se(Jeral de(Jices are now a(Jailable to supplelnent the aerial camera 

in detecting natural resources fr01n a irpla nes and spacecraft. They 

include radar, ganuna ray detectors and sensors of i1�frared energy 

Apressures on natural resources in
crease, because of growing popu
lations and rising standards of liv

ing, it becomes steadily more important 
to manage the available resources effec
tively. The task requires that accurate 
inventories of resources be periodically 
taken. Until as recently as a generation 
ago such inventories were made almost 
entirely on the ground. Geologists trav
eled widely in exploring for minerals; 
foresters and agronomists examined 
trees and crops at close hand in order to 
assess their condition; surveyors walked 
the countryside in the course of prepar
ing the necessary maps. The advent of 
aerial photography represented a big 
step forward. 'Within the past few years 
the making of aerial photographs has 
been augmented by a new technique, in 
which sensing is done simultaneously in 
several bands of the electromagnetic 
spectrum. The name often given the 
technique is remote sensing. In its full
est form the technique ranges through 
the spectrum from the very short wave
lengths at which gamma rays are emit
ted to the comparatively long wave
lengths at which radar operates. In this 
way one can secure far more informa
tion about an area than can be obtained 
with conventional photography, which 
is limited to the visible-light portion of 
the spectrum. 

Remote sensing can be done from air
craft or spacecraft, including unmanned 
satellites. It employs cameras and a 
number of other sensing devices. To 
some extent the data obtained by the 
sensing devices can be processed and in
terpreted automatically, so that a large 
volume of information can be dealt with 
rapidly. 

The information thus obtained is use
ful to investigators in many diSCiplines. 
Geologists use remote senSing to find 
deposits of minerals and petroleum, to 
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by Robert N. Colwell 

improve their understanding of the dis
tribution and origin of major geological 
features and to study the exchanges of 
energy associated with such crustal dis
turbances as earthquakes and volcanic 
eruptions. Soil scientists can take inven
tory of the important physical and chem
ical characteristics of soils by relating 
these characteristics to the geological 
features and the types of vegetation 
found on images obtained by remote 
sensing. Foresters and agriculturists can 
determine what kinds of trees and plants 
are growing in an area, can assess the 
health of the forest or crop and can esti
mate harvests. Similar information can 
be obtained by workers interested in 
populations of livestock, wildlife and 
fish. 

By means of remote sensing hydrolo
gists can locate useful aquifers and can 
estimate the volume of surface and sub
surface Row in watersheds. Oceanogra
phers can map the movements of ocean 
currents, marine organisms and water 
pollutants. They can study in detail the 
daily and seasonal changes in tides, 
shorelines and the state of the sea. Ge
ographers can analyze land-use patterns 
over broad areas and can study the in
terplay of climate, topography, plant life, 
animal life and human activity in a par
ticular area. Engineers planning large 
construction projects such as highways, 
airports and dams can obtain data on 
landforms, rock materials, soils, types of 
vegetation and conditions of drainage. It 
goes almost without saying that remote 
senSing in various parts of the spectrum 
is invaluable to map makers in their ef-

forts to identify ground features and to 
position them accurately. 

The earliest aerial photographs, made 
somewhat more than a century ago, suf
fered from the deficiencies of the cam
eras and em ulsions and from the neces
sity of using such unsteady vehicles as 
balloons and kites for platforms. Today 
the array of equipment available for re
mote sensing can be matched to almost 
any requirement. vVhatever the plat
form-helicopter, airplane or satellite
the camera can be mounted so that it is 
stabilized against roll, pitch and yaw and 
insulated against vibration. The aberra
tions of the lenses in cameras have been 
greatly reduced so that sharp images 
can usually be obtained. Roll £1m of high 
dimensional stability has almost entirely 
replaced emulsion-coated glass plates. 
Several kinds of color fiLn are available 
to augment or replace black-and-white 
film in both the visible and the infrared 
portion of the spectrum. 

Remote-sensing Equipment 

Among the many types of equipment 
developed for remote sensing, six show 
the most value or promise for the inven
tory of natural resources. They are the 
conventional aerial camera, the pano
ramic camera, the multiband camera, 
the optical-mechanical scanner, side
looking airborne radar and the gamma 
ray spectrometer. 

A conventional aerial camera has four 
basic components: a magazine, a drive 
mechanism, a cone and a lens [see top 
illustration on page 58]. The magazine 

CENTRAL AUSTRALIA'S characteristic topography appears in the photograph on the op
posite page, made from the Gemini V spacecraft on August 27, 1965. The spacecraft was at 
an altitude of 165 miles; the area shown is west of Alice Springs. An experienced interpret· 
er can use such a photograph to obtain information about a variety of natural resources and 
land uses. Some ways the photograph can he interpreted are illustrated on pages 56 and 57. 
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MAIN FEA TURES of the Gemini photograph (see key on opposite 

puge) include two geological formations indicative of sedimentary 

FURTHER INTERPRETATION of the Gemini photograph led to 
tlie conclusion that C, known as Gosse's Bluff, is a meteorite crater 

SOIL RESOURCES ascertained from study of the Gemini photo. 
graph include E, show n in a low.angle view at left; dllnelike pat· 

YEGETATION BOUNDARIES appear more distinctly in the 
Gemini. photograph than in low-angle views. G, at left, is a bound-

rocks. A, at left, ,;hows steeply dipping beds in the MacDonnell 
Range; B, at right, shows eroded rocks in the Waterhouse Range. 

(left). The region marked D on the spacecraft photograph and 
shown at right above has several features that indicate alluvial soil. 

terns suggest a sandy soil. F, at right, is a dry lake bed; there 
the interpreter would predict the existence of heavy clay soils. 

ary between nIuIga, a type of acacia tree, and spinifex, a grass. H, 
at right, is a boundary between Mitchell grass (yellow) and spinifex. 
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is the light-tight box that holds the film. 
Usually it can be detached from the rest 
of the camera. The film is ordinarily in 
the form of a continuous roll 9% inches 
wide and 200 feet long. Such a roll will 
accommodate about 250 exposures, each 
nine inches square. 

The drive mechanism is a series of 
cams, gears and shafts designed to move 
the film from the supply spool to the 
take-up spool. As the film moves, rollers 
guide it over the front surface of a locat
ing plate. One of the rollers is designed 
to meter the amount of film passing from 
the supply spool to the take-up spool 
between exposures, thereby providing a 
correct and uniform spacing of exposures 
on the roll of film. 

During an exposure, suction is cre
ated behind the locating plate by means 
of a venturi tube or a special vacuum
cylinder-and-piston apparatus built into 
the magazine. The suction, transmitted 
to the film through small perforations 
and grooves in the locating plate, holds 
the film in a Bat plane against the locat
ing plate at the instant of exposure. 
In this way distortions that would be 
caused by wrinkles in the film at the 
moment of exposure are minimized. 

The cone is a light-tight unit that holds 
the lens in the correct relation to the 
film. The length of the cone is governed 
by the focal length of the lens, which is 
essentially the distance from the center 
of the lens to the film. It is not unusual 
for a magazine to have interchangeable 
cones to accommodate lenses of differing 
focal lengths. Most of the aerial photog
raphy done for the inventory of natural 
resources uses focal lengths of six, 8J4 or 
12 inches. 

The lens is a compound one that is 
carefully designed to cast an undistorted 
image on the large area of the film. 
Aerial cameras usually have fixed-focu; 
lenses with the focus at infinity; the 
camera is used so far above the ground 
that such a focus will provide a sharp 
image of all objects on the ground. In 
most aerial cameras the shutter is be
tween the front and the rear elements of 
the lens. The drive mechanism of the 
camera recocks the shutter automatically 
after an exposure. 

The panoramic camera [see bottom il
lustration on next page] makes it pos
sible to photograph a large area in a 
single exposure at very high resolution, 
meaning with a high degree of sharp
ness of image in every part of the photo
graph. The camera meets a need but cre
ates some special problems. In order to 
get a sharp image when photographing 
large areas, one paradoxically needs a 

narrow angular field so as to minimize 

aberrations of the lens. Such a field is 
provided in the panoramic camera by a 
narrow slit in an opaque partition near 
the focal plane of the camera. The slit is 
parallel to the camera platform's line of 
Bight. With such a slit, however, one 
will be able to photograph only a narrow 
swath of terrain unless the optical train 
of the camera is equipped to pan, or 
move from side to side, as the aircraft 
advances. The optical train of the pano
ramic camera is designed to make such 
movements. 

On the other hand, for the panoramic 
camera to maintain a uniformly clear 
focus as the optical train moves, the 
frame of film being exposed must be 
held in the form of an arc instead of 
being kept Bat as in a conventional cam
era. With the film in an arc the pho-

tographic scale becomes progressively 
smaller as the distance of objects on the 
ground increases to the left and right of 
the Bight path. In some applications the 
scale problems outweigh the advantage 
of a panoramic field of view, so that it is 
preferable to use a conventional camera. 

Related Devices 

The multiband camera makes photo
graphs simultaneously in several bands 
of the spectrum. In essence it provides a 
variety of lens, filter and film combina
tions, each designed to obtain maximum 
information from a particular band. A 
typical camera might have nine such 
combinations [see illustrations on page 
59]. Together the lenses give the cam
era a capacity to sense in the range of 

PRINCIPAL FEATURES of the Gemini photograph on page 55 are identified. The arrows 
show direction in which the low-angle aerial photographs 011 the opposite page were made_ 

57 

© 1967 SCIENTIFIC AMERICAN, INC



TAKE-UP SPOOL ____________ IPLY SPOOL 

o o 

ROLLER 

F I LMV 
CONE 

LENS 

CONVENTIONAL AERIAL CAMERA uses film in roll form and can make about 250 ex· 
posures, each nine inches square. Magazine holds the film. Cone positions lens with respect 
to the film, at a distance governed by the focal length of the lens. Film being exposed is held 
flat against a locating plate to minimize distortions and provide uniformly sharp images. 
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PANORAMIC CAMERA was developed to provide sharp aerial photographs of large scale. 

Since the camera must have a long focal length it must also have a narrow angular field. As 
a result it requires a scanning mechanism that moves the lens barrel to left and rig.ht. At any 
instant during the course of a scan only light passing through a narrow slit falls on the film. 

58 

wavelengths from .4 to .9 micron, which 
is to say throughout the visible spectrum 
and into the very near infrared. All nine 
shutters click simultaneously, thus yield
ing nine photographs, each with tonal 
values that are distinctive for its portion 
of the spectrum. Study of distinctive 
tonal values in nine photographs of an 
area enables the interpreter to determine 
a "tone signature" for each type of ob
ject. As a result he obtains much more 
information about the area's natural re
sources than he could obtain from any 
one of the photographs. 

The optical-mechanical scanner meets 
the need for a device that will sense far
ther in the infrared-in what is com
monly called the thermal infrared re
gion. Ordinary photographic film is not 
sensitive to wavelengths in the thermal 
infrared region. It would be possible to 
coat a film with a material sensitive to 
such wavelengths, but then the prob
lem would arise of protecting the film 
from the thermal energy being emitted 
by the camera. Just as the conventional 
camera must be a light-tight box to keep 
light-sensitive film from fogging, so a 
thermal infrared camera would have to 
have a heat-tight box to keep heat-sensi
tive film from fogging. In fact, the box 
would have to be continuously cooled 
almost to absolute zero, which is a prac
tical impossibility for a large airborne 
sensing device. 

Thus a "camera" that translates ther
mal energy directly onto film is out of 
the question. It is possible, however, to 
obtain photographic images of thermal 
energy indirectly, and that is what the 
optical-mechanical scanner does. The 
device uses a detector that consists of a 
coating of some infrared-sensitive ma
terial such as copper-doped or gold
doped germanium on the end of an elec
trical conductor. The material occupies 
an area no bigger than a pinhead. It is 
entirely feasible, even in an airborne sys
tem, to cool this small detector with liq
uid nitrogen for sensing at wavelengths 
of from three to six microns and with 
liquid helium for longer wavelengths. 

A rotating mirror directs to the de
tector energy emanating from the ter
rain. At any instant the mirror views 
only a small segment of terrain. Infrared 
photons striking the detector generate 
an electrical signal that varies in intensi
ty according to the amount of thermal 
energy coming from the part of the ter
rain then being viewed by the mirror. 
The signal, by being converted to a 
beam of electrons, can generate visible 
light, such as the moving luminous spot 
on the face of a cathode-ray tube. The 
spot grows brighter or dimmer in direct 
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MULTIBAND CAMERA has nine lenses and nine film-filter com
binations, each designed to function best in one part of the spec-

� --�-
�!""' . 

MULTIBAND EXPOSURE was made with a multiband camera_ 
The wavelengths of energy represented range from _38 micron (top 

trum_ Camera permits more positive identifications to be made of 
certain natural resources from their multiband "tone signatures_" 

left) to _9 micron (bottom right), which covers not only the visible 
spectrum but also parts of the ultraviolet and near-infrared regions_ 
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PANCHROMATIC VIEW of the Bucks Lake area of the Sierra Nevada was obtained with 
panchromatic film, meaning film that is sensitive to the entire visible spectrum. Such a 
photograph is particularly useful for estimating the density of vegetation and for identify. 
ing certain species of vegetation. The area is part of the one shown in color on page 63. 

RADAR VIEW of the same area is especially useful for discerning types of vegetation that 
appear less clearly in panchromatic view. Radar also shows drainage networks more clearly. 
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proportion to the strength of the electron 
beam. An image of the light is recorded 
on photographic film, and the analyst 
obtains what is in effect a thermal map 
of the ground. 

The scanner is not limited to sensing 
in the thermal infrared region of the 
spectrum. It can provide multiband im
agery in any band from the near ultra
violet through the visible and photo
graphic infrared regions and into the 
thermal infrared. Moreover, in "photo
graphs" made by the instrument the gen
eral shape of ground features is essen
tially the same in every band, so that the 
images can be superposed or otherwise 
compared readily. 

Side-looking airborne radar, common
ly called SLAR, brings to remote sensing 
such valuable attributes as all-weather 
and around-the-clock usefulness and the 
ability to penetrate a cover of vegetation. 
Because radar operates at much longer 
wavelengths than the other equipment 
I have described, however, it does pre
sent difficulties in obtaining high resolu
tion. Recent developments such as SLAR 

equipped with a synthetic aperture sys
tem have brought about large improve
ments in the quality of radar imagery. 

In the SLAR system a transmitting an
tenna in the airplane sends a short pulse 
of microwave energy out one side of the 
plane. The energy strikes a roughly cir
cular area on the ground, and a receiv
ing antenna collects the energy reflected 
back to the plane. The greater the dis
tance from the aircraft to any portion of 
the target, the greater the time delay in 
the return of the reBected signal. By ac
curately measuring the time delay, SLAR 

differentiates the echoes that return to it 
from various small concentric rings. 
Each ring represents the locus of all 
points within the large circle that are 
roughly equidistant from the plane. 

Within any ring there is a spot just 
opposite the aircraft that moves along 
at the same speed as the aircraft. At any 
given time the distance from the aircraft 
to all other points on the ring is either 
increasing or decreasing. Here the Dop
pler effect comes into play: the frequen
cy of the reflected signal changes accord
ing to whether the plane is approaching 
a given point or receding from it. As a 
result the microwave energy reBected 
back to the aircraft from such points 
differs in frequency from the energy 
transmitted to them. The radar receiver 
is designed to accept energy of approxi
mately the same frequency as the initial 
pulse and to reject Significantly different 
frequencies. 

Because of the two discriminating ef
fects-one depending on time delay and 
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the other on the Doppler effect-the ra
dar receiver accepts at any given instant 
only the energy that meets two condi
tions: that it be from the narrow ring 
within which the time delay is such that 
the energy is at that instant striking the 
receiving antenna, and that it be in the 
particular part of the ring that is direct
ly opposite the aircraft-the part having 
almost no relative velocity with respect 
to the aircraft and thus exhibiting no 
Doppler effect. Together the two dis
criminating features provide the syn
thetic aperture. The technique greatly 
improves the spatial resolution of the 
system. 

Radar images are transformed into 
photographic images in the same way 
that photographic images are produced 
by the optical-mechanical scanner. The 
microwave energy is converted to an 
electron beam that operates a cathode
ray tube, and the light is recorded on 
RIm. The density on each portion of ex
posed RIm is in proportion to the bright
ness of the radar signal coming from the 
corresponding spot on the terrain. 

The gamma ray spectrometer func
tions at very short wavelengths-a mil
lionth of a micron or less, compared with 
the billion microns or more at which ra
dar and other microwave sensors oper
ate. The spectrometer is excellen t for 
locating radioactive substances, even 
when it is operated at altitudes of sever
al thousand feet above the ground. It is 
therefore useful in prospecting for min
erals. Moreover, a gamma ray spectrom
eter can be designed to operate in as 
many as 400 different channels, or wave
length bands, so that the instrument has 
considerable ability to differentiate each 
of several radioactive minerals. 

Analysis of Data 

Remote sensing of natural resources 
rests on the fact that every feature of 
the terrain emits or reflects electromag
netic energy at specific and distinctive 
wavelengths. The analyst cannot hope 
to accomplish much in the way of inter
preting the data, however, until he takes 
the time to determine what spectral re
sponse pattern-what multiband tone 
signature-to expect from a given fea
ture. The best means of accomplishing 
this is to set up a test site in which each 
type of feature that is to be iden tified by 
remote sensing is exhibited. By studying 
multiband images obtained from the test 
site the analyst will equip himself to rec
ognize, by their unique spectral response 
patterns, the features that are of interest 
to him in a sensing mission. Ideally at 
least one such test site should be includ-

THERMAL INFRARED image of a site in Yosemite Valley shows several campfires better 
than sensing in other bands would. Thermograph, which senses infrared wavelengths and 
uses them to govern a source of visible light that is recorded on film, was about a mile above 
the valley. Smallest fire detected was one charcoal briquette less than a cubic inch in size. 

ADDITIONAL VIEW of the Yosemite Valley site from the same station was made with the 
thermograph set to function at wavelengths of eight to 14 microns and so brought out vege· 
tation in meadows (right). The fire.sensing thermograph functioned at three to five microns. 

TIMBER RESOURCES stand out in this thermal infrared view of same site. Thermograph 
was set for eight to 14 microns but the image was obtained by day rather than by night. 
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MANGROVE TREES in a swamp near Brisbane, Australia, appear normal in this panchro. 
matic aerial photograph. Sensing in another part of the spectrum told a different story. 

INFRARED VIEW of the same mangroves shows that the trees" at upper left have been dam· 
aged. Mud had been pumped into the basin. Unhealthy trees and crops have a dark tone in 
infrared because of a previsual loss in reflectance at infrared wavelengths of .7 to .9 micron. 
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ed in each sensing flight for calibration 
purposes. 

Eventually it may become possible to 
identify every feature in a given area. 
The technique of sensing in a variety of 
wavelengths promises to speed progress 
toward that objective. As the number of 
spectral bands used in remote sensing is 
increased, the identifying response pat
tern for each natural resource becomes 
more complete and more reliable. 

At the same time the increase in spec
tral bands sensed means that the task 
of analyzing data grows larger. It can 
become unmanageable unless the an
alyst has equipment that helps him to 
correlate the multiband images. The 
problem is that he confronts several 
black-and-white images, each with dis
tinctive tone values for particular fea
tures. He can find himself in confusion 
if he interprets one image, goes on to 
another, refers back to the first and so 
on for a number of images. 

One way to deal with the problem is 
to reconstitute the various multispectral 
black-and-white images into a single, 
composite color image. The usual tech
nique is to project each black-and-white 
image through a colored filter. A battery 
of projectors is used so that all the im
ages can be superposed simultaneously 
on the screen. 

In such a composite image the tone or 
brightness of a ground feature as record
ed in any given spectral band is used to 
govern the intensity of one of the colors 
used in the composite. By varying the 
selection of colored filters the analyst 
can change the color contrast of the com
posite. Often by this means he finds that 
one combination of filters provides the 
best interpretability of one kind of fea
ture, whereas other filters provide better 
interpretability of other features. The 
bottom two illustrations on page 64 are 
composites made in this way. 

A second way of correlating multi
band images is to use a battery of pho
toelectric sensors to scan all the black
and-white images simultaneously. The 
sensors record degrees of brightness. For 
each spot scanned the sensors automati
cally determine a tone signature, which 
in theory will be identifiable with some 
signature established from the test site. 
By this means the analyst can identify 
what features the remote-sensing equip
ment detected on the ground. 

In its ultimate form the technique 
will result in a tape printout indicating 
the objects and conditions encountered 
at every spot in the multiband imagery. 
The method has not been developed to 
that stage, but even at its present stage 
of development it is able to provide 
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WILD·LAND RESOURCES are studied in a test area in the Bucks 
Lake region of the Sierra Nevada. This photograph was made from 
a camera station on a rock 2,000 feet above the lake. The station is 
used to make simulated aerial photographs of a known area. Such 
terrestrial photographs can be used as guides in interpreting simi. 

SAME AREA of the Sierra Nevada is photographed in infrared. 
The film used to make both this photograph and the one on the 
cover of this issue contains a red dye that is sensitive to near·infra. 

·Iar photographs, obtained from aircraft or spacecraft, of regions 
where the wild·land resources need to be identified. A normal color 
photograph is only one of several types of photograph used for 
evaluating resources. Sensings can also be made in other wave· 
length bands of the spectrum to detect different physical features. 

red wa,-elengths of .7 to .9 micron. The false colors often provide 
more scope for interpretation than is possible with other film. 
Largest amounts of infrared energy produce the reddest color. 
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ROCK TYPES are differentiated more clearly in an infrared photo
graph (right) than in a full-color photograph (left) of the same 

LIVESTOCK can often be identified more precisely in an infra
red photograph than in normal color_ Here the same group of live-

RANGELANDS merit study in both normal color and infrared pho
tography_ Two types of forage, bitterbrush and big sage, appear 

SAME AREA of rangeland is shown in a multiband technique. 
Black-and-white pictures, exposed at various wavelength bands, are 

area. The technique may aid in identifying rocks on moon that con
tain hydrated salts and could be a source of water for astronauts. 

stock is photographed in normal color (left) and in infrared (right). 

Test panels appear at the left and right sides of the photograph. 

more clearly in infrared photograph at right than in the normal
color photograph at left. Bitterbrush is bright red; sage, dark. 

projected separately with filters of different colors; the projections 
are combined in single images that bring out significant features. 

© 1967 SCIENTIFIC AMERICAN, INC



enough automatic analysis of images to 
reduce considerably the amount of work 
done by the analyst. The illustrations at 
right show the results of photoelectric 
scanning of an aerial photograph. 

In a third technique the multiband 
sensing system records on magnetic 
tape, rather than on photographic film, 
the signal strength from each object in 
each spectral band. Thereafter the pro
cedure is essentially the same as it is 
in the photoelectric scanning technique. 
The third method provides a complete 
inventory only moments after the re
mote sensors have been flown over the 
areas of interest. It also makes possible 
an analysis of the signal strengths ema
nating directly from the sensed objects, 
�vhereas in the second method the anal
YSis is of signals that may have been de
graded in the process of forming multi
band images of the objects. 

Some Applications 

Against the background of sensing 
equipment and analytical techniques 
that I have described it is possible to 
consider in more detail some of the ways 
in which remote sensing can contribute 
to the management of natural resources. 
Several of the possibilities are illustrated 
in the photograph on page 55, which was 
made from the spacecraft Gemini V and 
shows a large area of central Australia. 
The principal features of the area are 
identified by letters in the black-and
white reproduction of the photograph 
on page 57. 

The southern part of the MacDonnell 
Range [A in the photograph on page 
57J has steeply dipping pm'alIel beds 
that the geologist would recognize as in
dicating the presence of folded sedimen
tary rocks varying in hardness and in 
susceptibility to erosion. The character
istics of the northern part of the range 
would suggest to the geologist that the 
rocks there are igneous or metamorphic. 
Evidence of faulting appears in the lin
ear ridge that runs through the northern 
part of the range. The characteristics of 
the \Vaterhouse Range [B in the iLLus
trationJ suggest sedimentary rocks that 
long ago were folded into an anticline, 
or upfolded structure, and have since 
been eroded to varying degrees. Careful 
study of shadow detail in the vicinity of 
the circular structure known as Gosse's 
Bluff [CJ reveals that it is a hollow out
cropping of rocks that probably resulted 
from the impact of a large meteorite. 

From even this crude interpretation 
of the photograph a mineralogical pros
pector would be able to deduce that 
some of the best prospects for metallic 

�Nl ·lXNNNNNNNNNNNNNNNNNNNNNNNNNNNNN��N� 
NN= =XNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 
�NI· ·XNNNNNNNNNNNNNNNNNN�NNNN��NNNNNNN� 
�NI' ·XXNNNNNNNNNN��NNNNNNNNNNN�NNNNN N XX 
N==' =XXNXNNNNNNNNNNNNNNN��NNNN�NNN�NXXX 
1·" " ·1XX�XN�NNNNNNNNNNNNNNNNNNN�NNN�XX1J 
··1111 'lXXXXXXXNNNNNNNNNNNNNNNNNNNNNNNXXllll 
·'111111XIIIXIIXXXXNNNNN�NNNNNN�NNNNNNNNNNXXX1==I· 
111111XXXXIXXIXXIIXNNNNNNNNNNNNNNNNN�NNNXXX1===== 
1 1111111XX1XXIIIXIIXXXXXNNNNNNNNNNNNNNY.XXX1" ='" 
lllXXXXXXlXXXXXXXXlXXNXXNNNNNNNNNNNNNXXXX1·'=· 
1XXNNNXXXXXXXXXXXIXXXNNNNNNNNNNNNNNNXXX1=·'=" 
lXXNNXXXXXXXXXXXNN�NNNNNNNNNNNXNNNXXX1=··==· 
XXXXXXXXXXNXXXXXNNNNNNNNNNNNNXNNXXXX1=" I= '111 
XXXXXX XXXXIIIXXXNNNXNNNNNNNNNNYXXX11Il===· '1111= 
lXXXXXXllXlXXXNNNNNXNXXNNNNNYXXXllXXX1=· =1111= 
XXXXXIXIIXXXXXXNNNNNYXXXNNNXI1XN11XXX= '1'=11111 
XXXXX1JIXXXXXXXX�NNNNXXXXXXIIXlll==== == 1 1== " = XXXII11I1XXXXXNNNNNNNXXIIIIXXX1 I·· . , . 
1XXXXXIII1IXXXXNNNNNXII IJ11XXX1= ·" " " 1  
lXXXXlXlXX11XNNNXXXXllllJlXX=== 'll1111111J 
JXXXXXX1IJJJINN�X1IJXJIJJIX1" "1" llllll11111J 
JIXXXXXIXJX1111111 XIXX1111'· "===··1111IJ1IJ11J 
Xllll1l11JJ1111111XlXXX=·· '11=' 'll11111111J 
IlJ1JIIJJ11JJlllll11YNN= '111:1='=·'lll1111JI1J 
11111111111Jllll111=l XX= ·1=11===11=·111111111111 

f�ttitffll 1 If! t! ! a'·"·
::���f;II ! 1111Iilflffffftffj 

111111111111::· ·=TT=lJX1=='IXXll11111XX11111J 
11 XX11111l···· ·zTTITT1XXITTTXXXXX11IXNNll111J 
111X11l1l= 'az==TIT1==I===11XXXXl 111XN1=111 J 
111111111'··· ··'a=::: 1 1 T == T ·' zI1XX X XXlll111 l 1TlJ 
111111&:'·111 ···z==TIJT='·'==1111XXNXl1l11111111J 
111111a&'IXX1' =11TT=" T= =Tll11111XX1l111111111 J 
lalll11'·lXXX1·'lllllTTITlll111Tl1111111111111J111 atlll11" 1XXNN111111Tllll J11TT1111111111111111111J 
11111111'lNNNN1l1ll111111J111111111tXXXXXXl111111J 
11111111='=�111XII11Tl11111X1111111tXNNXNN1111111J 
lXXlXXXl�" 'zlXXXXllJXNYlTlXNTJ1111IXNNNXll IIII1 II 
A UTOMATIC ANALYSIS of tonal qualities can be done with a photoelectric scanner. At 
top is a photograph made with a multiband camera. At center is a scanner's print in which 

"N" shows darkest tones and other symbols represent lighter tones. At bottom is an enlarge
ment of the outlined area. Since each natural resource tends to have a uni{flle mllitiband 

tone signature, automatic encoding of tones may lead to autonlatic resonrce inventories. 
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minerals are to be found along the dis
cernible fault lines in the MacDonnell 
Range. The petroleum geologist would 
be interested in the folded anticline of 
the Waterhouse Range. It is equally sig
nificant that the searchers for both met
als and petroleum often can eliminate 
nearly 90 percent of the vast area shown 
in a small-scale photograph as being un
worthy of detailed mineralogical or pe
troleum surveys. Important deposits of 
either kind are rarely found in areas that 
photographically show little geologic 
evidence of their presence. 

The Gemini photograph is also helpful 
in assessing the soil resources of the area. 
For cxample, it can be assumed 'that 
most of the central region [D] has deep 
alluvial soils because there are nearby 
mountain ranges from which alluvial de
posits are likely to have come, because 
the pattern of streams indicates that a 
considerable amount of outwashing ac-

tivity has taken place even though the 
area now seems arid, and because in 
the outwash plains geologic features 
have become so deeply buried, presum
ably by deposited soil, as to be indiscern
ible. In the top left portion of the photo
graph [E] the presence of sandy soil 
is suggested by the dunelike patterns, 
which continue appreciably beyond the 
edge of the photograph. A dry lake 
bed [F] is likely to contain heavy clay 
soils. 

The photograph is of further useful
ness in determining the vegetational re
sources of the area. Even though tbe 
photographic scale is small, several vege
tational boundaries can be seen. One of 
considerable significance [I-I] shows two 
types of grass: Mitchell grass on the left 
and spinifex on the right. Areas of Mitch
ell grass are far better than other grass
land for maintaining livestock. More
over, they normally are indicative of the 

most fertile soils in an area, a point of 
great importance if the objective is to 
find new land to put to the plow. 

In mapping vegetational boundaries 
the lack of fine detail in a photograph 
such as the Gemini one may actually be 
helpful. The fact is evident if one looks 
at the area marked G in the Gemini 
photograph and at the corresponding 
oblique aerial photograph at the bottom 
left on page 56. The boundary is be
tween mulga (a type of acacia tree) and 
spinifex. In the Gemini photograph the 
boundary is clear; in the oblique pho
tograph it is difficult to follow even 
though more detail is discernible there. 

Recently I accompanied Ray Perry of 
the Commonwealth Scientific and Indus
trial Hesearch Organization in a check 
of the ground shown in the Gemini pho
tograph. vVe made the oblique aerial 
photographs that appear on page 56. The 
check showed that the interpretations 

SALTON SEA AREA of southern California appears in a photo, 
graph made from a Gemini spacecraft. The pattern is made by 

farmland. Individual fields as small as 40 acres can be distinguished. 
Many kinds of farm crops can be identified in such a photograph. 
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previously made from the Gemini photo
graph were correct in all respects. 

I have dwelt at length on this single 
Gemini photograph in order to suggest 
the capabilities of spacecraft photogra
phy in the remote sensing of natural re
sources. Since the whole of an area as 
big as Australia can be depicted in a 
short time with a few photographs from 
a spacecraft, the possibilities of the tech
nique are enormous, particularly for the 
vast areas of the world that are yet to be 
developed. Australia is a case in point. 
According to Australian scientists, vir
tually all the significan t geologic, soil 
and vegetational features found in ap
proximately 70 percent of the continent's 
arid regions are represented in the Gem
ini  photograph that I have described. It 
seems evident that one of the best ways 
to produce suitable reconnaissance maps 
for the remainder of underdeveloped 
Australia and for other underdeveloped 

areas of the world would be through the 
use of space photography, supplemented 
as necessary with large-scale aerial pho
tographs and with field checks. 

Additional Applications 

The catalogue of uses for remote sens
ing is extensive. In forestry, for exam
ple, it is possible in small-scale photo
graphs, such as those from spacecraft, 
to delineate the timberland, brushland 
and grassland in a wild area. With prop
er film and filter it is possible to differen
tiate the three major types of timber
hardwood, softwood and mixed wood. 
In larger-scale photographs one can de
termine the size of trees, the density of 
growth and the volume of timber. For
esters also use aerial photographs to de
tect trees that are diseased or infested 
with insects. Aerial photographs can be 
used to help in the. planning of forest 

roads and of means for fighting forest 
fires. 

The management of rangelands is as
sisted by remote sensing. From photo
graphs one can learn the species of veg
etation in an area, together with their 
volumes and their forage value. Photo
graphs also reveal other data pertinent 
to range management, such as watering 
places, salt ground, plants that are poi
sonous to livestock, highly erodible sites 
and areas that need reseeding. 

\Vildlife managers can use aerial pho
tographs for censuses of various kinds of 
animals and fish. The information is im
pOJ·tant in determining the impact of 
hunting, fishing and the works of man on 
fish and wildlife populations. 

Administrators of agricultural pro
grams need information on the type of 
crop growing in each field of a large area, 
the vigor of each crop and the probable 
yield. Where crops lack vigor, the agri-

RADAR IMAGE of farmland in Kansas shows certain types of 
crops more clearly than images from other bands of the spectrum 

could. Lightest fields, for example, contain sugar beets. Clear 
radar images can be obtained day and night and through clouds. 
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ADVANTAGE OF R ADAR in penetrating a dense cover of vegetation to reveal the geolog· 
ic structure of the terrain appears in a radar view of an area in the Sierra Nevada. The 
longer the wavelength at which radar operates, the better the radar penetrates vegetation. 

COM M A N D  A N T E N N A___.. 

SU N - S E NSOR 

UNMANNED S A  TELLITE that will sense data i n  several wave bands and transmit tbe in· 
formation to carth by television may be in operation by 1970.  The U.S. Department of the 
Interior and the National Aeronautics and Space Administration have been working on 
plans for such a spacecraft, to be known as EROS for Earth Resources Observation Satellite. 
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culturist wants to  know what is  wrong. 
All such information can often be ob· 
tained through the interpretation of aeri· 
al photographs if the photographs have 
been made under appropriate conditions, 
including the scale, the type of filter and 
film and the seasonal state of develop
ment of the crops .  

"Vork already done along these lines 
has indicated that the classification of 
crops and land use in six categories will 
suffice for the preliminary assessment of 
almost any agricultural area. The cate
gories are orchard crops, vine and bush 
crops, row crops, continuous cover (such 
as alfalfa and cereal crops) , irrigated 
pasture crops and fallow ground. Each 
of these categories can be recognized by 
an experienced interpreter of photo
graphs; usually he can also make further 
identifications of specific crop types 
within each of the six categories. 

Let us consider the matter of crop 
vigor a little further. The first photo
graphic evidence of loss of vigor due to 
black stem rust in wheat and oats or to 
blight on potatoes is to be found in the 
near infrared part of the spectrum, 
where reHectance rather than emission 
phenomena are of primary importance. 
On positive prints made from infrared 
photography the unhealthy plants regis
ter in abnormally dark tones. The tech
nique is successful even in photographs 
made from spacecraft. Moreover, haze 
does not interfere appreciably with the 
technique because haze is easily pene
boated by the long wavelengths used in 
making infrared photographs. 

\Vater resources are susceptible to a 
degree of management through remote 
sensing. Aerial photography can show 
the area and depth of snowpacks on im
pOltant watersheds at various times of 
the year. By following seasonal changes 
in the snowpack hydrologists can more 
intelligently regulate the impounding 
and release of water in reservoirs. "Va
tershed managers also need to keep track 
of vegetation in order to estimate the 
loss of water to plants. 

Vast ocean areas,' about which a great 
deal remains to be learned, can be sur
veyed by remote sensing, particularly 
from spacecraft. Typically a camera in 
a satellite orbiting the earth can photo
graph a strip 3,000 miles long in 10 min
utes, so that it is easily possible to keep 
track of changes over huge reaches of 
ocean. Among the phenomena that can 
be followed are the How of currents, the 
course of tidal waves and the movements 
of marine animals, kelp beds and ice
bergs. 

Many other applications of remote 
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sensing come to mind; I can only touch 
on them. Numerous archaeological sites 
have been discovered through conven
tional aerial photographs ; it is probable 
that spacecraft photographs will reveal 
still more sites. Tax authorities can use 
aerial photographs to update maps 
showing land use and to spot efforts to 
change a land use without detection, 
such as by turning timberland into farm
land while leaving a strip of forest along 
the road that a ground-based tax asses
sor might be expected to travel. Viola
tions of law often show up in photo
graphs; examples are illegal mining or 
logging in remote areas, pollution of 
waters by illegal dumping of chemicals, 
release through industrial smokestacks 
of materials that contribute to smog, and 
fishing in waters where fishing is pro
hibited. The analysis of such disasters as 
floods, fires and hurricanes can be as
sisted by the study of remote-sensing 
data, and the information so obtained 
can be used in making emergency deci
sions and in combating future catastro
phes of a similar nature. 

Techniques of remote sensing are in a 
fairly early stage of development. Many 
of the applications I have suggested are 
therefore yet to be realized in practice. 
Their success, and the achievement of 
still other applications, will depend 

AMPL I F I E R 
I ANALOGU E AND I R ECORDER MODU LATOR --7 

heavily on further research into the kinds 
of data that can be obtained from re
mote sensing-in learning, for example, 
where in the spech'um a certain plant 
disease will appear most distinctly. My 
colleagues and I have found it helpful 
to set up arrays of various natural re
sources and photograph them from high 
but stationary places, such as water tow
ers and the tops of cliffs. The work helps 
to determine, economically and under 
controllable conditions, the bands of the 
spectrum that might best be used in re
mote sensing directed at finding the 
same resources. 

A Prospect 

I can foresee the possibility that the 
techniques for remote senSing will evolve 
into a highly automatic operation, in 
which an unmanned satellite orbiting 
the earth will carry multiband sensing 
equipment together with a computer. 
Thus equipped the satellite could, for 
any particular area, take inventory of the 
resources and produce a printout that 
would amount to a resource map of the 
area. The computer could then use the 
inventory data in conjunction with pre
programmed factors (such as what ratio 
of costs to benefits would be likely to re
sult from various resource management 

S I GNAL 
I CONV ERT ER � 
I ( ANALOGU E � 

--7 TO D I G I TAL ) ------7 

practices) and could reach a decision for 
the optimum management of the re
sources in the area. The decision would 
be telemetered to the ground for what
ever action seemed necessary. 

As a simple example, the satellite's 
sensors migh t spot a fire in a large forest. 
Its computer might then derive informa
tion on the location and extent of the 
fire and could assess such factors as the 
type and value of the timber, the direc
tion and speed of the wind and the 
means of access to the fire. On the basis 
of the assessment the computer would 
send to the ground a recommendation 
for combating the fire. 

Capabilities of this kind need not be 
limited to emergencies. Many routine 
housekeeping chores now done manual
ly by the resource manager could be 
made automatic by electronic command 
signals. Examples might include turning 
on an irrigation valve when remote sens
ing shows that a field is becoming too 
dry and turning off the valve when, a 
few orbits later, the satellite ascertains 
that the field has been sufficiently wa
tered. 

A satellite of such capabilities may 
seem now to be a rather distant prospect. 
After a few more years of developing 
the techniques for remote sensing the 
prospect may well have become a reality. 
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COMPUTERIZED SATELLITE is a prospect for the future. It 
would sense resources in several wave bands, automatically identi
fy them, weigh them against previously programmed data on the 
cost effectiveness of various management possibilities and send to 
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the ground a decision on what should be done. I t  also could be 
used to monitor developing situations, such as a forest fi re, suggest

ing how ground crews might fight it, and to perform automatically 
such tasks as turning irrigation valves on and off as required. 
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The great 
LSI race. 

While the rest of the semiconductor 

industry tried to sque eze enough ICs on 

a chip to get into the M S I j L S I  busi

ness , Fairchild turned systems inside 

o u t .  We were looking for an intelligent 

alternative to component mentality . 

Our investigation led to a whole new set 

of design criteria for medium and 

large scale integration devices . 

A computer isn ' t  a computer .  

I t ' s  a d i g ita l  l o g i c  syste m .  I t  h a s  t h e  s a m e  f u nct i o n a l  

n e e d s  as any other  d i g i ta l  system : contro l ,  m e m o ry ,  

i n p ut !  o u t p u t  a n d  a r i t h m e t i c .  T h e r e ' s  no l o g i c a l  

reaso n to c u stom d es i g n  a c o m p l ex c i rc u i t for each 

syste m .  That 's  w h y  Fa i rc h i l d  MSls a n d  L S l s  a re 

d e s i g n e d  to f u n ct i o n  ----W:W=.----
as f u n d a m ental  ! " ,_ -Vf I I 
b U i l d i�� b l o C k� i n�, : ' ri��O=-"'I"!'1 I lIll!l'7'om�� 
any d i g ita l  l o g i c  _ - I � 
system.  Even if I 
i t ' s  a c o m p ute r. 

A little complexity goes a long way . 

Anybody c a n  pac kage a potpo u rr i  of c i rc u i t ry a n d  

c a l l  i t  M S I  o r  L S I .  B ut ,  t h a t ' s  n o t  t h e  p ro b l e m .  Why 

m u lt i p l y  c o m pone nts, w h e n  you s h o u l d  d i v i d e  the 

syste m ?  L i ke we d id .  We fo u n d  t h at s u b -syste m s  

h ave a c o m m o n  tendency t o w a r d  f u n ct i o n a l  ove r l a p .  

T h e re a re t o o  m a n y  d e v i c e s  p e rfo r m i n g  s i m i l a r  

f u nct ions .  M o re stu m b l i n g b l oc ks t h a n  b u i l d i ng 

b l o c ks. O u r  remedy is a fam i l y  of M S l s  a n d  L S l s  w i t h  

m u lt i p l e  a p p l i cat ions .  The Fa i rc h i l d  9300 u n i ve rsal  

reg ister,  for  exa m p l e ,  c a n  a l so f u n c t i o n  as a m o d u l o  

c o u nter,  sh ift reg ister ,  b i n a ry t o  B C D  s h i ft c o n v e rter, 

u p /  down c o u nter ,  s e r i a l  to p a ra l l e l  (and p a ra l l e l  to 

s e r i a l )  co nverter,  a n d  a h a lf-dozen othe r  devices.  

WatCh out for that first step . 

T h e re a re a l l  k i n d s  of c o m p l ex c i rc u its.  Some of t h e m  

h ave a lot  of h e a d a c h e  pote n t i a l .  Espec i a l l y  i f  you 

want  to i nt e rface t h e m  with  next year 's  MSls  and 

L S l s .  We d e c i d e d  to e l i m i nate t h e  p ro b l e m  before i t  

got i nto your  syst e m .  Al l  Fa i rc h i l d  b u i l d i ng b l o c ks 

s h a re t h e  s a m e  c o m p at i b l e  des i g n  c h a racte r ist ics .  
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We' re a l s o  m a k i n g  t h e  i nterface devices t h at t i e  t h e m  

t o g e t h e r .  Fo r exa m p l e ,  o u r  9 3 0 1  o n e-of-te n  decoder  

c a n  be used as a n  i n p u t !  o u t p u t  between our  u n i versal  

reg i ster ,  dual  f u l l  a d d e r  

a n d  m e m o ry ce l l .  

( I t  co u l d  a l so get a 

j o b  as an expa n d a b l e  

d i g i ta l  d e m u l t i p l exer,  

m i nterm g e n e rato r 

o r  B C D  decoder . )  

Hurry. Before the price goes down . 

G ate fo r g ate,  today's c o m p l ex c i rc u its a re about  the 

s a m e  p r i c e  as d i s c rete ICs.  B u t ,  b y  t h e  t ime yo u ' re 

ready to o r d e r  p ro d u c t i o n  q u a n t i t i e s ,  the p r i c e  s h o u l d  

be a l ot l ower.  At l east o u rs w i l l .  The reason i s  

s i m p l e :  Fai rc h i l d  d e v i c e s  a re extre m e l y  versat i l e. 

T h e re a re fewer of t h e m .  B u t ,  t h ey do m o re jobs.  

T h at means we' l l  be p rod u c i ng l a rge q u ant i t ies  of 

each dev ice .  That also means low u n i t cost to y o u .  

A n d  yo u ' l l  h ave fewe r d e v i c e s  to i nvento ry. 

And fewe r to asse m b l e. 

If you ag ree w i t h  o u r  a p p ro a c h  to m ed i u m  a n d  l a rge 

scale i ntegrat i o n ,  we'd l i ke to tel l  y o u  m o re about it .  

There a re two ways y o u  can get a d d i t i o n a l  i nfor

m a t i o n .  One is to watch t h e  t rade p ress .  Fa i rc h i l d  

i s  i nt rod u c i n g  a n e w  i nteg rated c i rc u i t  each 

week for 52 weeks.  (We started o n  O ctober  9 ,  1 967. )  

You c a n  a l s o  g et data by m a i l .  

S i m p l y  w r i te u s  o n  y o u r  

com pany l ette rhead.  

We' l l  f i l l  yo u r  

f i l es wi th  spec 

s heets a n d  a p p l i ca

t i o n s  i nf o r m at i o n .  

FA I R C H I LO 

S E M I C O N D U C TOR 
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(41 5) 962-50 1 1 ,  TWX : 91 0-379-6435 
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The g Factor of the Electron 

It lS the inde�(; of the ratio of the electron's magnetic moment 

to its spin angular InOlnentum. An interesting number in its own 

right, its precise Ineasurement has had far-reaching implications 

W
hen my colleagues and I at the 
University of Michigan started 
our experiments on the g factor 

of the electron in 1950, we had no idea 
we would still be at it 17 years later. But 
now the sixth in a succession of Ph.D. 
students is beginning his work. It has 
been a leisurely, drawn-out affair. vVe 
seem to have been allowed to occupy a 
little corner of physics pretty m uch by 
ourselves-a privilege generally reserved 
to those who work on projects that are 
regarded as too hard, too tedious or of 
too little importance to be worthwhile 
game for competition. When we think 
that the results of more than 50 man
years of our labor and half a m illion dol
lars could probably be written in the 
margin of a postage stamp, it is not sur
prising that most people have been glad 
to see that kind of work done by some
one else. The accidents that got us start
ed, the shifts we had to make in our at
tack at several points along the road and 
the way everything worked out not as 
we had planned but much better than 
we had planned makes an interesting 
case history. 

I shall include in this account as many 
of the uncertainties and human errors 
that beset us as I can recall. I could in
stead make it sound as if we knew ex
actly what we wanted to do at all times,  
but I shall save my talents along these 
lines for the writing of applications for 
funds or articles for physics journals. It 
seems to me that science is more interest
ing the way it is actually done, and that 
is the side of our adventures I want to 
show here. 

T he g factor is a number that might 
- be apphed to any spinning object 

with a magnetic moment parallel to its 
axis of rotation. (In everyday language 
the magnetic moment of, say, a bar mag-
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net or a compass needle is simply its 
strength. The direction of the magnetic 
moment is along the line connecting the 
two poles.) The earth almost conforms 
to this description, and it would con
form exactly if its north and south m ag
netic poles were not slightly out of line 
with respect to its north and south geo
graphic poles. 

If a spinning object with these prop
elties is placed in an external magnetic 
field (a field other than the one due to 
the object's own magnetic m oment), it 
will "precess" like a spinning top or a 
gyroscope, that is, its axis of rotation will 
slowly move around in a cone. The fre
quency of the precession will depend on 
the product of two factors : the strength 
of the external magnetic field and the 
ratio of the object's magnetic moment to 

I � 
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its angular momentum of rotation. (The 
angular momentum of an object is its 
"amount" of rotation. For a wheel it 
would depend on the speed of rotation, 
the mass of the wheel and the way the 
mass is distributed in the wheel.) 

Although the external magnetic field 
is at the disposal of the experimenter and 
can be made to have any desired 
strength, the ratio I have just mentioned 
(magnetic moment to angular momen
tum) is a property of the spinning object 
itself. This ratio has a unique value for 
the electron and is quite the same for 
every electron in the universe. Other 
kinds of particles (for example the pro
ton) have their own unique ratios. Since 
only the ratios for the various particles, 
and not the separate values of the angu
lar momentum and magnetic moment, 

ORIGINAL APPARATUS built by the author and his colleagues at the University of Mich. 

igan was designed to study the polarization, or degree of parallel alignment, of the spin axes 

of the electrons in a high-energy electron beam by means of the double-scattering technique 

(see illustration on /loge 74). To avoid the possibility that X rays and electrical distur

bance produced by the electron source would interfere with the counting of the electrons, 
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are needed for in terpreting many phe
nomena, the measurement of the ratios 
to a high accuracy has been the object of 
intensive research. The g factor of a par
ticle is the index of that ratio. 

So far I have indicated why the g 
factors of particles are interesting num
bers , but I have given no hint as to why 
the g factor of the electron in particular 
has been the yeast in more than one 
significant revolution in physics. For that 
part of the story I must go back more 
than 50 years and begin with Niels 
Bohr's original model of the hydrogen 
atom. 

Following the spectacular success of 
Bohr's model in accountin g for the lines 
in the hydrogen spectrum , it became 
apparent that the spectra of atoms of 
higher atomic n umber had complexities 
that would require for their explanation 
more descriptive factors (called quan
tum n umbers) than were contained in 
the original model. This was strikingly 
shown by the "anomalous Zeeman ef
fect" in the alkali atoms (such as the 
atoms of lithium an d sodium).  The 
Dutch physicist Pieter Zeeman had 
shown that when atoms were subjected 
to a m agnetic field while radiating light, 
the normal lines were split into multiple 
lines that lay close together but re
mained sharp and distinct. If the mag
netic field had merely shifted the wave
lengths of the lines a little one way or the 
other, that would not have been surpris
ing. After all, the electron circulating in 
its orbit around the atomic n ucleus is 
equivalen t  to a current Rowing around a 

loop of wire. Such a loop of current gives 
rise to a magnetic moment-a north and 
south pole if you like. Accordingly it 
would have been reasonable to have ex
pected an external magnetic field to have 
a modifying effect on the electron or
bits. What could not be understood at all 
on the basis of the Bohr model was that 
in the presence of a magnetic field single 
lines were split into two or more distinct 
lines. 

It was this puzzle that led two young 
Dutch physicists, Sam uel A. Goud

smit and George E. Dhlenbeck, to postu
late in 1925 that the electron itself had 
an angular momentum and a m agnetic 
moment. In a recent speech before the 
American Physical Society, Goudsmit 
recalled that it was he who had arrived 
at the conclusion that an additional 
quantum number, necessary to give the 
added complexity in the spectra, prob
ably was to be associated with the elec
tron, whereas it was Dhlenbeck who had 
seen that the new property would have 
to be of the nature of an intrin sic angular 
momentum. Thus was born the concept 
of electron spin. 

That the electron should have in ad
dition an intrinsic magnetic moment was 
part and parcel of the idea that it was 
spinning. Any charged, rotating body 
would, by the simple concept of a cir
culating current, be expected to have a 
magnetic moment. It was a daring hy
pothesis , by no means immediately ac
cepted. The spin gave the additional 
quantum number required to explain the 

splitting of the lines in the spectra. In 
fitting the values of the electron's angu
lar momentum and magnetic moment to 
conform to the experiments on the anom
alous Zeeman effect, Goudsmit and 
Dhlenbeck found a strikin gly simple re
lation. The electron's intrinsic an gular 
momen tum had to be exactly half the 
angular momentum of the orbital mo
tion of an electron in its lowest Bohr or
bit in the hydrogen atom , or h/2, where 
h is short for Planck's constant (/7) di
vided by 2". The intrinsic magnetic 
moment had to be equal to that pro
duced by the orbital circulation of an 
electron in its lowest orbit in the hydro
gen atom. The latter quantity, called the 
Bohr magneton, is etl/2mc, where e and 
m are the charge and m ass of the elec
tron and c is the velocity of light [see il
lustmtion on page 79] . 

Thus at the time of the discovery of 
electron spin the g factor of the elec
tron could be expressed as the number 
of "natural units" of magnetic moment 
(etl/2mc) divided by the number of "nat
ural units" of angular momentum (fl). 
""hen defined in this way, the g factor 
for the orbital motion of the electron in 
its lowest energy state in hydrogen is 1, 
whereas the g factor of the free electron 
is 2. (The g factor as a term designating 
a ratio of magnetic moment to angular 
momen tum in these special units had 
been introduced a few years earlier for 
the case of the atom by the German 
physicist Alfred Lande.) 

There being no reason s  to the con 
trary, the relations given above were 

COUNT
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the site of the second scattering was located in the next roon1 at a 

distance of about 30 feet. When the first tests were made, however, 

too few electrons arrived at the second scatterer, because the beam 

tended to fan out in the 30-foot pipe. A layer of current-carrying 

wire was therefore added to the outside of the pipe in ordel- to es-

tablish a magnetic field in the pipe parallel to its axis; tbis focuses 

the electrons and also causes their axes of spin to precess slowly_ 

When the use of a magnetic field was first considered, it became ap

parent that by measuring the amount by which the spin axes pre

cessed it might be possible to determine the electron's g factor. 
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DOUBLE·SCATTERING TECHNIQUE is at the root of the g. 

factor experiments. In order to polarize a beam of electrons whose 

axes of spin point randomly in all directions, all one needs is a 

sorting mechanism, so that one can keep the ones that are pointing 

in a particular direction and discard the rest. To get an ohservable 

effect, however, one must do the sorting twice. At the first sorter 

equal numbers will be deflected to the right and to the left: Actually 

the direction in which a particular electron is deflected depends 

in part on whether its north pole is pointing up or down. This ef. 

feet is not yet observable, however, since the equal division of the 

beam could be due to pure chance. It takes a repetition of the scat· 

tering process to bring out the result of the sorting in an observable 

way. A 100 percent inequality after the second sorting is shown at 

left for clarity; in actuality the inequality of the beams is at hest 

only about 6 percent. If the two sortings were due only to chance, 

the beams after the second sorting would still be equal (right). 

taken to be exact, and they stood un
questioned for about 20 years. In phys
ics there are good reasons for assum in g 
that sim ple relations are exact until it is 

. proved otherwise. There are m any of 
them that do hold, and this is one of the 
reasons why some people find beauty in 
the subject. In the case of the g factor 
of the electron, a stron g reinforcement 
for the belief in the exactness of the 
value 2 came in the late 1920's from the 
new formulation of quantum mechanics 
by P. A. M. Dirac. In his formulation 
Dirac did not "put in" a g factor of 2 as 
a requirement of a model of the electron. 
He applied the basic laws of physics (in· 
cluding relativity) according to a simple 
set of conditions, and the g factor of 
exactly 2 "came out." After World "Var 
II, however, this situation began to 
change. 

In the first few years after the war 
some striking experimental and theOl'eti
cal developments occurred that led to 
what is now called the new quantum 
electrodynamics. A central part of this 
work involved taking into account the 
interaction of the electron with the emp
ty space around it, or with what physi-
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cists call the "vacuum." If it seems 
strange to say that empty space could 
have an effect on the electron, it  is be· 
cause one tends to think of empty space 
in the ordinary sense of its being devoid 
of gross objects such as gas molecules. In 
the context of the subatomic world, how· 
ever, empty space is by no means devoid 
of properties. There can be the creation 
and annihilation of electron pairs and 
other kinds of particle pairs, local fluc· 
tuations of electric and magnetic fields, 
and of course the propagation of radiant 
energy. When in the pew quantum elec
trodynamics the effect of empty space 
on the electron was properly accounted 
for, the result was an increase in the g 
factor to slightly more than 2. In itself 
the chan ge in the g factor does not sound 
very startling. But the whole develop
ment was a profound one, as attested by 
the fact that five of the people m ost 
closely involved were awarded Nobel 
prizes: Willis Lamb and Polykarp Kusch 
in 1955 (for experimental work) , and 
Julian Schwinger, Richard Feynman and 
Sin·Itiro Tomonaga in 1965 (for theOl'eti
cal work). 

It would be impossible, without de-

voting the entire article to it,  to trace 
this development in any detail. There 
are, however, some comments I should 
like to m ake. The term "new quantum 
electrodynamics" does not imply that the 
existing theory was junked in favor of 
the new theory. The new theory was 
rather an extension of the existing theo
ry, which had stopped short of including 
the interaction of the particles with the 
vacuum. Theorists had been trying to 
include it, but the formulas came out 
containing infinite terms, which could 
not be got rid of by the accepted theo
retical methods, and so the matter had 
hung in the limbo of speculation. But 
when experimental results suddenly be
gan appearing that did n ot agree with 
the existing theory and that gave actual 
numbers against which attempted solu
tions could be tested, progress became 
quite rapid. A way that had been pro
posed earlier for circumventing the in
finities proved itself by giving answers 
that were consisten t with the experi
ments. The methods were stil l  not un
questioned; for example, as Dirac later 
remarked in Scientific American (May, 
1963) ,  he could not help looking on the 
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HOW CREATIVE PROFESSIONALS USE GENERAL ELECTRIC TIME-SHARING SERVICE 

•• General Electric 
Time-Sharing Service 
saves students' time ... 

it equips them to work with a 
computer throughout all levels 

of problem definition �� 
DR. OTTO ZMESKAL • Dean - College of Engineering, The University of Toledo 

Today's students - like the creative professionals in business and industry they will soon be 

joining - are working smarter. They are using General Electric's nationwide Computer 

Time-Sharing Service. 

The students describe their problems to the computer using regular teletypewriters in their classrooms. 

Although many students are typing in problems at the same time, the computer answers each 

one immediately giving each student the feeling he has exclusive control. This dialog between the 

computer and the student quickly teaches him how to put the computer's speed, 

accuracy, and logic to work. 

Ask for the full story today. Information Service Department, General Electric Company, 

7735 Old Georgetown Road, Bethesda, Md. 20014. 291-25 
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"Polaroid" and "Polacolor"® 

Salsma" 0" Salsma" 
on 'Polaroid Land �ilm 

Polaroid Corporation 
asked Philippe Halsman 
to photograph any subject 
he wished, black and white 
or color, and tell about his 
experIence. 

"I first photographed 
Georgia O'Keeffe 18 years 
ago for Life magazine. 

We were doing a story 
on the American South
west and of course she had 
become a symbol of the 
region. So I photographed 
her as a symbol, against a 
brown adobe wall with the 
bleached skull of a steer in 
the background. 

But this time, I wanted 
to photograph Georgia 

O'Keeffe. Not as symbol, 
not as painter, but as a 
person of great wisdom 
and beauty. 

To do that, to show 
people as they are, I 
believe one has to reduce 
form to its simplest. 
Almost to the point of 
abstraction. 

That's easier said than 
done, of course. It took a 
two-hour session to get the 
simplicity I wanted. Even 
using Polaroid Land film. 

But Polaroid film did 
much more than save time. 
It also helped me make a 
very difficult decision: 
black and white or color. 

You see, when you first 
look at Georgia O'Keeffe, 
you want to photograph 
her in black and white. 
Color often gets in the way 
with a powerful person
ality like hers. 

On the other hand, if 
you have the right kind of 
color, subtle rather than 

blatant, you can do strong 
subjects. T he Dutch 
painters of the Rembrandt 
era did it all the time. 

To me, Polaroid film has 
that kind of color. As you 
can see. 

And, of course, it didn't 
take long to know that 
Georgia O'Keeffe and 
Polacolor film were made 
for each other. 

Best of all, I could see 
the finished photograph. 
Otherwise the session 
might have continued well 
beyond two hours. 

You see, there are some 
things one can't be sure of 
until after the film is 
processed. Like tiny 
changes in expression or 
mood. 

But with Polaroid film, 
I was sure in a minute. 

Which leads me to the 
conclusion that Polaroid 
film may be the salvation 
of photographers who 
don't know when to stop." 
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Porsche spent years 
developing a great competition car ... 
so you could have fun driving to work. 

The Porsche is a tractable racing car
honor graduate of the most unforgiving 
obedience courses in the world: leMans, 
Targa Florio, Sebring, Nurburgring. That's 
why it's such fun to drive, on any road. 
Unpaved back-country washboards. Com
muter-clogged expressways. Stop-and-go 
streets. Wide open highways. 

Take the wheel. It won't fight you. 
Porsche's rack-and-pinion steering gives 
you reflex-fast control, without kick-back 
from the road. The suspension keeps all 

#' 

four wheels permanently grounded, from 
one edge of the tread to the other. 

Porsches lose little time in the pits 
at Sebring, seldom need to go to the shop 
when they're at home. This car is a thor
oughbred with the stamina of a work 
horse. No temperament at all. 

It's ready to go whenever you are. 
And it stops the instant you apply the 
brakes. Fade - proof, self - adjusting disc 
brakes on all four wheels are standard 
equipment in every Porsche. The air-

cooled engine stays in tune. Doesn't over
heat. Even if you let it idle for hours. 
Porsche's famous gearbox, synchronized 
in all forward speeds, gives you flawless 
translation of rpm's into mph. 

When you buy a Porsche, you've got 
a self-protecting investment. It uses gas 
the way a miser spends money. It doesn't 
drop hundreds of dollars in market value 
the instant you buy it. Or thousands of 
dollars as the anniversaries roll by. 

And it's incredibly comfortable. Hour 
after hour after hour. Its seat and back are 
fully adjustable to support yours. Bad 
roads share their troubles with the sus
pension, not with you. The car's solid, 
monocoque construction makes driving 
rattle-fr.ee. Secu reo 

Want to road-test racing's toughest 
competition car? You'll find it at your 
nearest Porsche dealer's. 

�� Prices start about $4950, East Coast 
POE. For information. overseas delivery: 
Parse he of America Corporation. 

� 107 Tryon Ave. West, Teaneck, N.J. 07666. 
"" 
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solution of the problem of the infinities 
as a "fluke." I suppose he meant that a 
method that evidently worked in a par
ticular application should still be held 
questionable as to its generality. 

This, then, is where things stood in 
1950, when we embarked on our g-factor 
measurements. There had been a shake
up. The new theory gave a g factor of 
the electron about .1 percent larger than 
2, an d there were experimen tal results 
that were in agreement, within modest 
limits of accuracy. Because the new 
theory was based on unconventional 
methods, its acceptance rested on a 
pragmatic basis. A measurement of the 
g factor to a much greater precision 
would be more than just a routine veri
fication; it  would be one of the critical 
tests of the new theory. If at that pOin t 
we had taken up our experiments in an
swer to this clarion call, the story would 
read as a story is supposed to read. That 
is not the way we got into it at all. vVe 
backed into it. Here is what really hap
pen ed. 

We had begun in 1946 a project of de-
signing and building one of the 

largest electron accelerators of that time, 
which we called the "racetrack" syn
chrotron. The project presented a series 
of problem s  that had to be worked out 
as we went along. Meanwhile graduate 
students were working on the project 
who did not have forever to wait for 
the synchrotron to operate in order to 
do their thesis problems and get their 
Ph.D.'s. One of these studen ts was vVil
liam H. Louisell, who has since joined 
the faculty of the University of Southern 
California. Robert '''1. Pidd (now at Gulf 
General Atomic Inc.), one of several pro
fessors associated with the synchrotron 
project, was chairman of Louisell's doc
toral committee, and I was a member. 
We decided to try to define a thesis 
problem that would use not the en tire 
synchrotron but just the parts that were 
finished at that time. One part that was 
finished was the "electron gun," a high
voltage vacuum tube that could produce 
an intense beam of electrons at energies 
of up to 600,000 electron volts. Its pur
pose was to inject the electron s into the 
synchrotron, where they were to be fur
ther accelerated up to 300 million elec
tron volts. Before becoming involved in 
building the synchrotron, both Pidd and 
I had had an interest in polarization 
effects in electron beams, as studied 
through double-scatterin g experiments. 
''''e thought that the electron gun of the 
synchrotron would be an ideal tool for 
such experiments. Accordingly we put 
our interests and our available tools to-
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g FACTOR OF THE ELECTRON was defined at the time of the discovery of electron spin 

(1925) as the number of "natural units" of magnetic moment ( eft/2mc) divided by the 

number of "natural units" of angular momentum (ft). When defined in this way, the g factor 

for the orbital motion of the electron in its lowest energy state in hydrogen is 1, whereas the 

g factor of the free electron is 2. These relations were taken to be exact for about 20 years. 

gether an d came up with a thesis prob
lem for Louisell. 

At this point I should like to elaborate 
a bit on double scattering, a technique 
that in addition to being basic to our 
own experiments has a broad application 
in physics. Electrons that are emitted 
from a hot filament have their axes of 
spin pointing randomly in all directions. 
If some of these electron s are accelerated 
and formed in to a beam, the beam is said 
to be un polarized. In order to polarize 
the beam it is not necessary to turn the 
electrons so that their north poles all 
point in the same direction;  in fact, we 
know no way of doing that. If there are 
plenty of electrons to spare, all one needs 
is a sortin g mechanism, so that one can 
keep the ones that are pointing in a par
ticular direction and get rid of the rest. 
vVe do know how to make a sorter. Cu
riously enough, in order to have an ob
servable effect it is necessary to do the 
sorting twice. Hence the term double 
scatterin g. 

I shall use a simple analogy to show 
why two sorters are necessary. Suppose 
we make 1, 000 small cards, of which 5 00 
say "Always take the right turn" and 
500 say "Always take the left turn." We 
shuffle the cards and give one to each 
of 1, 000 motorcycle riders, who have 
agreed to cooperate. Each reads his card 
and puts i t  in his pocket, and they all 
start down a road. After the first fork in 
the road, does an outside observer see 
any effect traceable to the cards? No. He 
sees only that 500 motorcycles have tak
en each road at the first fork, which 
could be due to pure chance. The ob
server must wait until the second fork to 
see the effect. The effect is then dra
matic. Those traveling on the road that 
went to the right at the first fork will now 
all take the right-hand road at the sec
ond fork. Similarly, those on the other 

road will all turn to the left. In the lan
guage of electron scatterin g, the first 
fork is the polarizer and the second the 
analyzer. Not until after the motorcycles 
have passed the analyzer does the ob
server have visible evidence that sorting 
has been accomplished [see illustration 
on page 74]. 

An electron doesn't carry a card, but 
it may have its n orth pole up or i t  may 
have it down, and that makes it  belong 
to one class or the other. If one shoots a 
beam of electrons through a thin piece 
of material, say a gold foil, m any elec
trons will be deflected to the right and 
to the left. The two classes (north pole 
up and north pole down) will have been 
sorted as were the motorcycles at the 
first fork of the road, but the fact will not 
yet be observable. It will  take a repeti
tion of the scattering process, performed 
on either the right or the left beam, to 
bring out the result of the sorting in an 
observable way. When the electrons pass 
through the second gold foil and are 
scattered-this time unequally between 
right and left-under the best con ditions 
the inequality is only about 6 percen t. 
The sorting is by no means as perfect as 
it  was in the example of the motorcy
clists, but it is good enough to m ake an 
experiment possible. 

The theory of the double scattering of 
electrons was put forward by N. F. 

Mott in 1929, and the process goes by 
his name. Surprisingly, about six years 
passed before anyone succeeded in pro
ducin g the effect experimen tally, and 
even in 1950, when Louisell undertook 
to study the effect, little had been found 
out about it in a quantitative way. That 
is why the double-scatterin g of electron s 
looked like a good thesis problem . 

The synchrotron injector that was to 
be used for the electron source was in 
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MODEL OF A SPINNING ELECTRON, consisting of a piece of 

wine·bottle cork with a toothpick stuck through it and some nega· 

tive electric charge on the cylindrical surface, turns out to have a g 
factor of 2. The amount of charge and the mass of the cork must be 

in the same ratio as the charge and mass of an electron. When 

the model is spinning (0), the ratio of its magnetic moment to an· 

gular momentum is elmc, which is a g factor of 2, regardless of the 

speed of spinning, and regardless of the size or the length.to·diam. 

eter ratio of the cork. Such a model behaves as a gyroscope. If one 

gently pushes the top of the toothpick sideways (b), it will refuse 

to go that way but will go in a direction at right angles to the direc· 

tion of the force. If the model is spinning in open space and op· 

posite forces are applied to the ends of the toothpick from the left 

and the right (c), one end will come forward and the other end will 

go backward. It is this turning of the spin axis that is termed pre· 

cession. Now, if the model is placed in a magnetic field (d), the 

the main syn chrotron room. YVhen the 
injector was running, it produced a high 
level of X rays an d electrical distur
bance, and we knew this would interfere 
with the detectin g and countin g of the 
electrons after the second scatterin g 
process. We therefore elected to locate 
the site of the second scattering some 
distance away, in fact in the next room 
at a distance of about 30 feet. We pro
vided an evacuated pipe for the elec
trons to travel through [ see illustration 
on pages 72 and 73]. We were perhaps 
unduly attracted to this scheme because 
the wall separatin g  the rooms was m ade 
of concrete three feet thick and it already 
had a porthole in the right place. The 
arrangement seemed ideal. vVhen the 
vacuum pipe was in place and the first 
tests were made, however, we found that 
far too few electrons arrived at the sec
ond foil, simply because the electron 
beam tended to fan out in the 30 feet 
between the targets. 

A standard method of focusin g the 
electrons from one end of a pipe to the 
other is to establish a m agnetic field in 
the pipe parallel to its axis. All that is 
required is a layer of wire on the outside 
of the pipe with current in it. I suggested 
this was a way of conserving our elec
trons ,  but immediately caught myself 
an d asked: "YVhat would the m agnetic 
field do to the polarization?" (The elec
trons traveling down the pipe were pre
sumably polarized as a result of the sort
ing by the first gold fOil.) It did not take 
us long to decide that if the electrons be
haved like spinning m agnets, the effect 
of the magnetic field on them would be 
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to cause their axes of spin to precess 
slowly, just as the axis of a toy top pre
cesses while it is spinning on the pave
ment. The orientation of the axis of spin 
would be altered before the electrons ar
rived at the second foil. It was clear that 
if such a precession did occur, and if we 
could measure the chan ge in the direc
tion of the spin axis ,  we would have a 
way of determining the value of the 
magnetic moment-a much more inter
esting pursuit than the one we had orig
inally started with. But would electrons 
really behave that way? Mechanical 
models are powerful tools for thinkin g 
(some of us-I for one-would be lost 
withou t them); however, one has to be 
exceedin gly cautious in using them in 
the realm of the very small, where quan
tum effects become overriding, to m ake 
sure at every turn that one is not askin g 
the model to perform in ways that are 
in conflict with quan tum principles. It 
was at this pOint that our theorist col
leagues began flashing yellow caution 
lights at us-with good reason. 

A mechan ical model of the spinning 
electron-even though suspect-has 

some in triguin g properties, which I 
should like to describe here. A model of 
the spinning electron made in about the 
simplest possible way turns out to have 
the g factor given by the Dirac equation,  
namely 2. Take any solid right circular 
cylinder, such as a wine-bottle cork, and 
stick a toothpick through its ends [see 
illustration above]. Then put some nega
tive electric charge on the cylinder's sur
face but J)one on the ends. The amount 

of charge and the m ass of the cork must 
be in the same ratio as the charge and 
mass of an electron. Now, when the cork 
is spun on the toothpick as an axle,  the 
charge, moving aroun d in a circle, acts 
as a loop of current and gives the model 
a magnetic momen t. In addition the ro
tatin g cork has angular momentum. The 
ratio of the magnetic momen t to the 
an gular momentum of this model is 
eline, which is a g factor of 2, regardless 
of the speed of spinning, and regardless 
of the size or the len gth-to-diameter ra
tio of the cork! (It might appear that a 
still simpler model would be a cork ball,  
but that would not have a g factor of 2.) 

The model behaves as a gyroscope. If 
one sets it spin ning vertically and gently 
pushes the top of the toothpick sideways, 
it will refuse to go that way but will go 
in a direction at right an gles to the di
rection of the force. If the model is spin
ning in open space and opposite forces 
are applied to the ends of the toothpick 
from the left and the right, one end of 
the toothpick will come forward an d the 
other end will  go backward; the model 
will  keep turning in this way, m aking 
several complete revolutions. It is this 
turning of the axis (in contrast to the ro
tation of the cork) that is termed preces
sion. The tips of the toothpick never do 
move in the directions in which they are 
being pushed. 

. 

Now, if the spinning-magnet model is 
placed in a magnetic field, the north 
pole will be pulled one way along the 
field lines and the south pole the other 
way. The axis of spin will turn in the 
manner of the gyroscope, and the n um-
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s 
north pole wiII be pulled one way along the 

field lines and the south pole the other way. 

The axis of spin will turn in the manner of 

the gyroscope, and the number of complete 

turns it will make per second will be propor· 

tional to the g factor and the strength of 

the applied field. In the original apparatus 

there w ere about five full turns in 30 feet. 

ber of complete turns it will make per 
second will be proportional to the g fac
tor and to the strength of the applied 
magnetic field. In Louisell's apparatus 
there would be about five full turns of 
the spin axis while the electrons were 
going the 30 feet down the pipe.  He 
would have only to measure the exact 
amount of turning in order to solve for 
the g factor-if the experiment would 
work at all! M any physicists held stron g 
reservations about it.  

The doubts that our experiment 
would work were prompted by some ar
guments that had been put forward by 
Bohr in a lecture in the 1920's.  At the 
time only two experiments by which one 
might attempt to observe the magnetic 
moment of the free electron had been 
imagined. One was to detect the mag
netic field of the elech'on directly, by 
means of a sensitive m agnetometer; the 
other was to sort electrons as to the or
ien tation s of their magnetic moments by 
sending a beam of them through a non
un iform magnetic field. Bohr had de
molished both schemes by subjecting 
them to the test of the Heisenberg un
certainty principle, which states that 
there is a natural limitation on the pre
cision with which the position and the 
linear momentum of a particle can be 
known simultaneously . Both schemes,  if 
they were to work, would require mea
suring these quan tities to greater than 
the possible precision .  

Bohr's calculations were back-of-the
envelope type: simple and unequivocal. 
The mistake was made not by Bohr in his 
proofs but in the sweepin g generaliza
tion that was subsequen tly made of them 
by others. It was, in effect, that no ex
periment to measure the magnetic mo
ment of the free electron directly could 
succeed, by reason of the uncertainty 
prin ciple . This got into the textbooks 
and became, one might say, gospel. 
Whe n ,  more than two decades later, we 
proposed an experiment to measure the 
precession of the free electron , an exper-

iment that in fact did not require the si
multaneous knowledge of the position 
and linear momentum of the particle be
yond the limits prescribed by the uncer
tainty principle, it was this old belief 
that no experiment whatever could work 
that we encountered head on. 

I can recount an in cident that is amus
ing in retrospect to show the firmness of 
the conviction that experiments on the 
magnetic moment were not possible . At 
the meeting of the American Physical 
Society in Washington in April, 1953, 
Louisell presented his first successful 
measurement, and two theorists in our 
department, Kenneth Case and Harold 
Mendlowitz, presented proof that the 
concept of the experiment was in har
mony with quantum mechanics . Yet the 
evidence was not persuasive to several 
physicists in the audience, who rose to 
cite the Bohr proofs to us. The person 
who voiced the strongest objection said 
later that when he was halfway home 
on the airplane he satisfied him self that 
there was no conflict between our exper
imen t and what Bohr had shown! 

By the time Louisell had his experi-
ment under way we realized that 

the n um ber of revolutions of the preces
sion that would occur in his 30-foot pipe 
would be far too few. There would be 
only five . If we were to get many more 
revolution s by extendin g the pipe, how
ever, it  would reach to the next town. I 
was able to devise a chan ge in the ar
rangement that would overcome this 

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

-� 
MAGNETIC BOTTLE consists of an empty space in wbich there is 

a magnetic field that is a little stronger at each end than in the mid· 

dIe, so that the lines of force ( black ) pinch together to form necks. 

A particle trapped in such a bottle moves in a helical path ( color ) 

around the axis of symmetry of the field. When the particle ap. 

proaches one of the necks, it is always turned back toward the cen

ter of the bottle, hecause the force acting on the particle, being 

at right angles to the field lines, has a component toward the center. 

8 1  
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limitation,  not for Louisell's experiment
he could hardly be asked to start over 
again-but for the next experiment and 
the next graduate student. The new 
scheme m akes use of what is commonly 
called a magnetic bottle [see illustration 
011 preceding page ] .  The correct an alogy 

here would actually be a bottle with a 
neck at each end, since such a device 
consists of an empty space in which 
there is a magnetic Held that is a little 
stronger at each end than in the middle, 
so that the lines of force pinch together 
to form two necks. 

+ �<--

A particle trapped in such a bottle 
moves in nearly circular motion around 
the axis of symmetry of the field. The 
motion is not exactly circular; it is heli
cal, with closely spaced turns. The par
ticle progresses slowly back and forth 
trying to get out first one neck of the 

D ETECTOR 

') �  
SECOND 

GOL D  FOI L 

2 

3 

------'l» + 
MAGNETIC BOTTLE IS USED to obtain many more revolutions 

of the precession of the spin axis of the electron in the g.factor ex· 

periment without extendin g  the length of the apparatus u nreason· 

ably. In step 1 electrons scattered from the first gold foil barely 

make it through the neck into the bottle. When they pass from the 

positively charged metal can ( + )  to the negatively charged one 

( - 1, they lose some of their axial velocity. Therefore they rail to 

make it out the right end of the bottle and are turned back. In 

step 2 the electrons have moved back to the left end of the bottle, 

but they have not regained their lost axial velocity, because the 
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charges on the cans had been removed before the electrons started 

their return trip. They therefore do not have enough axial velocity 

to escape from the left end of the bottle. They are temporarily 

trapped in the bottle. In step 3 the charges are put back on the 

cans again, hut with the opposite polarity. As a result the electrons 

now gain some axial velocity going from left to right. This enables 

them to escape through the right neck of the bottle and hit the 

second gold foil. Some are scattered in direction A and some in 

direction B. The relative numbers in these two directions reveal 

their polarization. Only the ones going in direction B are counted. 
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bottle and then the other. It is always 
turned back toward the center of the 
bottle, however, because the force, being 
at right angles to the field lines, has a 
component toward the center. In the 
new scheme the electron gun and first 
scatterer are placed so that the electrons 
that have been scattered at 90 degrees 
by the scatterer are traveling in just the 
right direction to begin the helical path. 

Catching some electrons in the trap, 
letting them out and getting them 
through the analyzer to the final'counter 
is not simple. The complete sequence of 
events takes place within 100 microsec
onds (millionths of a second) or so [ see 
illustration on opposite page J. First the 
electron gun turns on for . 1  microsecond, 
letting a burst of electrons strike the first 
scatterer, which consists of a piece of 
gold foil. About 10 billion electrons hit 
the foil. Only about 100,000 are scat
tered by the gold nuclei in just the right 
direction to follow the helical path re
quired for entrance into the bottle. 

At this point we have the problem of 
catching these 100,000 electrons so that 
they will stay in the bottle. It is a prob
lem because those that have enough 
axial velocity to be able to get through 
the neck into the bottle will for the same 
reason be able to pass through the neck 
again at one end or the other and escape. 
Some of the axial velocity has to be re
moved after they get in. Accordingly 
while the swarm of electrons is making 
its first pass through the center of the 
bottle, we put the brakes on by applying 
a retardin g electric fieJd in the direction 
of the axis of the bottle. With their axial 
velocity reduced the electrons do not 
escape at the right end; they turn around 
and come back toward the left end. But 
at about the time they turn around the 
electric field is removed, so that in mov
ing from right to left they do not regain 
their lost axial velocity. They therefore 
cannot escape at the left end and are 
trapped. From that time on they move 
in a helical path with very closely spaced 
turn s ,  progressing slowly back and forth 
between the ends of the bottle. 

After imprisonment for a period of 
our choosing, we again apply the elec
tric field, but this time in such a direc
tion as to speed them up toward the 
right. They easily clear the right neck 
.of the bottle and after a few more turns 
strike the gold foil of the second scatter
er. At the second scatterer the number 
of electrons that get scattered in the de
sired direction is again a very small frac
tion of the number striking the foil. If 
all the 100,000 trapped electrons hit the 
second scatterer, only one or fewer than 
one, on the average, is scattered at the 

correct angle to strike the fin al counter. 
This may sound highly inefficient, and 
so it is ,  but the entire cycle I have just 
described is repeated about 1,000 times 
per second. The counting rate is there
fore on the order of a few hundred per 
second. The whole process of course 
works automatically by electronic tim
ing circuits. I might add that an electron 
trapped in this system for 100 m icrosec
onds precesses as m any revolutions as it  
would in traveling through a straight 
pipe six miles long! 

The new scheme gives us another ad-
vantage, separate and distinct from 

the increased number of revolutions. 
This advantage lies in the fact that the 
spin axis precesses through almost ex
actly a complete turn while the elec
tron makes one lap around its helical 
path. If the g factor were exactly 2, the 
two motions would keep in step exactly. 
We therefore need only to measure the 
small amount by which the two rotation 
rates differ in order to find out how much 
the g factor differs from 2. In this way 
we get far more precision than we would 
if we were to measure the spin preces
sion rate by itself, because the difference 
in the two rates is only about a thou
sandth of the rate of the precession. 

To see how the two rotations combine, 
consider the situation for an electron 
at different times after it  starts its cap
tivity in the bottle [see illustration at 
right J . Owing to the sorting by the 
first scatterer the electrons that start the 
helical motion have their spin axes point
ing radially away from the common axis 
of the helix and the bottle. Because the 
two rotations of each electron are so 
nearly equal, the spin-direction arrow 
during the first orbital revolution appears 
to turn as if it  were painted on the rim 
of a wheel. A few hundred revolutions 
later, however, the rotation of the spin 
axis has gained perceptibly on the or
bital rotation, and it no longer points in 

ANOTHER ADVANTAGE of the magnetic· 

bottle version of the g.factor experiment 

lies in the fact that the spin axis of the elec· 

tron ( small arrows ) precesses throngh al

most exactly a complete tnrn while the elec· 

tron makes one lap around its helical path 

( large circles ) .  If the g factor were exactly 

2, the two motions would keep in step exact· 

ly. By measuring the small amount by which 

the two rotation rates differ, therefore, one 

can find out by how much the g factor is 

greater than 2 .  The spin axis returns to its 

original orientation after completing about 

1,000 laps ( bottom ) .  The view is along the 

common axis of the helix and the bottle. 

250 

500 

750 

1 , 000 
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the radial direction. The spin direction 
continues to gain until after about 1 ,000 
revolutions it has gained a full revoltl
tion on the orbital motion and is back in 
its original orientation. Obviously if the 
electron were let out of the trap after ap
proximately 1 ,000, 2,000 or 3,000 revo
lutions ,  it  would have the same spin ori
entation as it  started with, and if it were 
let out after 500, 1 ,500 or 2,500 revo
lutions ,  it  would have the opposite spin 
orientation. 

The electrons ,  after they are let out of 
the trap, strike the second scatterer (also 
a gold foil ) .  The chance of the electrons' 
bein g deflected along a given path de
pends on the spin orientation. Actually 
only the ones that go along one direction 
are counted. The count is alternately 
maximum and minimum when the n um
ber of revolutions has been 0 ,  500, 1 ,000, 
1 ,500 and so on.  (I have used round 
numbers here for illustration; the max
ima and minima are not exactly multiples 
of 1 ,000, and determination of the exact 
number is the purpose of the whole ex
periment . )  In actual practice we look for 
the maxima and minima in terms of the 
length of time the electron has spent in 
the bottle, rather than in terms of the 

n umber of orbital revolutions it  has 
m ade. Either way would give the result 
we are after, but doing it in terms of the 
time is more convenient. 

I have mentioned that the time of 
captivity in the trap can be set to any 
value we choose. Suppose we set the 
timing circuits so that each injected 
batch of electrons is held in the trap for 
100 microseconds. The whole process 
therefore repeats 1 , 000 times per sec
ond. Say we run for 10 minutes (some 
600,000 batches) and record the total 
number of counts of the detector (about 
100,000) . Next we move the trapping 
time up to 100.5 microseconds and make 
another 10-minute run ; then we move 
up to 101 m icroseconds, and so on . The 
number of counts for each 10-minute 
measurement interval is now plotted 
against the length of time the batch of 
electrons was held in the trap [see illus
tration below] .  To get from one maxi
mum to the next we have to increase 
the time in the trap by about 2.6 micro
seconds, which means about 1 , 000 addi
tional revolutions of the electron's helical 
motion. To get the time separation be
tween the maxima in the curve with the 
greatest possible accuracy, which is the 
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SINE CURVE relates t h e  number of counts recorded in t h e  detector in a 10·minute interval 

to the length o f  time each batch of electrons was trapped in the bottle before being let out. 

The electrons make approximately 1 ,000 revolutions in their helical motion from one peak 

to the next. In practice, of  course, the data points do not fall perfectly on the sine curve, 

because in a finite number of counts there is an element of chance. The crux of the experi. 

ment i s  to determine the average time separation between the peaks in the curve with the 

greatest possible accuracy, taking data over a time range that includes hundreds of peaks. 
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crux of the experiment, we take data 
over a time range that includes several 
hundred maxima and minima, and de
termine the average value . 

Such measurements do not yield the 
g factor of the electron directly. Instead 
they give a value for what is called the 
g-factor anomaly-which is equal to half 
the amount by which the actual g factor 
exceeds 2 .  This anomaly is  inversely 
proportional to the time between the 
maxima in the curve that represents the 
experimental results . Since the anomaly 
is nearly 1 ,000 times smaller than the g 
factor, however, this means that our 
measurement has, you might say, a head 
start on accuracy by a factor of nearly 
1 ,000. If we measure the anomaly to a 
part in 100,000, we will get the g factor 
to about a part in 100 million.  

The first  experiment along the lines I 
have just described was done by Arthur 
A.  Schupp, the graduate student who fol
lowed Louisel!. vVhen he started, we 
moved from the subbasement to the top 
floor of the building (by that time the 
synchrotron needed its electron gun) and 
built new apparatus.  This took a lot of 
development work, because it  was the 
first attempt to use the new method in
volving the magnetic bottle . Schupp was 
unbelievably persistent, and when all 
the problems were solved he came out 
with an answer for the g factor that was 
accurate to a few parts in 1 0  million. 

As in many experiments, by the time 
Schupp was through with his measure
ments (soon after receiving his Ph.D.  he 
joined the General Dynamics Corpora
tion) we knew of many improvements 
that could be made. So when the next 
graduate student, David T.  Wilkinson, 
took over, he started by tearing down the 
parts of the equipment that most needed 
improving. He could find no stopping 
place before he had passed the point of 
no return . The entirely new apparatus he 
built was not different in principle, but 
it incorporated many features that en
hanced the reliability and accuracy. Wil
kinson's result went two decimal places 
beyond that of the previous result. 
He found g equal to 2 .002319244 ± 
.000000054. This was, and still is ,  one 
of the most precise measurements in all 
physics. The theoretical calculation gave 
2 .002319230. So far, to this degree of 
accuracy, theory is substantiated. But 
neither we nor the theorists want to let 
it  rest there . We are therefore exploring 
other means, and a new graduate stu
dent, John Wesley, is well along in de
veloping a new experiment. 

Before Wilkinson left the project to 
join the faculty of Princeton Univer-
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sity, he and the next graduate student, 
Arthur Rich (now on the Michigan fac
ulty) , turned their attention to the possi
bility of measuring the g factor of the 
positron. The positron is the electron 
of antimatter, the oppositely charged 
twin of the electron. In our world the 
positron exists only briefly before com
bining with an electron in mutual anni
hilation, converting matter into radiant 
energy. Positrons for the g-factor experi
ment are obtained from a radioactive 
emitter. The main part of the experi
ment-trapping the particles in a mag
netic bottle-follows the general scheme 
used for the electron. The polarization 
an d analysis are done diHerently, how
ever. The experiment is extremely diffi
cult because of the small number of posi
trons available. Nevertheless, Rich has 
been able to obtain a value for the g fac
tor of the positron that is accurate to a 
part in 100,000 . It agrees with the value 
found for the electron. John Gilleland, 
another graduate student, is now pre
paring a measurement in which he hopes 
to improve on that accuracy. 

One might ask why it is important to 
measure the g factor of the positron 

if we believe it is the exact twin of the 
electron. It is true that we do not expect 
to find a different result for the positron, 
probably to the greatest degree of ac
curacy we can ever reach, but we should 
not take it for granted. The questions of 
symmetries in nature, of which this is an 
example, have become very subtle and 
are not yet fully understood. There is  
abundant evidence that not  only the 
electron but also every other kind of 
charged particle will be found to have 
an opposite twin. A great m any twins 
have been produced and studied. One 
therefore can visualize an antimatter 
world, made entirely of these opposite 
particles [ see "Antim atter and Cosmol
ogy," by Hannes Alfven; SCIENTIFIC 
AMEHICAN, April, 1967 ] .  In this sense 
the electron is a citizen of our world and 
the positron is a foreigner. As I stated 
earlier, the anom aly in the g factor is re
lated to the coupling of the electron with 
the world it is in. The extension of this 
thought raises an amusing question : 
Would we expect to find exactly the 
same g factor for the electron and the 
positron only if each were in its own 
world? To settle the issue would require 
that we do the electron experiment in a 
matter world and the positron experi
ment in an antimatter world. But where 
can we find an antimatter graduate stu
dent who will go to an antimatter world 
and make the measurement? 

"A TELESCOPE S U I T  A B LE FOR R OCKET-BORNE INSTR UMENTATION" 

The descriptive quotation above is the t i t le  of a paper pub
lished by Patrick H.  Verdone of Goddard Space Fl ight Center, 
regarding a special all-quartz Questar used i n  two rocket flights 
to photograph the sun in the near ultraviolet. Mr.  Verdone's 
report on the equipment and its perform ance appears i n  the 
March 1 967 issue of Applied Optics. The entire project is  
covered i n  a paper called "Rocket Spectroheliograph for the 
Mg II  Line at 2802.7 A" by Kerstin Fredga. 

In the past we h ave pointed with pride to the many things 
Questar can do for you, the hobbyist, by bringing you superb 
resolution for astronomical and terrestrial observing and pho
tography, in a fully m ou nted yet portable instrument. Imagine 
how gratifying it is that this versatility also can serve so many 
fields i n  i ndustry and scientific research . The closed-circuit 
televising of nearby objects, photography of earth and sky from 
the Gemini  capsules, laser sending and receiving, and now the 
rocket-borne i nvestigation of the sun, are but a few of the uses 
so radically different as to appear to be beyond the capacity of 
a single instrument. Yet all are in the day's work for Questar. 
It  strikes us that when you make the world's finest optical 
system, the world finds ways to use it. 

Q uestar, th e world's fin est, most versatile small telescope, priced from 
$795, described in 40-page booklet. Send $1 for mailing anywhere 
in North A merica. By air to rest of Western Hemisph ere, $2 .50; 
Europe and n orth ern A frica, $3.00; A ustralia and elsewh ere, $3 .50. 

BOX 20 NEW HOPE, P ENNSYLVANI A  1 8938 
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THE VENOUS SYSTEM 

The veIns constitute a reserVOIr for the blood supply� not n1erely 

a systen1 of p assive conduits. They con strict and dilate actively, 

thus 111aintaining a satisfactory distribution of blood In the body 

The concept of the vein s as passive 
conduits, fitted with valves to per
mit the flow of blood only toward 

the heart, was developed by William 
Harvey in the 17th century and persist
ed until fairly recently. In the past two 
decades, however, it has become clear 
that the veins have more subtle func
tions. Experiments showed first that the 
veins are capable of being distended far 
more than the arteries and then that at 
any given time they contain most of the 
blood in the body-perhaps 70 percent 
of the total. This suggested that they 
are not only conduits but also "capacity 
vessels," and that if this is true large 
quantities of blood must often accumu
late in the lower parts of the body. This 
in turn made it seem likely that under 
such circumstances as exercise, blood 
loss or heart failure the veins must have 
to function actively in order to maintain 
venous blood pressure and perhaps to 
redistribute the blood supply. 

The next line of investigation was 
therefore to establish whether or not the 
veins constrict actively in response to 
various stimuli, and if so how. It had 
long been known that changes in the 
tone, or degree of stiffness, of the arterial 
vessels occur in response to certain stim
uli and that these changes exert a pow
erful and immediate influence on blood 
pressure and the well-being of the or
ganism. Changes of tone in the veins 
were much less obvious, so that new 
methods had to be developed to measure 
them under various physiological condi
tions in human beings. This has been 
done over the past 10 years or so by 
several groups of workers, including 
those groups with which I have been as
sociated at the Boston University School 
of Medicine, the Medical College of 
Georgia and the University of Virginia 
Medical School. It is now established 
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by J. Edwin Wood 

that the veins constrict actively, not only 
to preserve blood pressure in the highly 
distensible venous system but also to 
shift blood from the periphery toward 
the central circulation as required. The 
veins, in other words, comprise the res
ervoir of the circulatory system. 

The successive components of the cir-
culatory system can be described in 

terms of their characteristics as elements 
ill a fluid-filled dynamic system. The 
heart is a pump with a power plant and 
valves that discharge oxygenated blood 
at a rate of flow of four quarts a minute. 
The arteries, which receive this blood 
at high pressure and velocity and con
duct it throughout the body, are thickly 
walled with elastic fibrous tissue and a 
wrapping of muscle cells. The arterial 
tree terminates in short, narrow, muscu
lar vessels called arterioles, from which 
the blood enters the capillary bed: a 
pervasive network of microscopic ves
sels whose tenuous walls act as a mem
brane across which nutrient and waste 
substances diffuse into and out of the 
tissues. From the capillaries the blood, 
now depleted of oxygen and burdened 
with waste products, moving more slow
ly and under low pressure, enters small 
vessels called venules and then the veins. 
These are generally larger and less thick
ly walled than comparable arteries; the 
layer of smooth muscle along their entire 
length is much thinner than that of the 
arteries, but then it has much lower 
pressures to cope with. 

The entire vascular system, including 
the heart, is closely regulated by nerve 
impulses from the brain and spinal cord 
as well as by the intrinsic responsiveness 
of the vascular system itself. Nerve im
pulses reach the blood vessels and heart 
by way of the autonomic nervous sys
tem. The major source of nerve impulses 

to the blood vessels is in the sympathetic 
ganglia, collections of nerve cells that 
control the sympathetic nerve fibers. The 
impulses ultimately result in the release 
of the hormone noradrenalin (also called 
norepinephrine) at the nerve endings on 
smooth muscle in the walls of the arteries 
and veins and in the heart. 

An important concept of nerve func
tion is the receptor theory, first proposed 
by Raymond P. Ahlquist of the Medical 
College of Georgia and later confirmed 
as an explanation of nerve and muscle 
function in the vascular system. It holds 
that small protein receptor complexes on 
the walls of smooth muscle cells have 
characteristics that determine the re
sponse the cell will make when the re
ceptor is stimulated by a suitable sub
stance. When noradrenalin is released by 
the nerve ending in the vicinity of the 
receptor, stimulation of an "alpha" re
ceptor results in contraction and there
fore in blood-vessel constriction,  where
as stimulation of a "beta" receptor results 
in relaxation and therefore in dilatation 
of the vessel. 

John W. Eckstein and his group at the 
University of Iowa College of Medicine 
found that arteries contain both alpha 
and beta receptors, so that certain stimuli 
result in the dilatation of arteries and 
other stimuli in their constriction. The 
preponderant receptor effect of nora
drenalin is alpha stimulation (although 
some beta stimulation also occurs), and 
so the net effect of noradrenalin on ar
teries is constriction. In veins, on the 
other hand, only alpha receptors are 
present, so that sympathetic nerve stim
ulation results only in constriction. As 
the various responses of veins are de
scribed later in this article, it  will  be 
noted that an increase in tone of the 
smooth muscle-a constriction of the ves
sels-is the usual and expected response 
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CIRCULATION is diagrammed schematically as a hydrodynamic 

system in which blood is forced into the arteries at high pressure 

by the heart and maintained at high pressure by the resistance ef. 

feet of the arterioles, which supply the capillary bed that per· 

meates all the tissues. Then, at low pressure, the blood enters the 

venules and finally the veins, many of which contain valves that 

keep the blood flowing toward the heart. The chart gives the total 

, . II 
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volume of all the vessels of each kind in man (note the great ago 

gregate volume of the veins) and average values for the velocity 

and pressure in each kind of vessel. As shown by the drawings of 

segments of vessels, a single layer of endothelial cells lines the 

entire system, surrounded by fibrous tissue except in the case 

of the capillaries and by smooth·muscle cells in the case of ar· 

teries, arterioles and veins. The vessels are not drawn to scale. 
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Shoots Paint Off 
a Light Bulb ... 
without harming the glass! 
Your most delicate cleaning jobs can be 
accomplished with Inland's new industrial 
blasting equipment. Blast gun fires a 
steady stream of microscopic glass beads 
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of the veins, whereas arteries may dilate 
or constrict. One reason for this differ
ence in the pattern of response of these 
two systems is the difference in receptor 
makeup . (In addition certain arteries 
have vasodilator nerves that apparently 
function differently from the sympa
thetic constrictor nerves.) 

The nervous system functions so as to 
cause the heart to increase or decrease 
its pumping action in order to maintain 
the flow of blood needed by the entire 
body . The arterial side of the circulation 
tends to respond to the need for flow to 
specialized tissues by maintaining ar
terial pressure. (For example, the arterial 
circulation to the brain tends to remain 
open while the circulation to less im
mediately essential parts of the body 
closes down during stressful circum
stances.) On the venous side of the cir
culation nervous impulses impinge on 
the veins so as to maintain enough pres
sure and volume of blood in the central 
veins to form an adequate reservoir of 
blood for the heart to pump back into 
the lungs and ultimately into the arterial 
system. 

I f we were to understand the function-
ing of the veins as an active reservoir, 

we needed to learn how they constrict 
and dilate, in health and disease, in re
sponse to various environmental condi-

tions and other stimuli. More specifical
ly, we needed data on the distensibility 
of the veins,  which would indicate the 
degree of contraction of the muscles con
trolling the walls. The distensibility of 
any hollow organ (or a similar inorganic 
element) is described by the way in 
which its volume varies with the pres
sure of the fluid in it. 

There are standard methods of mea
suring changes in volume and pressure 
in veins. The volume is recorded by mea
suring, with the instrument called a 
plethysmograph, changes in the size of 
a patient's ann or leg. This is possible 
because so much of the blood in an ex
tremity is contained in the veins, and 
because the arteries and capillaries 
change their volume relatively little; 
fluctuations in the volume of the extrem
ity can therefor� be ascribed almost com
pletely to changes in the volume of the 
veins.  The extremity (the forearm in 
most of our experiments) is placed in an 
airtight, watertight box that is partly 
filled with water. Any change in the vol
ume of the forearm causes a proportion
ate rise in the water level, displacing air 
from the box into a measuring device, 
such as a simple bellows, that operates a 
recording pen [see t0J! illustration 011 
page 91). 

There are several ways to measure 
pressure within a vein, but the most 

SYMPATHETIC SYSTEM 

VEIN 

SYMPATHETIC 

NERVES 

--Q RECEPTOR 

(CONSTRICTION) 

ARTERY 

RECEPTOR 

(CONSTRICTION) 

� RECEPTOR 

(DILAT ATION) 

SYMPATHETIC NERVES are one source of control of muscle in blood-vessel walls. Ac

cording to one theory, noradrenalin released by the nerve endings affects "alpha" receptors, 

causing muscle contraction, or "beta" receptors, causing relaxation. Arteries have both 

receptors, veins only alpha receptors, and so sympathetic activity always constl'icts veins. 
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Today's 
uncrushable fabrics 

depend on 

DMT/TA 
from Amoco. 

Perfect for travel, easy to care for-these are the 
new durable press fabrics. Their shapes can be set 
to stay without ironing . 
Many other products depend on high purity OM T 
(Dimethyl Terephthalate) and TA (Terephthalic Acid) 
from Amoco: polyester films for packaging, electrical 
recording tape, wire enamels, surface coatings, and 
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Call your Amoco Representative or write to us. Amoco 
Chemicals Corporation, Department 8787, 130 East 
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Alcoa research 
helps make 
aluminum armor 
the logical choice. 

Change for the better with 
Alcoa Aluminum 

We've been testing armor alloys 
and the effects of armor design me
chanics for more than five years at 
Alcoa's Ballistic Laboratory. We've 
shot at hundreds of aluminum alloys 
and learned more than how to make 
holes in armor. Alcoa has learned 
how not to make holes in armor. 
We're helping develop new, lighter 
weight armor materials that defeat 
projectiles. We have learned to 
predict the resistance to penetration 
of plate, forgings, extrusions and 
castings based on the mechanical 
properties of the alloy, the thickness 
of the armor, and the angle of 
incidence. 

Since building our laboratory to 
Army Ordnance standards, we've 

rnALCOA 

fired thousands and thousands of 
rounds of armor piercing and 
ball projectiles. 

An electronic system is used to 
calculate impact velocity, and a 
computer program simplifies storing 
and correlating data. 

Alcoa® Aluminum armor is used 
more and more, because when all 
the factors are considered (protec
tion, weight, cost and ease of 
fabrication) it is the logi;cal choice. 
It makes today's fast-moving, air
droppable military vehicles strong 
but light. For further information, 
write Aluminum Company o! [ .1hJ 
America, 550·A Alcoa BUilding, " omi_m 

Pittsburgh, Pa. 15219. 
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graphic is to introduce into the vein a 
flexible tube attached to a glass column 
filled with a salt solution. The height of 
the solution above the tip of the tube is 
a measure of the excess of the local ve
nous blood pressure over atmospheric 
pressure. 

Clearly the mere measurement of vol
ume and pressure is a simple affair. The 
problem is that in order to get repro
ducible pressure-volume curves and to 
compare results in different people un
der various conditions, one must start 
with a low and constant pressure and 
volume as a base line. Consider the prob
lem of comparing the distensibility of a 
new and an old toy balloon . The disten
sibility of the new one is less than that 
of the old one; you have to blow harder 
to inflate it. When both of the balloons 
are inflated to the same pressure, say 30 
millimeters of mercury, the volume of 
the old one is three times as great as the 
volume of the new one. That is a quanti
tative statement of the difference in dis
tensibility of the two balloons and is 
valid because they began from the same 
base line: they had the same zero pres
sure and about the same low volume 
when they were deflated. 

To accomplish the same result in the 
case of the veins we add water to the 

plethysmograph . This raises the venous 
pressure somewhat but, more important 
for our purpose, it reduces the "effec
tive" venous pressure-the difference be
tween the pressure within the vein and 
the pressure surrounding it-to less than 

- - - -----r --

EVP 

PLETHYSMOGRAPH records changes in forearm volume, thus measuring changes in the 

volume of the veins. The subject's arm is placed inside a rubber sleeve that forms a water· 

tight seal with the sides of the plastic plethysmograph case. The pressure inside the veins 

is increased by inflating the pressure cuff (right), obstructing the flow of blood toward the 

heart; second cuff (left) temporarily cuts off circulation to the hand. Any increase in arm 

volume raises the water level, displacing air to operate the bellows and recording pen. 

a millimeter of mercury. Adding more 
water to the plethysmograph raises the 
venous pressure but does not change the 
effective pressure [see illustration be
low]. In other words, as long as the wa
ter pressure in the plethysmograph ex
ceeds the normal local venous blood 
pressure, the effective venous pressure
the pressure that actually tends to dis
tend the vein-remains constant. The 
veins, like deflated balloons, are there
fore in a state of low constant pressure 

2 

_____ l __ 

EVP 

- - �- -
___ =�J.L.. __ 

and volume regardless of the tone of 
their walls .  

The next step is to increase the effec
tive pressure as one does by blowing 
up a balloon . This is done by inflating a 
blood-pressure cuff on the upper arm 
and thereby obstructing the flow of 
blood toward the heart. We inflate the 
cuff until the arm volume increases just 
a bit, showing that the cuff pressure 
barely exceeds the local venous blood 
pressure. Beyond this point, which we 
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EFFECTIVE PRESSURE, the difference between tbe pressure in· 

side and the pressure outside the veins, must be brougbt to a low, 

constant value for experiments on venous volume. This is done by 

adding water to the plethysmograph. In an empty plethysmograph 

the effective venous pressure (EVP) is equal to the hlood pressure 

(1 ) . If water is added, the pressure in the vein rises but the effective 

pressure becomes very small (2). More water further increases 

the internal pressure, but the effective pressure remains small (3). 
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call an effective pressure of zero, any in
crement in cuff pressure causes an equal 
rise in effective venous pressure. Increas
ing the cuff pressure in five-millimeter
of-mercury increments, we note the 
change in volume recorded by the ple
thysmograph [see illustration at upper 
left below J. When these data are plotted, 
they yield the pressure-volume curve for 
the veins being studied [see illustration 
at upper right below J. 

The experiment can then be repeat
ed under different conditions, in the 

20 

Vi 
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presence of the hormone adrenalin, for 
example. Adrenalin (or epinephrine) is 
secreted by the adrenal gland and can 
also be synthesized. Whether it enters 
the bloodstream from the gland or is ad
ministered as a drug, it causes the ar
terioles to dilate but causes the veins to 
con tract. (This is one of the cases in 
which the veins and the arterioles have 
opposite reactions to the same stimulus.) 
If we administer adrenalin to a subject, 
the muscle in the vein walls constricts 
and the veins become less distensible; 

the distensibility (or the change in vol
ume at a pressure of 30 millimeters of 
mercury) is two cubic centimeters in the 
presence of adrenalin compared with 5.5 
cubic centimeters under normal condi
tions. 

One of the important functions of the 
circulation is to help maintain a constant 
body temperature, and we therefore 
studied the effect of a change in tem
perature on the distensibility of the 
veins. At a room temperature of 83 de
grees Fahrenheit a lightly clothed male, 
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CHANGE IN FOREARM VOLUME as the effective venous pres· 

sure is raised is shown by a plethysmograph tracing. The effective 

pressure, from the base line to 30 millimeters of mercury, is 

shown by the numbers along the curve. The change in volume with 

each five·millimeter increment becomes less as the pressure rises. 
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PRESSURE.VOLUME CURVES for a patient with heart failure 

show how the distensibility of the veins is reduced when the pa. 

tient is at rest (black) and further reduced during exercise (color). 
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DATA FROM TRACING are plotted to yield a pressure·volume 

curve, with the volume changes corrected for the size of the sub· 

ject's arm. Here the curve for a healthy subject under standard 

conditions (black) is compared with the curve obtained while 

he was being given adrenalin, which constricts the veins (color). 
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HEART·FAILURE PATIENT, exercising, has constricted veins 

(black). The administration of a drug that blocks the action of the 

sympathetic nervous system abolishes the venous response (color). 
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lying down, is in approximate thermal 
equilibrium with his surroundings. In 
such an environment the venous disten
sibility averaged four cubic centimeters. 
\;Vhen the environment was warmed to 
95 degrees, the subject's venous distensi
bility remained the same; nevertheless, 
calculations (based on the rate of rise of 
the plethysmograph tracing) showed 
that the volume of venous blood flowing 
through the forearm increased . What 
happened was that the arterioles had di
lated, allowing more blood to flow.  Since 
the tone of the veins remained un
changed, the velocity of the blood in the 
vein s increased. Then, when the temper
ature of the room was reduced to 68 de
grees, the arterioles constricted almost at 
once; the blood flow diminished and the 
veins constricted 10 to 15 minutes later, 
thereby restoring blood velocity in the 
veins to about the normal level . 

If the veins of the arm are considered 
as radiators, then the conservation of 
heat in cold weather could best be ac
complished if a minimal amount of 
blood flowed through them as rapidly as 
possible. That is what happened in the 
cold experimental situation. The remov
al of heat from the body in hot weather, 
on the other hand, could best be accom
plished by a large quantity of blood ex
posed near the surface at a low velocity. 
Yet these conditions were not met in the 
warm experimental situation. The rea
son is that a certain pressure must be 
maintained in the veins in order to fulBIl 
the system's functions as a reservoir, and 
this could not be done if the veins di
lated enough to reduce the velocity. 

O
ne of the major physiological prob-
lems for man, the erect animal, is 

maintaining blood flow to all parts of 
the body. When a man stands up, the hy
drostatic pressure in his leg veins ap
proaches 100 millimeters of mercury; a 
large volume of blood tends to settle in 
the distensible vessels of the lower legs . 
This pooling of blood is counteracted, 
Brst of all, by simple flap valves in the 
veins, which act to prevent the return 
flow of blood moving upward; they tend 
to hold the blood in a series of short, low
pressure columns. We have found that a 
second important mechanism counter
acts pooling: a generalized constriction 
of the veins, not only in the legs but also 
elsewhere in the body. We demonstrated 
this effect by measuring venous distensi
bility in the forearm of a patient wearing 
inflatable legging-like pressure stockings. 
\;Vhen the stockings were inflated, pre
venting the pooling of blood, the forearm 
venous distensibility in a number of sub
jects averaged 3.8 cubic centimeters; 15 

ARTERIOLES CAPILLARIES VEINS 

83 DEGREES 

:> 

95 DEGREES 

68 DEGREES 

a 

b £_,: ::: 

TEMPERATURE CHANGES prompt a venous response. At a room temperature of 83 de· 

grees Fahrenheit arteriole resistance and venous volume are normal. At a temperature of 95 
degrees the arterioles dilate but the veins do not, and so the blood velocity (arrow) in the 

veins increases. At 68 degrees the arterioles constrict and reduce blood flow, thus reducing 

venous velocity (a); then the veins constrict and restore the velocity to about normal (b). 

VAL VE of a normal vein is composed of leaflets whose free edges meet intermittently to 

keep blood from flowing backward (a). If the valve functions badly, either because it has 

been damaged or because the vein walls are distended, blood pools in the vein, dilating 

it and further interfering with normal valve function. The result is a varicose vein (b). 
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minutes after the pressure was released, 
allowing blood to pool in the legs, dis
tensibility in the arm averaged 2.6 cubic 
centimeters. In other words, although 
there was no change in the position of 
the forearm, the forearm veins constrict
ed when blood pooled in the legs. This 
response has the ultimate effect of help
ing to maintain the pressure in the ve
nous system and in particular near the 
heart. If this pressure is too low, there is 
inadequate blood flow into the heart and 
inadequate cardiac output; reduced 
blood flow to the brain often causes 
fainting, as in the case of a soldier stand
ing too long at attention. 

""hen a person exercises, the tissues 
require an additional supply of blood. 
The heart rate increases to meet this 
need, but the heart may be limited in its 
ability to respond if not enough blood is 
being returned to it by the veins. An ex
periment that David E. Bass and I per
formed at the U. S. Army Natick Labora
tories in Massachusetts showed how the 
veins respond during exercise. The dis
tensibility of veins in the forearm was 
measured in subjects walking a tread
mill. The veins did constrict, showing a 
definite shift of blood away from the arm 

a 

toward the heart to facilitate increased 
cardiac output. When the measurements 
were made at an elevated temperature, 
soldiers who were not conditioned to the 
heat showed evidence of inadequate 
cardiac output and specifically of inade
quate venous response. Exercise for sev
eral days in the heat improved their re
sponses, suggesting that the veins play 
a role in acclimatization to heat. 

H the heart is subjected to some 
handicap that impairs its ability to func
tion as a pump, such as high blood pres
sure, coronary artery disease or damage 
to the heart valves by rheumatic fever, 
then the condition known as heart fail
ure may result. Some of the symptoms 
of heart failure are directly due to the 
fact that the heart is not pumping 
enough blood. Other symptoms, how
ever, are caused by compensatory re
sponses by the body to the lack of ade
quate blood flow, and one of the most 
interesting of these is a venous response. 
The normal heart is able to meet the 
total blood-flow needs of the body, even 
during mild exercise, without constric
tion of the veins. When the heart is 
handicapped, however, the veins are 
constricted even at rest. This chronic ve-

nous constriction , in association with the 
greater than normal total blood volume 
characteristic of heart failure, causes 
high pressure in the veins and capillaries, 
forcing large quantities of fluid through 
the thin capillary walls into the tissues. 
The resulting dropsy, or edema, is a 
common symptom in heart failure. Con
striction of the veins in heart failure is 
evident in a patien t at rest and is accen
tuated during exercise [see illustration 
at lower left on page 92]. The constric
tion of the veins in heart failure is in
duced by the autonomic nervous system. 
If a drug known to block sympathetic 
action is administered, the response is 
abolished, even during exercise [see il
lustration at lower right on page 92]. 

\Vhat the tissues lack both in heart 
failure and during vigorous exercise 

is enough oxygen. We wondered if the 
veins would respond to the relative lack 
of oxygen at high altitudes, and in col
laboration with Sujoy B. Roy of the All 
India Institute of Medical Sciences we 
carried a plethysmograph into the Him
alayas last summer. We found that when 
a man is exposed to an altitude of more 
than 10,000 feet, the responses of the 

HYDROSTATIC STOCKING exerts a pressure that varies with the 

blood pressure in the leg. When the patient is standing, the pres

sure at the ankle (for a six.foot patient) would be about 100 milli. 

meters of mercury (a). Without the stocking this would distend 

the vein (top); water pressure in the stocking keeps the vein from 

dilating (bottom). When the patient sits, the venous pressure at the 

ankle is about 50 millimeters (b); the stocking pressure also goes 

down. The stocking is used to treat ulcers from varicose veins. 
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Dorothy might never have visited Oz 
if weather radar had been around. 

Remember The Wonderful Wizard 
of Oz? And how Dorothy was carried 
over the rainbow by a tornado? 

Nowadays she might never have 
made that visit. With weather radar, 
the Weather Bureau would very likely 
have detected the tornado conditions 
in time to warn her. 

Weather radar is one of the Bureau's 
most useful weapons against rampag
ing weather. The trouble is, a complex 
weather radar installation at each of 
the Bureau's hundreds of offices 

would be much too expensive. 
Up until now, that is. 
At the Weather Bureau's request, 

ITT Industrial Laboratories has devel
oped a low-cost system to transmit 
up-to-the-moment radar weather pic
tures to almost any place in the U.S. 

This unique system transmits the 
radar pictures, displayed on the mas
ter radarscope, over ordinary tele
phone lines to simple receivers at 
neighboring stations. 

The local weathermen see weather 

conditions firsthand. They don't have 
to rely completely on reports relayed 
via teleprinter or telephone. 

This means that local forecasts and 
warnings are more accurate. And the 
better they are, the better off everyone 
will be-fisherman and farmer, pic
nicker and pilot. 

Everyone, that is, except maybe 
Dorothy. 

International Telephone and Tele
graph Corporation, New York, New 
York 10022. 

ITT 
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TRW 
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veins simulate those of the heart-failure 
patient in many respects . 

When a person has high blood pres
sure that cannot be related to a cause 
such as kidney trouble, he is said to 
be suffering from essential hypertension. 
A.lthough the origin of this condition is 
not known, the basic mechanical prob
lem is clearly a constriction of the arte
rioles .  Usually, as I have indicated, the 
arterioles and veins constrict together .  It 
was therefore surprising to find, when 
we examined patients with essential hy
pertension, that their veins were not con
sb·icted. Other experiments suggest that 
the venous response may even be de
pressed in such patients . The importance 
of this finding is that it may narrow the 
field of possible causes of essential hy
pertension. For example, one suspected 
cause-increased activity of the auto
nomic nervous system-seems to be ruled 
out because it would almost surely have 
similar effects on both the veins and the 
arteries .  

When blood flows too slowly, it has  a 
tendency to clot. Clots that form in 

veins (thrombophlebitis) can break off 
and travel to the lungs, causing a pul
monary embolism, or stay in place and 
obstruct blood flow so badly as to cause 
serious edema. Thrombophlebitis can 
also damage the valves in a vein and is 
therefore one cause of varicose veins, a 
condition in which lack of valve function 
causes the blood to pool in the leg veins, 
which become chronically dilated. Vari
cose veins can arise from any injury to 
the valves or from the congenital ab
sence of valves, but this is far from ex
plaining the large number of cases .  In 
1966 we discovered that the venous dis
tensibility is high in the forearm of pa
tients who have varicose veins in the leg. 
Also in 1966, S. M. Zoster of the McGill 
University Faculty of Medicine, using 
different methods, found the same thing. 
This suggests that certain people inherit 
a venous disability that makes for lack 
of tone in the leg veins . When such a 
person stands up, abnormal dilatation 
of the veins keeps the valves from func
tioning properly, further dilating the ves
sels and leading to varicose veins. 

Pregnant women have a predisposi
tion to thrombophlebitis and to vari
cose veins, and some fatal cases of pul
monary embolism from thrombophlebitis 
have been ascribed to oral contraceptive 
drugs . We therefore measured venous 
distensibility in pregnant women and in 
women receiving oral contraceptives .  In 
both cases we found that there was a 
generalized loss of venous tone com ·  

pared with a control group. This may 
well explain the dilatation associated 
with poor valve function in varicose 
veins and with low velocity of blood 
flow in thrombophlebitis . 

Usually varicose veins are superficial 
vessels that are not essential to the cir
culation;  they can be tied off and re
moved by surgery. ''''hen a number of 
deep veins are involved, however, this 
is not possible. The constant high pres
sure of the pooled blood, unrelieved by 
valve action, can cause extreme edema 
that breaks down tissue and forms pain
ful ulcers . S ince dilatation of the vein 
wall depends on the difference between 
the pressure inside and the pressure 
outside the vein, the logical approach 
to therapy of advanced varicose veins 
would be to equalize those pressures.  
This would reduce the effective pressure 
to near zero and presumably force fluid 
out of the tissues into the blood vessels .  
In addition, by bringing the valve leaf
lets closer together, i t  would enable the 
valves to function better. The trouble is 
that an external pressure high enough to 
counterbalance venous pressure when 
the patient was standing would be so 
high as to cut off all circulation in the 
legs when he sat down. 

After a series of experiments we de
vised a way to exert just the right amount 
of pressure on the veins of the leg re
gardless of the patient's posture : a hy
drostatic pressure stocking, in which the 
pressure would be supplied by a reser
voir of water at about the level of the 
patient's heart. John E. Flagg of the Da
vid Clark Company designed the stock
ing, which is attached by two tubes to a 
water bag carried under the patient's 
arm.  Any point on the surface of the 
patient's leg is therefore constantly sub
jected to a pressure proportional to the 
vertical difference between that point 
and the level of the heart. The hydro
static stocking has since proved bene
ficial to a number of patients suffering 
from ulcers due to varicose veins. 

The stocking is one example of a prac
tical therapy for malfunction of the veins 
that has been derived from experimental 
studies of normal vein function .  As for 
our theoretical findings, I have a feeling 
that the most significant aspect may be 
the discovery of instances in which the 
veins constrict or dilate in a manner 
diametrically different from other com
ponents of the circulation .  By pursuing 
these instances of apparently incongru
ous venous response we should be able 
to isolate mechanisms that combine to 
produce the complex responses of the 
vascular system in health and disease. 
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( Advertisement ) 

Freeing Coatings for Examination 
Soph isticated electrolytic techn iques separate metallic coatings 

from base steel fo r closer study. The result is a better understanding of 

coating characteristics and product app lications. 

by Sa m u e l  M. Pu rdy,  Resea rch Supervi sor 

E
normous amounts of steel are 

today being produced with 
metallic coatings. The Youngs
town Sheet and Tube Company 

alone makes 700,000 tons of it each 
year. Most of it goes into sheet steel, 
w h i c h  a m o u n t s  to  a p p r o x i m a t e l y  
100,000,000 square feet o f  coated 
steel, not counting steel used in elec
troplating. 

Coated steel has many uses. A com
mon example is the so-called tin can, 
actually made of tin coated steel. Gal
vanized steel is familiar as roofing and 
siding for farm and industrial build
ings, such as the Quonset hut. The list 
of uses is almost endless . 

Newly created conditions demand 
new varieties of coated steels. For 
example, the high price of tin and the 
political instability in tin-producing 
countries have led to a search for safe 
substitutes for tin plate in food con
tainers . Cost conscious users of gal
vanized steel have helped motivate the 
development of varieties which don't 
need primer coats in painting. 

New technological improvements 
such as vapor deposition suggest new 
methods of applying coatings to metals 
- coatings heretofore im possible.  A 
thin film of AI, Ti or stainless steel on 
steel now seems possible. Some of the 
coatings now foreseen may be extraor
dinarily thin. 

These new coatings and processes 
require new techniques for characteri
zation of coatings. What will work for 
tin plate will not work for vapor de
posited Al or stainless steel. At the 
same time, the effort to improve con
ventional products requires a closer 
look at today's coatings. And that look 
must be made from a different view
point. That is, while properties like 
color, reflectance and COITosion resist
ance have been readily observed on 
the coated steel itself, newer studies 
show that more infOlmation can be ob
tained after the coating has been sepa
rated from the steel. This is especially 
true of thin films made by electro-dep
osition, or by the new vapor deposi
tion techniques. 

Properties to be seen through deeper 
scrutiny include chemical composition, 
grain size, micro structure, etc. But, 
properties that make a good film, such 
as tight adherence, make separation 
difficult. 

Because the coating can't be peeled 

from the steel, unless the coating was 
faulty to begin with, and since chemi
cally dissolving the coating defeats the 
purpose, the steel must be taken away 
from the coating. This can be done by 
taking advantage of chemical differ
ences between coating and steel. 

One such difference is the phenom
enon called "passivation." If a metal 
specimen is the anode in an electro
lytic cell, its corrosion. rate is proporc 
tiona I to the current flowing through 
the cell .  Most metals corrode faster as 
the voltage is increased because more 
c urrent flows . 

Some metals, like Fe and Cr, don't 
behave this way. At first, as voltage in
creases, current increases . But at some 
critical voltage, the current through the 
cell drops suddenly to a low value. The 
metal becomes passive and does not 
corrode rapidly. :: 700 
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F i g .  1 Anodic Corrosion Behavior of Iron 
and Stai n less Steel 

Youngstown , Steel 
T H E  YOUNGSTOWN SHEET AND TUBE COMPANY · YOUNGSTOWN, OHIO 44501 

Plots of current vs. specimen po
tential in IN H2S04 for steel and stain
less steel are shown in the accompany
ing graph. Specimen potential is mea
sured on the anode, showing accurately 
what is happening there without be
coming entangled with cathode reac
tions .  Steel corrodes actively, i .e . ,  there 
is a large current flow at potentials up 
to + .2V. But above this value, up to 
l .OV, there is an unstable region in 
which the steel becomes passive. The 
rate of passivation depends on how far 
above + .2V the specimen potential is 
set. The stainless steel coating shows a 
similar behavior, but with a different 
set of values well below those of steel. 

N o w  we have the principle  for a 
technique to separate steel from a 
stainless steel coating. The specimen is 
made the anode in an electrolytic cell 
containing IN H2S04. When the anode 
potential is set between - .1 V and + 
.3V, steel corrodes and stainless steel 
becomes passive and is not attacked. 

Interestingly, the technique reveals 
poor adhesion. Poor films flaked off 
readily across the specimen's face when 
the stainless face was electrolyzed, indi
cating a relatively greater amount of 
exposed Fe in the poor coating and im
plying that the coating was porous. 
Good specimens did not flake off, but 
came off in sheets. Electron micro
scopic examination showed that good 
films were free of observable porosity 
up to 100,000 X and that poor films 
had numerous pores less than 1� micron 
( 20 micro inches ) in diameter. 

Coatings produced by vacuum evap
oration appear extremely fine grained. 
Grain size for good c;,oatings rUll" from 
1400 down to 800 A mean diameter 
and down to 500 A in one poor one. 

The technique has been extended to 
extremely thin ( up to 1000 A thick ) 
coatings of electroplated Cr. The Cr 
p lates were extr�mely fine grained, 
estimated at 100A mean diameter or 
less. Diffraction patterns showed a pre
ferred orientation in that the ( 1 10 )  
plane was parallel to the substrate sur
face but that the direction varied from 
place to place. The Cr plate showed 
no obvious pores up to 100,000 x .  . 

The work in the development of 
these techniques has been only a small 
part of the constant research at 
Youngstown. If you believe Youngs" 
town can help you, call at your con
venience. Or, write Department 251D8. 
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can help develop a better material, 
improve our physical well-being . . .  
and catch a hit-run killer. 
A motorcyclist was killed by a hit-run driver, a suspect 
car located . Police found traces of grey and red plastic 
on its bumper. The problem : how to establish whether 
the plastic on the automobile came from the motorcycle . 
Gas chromatography was used to analyze the scrapings 
from the suspect car and the wrecked motorcycle. The 
chromatograms, showing exact chemical composition of 
the pl astics , provided comparable chemical "fingerprints" 
of the two samples . They matched . . .  and these "finger
prints" were used as admissible evidence in court to estab
lish the car's role in the accident. 

How it works : Gas chromatography ( GC )  is a proc
ess whereby a vaporized material is separated into its 
constituent compounds as it passes through an adsorptive 
column . The output of sensitive detectors at the end of 
the column provides a graph , or chromatogram, showing 
both the identity and exact quantity of the separated 
compounds . This efficient analytical tool , combining 
quantitative analysis with qualitative identification, makes 
a positive contribution to our l ives today . . .  from the 
purity of the water we drink to the ability of our auto
mobile to stop quickly and safely.  

Health-guard :  By developing the high-efficiency gas 
chromatograph, Hewlett-Packard made practical the de
tection of harmful pesticide residues in foodstuffs ranging 
from human milk to raspberry preserves.  Hewlett-Packard 
GC instrumentation can detect the presence of as little 
as a picogram ( 1 0-] 2  gram ) of a pesticide . Because of 
the toxicity of these chemicals,  this WOO-time improve
ment in sensitivity is of significant importance to pesticide 
manufacturers , biomedical researchers,  and government 
agencies concerned with public health .  

GC in laboratory and factory : In industrial research, 
GC is  an important tool for improving both product 
quality and manufacturing economy. As an exampl e ,  
brake lining material, by design highly resistant t o  de
composition, was anal yzed by combining two HP-de
vel oped techniques : pyrolysis GC ( where the sample is 
burned to obtain the test  gas ) and temperature-pro-

grammed GC ( allowing separation from a mixture of 
compounds with widely separated boiling points ) . Several 
brake lining formulations were analyzed ; their chroma
tograms showed a direct correlation between the presence 
of a new compound formed during curing and the actual 
stopping-ability of the linings . A new brake l ining formu
l ation was devised that improved performance with less 
cost. GC became the quality control specification test for 
this manufacturer to assure consistency of formulation 
and, thus,  the stopping-ability of the brake lining. 

Making pure chemicals : Beyond the analysis of small 
s amples , gas chromatography has proved to be a uniquely 
efficient technique for producing useful l iter-quantities of 
highly pure chemical s .  By increasing the volume capacity 
of "preparative" GC more than 1 00 time s ,  Hewle tt
Packard has added further to the practicability of prepa
r ative gas chromatography for industrial use. 

Other Hewlett-Packard analytical instruments: 
Vapor pressure osmometers , $2800. 
Membrane osmometers , $4225 to $ 5 5 5 0. 
CHN analyzers,  $6000. 
Microwave spectrometers , $40,000 to $60,000. 
Gas chromatographs, $ 1 095 to $5400. 
Hewlett-Packard l aboratories are at work in applied elec
tronic s ,  sol id-state physics and physical  e l ectronics to 
develop new analytical techniques , while contributing to 
the automatic operation and increased efficiency of pres
ent techniques . 

Software behind the hardware : Analytical instru
ments are among the more than 1 5 00 Hewlett-Packard 
instruments for chemical , electronic and medical applica
tions . From Hewlett-Packard sales and service offices our 
engineers and specialists provide customers with help in 
application, installation and maintenance of these instru
ments . Through these 1 07 offices extensive customer 
training programs and a continuing flow of helpful in
formation are available - on a local basis - to meet the 
immediate and long-term needs of those whose progress 
depends on measurement. 

00714 B MeasU1'ing inst?'uments for science and industry 
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The Circulation of the Sun's Atmosphere 

A new h'ypothesis n�a.y explain how the sun can rotate faster 

at its equator than it does elsewhere. Ana�ysis of sunspot 

Ino()en�ents has pro()ided a clue to this 100-'year-olcL In'yste1Y 

When Galileo observed that dark 
spots frequently travel across 
the face of the sun, he conclud

ed correctly that the sun rotates. Closer 
observation subsequently showed that 
the sun rotates perhaps 20 percent faster 
at its equator than it does near its poles. 
Since the sun is not a rigid body but a 
ball of luminous gas, such differences in 
its rate of rotation may not seem too sur
prising until one tries to account for 
them . Then one finds that a satisfactory 
explanation is not so easy to invent. The 
task would be simplified if there were 
some direct way to follow large-scale 
motions of gas in the sun's atmosphere, 
but this too is difficult. In the past few 
years, however, interesting clues to the 
general circulation of the solar atmo
sphere have been obtained by statistical 
analysis of the motions of sunspots. Ad
ditional clues have been provided by 
new investigations of the sun's magnetic 

by Yictol' P. Starr and Peter ,\. Gilman 

field. We have drawn on studies of both 
kinds to construct a hypothesis that sat
isfactorily accounts, we believe, for the 
sun's nonuniform rate of rotation . The 
hypothesis is similar to the one that ac
counts for currents such as the high
speed flow of air in our own atmosphere 
known as the jet stream. 

The generations of astronomers who 
followed Galileo spent countless hours 
examining the activity of the sun, and 
the study continues with ever more so
phisticated instruments. It has always 
been easier to record and describe solar 
events than to provide theoretical expla
�ations for them. This is hardly surpris
ing when one considers that the sun 
represents the interaction of matter and 
energy on a scale that cannot be even 
remotely approached in the laboratory. 
The sun is 865,000 miles in diameter
more than three times the distance from 
the earth to the moon-and contains 

more than 99.9 percent of all the matter 
in the solar system . 

Although we speak of the surface of 
the sun, this surface is not a surface in 
the usual sense.  The limb, or visible 
edge, of the sun is the dividing line be
tween two layers of the solar atmo
sphere . The layer extending inward from 
the limb is called the photosphere. Its 
thickness is about 400 kilometers, and it  
is the direct source of nearly all the sun's 
radiation into space . Estimates vary 
somewhat, but the temperature at the 
limb is some 4,500 degrees Kelvin (de
grees centigrade above absolute zero), 
increasing to some 8,000 degrees K. at a 
depth of 400 kilometers. The layer ex
tending outward from the limb is the 
chromosphere . Its thickness is now taken 
to be no more than 6,000 kilometers, 
through which the temperature increas
es from 4,500 degrees K. at the base to 
a million degrees K. at the top. Above 

SU TSPO T MIGRATION provides the principal evidence that the 
s u n  r?tates faster at its equator than it does toward its poles, a p.uzzllng phenomenon known [or abou t  100 years. This sequence of 
SIX photographs shows the migration of a large sunspot group over 

a 12.day period early last year, from its emergence on the east 

(left) limb in the northern hemisphere to its disappearance on the 

west limb. The dates of the sequence are February 21, 23, 25, 27, 

March 1 and 4. In the fifth picture the two spots seen in the small 
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the chromosphere is the corona, which 
reaches out to a distance equivalent to 
several solar radii and has a temperature 
exceeding a million degrees. The densi
ties in the chromosphere and the corona 
are much lower than those in the photo
sphere. About 92 percent of the atoms in 
the photosphere are hydrogen, 8 percent 
are helium and less than .1 percen t are 
heavier elements. Except in the layers of 
lowest temperature, these atoms have 
bee� stripped of one or more electrons 
and thus exist as positively charged ions. 

The sun is observed primarily by re
cording its electromagnetic radiation, 
ranging through the entire spectrum 
from gamma rays to radio waves. With 
the advent of artificial satellites it has 
also been possible to measure the flux of 
material particles emitted by the sun.  
From the radiation measurements one 
can infer the local intensity, tempera
ture, composition and state of ionization 
of the solar gas and also estimate the 
local magnetic fields and components of 
fluid velocity. 

The magnetic fields are studied by 
analyzing lines in the spectrum, which 
are split into two or more closely spaced 
lines when the atoms that give rise to 
the lines are in a magnetic field; such 
split lines are named Zeeman lines after 
their discoverer Pieter Zeeman. Unless 
the field is precisely at right angles to 
the direction of the radiation, the spec
tral lines will also be circularly polar
ized in a sense that depends on the di
rection of the field. By determining how 
much the lines have been shifted and 
how they are polarized one can deter
mine the strength of the magnetic field 
in our line of sight. The solar magneto-

graph, an instrument for measuring Zee
man shifts, was developed largely by 
Harold D. Babcock and his son Horace 
W. Babcock of the Mount Wilson and 
Palomar Observatories, whose solar ob
servations cover a span of more than 50 
years [see "The Magnetism of the Sun," 
by Horace W. Babcock; SCIENTIFIC 
AMERICAN, February, 1960]. 

Fluid velocities on the sun can be de
termined in two principal ways. One 
can examine spectral lines to see wheth
er they are shifted to a shorter or a long
er wavelength. A shortening indicates 
that the source of radiation has a com
ponent of motion toward the observer; 
a lengthening indicates that the source 
is receding. This is the well-known Dop
pler effect. Alternatively one can study 
the progressive movement of gross solar 
features, such as sunspots, for clues to 
the motion of the gas in which they are 
embedded. Both techniques have inher
ent difficulties. For example, it is not 
clear how well the movement of a sun
spot represents the motion of the gas 
surrounding it. Nor can one determine 
with much precision to what level in the 
solar atmosphere a given set of observa
tions pertains. 

The ultimate source of the sun's radia-
tion is of course nuclear energy re

leased in the sun's inner core. Because 
the rate of this release is fairly steady, 
the flux of energy emitted by the sun as 
a whole is similarly steady. In regions of 
the surface, however, and over short pe
riods of time, the radiation fluctuates in 
intensity and in distribution across the 
spec'trum. These fluctuations range in 
duration from a few minutes to many 

months. They vary in horizontal scale 
from a few hundred kilometers (the limit 
of resolution with present instruments) 
up to a distance equal to the sun's radius. 
Most of the fluctuations are related to 
fluid motions on the same scale. Scme are 
also linked to magnetic-field configura
tions of comparable dimensions. 

The smallest and briefest of these dis
turbances take the form of the small
scale convection cells known as granules. 
The solar disk is covered rather uniform
ly with granules, which give the disk its 
mottled appearance in  high-resolution 
photographs. Although the existence of 
the granules had been known for some 
time, pictures made in 1958 with the bal
loon-borne telescope of the Stratoscope 
program showed them in unprecedented 
detail [see top illustmtion on next page]. 
Martin Schwarzschild of Princeton Uni
versity, who conceived and directed the 
project, found that the granules have an 
average diameter of about 700 kilome
ters and an average lifetime of about 
eight minutes. Mean temperature fluc
tuations across a granule are about 90 
degrees K. The gas velocities, which in
dicate the vigor of convective motions 
in individual cells, are about .3 kilome
ter per second. There is little evidence 
so far that magnetic fields are associ
ated with the temperature and velocity 
changes in the granules. 

Recent studies indicate that larger and 
longer-lived convection cells are super
posed on the granules; they are called 
supergranules. The motion associated 
with them shows up in  Doppler shifts 
observed primarily near the limb of the 
sun.  Near the center of the sun's disk 
their motions  are apparently obscured 

group centered on the north·south axis developed very rapidly in a 

48·hour period between February 27 and March 1. Sunspots charac· 

teristically wax and wane in a nine.to.13.year cycle. The present 

solar cycle began in 1964 and will reach a maximum intensity in 

1968 or 1969. Early in the cycle spots usually appear at around 40 

degrees latitude; later they appear closer and closer to the equa· 

tor. The photographs were made with a six·inch telescope at the 

solar observatory of the Aerospace Corporation near Los Angeles. 

10 1 
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SUNSPOT SURROUNDED BY GRANULES is vividly depicted in this photograph made 

from a Stratoscope·program balloon. The granules are convection cells, a few hundred ki· 

lometers across, whose lifetime is ahout eight minutes. They are the smallest visible solar 

features. The diameter of the sunspot shown here is roughly that of the earth. Stratoscope 

program was conceived and directed hy Martin Schwarzschild of Princeton University. 

SUPERGRANULES, some 50 times larger in diameter than granules, can be inferred from 
photographs that register the Doppler shift in selected spectral lines. In this technique, de. 
vised by Robert B. Leighton and his co·workers at the California Institute of Technology, 
images are recorded at two nearly adjacent wavelengths, representing the red and blue 
"wings," or edges, of a particular line. These wings are either enhanced or decreased in 
intensity depending on whether the solar gas is moving toward or away from the observer. 
When the positive of one image is superposed on the negative of the second, the Doppler. 
shift cont ribution is enhanced, whereas density variations due simply to variations in intrin. 
sic b rightness cancel out to a uniform gray. In the "Doppler sum" photograph above the 
light areas represent motion of gas toward the observer and dark areas gas that is receding. 
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by the more intense activity of the gran
ules; this has led observers to conclude 
that the larger motions are chiefly hori
zontal. John \iV'. Evans of the Sacramen
to Peak Observatory, Robert B. Leighton 
of the California Institute of Technology 
and others have found that the supercells 
are some 30,000 kilometers in diameter 
and that their lifetime averages about 20 
hours. There is evidence that the super
granules may be rising at the center and 
sinking at the edges at about a third of 
the rate observed in granules, or about 
a tenth of a kilometer per second. Hori
zontal outflow velocities, however, are 
about half a kilometer per second. 

Like the granules, the supergranules 
seem to be spread rather uniformly over 
the sun's surface [see bottom illustration 
at left]; about 2,500 large cells are need
ed to cover the visible disk. Unlike the 
small granules, the supergranules seEm 
to be bounded by fairly strong magnetic 
fields. On the whole the supergranules 
appear to be something quite different 
from the granules. 

A number of other solar features are 
not uniformly distributed over the 

surface. Most of them appear to be asso
ciated in one way or another with the 
solar cycle, or sunspot cycle, which gen
erally lasts between nine and 13 years. 
The most familiar of these cyclic phe
nomena is the sunspot itself. It  is distin
guished from the two kinds of granule 
by its lower temperature and strong ver
tical magnetic field. A typical sunspot 
is only 40 percent as bright as the sur
rounding area. The intensity of its mag
netic field ranges up to 3,000 gauss, com
pared with background fields of between 
one and 100 gauss. Although the spot is 
cooler (and therefore darker) than its sur
roundings, it is not quiescent. I t  is com
monly turbulent, and in it there is usu
ally an outward flow of perhaps one 
kilometer per second. This flow is named 
the Evershed effect after its discoverer 
John Evershed. 

Sunspots vary greatly in area. The 
smallest single spot, sometimes called a 
pore, is perhaps 1,500 kilometers in di
ameter, or about a millionth of the area 
of the solar disk; the largest can be sev
eral hundred times larger. A typical spot 
is about the size of a supergranule. Small 
spots may last only a day or so; larger 
ones may last a month or two. 

Sunspots often appear in groups, and 
usually one or two spots are much larger 
than the others in the group. Practically 
all groups are divided into two regions 
of opposite magnetic polarity. Many 
groups have an elongated form, with the 
long axis nearly parallel to the sun's 
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May we send you 
this bool< for only 
one dollar? Yours with your 

first Club Selection 

McGRAW·HILL MODERN MEN OF SCIENCE 
620 pages, 426 biographies, 128 Nobel 
Prize winners. Code #217. Here are re

vealing and authoritative "science biogra
phies" of more than 400 leading contemporary 

scientists - including 128 Nobel Prize winners. The 
whole spectrum of modern science is represented in these 

pages: mathematics, physics, chemistry, physiology, microbiol-
ogy, experimental psychology, and more. In addition to essential bio

graphical data, these articles describe each man's most significant achievements, 
the problems he faced, and how he solved them. Nearly 300 of the articles were 
written by the scientists themselves. The remaining articles were written by authori
ties in their respective fields. All the subjects included were selected from among 
the recipients of the world's major science prizes awarded since 1940. 

13. Principles of Mod· 
ern Physics - Leigh· 
t o n  ( P u b. P r i c e  
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Zinc. 
Make something of it. 

AMERICAN ZINC INSTITUTE . AMERICAN METAL CLIMAX . AMERICAN SMELTING AND REFINING • ASARCO MEXICANA • AMERICAN ZINC . ANACONDA . BALL BROTHERS 

TYPE METAL· MATTHIESSEN & HEGELER ZINC. NATIONAL ZINC. NEW MARKET ZINC. NEW JERSEY ZINC. NORANDA SALES. OZARK-MAHONING • PEND OREILLE MINES & METALS 
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Something influential. 
like the decorative trim on automobiles. The average car is sold 
three times. Each time, the "bright work" becomes more important 
to the car's saleability, more influential in the buyer's decision. 
Grilles, lamp housings and body moldings that have retained their 
brightness and shape invariably catch the buyer's eye. Invariably, 
also, they are made of plated, die-cast zinc. 

Why zinc? 
Because, for one thing, it can be made into something influential. 

• BUNKER Hill' CERRO SALES· COMINCO' DAY MINES' EAGLE PICHER. ELECTROLYTIC ZINC (AUSTRALlAJ • GENERAL SMELTING' HUDSON BAY MINING & SMELTING· IMPERIAL 

• PHElPS DODGE ' PLATT BROTHERS . ST. JOSEPH LEAD ' SOCIETE METALLURGIQUE DU KATANGA (AFRICAJ • SUPERIOR ZINC • U. S. SMELTING REFINING & MINING 
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Fluxless fusion 
means fast connections 
at Western Electric. 

Do you really need vats of muriatic 
acid, pots of paste, jars of powder or 

cores of rosin to solder pieces of metal 
together? Plus time to heat each part 
and then to melt the solder? No. At 
Western Electric's Engineering Re
search Center we've discovered that if 
you force hot solder between cold 
metals held tightly together, they'll 
stick fast - without pickling, flux, or 
even much heat. 

The pressure between parts and the 
flow of molten solder exclude corro
sive gases. The molten solder itself 
raises temperatures quickly with little 
thermal shock. The injected melt both 
cleans and wets the surfaces. And, if 
necessary, a die mold gives precise 
shape and rapid cooling. 

Actual joining times range from 
l/lOth to 1 second, far faster than 
hand-soldering. The small amount of 
energy required safeguards sensitive 
materials. Equipment is simple, inex
pensive, and easy to maintain. Pre
cision control is maintained even over 
wide latitudes of operation. 

Experiments with a dozen basic 
metals, some 15 methods of applica
tion, and all sorts of wires, leads, parts 
and pieces prove the new method of
fers a more economical and flexible 
means to mass-produce electrical and 
mechanical connections. If you con
sider the billions of connections we 
make each year for the Bell System, 
and how reliable each must be, flux
less methods of metal joining offer 
great potentia I. @westerfl Electric 

-r- MANUFACTURING & SUPPLY UNIT OF THE BELL SYSTEM 

In these photomicrographs molten 
solder is forced between two copper wires 
spaced about 0.1 mil apart. 
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equator. The leading end (the end near
est the right edge, or west limb, of the 
disk) is almost always closer to the equa
tor than the trailing end. As we shall see, 
this characteristic orientation may be 
related to the wave structure of the gen
eral circulation of the solar atmosphere. 
The major spot at the leading end of  a 
group in one hemisphere almost invari
ably shows a magnetic polarity opposite 
to that of a similar spot in the other hem
isphere. 

Well-developed sunspots generally oc
cur in association with other magnetic 
and thermal structures, but these need 
not concern us here. Such structures in
clude pI ages and faculae (bright blotchy 
or striated areas) ,  filaments (twisted or 
looped prominences that often arch 
above the photosphere) and flares (short
lived eruptions of brightness). 

At the beginning of a new sunspot cy
cle the first sunspot groups materialize 
near 40 degrees north and south of the 
solar equator. The spots populate two 
belts of latitude 15 to 20 degrees wide. 
As the cycle progresses the new spots 
tend to arise closer and closer to the 
equator. Near the end of the cycle the 
spots form within two or three degrees 
of the equator. Often a new cycle begins 
before the preceding one is completed. 
As measured by the number and total 
area of sunspots, spot activity increases 
rapidly after the start of a new cycle, 
reaching a peak in about three or four 
years. For example, the most recent cy
cle, which began in late 1964, should 
reach a peak in late 1968 or 1969. In 
such a period of intensification there is 
also an increase in the number of pI ages, 
filaments and flares. 

In addition to the intense magnetic 
fields associated with sunspots, there 

are evidently weaker and more diffuse 
fields. These are identified as bipolar or 
unipolar magnetic regions, depending 
essentially on how large an area of sin
gle polarity or double polarity they con
tain. The boundaries of such regions are 
much larger than even the largest sun
spot group, extending at times to an area 
covering a tenth of the solar disk. 

These regions have been examined 
most intensively by V. Bumba of the 
Czechoslovak Academy of Sciences and 
Robert Howard of Mount Wilson and 
Palomar. They find that the diffuse mag
netic fields are primarily vertical, with 
typical intensities in the larger regions of 
between one and 20 gauss. The number, 
intensity and area of these fields also 
seem to vary with the sunspot cycle. 
Typically the bipolar regions are con
centrated below latitude 40 in each hem-

isphere. Regions of opposite polarity at 
about the same latitude are arranged in 
a somewhat regular way around a lati
tude circle, with six or so regions of each 
polarity present. Toward the poles from 
latitude 40 the fields are primarily of a 
single magnetic polarity. Satellite obser
vations indicate that some features of 

N 

these fields extend outward from the 
sun's surface, reaching perhaps as far as 
the earth. Both the unipolar and the bi
polar magnetic regions are characteristi
cally tilted in longitude and latitude; in 
the sun's northern hemisphere they slant 
from upper left (east) to lower right 
(west) and in the southern hemisphere 
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TWO SOLAR MECHANISMS proposed some years ago for maintaining the sun's nonuni· 

form rotation depend on a large·scale meridional circulation that is symmetric about the 

solar axis. It is clear, however, that neither scheme can explain how angular momentum is 

continuously transported to the equatorial region. The first (top) would bring rings of gas 

from more slowly rotating latitudes (short arrows) to replace the faster rings (long arrows) 
near the equator. The second (bottom) would carry fast·moving rings away from the equa· 

torial region, so that the rotation at higher latitudes would tend to become even more rapid. 
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they do the opposite [see illustration be
low]. 

Many observers have tried to mea
sure large-scale temperature differences 
across the disk of the sun, particularly 
between the equator and the poles. So 
far it is not certain that such differences 
exist. If  they do exist at observable lev
els, they are unlikely to be larger than a 
few tens of degrees centigrade; other
wise the existing observations would 
show better agreement. Although such 
temperature differences would amount 
to only about one part in 300, compared 
with the average surface temperature, 
they could have an important effect on 
the circulation of the solar atmosphere. 

C onsidering these many kinds of solar 
phenomena, what conclusions can 

be drawn about large-scale motions on 
the sun? So far sunspots have provided 
the most useful clues. It was through the 
careful tracking of sunspots that Richard 
C.  Carrington of Britain recognized a 

century ago that the sun rotates faster at 
its equator than near its poles. This dif
ference in rotation is known technically 
as the equatorial acceleration. A typical 
rotation period is 25 days for the equator 
(about 14.5 degrees of longitude per 
day) and 27 or more days poleward of 
35 degrees latitude (13.7 degrees of lon
gitude or less per day). Ever since the 
discovery of the equatorial acceleration, 
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solar observers and theoreticians have 
been perplexed about how it has been 
maintained, presumably over hundreds 
of millions of years. So far there has been 
no complete and generally accepted ex
planation , but we think our model rep
resents Significant progress. 

One can ask, of course, whether the 
equatorial acceleration needs to be 
"maintained" at all. In other words, if it 
somehow originated early in the sun's 
history, would it not simply continue? 
Indeed, some theoreticians once be
lieved that no force would have been 
strong enough to destroy the equatorial 
acceleration in the sun's lifetime, but this 
view now has little support. For one 
thing, the solar cycle draws some of its 
energy from the differential rotation. 
This alone would probably reduce the 
sun to uniform rotation in a relatively 
short time. 

If one accepts the idea that some 
physical process is needed to maintain 
the equatorial acceleration, one would 
like to find out what it is. All processes 
that dissipate energy, whether they are 
frictional or electromagnetic, will tend 
to equalize the velocities of rotation at 
all latitudes and depths. What is needed, 
therefore, is some process to oppose the 
dissipative ones-presumably a process 
involving large-scale systems of motion 
organized in a particular way. 

The simplest motions that have been 

considered are closed circulations con
fined to planes cut through the sun's 
poles and symmetrical around the axis 
of rotation. It is difficult to see, however, 
how such motions would achieve the de
sired result. Consider a simple example. 
Assume that gas Bows horizontally across 
the sun's surface from the region of the 
poles toward the equator, where it sinks 
and Bows poleward again somewhere in
side the sun, thus forming a closed loop 
[see illustration on preceding page]. 
Such circulation would carry material 
from a region of low angular momentum 
(the poles) to one of high angular mo
mentum (the equator). Clearly it would 
be the opposite of what is desired. 

Suppose the sense of circulation were 
reversed, so that the flow near the equa
tor were upward from the interior, with 
a poleward motion along the surface and 
a sinking motion near the poles. The an
gular momentum needed at the equator 
might be brought up from the interi
or, where (hypothetically) the rotation 
might be faster than at the surface. The 
poleward flow on the surface, however, 
would tend to carry the equatorial fluid 
with high angular momentum to higher 
latitudes, imparting to those regions an 
even higher angular velOcity than ex
isted at the equator. This result is again 
the opposite of the one sought. 

The point of this argument is that we 
should look to motions that are not sym-

DIRECTION OF ROTATION ) 

SOLA R  LONGITUDE ) 
< TIME 

SOLAR MAGNETI C FIELDS are displayed for one rotation of the 

s u n  in August, 1959. The shaded areas represent line-of-sight mag

net i c  fields with a strength of more than two gauss; gray areas are 

posit ive in polarity, colored areas are negative_ Because these pat

terns tend to persist ti,rough successive rotations, the map can be 

regarded as an instantaneous picture of the distribution of large

scale magnetic fields_" Between the equator and 40 degrees latitude 

the fields tend to alternate in polarity_ Nearer the poles the fields 

are predominantly of one polarity. They also show a pronounced 

tilt from the poles toward the equator, suggesting that the equa-
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metrical around the sun's axis of rota
tion. This was first suggested a few years 
ago by Fred Ward of the Air Force 
Cambridge Research Laboratories. With
out appealing to any particular observed 
motions, we can decide what general 
properties they must have in order to 
maintain a maximum of angular velocity 
at the equator. Whatever else they may 
do, the motions must be capable of se
lectively transporting momentum in a 
preferred direction, from latitudes or 
levels (or both) where angular velocity 
is low to latitudes or levels where it 
is high. This can be accomplished by 
"Reynolds shear stresses" (named after 
Osborne Reynolds of Ireland, a 19th
century hydrodynamicist). As we shall 
see, these stresses arise when the fluid 
entering a given volume of space differs 
in some component of motion from the 
fluid leaving that volume. Since there 
are three mutually perpendicular com
ponents of motion, there can be three in
dependent Reynolds shear stresses. A 
change in any one of the three compo
nents of motion is accompanied by a 
change in momentum transport. Momen
tum of a particular component will be 
added to a given volume only if more 
momentum of this type comes into the 
volume than leaves it. When this hap
pens, there is said to be a convergence 
of momentum transport into the volume. 

In the case of the sun, then, what is 

• 
---------------------------- WEST 
---------------------------- LIMB 

tor's higher rate of rotation is dragging the 

fields to the right. The map is based on one 

by V. Bumba of the Czechoslovak Academy 

of Sciences and Robert Howard of the 

Mount Wilson and Palomar Observatories. 
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like this: 

CDCD@8@8@0CD8CD®01 
400@CD00CD@8@CD@ 

And MATHATRON 
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SCHMIDT-CASSEGRAIN TELESCOPE 
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make It the most versatile Instrument available for 
educational Institutions. Visually it may be used 
at low magnification for open cluster or nebulae 
study or at high magnification for close-up views 
of the moon or planets. In either case the images 
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are available for using this instrument as a plan.· 
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These unique kits have been specially de
signed by university professors for those 
who enjoy brain·to·brain combat. 

inmii� -1!if'! 
Box71·SG .� New Hoven, 

Conn. 
Enclosed is $ • Please send me: 

__ WFF 'N PROOF $6.50 __ _ 
The Game of Modern Logic 

__ EQUATIONS: $3.50 __ _ 
The Game of Creative 
Mathematics 

__ ON·SETS: $4.50 ____ ·• 
The Game of Set Theory . 

__ CONFIGURATIONS: $4.50 ___ ' 
Number Puzzles and Patterns 

__ PROPAGANDA: Game $5.50 __ _ 
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__ WFF: Beginners Logic $1.50 __ _ 
__ TAC·TICKLE $1.25 __ _ 
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Nome . 
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Dealer Inquiries Invited 

FOR THOSE WHO ENJOY BRAIN·TO BRAIN COMBAT 
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TRANSPORT OF ANGULAR MOMENTUM ON SUN must be iu 

the directiou needed to "fuel" the higher rate of rotation at the 

equator. This nonuniform rate of rotation, known as the -equatorial 

acceleration, is represented by the horizontal arrows. The vertical 

arrows represent the transport of angular momentum in the solar 

atmosphere : at each latitude more momentum must enter from the 

direction of the poles than leaves in the direction of the equator. 

CLUES TO MOMENTUM TRANSPORT can be found in sunspot 

movements. On the average spots moving fastest toward the right 

limb ( 53' 53' ) are also moving fastest toward the equator. Those 

moving to the right more slowly are moving more slowly toward the 

equator ( 51' 51 ' ) or toward the poles (52, 52' ) , If the spots are heing 

carried by large eddies of gas, the eddies must be transporting 

the momentum needed to maintain the equatorial acceleration. 

needed is a convergence into equatorial 
regions of momentum of the same sense 
as the direction of rotation (that is, zonal 
momentum toward the right, or west, 
limb). This could be effected either by a 
net upward transport of zonal momen
tum from interior equatorial levels at a 
greater rate than at higher latitudes, or 
by an equatorward transport of zonal 
momentum horizontally across the sur
face. (A third possibility is downward 
transport of zonal momentum from lev
els above the photosphere, but this is un
likely to be significant because the den
sity of gases falls so rapidly above the 
photosphere that little momentum could 
be transported.) 

Is there any observational evidence 
for a horizontal transport of momentum 
toward the sun's equator? The answer 
is yes . The first such evidence was pub
lished- about four years ago by Ward. 
His statistical analyses are now the most 
extensive ever made of the motion of 
sunspots and sunspot groups, using data 
from the Greenwich Observatory for sev
en sunspot cycles, extending back into 
the 19th century. In addition to calculat
ing the mean longitudinal motion of 
spots, which is a direct measure of the 
differential rotation, Ward computed 
the mean latitudinal (that is, north
south) motions, the root-mean-square 
values for motions in both longitude aT' d 
latitude, and the degree to which these 
motions vary together. 

1 10 

He found that the mean latitudinal 
motions were not statistically Significant 
except close to the solar equator. His 
values for the root-mean-square motions 
were about .8 degree of longitude per 
day and .4  degree of latitude. The lon
gitude value is about the same as the 
difference in the mean rotation rate be
tween the equator and a latitude of 35 
degrees. Taken together, these statistics 
seEm to suggest that the difference in ro
tation toward the poles and toward the 
equator, at least insofar as it has been 
measured by sunspot motion, decreases 
smoothly with latitude only on the av
erage over a period of time. At any par
ticular time the flow is likely to be 
rather more complex, with horizontal 
"eddies" distorting the average motion. 
Since sunspots are being used to identify 
them, these eddies must have character
istic horizontal dimensions significantly 
larger than sunspots, dimensions prob
ably comparable to those of the large
scale magnetic regions, which is to say 
around a few hundred thousand kilome
ters. If this is true, the eddies represent 
motions distinctly larger in horizon tal 
scale but smaller in magnitude than the 
granules and supergranules. 

One cannot automatically assume, 
however, that sunspots completely 

reflect the motions of the surrounding 
gas . As we have noted, spots are continu
ously interacting with their surround-

ings, and therefore cannot be expected to 
be carried along exactly by the surround
ing flow. The growth and decay of indi
vidual spots in a sunspot group can also 
lead to an apparent movement of the 
group's "center of gravity ."  Nonetheless, 
spectroscopic Doppler-shift measure
ments near the sun's " limb yield values of 
mean rotation that agree fairly well with 
values derived from spot motions, and 
thus provide a partial check of Ward's 
calculations . To us it therefore seems 
most likely that a large fraction of the 
spot motions can safely be attributed to 
motions of the surrounding gas. 

Ward's findings bear on the problem 
of the equatorial acceleration in the fol
lowing manner. They show that the mo
tions of sunspots and spot groups toward 
the sun's west limb (the direction of 
rotation) are positively correlated with 
their equatorward motion . This is true 
in each hemisphere and for each of seven 
successive solar cycles .  If one accepts 
spot motions as being genuinely indica
tive of the motion of the surrounding 
gas, this positive correlation represents 
a transport of zonal momentum toward 
the equator in a band extending at least 
40 degrees north and south of the equa
tor. These findings result in a horizon tal 
Reynolds shear stress of the appropriate 
sign. 

"Vard's figures show, furthermore, that 
the shear stress increases wi th latitude, so 
that momentum is indeed converging 
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HYPOTHETI CAL SOLAR EDDIES, inferred from the study o f  

sunspot movements, have instantaneous streamlines whose struc· 

ture is commonly tilted in opposite directions on opposite sides of 

the equator. Thus the equatorward transport of momentum at B 
and B' is stronger than the poleward transport at A and A' hecause 

the angular momentum is greater in front of the wave than behind 

it. Eddies with closed circulations would be tilted in a similar way. 

E D D IES IN EARTH'S ATMOSPHERE provide a model for solar 

eddies. The horizontal arrows show the annual mean wind veloci· 

ties at an altitude of about 10 kilometers where they reach a maxi. 

mum. The mechanism for trausporting momentum into the regions 

of positive acceleration, one in each hemisphere, are eddies that usu· 

ally have the tilted wave structure depicted here. The eddies trans· 

port momentum poleward from the tropical and subtropical zones. 

into the equatorial regions from higher 
latitudes in each hemisphere. Thus the 
large horizontal eddies, which we iden
tified with the root-mean-square veloci
ties of the sunspots, have the crucially 
important function of maintaining the 
equatorial acceleration by transporting 
momentum to it. This property of the 
large eddies requires that they have a 
particular structure . 

What structure are the eddies likely 
to have? Unfortunately there are 

not enough spots on the sun at any 
one time to trace out satisfactorily the 
streamline structure of an eddy, so that 
we must be content with inferences from 
other fluid systems and other solar ob
servations .  

A pertinent example close to  home i s  
the earth's atmosphere, which has  great 
belts of prevailing westerly winds in 
middle latitudes and a reverse flow of 
easterlies in a broad band around the 
equator. If these winds were viewed 
from outside the earth's atmosphere, the 
equatorial easterlies would represent a 
differential rotation flowing counter to 
the earth's rotation, just as the westerlies 
represent an acceleration comparable to 
the sun's equatorial acceleration. These 
differential rotations, i t  is now well es
tablished, are maintained by large hori
zontal eddies that transport momentum 
from the easterlies to the westerlies [ see 
"The General Circulation of the Atmo-

sphere," by Victor P.  Starr ; SCIENTIFIC 
AMERICAN, December, 1956]. 

The large eddies in the earth's atmo
sphere are associated with the high-pres
sure and low-pressure areas that are seen 
on daily weather maps. They have a 
characteristic asymmetric structure : they 
are tilted upstream and away from the 
maximum flow. They can take the form 
of waves or closed circulations [see illus
tration at right above]. In either case it 
is the tilt that gives the proper flux of 
momentum . It has also been demonstrat
ed recently by Norman J .  Macdonald of 
the Massachusetts Institute of Technol· 
ogy that the momentum flux from the 
easterlies to the westerlies in the earth's 
atmosphere can be computed by track
ing the movements of the "highs" and 
"lows" found on weather maps in the 
same way that Ward used sunspots. 

How the tilt of the wave influences 
the transport of momentum on the sun 
is best followed with the aid of a dia
gram [see illustration at left above]. 
Consider the points A and B in such a 
wave, depicted for the northern hemi
sphere of the sun. At point A on the back 
of the wave the fluid is moving toward 
the west limb and away from the equa
tor. At these longitudes, therefore, zonal 
momentum is being carried away from 
the equatorial regions. Now consider the 
point B on the front of the wave at the 
same latitude as A. Here the motion is 
toward the west limb and toward the 

equator, so that zonal momentum at 
these longitudes is being carried toward 
the equator. Owing to the tilt of the 
wave the zonal momentum of fluid at B 
is larger than at A, so that the equator
ward flow of momentum at B is also 
larger. When all points like B and A 
along a circle of latitude are considered 
together, it turns out that there is a net 
flux of zonal momentum toward the 
equator. The same argument applies in 
the sun's southern hemisphere, where 
the tilt of the wave is reversed from the 
tilt in the northern hemisphere. A sim
ilar argument would apply to circulation 
around a closed loop whose axis had the 
same kind of tilt as the waves we have 
been discussing. These schematic struc
tures seEm to us to be the most likely 
ones the solar eddies would have, if we 
could observe them directly. 

Independent evidence for the exis
tence of large wave disturbances in the 
horizontal circulation of the solar atmo
sphere has recently been obtained by 
H. H. Plaskett of the University of Ox· 
ford, using Doppler-shift measurements. 
Unfortunately the results obtained so 
far by this method have not shown 
whether or not the waves are tilted. 

The large-scale magnetic regions ob
served by Bumba and Howard would 
appear to support this hypothesis of eddy 
structure . They tilt upstream away from 
the maximum of angular velocity at the 
equator and thus conform to the tilt 

I I I 
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needed for equatorward transfer of an
gular momentum. Such a structure 
would conform to a well-known hydro
magnetic effect. When a gas with high 
electrical conductivity is in the presence 
of a magnetic ReId, there is a strong 
tendency for the magnetic-ReId l ines to 
"stick" to and so be dragged around by 
the gas. Thus if the streamlines of gas 
on the sun have tilted waves, the tilt 
should be apparent in the magnetic-ReId 
patterns as well .  Another hypothesis 
for the shape of the bipolar magnetic 
regions has been proposed by Rober t 
Leighton. He suggests that they are 
formed when stron g sunspot Relds are 
diffused by the motion of supergranules 
and the differential rotation [ see "�-1ag
netic Fields on the Quiet Sun," by Wil
liam C. Livingston ; SCIENTlFIC A� IEHl
CAl\", November, 1966] . 

'fhe net effect of the eddies, as we 
have visualized them, is to add mo

mentum to the equatorial latitudes by 
subtracting it from higher latitudes. Vie 
have shown tha t  this exchange neces
sarily implies that the eddies are losing 
energy to the differential rotation. W'e 
have also calculated the magnitude of 
this energy transfer and estimate that if 

-

it were cut off, the sun would rotate es
sentially as a unit within just a few 
months. The eddies must therefore draw 
on an energy source of their own. vVe 
cannot say with certainty what the im
mediate source is, but we believe there 
are three possibilities. Before turning to 
them, however, let us describe briefly 
what happens deeper in the sun. 

All the activity one can observe on the 
sun must draw its energy ultimately fro m 
thermonuclear reactions deep in the solar 
interior, where te mperatures must reach 
some tens of millions of degrees K. This 
energy is brought up by intense radia
tion to the levels where there are con
vection currents and visible forms of 
solar activity. The convection currents 
arise because radiation alone is not suf
Rcient to move the energy to the surface 
and beyond. Masses of gas are heated in 
the solar depths, rise to the surface, cool, 
become heavier than their surroundings 
and sink again. In this way the potential 
energy provided by radiation is con
vet"ted into kinetic energy in the form of 
convective motions. It is possible that 
the large eddies are also driven in this 
way, so that they can be regarded as 
"super" supergranules. 

It seems likely to us, however, that 

THERMONUCLEAR 
REACTIONS 

the sun also has other mechanisms for 
exchanging energy that tap some of the 
energy from the convective motions and 
feed it into the large eddies. Two pos
sibilities we can visualize for fueling the 
eddies are as follows. 

The Rrst is that the large eddies feed 
directly on the smaller convective mo
tions through nonlinear processes that 
tap some of their kinetic energy. This is 
the direct opposite of a frictional decay 
process, in which big eddies break down 
into smal ler and smaller ones until the 
kinetic energy of the originally organized 
motion becomes indistinguishable from 
the random kinetic energy of the mole
cules making up the fluid. 

The second pOSSibility is one in which 
the principal link between the convec
tive motions and the large eddies is a 
process involving the transfer of poten
tial energy rather than kinetic energy. 
It has been suggested, for example, that 
owing to an influence of the sun's mean 
rotation on the convective motions, the 
mean te mperature at certain horizontal 
levels may not be the same at all lati
tudes. At these levels in the sun the solar 
gas might therefore be slightly lighter 
in some latitudes than in others. This 
would tend to create large-scale motions 

/ 
C H R O M O S P H E R E  
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C O N V E C T I V E  

Z O N E 
R A D I AT I V E  ZON E C O R E  R A D I AT I V E  ZO N E  C O N V EC T I V E  

Z O N E  

H Y POTHETI CAL ENERGY RELATIO NS I N  SUN as visualized 

by the a u t h ors are show n in this diagram. The arrows indicate 

fl uxes of energy t hat relate to the sun's general circulation. It has 

not  been d i rectly demonstrated that the kinetic energy possessed 

by gra n u les and supergranu]es provides ki netic energy for large 

1 1 2 

eddies, but this seems distinctly possible. Note that all forms of 

kinetic energy shown contribute to the magnetic energy. This is 

probably also true of the kinetic energy associated with sunspots, 

whicb is not shown. Also not shown are losses of kinetic energy by 

true friction and ]osses of nlagnetic energy hy electrical resistance. 
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that would transport heat horizontally 
toward the cooler latitudes. These mo
tions would result when a layer of cold 
gas, moving sideways, sinks under a lay
er of warm gas. This is exactly what 
gives rise to the large weather systems 
in the earth's atmosphere . The sun pours 
into the earth's atmosphere more heat 
near the equator than near the poles; 
the large weather systems (cyclones) 
provide the mechanism for carrying 
the heat poleward. On the sun similar 
"weather" systems would have the tilted 
structure needed to transport momen
tum to the equator. 

O n this hypothesis the convective mo-
tions-observable as granules and su

pergranules-would be creating potential 
energy for motions of still larger scale, 
which would then be converted into the 

.kinetic energy of the large eddies and 
ultimately into the kinetic energy of the 
equatorial acceleration . One of us (Gil
man) has made a first attempt at a math
ematical model for this process, making 
the assumption that some means exists 
for producing temperature differences 
over large regions below the solar sur
face. The results, while certainly not con
stituting proof, lend plausibility to the 
idea. 

The model demonstrates how largely 
horizontal disturbances are formed in re
sponse to latitudinal temperature differ
ences. It then shows how these distur
bances assume the proper shape for 
maintaining the equatorial acceleration. 
In addition,  as part of the results, these 
disturbances produce large-scale mag
netic fields with gross properties not un
like the bipolar magnetic regions ob
served on the sun. The mathematical 
solution similarly shows vertical fields, 
predominantly of one sign , migrating 
toward the pole, qualitatively simulating 
the way in which unipolar magnetic re
gions are observed to form in high lati
tudes. 

The studies done so far on the basis 
of this model have been mathematically 
somewhat limited and thus have been 
unable to reproduce the solar cycle, 
which evidently depends on a nonlinear 
feedback mechanism. ''''ork is continu
ing on more ambitious models. Early 
results indicate that they may be able 
to simulate various gross features of the 
solar cycle, such as the unipolar and 
bipolar magnetic regions, together with 
the reversals of magnetic field that oc
cur after each cycle. In any case, what 
has been achieved, using the earth's at
mosphere as a guide to the general dr
culation of the solar atmosphere, has 
been most encouraging. 
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PERPETUAL WATERFALL, one of many "impossible objects" 

conceived by the contemporary Dutch artist Maurits C. Escher, 

seems to drive a mill wheel endlessly. Mills that produced enough 

power to recirculate the water needed to drive them were among 

114 

the first perpetual motion machines proposed in Europe (see bot

tom illustration on page 1 I"6). Their designers did not realize that, 

because of the energy losses due to friction, no mill is capable of 

pumping all its water supply back to the uphill starting position. 
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PERPETUAL MOTION MACHINES 

Over the past 400 years nun1erous inventors have proposed n1arvelo us 

of getting sO ln ething for nothing. All these proposals have ways 

foundered on either the first or the second la\v of thern10dynamics 

T
he interwoven tapestry of history 
sometimes displays odd relation
ships. Who would think, for ex

ample, that two medical men would be 
leading figures in the history of efforts to 
make a perpetual motion machine? One 
of them, the 17th-century English physi
cian Robert Fludd, is usually mentioned 
as one of the first to propose a perpetual 
motion machine to do useful work. The 
other, the 19th-century German physi
cian Julius Robert Mayer, was among 
those who established as a law of nature 
the conservation of energy, which dooms 
proposals such as Fludd's. 

The notion of getting something for 
nothing that underlies all speculations 
about perpetual motion is as old as Ar
chimedes and may be a good deal older. 
In classical times, however, there was 
a tendency to depend on supernatural 
power sources. A more down-to-earth 
approach to the subject grew out of eco
nomic considerations as the first labor
saving machines, in particular water 
mills, spread across Europe. Originally 
used to grind Rour, water mills evolved 
rapidly in later Roman times. Although 
they were never especially popular in the 
Mediterranean area, quite the opposite 
was the case in western Europe. By A.D. 
400 water-driven Rour mills and saw
mills were common in France. Twenty 
years after the Norman Conquest some 
5,600 water mills were operating in 
3,000 English communities, and before 
the end of the 14th century in England 
waterpower had been harnessed not 
only to grind Rour and saw wood but also 
to tan leather, to full woolens and to 
grind pigments for paint. Soon almost 
every English manor that was situated 
on a stream-roughly a third of all the 
manors in the Domesday Book-had its 
own mill. Elsewhere Roating mills were 
anchored in rivers and tidal mills stood 
in estuaries. 

hy Stanley W. Angrist 

Villagers and townspeople who had 
no access to running water naturally 
sought alternative sources of power. One 
result was the windmill, a thoroughly 
practical invention. A less practical re
sult was a series of proposals for closed
cycle water mills such as the one that 
Fludd put forward in 1618. The proposal 
must have seemed sensible enough at 
the time. If the water that turns a mill 
wheel could be collected from the race 
at the foot of the wheel and somehow 
put back into the reservoir above the 
wheel, the need for a source of running 
water would disappear. Centuries of ex
perience had shown that mill wheels 
could turn big grindstones or raise heavy 
hammers. 'vVhy couldn't the wheel also 
drive a pump that would recycle the 
mill's water supply? In Fludd's day there 
was little reason to deny the possibility. 

The same was true half a century later, 
when John Wilkins, Bishop of Chester 
and an early official of the Royal Society, 
put forward his views on the subject. In 
the 1670's Wilkins envisioned three nat
ural power sources that might be har
nessed to provide perpetual motion. 
These, in his words, were "Chymical Ex
tractions," "Magnetical Virtues" and "the 
Natural Affection of Gravity." 

'vVilkins' third power source embraces 
the entire family of overbalanced wheels; 
that is, wheels that turn because they 
are perpetually heavier on one side than 
the other. He specifically mentioned only 
one formula for chemical extraction; its 
underlying concept may have arisen 
from a misunderstood observation of the 
ceaseless motion of small particles visible 
in a Ruid that we know as Brownian 
movement. 'vVilkins also deSigned, but 
almost certainly never tried to build, a 
machine to utilize magnetic attraction. 
At no point, however, did he suggest a 
way of obtaining useful work out of the 
proposed perpetual motions. 

As can be judged by Wilkins' leading 
role in the scientific community, specula
tion on perpetual motion machines was 
not yet considered a crackpot activity. 
Robert Boyle recounted in detail his ex
amination of a Ruid, compounded of bi
tuminous oils and similar ingredients, 
that an engineer of his acquaintance had 
prepared as a charge for fire bombs. The 
engineer had mixed the ingredients over 
a fire and was surprised to find that days 
after the pot had been left to cool the 
Ruid in it still swirled about. Keeping 
the pot in his laboratory for a time, Boyle 
observed that the oilier constituents of 
the Ruid continued to stream, alternate
ly spreading across the surface and then 
sinking out of sight. Again he made no 
proposal for harnessing the motion. 

I-l
oW was the tolerant attitude of early 

scientists toward perpetual motion 
transfOlmed into today's skepticism? 
Clearly we now have far more theoretical 
knowledge and can make much more re
fined devices such as bearings, linkages 
and heat exchangers. Cannot this combi
nation of talents close the apparently 
tiny gap between the designs of earlier 
times and the construction of actual 
working models? The answer, of course, 
is an emphatic no. For a perpetual mo
tion machine to function, whatever its 
design, would require that it violate ei
ther the first or the second law of ther
modynamics. 

The first law of thermodynamics-the 
principle of energy conservation that 
Mayer helped to formulate-can be stat
ed in various ways. One way of putting 
it says that a fixed amount of mechanical 
work always gives rise to the equivalent 
amount of heat. Thus energy can be con
verted from work into heat, but it can 
neither be created nor destroyed. There 
are more complex formulations of the 
first law but all eventually arrive at the 
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same conclusion: The total energy of the 
universe is constant. 

Even before Mayer, pioneer studies 
of heat phenomena by the Scottish chem
ist Joseph Black and the American-born 
Count Rumford had helped to clear the 
way for deeper understanding. Black es
tablished the vital distinction between 
heat (as a quantity of something) and 
temperature (as an index of heat's in
tenSity). The interrelationship of heat, 
energy and temperature is a complex one 
that can be explained by an analogy. 
After rain falls into a lake it is no longer 
rain but simply water; after heat is trans
ferred to a body (because of a tempera
ture difference between the cool body 
and its warm surroundings) it is no long
er heat but simply energy. If the lake has 
no outlets, the rain raises the water level; 
if the body cannot get rid of energy, the 
heat transfer adds to its total energy and 
thereby raises its index of heat-its tem
perature. 

In Black's time variations in tempera
ture and energy were attributed to the 
presence or absence of the intangible 
fluid called caloric. Rumford, in tUt'll, 
struck a deathblow to the concept of ca
loric with his experiments in a Bavarian 
cannon foundry. Bringing water to a boil 
solely with the heat generated by the 

boring of a cannon barrel, he conclud
ed that the heat was due to friction. 
This was the first demonstration of the 
connection between heat and work, but 
it was soon confirmed by Humphry 
Davy's experiment in which the rubbing 
together of two pieces of ice was shown 
to produce heat. It was a number of 
years, however, before the equivalence 
of work and heat was determined with 
any precision. 

This brings us up to Mayer. In 1840, 
when he was 27, Mayer sailed from 

Rotterdam as ship's physiCian on the 
schooner Java, bound for the East In
dies. Although it is doubtful that he 
knew anything about Black's work or 
Rumford's, he had brought along An
toine Laurent Lavoisier's treatise on 
chemistry, and he soon became fasci
nated by Lavoisier's suggestion that ani
mal heat is generated by the slow inter
nal combustion of food. 

vVhen the Java reached the East In
dies, 28 of its crew were ill with fever. 
The treatment for fever in those days 
was to bleed the patient, and when 
Mayer did so, he observed that the crew
men's venous blood was bright red rath
er than the normal dark red-almost as 
red as arterial blood. Now, one of La-

MILLRACE 

PUMP (ARCHIMEDES SCREW) 

OVERBALANCED WHEELS have been the 

most common prime movers of perpetual 

motion n13chines. Just as the water's weight 

overbalances a mill wheel and makes it turn, 

so various means of apparently adding 

weight to one side of a wheel were expected 

voisier's comments was that, when the 
body is in warm surroundings, less in
ternal combustion is required to keep it 
warm than when it is in cold ones. In 
support of this view he and others point
ed to variations in the color of venous 
blood. iVlayer concluded that his pa-

WATERWHEEL 

CLOSED·CYCLE MILL was proposed by the English physician 

Robert Fludd in 1618 as a source of perpetual power in areas that 

lacked streams. The fact that such devices could not work because 

they required a violation of the principle of energy conservation, 

formally known as the first law of thermodynamics, was not recog· 

nized by the scientific community until two centuries after Fludd. 
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to move the four machines shown above. The first device (a) was 

expected to turn when jointed arms, with weights that rolled to 

their ends, were extended on one side; actually the wheel remains 

exactly balanced, whether! or not the arms are extended. A much 

more complex wheel ( b) was designed with the same objective. 

Like a, however, it is actually in balance in spite of its shifting 

weights. A pair of buoys within a water·filled drum were expected 

to move weights that would overbalance the next device (c). Fi· 

nally (el), a starkly simple design reAects the inventor's conviction 

that his overbalanced wheel rim would spin between two rollers in 

spite of its lack of any support. These engravings and four on the 

following pages appeared in early issues of SCIENTIFIC AMERICAN. 

lients' venous blood looked like arterial 
blood because, like arterial blood, it had 
a high content of oxygen. It seemed that 
in the tropical East Indies the crewmen's 
bodies did not consume as much oxygen 
as they did in cooler latitudes. 

At this point Mayer went a step be
yond Lavoisier to conjecture that the 
body heat evolved by the metabolism of 
food should be exactly balanced by a 
combination of two opposing factors. 
These were, first, the heat lost by the 
body to its surroundings and, second, the 
work the body performed. Mayer was 
soon saying that heat and work are mere
ly different manifestations of energy 
(which he called "force"), and that the 
two manifestations are equivalent. 

The young physician was not able to 
obtain experimental proof of his conjec
ture; he lacked both money and labora
tory facilities. He did, however, analyze 
data collected by other investigators on 
the specific heat of air, and he managed 
to calculate a numerical relation between 
heat and units of mechanical work. In 
effect he had determined the mechanical 
equivalent of heat. He offered an ac
count of his work to the foremost scien
tific journal of his day, Annalen der 
Physik uncZ Chemie, but it was refused. 
In 1842 a revised account appeared in 
another journal, and Mayer's version of 
the first law of thermodynamics was for
mally put forward. "Once in existence," 
he wrote, "force cannot be annihilated; 
it can only change its form." 

J
ames Prescott Joule, the son of a pros

perous English brewer, was born 
four years later than Mayer. Joule stud-

ied chemistry in Manchester with John 
Dalton, but soon he developed an en
thusiasm for experiments in electricity 
and electromagnetism, a field in which 
he was largely self-taught. In the early 
1840's he carefully measured the amount 
of work required to raise the tempera
ture of a pound of water from 60 degrees 
Fahrenheit to 61 degrees. Joule an
nounced his result in 1843: the amount 
of mechanical energy required was 838 
foot-pounds. In later years he refined 
this figure to 772 foot-pounds, a value 
remarkably close to today's standard 
(778.16 foot-pounds). 

Joule had thus quantified the relation 
between work and heat that Mayer had 
propounded. Four more years were to 
elapse, however, before a third young 
investigator, Hermann von Helmholtz, 
convinced the international scientific 
community that the first law was a valid 
generalization. In 1847, when he was 26, 
Helmholtz presented his formulation of 
the first law before the Physical Society 
of Berlin in a paper titled "On the Con
servation of Force." He began his anal
ysis by declaring that perpetual motion 
machines were axiomatically impossible. 
In physics, as in mathematics, axioms are 
distinct from theorems. A theorem is a 
conclusion that is logically deduced from 
an axiom. An axiom does not require 
logical proof. The validity of a phYSical 
axiom can be based instead on repeated 
observations of nature. Thus Helmholtz 
did not need to prove his axiom; it was 
enough to pOint out that no one had yet 
built a successful perpetual motion ma
chine. Helmholtz observed further that 
he was not alone in his view. Nicolas 

Leonard Sadi Carnot, an early student 
of the theoretical basis for the steam en
gine, had started with a similar axiom 
and had reached a number of significant 
conclusions concerning the dynamics of 
heat. As we shall see, Carnol's work, par
ticularly his 1824 study "Reflections on 
the Motive Power of Heat," forms the 
basis of the second law of thermody
namics. 

Proceeding from his axiom, Helm
holtz next showed that the failure of per
petual motion machines led logically to 
the conclusion that energy is always con
served. He went on to demonstrate that 
both heat (regarded as small-scale mo
tion) and work (regarded as large-scale 
motion) were forms of energy and that 
what was conserved was the total of 
the two forms rather than either heat 
or work taken separately. Helmholtz 
showed that the findings of Joule's ex
periments were in general agreement 
with calculations of the kind made by 
Mayer. Like Mayer, Helmholtz submit
ted his paper to Annalen del" Physik und 
Chemie, and it too was refused. 

I have given this brief history of the 
first law because it is the law that 

most would-be inventors of perpetual 
motion machines attempt to evade. Their 
expectation is that more energy can be 
wrung out of some device incorporating 
falling or turning bodies than is required 
to restore the device to its original state. 
Curiously one of the most persistent pro
posals is Fludd's closed-cycle water mill. 
As late as 1871 an American patent at
torney noted with some asperity that 
inventors submitted one or another vari-
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ation on Fludd's mill to him every year, 
inquiring whether the concept was pat
entable. Over the years, however, de
vices that depended for their power on 
overbalanced wheels gradually aban
doned running water in favor of inge
nious weight-shifting systems. 

Many inventors have preferred power 
sources more sophisticated than the over
balanced wheel. Both early and late they 
have turned to magnets, at first natural 
magnets and then electrically powered 
ones. Bishop Wilkins' design for a mag
netic device depended on a lodestone, 
which was to be strong enough to pull 
an iron ball up a ramp. Just before the 
ball had climbed all the way up to the 
lodestone, it would drop through a hole 
and roll back down a curved second 
ramp. The ball would then pass through 
a door and reach the first ramp again, 
where it would resume its upward jour-

ney. It is easy enough to find the flaw in 
Wilkins' proposal today: any lodestone 
strong enough to pull the ball up the 
ramp would be too strong to let it fall 
back to its starting point. 

A 19th-century device solved a sim
ilar problem by incorporating an electro
magnet that was alternately turned on 
and off. When the circuit to the magnet 
was closed, the magnet's attraction was 
supposed to pull a connecting rod that 
acted through a crank to impart rotary 
motion to a disk. The spinning of the 
disk between two brushes was then ex
pected to generate enough electricity to 
energize the magnet. Once the machine 
was started by hand the inventor expect
ed it to run forever, or at least until the 
contact points on the switches wore out. 
As so often happens in the design of per
petual motion machines, the inventor 
had made no allowance for the energy 

lost to friction and, in this case, to elec
trical resistance as well. 

It is scarcely surprising that the chi
mera of perpetual motion has attracted 
not only savants and optimists but also 
rascals. One of the many outright frauds 
in the history of perpetual motion ma
chines was perhaps the most elegant 
overbalanced wheel ever built. It was 
the work of a skilled Connecticut ma
chinist, E. P. Willis. A large gear wheel, 
mounted at an angle to the horizontal 
and fitted with a complex system of 
weights, purportedly drove a smaller 
hollow flywheel. After the machine had 
attracted much attention in New Haven, 
where Willis charged admission for 
viewing it, he moved it to New York in 
1856. There the same attorney who was 
to comment on the perpetual rediscov
ery of Fludd's water mill went to see it. 
The exhibitors, he noted, were careful 

FRAUDULENT MACHINE that purported to demonstrate per. 
petual motion was built by a Connecticut machinist in the 1850's. 
Ostensibly each pair of rod·linked weights that rested atop the 
tilted wbeel (right) was shifted in position as the wheel turned, so 

that the uphill weight extended beyond the wheel's perimeter. 

The resulting imbalance was said to be sufficient to keep the 

wheel turning and to drive a flywheel (left). Actually compressed 

air passed through a strut (A, far left), turning both of the wheels. 
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not to claim that Willis had achieved 
perpetual motion; rather, they chal
lenged any visitor to provide another 
explanation for the machine's motion. 
Although a glass case kept viewers from 
inspecting the machine closely, the at
torney noted that there was a suspicious
ly nonfunctional strut below the edge of 
the hollow flywheel. Evidently a steady 
flow of compressed air, undetectable 
outside the glass case, kept the flywheel 
turning. Thus it was actually the fly
wheel that drove the overbalanced 
wheel, rather than the reverse. 

The Willis fraud, Fludd's water mill 
and all similar devices are based on the 
assumption that the first law of thermo
dynamics can be violated. Some perpet
ual motion machines, however, do not 
violate the first law; neither friction nor 
electrical resistance is a significant prob
lem in their design. They are nonethe
less impossibilities because they attempt 
instead to circumvent the second law of 
thermodynamics. 

T
he foundation of the second law was 
laid down by the observations of Car

not, and the law was first fully formu
lated by the German physicist Rudolf 
Clausius. The first law, as we have seen, 
demonstrates that a fixed amount of 
mechanical work can always be convert
ed into the equivalent amount of heat. 
But the most casual observation of a 
heat engine in operation-for example 
a steam engine-makes it plain that the 
reverse of the first law's axiom is not pre
cisely true: a fixed amount of heat can
not be completely converted into the 
same amount of work. When heat is 
transformed into work, some of the ini
tial energy is unavoidably wasted. In 
the case of a real steam engine operating 
in the real world, some of the wasted 
energy goes to overcoming friction, some 
is lost through warming the engine 
and the surrounding atmosphere, some 
through leakage and some through other 
a ven ues of dissipa tion. 

Carnot wanted to find out whether 
improved design could eliminate all 
steam engine losses. He created in his 
imagination an ideal engine; it was leak
proof, completely insulated and friction
less. He then ran the imaginary engine 
through a full operating "cycle" (a con
cept, by the way, that Carnot was the 
first to develop). In one ideal cycle 
water is heated until it vaporizes into 
steam, and the pressure of the steam 
forces the engine's piston to move; the 
cycle is completed when the expanded 
steam cools and condenses into water 
again, allowing the piston to return to 

PERPETUAL MOTION powered by "Magnetical Virtues" was to be achieved by a steel 

bullet as it rolled up and down a pair of ramps according to a design proposed by the Bish

I>P of Chester in the 167.0's. The lodestone placed on the top of the pedestal was expected to 

draw the bullet up the straight ramp, whereupon it would fall through a hole and roll back 

to its starting position. The bishop did not propose harnessing the device to ohtain power. 

PERPETUAL MOTION powered by electricity was often favored by 19th-century inven

tors. In this design the attraction of an electromagnet worked through a crank to turn a 

wheel; the wheel's rotation was then supposed to generate enough electricity to work the 

magnet. As usual the inventor neglected to allow for the losses from friction and resistance. 

"'/ © 1967 SCIENTIFIC AMERICAN, INC



f-
Z w 
:?: » z 
0 
0:: 
> 
Z w 
:?: 
0 
0:: LL 

» 
� w 
I 

f-
Z w 
:?: » z 
0 
0:: 
:> 
z w 
:?: 
0 
0:: LL 

» 
� w 
I 

» 

AMMONIA 
VAPOR 

AMMONIA 
VAPOR 

BOILER 

BOILER 

AMMONIA 
RETURN LINE 

== 

AMMONIA 
RETURN LINE 

AMMONIA ENGINE of the 1880's, designed by John Gamgee, was based on the expectation 
that free power would be produced because heat transferred from the surroundings would 
turn the ammonia from liquid to �2S. The gas pressure is enough to drive a piston (top). 
When the gas then expanded in the cylinder (bottom), the inventor expected that it would 
condense spontaneously and return to the boiler as a liquid to repeat the cycle. He did not 
anticipate the need to refrigerate the return side of his engine in order to convert the ammo
nia gas to liquid. The energy needed to do this, of course, is more than the engine produces. 
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its starting position. Thinking through 
the steps in this ideal cycle, Carnot re
alized that a complete conversion of 
heat into work was impossible; an un
avoidable loss of thermal energy oc
cUlTed in the process of cooling and con
densation. 

The language Carnot used to state his 
conclusions is strange to our ears be
cause, like others in his day, he talked 
about heat in terms of caloric. ''''hat 
he had to say was nonetheless the earli
est statement of the second law. The 
transformation of heat into motive pow
er, CaI'not wrote, "is fixed solely by the 
temperature of the bodies between 
which is effected ... the transfer of the 
caloric." This is to say that, in order to do 
work, heat must "run downhill" as water 
does and, just as with water, the farther 
it runs downhill, the greater the amount 
of work it does. This is the concept we 
express today by saying that heat must 
be transferred from a higher tempera
ture to a lower one to do work. 

B
uilding on Carnot, Clausius applied 

the word "entropy" (from the Creek 
for "turning") to the index used to mea
sure the amount of heat that is un
avoidably lost. The modern formulation 
of the second law that says that en
h:Jpy always increases arises from the 
earlier realization that heat is a down
hill How. Because the supply of energy 
in the universe is a constant that cannot 
be increased or decreased, and because 
dt the same time the downhill How of 
heat is accompanied by inevitable losses, 
a time will inevitably come when the en
tire universe will be at the same temper
ature. 'With no more hills of heat and 
therefore, in Carnot's terms, no further 
transfers of caloric, there can be no 
work. This inevitable end, sometimes 
called the "heat death" of the universe, 
concerns us here because perpetual mo
tion machines that attempt to violate the 
second law are expected to achieve a 
localized halt in the inevitable increase 
of entropy and produce a decrease of 
entropy instead. 

The fact that, on the average, entropy 
continually increases does not, of course, 
rule out the possibility that occasional 
local decreases of entropy can take place. 
It is only that the odds against such an 
event are extraordinarily long. The bed 
of a river could suddenly cool, yielding 
its energy to the running water, and this 
energy could be applied in some way to 
make the water run uphill. But riverbeds 
do not cool and water does not run up
hill. A similar loan of thermal energy 
from the river's environment could ai-
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"GENERATOR" AND "MOTOR" of a supposed perpetual motion 

device were exhibited in Philadelphia for more than a decade late 

in the 19th century. The inventor, John E. W. Keely, contended that 

the generator (left) turned tap water into high.pressure "etheric 

vapor" when "vibratory energy" was applied. After Keely's death 

the totally fraudulent device was fouud to run on compressed air. 

low the water to dissociate spontaneous
ly into hydrogen and oxygen. But the 
water does not dissociate spontaneously. 
Furthermore, an old man on the river
bank, watching the water flow by, could 
grow younger rather than older, but he 
doesn't. Rivers continue to flow down
hill, H20 remains water and man inev
itably ages. The chemist Henry A. Bent 
has calculated the odds against a local 
reversal of entropy, specifically the prob
ability that one calorie of thermal energy 
could be converted completely into 
work. His result can be expressed in 
terms of a familiar statistical example: 
the probability that a group of monkeys 
hitting typewriter keys at random could 
produce the works of Shakespeare. Ac
cording to Bent's calculation, the likeli
hood of such a calorie conversion is 
about the same as the probability that 
the monkeys would produce Shake
speare's works 15 quadrillion times in 
succession without error. 

I
t is against these odds that the would-

be inventor of a perpetual motion 
heat engine must struggle. One such in
ventor was John Gamgee, who was ac
tive in Washington, D.C., during the 
1880's. He developed a heat engine that 
he called the zeromotor because its nor
mal operating temperature was zero de
grees centigrade. The zeromotor was not 
unlike an ordinary steam engine except 
that the working fluid was ammonia 
rather than water. Liquid ammonia va
porizes into a gas at a low temperature, 
and at zero degrees C. the gas exerts a 
pressure of four atmospheres. Gamgee 

reasoned that the transfer of heat from 
the environment, rather than the energy 
supplied by the combustion of fuel, 
would be enough to transform the am
monia working fluid hom a liquid to a 
gas. He reasoned further that the am
monia gas, on driving the piston back 
and expanding, would cool, condense 
and drain into a reservoir, whereupon 
the cycle could begin again [see illustra
tion on opposite page J. 

Anyone with the slightest knowledge 
of Carnot's cycle, let alone the second 
law of thermodynamics, could scarcely 
take such an idea seriously, yet Gamgee 
and his supporters were undoubtedly 
sincere. They had either incorrectly cal
culated or failed to calculate the zero
motor's temperature requirements. The 
heat transfer from the environment was 
indeed sufficient to convert ammonia 
from a liquid to a gas, but this advan
tage is nullified in the system as a whole 
by the cooling of the gas on expansion. 
Starting at zero degrees C. and a pres
sure of four atmospheres, the tempera
ture of the gas has fallen to -33 degrees 
by the time its volume has quadrupled. 
If the gas is to condense into a liquid, 
both the condenser and the reservoir 
must be at a temperature lower than 
-33 degrees. Gamgee had not provided 
for this cooling, and if he had, the cool
ing process would of course have re
quired more energy than the zeromotor 
could produce. 

One of Gamgee's principal supporters 
was B. F. Isherwood, Chief Engineer of 
the U.S. Navy. In March, 1881, Isher
wood reported favorably on the zero-

motor to the Secretary of the Navy, in 
spite of the fact that scholars had point
ed out that the engine fatally violated 
the second law. Official Washington 
came close to embracing the inventor. 
The Secretary of the Navy was not the 
only high official who inspected a model 
of the zeromotor with interest; so did 
other Cabinet members and President 
Garfield himself. Isherwood's gullibil
ity may be hard to understand, but not 
his interest. This was an era when in 
order to keep the U.S. fleet at sea it was 
necessary to maintain a complicated 
and expensive network of coaling sta
tions abroad. If the Gamgee engine 
had worked, coaling stations could have 
been forgotten and all the energy the 
Navy would have needed to power its 
fleet could have been provided by the 
thermal energy contained in the seawa
ter in which the ships floated. 

The surprisingly wide acceptance of 
proposals such as Gamgee's can be ex
plained, of course, by general ignorance 
of known principles. As early as 1775 the 
French Academy of Sciences passed a 
resolution refUSing to entertain any fu
ture communications concerning perpet
ual motion. The U.S. Patent Office has 
long declined to examine applications 
for patents covering perpetual motion 
machines unless the applicant furnishes 
a working model or "other demonstra
tion .. . of the operativeness of the in
vention," a ruling that has produced 
much hostile correspondence but no 
working models. In spite of such official 
opposition public sophistication regard
ing the possibility of building perpetual 
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motion machines was slow to develop. 
Perhaps the most ingenious, and cer

tainly the longest-lived, swindle involv
ing a supposed perpetual motion ma
chine began in 1875, when John E. W. 
Keely unveiled a combined "genera
tor" and engine at his home in Phil
adelphia. There was nothing unusual 
about Keely's engine, which was a varia
tion on the conventional steam engine. 
Keely's generator, however, was extraor
dinary. It was an elaborate combination 
of metal globes, tubes, petcocks, nozzles, 
valves and gauges, but its operation was 
deceptively simple. Keely would blow 
into a nozzle for half a minute and then 
pour five gallons of tap water into the 
generator through the same nozzle. After 
turning various petcocks and valves he 
would show onlookers a pressure gauge 
indicating that the generator was full of 
a mysterious "vapor" with a pressure of 
10,000 pounds per square inch. "People 
have no idea of the power in water," 
Keely would say. "A bucket of water has 
enough of this vapor to produce a power 
sufficien t to move the world out of its 
course." 

Keely and his associates formed the 
. Keely Motor Company, capitalized 

at $1 million. They raised much of the 
money from gullible New York business
men. As the years passed, although no 
engines other than the first one were 
ever built, Keely's showmanship became 
more polished. By 1881 he had begun to 
attribute the production of vapor to "vi
bratory energy," and he would "vivify" 
the vapor during demonstrations with a 
giant tuning fork. By 1884 he had so 
mastered what he now called the "ether
ic vapor" or the "interatomic ether" that 
he demonstrated a new device: a can
non, complete with a "vibrator" near 
the breech, that was capable of propel
ling a ball 500 yards with a muzzle ve
locity of 500 feet per second. 

Keely died in 1898. The son of one of 
his major backers promptly rented his 
Philadelphia house and explored the 
premises in the company of reputable 
witnesses, seeking evidence of fraud. 
Under the floor of the house the search
ers found a three-ton metal tank that 
had eviden tly served as a reservoir for 
compressed air. In the walls were found 
quantities of brass tubing, and a false 
ceiling suggested the means by which 
Keely and his associates had conducted 
the compressed air to his generator. 
Whatever other laws he may have brok
en in his long career, Keely had left the 
first and second laws of thermodynamics 
inviolate. 
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The Hasselblad System . . .  
and why a certain kind of person might fall  in  love with it. 
T h e r e  a re m a n y  peo p l e  who buy 
a n d  use a c a r  j u st to get  from 
poi n t  A to po i n t  B ,  a n d  who buy 
a n y  piece of mecha n i ca l  e q u i p
ment  str ict ly  on the bas is  of i t  
perfo r m i n g  a pa rt i c u l a r  f u n c
t i o n  w i t h  t h e  m i n i m u m  of i n 
vo lvement  on t h e i r  part. 

For t h i s  k i n d  of person there is 
a certa i n  k i n d  of camera , the 
k i n d  that does a l l  the t h i n k i n g  
f o r  h i  m .  F i l m  i s  l oaded i n  the 
form of a cartr idge,  a b u tton i s  
p r e s s e d  . . .  a n d  t h a t ' s  a l l ;  tota l 
non- i nvo lvement .  

N o w  d o n ' t  m i s u n d e r sta n d  u s , 
we a re not c r i t i c i z i n g  e i t h e r  the 
pe r s o n  or  the c a m e r a . T h e y  
both w i l l  proba b l y  be very ha ppy 
with each ot h e r  . . .  B u t ,  there is 
a n o t h e r  k i n d  o f  p e r s o n .  T h e  
k i n d  w h o  buys a f i n e  a u tomob i l e ,  
n o t  j u st t o  get from po i nt A to 
poi n t  B, but a l so for the great 
p l e a s u re he gets f ro m  actua l l y 
d r i v i n g  i t .  For t h i s  k i n d  of per
son there i s  a l so a ce rta i n  k i n d  
o f  c a m e ra . . .  the Hasse l b l a d  . . .  
A camera that  doesn 't  do a l l  the 
t h i n k i n g  for you . 

The H a sse l b l ad is a camera for 
the kind of person who buys a 
p iece of mec h a n i c a l  eq u i pment ,  
not j u st to pe rfo rm a pa rt i c u l a r  
f u n c t i o n ,  b u t  a l s o f o r  o t h e r , 
a l most i n ta n g i b l e ,  rea son s .  For 
t h e  f e e l ,  t h e  l o o k ,  t h e  t o u c h ,  
somet i mes even t h e  sme l l  o f  i t .  
Certa i n l y  he cou l d  give y o u  very 
sou n d ,  l og i c a l  rea son s for buy
i n g  it a n d  p r o b a b l y  s p e n d i n g  
m u c h  m o r e m o n e y  t h a n  h e  
wou l d  pay f o r  the s i m p l e r ,  non
i n vol v i n g  " pu sh-b utto n "  mode l ,  
b u t  none of these wou I d  b e  the 
rea l rea sons.  

The rea l reason i s  very s i m ple
he fe l l  i n  l ove with  i t .  M a n y  men 
( a n d  a very few l u cky wom e n )  
fa l l  i n  l ove with  a bea u t i f u l m a 
c h i n e .  T o  t h ese men , t h e r e  i s  
s o m e t h i n g  a b o u t  a p i e c e  o f  
e q u i pment t h a t  n o t  on ly looks,  
b u t  fee l s  good a n d  perfo rms i ts 
f u n c t i o n  b e t t e r ,  b e c a u s e i t ' s  
des igned a n d  b u i l t  better than 
a nyth i n g  e l se i n  the wor ld  

And that 's  what the Hasse l b l ad 
i s .  The best  designed a n d  b u i l t  
camera i n  t h e  wor l d .  

M a n y  p e o p l e  h a v e  b o u g h t  a 
H a s se l b l a d  a f t e r  j u st h o l d i n g  
one i n  th e i r  hands for a cou p le  
of m i n utes.  They seem to know 
i n s t i n c t i v e l y  t h a t  i t  w i l l  t a k e  
great photogra phs.  A n d ,  i f  even 
f u rt h. e r  proof i s  needed , not o n l y  
h a s  a H a sse l b lad b e e n  carr ied 
on every NASA s pace f l ight ,  b u t  
m o r e  t o p  profe s s i o n a  I p h otog
r a p h e r s  u s e H a s se l b l a d t h a n  
a n y  oth e r  camera i n  t h e  wor ld .  

T h e  b a s i c  H a s se l b l a d  c a m e ra 
i s  r e a l l y j u s t  p a r t  of a c o m
p l e t e l y  i n t e g r a t e d  a n d  i n t e r
c h a n gea b l e  syste m of camera 
bod ies ,  f i l m  maga z i n e s ,  l e n ses 
a n d  accessor ies .  

The f i l m  format  u sed in  the Has
se l b l ad Syste m is 2'14" square.  
T h i s  has been descr i bed as the 
" idea l "  format,  a n d  w i t h  good 
reason.  I t ' s  b i g  enough to give 
you p ictu res of s u pe r b  q u a l i ty 
a n d  d ef i n i t i o n ,  a n d  yet s m a l l  
enough to a l l ow the des ign ,a n d  
physica l s h a pe o f  the camera 
to be as c o m pact as i t  is .  

The H a sse l b l ad u ses the s i n g l e  
l e n s  ref lex v i e w i n g  syste m .  T h e  
beauty o f  t h i s  m e t h o d  i s t h a t  
y o u  s e e  t h e  o b j e c t  y o u  are g o i  n g  
to photogra ph on a l a rge 2'14" 
s q u a re g ro u n d  g l a s s  v i e w i n g  
sc ree n ,  a s  you l oo k  through the 
a c t u a l  l e n s  that w i l l  t a k e  the 
p icture ,  so you a l ways know ex
act ly how yo u r  f i n i s hed pictu re 
w i l l  t u r n  out .  

There a re th ree bod i e s  i n  the 
H a s se l b l a d  Syste m ,  each o n e  
d e s i g n e d  a n d  c o n s t r u c t e d  t o  
p e r f o r

o
m i t s  o w n  p a r t i c u l a r  

f u nct ion better t h a n  a n y  ot h e r  
camera o f  i t s  type.  

F i r s t l y ,  t h e  5 0 0 C . T h i s  c o u l d  
a l m o s t  b e  c a l l e d t h e  " w o r k
horse" of the H a sse l b l a d  Syste m .  
I t  i s  t h e  sta n d a rd body i n  t h e  S ys
tem a n d  takes a l l  the l e n ses a n d  
m a g a z i n e s  t h a t  a re a va i l a b l e  
for t h e  Hasse l b l a d .  N o  s i n g l e  
c a m e ra h a s  b e e n  u s e d  a n d  
pra i sed more b y  the top profes
s i o n a l a n d  a m a t e u r  p h o t o g
r a p h e r s  t h a n  t h e  5 0 0 C .  T h e  
o t h e r  t w o  b o d i e s  a r e m o r e 
"spec i a l  p u r pose" cameras.  The 
500 EL,  w h i c h  i s  a n  e l ectr i ca l l y  
d r i v e n  c a m e r a a l l o w i n g  f o r  
ra p id exposu res a n d  remote con
trol , a n d the Su perw i d e  C wide 
angle camera .  N o  othe r camera 
u s i n g  t h e  2'14/1 s q u a re f o r m a t  
h a s  as w i d e  a n  a n g l e  o f  v i ew a s  
the S u perw i d e  C .  On i ts  i ntro
d u ct ion , t h i s  camera was h a i led 
a s  a b r e a k t h r o u g h  in c a m e ra 
des ign . There a re seven l e n ses 
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I n terchangeable Lenses. This dia
gram illustrates the focal length (/ .)  
and the a n g l e  o f  view ( r. )  o f  t h e  
seven lenses a vailable i n  t h e  Hassel· 
b/ad System. 

in the Hasse l b l a d  Syste m ,  a l l  by 
Ca r l  Z e i s s ,  m a ke r s  of s u pe r b  
q u a l ity opt ica l g l a ss f o r  genera
t i o n s .  The l e n ses range from a 
4 0 m m  w i d e  a n g l e ,  to a 500 m m  
te le photo. Eve ry l e n s  h a s  a b u i l t  
i n  Syn c h ro C o m  pu r s h u tter w i t h  
prov i s ion  for f l a s h  a n d  strobe 
syn c h ro n i zat ion at a l l l 0  s h u tter 
s peeds,  from 1 / 500 of a second 
to 1 seco n d .  

O n e  o f  the m o s t  st r i k i n g  fea
t u res of the H a sse l b lad System 
is t h e  i n t e r c h a n ge a b l e  f i l m  
maga z i nes ,  each one of s u perb 
des ign a n d  construct i o n .  The 
bea uty of these magaz i n e s  is 
that w i t h  j u st one c a m e ra body, 
a ph otogra pher  can sh oot p i c
tu res i n  b l a c k  a n d  w h ite .  The n ,  
before f i n i s h i n g  the ro l l ,  c h a n ge 
to a magaz i n e  l oaded w i t h  co lor ,  
shoot a few c o l o r  shots ,  then go 
back to b l a c k  a n d  w h ite f i l m .  
O n e  maga z i n e  even a l l ows you 
to m a ke 70 exposu res on one 
ro l l  of f i l m .  H a sse l b l ad was the 
f i rst camera syste m to offer  the 
a d v � n tage of i n t e r c h a n gea b l e  
magaz i nes.  

T h e r e  are m a n y  m a n y  a c c e s
sor ies i n  the H a sse l b lad System ,  
each o n e  des i gned a n d  b u i l t to 
the sa m e  extreme sta n d a rd s  of 
q u a l ity and craftsma n s h i p  that  
Hasse l b lad h as become famous 
for .  

S h o w n  b e l o w are j u s t  a f e w  
i t e m s  i n  the Syste m .  

L i ke a l l  good t h i ngs i n' l i fe,  the 
Hasse l b l ad i s  expe n s i v e ,  b u t  i f  
you ' re the k i n d  o f  person w e  
h a v e  b e e n  ta l k i n g  a b o u t  ( a n d  
you wo u l d n ' t  h a v e  r e a d  t h i s  fa r 
if you were n ' t )  then , who knows, 
with this k i n d  of camera ,  per
h a p s you c o u l d  l i v e  on l o v e  
a l one.  

I f  y o u  w o u l d  l i k e m o r e i n fo r
m a t i o n  a n d  a f r e e  4 0  p a g e  
cata logue,  w r i te to :  Pa i l lard  I n
c o r p o r a t e d , 1 9 0 0  L o w e r  R d . ,  
L i n d e n ,  N e w  J e rsey 07036 

H A S S £ l B l A D  
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MATHEMATICAL GAMES 
The beauties of the square, as expounded 
by Dr. 111atrix to rehabilitate the hippie 

by Martin Gardner 

W
hen the hippie scene started to 
crash last fall, thousands of 
flower children found them

selves up tight and no place to glo. Daisy 
Jones, a minibrained daughter of a 
friend of mine in Connecticut, finally 
wandered home. So shaken had she been 
by the bad vibes around Tompkins 
Square that she found it impossible to 
readjust to her former life. 

Then Mr. Jones heard about Squares
ville. 

"Squaresville?" I asked when he told 
me this in November. 

"Yes. It's a hippie rehabilitation cen
ter in the northeast corner of vVestches
tel' County. Beautiful spot. A psycho
therapist named Hawk-Irving J. Hawk 
-has taken over a new housing develop
ment there near Peak Lake." 

The "Irving J." made my ears prick 
up. "Is Dr. Hawk a tall, thin man with 
a hawk nose and green eyes?" 

"vVhy yes," Jones said. "You know 
him?" 

"I think I do." 
''I'd never hcard of him before but 

his therapy seems to work. Daisy went 
there for nine weeks of 'straightening.' 
Cost us $1,024 but it was worth every 
penny. She's back in high school now 
and making straight A's." 

The next morning I drove to Squares
ville. Iva, Dr. i\'latrix' half-Japanese 
daughter, seemed surprised and a triBe 
annoyed when I came into the reception 
room. "Please," she whispered so that 
others in the room would not hear, "don't 
give us away." Then in a normal voice 
she added, "I'm Mary Jane Crck, the 
doctor's secretary. Have a seat; Dr. 
Hawk will see you as soon as possible." 

I va's black hair was short and neatlv 
trimmed. Large square-shaped red c�
ramie earrings dangled from her ear 
lobes. 

'Vhen my turn came to enter Dr. Ma
trix' office, I found him wearing a gray 
flannel suit, his face clean-shaven, his 
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gray hair cut in the latest Madison Ave
nue style. On the dark-paneled wall be
hind him was a huge square-framed 
print of Norman Rockwell's portrait of 
President Johnson. A square poster on 
the left wall said in large letters: "Be 
happy, not hippie-learn to play the 
game." On the opposite wall a similar 
sign said: "It is better to be rich and 
healthy than poor and sick." 

"I didn't expect you to find us so 
soon," Dr. Matrix said, pushing a square 
cigarette box toward me. "Sit dowll. 
Have some tar and nicotine." 

Squaresville's population, he informed 
me, was kept at 361, the square of 19, 
the average age of the patients. \Vhen 
a male hippie arrived, his beard was 
shaved off and he was given a crewcut. 
The girls had their hair cut short and 
coiffured by professional hairdressers. 
Each hippie was outfitted with conven
tional clothes, given a wristwatch and 
assigned to a room in one of Squares
ville's 49 identical split-level houses. 

"The nitty-gritty of our treatment," 
Dr. Matrix went on, "is intensive condi
tioning in the art of square living. Each 
roem has color television. No one is al
lowed to move a mattress to the floor or 
to squat cross-leggcd. The rooms are 
kept supplied with free cigarettes. Ev
eryone has three square meals a day, 
including a compulsory martini before 
dinner." 

''I've been told," I said, "that mathe
matics is part of your therapy." 

"Yes, an essential part. When these 
freaked-out youngsters come to us, 
they've been £lying for months in a 
dreamworld. vVe bring them down to 
earth by teaching them that there are 
laws of nature, laws that can be ignored 
only at great peril. We show them that 
they can be as high as they like but that 
if they jump out a window they won't 
Boat gently down-the law of gravity 
will kill them. We teach them that there 
are also laws of health and laws of mo
rality. The life game, like any other 
game, is no game at all without rules." 

"I still don't see how mathematics is 
involved." 

''I'm getting to that. The hippies, you 

see, have learned to overvalue disorder. 
The random curves of their psychedelic 
art and the whirling patterns inside their 
circular mandalas are symbolic of this. 
Our job is to teach them the beauties of 
the straight-sided square. \Ve explain 
how un curved borders make it possible 
for squares to fit together without waste 
space. \Ve show that, as the world popu
lation increases, square shapes become 
necessary for packing into cities, sub
urbs, subways, commuter trains. In its 
interior every square has secret incom
mensurable qualities, and as many 
CUl'\'es as you like can be drawn inside it, 
but its straight exterior is absolutely es
sential for close packing." 

''I'm beginning to anticipate," I said. 
"The numerical equivalent of the square 
is of course the square number." 

"Precisely. vVe begin our conditioning 
at the lowest levels of arithmetic. First 
we teach our patients that a square of 
side 11 must have an area of 11 squared. 
Then slowly, by displaying the elegant 
properties of square numbers, we con
vince thEm that two power is much more 
beautiful than Bower power. \Ve start 
with simple things, such as the fact that 
no square number can end in 2, 3, 7 or 8, 
and that the last digits of squares, as you 
go up the ladder, endlessly repeat the 
palindromic cycle 1, 4, 9, 6, 25, 6, 9, 4, 1, 
with a double 0 separating each cycle. 
\Ve show how to find the digital root of 
a number by adding its digits and cast
ing out nines until only one digit is left. 
All squares, they discover, have digital 
roots of 1, 4, 7 or 9. These also repeat a 
palindromic cycle, 1, 4, 9, 7, 7, 9, 4, 1, 
only now the cycles are punctuated by 
9's instead of double O's." 

"Those are useful rules for puzzle 
buffs," I said. "I remember one instance. 
I knew that 12,345,678,987,654,321 is 
the square of 111,111,111 al�d I won
dered if 98,765,432,123,456,789 could 
also be a square. I wasted 20 minutes ex
tracting the square root before I remem
bered the digital-root test. Since the 
m:mber has a digital root of 8, it can't be 
a square." 

Dr. i\latrix nodded. "\Ve teach pa
tients that if a square's last two digits are 
alike and not 0, they must be 44, and 
that 144 is the smallest example." 

"Can a square el�d in three 4's?" 
"Yes. The smallest is 1,444. Then 

CCInes a big jump. You might ask your 
readers to see if they can find the next
smallest example-perhaps a formula 
that generates all such numbers." 

"Excellent," I said, jotting this in my 
notebook. "And do any squares end in 
four 4's?" 

Dr. Matrix shook his head. "Three is 
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the maximum. Since neither 44 nor 444 
is a square, we see that no square of two 
or more digits can have all its digits 
alike. It is also true that no square of 
two or more digits can have all its dig
its odd. Your readers might enjoy prov
ing it." 

When I had finished writing tllis 
down, Dr. '\1atrix said: "Here's a Iittle
known curiosity about 13. Its square is 
169. The reverse of 169 is 961, and the 
square root of 961 is 31, the reverse of 
13. The product of 169 and 961 is 162,-
409, another square. lance proved that 
if any number and its reverse are differ
ent, their product is square only if both 
numbers are square, but that's by the 
way. The sum of the digits in 169 is 16. 
The sum of the digits in 13 is 4, the 
square root of 16." 

"It's too much! You're blowing my 
mind!" 

"There's a topper," Dr. Matrix said, 
smiling slightly. "If we ignore palin
dromic numbers such as 11 and 22, apd 
numbers ending in 0 such as 10, 20, 30, 
then there's one other pair of two-digit 
numbers with the same set of properties 
as 13 and 31." 

''I'll ask my readers that too," I sa;d. 
"I know a great deal of work has been 
done on square numbers that contain 
all the digits just once, with or without 
0, alld all of them twice, and so on. Have 
you done any work along such lines?" 

"No, but let me mention a remarkable 
discovery sent to me recently by J. Mal
herbe, a Parisian mathematician I knew 
many years ago when I studied in France 
under the great Bourbaki. The two num
bers 57,321 and 60,984 together contain 
the 10 digits. And each of the squares 
of those numbers, 3,285,697,041 and 
3,719,048,256, is made up of just the 10 
digits." 

"Can a square be exactly twice anoth
er square?" 

"No. Nor can it be any prime multi
ple. But I'm more interested in less fa
miliar corners of square theory. Have 
you heard of automorphic numbcrs?" 

I shook my head. 
"An automorphic number is one that 

reappears at the tail end of its square. 
For example, 5 and 6 are the only single
digit automorphs except for the trivial 
cases of 0 and 1. The two-digit auto
morphs are 25, with a square of 625, and 
76, with a square of 5,776. The three
digit automorphs are 625 and 376. Our 
patients find these numbers symbolic of 
the fact that, even though they'll soon 
acquire the fa<;ade of a square, they can 
preserve their unique ulterior identity." 

"I observe," I said, "that larger auto
morphs are obtained by adding digits to 

tIle front of the two automorphs of next
lowest order. Are there two automorphs 
for any given number of digits?" 

"Two at the most but sometimes only 
one. For example, 9,376 is the only four
digit example. \lVe assume, of course, 
that no number begins with O. And 90,-
625 is the only five-digit automorph." 

"Are there automorphic numbers in all 
number systems?" 

"No. If the base is a prime or a power 
of a prime, there are no automorphs ex
cept 0 and 1." 

I thought for a moment. "Then base 
6 would be the first system with true 
automorphs?" 

"Yes. Base 10 is next. Maybe your 
readers would like to search for the two 
two-digit automorphs in base 6." 

"Is there a limit to an automorph's 
size?" 

Dr. .\1atrix assured me there was not. 
I-Ie borrowed my notebook and wrote 
from memory the 100-digit base-l0 au
tomorph shown below. It had been 
found in 1964, he said, along with its 
1 OO-di gi t mate, by R. A. Fairbairn of 
Willowdale, Ont., who used only a desk 
adding machine and a few clever short
cuts. (The two monstrous numbers were 
first disclosed by J. A. H. Hunter in the 
Fibo1lacci Quarterly, Vol. 2, October, 

3 9 5 3 0 

1 0 8 1 6 

3 8 5 0 9 

2 1 6 6 5 

8 6 3 8 1 

5 7 4 2 3 

0 8 9 6 1 

1 0 6 6 1 
• 

9 2 2 . 5 6 

8 2 1 2 8 

1964, page 230.) '\Iore rccently, Dr. Ma
trix said, Vernon deGuerre, attending a 
computer course at York University in 
Toronto, had used the university's com
puter to extend both num bers leftward to 
500 digits, but his results have not yet 
been published. 

Dr. Matrix showed me a beautiful re
lation between pairs of automorphs of 
the same length. If you know one, you 
can immediately write the other. Read
ers are invited to search for this relation 
and use it to construct the second 100-
digit base-l0 automorph before it is giv
en next month along with the answers 
to the preceding problems. 

"Of course most of our hippies, partic
ularly the chicks, get a headache when 
they study arithmetic," Dr. Matrix said. 
"You'd be surprised, though, how many 
of them develop a strong interest in 
squares once they get over their hippie 
withdrawal symptoms." He glanced at 
his square wristwatch. "Holy McNa
mara! Time for lunch. You'll join us?" 

Dr. Matrix, Iva and I walked across 
the large quadrangle framed by the 49 
houses of Squaresville. It was mid-No
vember but the grass was still green and 
impeccably cut. Square signs read "Keep 
off grass," but Iva explained that this 
referred to marijuana and did not pro-

0 

9 

8 

0 

1 

4 

0 

9 

2 

9 

7 3 

8 0 

9 0 

oJ 5 
I 

0 O� 

2 3 

9 0 

9 7 

5 9 

0 6 

1 9 

2 .9 
0 6 

11 8 0 

0 5 

2 , 

\..I 

0 4 

7 3 

9 1 

2 5 
One of the two lOO.digit automorphic numbers 
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• • • • 

• 

• 
Newly discovered second solution to a knight problem 

hibit our walking diagonally across the 
lawn. 

When we entered the dining room of 
Eisenhower Hall, 361 ex-hippies were 
standing and singing "America the Beau
tiful." Iva led us to a square table in a 
section reserved for the staff. Dr. Matrix 
gave a blessing and everyone sat. 

"What's their program for the rest of 
the day?" I asked. 

"To day's Saturday," Iva replied. 
"There are no classes. The boys and girls 
will attend a showing of The Sound 
of Music, then go back to their rooms 
to watch television until dinnertime. 
There's a square dance this evening with 
music by Lawrence Welk and his or
chestra. Tomorrow morning everyone 
goes to chapel. The sermon is usually 
preached by our staff minister-we call 
him the Chief Tee Hee of our anti-neo
American Church-but tomorrow we 
have a guest minister. Dr. Norman Vin
cent Peale is preaching on 'Get in Gear 
with God.' " 

"Do you have any trouble finding 
prominent guest speakers?" 

"No, they're always pleased to help 
out in a square cause. Last week we had 
a sermon on the evils of Methedrine 
by Dr. Ellis D.-the hippies call him 
'L.S.D.'-Sox, the public health director 
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of San Francisco. Next week Dean Rusk 
will tell us why we are in Vietnam." 

After coffee and a square-cut slice of 
apple pie the boys and girls stood up to 
chant the 16-word Squaresville law: 
"Good squares are trustworthy, loyal, 
helpful, friendly, courteous, kind, obedi
ent, cheerful, thrifty, brave, clean and 
reverent." After a chorus of "God Bless 
America" Dr. Matrix dismissed them. 

The cats and birds looked clean and 
reverent as they filed politely past us. 
Each wore a square button. I noted one 
of the legends: "Love not Haight." 

Dr. Matrix pointed to a clean-cut 
young man who saluted us as he walked 
by. "You should have seen him when he 
first arrived. He was a digger in the East 
Village who called himself Launcelot
barefoot, with long pigtails, steel
rimmed glasses and L-U-V painted on his 
forehead with lipstick. For three weeks 
all he ever said was 'Hey man.' His father 
in Tulsa had been sending him bread 
but he flung it all in $10 bills at the heads 
of brokers on the floor of the Stock Ex
change. When he wired home, 'No mon, 
no fun, your son,' his father wired back, 
'How sad, too bad, your dad,' and asked 
the New York fuzz to pick him up and 
bring him here. He was a typical meth 
monster until we switched him from 

meth to math. Next week he leaves to 
take a job as a computer programmer." 

I was much impressed and promised 
Dr. Hawk and Mary Jane I wouldn't tip 
their identities until I got the word. Per
mission came near the end of December. 
The hippie movement was by then in 
such a shambles that the plastics, the 
part-time hippies from wealthy middle
class families, were no longer grooving. 
The hippies still hung up on the scene 
had parents who couldn't afford Squares
ville's fee. Dr. Hawk sold the entire 
property to Reader's Digest. The 49 
split-level homes are now filled with 
happy folk who commute daily between 
Squaresville and Pleasantville. 

Rufus Isaacs' foxhole game, which 
readers were asked last month to 

solve, concerned a soldier who has a 
choice of hiding in one of fiv;:; foxholes in 
a row and a gunner who ha� a choice of 
firing at one of four spots, A, B, C, D, 
between adjacent foxholes. An equiva
lent card game can be played with five 
cards, only one of which is an ace. One 
player puts the cards face down in a row . 
The other player picks two adjacent 
cards and wins if one of them is the ace. 

"One can easily write a 4-by-5 matrix 
for this game and apply one of the gen
eral procedures described in the text
books," Isaacs writes. "But, with a little 
experience, one learns in simple cases 
like this how to surmise the solution and 
then verify it." 

The soldier's optimal mixed strategy 
is to hide only in holes 1, 3 and 5, select
ing the hole with a probability of 1/3 
for each. The gunner has a choice of any 
of an infinite number of optimal strate
gies. He assigns probabilities of 1/3 to 
A, 1/3 to D, and any pair of probabili
ties to B and C that add to 1/3. (For ex
ample, he could let B and C each have 
a probability of 1/6, or he could give one 
a probability of 1/3 and the other a prob
ability of 0.) 

In order to' see that these strategies 
are optimal, consider first the soldier's 
probability of survival. If the gunner 
aims at A, the soldier has a 2/3 chance 
of escaping death. The same is true if 
the gunner aims at D. If he aims at B, he 
hits only if the soldier is in hole 3, so 
that again the probability of missing is 
2/3. The same is true if he aims at C. 
Since each individual choice gives the 
soldier a 2/3 probability of survival, the 
probability remains 2/3 for any mixture 
of the gunner's choices. Thus the sol
dier's strategy ensures him a survival 
probability of at least 2/3. 

Consider now the gunner's strategy. 
If the soldier is in hole 1, he has a hit 
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probability of 1/3. If the soldier is in I 

hole 2, he is hit only if the gunner fires 
at A or B, and consequently the proba
bility of a hit is 1/3 plus whatever prob
ability the gunner assigned to B. If the 
soldier is in hole 3, he is hit only if the 
gunner fires at B or C, to which are 
assigned probabilities adding to 1/3. 
Therefore the probability of a hit here 
is 1/3. If the soldier is in hole 4, the 
probability of a hit is 1/3 plus the prob
ability assigned to C. If he is in hole 5, 
the probability is 1/3. Thus the gunner's 
strategy guarantees him a probability of 
at least 1/3. 

Assuming a payoff of 1 to the gunner 
if he kills the soldier, 0 if he doesn't, the 
value of the game is 1/3. The gunner 
has an infinite number of strategies that 
guarantee him a hit probability of at 
least 1/3. It is possible that he could do 
better against a stupid opponent, but 
against good opposition he can hope for 
no more because, as we have seen, the 
soldier has a strategy that keeps the 
probability of his death down to 1/3. A 
similar argument holds from the soldier's 
standpoint. By using his optimal strategy 
he keeps the payoff at 1/3 and cannot 
hope to do better because the gunner 
has a way of making it at least 1/3. As a 
further exercise, readers can try to prove 
that there are no optimal strategies other 
than those explained here. 

"The process of surmising the solu
tion is not as hard as it looks," Isaacs 
adds. "The reader can so convince him
self by generalizing this solution to the 
same game but with n foxholes. For odd 
n the preceding solution carries over in 
an almost obvious way, but with even n 
one encounters some modest novelty." 

If any readers made an empirical test 
of the optimal strategies of Isaacs' card
bluffing game, Guess It, along the lines 
suggested last month, I should be 
pleased to have a summary of the results. 

In November a solution was published 
for the problem of placing 12 knights, 
the minimum possible, on a 10-by-l0 
chessboard so that all unoccupied cells 
are attacked. This solution was conjec
tured to be unique, but eight readers, 
first Jeffrey P. Golden, then Julian L. 
Ramsey, David L. Levin, Wade E. Phil
pott, Keith F. Avery, M. S. Riley, Paul 
D. Resler and Jean-Pierre Schwab found 
a second pattern [see illustration on op
lJOsite page J. For boards of sides 11, 12, 
13, 14 and 15 the best solutions known 
are with 22, 24, 28, 34 and 37 knights 
respectively. 

Because letters are still coming in on 
Lewis Carroll's double acrostic ballad 
given in September, I postpone comment 
on them until next month. 

Exploration of Mars 
This flyby trajectory is one of many now being investigated 

at Bellcomm for NASA's Office of Manned Space Flight. 

The spacecraft passes overhead from east to west and 

reaches a latitude of about 40° N. just before passing the 

periapsis or point of closest approach. Periapsis passage takes 

place about 20 minutes before dawn on a spring day on Mars. 

These details substantially influence the design of probes that 

are being deployed from the spacecraft as it approaches Mars. 

Where must a probe impact the Martian surface an hour 

before peri apsis passage, if the spacecraft is to pass directly 

over the impact site? How long can line-of-sight contact be 

made with the probe? How far from Mars will the spacecraft 

be when line-of-sight contact is re-established? 

Bellcomm invites you to help provide some of the answers. 

There are immediate openings for qualified specialists in all 

technical disciplines bearing on analysis of planetary missions 

-flight mechanics, guidance and navigation, communications, 

bioastronautics, propulsion and power systems. We also are 

in need of aeronautical and mechanical engineers broadly 

experienced in vehicle systems or mission planning. 

If you feel you are qualified, send your resume to Mr. N. 

W. Smusyn, Personnel Director, Bellcomm, Inc., Room 1600-M, 

1100 17th St., NW., Washington, D.C. 20036. Bellcomm is 
an equal opportunity employer. 

@ Bellcomm, Inc. 
--r- A Bell System Company 

T 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

Some interesting effects in nature are 
easily overlooked because they are 
so commonplace. Examples in

clude the consequences of mlXll1g salt 
with water or ice. In winter one sprinkles 
salt on highways and sidewalks to melt 
sleet and snow, but in summer one mixes 
salt and water to freeze ice cream! These 
seemingly contradictory effects-thaw
ing and freezing-always occur simul
taneously, but one of them is likely to es
cape notice if the other is the objective. 

Simultaneous thawing and freezing 
can be demonstrated by a simple experi
ment that can be performed as a parlor 
trick. Float an ice cube in a glass of 
water. Have a shaker of salt within arm's 
reach. Hand someone a paper match 
and challenge him to remove the ice 
cube from the water without lifting it 
with any implement other than the 
match. When he gives up, bend the 
head of the match to a right angle, place 
the body of the match flat on top of the 
ice and cover it with a thin layer of salt. 

paper 

.00l. 
wire 

about 
{' 

On equipm�ent to studyfreezing 
and on growing ctystals of salt 

The match will promptly freeze to the 
cube. Lift the cube from the glass by the 
head of the match. 

Inspection will disclose that the salt 
melted some ice all around the edge of 
the match. Ions of sodium and chlorine 
gained freedom of motion when they 
dissolved in the film of water on the sur
face of the cube, and motion was in
duced by heat drawn frem the ice. Re
placement energy then flowed from the 
region under the match that was pro
tected from the salt. As a result the tem
perature of the film of fresh water in con
tact with the lower surface of the match 
dropped below its freezing point and 
turned into ice that cemented the cube 
to the match. 

Common salt can similarly lower the 
temperature of water a degree or two, 
even in the absence of ice. Other salts 
are more effective. A good freezing solu
tion can be made by dissolving in fresh 
water sodium thiosulfate (the photogra
pher's "hypo"). The temperature of the 
solution can drop as much as 25 degrees 
Fahrenheit. To demonstrate the effect 
wet the bottom of a thin glass container 
with fresh water, stand the container on 
a base of wood or some other material 
that is a poor conductor of heat and fill 
the container with equal weights of wa
ter and hypo. Stir the mixture with a 

, _____ -;-- C 

paper between 
Idyers of 

A wIre 

wooden stick for a minute or two. The 
wet bottom will freeze and the glass will 
stick to the base. 

A stoppered vial of fresh water placed 
in the water-hypo solution will also 
freeze. If the vial is full, the expanding 
ice may exert enough pressure to break 
the glass, fresh water having the unusual 
property of being denser as a liquid than 
as a solid. 

Recently Edward M. Little, who is a 
senior scientist with the Arctic Sciences 
Division of the Naval Undersea Warfare 
Center at San Diego, Calif., measured 
the pressure exerted by both freshwater 
ice and seawater ice. He found that the 
presence of salts in seawater reduced the 
pressure exerted by sea ice to a negligi
ble amount, whereas freshwater ice de
veloped pressures of more than 200 
pounds per square inch. Little describes 
his work as follows: 

"The structure of sea ice includes 
'brine cells' that prevent high pressures 
from developing when the water solidi
fies. Sea ice is about as permeable to 
other substances as sandstone. (We are 
interested here in permeability, not po
rosity; a substance may be quite porous, 
but unless the holes in it are connected 
so that a liquid can flow through the ma
terial it is not permeable.) Sea ice turns 
out to be much more permeable than 
freshwater ice-probably at least 100 
times more permeable. 

Simple strain gauge (left) alld rosette straill gctllge (right) 

"I made measurements of pressure by 
freezing water in a two-pound coffee can 
that was equipped with a strain gauge. 
A simple strain gauge consists of a wire 
.001 inch in diameter bent into a zigzag 
grid; the grid is cemented to bond paper 
and covered with felt for protection. The 
gauge is fitted with a pair of larger wires 
that serve as connections to the grid. Op
posing forces applied to the sides of the 
gauge put the paper backing and the 
wires in tension. If the force is sufficient
ly large, the wire stretches and its elec
trical resistance increases. The increase 
in resistance is proportional to the strain, 
which is defined as a fractional increase 
in dimension, such as in length. 

"Commercial strain gauges usually 
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include more than one wire grid. The 
commercial gauge I used is of the rosette 
type: two grids, separated by an insula
tor, are bonded to the paper backing at 
right angles to each other, and a third 
grid, similarly insulated and bonded, is 
set at an angle of 45 degrees to the other 
two [see illustmtion on opposite page J. 
I used only the two grids set at right 
angles to measure stresses in the can. 
The grids are labeled A and C in the 
illustration. 

"The gauge was positioned so that the 
wires of grid A were parallel to the axis 
of the can. The wires of grid C extended 
in the direction of the can's circumfer
ence. The difference between the strains 
of the two grids provided a measure of 
the pressure in the can. The grids were 
connected in a circuit as opposite arms 
of a \Vheatstone bridge. For this reason 
changes in resistance cal.\sed by varia
tions of room temperature canceled each 
other, thus providing automatic temper
ature compensation. Grid C functioned 
as the active gauge, because it always 
had twice the strain of grid A. 

"Strain gauges are often made of 
constantan wire, which consists of 60 
percent copper and 40 percent nickel. 
The electrical resistance of constantan is 
relatively independent of changes in 
temperature. On the other hand, the 
resistance of constantan does change 
somewhat when the wire is stretched. 
The wire is said to have a 'gauge factor' 
of two. The phrase means that the per
cent change in the wire's electrical re
sistance corresponds to twice the percent 
change in length. 

"Another popular material for strain 
gauges is isoelastic wire, an alloy of iron, 
nickel, chromium and other metals. It 
has a large temperature coefficient and 
a gauge factor of 3.5. I recommend that 
amateurs buy the Type AR-1 strain 
gauge for this experiment, because the 
substance to be studied must be cooled 
far below room temperature. The resist
ance of this gauge at room temperature 
is about 120 ohms; the gauge factor is 
two. The unit is manufactured by Bald
win BLH Electronics, Inc., 42 Fourth 
Avenue, \Valtham, Mass. 02154, and is 
also available from distributors of scien
tific supplies. 

"The can should be pre-bulged by 
freezing fresh water in it at less than 20 
degrees centigrade. The circumference 
and thickness of the metal are then mea
sured as accurately as possible. Bond the 
paper side of the strain gauge to the can 
with plastic cement and connect the 
leads into a Wheatstone bridge. The ar
rangement is depicted in the accom-
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panying illustration [below J. I used 
Manganin resistors as the two fixed arms 
of the bridge, but if resistors of this type 
are not available, any precision units of 
the metal-glaze variety such as the IRe 
Type RG 20 can be substituted. The re
sistors need not be capable of dissipating 
more than 1/4 watt. 

"I measured the output of the bridge 
by means of an amplifier and automatic 
pen recorder connected as shown in the 
illustration, but a simple indicating me
ter will work as well at some cost in con
venience. The meter should have an in
ternal resistance of about 1,000 ohms 

and a sensitivity of .125 microampe)'e 
per scale division. (It should be a Leeds 
& Northrup Type 231O-d galvanometer 
or the equivalent.) In other words, the 
resistance of the meter should be large 
with respect to the resistance of the 
bridge circuit. Note that the bridge in
cludes a one-ohm slide-wire potentiome
ter. A good wire to use is Welch No. 
2809. The sliding contact of this impro
vised potentiometer can be an alligator 
clip. A protective shunt should be con
nected across the meter and through 
a switch for increasing the scale to 
0-1 milliampere when the battery is 
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switched on and the bridge is unbal· meter reads 0, place the can in the freez
er and close the battery switch. Make a 
table of two columns, one for time and 
the other for meter readings. Readings 
should be taken at regular intervals. At 
a freezing temperature of -12.5 degrees 
c. a complete test run will take two full 

anced. 
"To measure the pressure exerted by 

ice, fill the can with water to within an 
inch of the top, connect the gauge to the 
bridge circuit, balance the bridge with 
the one-ohm potentiometer so that the 
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days; at -27 degrees the run will last 
about six hours. 

"All that remains is to calibrate the 
meter in terms of pressure, a simple cal
culation that takes into account the size 
of the can, the elasticity of the metal and 
the voltage of the battery that energizes 
the bridge. The current Ig that is indi
cated by the meter in microamperes is 
equal to the excess pressure p developed 
in the can, multiplied by the radius r of 
the can in centimeters and by the battery 
voltage Vb' divided by twice the elas
ticity E of the metal of which the can is 
made, multiplied by the thickness of the 
metal t in centimeters and by the inter
nal electrical resistance of the meter Rfr 
The result is equal to the pressure (in at
mospheres) per microampere of current, 
as indicated by the meter. Expressed 
symbolically, the relation is Ig = prVol 
(2EtRg). 

"The can I used was 12.4 centimeters 
in diameter, so that its radius was 6.2 
centimeters. The thickness of the metal 
was .0109 inch, or .0277 centimeter. A 
reasonable value for the elasticity of 
steel of the kind used in most tin cans 
is about 2 X 101:! dynes per square cen
timeter. I used a six-volt battery. One 
atmosphere of excess pressure in the can 
is equal to lOG dynes per square centi
meter. The internal resistance of my me
ter is 1,000 ohms. The calibration is 
completed by substituting these quanti
ties for the symbols in the formula and 
doing the arithmetic: Ig = lOG X 6.2 X 
6/(2 X 2 X lOt:! X .0277 X 1,000) = 

3.3 X 10.7 amperes, or .33 microampere 
per atmosphere of pressure. Apparatus 
that differs in size from my setup can 
be similarly calibrated by substituting 
appropriate quantities in the formula. 

"Although an indicating meter is ade
quate for the experiments, I used an au
tomatic pen rec01'der as a convenience. 
The instrument was calibrated in terms 
of relative strain instead of pressure. Six 
microamperes indicated a strain of .001 
inch per inch, or .1 percent. Relative 
strain was plotted against time for each 
of two experiments, one run at a freezing 
temperature of -12.5 degrees C. and the 
other at -27 degrees. Pressure corre
sponding to the indicated strain was then 
calculated. 

"When making the graphs, I subtract
ed .0003 from the strain readings of 
the two sea-ice recordings so that the 
plots for freshwater ice and seawater 
ice would not overlap. The strain gauge 
used for the experiment at -12.5 de
grees C. had a gauge factor of 3.5. The 
output of the gauge drove the pen of the 
recorder off scale. The instrument in-
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c1uded a compensating dial that I set at 
2. The setting in effect multiplied the 
output by 2/3.5, or a factor of .58. The 
relative increase in strain due to the 
freezing of fresh water at -12.5 degrees 
C. turned out to be .00593 - .0056, or 
.00033, which is .033 percent. In the 
case of this experiment p equals 1.787 
times 1010 times .58, or 3.41 X lOG dynes 
per square centimeter, which is equiva
lent to about three atmospheres [see top 
illustration on opposite page l. 

"I was puzzled at first by the graph 
of freshwater ice frozen at -27 degrees 
C. [see bottom illustration on opposite 
page l. It has many sharp peaks that in
dicate abrupt changes in pressure. The 
explanation became clear when the ice 
was melted from the can. The soldered 
joint along the seam of the can had been 
torn apart. Evidently when the solder 
was stressed by the expanding ice, it 
gave way in a series of breaks. It is pos
sible to estimate the maximum pressure 
that would have developed in an un
yielding can by adding the individual 
peaks of the graph. The sum indicates a 
maximum pressure of about 15 atmo
spheres, or 235 pounds per square inch. 

"In spite of the experimental uncer
tainty, the graphs show clearly that sea
water does not behave like fresh water 
when it freezes. The difference stems 
mainly from the higher permeability of 
seawater ice. Incidentally, chilled sea
water in sealed cans makes an effective 
and convenient refrigerant for preserv
ing foods in picnic ice chests. The left
over seawater surges harmlessly through 
the already frozen sea ice instead of dis
torting the containers. To provide room 
for the expansion the cans should not be 
filled to more than 80 percent of their 
capacity." 

James Bailey of Milwaukee also experi
ments with saline fluids, but instead 

of crystallizing water by freezing he ap
plies controlled heat to the solution for 
growing large single crystals of the salt. 
Bailey writes: 

"Generations of amateurs have made 
a hobby of growing large single crystals 
of various salts such as copper sulfate, 
alum, hypo and similar chemicals. Tra
ditionally two techniques have been 
used. One involves cooling, the other 
evaporation. 

"Both begin with the preparation of 
a saturated solution. Salt is mixed with 
water until no more will dissolve. The 
solution is Rltered, preferably through a 
sheet of permeable paper made specially 
for the purpose. Filtering removes mi
nute crystals that could otherwise re-

hole fo,.. 
admitting 
5 e. iii d cry 5 ta_I _-'lr----...._."" 
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opening fo� . 
b � o serving 'J8) : 

crystal 
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IClye.r of con
d en ::H�d water 

(J re thane: foam 
insulating 

'acket 

control circuit 
James Bailey's apparatus for growing crystals 

main in solution and grow at the expense 
of the desired single crystal. 

"A single crystal is always grown on 
a seed of some kind-a speck of foreign 
matter, a minute crystal of the salt or 
even a cluster of molecules. The seed is 
suspended by a thread and lowered into 
a ba th of distilled wa tel' for a few sec
onds, just long enough to dissolve any 
microscopic crystals that may have col
lected on its surface. It is then trans
ferred to the filtered solution. The con
centration of the Rltered solution is 
increased by either cooling or evapora
tion. When the temperature of a satu
rated solution.is thus lowered, the water 
becomes supersaturated. Excess salt 
must leave the solution and reappear in 
the form of one or more crystals, 

"To grow crystals by the cooling tech
nique the saturated solution can be made 

at a temperature higher than the room 
temperature. A prepared seed is lowered 
into the bath and the heat is slowly re
duced. Alternatively the cooling can be 
achieved by putting a room-temperature 
solution in a refrigerator. 

"Supersaturation can also be induced 
by letting the water evaporate. The tech
nique is slow but popular because of its 
simplicity. Weeks or even months may 
be required to grow large single crystals 
by evaporation, depending on the nature 
of the salt. During this interval the solu
tion may be contaminated accidentally 
by foreign particles from the air or other 
sources. 

"I have been experimenting with a 
third technique, known as the hydro
thermal process. It provides positive 
control over the rate of crystal growth 
and protects the solution from dust and 
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other airborne contamination. Manufac
turers have used the method extensively 
in recent years to grow crystals of 
quartz. The equipment consists of a 
source of heat, an insulated vessel that 
holds the solution, an excess of the 
chemical to be crystallized and a ther
mostat for maintaining the solution at a 
constant average temperature. 

"If the apparatus is operated in a 
room that is maintained at about 70 de
grees F., heat must be provided to the 
solution at the rate of about 80 watts per 
liter. An introductory apparatus can con
sist of a 400·mil1iliter beaker heated by 
a 40-watt incandescent lamp [see ill1ts
tration on preceding page J. The beaker 
must be wrapped with a sheet of ure
thane foam (or an equivalent insulat
ing material) that covers 90 percent of 
the solution. The top of the beaker can 
be closed by a sheet of transparent plas
tic that contains two holes-one for ad
mitting the seed crystal to the solution 
and the other for supporting a glass-en
closed thermistor (Keystone RL 20 EIT, 
Keystone Carbon Co., Thermistor Divi
sion, St. Marys, Pa. 15857, or equiva
lent). Do not use a vessel of thick glass 
that might break when heated. 

"The thermistor acts as a temperature
sensitive resistor in a circuit that auto
matically adjusts the power to the incan
descent lamp as necessary to maintain 
the solution at a constant average tem
perature. A Zener diode applies a con
stant voltage to a string of resistors that 
includes the thermistor. The voltage that 
appears across the thermistor and the 
2,200-ohm fixed resistor of the string 
varies with the temperature of the solu
tion. This voltage is applied to the emit
ter of a unijunction transistor, which in 
turn energizes the gate electrode of a 
silicon-con trolled rectifier. The silicon
controlled rectifier functions as a throt
tle for applying power to the incandes
cent lamp. 
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"''''hen the temperature of the solu
tion, as sensed by the thermistor, increas
es or decreases beyond predetermined 
limits, the silicon-controlled diode ad
justs the energy of the lamp just enough 
to compensate for the change, thereby 
maintaining the solution at a constant 
temperature. Conversely, above a pre
determined temperature the silicon-con
trolled rectifier switches the lamp off. 
The temperature limits within which the 
lamp is thus controlled can be raised or 
lowered by adjusting the 2,500-ohm rhe
ostat connected in series with the ther
mistor. 

"The C-106Bl silicon-controlled rec
tifier is designed for a maximum current 
of two amperes and will switch incan
descent lamps rated up to 150 watts. 
"Vhen lamps larger than 40 watts are 
used, a two-watt resistor of 10,000 ohms 
should be substituted for the one-watt 
unit specified in the accompanying illus
tration [above J. All other resistors are 
rated at one watt. 

"Silicon-controlled rectifiers of any 
type can be substituted for the specified 
unit if more or less switching capacity is 
desired. The silicon-controlled rectifier 
must be equipped with a metal heat sink. 
The heat sink operates at the potential 
of the power line and must therefore be 
enclosed by and insulated from a hous
ing. The components of my unit were 
assembled in a small plastic box. 

"The insulated beaker is heated by a 
hot plate. I use an inverted coffee can, 
with a hole in the bottom, that houses 
the lamp bulb and socket. When setting 
up the apparatus, I usually prepare the 
concentrated solution in a separate ves
sel at a temperature of about 110 de
grees F., slightly above the growing 
temperature. A layer of salt about one 
centimeter thick is placed in the growing 
vessel. The saturated solution is filtered 
on top of the chemical. The growing ves
sel is placed on the hot plate and cov-

ered. The warmed solution rises by con
vection and cools as it streams upward 
and returns along the walls of the con
tainer. 

"During the excursion the solution 
reaches saturation as it approaches the 
top of the vessel and becomes supersat
urated at some point during its return 
along the walls. The seed crystal is sus
pended for growth in the region of su
persaturation, which must be located by 
experiment. I usually apply heat to fresh
ly prepared solutions for about five hours 
before introducing the seed crystal. 
During this interval the circulation and 
the region of supersaturation become 
stable. 

"A thin layer of fresh water also forms 
on the surface as the result of condensa
tion tha t collects on the lower surface of 
the cover and drips back into the con
tainer. This layer is useful because it dis
solves from the seed any microscopic 
crystals that may have formed after the 
seed was cleaned. I use nylon thread for 
suspending seed crystals. 

"When possible, I buy salts in crystal
line form and select the most perfectly 
formed crystals for use as seeds. This is 
a painstaking operation that often re
quires the use of a magnifying glass. 
Some salts are sold in powdered form. 
These are dissolved and crystallized by 
evaporation. Seeds are then selected 
from the resulting mass of small crystals. 

"A perfectly formed crystal for use as 
a seed can be grown by suspending any 
fragment of a broken crystal in a con
centrated solution of the salt. Use a 
thread to suspend the crystal. The con
tainer must be airtight and must also be 
maintained at a constant temperature to 
prevent any change in the concentration 
of the solution. The conversion of the 
fragment into a perfect crystal may re
quire days or weeks, depending on the 
nature of the salt. 

"Harvesting mature crystals is easy. 
They are simply pulled from the grow
ing solution and wiped dry with a soft 
cloth. Some crystals are sensitive to 
abrupt changes in temperature and may 
crack if they are pulled from the warm 
bath when the air in the room is abnor
mally cold. They can be harvested safely 
by first cooling the solution to room tem
perature. Incidentally, I have been try
ing without much success to grow large 
crystals of calcium carbonate and should 
appreciate any tips that fellow enthusi
asts might pass along. Indeed, I should 
be happy to exchange information on 
any aspect of the hobby. My address 
is 5606 South 34th Street, Milwaukee, 
Wis. 53221." 
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An engineer operates the keyboard of an experimen tal 
information storage and retrieval system. 

You check your bindings again, adjust your goggles ... then push off 
in a fast schuss down the first leg, skis hissing against the powdered 
snow. This is the excitement of skiing-pitting your experience and 
skill against speed and the variables of a new, fast·dropping trail. it 
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An exhilaration in matching your engineering talent against new 
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There are current openings in suburban Rochester, New York 
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Xerox Corporation, P.O. Box 1995, Rochester, New York 14603. 
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by 1. BemaI'd Cohen 

THE MATHEMATICAL PAPEHS OF ISAAC 

NEWTON, VOLUME I: 1664-1666. Ed
ited by D. T. Whiteside. Cambridge 
University Press ($ 40). 

/ 

T he inaugural volume of D. T. 
vVhiteside's monumental edition 
of The Mathematical Papers of 

Isaac Newton (to be completed in eigh t 
volumes) deals with only three years 
in Newton's life: 1664-1666. But what 
golden years they were! In them Newton 
was first exposed to higher mathEmat
ics and firmly launched on his almost 
legendary scientific career. Guided by 
vVhiteside's sure hand, we can now 
study Newton's early mathematical notes 
and first mathematical essays. We thus 
become privileged witnesses to the ac
tual formation of one of the keenest 
minds of all time. 

The basic task of editing Newton's 
mathematical papers is to place them in 
chronological order and transcribe thEm, 
but the editor must have the mathemati
cal training and insight needed to un
derstand and interpret them. Happily 
Whiteside brings to this assignment a 
rare combination of mathematical and 
linguistic ability and an abiding sense 
of history. He has had not only the pa
tience to steep himself in the mathemati
cal thought of another age but also the 
wit to discern the significance of each 
document in the light of Newton's de
velopment and currents of knowledge in 
the 17th century. 

In this edition each document follows 
the form of the original as closely as type 
aIJows, and Whiteside has been careful 
to keep separate his critical emendations 
and Newton's own formulations. Copi
ous notes form a continuous commentary 
to help the reader follow Newton's 
mathematical argument, which is often 
extremely difficult for the uninitiated 
modern reader. These notes, and the in
troductions to the several sections con
stitute the best account in print �f the 
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BOOKS 
Mathematics, the childhood 
of Isaac Newton's sczence 

main features of 17th-century mathe
matical thought and so go far beyond the 
major assignment of illuminating New
ton's mathematical development. 

Whiteside has spent 10 years studying 
the printed and manuscript sources, and 
he is already known to scholars fOt: his 
earlier monograph Patterns of Mathe
matical Thought in the Later Seven
teenth Century. With the publication of 
the Newton volume, with its riches of 
new and unexpected material and origi
nal interpretation, he has raised New
tonian scholarship to a new plane. It is 
difficult to think of any other work in 
recen t years that surpasses it in impor
tance in the entire field of the history of 
science. It profoundly illuminates the 
creative process of science in a manner 
completely worthy of its subject. 

Newton, thrice great like the magical 
patron of alchemy Hermes Trismegistus, 
dominated the rise of three major sci
ences in modern times: rational me
chanics, experimental optics and pure 
mathematics. Known in his day for 
achievements unsurpassed by any pred
ecessor or contemporary, he had pene
trated the mysteries of light and color 
(and had invented a new type of tele
scope), had found the law of universal 
gravitation (thus to explain at once why 
the planets move around the sun in ac
cord with Kepler's three laws and why 
stones fall to earth as Galileo had found 
they do) and was an inventor of the 
"fluxional calculus," the new language of 
the exact sciences. With the kind of ad
miration usually granted to superheroes 
in war or athletics, Newton's contempo
raries asked whether he was at all like 
ordinary men: did he eat and sleep like 
other mortals? They even compared him 
to the Nile (whose source had not yet 
been found), speculating that Newton 
was revealed to us only in the fuIJ stream 
of his mighty intellect-the source or 
sources being permanently hidden from 
our view. 

What is it that makes a mind so crea
tive that we still contemplate its achieve
ment with awe some 300 years later? 
We cannot really say much more on this 
subject today than men of true insight 

in Newton's time could. vVe do have one 
advantage over our predecessors: thanks 
to the heroic labors of Whiteside we 
can see for ourselves the sources from 
which Newton's mathematical achieve
ment sprang. 

Newton's yeoman ancestors showed 
no special talent for science or mathe
matics. For that matter, Newton's early 
years of training and education are sin
gularly lacking (for one who became so 
great) in auguries of a hidden genius 
straining to break the confines of its en
vironment. Born on Christmas Day in 
1642 (in the Julian calendar), Newton 
was educated in local country schools 
and the grammar school at Grantham in 
Lincolnshire. Like others in his time he 
learned Latin and Greek and eventuaIJy 
acquired enough Hebrew to write out 
texts in it. He must certainly have be
come acquainted with elementary arith
metic: addition, subtraction, multiplica
tion, division, the reduction of fractions 
and the use of proportions. He does not 
seem to have read much, if anything, 
that could properly be called scientific. 
He did pay rather close attention to John 
Bate's Mysteries of Nature and Art, from 
which he got the idea of making water 
clocks, toy mills and other mechanical 
devices. Like many other scientists then 
and now he was a true gadgeteer, and 
he appears to have shown a certain pro
ficiency in drawing. These talents must 
have stood him in good stead in later 
years, when he made his own telescopes 
(including grinding the mirrors) and the 
apparatus he needed for his experiments. 

In 1947, when the old Newton home
stead in Wools thorpe was being renovat
ed, a number of drawings and diagrams 
were uncovered, some carved into the 
stone and others scratched into the plas
ter. I can only agree with Whiteside's 
judgment: "It would need the blindness 
of maternal love to read into these sets 
of intersecting circles and scrawled line
figures either burgeoning artistic prow
ess or mathematical precocity. "  

When Newton went down to Cam
bridge from Lincolnshire, he had as yet 
shown no sign of the massive talent that 
was to change the world. A poor and 
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ENJOY THIS SPECTACULAR NEW 

Color Slide Art Lecture 
IN YOUR HOME FOR $1 

You will view 20 famous 

masterpieces by the great 

LEONARDO DA VINCI 
each one projected on your wall in 
THE FULL GLORY OF THE ORIGINALS. 

You will receive fascinating commentary 

on each painting and its place in the 

life of the artist. You will discover a new 

way to increase your enjoyment and 

understanding of the world's great art. 

. A special demonstration offer from the new Color Slide Program of the Great Masters 
THERE IS NO EXPERIENCE in the world of art 

more thrilling than to stand before a magnif
icent painting-and to learn about it from some
one who knows the work well. Suddenly every
thing you see takes on new meaning, as you 
begin to understand what the artist is communi
cating through his choice of color, form, brush 
stroke, and theme. 

Now, your family can share this exciting ex
perience - and important cultural advantage
at home, through the entirely new Color Slide 
Program of the Great Masters. You view world
famous works of art projected on your own wall 
in the full glory of the original canvases-while 
a noted authority points out the significant as
pects of each painting, and gives you fascinating 
background on the man behind the masterpiece. 

This method of art education-ihe color slide 
art lecture -is widely used by leading museums 
and universities. It has never before been made 
available to families at home. 

A new way to deepen your appreciation of art and artists 

As a subscriber, you are offered a series of unusual 
albums, each containing 20 color slides of priceless 
paintings by a celebrated master. These superb 35mm 
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shown on any ·standard home slide projector. (If 
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low cost with your trial Album. See the special offer 
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The color slides, however, are only one part of 
the Album. Bound into the center of each Album is 
an illustrated 40-page guided lecture which discusses 
the artist's life as well as each of the 20 paintings 

presented; its place in the development of the artist. 
its importance in the history of art, its reflection of 
the tastes and attitudes of the period. 

As you view the paintings projected on your wall 
and read the absorbing commentary, you and your 
family will discover a whole new dimension in the 
enjoyment of art. If you have been disappointed by 
the inadequacies of small prints and art reproduc .. 
tions, you will be delighted with the thrilling visual 
experience offered by the Color Slide Program of the 
Great Masters. It is very much like taking your own 
"private tour" with an art expert guiding you through 
the world's finest collections. 

The Program is flexible-the cost is low 

Approximately every two months, you are offered a 
complete new Color Slide Album of 20 distinctive 
slides and an illustrated lecture. Forthcoming Al
bums will be devoted to the lives and works of such 
great masters as Michelangelo. Rembrandt. Goya. 
Gauguin. and Picasso. as well as Rubens. Caravag· 
gio, Van Gogh, Lautrec, Chagall, and other out· 
standing artists from every major period. 

If the slides were available from museums, you 
would expect to pay as much as $15 a set. Yet, as 
a member of this new Program, you pay only $6.95 
for each complete Album-including 20 color slides 
and 40-page illustrated lecture. You may take as 
few or as many as you like, and may stop whenever 
you wish. 

IF YOU DO NOT OWN A PROJECTOR. We have obtained a 
limited supply of the sensational Minolta Mini 35·JI. 
with Rokkor F2.5 wide angle 
projection lens.This top-rated 
portable projector shows all 
35mm slides. List price $37.50 
-members' price $14.95. 
If you wish the projector in
cluded. please enclose remit
tance with coupon. Full re
fund guaranteed if projector 
is returned within 10 days. 

Accept this $1 demonstration offer 

To introduce you to the Program, we will send you 
the Color Slide Album, Leonardo da Vinci (described 
above), for 10 days trial. If you are delighted with 
the demonstration. and wish to continue with the 
Program, send only $1, plus a few cents for shipping. 
Thereafter, you will be offered a new Album approxi
mately every two months at the low price of only 
$6.95. If not thrilled, however, simply return the 
Album within 10 days, tell us you do not WIsh to 
continue , and owe nothing. Mail the coupon today. 

McGraw·HiII Color Slide Program 
of the Great Masters, Dept. BC-l05 

330 West 42nd Street, New York, N. Y. 10036 
Please send me the Colo'r Slide Album: Leon� 
ardo da Vinci for 10 days trial. and enroll me 
in this new Program. Bill me only $1. plus a 
few cents for shipping. for the Album. If not 
completely delighted, I may return it "within 10 
days. cancel my membership. and owe nothing. 

If I do continue. you will send me a new 
Album of slides by a famous master approxi· 
mately every two months (for 10 days

. 
tri�l) at 

the low price of only $6.95. plus shlppmg. I 
am not obligated to take any minimum number 
of Albums, and may stop whenever I wish. 

Name . . . • . • • • • . . . • . . . . . . . . . . . . . . . . • . . . . . • 

Address . . . . . . . • . . . .  · • · ·  . . . . . . . . . . . . . . . . . • 

City ................ State ........ Zip ..... . 

O Check here if you wish the �inolta Mi�i 35-�1 
pro1ector included and remIt $14.9� With thiS 

����:it�{n��oA��t:fo:f
f ��u r:l�n��t delighted. re-

Offer good in U. S. A. O1lill BC·I05 
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• 

These trial balloons helped 
design an oil refinery . 

• 
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• 

• 

• 

• 

The goal was to keep the air clean. 
When the word first got around that our 

affiliate, Humble Oil & Refining Company, was 
thinking about building a refinery, the people of 
the community were pleased. 

It would bring jobs and other industries into 
the area. 

But Humble was concerned about what else 
it might bring, too. 

Like air pollution. 
The refinery location presented some un

usual problems, including terrain and prevailing 
winds. So Humble brought in a team of environ
mental scientists. 

They erected a mast on the site, and set 
off smoke bombs to find out how the wind 
blows at different times of the day. They studied 
the effects of downdrafts. 

They flew balloons to determine air currents. 
They looked up weather reports as far back 

as 25 years. . 
They studied soil, water and foliage samples. 
In short, they did a complete environmental 

survey of the area . 
The findings of the study were taken into 

account in the design of the refinery. 
Special devices will keep most of t he 

potential contaminants from ever reaching the 
refinery stack, 465 feet high. Any that remain 
will be dispersed harmlessly in the upper 
atmosphere. 

Even the noise level of the refinery will be 
kept way down. 

And in addition, there will be many other 
controls that go into all the refineries our affil
iates build. 

When Humble's new refinery is f inished 
early in 1969, it will produce 70,000 barrels of 
petroleum products a day. 

It has been designed with respect for its 
environment. 

The people of the community are happy. 

And so are the people at Humble. 

After all, they'll be there, too. 

STAIDARD OIL 
COI1PAI'New Jersey) 
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Fascinated by Mathematics? Physics? Chemistry? Astronomy? Archaeology? Biology? Genetics? 

Anthropology? Technology? Space Flight? Computers? Evolution? 

--,�.,_ Take Any 3 books 

Worth �� $54.35 
for just $5.95 for all three 

with a short, experimental 
membership in 

THE LIBRARY OF SCIENCE 
The Suggested Trial: Simply agree to purchase 4 additional Selections during 
the coming year, at special reduced Member's Prices at savings up to 40%. 
(Then get a free Bonus Book as well!) 

3416. APPLIED COMBINATORIAL MATH· 
EMATICS. Edwin F. Beckenbach. Edi
tor. The "who's who" of comblnatorics 
contribute to this useful and lucid vol
ume on the mathematics of organized
c o m p l e x i t y  p r o b l e m s .  a s  b a s e d  o n  
algebra and number theory. Publisher's 
Price $13.95 

4436. ELEMENTS OF ABSTRACT ALGEBRA. 
Richard A. Dean. Superb. newly pub
lished presentation of the challenging 
branch of modern mathematics whose 
foundations lie in the theory of groups, 
Pub Usher's Price $7.95 

3623. BIOCHEMISTRY. Ernest R. M. Kay. 
Brilliant demonstration of the life proc
ess In terms of the chemical events 
that underlie the remarkable interde
pendence of structure and function in 
living cells. Publisher's Price �7.95. 

4207. DEVELOPMENT OF MODERN CHEM· 
ISTRY. Aaron J. Ihde. Panoramic his
tory of the past two centuries. as chem
istry became the science we know today. 
851 pages. Publisher's Price $13.50 

4320. THE EARTH. CarlO. Dunbar. The 
dean of American geologists reviews all 
that we know about the development of 
the earth and the perennial mystery of 
Its origins. Publisher's Price $12.50 

4494. ENCYCLOPEDIA OF PHYSICS. Rob
ert M. Besancon. Editor. Indispensable 
one-volume reference work covering all 
standard and advanced topiCS in phys
ics. 316 articles by 320 prominent con
tributors. Publisher's Price $25.00 
Counts as two choices. 

4620. ESP: A SCIENTIFIC EVALUATION. 
c. E. M. Hansel. The first book to scien
tifically appraise the mounting evidence 
for psychic phenomena. especially the 
"laboratory" experiments that appar
ently make the case for ESP. Pub
lisher's Price $6.95 

4667. EXCURSIONS IN NUMBER THEORY 
/MATH DIVERSIONS. A well-selected col
lection of fascinating aspects of num
ber theory by C. S. Oglivy and John T. 

ENROLL NOW TO RECEIVE UP TO $54.35 WORTH 
OF BOOKS ON SCIENCE FOR JUST $5.95 

The Library of Science 
Front and Brown Streets, Riverside, N.J. 

Please enroll me as a Trial Member and send the 3 books for just $5.95 
plus shipping whose numbers I have circled below. 

As a Trial Member, I need accept as few as 4 more Selections during the 
next 12 months, always at reduced Member's Price plus shipping. and I 
may cancel Membership any time thereafter. Each month I wtll receive 
a Newsletter describing the forthcoming Selection, along with a con
venient form for requesting Alternate Selections or no book at all. 

I also understand that
' 

I may choose a free Bonus Book for every 4 Selec
tions purchased after the Introductory Offer. 

Three Books for just $5.95 (circle numbers): 
3416 
3623 
4207 
4320 
4436 

4494 
4620 
4667 
4834 
4887 

4890 
5210 
5338 
5529 
5530 

5554 
5628 
5631 
5634 
5773 

5810 
5864 
5940 
6036 
6153 

6396 
6436 
6860 
8383 
8436 

GUARANTEE: If, after examining the volumes of your choice, you are 
not completely satisfied, you may return all books within 10 days and 
your Membership Will be cancelled. Pay nothing-owe nothing. 

NAME . • . • • • • . . • . • • • • • • • • • • • • • .  

ADDRESS. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CiTy. . . .  STATE. ZIP CODE • • • • • • • • • • •  
I 

L 
Please be sure to ;nd;c�'t�' �orr�ct ZIP code. 2-616 I 
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Anderson. and delightful, wide-ranging 
and historically famous math problems 
compiled by J. A. H. Hunter and Joseph 
S. Madachy. Publisher's Price $9.95 
Two books count as one choice. 

4834. FAMOUS PROBLEMS OF MATHE
MATICS. Heinrich Tietze. Brllliant pres
entation of modern and classic prob
lems in mathematics. including Fermat's 
last problem, trisecting an angle and 
many more. Publisher's Price $10.00 

4887. FOUNDATIONS OF PLASMA DYNAM· 
ICS. E. M. Holt and R. E. Haskell. 
Extremely lucid outline of the funda
mentals of this spectacular new branch 
of physics. Publisher's Price $12.95 

4890. FRIENDSHIP AND FRATRICIDE. 
Meyer A. Zellgs, M.D. Psychoanalytic 
insights applied to the protagonists in 
the Hiss-Chambers case by an eminent 
clinician. Publisher'S Price $8.95 

5210. GUIDE TO MATHEMATICS FOR THE 
INTELLIGENT NON·MATHEMATICIAN. 
Edmund C. Berkeley. Leads the non
mathematician painlessly through def
inite and Indefinite numbers, calculus, 
the "New Math" and more. Publisher's 
Price $6.95 

5338. HISTORY OF TECHNOLOGY, Vol· 
ume IV: The Industrial Revolution. 
Charles Singer, E. J. Holmyard, A. R. 
Hall. Trevor I. Williams. Editors. Pano
ramic view of the Industrial Revolution 
from 1750 to 1850 which ushered in our 
modern era. Publisher's Price $26.90 

5529. INFORMATION, COMPUTERS, AND 
SYSTEM DESIGN. Ira G. and Marthann 
E. Wilson. Comprehensive overview of 
systems concepts in the light of infor
mation theory. Publisher's Price $12.50 

5530. INFORMATION STORAGE AND RE· 
TRIEVAl. Becker and Hayes. Outstand
ing guide that covers information sys
tem theory and design, man-machine 
relationships. much more. Publisher's 
Price $11.95 

5554. IN SEARCH OF THE PRIMITIVE. 
Lewis Cotlow. Fascinating glimpses of 
the customs and lore of primitive peo
ples whose way of life is fast vanishing 
under the onslaught of civlllzation. 
Publisher's Price $8.95 

5628. INTRODUCTION TO LINEAR AL
GEBRA. Marvin Marcus and Henryk 
Mine. Rigorous, lucid treatment of fun
damental concepts of linear algebra 
and matrix theory which introduces 
practical applications. Publisher's Price 
$7.95 

5631. INTRODUCTION TO PROBABILITY 
AND STATISTICS. B. W. Lindgren and 
O. W. McElrath. Clearly presents the 
basic ideas of statistics and probability, 
illustrated with many easily understood 
problems from many disciplines. Pub
lisher's Price $7.95 

5634. INTRODUCTION TO MATHEMATI· 
CAL STATISTICS. Robert V. Hogg and 
Allen T. Craig. Answers the question 
that crops up in all fields of science; 

"What are the odds against it? ... and 
gives the mathematical methods for 
reaching that answer. Publisher's Price 
$8.95 
5773. NUMBER: THE LANGUAGE OF SCI
ENCE. Tobias Dantzig. "The evolution 
of mathematical thought from the earl
iest times to the latest constructions is 
presented here with admirable consist
ency and in a wond�rfullY lively style." 
-Albert Einstein. Publlsher's Price $6.95 

5810. LECTURES ON ELEMENTARY NUM
BER THEORY. "A highly original. ex
citing, and readable introduction to the 
many aspects of number theory."-Mel
vin Hausner. Publisher's Price $7.75 

5864. LINEAR PROGRAMMING. N. Paul 
Loomba. Definitive explanation of to
day's most widely used programming 
technique. Publisher'S Price $8.50 

5940. MACHINERY OF LIFE. Dean E. 
Wooldridge. Brilliant exposition of the 
thesis that the biological development 
of life Is an inevitable result of the 
operation of the laws of physics. Pub
lisher's Price $7.95 

6036. MAN'S PLACE IN THE DYBO
SPHERE. Richard R. Landers. A chal
lenging exploration of the brave new 
world which machines that "think" 
have created - and will create - for 
modern man. Publisher's Price $5.95 

6153. ELEMENTARY MATRIX ALGEBRA. 
Franz E. Hohn. Provides a concrete 

. understanding of matrix theory and 
of the applications to fields from Indus
trial "transport" problems to atomic 
physiCS and game theory. Publisher'S 
Price $8.50 

6396. THE NATURE OF SOLIDS. Alan 
Holden. Lucid treatment of heat, sym
metry. crystal structure. Quantum me
chanics, electrical conduction

. 
and. 

magnetic phenomena as they concern 
the solid state. Publisher'S Price $6.95 

6436. THE NEW AGE IN PHYSICS. Sir 
Harrie Massey. Gives a clear under
standing of the complex advances in 
twentieth-century physics and the re
sulting changes in our concept of mat
ter. Publisher's Price $10.00 

6860. PHILOSOPHY OF MATHEMATICS. 
Paul Benacerraf and Hilary Putnam. 
Two dozen of the greatest mathematical 
minds - brought together for the first 
time - focus on the faSCinating prob
lems to which modern mathematics has 
given birth. Publisher's Price $11.35 

8383. TOPICS FROM THE THEORY OF 
NUMBERS. Emil Grosswald. Historical 
approach to the presentation of number 
theory. including divisability, congru
ences. quadratic residues and arithme
tic functions. Publisher's Price $8.50 

8436. TOPICS IN MODERN MATHEMAT
ICS. Howard M. Nahikian. Ideal in
troduction to some of the most exciting 
and basic concepts in modern math
ematics: sets and subsets, Boolean 
algebra, probability. vector spaces, mat
rices. linear transformation, etc. Pub
lisher's Price $7.50 
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rather young student, evidently shy and 
not gifted at making friends, he was in 
no way remarkable or worthy of notice 
from his contemporaries. Many note
books survive from those undergraduate 
years to tell us in detail about his studies. 
vVe can turn the pages of notes in Greek 
on Aristotle's Analytics and Ethics, and 
then read comments in Latin taken from 
various 17th-century Aristotelians. vVe 
can see how the young Newton pro
gressed from the customary topics of 
logic, rhetoric and ethics to physics; not 
yet the physics of his own time but the 
Physics of Aristotle, interpreted by the 
late-16th-century scholastic Johannes 
Magirus. Two extracts presented by 
vVhiteside show the strongly scholastic 
or medieval quality of Newton's mathe
matical thinking at the time: 

"Extension is related to places, as time 
to days. yeares &c. Place is y. principium 
individuationis of streight lines & of 
equall & like figures .... " 

"If Extension is indefinite on ely in 
greatness & not infinite yn [then] a point 
is but indefinitely little & yet we cannot 
comprehend any thing lesse. To say yt 
[that] extension is but indefinite ... be
cause we cannot perceive its limits, is as 
much as to say God is but indefinitely 
perfect because wee cannot apprehend 
his whole perfection." 

So far all is traditional. Then, at 
the beginning of Newton's final year as 
an undergraduate (1664), his notebooks 
give us two very different signs. First 
of all, as Whiteside explains, Newton 
abruptly changed "his early, rather or
nate handwriting for the simpler, less 
pretentious form which was to remain 
his throughout the rest of his life." Sec
ond, he gave up an exclusive diet of read
ing the ancients and their commentators 
and plunged into the moderns. From this 
year onward we can trace the genesis 
and flowering of Newton's genius as he 
came to know the scientific writings of 
the men of his own century. From them 
he took whatever tools or methods or 
concepts he could use in forging his own, 
and soon we see him exercising his new
ly acquired powers to produce a nov
el Newtonian science and Newtonian 
mathematics and to surpass one by one 
those who had been his mentors. It is for 
this reason that the documents that are 
printed in the first volume of Whiteside's 
edition are so precious; they come from 
those crucial years 1664-1666, when 
Newton first developed his mathematical 
prowess. 

Newton's notebooks show us at close 
range how he learned the "new science." 
Among the major authors he read were 
Walter Charleton, an expert on ancient 

and modern atomism and on the physics 
of Galileo and Pierre Gassendi, and Ken
elm Digby, whose presentation included 
the physics and philosophy of Descartes 
along with the ideas of Galileo. Newton 
also read philosophical and scientific 
writings by Joseph Glanville, Thomas 
Hobbes and Henry More, and he de
voured books by Robert Boyle and Rob
ert Hooke. He took careful notes on his 
reading in the Philosophical Transac
tions of the young Royal Society of Lon
don. He also read and made notes on 
Galileo's Dialogues on the Two Great 
Systems of the World and Descartes's 
Principles of Philosophy; from Des
cartes he copied out an English version 
of the principle of inertia, which was 
later to become Newton's first law of 
motion. As we turn the pages of his note
books we can see his mind leap from 
summaries of his reading to his own new 
principles and results. An outstanding 
example is his formulating the law of 
"centrifugal force" (that the force when 
a body moves uniformly along a circle 
is at once directly proportional to the 
square of the speed and inversely pro
portional to the radius) years before it 
was published by Christiaan Huygens, 
who is usually credited with the discov
ery. He also began to think of gravity as 
a force extending as far as the moon. 

In mathematics as in physics and as
tronomy Newton turned to the new au
thors of his century. According to the 
mathematician Abraham De Moivre, 
who knew him well, Newton's introduc
tion to higher mathematics (higher, that 
is, than the simple arithmetic he knew 
on entering college) began when he 
"bought a book of Astrology" in 1663 
"out of a curiosity to see what there 
was in it." He found he could not under
stand "a figure of the heavens" for "want 
of being acquainted with Trigonometry." 
He therefore got himself a book of trigo
nometry "but was not able to understand 
the Demonstrations," and so he got "Eu
clid to fit himself for understanding the 
ground of Trigonometry." De Moivre 
then records the following about New
ton: "Read only the titles of the propo
sitions, which he found so easy to under
stand that he wondered how any body 
would amuse themselves to write any 
demonstrations of them. Began to 
change his mind when he read that Par
allelograms upon the same base & be
tween the same Parallels are equal, & 
that other proposition that in a right an
gled Triangle the square of the Hypothe
nuse is equal to the squares of the two 
other sides." 

De Moivre continues: "Began to read 
Euclid with more attention than he had 

done before & went through it." Next 
Newton read William Oughtred's Clavis. 
Then : 

"Took Descartes's Geometry in hand, 
tho he had been told it would be very 
difficult, read some ten pages in it, then 
stopt, began again, went a little farther 
than the first time, stopt again, went 
back again to the beginning, read on till 
by degrees he made himself master of 
the whole, to that degree that he under
stood Descartes's Geometry better than 
he had done Euclid. 

"Read Euclid again & then Descartes's 
Geometry for a second time. Read next 
Dr. [John] Wallis's Arithmetica Infini
torum, & ... found that admirable The
orem for raising a Binomial to a power 
given .... " 

The last statement is a reference to 
one of the best known of Newton's early 
mathematical discoveries, the series ex
pansion of a binomial to any power n, 
that is, (1 + a)n. 

Whiteside shows that De Moivre's 
story conforms to the evidence of New
ton's notebooks and certain books from 
Newton's library, happily preserved at 
Trinity College, Cambridge. Among 
these books Whiteside finds a "well
thumbed and marginally annotated copy 
of Euclid's Elements (in Barrow's 1655 
edition)," which bears witness to New
ton's examination of this work. As for 
Descartes's Geometrie, Whiteside tells 
us that Newton did not read it in the 
original French but in the second Latin 
edition of 1659-1661, and that he stud
ied not only Descartes's original text but 
also an extensive commentary by Frans 
van Schooten. In support of De Moivre's 
account Whiteside also adduces testi
mony from Newton himself, in the form 
of certain autobiographical notes: 

"July 4th 1699. By consulting an ac
compt of my expenses at Cambridge in 
the years 1663 & 1664 I find that in y" 
year 1664 a little before Christmas I 
being then senior Sophister [an under
graduate] I bought Schoo ten's Miscel
lanies & Cartes's Geometry (having read 
this Geometry & Oughtreds Clavis above 
half a year before) & borrowed Wallis's 
works and by consequence made these 
Annotations out of Schooten & Wallis in 
[the] winter between the years 1664 & 
1665. At weh [which] time I found the 
method of Infinite series. And in summer 
1665 being forced from Cambridge by 
the Plague I computed y. area of y. Hy
perbola at Boothby in Lincolnshire to 
two & fifty figures by the same method." 

From these beginnings in 1664, in 
Whiteside's judgment, "Newton over the 
next two years (and not only of course 
in mathematics) was to develop a re-
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markable series of researches formidable 
in technical content and effervescent 
with still untested creative thoughts .... 
Their detailed systematization, carried 
through by a typically stubborn perse
verance and massive power of mental 
concentration, was to take most of the 
rest of his life." 

Assembling Newton's mathematical 
papers and putting them in chronologi
cal order was in itself a formidable task. 
Although the bulk of the manuscripts is 
in Cambridge (primarily in the Univer
sity Library but also in the libraries of 
Trinity College and King's College), oth
er documents are scattered far and wide. 
The original order in which Newton had 
arranged his manuscripts had been vio
lated by later librarians and cataloguers. 
Scraps and fragments had to be identi
fied, some of them belonging to the same 
document but differing in style or physi
cal appearance because they were earlier 
or later versions or states. Dating the 
documents was altogether a vexing prob
lem. In some cases a date could be 
assigned on internal evidence or by 
an ancillary autobiographical document, 
but in the end Whiteside became so 
steeped in Newton's written words that 
he could in most cases date documents 
closely by the form of the handwriting, 
which varied slightly from year to year. 
I can speak from personal experience in 
saying that dates Whiteside has assigned 
in this way have repeatedly been con
firmed by independent evidence. 

Whiteside received very little help 
from earlier works; only a few of the 
documents in his collection had been 
published before. Although this situa
tion has been acute with respect to New
ton's mathEmatical work, it applies in 
Newtonian scholarship generally. In 
spite of the fact that the bulk of New
ton's scientific manuscripts have been 
available for almost a century, little use 
has been made of them by scholars, who 
have l�rgely based their studies of New
ton on published material rather than on 
manuscripts. In recent years, however, 
the situation has been changing as it has 
become increasingly clear that a full 
comprehension of the development of 
Newton's thought requires close study 
of all his writings. Among those who 
have now intensively mined the manu
script archives are the late Herbert 
W. Turnbull (the editor of Newton's 
Correspondence) and J. F. Scott (the cur
rent editor), the late Alexandre Koyre, 
A. Rupert Hall and Marie Boas Hall, 
John Herivel, Joseph Lohne, J. E. Mc
Guire, R. S. Westfall and myself. 

In his first volume Whiteside presents 
Newton's texts in three groups: the first 
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mathematical annotations (1664-1665), 
from Oughtred, Descartes, Schoo ten and 
Huygens; then Newton's manuscript rec
ords of his research in analytic geometry 
and calculus (1664-1666), and finally 
some miscellaneous early researches 
(1664-1666). From the evidence pre
sented there can be little doubt of the 
correctness of Whiteside's judgment that 
"beyond reasonable doubt" Newton was 
"self-taught in mathematics, deriving his 
factual knowledge from the books he 
bought or borrowed, with little or no out
side help." There appears to be no 
ground whatever for the "pleasant story 
of [Isaac] Barrow's tutorial guidance," 
which is enshrined in one of Walter Sav
age Landor's 'Imaginary Conversations. 

Newton's notes, observes vVhiteside, 
"are not mere inferior, copied images 
but have their own life, revealing a 
young mathematician at work stretching 
his mind, shaping what he read and re
cording his own impressions." At times 
it is difficult to draw a hard and fast line 
between the end of a summary and "the 
following wave of new ideas" as it be
comes "a piece of original research." The 
transformation of a youth who knew no 
more mathematics than simple arithme
tic, and who could not read a treatise on 
astrology for want of trigonometry, into 
a profound creator of higher mathemat
ics is marvelous to follow. The first anno
tation presented, taken from a small 
notebook in which Newton had begun 
to make a Hebrew-English dictionary, 
lists the properties "of right angled tri
angles," or the Pythagorean theorem, in 
answer to the problem, "Any two leggs 
given to find ye other." The solution is 
given in three equations, with a refer
ence to Euclid's "lib. 1. pr: 47": 

1. bq+cq=hq. 
2. r:hq - bq: = c. 
3. r:hq - cq[:] = b. 

In these equations q stands for qua
dratus, or "squared," so that the first equa
tion merely states that the sum of the 
squares of the two sides band c equals 
the square of the hypotenuse h. In the 
second and third equations c is given in 
telms of the root (r) of h2 - b2 and b in 
terms of the root of h2 - c2. Newton has 
gone beyond addition and multiplica
tion, but not too far. Before long, how
ever, he is deep in the geometry of conic 
sections. Then he becomes fascinated by 
the problems of permutations and com
binations, for example, the number of 
conjunctions that can be made of the 
seven planets, taken in any combination. 
He concludes that the "7 Planets may be 
conjoyned 120 divers ways," mistakenly 

copying 120 for 127. He also finds that 
"1 X 2 X 3 X 4 X 5 X 6. = 720. are ye 
number of changes [that can be rung] in 
six bells." This is 1664, but before long 
he has gone deeply into number theory 
and algebra and shows himself to have 
mastered "the arithmetical symbolisms 
from Oughtred" and the "algebraical 
from Descartes." This was the basis of 
his own symbolism, with many modifica
tions and innovations added. 

The rise of Newton as a mathemati
cian can be seen most clearly in his notes 
on the writings of John Wallis. Here we 
find him gaining an acquaintance with 
the theory of "indivisibles" (an immedi
ate precursor of the calculus) and acquir
ing from Wallis a sure grasp of the meth
ods of infinite series and continued 
products. By 1665 he had thus advanced 
from the algebra of Cartesian geometry 
and from simple number theory to the 
realm of higher mathematics, even as 
we still understand the expression. For 
instance, we find Newton using at this 
stage a logarithmic series for log (1 + x) 
to "square the Hyperbola," that is, to 
find the area of a segment: 

" X2 x3 X4 x5 x6 X 7 x8 x9 x10 " 
X-2"+a-4+S-6+ 7-[iiJ+9-W' &c. 

He calculated the value for x as 1/10, 
but Whiteside finds his results in part 
"vitiated by two small numerical slips, 
one of addition and one of subtraction." 
So much for those who would believe 
Newton was a marvelous calculator! To 
judge by a number of different manu
scripts, Newton was particularly fasci
nated by the problem of determining 
the areas of hyperbolas, and it was in the 
course of investigating this topic that he 
found the general binomial expansion 
theorem. 

On the basis of his study of the manu
scripts Whiteside observes: "Already by 
mid-1665, one short crowded year after 
his first beginnings, the urge to learn 
from the work of others was largely 
abated. The indication of his rapid rise 
to mathematical maturity is telling. It 
was time for him to go his own way in 
earnest and thereafter, though he con
tinued to draw in detail on the ideas of 
others, Newton took his real inspiration 
from the workings of his own fertile 
mind." This is amply confirmed by the 
documents-short essays or tracts rather 
than annotations-that contain "the writ
ten record of his first researches in the 
interlocking structures of Cartesian co
ordinate geometry and infinitesimal 
analysis," which comprise the second 
part of this volume, accounting for more 
than half of the whole. 

It is on these papers on analytical 
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PRIMITIVE PEOPLE 
COMPLEX 
SOCIETIES 

THE CURSE OF SOUW 

Principles of Daribi Clan Def
inition and Alliance in New 
Guinea by Roy Wagner. The 
s o c i a l  structure of a l i ttle
known mountain tribe which 
sees the shaming' of its hero 
Souw as the original cause of 
evil. The myth resembles, in 
s o m e  aspects,  the Gene s i s  
story o f  the Fall o f  Man. Pho
tographs and drawings. $11 .50 

MORALS AND MERIT 
A Study of Values and Social 
Controls in South Asian So
cieties by Christoph von Furer
H aimendorf. Do various tribes, 
and indeed all of humanity 
share a common moral lan
guage ? ". . . A pioneer study 
of a neglected aspect of South 
Asian social anthropology by 
one eminently suited to under
take it."- The Times Literary 
Supplement $6.00 

KWAKIUTl ETHNOGRAPHY 

b y  F r a n z  B o a s ,  e d i t e d , 
abridged and with an introduc
tion by Helen Codere. His un
p ublished l a s t  work,  with 
supplementary material, the 
whole of which sums up Boas's 
lifetime of affectionate study 
of the Kwakiutl Indian tribe
a study that made him one of 
the founders of modern an
thropology. $12.50 

THE EVOLUTION OF SOCIETY 

Selections from Herbert Spen
cer's Principles of Sociology. 
Edited and with an introduc
tion by Robert L. Carneiro. 
B asic writings of the great 
thinker on cultural evolution. 
Spencer was the first to or
ganize evolutionary concepts 
as they applied to - and made 
intelligible - the broad sweep 
of human history. Classics in 
Anthropology Series. $10.95 

UNIVERSITY OF � 
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geometry and calculus, Whiteside con
cludes, that "Newton laid the founda
tions of his mature work in mathematics, 
revealing for the first time the true mag
nitude of his genius." Whiteside then 
presents an admirable summary of New
ton's meditations and analyses, which 
deserves to be reproduced here : 

"A s in so many other fields-and 
though we should not underestimate the 
impact of Wallis' work upon him-in the 
creation of his calculus of fluxions New
ton's chief mentor was Descartes. From 
the latter's Geometrie, a veritable mathe
matical bible in Schooten's richly anno
tated second Latin edition, he drew 
a continuous inspiration over the two 
years from the summer of 1664. Begin
ning with the Cartesian technique for 
constructing the subnormal to an alge
braic curve, Newton swiftly soaked up 
the algorithmic facility of Hudde's rule 
de maximis et minimis but quickly came 
to appreciate its hidden riches, applying 
it to the construction of the sub tangent 
and of the circle of curvature at a gen
eral point on an algebraic curve and 
ultimately fOlmulating a differentiation 
procedure founded on the concept of an 
indefinitely small, vanishing increment. 
On that basis and little afterwards he 
was able to set down the standard dif
ferential algorithms in the generality 
with which they were to be expounded 
by Leibniz two decades later. Along 
with this a parallel stream of researches, 
built on Wallis' work in the theory of 
the algebraic integral and on Heuraet's 
general rectification procedure, culmi
nated about the same time (mid-1665) in 
a limited mastery of the quadrature 
problem and in geometrical insight into 
the inverse problem of tangents. In the 
summer and early autumn of that year, 
away from books in Lincolnshire and 
with time for unhurried thought, New
ton recast the theoretical basis of his 
new-found calculus techniques, reject
ing the concept of the indefinitely small 
increment in favour of that of the fluxion, 
a finite instantaneous speed defined with 
regard to an independent dimension of 
time and on the geometrical model of the 
line-segment. Soon after, in the autumn 
of 1665, he was led to restudy the tan
gent-problem by the Robervallian meth
od of combining limit-motions of a point 
defined in a suitable co-ordinate-system. 
After an initial crisis in his construction 
of the quadrab'ix-tangent he was able 
correctly to generalize the method, giv
ing in May 1666 a comprehensive treat
ment of tangents by limit-motion analy
sis and extending its area of application 
to include the construction of inflexion 
points. In the autumn of 1666, lastly, and 

as a not unintended finale, almost all 
these researches were ordered and con
densed in a short, unfinished and till 
recently unpublished work to which he 
gave no title but which, following his 
own practice in later reference, we may 
name the 'October 1666' b·act. 

"In those two years a mathematician 
was born: a man, certainly, still capable 
of profound error but with a depth of 
mathematical genius which by late 1666 
had made him the peer of Huygens and 
James Gregory and probably the su
perior of his other contemporaries. His 
only earnest regret must have been that 
he had yet found no outlet for commu
nicating his achievement to others. The 
papers printed in the following pages 
throb with energy and imagination but 
yet convey the claustrophobic air of a 
man completely wrapped up in himself, 
whose only real contact with the exter
nal world was through his books. That 
was to change somewhat in years to 
come, but it was Newton's continuing 
tragedy that he was never to find a col
laborator of his own mental stature." 

One final observation can be made. 
In the papers presented by Whiteside, 
Newton shows himself to have been 
extraordinarily fertile in the invention 
of mathematical symbols as they were 
needed. In dealing with the problems of 
tangents and of curvature he introduced 
a kind of dot notation for partial differ
entiation but not for ordinary differen
tiation. This is surprising because New
ton's fluxional calculus is generally 
known for the use of "pricked," or dot
ted, letters for ordinary differentials, for 
example x for dx/dt and i for d2x/dt2• 
He also employed a small square to indi
cate integration. The most interesting 
symbol is a kind of script X he seems to 
have devised around 1666 for a general 
algebraic function of two variables f(x,y).  
Then, by placing one or more dots to the 
left or right, he could indicate xf x, yf 1)' 
x2f xx' xyf xy or y2f1JY' Whiteside finds, 
however, that he did not invent dotted 
letters for ordinary differentials until 
1691, which provides an answer for 
those who are puzzled because he did 
not use his dotted letters in the Princi
pia. It was published in 1687. 

Short Reviews 

H IGH FREQUENCY COMMUNICATIONS, 

by J .  A. Betts. American Elsevier 
Publishing Company Inc. ($5) . The 
whispering gallery that the ionosphere 
makes of our earth is full of sounds. At 
wavelengths between 10 and 100 meters 
a short-wave receiver can pick up not 
only broadcasts in a dozen tongues, and 
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not only the intermittent fluting of the 
old-fashioned dot-dash radio telegraphy, 
but also a wide variety of drones, buzzes, 
mad piccolo choruses and random bag
pipe quartets. All these strange and pur
poseful signals are the modern radio 
engineer's answer to the increasing pres
sure for the transfer of point-to-point 
messages, both by written characters and 
by voice. The number of terminals all 
over the world seeking to communicate 
through the fickle and shifting channels 
that bend and bounce radio signals 
around the earth is now counted in the 
thousands. Cables are doubtless surer, 
quieter and more private, but they are 
costly. Wires cannot be strung directly 
between Mozambique and Montevideo, 
and the use of a relaying network via 
Cairo, London and New York will al
ways be irksome, slow and uncertain . 
But buy a small houseful of the right 
equipment, set up a few tall poles over 
some acres of land, file an arrangement 
with the international agencies in Ge
neva for the allocation of channels and 
for payments, and Mozambique or any
where else is in touch with the world. It 
is the spread of activity over a hundred 
nations that has loaded the ionosphere 
with traffic like a Los Angeles freeway. 
Ships and planes, of course, make their 
own growing demands. 

This short and simply written book, 
filled with technical detail (at the level 
of block diagrams rather than circuits) , 
replete with graphs and performance 
data, introduces the reader to how radio 
engineers have managed their traffic 
jam. It is a story of ingenuity and ra
tionality at every point. Since the war 
years they have exploited ionosphere 
soundings in order to know and to pre
dict the optimal channels, shifting with 
the sun and the sunspots, for each route 
and hour. Given that knowledge, they 
have put in clever schemes of error-cor
rection, so that they can work even un
der marginal conditions, saving precious 
hours of channel. The system used most 
often nowadays is a redundant code, ar
ranged so that the receiver can detect a 
discrepancy and automatically ask for a 
repeat by injecting a code group among 
the normal messages that flow along the 
return channel. Precise frequency defi
nition, and yet quick frequency shifts, 
are needed for full use of the ionosphere. 
They are guaranteed by the introduction 
of synthesizers for frequency control of 
both receiver and transmitter. In these 
clever devices a master crystal oscillates 
at a well-defined and constant frequen
cy, which is multiplied and divided 
many times until, by adding the results, 
any frequency over a wide range is avail-
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How it works 

From color camera to computer 
1 ,071 two-color drawings 

Easy-to-understand explanations 

H OW IS color television transmitted? 
( S e e  p a g e  1 6 6 of T H E  W A Y  

THI NGS WORK.) H o w  is electronic 
data processing done? (See page 302) . 
How does a helicopter fiy? (See page 
560.) How does "dry cleaning" clean? ����iiiil ••• " •• !ii���J 
(See page 407.) Why does a record 

player play? (See page 3 1 4.) How does 
the simple switch operate? (See page 
96.) Why do vending machines rej ect 
counterfeit coins? (See page 324.) What 
happens at the telephone exchange? 
(See page 1 1 2 .) How does a Polaroid 

camera produce pictures? (See page 
1 72.)  What makes gunpowder explode? 
(See page 448.) What does a nuclear 

reactor do? (See page 54.) What hap
pens in "supersonic speed"? (See page 
556.) 

This remarkable book will answer 
hundreds of your questions, and the 
ones children ask, about the design and 
function of mechanical objects and tech
niques that are part of your daily life. 
Two-color drawings carefully explain 
both. simple and complex technological 
concepts . . .  from a ball-point pen to 
lasers, from an automatic transmission 
to radioactivity, from the jet engine to 
ultrasonics. 

THE WAY THINGS WORK is a 
lucid encyclopedia of technology, an 
endlessly fascinating anthology of de
scriptions and diagrams that unravel the 
mystery of common mechanisms and 
today's  technological marvel s .  I t ' s  a 
book to delight everyone intrigued with 
the way things work. 

We invite you to mail the coupon 
below. A copy of THE WAY THI NGS 
WORK will be sent to you at once. I f  at  
the end of ten days you do not  feel that 
this book is one you will treasure, you 
may return it  and owe nothing. Other
wise, we will bill you $8.95, plus postage 
and handling. At all bookstores, or write 
to Simon & Schuster, Inc., Dept. 1 67 ,  

630 Fifth Ave.,  New �rk' N. Y. 1 0020. 
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able kilocycle by kilocycle. Wide-band 
antennas (used a couple at a time to al
low in stant choice of the best path) and 
amplifiers are needed with this kind of 
equipment, and all the tuning becomes 
automatic and digital, even remote. The 
output is filtered, and only the necessary 
"side bands " are allowed to leave the 
antenna; the receiver is quite able to 
reintroduce the central frequency and 
sometimes even the central phase with 
ac�uracy, taking a phase cue from the 
last element received. Such "coherent 
detection" schemes can crowd a full 30 
fast telegraph channels into one nominal 
voice channel. 

Even this ingenuity has its limits ; in a 
decade or so the high-frequency chan
nels will be saturated. By then micro
wave dishes pointing to the invisible 
satellites will have taken up the world's 
heavy message burdens,  but for a long 
time the thin antenna poles will still con
nect the out-of-the-way places of the 
world. Meanwhile those shifting tones 
you hear everywhere on the dial are full 
of meaning and emitted with insight. 
The plain text one can be less sure about! 

SCIENTIFIC INSTRUMENTS IN ART AND 

HISTORY, by Henri Michel . Trans
lated by R. E .  W. Maddison and Francis 
R. Maddison . The Viking Press ($18.50). 
"By beauty of form I do not mean such 
beauty as that of animals or pictures, 
which the many would suppose . . .  but 
. . .  understand me to mean straight lines 
and circles, and the . . .  figures which are 
formed out of them by turning-lathes 
and rulers . . .  for these I affirm to be 
not only relatively beautiful, like other 
things, but they are . . .  absolutely beau
tiful . "  So reads the epigraph out of Plato 
cited in this sumptuous volume. A hun
dred large color plates, made by a dozen 
photographers working the museums of 
Europe, are in this book. Its form was 
given it by Michel, himself not only a 
famous Brussels collector and an engi
neer of high repute but also a genuinely 
learned and original scholar in the field, 
author of the recent standard work on 
the astrolabe and ingenious solver of 
many historical puzzles . Here are dis
played the instruments that speak for the 
growth of science: the weights and di
viders, the waywisers and sextants, the 
clocks and the barometers and the mi
croscopes . Most of the instruments were 
the orn aments of princes, the metal gild
ed and chased, set with silver and carved 
with foliage. Here they are almost al
ways pictured against glowing back
grounds of rich cloth-gold, crimson or 
royal blue-that dominate the reader 
with an impression of luxury. This is a 
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book for the coffee table or waiting 
room; it deserves a wide use in that shal
low but agreeable mode. 

But the book is worth much more 
than that. The photographs are not only 
beautiful but also clear; they show as 
well as a flat page and a single view can 
what you would see of these instruments 
in Florence or Paris or Nuremberg if 
you went to the museum with leisure 
and purpose. One page displays a hand
some marine astrolabe, made of bronze 
innocent of ornament or gilt, used at sea 
to obtain star and sun altitudes, recov
ered from a wreck of the Spanish Ar
mada. In another we see, housed in an 
elegantly decorated brass box, the square 
white rods of a set of "Napier's bones " 
made in Paris about 1617. The caption 
gives a very clear account of how these 
devices for multiplication were used. 
The entire text, informed and devoted, 
has two portions .  For each class of in
s truments there is a brief introductory 
narrative essay, say on the history of 
astronomy or of drawing instruments.  
Then for each plate there is a long para
graph, sometimes accompanied by a dia
gram, that identifies the individual de
vice and describes its construction, use 
and importance. Perhaps the most strik
ing of the in.struments is the oldest: the 
3 ,000-year-old pi, a circular disk of am
ber jade used by Chinese savants to lo
cate the celestial pole, around which the 
heavens and the earth turned. They did 
so by holding the disk as a template 
against the northern sky, fitting its edge 
to certain known stars.  Then the true 
pole appeared in the center of a hole in 
the disk. At that time there was no pole 
star ; precession had yet to point the 
earth's axis conveniently at a bright star 
to help the stargazer. This use of the pi  
has been worked out-it is perhaps not 
quite certain yet-by Michel himself. 
The book's last plate shows the first vol
taic pile, a stack of green cloth disks and 
pairs of thin zinc and copper disks 
mounted in a utilitarian wooden stand. 

This is a book that gains virtue from 
strongly personal taste and thought. It 
is not in itself a history of the instru
ments of science, but it is what every 
reader of that history needs and de
serves: a great museum on paper. The 
translators have done a fine job, and 
they have supplied useful bibliographic 
aids.  

EARTH PHOTOGRAPHS FROM GEMINI 

III, IV, AND V. National Aeronau
tics and Space Administration SP-129 . 
U.S .  Government Printing Office ($7). 
Most of the output of that huge publish
er, the Government Printing Office, is 

given to either factual pamphlets, some
thing like up-to-date hints on poultry 
diseases , or to prosy volumes of statistics 
or of testimony. Not this one. Here are 
some 250 pages in full color, without 
much text. The GPO has made us an 
album of snapshots in color taken by a 
number of talented amateur photogra
phers. But these men aimed their Has
selblads with a difference. They were 
aloft 100 miles or more aboard one of 
the earlier Gemini capsules . Here are 
views of five continents (not the Ant
arctic) on the scale of a multivolume 
atlas . This is the scale for states, moun
tain ranges and river valleys . Sometimes 
the work of men appears .  A ship and its 
wake mark with a black-and-white dash 
the blue page of a Pacific seascape. A 
forest fire can be seen, its white smoke 
distinct from the brush strokes of clouds 
that are visible in most of the pictures .  
The delta and upper valley o f  the Nile 
are dark with water and life against the 
bright ocher of the desert-the signa
ture of the work of men for 5,000 years. 
The Himalayas span the whole of a 
page, all crinkled snow; also to be seen 
are the Zagros Mountains,  where men 
first learned how to farm. The familiar 
shapes of the maps are there: the Red 
Sea and the finger of Lower California, 
the long rivers cutting the Chinese plain , 
the narrow Pillars of Hercules . A lonely 
atoll lies like a loop of thread on the 
ocean . Even highways can be made out 
here and there when the light is just so. 

The volume is only accidentally an 
atlas, but it is a stunning one; it deserves 
to be studied with a map atlas beside it. 
The editors do supply an index map, 
and they give full photographic and geo
graphical data. No one who likes maps 
should miss the chance to see what the 
camera tells about the once symbolic 
world of the cartographer. School li
braries in particular need this book. 

THE STONE AGE HUNTERS, by Grahame 
Clark. McGraw-Hill Book Company 

($5.50). Three new themes inform this 
compact and masterly review of our 
knowledge of how men came to be urban 
and civilized. First of all, there is the 
recognition, based both on theory and 
on the epochal finds at Olduvai Gorge, 
that there was a long time indeed
hundreds of millenniums-during which 
men rose from a primate stock of gath
erers and finders to become a bold race 
of hunters, bearing fire and fire-hard
ened tools. The settled farming life arose 
in only 1,000 or 2,000 years, out of an 
advanced herd-hunting technology. 

Second, there is increased recognition 
of the early importance of symbol. No 
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Geo logy I l l u strated 
"THE PROUD TITLE OF THIS EYE-FILLING BOOK IS JUSTIFIED. 

Geology I l lustrated 
JOHN S .  SHELTON 

formerly Associate Professor of Geology 
at Pomona College. Drawings by Hal Shelton 

1 966, 382 illustrations, both photographs and drawings, 
8%" x 10%",  $]0 

Addressed to thoughtful and observant people who enjoy 
the outdoors, this book is a serious, yet elementary, intro
duction to geologic principles based on an unrivaled 
sequence of photographs. By studying the rocks and land
scapes pictured and reading the accompanying explana
tions, the reader is guided to an understanding of the kind 
of evidence upon which the great generalizations of physi
cal and historical geology are based. 

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

Geology I l lustrated 
I enclose 510 ( California residents 510.40) . Send me, postpaid, 
the book named above. I understand that if I am not satisfied, 
the book may be returned for full refund within 10 days after 
it is received. 

NAME ________________________________ ___ 

ADDRESS --__________________________ ___ 

Four hundred pho tographs, mostly s tunning aerial 
views taken by the author himself in the West,  with 
accompanying drawings by his cartographer bro ther, 
presen t the basis of physical geography in the field. 
With a rare skill at explana tion and a delicate sense 
of evidence, Shelton argues for the work of thrust and 
uplift,  ice and wa ter, and unites the processes in a 
dozen type localities crowned by the Grand Canyon. 
H ere is physical geology remade as fresh as it  was a 
cen tury ago, in to a triumph of direct observation and 
clear though t, no t a set of conven tional assertions with 
formal names. An outstanding book for self-study or 
for a college text. I t is also suitable for interested read
ers in high school or in the home." 

- SCI ENTI FIC AM E RICAN, December 1966 

U P r o b a b l y t h e  
most successful substi
tute for field experi
ence ever presented in 
a book . . . .  " 

. -Richard J. Russell, 
in Science, December 
2, 1966 

"1 can think of no 
better book for show
ing the nongeologist 
quickly and succinctly 
what our science is all 
about . . . .  " 

-John Snyder of the 
American Geological 
Institute, Washington, 
D. C. ,  in G e o t i m es,  
November 1966 

!ti w. H. FREEMAN AND COMPANY 
I�JI 660 Market Street, San Francisco, California 94 1 04 / Warner House, 48 Upper Thames Street, London, E. C. 4 
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one ever doubted that speech, the base 
of man's power, was the property of 
such men as the cave painters of 20,000 
years ago. Now we are beginning to see, 
through the work of Andre Leroi-Gour
han, discussed here, that their graph
ic legacy has a large symbolic content 
as well, a content that seems as much 
psychosexual magic as hunting magic. 
N�sts of buried heads, painted with 
ocher and decorated with jewels, unite 
the earliest farming villagers with their 
European hunting contemporaries in a 
widespread culture we still know only 
dimly. 

Third, the surviving hunting peoples 
are once again seen, as they were a gen
eration ago, as guides to the history of all 
men. They are no longer held to be mere 
fossils of an ancient culture but rather 
men who exhibit under similar economic 
and demographic limitations the unique
ness and the commonalty of how men 
live. There is a picture per page in this 
fine small book, many in color as glow
ing as those of the Baltic amber bear 
and the Australian spearpoint worked 
out of bottle glass. Most of the illustra
tions are freshly chosen, although seme 
imperishable classics are also here. Pho
tographs of a hunter with spear-thrower 
raised and of an artist of Arnhem Land 
painting on bark show us living men 
whose intensity and evident power open 
a glimpse into the warmth behind those 
stones and bones that sit in the museum 
cases of the world. 

QUASI-STELLAR O B J ECTS, by Geoffrey 
Burbidge and Margaret Burbidge. 

W. H. Freeman and Company ( $7.50). 
Up-to-date (all relevant data up to early 
1967), personal yet comprehensive, this 
small book is as good as its authorship 
suggests. Roughly half of it is a clear 
and crisp summary of the facts about 
quasars (150 are listed, with 100 red 
shifts), their identity, spectral lines, op
tical and radio continuum and variations, 
and distribution in depth and direction. 
The other half is an excellent summary 
and critique, partisan but fair, of the 
models proposed to make order out of 
the properties of these bewildering ob
jects. The conventional view that they 
are remote, dense, energy-rich galactic 
nuclei in some early stage of an explo
sive evolution, red-shifted by the uni
versal recession, is given some hard 
blows by the authors.  Why is there such 
a clustering of the absorption spectra at 
a shift near an indicated velocity of 80 
percent the speed of light? Are they 
really distributed uniformly over the 
whole sky? Can they radiate so much 
light from such a small volume? Or is 

1 48 

the red shift intrinsic, and are the qua
sars much closer and less energetic than 
the enormous distances implied by the 
Hubble relation? We do not know, the 
Burbidges agree. Ninety-five percent of 
quasar theories are wrong, they say. But 
we must admit alternatives even when 
they promise unpalatable surprises, since 
the quasars themselves are the biggest 
surprise since Hubble's work 40 years 
ago. That is their main conclusion. Only 
the "standstill cosmological" proposal
that the quasars preferentially show the 
red shift belonging to an ancient time, 
when most of them formed during a 
pause in the universal expansion-is too 
recent to be treated. In any case, it 
probably carries too heavy a burden of 
hypothesis for a small result. Perhaps 
the last word belongs for a while to the 
Burbidge's 10-year-old daughter, who 
calls them "crazy stellar objects . "  

IMAGES O F  THE UNIVERSE. LEONARDO 

DA VINCI :  THE ARTIST AS SCIENTIST, 

by Richard McLanathan. Doubleday & 
Company, Inc. ($4.50). Here is a bar
gain. The large pages of this not very 
thick book present a splendid selec
tion of the drawings of Leonardo in 
their original size, most of them either 
from the famous Codex Atlanticlls-that 
ocean of a volume-in Milan or from the 
Queen's rich collection in Windsor 
Castle. The book contains more than 120 
drawings, clearly reproduced from the 
original silverpoint, chalk, pen-and-ink 
or woodcut. The original background 
paper of all the drawings is carefully re
produced in brownish tones. The most 
familiar examples are present: the em
bryo in the uterus, the male figure span
ning a circle, the 27 cats and a house 
dragon. But there are many �ore that 
are less familiar: the courtyard of the 
cannon foundry, the cluster bombs pour
ing from the bombards, the marvel
ous studies of water jets, vortexes and 
waves. A brief, clear and unpretentious 
text adorns the drawings with its clarity 
and detail, its good sense and easy 
learning. It is fine to read how Leo
nardo kept a real dragon, a wall lizard 
that he fitted out with wings, horns, 
beard and false eyes, which "ran . . .  
up the walls . . .  , its wings quivering as 
if it were about to fly. " 

NROSPACE FACTS AND FIGURES, 1967, 
by Aerospace Industries Associa

tion of America, Inc. Aero Publishers, 
Inc. ($3). Latest issue of the annual 
statistical review of our largest manu
facturing industry. Eighty percent of its 
sales were to Uncle Sam. Aircraft pro
duction is just half of the total, with 

civil aircraft most of that non-Federal 
20 percent. Boeing, the biggest defense 
contractor, has averaged more than $1 
billion a year in prime contracts since 
1950. The U.S.  military will operate 
about 11,000 helicopters by the middle 
of 1968, one in three of all their aircraft. 
The U.S.  airlines are running about 
2,300 planes, the most used model be
ing the Boeing-727, with the Boeing-
707 a close second. There are still 137 
DC-3's in U.S.  airline service. Nearly 30 
percent of the aerospace workers in 
California and nearly 30 percent of all 
the scientists and engineers. in the U.S .  
work for the aerospace industry. 

GENERAL VIROLOGY, by S.  E.  Luria 
and James E. Darnell, Jr. John Wi

ley & Sons, Inc. ($12.50). The first edi
tion of this penetrating textbook ap
peared in 1953, the year James Watson 
and Francis Crick found the double helix 
of DNA. Fully up-to-date and still within 
reasonable compass, this second edition 
manages to retain its old quality of map
ping a forest of results while keeping 
visible the evidence from tree after tree. 
By now the definition of life with which 
both versions begin commits the authors 
to accepting a piece of bacterial DNA as 
living matter. The new photographs go 
far beyond the already splendid ones of 
15 years ago; the phage particles can be 
seen spiked onto the bacterial wall as 
plainly as a mosquito pOised on your 
wrist, and polyhedral herpes virus coats 
are as clear as pinecones .  

W ILD FLOWERS OF THE UNITED 

STATES, VOLUME II: THE SOUTH

EASTERN STATES, by Harold William 
Rickett. McGraw-Hill Book Company 
($44.50). Two weighty books comprise 
this "volume," which continues the lav
ish photographic display in color of our 
wild flowers. Here one can see and read 
of 1,900 species, among them a brilliant 
orange orchid of the Florida swamps, 
and that beautiful tropical intruder, the 
water hyacinth. vVild-fiower enthusiasts 
from the Carolinas to the Gulf will some
how find access to this work. 

rr HE MEANING OF EVOLUTION: A 
STUDY OF THE H ISTORY OF LIFE AND 

OF I TS SIGNIFICANCE FOR MAN, by George 
Gaylord Simpson. Yale University Press 
($2 .45). At last thoroughly revised in de
tail, but only in detail, this justly influ
ential book is now better than ever. It 
far surpasses the earlier abridged paper
back editions, wherein the author "fa
vored conclusions over evidence. "  He 
expresses his regrets and has given us 
this fine new paperback. 

© 1967 SCIENTIFIC AMERICAN, INC



INDEX OF ADVERTISERS 

A A A  A D D I N G  M A C H I N E  C O M PA N Y ,  I N C .  8 8  

Agency : Gabriel Tevan 

A L L E N - B RA D L EY C O M PA N Y  
Agenc y : Fensholt Advertising,  I n c .  

47 

A L L I E D C H E M I C A L  C O R P O R AT I O N  
Agenc y : Benton & Bowles, I n c .  

. Back  Cover 

A L U M I N U M  C O M PA N Y  O F  A M E R I C A  90 
Agency : Fuller & Smith & Ross I n c .  

A M E R I C A N  Z I N C  I N ST I T U T E  
Agenc y : Basford In corporated 

1 04 ,  1 05 

A M O C O  C H E M I CA L S  C O R P O R AT I O N  89 
Agency : D'Arcy Advertising Company 

BELL T E L E P H O N E  L A B O RATO R I ES 
Agency : N. W. Ayer & Son,  I n c .  

B E L LC O M M ,  I N C . ,  A B E L L S Y S T E M  
C O M PA N Y  

Agency : N .  W .  Ayer & S o n ,  I n c .  

B E N D I X  C O R P O R AT I O N ,  T H E  
Agency : Mac l'..tanus,  J o h n  & Adams,  I n c .  

C E L EST R O N  PAC I F I C  C O .  
Agency : A l d e n  Advertising of  California I n c .  

1 3  

1 27 

. 52 ,  53 

1 09 

C O L U M B I A  R E C O R D  C L U B  . . .  1 42 ,  1 43 
Agency : Wunderman, R icotta  & Kline,  I n c .  

D E  B E E R S  I N D U ST R I A L  D I A M O N D  
D I V I S I O N  

Agency : N .  W .  Aycr & Son.  I n c .  

D I G I T A L  E Q U I P M EN T  C O R P O RAT I O N  
Agenc y : Kalb & Schneider I n c .  

EAST M A N  K O D A K  C O M P A N Y  
Agency : H u m r i l l - H o y t ,  I n c .  

E D M U N D  SC I EN T I F I C  C O .  
Agency : Walter S .  C h i t t i c k  Company,  I n c .  

EX P E R I M E N T S  I N  A R T  A N D  
T EC H N O L O G Y  I N C .  

FA I Rg
l
�lk l��E��C�:l�g�T�D

R '
C� M E RA 

A N D  I N ST R U M E N T  C O R P O R AT I O N  
Agen c y : Faust/Day I n c .  AdvertiSing 

1 0 , I I  

20 

43 

1 52 

1 50 

. 70,  7 1  

F I RST N A T I O N A L  C I TY B A N K  I n s i d e  Front  Cove r  
Agenc y : Albert  Fra n k · G u e n t h er Law, I n c .  

F LO R I D A D EV E L O P M E N T  C O M M I SS I O N  1 8  
Agency : Wil l iam W .  Cook a n d  Associates 

F R E E M A N ,  W. H . ,  A N D  C O M P A N Y  1 36 ,  1 37 ,  1 47 

G A R R A R D ,  B R I T I S H  I N D U S T R I ES C O R P . ,  
A D I V .  O F  AV N ET ,  I N C .  . . . . . . .  . 

Agency : Cole Fischer Rogow, I n c .  

JANUARY 1 968 

G E N E R A L  D Y N A M I CS/FORT W O R T H  
D I V I S I O N . . .  . . . . . . .  : . . . . . . . .  . 1 5 1  

Agency : Glenn Advertising,  I n c .  

G E N E R A L  E L ECT R I C  C O . ,  I N F O R M A T I O N  
S E RV I C E  D EP A R T M E N T  . . . . . . . . . . . . . . 7 5  

Agenc y : Hobert S.  C r a g i n ,  I n c .  

H A L L  O F  SC I E N C E  B O O K  C L U B  

H EA T H  C O M P A N Y  
Agency : Advance Advertising Serv i c e  

H EW L ETT-PAC K A R D  CO M PA N Y  
Agen c y : Lennen & Newell,  I n c .  

H U G H ES A I R C R A FT C O M PA N Y  
Agency : Foote,  Cone & Belding 

I N D U ST R I A L  G R I T  D I ST R I B U T O R S ,  LTD. 
Agency : N .  W .  Ayer & Son,  Inc.  

I N LA N D  M A N U FA CT U R I N G  C.O M PA N Y  
Agency : Holland Dreves Poff & Reil ly ,  I n c .  

I NT E R N AT I O N A L  B U S I N ESS M A C H I N ES 

1 03 

. .  98, 99 

1 0 , I I  

88 

CO R P O RA T I O N  ' "  . 48 , 49 
Agency : Ogilvy & Mather I n c .  

I N T E R N AT I O N A L  B U S I N ESS M A C H I N ES 
C O R P O R AT I O N ,  DATA P R O C ESS I N G  
D I V I S I O N  

Agency : Marsteller I n c .  

I N T E R N AT I O N A L  T E L E P H O N E  A N D  
T E L E G R A P H  C O R P O R A T I O N  

Agency : Needham, Harper & S tcers, I n c .  

K L E I N SC H M I DT D I V I S I O N  O F  S C M  
C O R PO RATI O N  

Agency : D 'Arcy Advertising Company 

L I B R A RY O F  S C I E N C E ,  T H E  
Agency : H e n d erson & H o l l ,  I n c .  

95 

1 38 

L O S  A L A M O S  SC I EN T I F I C  L A B O R A T O R Y  O F  
T H E  U N I V E RS I TY O F  CA L I FO R N I A  1 5  

Agcn cy : Stcvens, Capron & Smith 

M c G RA W- H I L L  BOOK C O M P A N Y  1 3 5  
Agency : David Altman AJvcrtising,  I n c .  

M I N O LT A  C O R P O RAT I O N  
Agency : E .  T .  Howard Company,  I n c .  

M O S I N E E P A P E R  M I L L S  C O M P A N Y  1 2  
Agency : Howard H . . Mon k  a n d  Associates,  I n c .  

P A I L L A R D  I N C O R P O RA T E D  
Agency : de Carmo, ,McCaffery I n c .  

1 23 

P L A N N I N G  R E S E A R C H  C O R P O R AT I O N  5 0  

Agency : West,  Weir & Bartel,  I n c .  

P O L A R O I D  C O R P O R AT I O N ,  T H E  
Agency : D o y l e · D a n c . Bcrnbac h . l n c .  

. 76 , 77 

P O R SC H E  OF A M E R I CA C O R P O RAT I O N  
Agency : Henry J .  K a u fman & Associates 

Q U ESTA R C O R P O R AT I O N  

RAYT H EO N  C O M P A N Y  
Agcne y : Hoag & ProvtuH.lic,  I n c .  

SA N D I A  C O R P O R AT I O N  
Agen cy : Ward Hicks Advertising 

S A V E  THE C H I L D R E N  F E D E RAT I O N  
Agency : FladeIl,  Winston,  Pennette,  I n c .  

S I G N ET I CS C O R PO RAT I O N  . . . . .  
Agency : C u n n ingham & Walsh I n c .  

S I M O N  A N D  S C H U ST E R ,  P U B L I S H E R S  
Agency : Sussman & Sugar, I n c .  

7 8  

8 5  

1 4  

45 

1 4 1  

1 45 

STA N D A R D  O I L  C O M PA N Y  ( N ew J e rse y )  . 1 36,  1 37 
Agency : LaRoclJe, M c Caffrey a n d  l\..Jc Call ,  I n c .  

TRW SYST E M S  G RO U P  96 
Agency : Fuller & Smith & Ross I n c .  

T U B E  M ET H O D S  I N C .  4 4  

Agency : J o h n  M i l l e r  Advertising Agency 

U N I O N  C A R B I D E  C O R P O RAT I O N  
Agency : Young & Rubicam,  I n c .  

. . . . . . 1 6 , 1 7  

U N I T E D  A U D I O  P R O D U C T S ,  I NC .  5 1  
Agency : Gordon a n d  Weiss, I n c .  

U N I V A C  D I V I S I O N  O F  S P E R R Y  R A N D  
C O R PO R AT I O N  I ns i d e  Back Cover 

Agency : Daniel a n d  Charles,  Inc.  

U N I V E R S I TY OF C H I CA G O  P R ES S  
Agency : Franklin S p i e r  Incorporated 

W EST E R N  E L ECT R I C  CO M PA N Y  
Agenc y : C u n n ingham & Walsh I n c .  

W F F ' N P R O O F  
Agency : A d · Co m  Agency 

W R I G H T  L I N E, A D I V I S I O N  O F  BA R RY 
W R I G H T  C O R P O RAT I O N  

Agcncy : J o h n  F.  Norris & Company,  I n c .  

X E R O X  C O R P O RAT I O N  
Agenc y : Deutsch & Shea, I n c .  

Y O U N G S T O W N  S H EET AND T U B E  

C O M P A N Y  
Agency : Campbel l · ,1\'l i t h u n ,  I n c .  

Z E I SS ,  C A R L ,  I N C .  
Agcncy : Basford I n c orporated 

1 44 

1 06 

1 09 

1 09 

1 3 3  

97 

149 

© 1967 SCIENTIFIC AMERICAN, INC



INTERN A TI ONAL 

COMPETITION 

FOR 

ENGINEERS AND 

SCIENTISTS 

1st PRIZE $3,000 AND 

TWO 2nd PRIZES $1,000 
for the most inventive technical 

contribution to a work of art made 

in collaboration with an artist. A 

selection of submitted works will be 

shown at a major exhibition at the 

Museum of Modern Art in New 

York City in the fall of 1968. 

For full information contact 

EXPERIMENTS IN ART AND 
TECHNOLOGY,9 East 1 6th Street, 

New York, New York 10003. 

Just Published DEBATE 
THE ANTIBALLISTIC 

MISSILE 
Edited by Eugene Rabinowilch and Ruth Adams 

ShOUld the U.S. spend 40 billion dol· 
lars on a full·scale missile defense 
system? Recent headlines highlight the 
first decision-to build a "light" defense 
system against China costing "only" 
5 billion dollars. 

Because this debate is important for 
every American in its effects not on ly on 
the arms race, but on our entire economy 
-the BULLETIN OF THE ATOMIC SCIEN· 
TISTS has just published this important 
volume making available the facts and 
different points of view, presented by 
some of the country's most authoritative 
experts. Chapters include: 

• Jerome 6. Wiesner (Provost, M.I.T.); The Cold War 
is Dead but the Arms Race Rumbles on. 

• Freeman J. Dyson (lnst. for Advanced Study, Prince
ton): Defense Against Ballistic Missiles 

• J.I.Coff�y (Chief, Office of National Security Studies, 
BendIx Aerospace); The Confrontation 

• David R. Inglis (Argonne Natl. Laboratory): Missile 
Defense, Nuclear Spread and Vietnam 

• Oran R. Young (Center fOr IntI. Studies, Princeton 
U.): Active Oefense and International Order 

• Robert S. McNa.mara (Secy. of Defense) Testifies, 
and other articles by D.G. Brennan, Leonard S. 

:��t�eG�'
etz

eL�7? J. Stone, Laurence W. Martin, 

Send for your copy loday. 176·pages, clolhbound 15 each. 

iliULLETINOFTHEATOMiCsc"iEtniSTS-:-, I 935 E. 60th St., Chicago, III. 60637 
I I Send __ copy (ies)of DEBATE: THE ANTI BALLlS· I I TIC �IS.SIL.E for which I enclose $5 each. (libraries 

I 
and instItutions may be billed.) I 

I Name I 
I Add'ess I 
I C;ty State Z;p __ 

I 
� ----------------� 
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ological Society, 1963. 

THE VEINS: NOR:>'1AL AND AUNOllMAL 
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AEROSPACE TECHNOLOGY 

At the Fort Worth Division of General Dynamics, Aerospace 
Technology is exploring the shape, structure, and motion of 
aircraft and spacecraft in relation to environments of the 
vehicles within which they travel. The key tools used are both 
theoretical and experimental. 

The Aerodynamics Section performs analyses of the external 
aerodynamics and performance capabilities of current and 
advanced aircraft, provides guidance in the configuration defini· 
tion, and conducts aerospace vehicle studies entailing flight path 
analysis, mission planning, and the parametric synthesis of 
aerospace vehicles. 

The Model Test Section is responsible for planning tests 
involving the use of wind·tunnel models in subsonic, supersonic, 
and hypersonic environments. Data obtained by engineers in the 

Model Section serve to determine the feasibility of advanced 
aircraft designs - such as the F·111's variable·sweep wing. 

The Propulsion Section personnel analyze the performance 
characteristics of advanced propulsion systems. 

The Stress Analysis Section engages in establishing designs 
which provide required strength at minimum weight - substanti· 
ating designs by stress analysis static and fatigue test programs. 

The Structural Loads, Dynamics, and Materials Section estab· 
lishes, for aerospace vehicles, the structural design criteria and 
maximum load conditions for ground and flight environments; 
the dynamic and static aeroelastic response of nonrigid structure; 
vibration and acoustical environments; new materials and com· 
posites; processes and structural components; and the application 
of the data obtained to specific aerospace vehicles. 

The Structural Test Section plans and evaluates both airborne 
and ground structural tests. 

Find room for thought and career potential ... and room for 
better living in smog·free Fort Worth, where the cost of living 
is low, and where metropolitan advantages exist alongside year· 
around outdoor recreational areas in a mild climate. 

Call collect-817·732-4811, Extension 3551; or send a resume 
of your education and experience to Mr. J. B. Ellis, Industrial 
Relations Administrator·Engineering, General Dynamics, Fort 
Worth Division, P. O. Box 748C, Fort Worth, Texas 76101. An 
equal opportunity employer. U.S. Citizenship required. 

GENERAL DYNAMICS 

Fort Worth Division 

151 

© 1967 SCIENTIFIC AMERICAN, INC



MAIL 
ORDER SHOPPING MART UNUSUAL 

VALUES 
A selection of products available by moil for reoders of Scientific American 

All merchandise sold on a money·bock guaranTee. Order direct by Stock No. Send check or M. O. 

CAR OF THE FUTURE 
HERE NOW! 
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o
::e����e!Sl

f�fctfg�n
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car rides a fraction of an inch 
over apy surface. Including water. 
Graphically demonstrates same 
principles that apply to Ford's and 
Curtiss-'Vright's new wheelless 
alrcars. Sturdy red and yellow 
plastic. 8'"' wide, 9· deep. 2'" high 
with 4" propeller. Operates on 2 
flashlight batteries (not incl.). 
48'" control line, battery case. 
Stock No. 70,3075 ... 52.98 Ppd. 

ASTRONOMICAL 
TELESCOPE KITS 

&fl��'��C�p�:.n K1t�ro�o�otarri��; 
anoealed pyrex mirror blank, tool, 
abrasives, diagonal mirror, and 
eyepiece lenses. Instruments you 
bultd range in value lrom 75 to 
hundreds of dollars. 
4�'" Dlam.-%'" Thick 
Stock No. 70,003S .. ,58.00 Ppd. 
6'" Diam.-l'" Thick 
Stock No. 70,004S, .512.95 Ppd. 
8" Diam.-l %'" Thick 
Stock No. 70,005S . •  S21.00 Ppd. 
10'" Diam.-l3i'" Thick 

Stock No. 70,006S.534.25 f.o.b. 

PLASTIC MODEL 
V·8 ENGINE 

Hours ol lun! Get thrill of build
Ing your own easily assembled 
engine from over 350 parts. Then 
push starter and watch it run. 
Crankshaft revol ves,  pistons 
move, valves open and c.ose in 
sequence with spark plUgs. Does 
everything but burn 011. .!4' scale, 
mold�d in 4 colors. Same motor 
used In many auto-mechanic 
courses. Excellent, easy-to-under
stand "tech manual". 
Stock No. 70,448S . •  512.95 Ppd. 

GET FREE CATALOG 
SEND FOR FREE 

CATALOG "S" 
Completely new 
1968 Catalog. 148 

p a g e s  p a c k e d  
with nearly 4,000 
u n u s u a l  b a r 
gains. Exciting 
new categories. 
Many new items. 
100's of charts, 

illustrations. Many hard-to
get war surplus bargains. Enor-

�?c��s:�����ioging�ul���Sc�::� 
nets, magnifiers, prisms, photo 
components, etc. For hobby
ists, experimenters, workshops, 
factories. Shop by mail. No 
salesman wiII call. Write for 
Catalog "S" to Edmund Scien
tific Co., 300 Edscorp. Bldg., 
Barrington, N. J.08007. 
NAME 

ADDRESS 

CITY 

I 
I 
I 
I 

STATE ZIP I 
L. ___________ , 

WFF'N PROOF
GAMES OF LOGIC 

Practice abstract thinking and 
math lOgic. Developed by Yale 
prol. H you think learning sbould 
be fun, try WFF'N PROOF 
brain-to-brain combatl 21 games 
of progressive dlmculty. Starts 
with simple games mastered by 
6-year-olds, ends wi th subtle 
logic for challenge to profeSSional 
logicians. 8 �'" x 5%'" case contains 
logic cubes, playing mats, timer & 
224-p. book. 
Stock No. 60,525S, • •  S6.00 Ppd. 

GIANT 
WEATHER BALLOONS 

"Balls ot fun" for kids, traffic 
stoppers lor stores, terrific for 
amateur meteorologists. Create a 
nel'thborhood sensation. Great 
backyard fun. Exciting beach at
traction. Amateur meteorologists 
use to measure cloud heights, wiud 
speed, and temp. Made of heavy 
duty neoprene. Inflate with vac
uum Cleaner or auto air hose: or 
locally available helium for high 
rise. 
Stock No. 60,568S.8' .S2.00 Ppd. 
Stock No.60.632S.16' .S7.00 Ppd. 

ANALOG 
COMPUTER KIT 

Demonstrates basic analog com-

�uJt8g1r:�rl�g�e�1 �i�rO�� 'tS;�e
f
�: 

roots, log operations, trig prob
lems, physics formulae. electricity 
and magnetism problems. Oper
ates on two fiashl1ght batteries. 
Electric motor and :3 potentiom
eters moun ted on die-cut box. 
Answer indicated on dial. 20'" 
lon�. 9'" wide, 2'" deep. 
Stock No. 70.341S. ,514.95 Ppd. 

3" ASTRONOMICAL 
TELESCOPE 

See stars, moon, pbases of Venus. 
planets close up. 60 to 180 power 
-famous Mt. Palomar retlectlng 
type. Aluminized & overcoatcd 3'"' 
diameter f/lO primary mirror, ven
tilated cell. Equipped with 60X 
eyepiece and mounted 3X finder 
scope, hardwood tripod. FREE: 
" ST A R  CHART"; 2 7 2 - p a g e  
"HANDBOOK OF HEAVENS": 
"HOW TO USE YOUR TELE
SCOPE" 
Stock No. 85,050S • •  529.95 Ppd. 
4.!4'" REFLECTOR TELESCOPE 
Stock No. 85,105S • •  584.50 Tee 
6- REFLECTOR TELESCOPE 
Stock No. 85,086S .5199.50 Tee 

WOODEN 
SOLI D PUZZLES 

Here's a fascinating assortment of 

��u�
rT
�fegl���::I�nd

to
str��r��: 

ability to think and reason. Ani
mals and geometric torms. Take 
them apart and reassemble them. 
Lots ot tun tor the whole famlly
young and old. Will test Skill. 
patience and abUity to solve prob
lems. Order yours now. 
Stock No. 70.205S • . .  53.50 Ppd. 

SCIENCE 
TREASURE CHESTS 

Hundreds of thrilling experiments 
plus a Ten Lens Kit to make tele
scopes, microscopes, etc. Inc.i.: 
extra powerful magnets, polariZ
ing filters, compass, one-way 
mirror film, dirTraction grating, 
many other items. 

������;e�r'
(�!�� cryst�� ':?o�fgg 

kit, electric motor, molecular set, 
& lots more.) 
Stock No. 70,343S . •  SlO.50 Ppd. 

WORKING MODEL 
DIGITAL COMPUTER 

Solve I)roblems, teach lOgic, play 
games with miniature version of 
giant electronic brains! Adds, sub
tracts, multiplies, shifts, comple
ments, carries, memorizes. Colored 
plastic parts easily assembled. 12'" x 
3�"'x4U"'. Incld. step-by-step as
sembly dia�rams, 32-p. instruction 
book covering operation, computer 
language (binary system) pro
gramming, problems & 15 experi
ments. 
Stock No. 70,683S . • .  55.98 Ppd. 

IT'S HERE-BIG, NEW 
DIGICOMP n 

It you think DIGICOMP I was 
somethin�-walt'tll you useDIGI
COMP II! Loads ot tun! Terrific 
challenge! Actually works like 
electronic digital computer but 
needs no power. Adds, subtracts, 
mUltiplies, divides, memorizes. 
First mechanical com puterw lau to. 
SWitch action. First model de-
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you can see what's happening. 
Demonstrates 'new' math, com
puter techniques. Perfect tun way 

��;_f�l
v�Y���fe

I1�r��o
b����gr

m
tPg��� 

14'"' x 29'" x 2 .... Red & white ma
sontte. },,'ulty iIlus. instr. manual. 
Stock No. 70,946S 
(Intro, Price) . . . . •  , .516.00 Ppd. 

ORDER BY STOCK NUMBER· SEND CHECK OR MONEY ORDER. MONEY-BACK GUARANTEE 
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FUNCTION. J. Edwin Wood. Little, 
Brown and Company, 1965. 

THE CIRCULATION 
OF THE SUN'S ATMOSPHERE 

ENERGETICS OF THE SOLAH ROTATION. 
Victor P. Starr and Peter A. Gilman in 
The Astrophysical Journal, Vol. 141, 
No. 3, pages 1119-1125; April 1, 
1965. 

Tlill GENEHAL CIRCULATION OF THE SO
LAR ATMOSPHERE AND THE MAINTE
NANCE OF THE EQUATORIAL ACCELER
ATION. Fred Ward in The AstrophYSi
cal Journal, Vol. 141, No. 2, pages 
534-547; February 15, 1965. 

LAHGE-SCALE DISTlUBUTION OF SOLAH 
MAGNETIC FIELDS. V. Bumba and 
Robert Howard in The Astrophysical 
Journal, Vol. 141, No.4, pages 1502-
1512; May 15, 1965. 

ON THE STHUCTURE AND ENERGETICS OF 
LARGE SCALE HYDROMAGNETIC DIS
TURBANCES IN THE SOLAR PHOTO
SPHEHE. Victor P. Starr and Peter A. 
Gilman in Tellus, Vol. 17, No.3, pages 
334-340; August, 1965. 

STABILITY OF BAROCLINIC FLOWS IN A 
ZONAL MAGNETIC FIELD: PARTS I, II, 
III. Peter A. Gilman in Journal of the 
AtmospheriC Sciences, Vol. 24, No.2, 
pages 101-143; March, 1967. 

PERPETUAL MOTION MACHINES 

OHDEn AND CHAOS: LAWS OF ENERGY 
AND ENTHOPY. Stanley 'vV. Angrist and 
Loren G. Hepler. Basic Books, Inc., 
1967. 

PEHPETUUlII MOBILE. Henry Dircks. 
Rogers & Hall Co., 1916. 

THE SEVEN FOLLIES OF SCIENCE. John 
Phin. D. Van Nostrand Company, 
1906. 

MATHEMATICAL GAMES 

PHOPEHTIES OF THE DIGITS OF NUMBERS. 
Leonard Eugene Dickson in History 
of the The01"y of Numbers, Vol. I: 
Divisibility and Primality. Carnegie 
Institution of 'vVashington, 1919. 

RECREATIONS IN THE TI'IEOHY OF NUM
BERS: THE QUEEN OF MATHEMATICS 
ENTEHTAINS. Albert H. Beiler. Dover 
Publications, Inc., 1964. 

THE AMATEUR SCIENTIST 

EXPEHlMENTAL INVESTIGATIONS ON THE 
IcE-FOHMING ABILITY OF V AHIOUS 
CHEMICAL SUBSTANCES. Norihiko 
Fukuta in Journal of Meteorology, 
Vol. 15, No. 1, pages 17-26; Febru
ary, 1958. 
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Air. 
Air instead of electricity. Plastic 

tubes instead of wiring. 
These are the components of fluidics, 

a new kind of circuitry that employs a 
stream of air (or other gas or liquid) 
rather than electrical current to operate 
a machine. 

UNIVAC pioneering resulted in the 
world's first all-fluidic computer in 1964. 

Now it's three years later, and 
research.is still in its beginning stages, 
because there's so much left to explore. 

Particularly in the areas of relia
bility and endurance of conventional 
computer input and output devices, 

. 

because they have moving parts which 
can wear out and malfunction. 

The beauty of fluidic devices is 
that they have almost nothing in the 
way of moving parts. 

No parts to get stuck or slowed by' 
extremes of temperature, vibration or 
radiation. 

This makes them ideal for nuclear re
actor controls and for space exploration. 

At this very moment UNIVAC 
is completing work on an experimental 
model for the U. S. Army's Electronics 
Command, Fort Monmouth, New Jersey. 

It's a UNIVAC® all-fluidic peripheral 
device for processing unit records. 

With conventional equipment, 
cards get damaged through mechanical 
handling. UNIVAC fluidic systems 
give cards nothing more to contend 
with than air. 

We're exploring many other 
advanced ideas in UNIVAC research 
and development laboratories: new 
thin film memories, plasma displays, 
photochromic storage, to name a few. 
No one knows where it will all end. But, 
as with many other advanced projects, 
we do know where a lot of it began. 

UNIVAC 
Univac is sa ving a lot of people a lot of time. 

�ST"ER<Y RAI\D 

The idea behind the most advanced 
computer research goes something like this. 

The simple thing that makes a flute play is what makes experimental computers work. 

© 1967 SCIENTIFIC AMERICAN, INC



Get rid of the road ice that rock salt alone can't melt. 

Allied Chemical makes the de-icerthat helps stop skids. It's cal
cium chloride. Mixed with rock salt. it gives the most economical 
combination for quick action. Used straight, it gives the fastest melt-

ing action at below-freezing temperatures. Either way,Allied Chem
ical's calcium chloride is helping keep the roads open in winter. It's 
another example of how Allied Chemical puts chemistry to work. 

RIGHT IN THE CENTER OF 

THINGS AT NO. 1 TIMES SQUARE 

Divisions: Agricultural. Fabricated Products. Fibers, Industrial Chemicals. International. Plastics. Semet-Solvav. Union Texas Petroleum, Allied Chemical Canada. Ltd. 
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